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1. AMBLYOPIA 
 
The positive predictive value of photoscreening devices for amblyogenic conditions. 
D'Souza H, Kun A, Martinson S, Bejarano L, McCole S. 
J AAPOS. 2021 Dec;25(6): 342.e1-342.e4.  
Instrument based screening with photoscreening devices has increased referral of children for failed 
screenings since the American Academy of Pediatrics, American Association for Pediatric Ophthalmology 
and Strabismus and the American Academy of Ophthalmology published the latest guidelines 
establishing instrument based screening as part of the screening process. The authors used a 
retrospective cohort study of 1200 failed vision screenings to determine the positive predictive value 
(PPV) of four photoscreening devices in identifying amblyogenic risk factors. A high positive predictive 
value is essential for a quality screening program that will identify children at risk for vision loss from 
amblyopia yet not create unnecessary burdens on parents and the healthcare system because of time 
and resources needed to follow up failed screenings with comprehensive eye examinations. The data 
revealed PPV of 64.3% for iScreen, 26.8% for Spot, 18.9% for Plusoptix, and 18.5% for GoCheck Kids 
and disagrees with previous studies that were conducted in university settings or pediatric eye care 
practices with results of higher PPV’s. The authors propose the PPV data is lower because it was 
performed in general pediatric settings where the real-world effects of less well-trained office staff may not 
give such ideal data. The study demonstrated that referrals were sometimes made with suboptimal image 
capture resulting in higher false positives. The authors emphasized instruction for poor quality images to 
be repeated for better accuracy before referral for complete eye examination should be given to users. 
They propose that adjustment of instrument referral criteria may also improve PPV. The article is 
important to pediatric ophthalmologists who can share the article and its suggestions with primary care 
practices to improve the PPV for instrument based screening lessening the burden of false positive 
results.  
 
Visual Acuity Outcomes and Loss to Follow-up in the Treatment of Amblyopia in Children From Lower 
Socioeconomic Backgrounds 
Hawn S, Yuan SM, Lee AR, Culican SM.   
J Pediatr Ophthalmol Strabismus. 2021;1-8.  
E-published September 1, 2021 
Lack of access to health care and low socioeconomic status (SES) may negatively impact treatment 
outcomes in amblyopia management. The purpose of this study was to compare visual acuity outcomes 
and loss to follow-up after initiation of treatment for unilateral amblyopia in children from different 
socioeconomic backgrounds, including a “no-show” subanalysis.The authors reported the outcomes of 73 
subjects, of whom 28 had Medicaid and 45 had private insurance. Visual acuity improved by 2.86 lines in 
the Medicaid group and 2.98 lines in the private insurance group (P = .84). Number of missed appointments 
and distance traveled did not correlate with visual acuity improvement. In the loss to follow-up subanalysis, 
40 of 141 (28.4%) patients with Medicaid and 11 of 107 (10.3%) patients with private insurance failed to 
attend a single follow-up visit (P = .001). No association was found between loss to follow-up and race, sex, 
or distance traveled. The authors concluded that visual acuity outcomes of treatment for amblyopia did not 
differ between patients with Medicaid and patients with private insurance who followed up, but that patients 
with Medicaid were much more likely to be immediately lost to follow-up. They also note the limitations of 
this study: lack of racial diversity, lack of reliable metric for compliance to therapy, and small sample size. 
Regardless, this was a notable contribution to non-clinical factors that impact delivery of clinical care in 
pediatric amblyopia management.   
 
Virtual reality prototype for binocular therapy in older children and adults with amblyopia 
Elhusseiny AM, Bishop K, Staffa SJ, et al. 
JAAPOS 2021; 25: 217.e1-217.e6 
This is a randomized, double masked, cross-in clinical trial, of patients at Boston Children’s Hospital with 
unilateral anisometropic and/or strabismic amblyopia and history of prior amblyopia treatment failure were 
randomized to either a full-treatment group (8 weeks of binocular treatment using therapeutic software 
application in virtual reality headset) or a sham-crossover group (4 weeks of sham treatment followed by 
4 weeks of binocular treatment). Participants were between age 7 and 11. Amblyopic eye visual acuity 
and stereoacuity were evaluated at 4, 8, and 16 weeks’ follow-up. 20 participants were enrolled. the 
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virtual reality-based prototype for binocular amblyopia therapy did not significantly improve visual acuity in 
the amblyopic eyes of older children and adults, and stereoacuity did significantly improve compared with 
baseline; improvements were clinically minute. 
 
Randomized controlled trial of a dichoptic digital therapeutic for amblyopia.  
Xiao S, Angjeli E, Wu HC, Gaier ED, Gomez S, Travers DA, et al. for the Luminopia Pivotal Trial Group. 
Ophthalmology 2022;129:77-85. *with commentary by Dr. John Sloper in same issue p86, “Answers and 
questions about the digital dichoptic treatment of amblyopia” 
Digital therapeutics are a new class of interventions that are software driven and are intended to treat 
various conditions. The authors developed and evaluated a dichoptic digital therapeutic for amblyopia, as 
it is a neurodevelopmental disorder for which current treatments may be limited by poor adherence and 
residual vision deficits. This was a 3-phase, randomized controlled trial in which 105 children ages 4-7 
years of age with amblyopia were enrolled at 21 academic and community sites in the United States to 
evaluate the safety and efficacy fo a dichoptic digital therapeutic for amblyopia. Participants were 
randomized 1:1 to the treatment or comparison group, stratified by site. Participants in the treatment 
group used the therapeutic at home for 1 hour per day, 6 days per week and wore glasses full-time. 
Participants in the comparison group continued wearing glasses full-time alone. The primary efficacy 
outcome was change in amblyopic eye visual acuity (VA) from baseline at 12 weeks, and VA was 
measured by masked examiners. Safety was evaluated using the frequency and severity of study-related 
adverse events. Primary analyses were conducted using the intention-to treat 
population. Between January 16, 2019, and January 15, 2020, 105 participants were enrolled; 51 were 
randomized to the treatment group and 54 were randomized to the comparison group. At 12 weeks, 
amblyopic eye VA improved by 1.8 lines in the treatment group and by 0.8 lines in the comparison group. 
At the planned interim analysis, the difference between groups was significant (1.0 lines; P=0.0011) and 
the study was stopped early for success, according to the protocol. No serious adverse events were 
reported. This study is important because the findings support the value of the therapeutic in clinical 
practice as an effective treatment. However, 2 potential sources of bias are that the children were aware 
of whether they were in the control or intervention group and this could have influenced their effort and 
that the authors of the study all have a financial interest in the digital therapeutic. Future studies should 
evaluate the therapeutic compared with other methods (standard amblyopia treatments—patching, 
atropine) and in additional patient populations. Furthermore, it is unclear whether and how the dichoptic 
component of the treatment contributes to the therapeutic effect. 
 
Effect of Sequential and Simultaneous Patching Regimens in Unilateral Amblyopia.  
Chinn RN, Michalak SM, Shoshany TN, Bishop K, Staffa SJ, Hunter DG.  
American journal of ophthalmology. 2022 Jan 1;233:48-56. 
Children with unilateral amblyopia are often treated with either glasses alone followed by patching or 
glasses and patching at the same time. Given the unclear literature on difference in outcomes between 
these two approaches, this group conducted a retrospective study of 98 children aged 3-12 treated for 
unilateral amblyopia with presentation vision between 20/40 and 20/00 at a single institution. In this 
group, around 40% were recommended to undergo simultaneous glasses and patching and the 
remainder were started in glasses at the first visit and patching at a later visit. The main outcome was 
visual acuity and stereopsis at the last visit on treatment. The main finding of this study is that there was 
no significant difference in treatment strategy between the two groups. Visual acuity improved around 4 
lines in each group. Generally, for patients that did not have stereopsis on presentation, the sequential 
strategy led to better stereopsis outcomes. This study sheds light on the role of glasses versus glasses 
with patching and how stereopsis on presentation may determine treatment strategy. 
 
The effect of treatment on retinal microvasculature in children with unilateral amblyopia. 
Xue Huang, MS, Meng Liao, MD, Shijin Li, MS, and Longqian Liu, MD. 
JAAPOS 2021;25:287.e1-7. 
Recent OCT angiography studies have shown that there are differences in retinal microvasculature 
between amblyopic and normal eyes. The authors of this paper hypothesized that these differences can 
resolve with amblyopia treatment. The designed this pilot study to test this hypothesis by assessing 
interocular differences in retinal microvascular metrics in unilateral amblyopia, exploring correlations 
between BCVA and retinal microvascular metrics, and investigating the treatment effects on retinal 
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microvasculature in unilateral amblyopia. The study initially recruited 70 patients with unilateral 
amblyopia, 33 of which were able to complete the entire study. The results showed that FAZ shape was 
more irregular in amblyopic eyes and that this was associated with amblyopia severity. The FAZ tended to 
improve and become more regular with improved visual acuity following amblyopia treatment. 
 
Contrast Sensitivity and Stereoacuity in Successfully Treated Refractive Amblyopia                        
Yu Jia, Qingqing Ye, Shenglan Zhang, et al 
Invest Ophthalmol Vis Sci. Jan 2022;63, 6 
This study looked at the contrast sensitivity in subjects who had successfully been treated for refractive 
amblyopia. They also assessed stereoacuity. significant differences were noted between each individual’s 
amblyopic and non-amblyopic eye in terms of contrast sensitivity. It was also noted that less than half of 
the subjects and less than a quarter of these subjects had a normal Randot and Randot stereoacuity test. 
This is yet another study showing that assessing best corrected visual acuity alone may not be the best 
form of assessing response to amblyopia treatment and that people with amblyopia have additional visual 
deficiencies even if their best corrected vision is 20/20 in each eye. The limitations to this study were the 
fact that the subjects were not stratified by degree of initial amblyopia or refractive error. The initial 
assessment of contrast sensitivity was also not assessed prior to amblyopia therapy. 
 
Delayed Correction for Extrapolation in Amblyopia 
Xi Wang, Meng Liao, Yutong Song, et. al.  
Invest Ophthalmol Vis Sci. Dec 2021;62, 20 
This small study used the flash grab effect (FGE) to assess motion response in subjects with amblyopia 
compared to age matched control patients. The FGE uses illusory mislocalization by flashing an object on 
a screen opposite the direction of movement of the background. The authors noted an increase in the 
FGE in both the amblyopic and normal eyes of subjects with unilateral amblyopia when compared to the 
controls. This small study shows that there may be global delays in processing information due to 
amblyopia which should be taken into account in these individuals’ daily lives.  
 
Microvascular differences in amblyopic subgroups: An observational case–control study.  
Karabulut M, Karabulut S, Sül S, Karalezli A.  
European Journal of Ophthalmology. December 2021.  
Amblyopia is known to be associated with microvascular retinal changes, and the authors sought to 
determine whether there are differences in the degree of microvascular changes in patients with different 
causes of amblyopia. They performed OCT-A in 23 strabismic, 23 anisometropic, 22 meridional, and 22 
anisometropic amblyopic eyes and compared that with 24 healthy control eyes. Measured parameters 
included mean vessel densities in the deep and superficial capillary plexus, the foveal avascular zone 
area, the choriocapillaris flow area, and the foveal thickness. Vessel density was significantly lower in the 
deep capillary plexus in all amblyopic subgroups, but differences were only significant in the ametropic 
and meridional eyes in the superficial plexus. Meridional amblyopic eyes had the largest choriocapillaris 
flow area and lowest vessel density in all sectors. Foveal avascular zone was similar in all groups, while 
the fovea was significantly thicker in only the anisometropic and meridional subgroups. This study 
confirms that microvascular macular abnormalities are associated with various etiologies of amblyopia 
and that OCT-A is able to non-invasively detect these differences. 
 
 

 
The Flash-lag Effect in Amblyopia 
Xi Wang, Alexandre Reynaud, Robert Hess 
Invest Ophthalmol Vis Sci. Feb 2021;62, 23 
This small study used the flash-lag effect to determine a possible delay in neural processing in those 
patients with amblyopia compared to those without amblyopia. A clear and statistically significant 
difference in magnitude, position, and all other aspects measured between the two groups, though there 
was no difference between the dominant and non-dominant eyes of the subjects without amblyopia and 
no difference noted between amblyopic and non-amblyopic eyes of the subjects with amblyopia. There 
was no stratification of type or degree of amblyopia, though it seems that all patients with amblyopia were 
successfully treated and had normal corrected vision. There was also no mention of anomalous retinal 

https://iovs.arvojournals.org/solr/searchresults.aspx?author=Qingqing+Ye
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Shenglan+Zhang
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Meng+Liao
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Yutong+Song
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correspondence or strabismus, though there seems to have been one or the other based on the results. If 
repeatable on a large scale, this is a very important study. It will show that there is a difference in many 
aspects of processing information for individuals with amblyopia compared to those with amblyopia. 
  
  
Macular Microvasculature and Associated Retinal Layer Thickness in Pediatric Amblyopia: Magnification-
Corrected Analyses 
Noriko Nishikawa, Jacqueline Chua, Yuriya Kawaguchi, Tomoko Ro-Mase, et. al. 
Invest Ophthalmol Vis Sci. Mar 2021;62, 39. 
This small study compared anisometropic and anisometropic strabismic amblyopic eyes to their non-
amblyopic contralateral eyes and compared retinal thickness and vessel density using OCT and OCT-A. 
This study has been performed many times, though these authors used an analysis to also correct for 
image magnification. The authors found that there were differences in results when correcting for image 
magnification compared to without correcting for image magnification. These findings are of great 
importance to not only amblyopia studies, but to all studies interpreting retinal thickness and vessel 
density using OCT-A. There should be larger studies comparing findings comparing images with and 
without image magnification correction to determine the best method to use when analyzing images. 
 
  
Impact of Amblyopia on Visual Attention and Visual Search in Children 
Alex A. Black, Joanne M. Wood, Silvie Hoang, Eloise Thomas, et. al. 
Invest Ophthalmol Vis Sci. April 2021;62, 15 
This small study looked at children with a wide range of amblyopia and compared them to age controlled 
children without amblyopia and different aspects of binocular function and visual processing. All children 
with amblyopia needed more time to perform all tasks and performed worse compared to their controlled 
counterparts. This is one of the many studies that show the need for special consideration for children 
with amblyopia while in school. Further studies must be performed to see if children with treated 
amblyopia will perform similarly on the same tasks.  
 
 
Identifying Characteristics Predictive of Lost-to-follow-up (LTFU) Status in Amblyopia.  
Shoshany TN, Chinn RN, Staffa SJ, Bishop K, Michalak S, Hunter DG.  
American journal of ophthalmology. 2021 May 13. 
The treatment of amblyopia relies on parental compliance with both treatment and follow up, though loss 
to follow up remains a major issue and impediment to better outcomes in this condition. This retrospective 
study of over 2,000 children aged 2-12 at a single center with amblyopia aimed to assess factors 
associated with loss to follow up after an initial visit where amblyopia was diagnosed. In this cohort, 
almost a quarter of all patients were lost to follow up after their first visit. Factors associated with higher 
risk for loss to follow up included older age at presentation, longer interval of requested follow up time, 
African American race, lack of insurance, and diagnosis of mild or “sub-threshold” amblyopia. The authors 
propose a risk score based on their multivariate analysis which predicted probability of loss to follow up. 
This study and tool sheds light on factors which put patients at risk for poorer outcomes related to follow 
up and suggests that specific attention to these factors could improve compliance and potentially 
outcomes. 
 
 
Effect of Sequential and Simultaneous Patching Regimens in Unilateral Amblyopia.  
Chinn RN, Michalak SM, Shoshany TN, Bishop K, Staffa SJ, Hunter DG.  
American journal of ophthalmology. 2021 Jul 22. 
Children with unilateral amblyopia are often treated with either glasses alone followed by patching or 
glasses and patching at the same time. Given the unclear literature on difference in outcomes between 
these two approaches, this group conducted a retrospective study of 98 children aged 3-12 treated for 
unilateral amblyopia with presentation vision between 20/40 and 20/00 at a single institution. In this 
group, around 40% were recommended to undergo simultaneous glasses and patching and the 
remainder were started in glasses at the first visit and patching at a later visit. The main outcome was 
visual acuity and stereopsis at the last visit on treatment. The main finding of this study is that there was 
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no significant difference in treatment strategy between the two groups. Visual acuity improved around 4 
lines in each group. Generally, for patients that did not have stereopsis on presentation, the sequential 
strategy led to better stereopsis outcomes. This study sheds light on the role of glasses versus glasses 
with patching and how stereopsis on presentation may determine treatment strategy. 
 
 
Virtual Reality Game Playing in Amblyopia Therapy: A Randomized Clinical Trial.  
Rajavi Z, Soltani A, Vakili A, et al.  
J Pediatr Ophthalmol Strabismus. May 2021;58(3):154-160. 
Binocular amblyopia therapy with perceptual learning and dichoptic training is the latest frontier of 
amblyopia treatment based on the updated theory that amblyopia is a neurodevelopmental disorder with 
deficit in both monocular and binocular functions that extends beyond the primary visual integration centers. 
This single-center prospective randomized clinical trial sought to compare the visual outcomes of occlusion 
versus virtual reality gaming  in children with unilateral amblyopia. The study reports on 50 children between 
4 and 10 years old who had unilateral amblyopia who were randomly divided into virtual reality and patching 
groups (n = 25 in each). The VR group was trained binocularly using headset-based VR games for 1 hour 
per day 5 days a week for 4 weeks. Patients in the patching group occluded their non-amblyopic eyes 2, 4, 
and 6 hours, based on degree of amblyopia. Mean logMar BCVA improved significantly in both groups (P 
< .0001), but the difference between the two groups was not significant (P = .59). Mean recognition BCVA 
improved in both groups, and change in recognition BCVA in the virtual reality group was higher than in the 
patching group (P = .002). The authors concluded that virtual reality game playing was equal or superior to 
patching in an analysis of linear and letter BCVA, respectively. An inherent limitation of this study was that 
while VR group’s compliance to therapy was monitored online, the patching group’s compliance was 
reported by parents; children may have been more compliant with VR gaming than with patching.  
 
Digital therapeutic improves visual acuity and encourages high adherence in amblyopic children in open-
label pilot study.  
Scott Xiao, Eric D. Gaier, MD, PhD, Hank C. Wu, MS, MBA, Endri Angjeli, MS, Pauline L. Nuth, MPH, 
Lisa I. Bohra, MD, Aaron M. Miller, MD, MBA, Malcolm L. Mazow, MD, Ann U. Stout, MD, Christie L. 
Morse, MD, Louis C. Blumenfeld, MD, Stephen R. Glaser, MD, Eric Crouch, MD, Noha S. Ekdawi, MD, 
Don W. Lyon, OD, MS, David I. Silbert, MD, and David G. Hunter, MD, PhD.  
J AAPOS 2021;25:87.e1-6.  
This is a pilot study looking at the outcomes of a new form of dichoptic therapy that allowed for 
therapeutic modifications to be made to streaming content. The authors hoped that this would lead to 
higher treatment adherence and improved response to therapy. The study involved using the digital 
therapeutic for 1 hour per day for 12 weeks. Adherence to the therapy was 86%, and there was a 
significant increase in vision in the amblyopic eye and a significant increase in stereopsis by the 2-week 
follow-up visit. After 12 weeks, there was a 1.5-line improvement in the amblyopic eye BCVA, which is 
better than the 1.2 line improvement seen in a similar cohort with patching. While this was a pilot study 
without a direct comparison group, it does demonstrate promise for dichoptic amblyopia therapy and 
signals the need for a randomized controlled trial comparing this to patching.  
 
The use of atropine for treatment of amblyopia using the OptumLabs Data Warehouse 
Pineles SL, Repka MX, Yu F, Velez FG, Perez C, Sim D, Coleman AL,  
J AAPOS. 2021 Apr;25(2):107-109 
Both occlusive patching and atropine penalization are accepted methods to treat amblyopia and have 
been determined to have similar outcomes when studied by Pediatric Eye Disease Group (PEDIG) and 
other investigators. The frequency of use of atropine penalization has not been determined. The authors 
used a “big data” study to determine the frequency of the use of atropine penalization for the treatment of 
amblyopia. The OptumLabs Data Warehouse claims data was mined to identify the use of atropine in 
children with a diagnosis of amblyopia. Amblyopic patients were divided into 2 groups: those who had 
been prescribed atropine on at least 2 claims and those who had not been prescribed atropine or were 
prescribed only once. The authors found 55.2% of children with a diagnosis of amblyopia were prescribed 
atropine on 2 or more occasions. Children who lived in families with the highest familial net worth and 
household income had the highest rate of atropine use, 81.5% and 83.8%. Use of atropine was higher in 
the South (59.4%) compared to the Northeast (47.1%). This study is important for helping to understand 
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the frequency of use of atropine penalization for the treatment of amblyopia in the United States. The 
geographic and socioeconomic data findings suggest more study is necessary to ensure that equity exists 
in treatment of children with amblyopia. 
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2. VISION SCREENING 
 
Comparison of Two Photoscreeners in a Population of Syrian Refugee Children.  
Gorham JP, Behshad S, Weil NC.  
J Pediatr Ophthalmol Strabismus. 2021;58(6):396-400.  
E-published November 1, 2021 
The Za’atari refugee camp 10km south of the Syrian border is home to 80,000 of the more than 5 million 
refugees from the Syrian civil war; 50% of these residents are <18 years old, 20% are <5 years. The 
purpose of this study was to evaluate these children to better understand the prevalence of ocular pathology 
and to compare two photoscreening devices to evaluate their utility. The authors offered visual acuity testing 
and photoscreening with one of 2 devices approved in the US to children aged 1-18yrs presenting to the 
clinic for general care; if VA of either eye was worse than 20/40, complete exam with cycloplegic refraction 
was performed. They reported the screening outcomes of 91 subjects of mean age 7.8 (range 1-16 years). 
30.8% failed at least 1 screening component, of whom 12.1% had astigmatism, 9.9% esotropia, 7.7% 
hyperopia, 3.3% exotropia, and 1.1% myopia. For amblyopia, Plusoptix had 100% SN and 85% SP, while 
the GoCheck Kids had 66.67% SN and 94% SP. Positive predictive value was 77% for both devices. The 
authors concluded that the high rate of ophthalmic pathology identified in this study (e.g. amblyopia 
prevalence 6 times higher than recent WHO estimates) reinforces the urgent need for proper vision 
screening and intervention in this population. This study had some limitations including: limited sample size 
and lack of direct oversight of screening  process/protocols (remote supervision by resident based in the 
US). However, its findings are important and warrant further investment into vision care among this 
extremely vulnerable population.  
 
A Comparative Study of Two Photoscreening Devices With Manual Vision Screening Involving Preschool 
Children. 
Musch DC, Andrews CA, Schumann RA, Baker JD.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):46-52.  
Published January 1, 2022 
The purpose of this study was to compare referral results from two photoscreening devices that are in wide 
use relative to a manual screening test protocol in preschool children from 2 counties in Michigan, USA. 
1,085 children aged 3 to 5 years took part in the State's vision screening program, which included the Lea 
Symbols and Stereo Butterfly tests, during a 3-month period. All who failed this screening or were unable 
to be tested, and 20% of those who passed, were then invited to undergo testing with the Plusoptix Vision 
Screener Model S-12C (Plusoptix, Inc) and Welch Allyn SPOT Vision Screener Model VS-100 (Hill-Rom, 
Inc) photoscreening devices. The sensitivity of the SPOT and Plusoptix screening was 61.0% and 65.2%, 
respectively. The specificity of the SPOT and Plusoptix screening was 92.9% and 82.4%, respectively. For 
84 children who were unable to be tested by the State's screening, the SPOT and Plusoptix devices 
completed the screening on the majority (86.9% and 73.8%, respectively). The authors concluded that 
these photoscreening devices yielded numerous false-negative results and fewer false-positive results. 
This study provides valuable insight into the efficacy of two widely-available photoscreening devices in 
screening preschool-aged children.  
 
Costs and effectiveness of two models of school-entry visual acuity screening in the UK Anna 
Horwooda,b, Deborah Lysonsb , Victoria Sandfordb , and Greg Richardsonb a University of Reading, 
Earley Gate, Reading; b Royal Berkshire Hospital, Orthoptic Department, Royal Berkshire Hospital, 
Reading.  
Strabismus 2021, VOL. 29, NO. 3, 174–181 
This paper reports detailed outcomes from a gold-standard UK recommended orthoptist-delivered 
screening (ODS) at 4–5 years in school, compared to a neighboring school nurse delivered screening 
(SNDS), both feeding into the same treatment pathway. The target condition was reduced visual acuity 
(VA) of worse than log MAR 0.2 in either eye. Available records from screening databases and hospital 
records were analyzed, comparing the two services wherever possible. More screening data was 
available from the ODS. ODS: 5706 screened, 3.5% referred. False positives 6.5%, PPV 91.4%, 
sensitivity 97.9%, and specificity 99.8% for reduced VA. Cost per child with reduced vision detected 
£195.22, and per amblyope detected £683.28. The mean treatment cost per child with reduced VA was 
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£331.68 and for amblyopia treatment was £458.65. SNDS: 5630 screened and 3.8% referred (plus some 
referrals to local optometrists lost to follow up). False positives 34%, PPV 53.2%, sensitivity and 
specificity estimated as 89.3% and 98.67%. Costs to secondary services of false positives were seven 
times greater. The cost per child with confirmed reduced vision seen at the hospital was 46% more; and 
per amblyope detected was 39% more. Outcomes for treatment post referral in both groups were similar 
and excellent. 86% of genuine referrals improved to within normal limits with glasses alone. Of 221 
genuine referrals with final outcome data, all now have better than 0.2logMAR acuity in the better eye and 
only two (0.9%) have residual amblyopia in one eye worse than 0.4logMAR. About 14–18% of children 
with reduced VA would have passed AAPOS photo screening referral criteria. An orthoptist-delivered 
single VA screen at 4–5 years is highly cost effective with good outcomes. The main contributing factors 
to success appear to be training and experience in accurate VA testing, the opportunity to rescreen 
equivocal results, and monitoring, audit, and feedback of outcomes. he main limitation of the study was 
data availability for the SNDS, but any COVID-related difficulties in accessing some screening data do not 
account for the differences in outcomes or costs. Using estimates of false negatives is not ideal, but in the 
case of the ODS they do seem realistic because it is so rare to see any child that passed screening who 
presents later with amblyopia. The orthoptists generally check back to screening records and remember 
doing so. 
 
Visual acuity and refractive findings in children prescribed glasses from a school-based vision program. 
Guo X, Friedman DS, Repka MX, Collins ME.  
J AAPOS. 2021 Dec;25(6): 344.e1-344.e7. 
Authors used cross-sectional analysis to study visual acuity improvement and associated refractive 
profiles in children prescribed glasses in a school-based vision program (SBVP). The authors review the 
prevalence of uncorrected refractive error in United States schoolchildren (13-28%). SBVP’s help this 
unmet need by going into schools where the children are and providing glasses at school. Authors review 
there is a lack of consensus concerning prescribing guidelines for school age children and a need for 
evidence concerning outcomes of glasses provided by SBVP’s. Visual acuity improvement was the 
difference between presenting and best-corrected visual acuity after noncycloplegic manifest refraction. 
The definition of clinically significant refractive error was 2 part: agreed upon parameters of refractive 
error and suboptimal performance on vision screening. The authors sought to evaluate visual acuity 
improvement between students with and without CSRE and evaluate factors associated with obtaining 
clinically meaningful acuity improvement (2 line improvement). Glasses were prescribed based upon 
guidelines although discretion was given to prescribing optometrist. Glasses were prescribed for 75% of 
the children who had failed screening. This is consistent with previous study conducted in Los Angeles. 
Among children prescribed glasses, 2,284(45.9%) met agreed upon guidelines for CSRE while 2,688 
(54.1%) did not meet criteria and were prescribed glasses by the program optometrist using their 
discretion. The results showed that of those children prescribed glasses, 94% achieved visual acuity 
better than 20/40. Interestingly, even in students without CSRE, over 80% gained at least 2 lines in the 
worse-seeing eyes. Black and Hispanic children were more likely to gain at least 2 lines in their worse-
seeing eyes. The authors summarize that there is a significant unmet need for pediatric eyecare and the 
reasoning for well-designed SBVP’s in partnership with other community based providers. The authors list 
limitations: only children with consents were included, lack of cycloplegia, best corrected vision checked 
with trial frame, it is unknown how many children who did not participate may have had significant visual 
problems, and there was no knowledge of wearing and retention rates for children who were prescribed 
and given glasses. Other limitations include the agreement for prescribing glasses for mild and moderate 
hyperopia for which many pediatric ophthalmologists would not prescribe glasses, possible placebo effect 
of improved acuity with prescribed lenses, and poor performance of children initially because of possible 
secondary gain of wanting glasses. The authors appropriately emphasize the need for well designed 
criteria that take into account vision and refractive parameters so precious resources are preserved to 
benefit all those who need services. SBVP’s meet an unmet need for vision services for children.  
 
Analysis of vision screening failures in a school-based vision program (2016-19) 
Milante RR, Guo X, Neitzel AJ, Kretz AM, Mukherjee MR, Friedman DS, Repka MX, Collins ME 
J AAPOS 2021; 25: 29.e1 - 29.e7 
Analysis of vision screenings failures in school-based program conducted in state-mandated grades (pre-
kindergarten [pre-K] or kindergarten [K], 1st and 8th grade), and nonmandated grades (2nd to 7th) were 
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evaluated during school years 2016-19, 51,593 pre-K to 8th grade students from 123 Baltimore City 
Public Schools. Assessments included distance visual acuity, Spot photoscreening, stereopsis, and cover 
testing. Screening failures were analyzed by grade using aggregate data. Failure rates for mandated and 
nonmandated grades were compared using a logistic regression model, and visual acuity distributions 
were analyzed using individual data. Over the 3-year period, 17,414 (34%) of students failed vision 
screening. Failure rates by grade ranged from 28% to 38%. Children in kindergarten and 3rd grade and 
higher were statistically more likely to fail screening than those in 1st grade. Reduced visual acuity was 
the most common reason for failure (91%). Failure rates were significantly higher in nonmandated grades 
than in state-mandated testing grades (34.7% vs 32.5%). Mean visual acuity of all students who failed 
vision screening was 20/50 in the worse-seeing eye and was 20/40 in the better-seeing eye. One-third of 
students failed vision screening. High screening failure rates across all grades suggest that screening in 
select grade levels, as currently mandated in Maryland schools, is inadequate for detecting vision 
problems in the low-income communities served by this program 
 
Evaluation of the blinq vision scanner for detection of amblyopia and strabismus 
Bosque LE, Yamarino CR, et al.  
JAAPOS 2021; 25: 214.e1-214.e7 
This is a prospective study evaluating the accuracy of blinq pediatric vision screener, which detects 
amblyopia and strabismus by means of retinal polarization scanning. 193 subjects aged 1 to 20 years of 
age were enrolled, tested by masked individuals and were followed with complete ophthalmologic 
examination by pediatric ophthalmologists masked to the screening results. 53 patients were previously 
treated. 140 were treatment naïve. Sensitivity was 100% and specificity was 91% for referral-warranted 
amblyopia and strabismus. The limitation of the study is the study population limited to ophthalmologist 
subspecialty setting and the age outside of intended age range.  
 
Validation of the Pediatric Vision Scanner in a normal preschool population 
Shah SS, Jimenez JJ, et al. 
JAAPOS 2021; 25:216.e1-216.e4 
This is a prospective study evaluating the Pediatric Vision Scanner (PVS), a handheld vision screening 
device designed to test for amblyopia and strabismus. 318 children, 24 to 72 months of age were 
scanned. A pediatric ophthalmologist performed a comprehensive eye exam while masked to the 
screening results. Based on the gold standard, 6 children had amblyopia/ strabismus and PVS detected 
all 6 cases (a 100% sensitivity rate). The specificity was 45%. The median acquisition time for PVS 
results was 28 seconds. There were several limitations, which include use of prototype and not 
commercially available device, application in research setting rather than real-world condition. Despite 
this, it may be an additional device worth applying to help improve vision screening. 
 
Age Does Not Influence the Positive Predictive Value of Vision Screening to Detect Amblyopia Risk 
Factors 
Raymond Zhou, Tyler Pfister, Yuhan Liu, Qingxia Chen, Sean P Donahue 
Ophthalmology; 2022 Feb;129(2):230-1 
This short report retrospectively compared the positive predictive value (PPV) of instrument-based vision 
screening in young children (< 3 years old) with direct testing of visual acuity in slightly older children (3-5 
year olds). For the 3114 children referred after failing vision screening, the PPV of 60.5% for younger 
children was virtually identical to the PPV of 59.5% for slightly older children, with no differences found 
based on gender or ethnicity. Younger children had slightly higher rates of refractive errors, while older 
children had slightly higher rates of strabismus. The authors’ conclusion that instrument-based testing is 
comparable to visual acuity testing adds additional data to support the current recommendation to 
routinely use instruments to screen for amblyopia risk factors in young children. 
 
The dynamic optotype (Dyop): a novel visual acuity test for use in children. 
Guy Barnett-Itzhaki, M.Optom, PGDip Orthoptics,a,b Zohar Barnett-Itzhaki, PhD,c,d,e and Noa Ela-
Dalman, MDa,b 
JAAPOS 2021;25:285.e1-5. 
The dynamic optotype (Dyop) chart is a new visual acuity chart that uses a segmented, circular figure 
composed of equally spaced gaps/segment that spin at constant velocity. Visual acuity is determined 
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based on the size of the smaller diameter Dyop pair in which the spinning Dyop is identified. The 
objective of this study was to compare visual acuities obtained with the Dyop eye chart to those obtained 
using the standard Lea chart to validate the Dyop chart as an accurate way to check visual acuity. A 
regression analysis of the visual acuities yielded a correlation coefficient of 0.88, indicating that the visual 
acuities measured with the two charts have a strong linear association. Now that the Dyop chart has been 
validated in healthy children from 4-17 years old, further studies need to be done to determine its 
performance when used in younger children or adults who are non-verbal. 
 
Collins ME, Guo X, Mudie LI, et al. Baseline vision results from the Baltimore Reading and Eye Disease 
Study. Can J Ophthalmol. 2022;57(1):29-35. 
This prospective, school-based cohort study reports baseline ocular findings and explores the feasibility 
of ophthalmic examinations in the school setting. Twelve participating Baltimore public elementary 
schools qualified. Students enrolled in second or third grade were invited to have their children 
participate. Baseline eye examination included near and distance visual acuity, stereopsis, ocular 
alignment, dilated retinal exams, and cycloplegic refraction. Three hundred twenty-eight children were 
recruited of 1054. 69% did not return a signed consent. The mean age was 7.9 ±0.8 years. Presenting VA 
ranged between 20/15 to 20/640. The mean distance VA was 20/25 in the better-seeing eye and 20/32 in 
the worse-seeing eye. 23% had 20/40 or worse. 35% had hyperopia, and 30% had myopia. Refractive 
error was the most frequent vision problem identified. The majority had low refractive errors. One-tenth 
met stringent refractive error criteria for spectacle correction. Manifest strabismus was found in less than 
4%. 1 in 9 was referred to a pediatric eye care provider. The authors mention the limitations of this study, 
including low rate of consent return that therefore decreased their sample size and lack of generalizability 
of their findings. However, they conclude that this may be a feasible approach for routine refractive 
needs. 
 
Mudie LI, Guo X, Slavin RE, et al. Baltimore Reading and Eye Disease Study: vision outcomes of school-
based eye care. Can J Ophthalmol. 2022;57(1):36-40. 
This prospective, school-based cohort study aims to report the impact of the refractive correction on 
vision outcomes over a 2-year follow-up in the Baltimore reading and eye disease study. The authors 
conducted 321 eye exams on second and third graders from 12 schools in Baltimore. Children underwent 
2 follow-ups after the initial examination. According to prespecified criteria, corrective glasses were 
prescribed at baseline based on cycloplegic refraction. The primary outcome measure was VA in the 
better-seeing eye and worse-seeing eye at first and second follow-up and acuity improvement from 
baseline. Two hundred six students received glasses. 95.6% completed the first follow-up and 32% the 
second follow-up. The median time between baseline and first was 100 days. Between baseline and 
second was 438 days. Va improvement was observed from baseline to first follow-up and was sustained 
at second follow-up for distance and near. Improvement was greater in the baseline worse-seeing eye. 
The authors conclude that school-based programs address an unmet need for glasses and have a 
sustained vision benefit and that the model can be considered in high-poverty locations. The limitation of 
this study is the high attrition rate at the second follow-up. 
 
 

 
 
Silverstein M, Scharf K, Mayro EL, et al. Referral outcomes from a vision screening program for school-
aged children. Can J Ophthalmol. 2021;56(1):43-48. 
This is a retrospective chart review of students in grades K to 5 screened by the Wills Eye Vision 
screening service between January 2014 and June 2015. Children were predominately located in low 
socioeconomic areas. 10,276 children were screened, and of these, 509 were referred for a follow-up 
examination. If a child failed the vision screening, a form requesting consent for a social worker to contact 
the parents was required. Only 177(35%) returned the consent form. Refractive error was the most 
common (76%), followed by amblyopia (43%), strabismus (16%), and anisometropia (13%). 17% were 
false positives. The authors conclude their detection rate was ineffective as their rate of amblyopia was 
0.5%, which is below the population prevalence of 1-4%. Moreover, they attribute these results, in part, to 
a low consent return rate and compare it to a separate program where free glasses were used as a 
motivator (77% consent return rate). These data provided authors with ways to restructure funds, such as 
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providing free transportation or covering visit costs. The limitation include low follow-up rate after 
screening and that the results are not generalizable.  
 
Kiatos E, Armstrong JJ, Makar I. Successes and shortfalls of community Plusoptix photoscreening: 
results from the iSee study in Southwestern Ontario. Can J Ophthalmol. 2021;56(1):49-56 
The iSee study is a multisite photoscreening program in Southwestern Ontario for children 18- 72 months 
of age from July 2016 to November 2018.  The study is prospective.  5950 children were screened.  403 
children(6.8%) met the criteria for referral. If a child required a comprehensive eye exam, parents were 
provided with a referral package. The parents were asked to give the vision screening report to the 
optometrist and return the exam report to the investigators. Fifty-four envelopes were returned, and 45 
results were collected via phone calls with the parents.  24.5% completed a comprehensive exam.  The 
mean amblyogenic risk factor (ARF) was 1.5.  0.7% of eyes screened met the referral criteria for 
amblyogenic amblyopia.  4% had anisometropia. During the initial screening, parents were educated on 
the visual disorders in children. This study is the first canadian study that provides data in ARFs for 
preschool-aged children; however, it was limited by their very low follow-up rates. The investigators 
depended heavily on parents to schedule appointments, deliver the screening packet, and return the visit 
report to the investigators.   
 
 
The effect of induced monocular blur by bangerter filters on measures of visual acuity and stereoacuity. 
Isabel Williamson BMedSci, Patrick Keating BSc, and Anne Bjerre MSc. Division of Ophthalmology and 
Orthoptics, The University of Sheffield, Sheffield.  
Strabismus 2021, VOL. 29, NO. 2, 74–80 
The goal of this article is to evaluate the effect of monocular blur induced by Bangerter filters (BF) on 
monocular, binocular visual acuity (VA) and stereoacuity. Monocular blur was induced by a range of 
Trusetal BF, according to the authors have never bene used in a study and so in this study they were 
used in strengths of (0.1, 0.2, 0.4, 0.6) to 23 visually normal adult volunteers (aged 18-25, mean age 
20.33 ± 1.79 years). The right monocular and binocular logMAR VA and distance stereoacuity using the 
FD2 were measured at 6 m with no filter (baseline) and with each filter strength. The order of testing the 
filters was randomized. Results were analyzed using one factor repeated measures ANOVAs, t–tests 
using Bonferroni correction and Pearson’s product moment correlation. All filters degraded right 
monocular distance VA from baseline, but less significantly between the 0.4 and 0.6 filters than the other 
filters (p < .05 and p < .001, respectively). For all filter strengths, binocular VA was significantly but not 
clinically reduced from baseline (p < .05). Filters statistically and clinically significantly degraded distance 
stereoacuity from baseline (p < .001). A significant negative correlation existed between the mean 
degraded right monocular VA and stereoacuity (r = −0.998, p < .02), which is what is expected as well as 
noticed on most of our uncorrected anisometropic patients in clinic. Trusetal BF significantly reduced 
monocular VA and stereoacuity but binocular VA remained within normal levels. One of the limitations of 
the study is the impact on amblyopia treatment which is generally in the age range lower than what was 
studied here.  A larger sample size and more balanced gender distribution can ensure a better study 
design. 
 
Reducing the Costs of an Eye Care Adherence Program for Underserved Children Referred Through 
Inner-City Vision Screenings.  
Chung SA, Snitzer M, Prioli KM, Pizzi LT, Zhang Q, Levin AV.  
American journal of ophthalmology. 2021 Jul 1;227:18-24. 
Community based screening programs have been used to identify children at risk for vision issues. One 
specific program, the Children’s Eye Care Adherence Program is a school-based social worker driven 
intervention in Philadelphia. The goal of this specific study was to evaluate the cost effectiveness of a 
revised version of this intervention. Changes in the newer version of the intervention included reducing 
the number of attempted phone calls to parents, focusing on schools within a closer geographic radius to 
the clinic, and sending email reminders instead of letters. Of the 16,000 children screening, 3% were 
identified as needing referral to a pediatric ophthalmologist. Their modifications led to a decrease in cost 
per patient from $77 to $32. This study sheds light on the importance of screening underserved 
populations while also emphasizing cost-related barriers and suggesting interventions available which 
could improve cost-effectiveness and increase adherence. 
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Digital Values for Alpha Acuities. 
Arnold RW.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):132-135. Published March 1, 2021 
The reporting of low vision using alpha designation e.g. counting fingers (CF), hand motions (HM), light 
perception (LP), and no light perception (NLP), as well as pediatric nomenclature e.g. centered steady 
maintained (CSM), centered stead (CS), and centered (C) leads to difficulty with numeric analysis of data. 
This study seeks to set forth a based set of evidence-based digital acuities for alpha vision (based on 
previously published literature), so EMR developers can reformat their critical visual acuity data in a uniform 
manner. The author has generated a large table to facilitate the assignment of digital values to alpha 
acuities for metric and United States designation including centered steady maintained for infants (20/41 
for CSM, 20/151 for CS, 20/181 for C) and counting fingers (20/1603), hand motions (20/4003), light 
perception (20/5003), and no light perception (20/6003) for patients with low vision.  This is an important 
article because if adapted broadly, it could help standardize low vision acuity across EMRs and research 
studies.  
 
 
Screening With or Without Maximum Atropine Cycloplegia in Preschool Chinese Children.  
Liu X, Feng J, Wang L, Tong H, Chen W. Spot Refractive  
J Pediatr Ophthalmol Strabismus. 2021;58(3):146-153. 
Published May 1, 2021 
There is an imperative to find the most efficient screening technique for measuring refractive error in 
pediatric ophthalmology. This study sought to compare the total refractive error measured by Spot Vision 
Screener (Welch Allyn VS100, 3.0.04.07) before and after cycloplegia versus cycloplegic retinoscopy in 
preschool children. Refractive errors of 450 preschool children aged 3 to 6 years were measured. The Spot 
Vision Screener underestimated Sph by 1.50 D, underestimated SE by 1.56 D compared with cycloplegic 
retinoscopy, and these underestimations were larger for children with hyperopia >3.0 D. A Bland-Altman 
plot showed that the difference between the results of the two examination methods was large. A secondary 
aim of the study was to evaluate the appropriateness of the Spot Vision Screener’s referral criteria. The 
authors revised the referral criteria according to the ROC curve analysis: children 36-48 months old with 
astigmatism of ≤ -2.00 D or less, hyperopia > 1.25 D, and anisometropia > 1.25D; and children ≥ 48 months: 
astigmatism ≤ -2.00 D, hyperopia > 1.25 D, and anisometropia > 1.0 D. This adjustment increased the 
number of patients required to be seen by an ophthalmologist by 52 (46 of whom had amblyopia risk), and 
increased the referral rate by 11%. The authors conclude that the Spot Vision Screener referral criteria 
should not be used directly, and should be adjusted with expert assistance. Although the authors 
demonstrated that without cycloplegia the Spot Vision Screener underestimated the special value of 
hyperopia, it still had high efficiency in detecting anisometropia. 
 
 
Analysis of vision screening failures in a school-based vision program (2016-19) 
Milante RR, Guo X, Neitzel AJ, Kretz AM, Mukherjee MR, Friedman DS, Repka MX, Collins ME 
J AAPOS 2021; 25: 29.e1 - 29.e7 
Analysis of vision screenings failures in school-based program conducted in state-mandated grades (pre-
kindergarten [pre-K] or kindergarten [K], 1st and 8th grade), and nonmandated grades (2nd to 7th) were 
evaluated during school years 2016-19, 51,593 pre-K to 8th grade students from 123 Baltimore City 
Public Schools. Assessments included distance visual acuity, Spot photoscreening, stereopsis, and cover 
testing. Screening failures were analyzed by grade using aggregate data. Failure rates for mandated and 
nonmandated grades were compared using a logistic regression model, and visual acuity distributions 
were analyzed using individual data. Over the 3-year period, 17,414 (34%) of students failed vision 
screening. Failure rates by grade ranged from 28% to 38%. Children in kindergarten and 3rd grade and 
higher were statistically more likely to fail screening than those in 1st grade. Reduced visual acuity was 
the most common reason for failure (91%). Failure rates were significantly higher in nonmandated grades 
than in state-mandated testing grades (34.7% vs 32.5%). Mean visual acuity of all students who failed 
vision screening was 20/50 in the worse-seeing eye and was 20/40 in the better-seeing eye. One-third of 
students failed vision screening. High screening failure rates across all grades suggest that screening in 
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select grade levels, as currently mandated in Maryland schools, is inadequate for detecting vision 
problems in the low-income communities served by this program 
 
 
Normative pediatric visual acuity using electronic early treatment for diabetic retinopathy protocol. 
Morale SE, Cheng-Patel CS, Jost RM, Donohoe N, Leske DA, Birch EE. 
J AAPOS. 2021 Jun;25(3):172-175. 
Reliable standardized measurement of visual acuity is essential when gathering data for research and 
clinical trials. The Early Treatment for Diabetic Retinopathy Study (ETDRS) retro-illuminated charts had 
been considered the gold standard. Technology has led to a computerized version called the electronic 
ETDRS (E-ETDRS) which compares well to ETDRS results for adults and children 7-12 years of age. The 
authors provide normative pediatric visual acuity data obtained using the E-ETDRS protocol which 
provides single Sloan letters with crowding bars and threshold testing. The data will be useful in 
development of clinical trials investigating children’s eye disease and treatment response. 
 

Sarah E. Morale , BS, Reed M. Jost , MS, Jeffrey S. Hunter , MD, David R. Weakley , MD & Eileen E. 
Birch , PhD, Normative Values, Testability, and Validity for a New Preferential Looking Stereoacuity Test, 
Journal of Binocular Vision and Ocular Motility, Volume 71, Issue 1 (2021) 
The authors of this study aimed to develop age norms and testability for 3–5 year old children for the 
PASS III stereotest using a pointing response. The goal was to evaluate validity use of the PASS III as a 
preferential-looking test for younger children and children with special needs.  They looked at 68 controls, 
362 with eye conditions and 167 children with special needs and used this test to evauluate their 
stereoacuity.  The authors found that the stereo acuity improved over time and was 89% comparable to 
gold standard stereoacuity tests. 
 
 
Referral outcomes from a vision screening program for school-aged children. 
Silverstein M, Scharf K, Mayro E, Hark L, et al. 
Can J Ophthalmol. 2021 Feb;56(1):43-48. 
This study reported outcomes from the Wills Eye Vision Screening Program for Children (WEVSPC), 
which screened students in grades K-5 in public schools between January 2014 and June 2015. The 
screening program included visual acuity, color vision, stereopsis, and manifest refraction if acuity was 
suboptimal. If acuity remained below normal or other pathology suspected the subject was referred for 
further pediatric ophthalmology consultation. A total of 10,726 children were screened. 509 (5%) were 
referred for further evaluation. Of these only 35% returned consent forms for further consultation. 
Ultimately 127 children ended up completing a consultation. Of these 76% had a refractive error, 43% 
with amblyopia, 16% strabismus and 13% had anisometropia. 17% had no ocular conditions found (false 
positives). Treatment included eyeglasses (79%), patching (21%), and surgery (6%). The authors believe 
that the low consent form for further consultation resulted in an overall low amblyopia detection rate. 
Extrapolation indicated an additional 118 children who failed screening but did not have follow-up might 
have had amblyopia.  Incentives provided for families did not seem to increase participation. They 
speculate that future initiatives should focus on connecting with families in advance of screening to help 
decrease children lost to follow-up as well as to help decrease false-positive referrals.  
 
 

https://pubmed.ncbi.nlm.nih.gov/33905839/
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3. REFRACTIVE ERROR & MYOPIA CONTROL 
 
 
Meridional aniseikonia—causes, symptoms, and therapies 
Velez FG, Pineles SL, Rosello N, Nguyen A, Guyton DL 
J AAPOS 2021; 25: 31.e1 - 31.e5 
Meridional aniseikonia, different image sizes may occasionally cause significant distortion of the binocular 
spatial sense in perceptive patients. This is a retrospective study of medical records of 3 adult patients 
who complained of binocular spatial distortion consistent with meridional aniseikonia. Detailed 
descriptions of symptoms, ocular findings, and management are reported. Each patient had undergone a 
refraction-altering surgical procedure, and each complained of binocular spatial distortion characterized 
by a trapezoidal view of square or rectangular shapes. Each patient improved following management of 
the astigmatic spectacle correction. Following cataract or corneal surgery patients with complaint of 
binocular spatial distortion may be caused by meridional aniseikonia, which may be corrected by 
astigmatic correction. 
 
Safety of phakic intraocular collamer lens implantation in 95 highly myopic special needs children  
Reynolds M, Hoekel J, Tychsen L.. J Cataract Refract Surg 2021;47(12):1519-1523. 
The goal of this retrospective case series performed at St. Louis Children’s Hospital was to determine the 
safety of intraocular collamer lens (ICL) implantation in children with high ametropia by reported rates and 
case specifics of perioperative and longer-term adverse events (AEs). Clinic data for 160 eyes of 95 
special needs children implanted with a Visian ICL over the past 5 years were retrospectively collected 
and analysed. The mean follow up period was 2.0 +/- 1.4 years. Mean age at implantation was 9.3 +/- 5.2 
years and mean preoperative spherical equivalen refractive error was =11.20 +/3 3.90 diopters. 62 
children had a neurodevelopmental disorder. 3 eyes (2%) had minor AE. Endothelial cell loss averaged 
8.1% over 2 years. The most common major AE (7 eyes, 4%) was postoperative pupillary block, requiring 
revision of the peripheral iridotomy. 1 child with Down syndrome developed a cataract 2.8 years after ICL 
surgery and 1 child with severe autism spectrum disorder experienced traumatic retinal detachment 1.2 
years after implantation. Overall, the number of AE was low in this higher risk, difficult-to-manage 
population of special needs children. 
 
The risks and benefits of myopia control. 
Bullimore MA, Ritchey ER, Shah S, Leveziel N, Bourne RRA, Flitcroft DI.  
Ophthalmology 2021;128:1561-1579. 
The prevalence of myopia is increasing around the world, stimulating interest in methods to slow its 
progression. The primary justification for slowing myopia progression is to reduce the risk of vision loss 
through sight-threatening ocular pathologic features in later life. The goal of this study was to analyze 
whether the potential benefits of slowing myopia progression by 1 diopter (D) justify the potential risks 
associated with treatments. First, the known risks associated with various methods of myopia control are 
summarized, with emphasis on contact lens wear. Based on available data, the risk of visual impairment 
and predicted years of visual impairment are estimated for a range of incidence levels. Next, the 
increased risk of potentially sight- threatening conditions associated with different levels of myopia are 
reviewed. Finally, a model of the risk of visual impairment as a function of myopia level is developed, and 
the years of visual impairment associated with various levels of myopia and the years of visual 
impairment that could be prevented with achievable levels of myopia control are estimated. Results: 
Assuming an incidence of microbial keratitis between 1 and 25 per 10 000 patient-years and that 15% of 
cases result in vision loss leads to the conclusion that between 38 and 945 patients need to be exposed 
to 5 years of wear to produce 5 years of vision loss. Each additional 1 D of myopia is associated with a 
58%, 20%, 21%, and 30% increase in the risk of myopic maculopathy, open-angle glaucoma, posterior 
subcapsular cataract, and retinal detachment, respectively. The predicted mean years of visual 
impairment ranges from 4.42 in a person with myopia of -3 D to 9.56 in a person with myopia of -8 D, and 
a 1-D reduction would lower these by 0.74 and 1.21 years, respectively. The authors conclude that the 
potential benefits of myopia control outweigh the risks: the number needed to treat to prevent 5 years of 
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visual impairment is between 4.1 and 6.8, whereas fewer than 1 in 38 will experience a loss of vision as a 
result of myopia control.  
 
COVID-19 quarantine reveals that behavioral changes have an effect on myopia progression.  
Xu L, Ma Y, Yuan J, Zhang Y, Wang H, Zhang G, et al. on behalf of the Myopic Epidemiology and 
Intervention Study.  
Ophthalmology 2021;128:1652-1655. 
The authors conducted a large-scale intervention study of myopia development with 12-month follow-up 
among schoolchildren in 1305 elementary and high schools in 11 districts of Wenzhou City, Zhejiang 
Province, China. The goal of the study was to assess the impact of COVID-19 quarantine on myopia 
progression and incidence. Certified technicians were trained to determine visual acuity (VA) and 
autorefraction testing. Examinations were performed at 3 time points: June 2019 (baseline), December 
2019 (81.2%) , and June 2020 (76.7%). More than a million students ages 7-18 years were included. 
During August 2020, 12 013 students who were selected randomly 
from all grades were surveyed to collect students’ outdoor activity time and online 
course time during the normal period and the COVID-19 quarantine and 15 other basic characteristics. 
Overall myopia prevalence increased from 52.89%  
 in June 2019 to 53.9% in December 2019 and 59.35% in June 2020. Prevalence of high myopia 
increased from 4.11% in June 2019 to 4.24% in December 2019 and 4.99% in June 2020. Notably, the 
prevalence of myopia increased in a stepwise manner by grade. A mean increase in myopia prevalence 
of 8.54% during grades 1 through 6 was observed, compared with 4.32% in grades 7 through 12. The 
prevalence of high myopia increased from a mean of 4.46% during grade 7 to a mean of 13.25% during 
grade 12. The overall 1-year incidence rate of myopia was 22.66% and that of high myopia was 1.8%. 6-
month myopia progression among all schoolchildren increased by approximately 1.5 times from -0.23 D 
before the COVID-19 quarantine to -0.343 D after the COVID-19 quarantine (P < 0.001), and myopia 
progression speed of students from grades 1-6 was faster than that of students from grades 712 after the 
COVID-19 quarantine. Stratified by educational level, educational system, and region of habitation, 
students showed a remarkably higher risk of myopia developing after the COVID-19 quarantine than 
before the COVD-19 quarantine (P <0.001). The study findings consistently suggest that the COVID-19 
quarantine was a risk factor for the progression and incidence of myopia. Limitations of the study include 
absence of collection of data regarding parental myopia, the use of noncycloplegic SER results, student 
recall bias. It is important to remember that the identified associations of risk factors with myopia 
development do not equal causation. 
 
Comparison of myopic progression before, during, and after COVID-19 lockdown.  
Ophthalmology 2021;128:1655-1657. 
Coronavirus disease 2019 (COVID-19) is an emerging infectious disease against which lockdown has 
been applied widely as a policy to stop its spread. Although many people believe that myopic progression 
has accelerated during the COVID-19 pandemic lockdown, evidence to support this presumption is 
lacking. The Myopia Screening Survey of Children and Teenagers inSchools is a cohort study conducted 
in 46 primary and junior highschools in Hangzhou, China. The first participants were examined in early 
2019, with examinations performed at approximately 6-month intervals thereafter. By now, 4 rounds of the 
survey have been completed, with 3 periods between them. The COVID-19 lockdown was implemented 
during period 2. The presenting visual acuity (VA) was defined as corrected VA in students with glasses 
and uncorrected VA in others. Refractive error was estimated by noncycloplegic autorefraction. Of the 
44,187 students at baseline, 29,719 (59 438 eyes) were included in the analyses. The 
proportions of myopia and high myopia at rounds 1 through 4 were 48.0%, 53.2%, 73.7%, and 67.9% and 
1.3%, 1.9%, 2.8%, and 2.7% respectively. The mean rate of spherical refraction change during periods 1, 
2, and 3 was -0.030 D/month , -0.074 D/month, and 0.016 D/month. Interestingly, this study indicates that 
there was accelerated myopic progression during the COVID-19 pandemic lockdown in children and 
teenagers. However, this myopic progression was reversed partially after lockdown, suggesting that both 
accommodative spasm and structural changes contributed to this accelerated rate. The authors maintain 
that myopic progression should be considered and managed when a lockdown is imposed in the future. 
 
Spatial technology assessment of green space exposure and myopia.  
Yang Y, Chen W, Xu A, Zhao L, Ding X, Li J, Zhu Y, et al. 
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Ophthalmology 2022;129:113-117. 
The increasing prevalence of myopia in East Asia has been largely attributed to changing environmental 
factors. In China, children from urban areas have 2.6 times higher odds of having myopia than those from 
rural areas (characterized by more green environments). This purpose of this large-scale cohort study 
conducted in Shenzhen China, a city undergoing rapid urbanization, was to evaluate a potential 
association between green space and myopia, as the development of spatial technology now permits 
green space to be monitored, computed, and analyzed based on satellite data. A total of 113 schools in 
Shenzhen participated in the study and included children 6-9 years of age. Eye refraction data were 
collected annually from 2016-2019. The normalized difference vegetation index was used as the measure 
of green space exposure. Of the 142,865 students whose data was included, 17,646 (12.4%) had myopia 
with an average spherical equivalent refraction of -1.636 diopters at baseline. At baseline, no association 
with green space exposure was observed.  Of the students included in the baseline analysis, 118, 369 
(82.9%) participated in the final data collection. At the school level, a 0.1 increase in green space 
exposure was associated with a 3.6% lower increase in the school myopia prevalence over 2 years. 
According to individual-specific refraction at baseline, the students were divided into myopic and 
nonmyopic groups. In the nonmyopic group, a 0.1 increase in green space exposure was associcated 
with a 19.8% reduction in myopia risk. In the myopic group, the model showed that green space exposure 
was not associated with myopia progression.  
Overall, the study showed a strong association between green space exposure and myopia in 
schoolchildren based on satellite imaging techniques, providing a potential basis for the development of 
prevention strategies targeting the onset of myopia. No interactions or correlations were found between 
green space exposure and other known risk factors.  
 
 
Glasses versus Observation for Moderate Bilateral Astigmatism in 1-to <7-Year-Olds.  
Wang JY, Hodge DO, Mohney BG.  
American Journal of Ophthalmology. 2022 Feb 1;234:183-7. 
Consensus around refractive thresholds for prescribing glasses in children can vary based on child age, 
refractive error, and physician preferences. This aim of this paper was to evaluate outcomes for over 
1,200 children aged 1 to <7 who were diagnosed with moderate bilateral astigmatism (+1.25 to +3.25 
diopters). Roughly two thirds of the children were prescribed glasses and the other third were observed 
without glasses. Generally, those that were prescribed glasses were younger. The rate of developing 
amblyopia after 4 years was similar between groups (10.3% in the glasses group and 8.3% in the 
observation group). Rates of strabismus were similar between groups as well (around 7% in each group). 
Using glasses did not provide a significant improvement in amblyopia prevention for those with higher or 
lower amounts of cylinder. Similarly, they did not provide significant improvement in amblyopia prevention 
for those younger or older at the time of treatment initiation. Overall, this study calls into question the 
practice of prescribing glasses for younger children with moderate astigmatism and that larger studies to 
confirm specific refractive thresholds by age may be useful. 
 
Smartphone Use Associated with Refractive Error in Teenagers: The Myopia App Study 
Clair A. Enthoven, Jan Roelof Polling, Timo Verzijden, J. Willem L. Tideman, Nora Al-Jaffar, Pauline W. 
Jansen, Hein Raat, Lauwerens Metz, Virginie J.M. Verhoeven, MD, Caroline C.W. Klaver 
Ophthalmology; 2021 Dec;128(12):16081-8 
This study used an app to monitor smart phone usage and face-to-screen distance objectively in a cohort 
of 525 Dutch teenagers over a period of 13 months. The key study variables were the hours per day of 
smart phone usage, the number of daily episodes of greater than 20 minutes of continuous smart phone 
usage per day, the average face-to-screen distance, and self-reported outdoor exposure times. The key 
outcome variables were the change in axial length-to-corneal radius ratio and the cycloplegic spherical 
equivalent refractive error. A secondary comparison was smart phone usage on school days versus 
weekend and holiday days. The average age of subjects was 13.7±0.85 years and only 19% were 
myopic. Smart phone usage was similar between school days 3.7±1.7 hours and non-school days 3.8±2 
hours, with 6.4 and 7.1 episodes of more than 20 minutes continuous use, respectively. More hours of 
smart phone usage, more continuous episodes of smart phone usage, and less outdoor time all 
correlated with higher levels of myopia, but the effect was very mild (<0.1 diopters). There was no 
correlation with distance to screen. Weaknesses include a fairly homogenous European population with a 
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relatively low rate of myopia, suggesting this particular population may not be at great risk for higher 
levels of myopia. The overall conclusion that excess and continuous smart phone usage can increase the 
rate of myopic progression is probably correct, although the magnitude of the effect does not appear to be 
large. 
 
Prevalence Trend of Myopia after Promoting Eye Care in Preschoolers: A Serial Survey in Taiwan before 
and during the Coronavirus Disease 2019 Pandemic 
Yu-Chieh Yang, Nai-Wei Hsu, Chiao-Yu Wang, Mong-Ping Shyong, Der-Chong Tsai 
Ophthalmology; 2022 Feb;129(2):181-90 
This study reported the results of a very large, school-based program to prevent myopia in 
kindergarteners. Since the study was initiated in 2014 and carried through the current Covid pandemic, 
the authors could report on whether the trends on myopia prevalence changed as a result on the 
pandemic. The two main features of the study were the implementation of countywide myopia prevention 
measures (encouraging 120 minutes of daily outdoor activity, avoiding prolonged near activity, and using 
good lighting and ergonomics) and complete eye exams with cycloplegic refractions. Over 90% of 
~24,000 preschoolers participated and, with myopia defined as ≥ -0.5 diopters, the prevalence of myopia 
in 5-6 year olds declined from 15.5% to 8.4% during the first two years of the study. The rate of myopia 
remained steady between 8-10% for the remaining five years of the study, including the pandemic 2020 
academic year. The authors concluded that myopia prevention measures do create a very significant 
reduction in the population rate of myopia and that those measures continue to be effective even with 
restrictions imposed by the Covid pandemic. With more than 20,000 participants, this study provides 
robust evidence that reducing prolonged near activity and encouraging 2 hours of daily outdoor activity 
can significantly reduce the prevalence of myopia in younger children. 
 
Preterm refraction and ocular biometry in children with and without retinopathy of prematurity in the first 
year of life. 
Savleen Kaur, MS, Mangat Dogra, MS, Jaspreet Sukhija, MS, Ramanuj Samanta, MS, Simar Rajan 
Singh, MS, Suman Grover, MS, and Deeksha Katoch, MS. 
JAAPOS 2021;25:271.e1-6. 
Children treated for ROP are known to develop myopia; however, the exact causes of this are not well 
understood. This study aimed to provide some clarity to this issue by prospectively assessing the ocular 
biometric and refractive profiles of premature children in the first year of life. These measurements were 
first assessed prior to any ROP treatment and were remeasured at 3 months, 6 months, and 1 year after 
initial examination. Children who required treatment were compared to those with or without ROP who did 
not. A total of 243 eyes were included: 98 had no ROP (group 1), 72 had ROP that regressed without 
treatment (group 2), and 73 developed ROP that was treated by laser photocoagulation (group 3). 
Biometric variables were comparable among the three groups at baseline, but the group with the highest 
disease severity did show steeper corneas and more myopia at the first examination. Over the first year, 
the children with severe ROP had slowing of axial elongation and flattening of the cornea. Patients in both 
groups 2 and 3 had steeper corneas at 1 year than patients in group 1 showing that simply having ROP 
even in the absence of treatment can influence ocular biometry. Myopia was greatest in the treated group 
and increased over time. In all groups, those who had anisometropia at baseline continued to be 
anisometropic at one year with no new onset anisometropia. This study shows that severe ROP is 
associated with disruption of emmetropization as well as steeper corneas and more myopia even at 
baseline. While refractive differences become more pronounced following treatment, it is uncertain 
whether this is related to the treatment or the severity of the underlying disease. 

 
Saxena R, Dhiman R, Gupta V, Phuljhele S, Velpandian T, Sharma N, et al. Atropine for Treatment of 
Childhood Myopia in India: Multicentric Randomized Trial.  
Ophthalmology 2021;128(9):1367-1369. 
Atropine for the Treatment of Childhood Myopia in India (I-ATOM) was a multicentric, double-masked, 
placebo-controlled, randomized clinical trial conducted at 3 ter- tiary centers to evaluate the 1-year 
efficacy of 0.01% atropine in myopic children of Indian ethnicity. A total of 100 children aged 6 to 14 years 
with -0.5 diopters (D) to -6 D of myopia on cycloplegic refraction, astigmatism < or =1.5 D, anisometropia 

< or =1 D, distance best-corrected visual acuity of  20/40, and documented myopia progression of > 0.5 
D in the preceding year were enrolled. Primary outcome measure was change in SE and AL at 1 year in 
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cases compared with controls. Secondary measures were change in anterior chamber depth, lens 
thickness, vitreous chamber depth, pupil size, accommodation amplitude (D), and any side effects related 
to therapy. The participants were randomized in 1:1 ratio to the atropine or placebo group using 
computer-generated random numbers. Results: This study noted a significant reduction of 54% in mean 
SE progression with 0.01% atropine at 1 year in myopic children with no side effects. Mean AL elongation 
was 21% less in the atropine group than in the placebo group, but this was not statistically significant. 
Limitations of this study include a short follow-up, a relatively small sample size, a lack of compar- ison of 
other atropine strengths (0.05% or 0.02%),and unanswered questions such as optimal duration, rebound 
effect, and whether 0.01% atropine reduces AL elongation. Nonetheless, the results show a similar 
efficacy of 0.01% atropine eye drops in Indian children with mild to moderate myopia as seen in other 
ethnic groups.  
 
 
Evolution of the Prevalence of Myopia among Taiwanese Schoolchildren: A Review of Survey Data from 
1983 through 2017. 
Tzu-Hsun Tsai, Yao-Lin Liu, I-Hsin Ma, Chien-Chia Su, Chao-Wen Lin, Luke Long-Kuang Lin, Chuhsing 
Kate Hsiao, I-Jong Wang  
Ophthalmology; 2021 Feb;128(2):290-301 
This study was a stratified cluster sampling designed to extend the population data collection on myopia 
prevalence in Taiwan in 2016 compared with similar studies every ~5 years from 1983 to 2010. The age 
ranges studied were 7-12 years, 13-15 years, and 16-18 years. Children using orthokeratology for myopia 
control were excluded. Of the 10,000 recruited students, 7,348 participated with an extensive data survey 
and complete ophthalmic examination, including cycloplegic refraction. Any myopia was defined as > -
0.25 diopters and high myopia was defined as > -6 diopters. Between 1983 and 2016, the prevalence of 
myopia more than doubled in all age groups, with more than 75% of 13-15 year old students having 
myopia in 2016 compared with 31% in 1983. The prevalence of high myopia also more than tripled over 
that same time span from 4% to 15%. The strongest predictors were more than 180 minutes of near work 
and more than 60 minutes of smart device or computer work per day. Unlike prior surveys, the 2016  
survey did not find any protective effect for more than 60 minutes of daily outdoor activities. Weaknesses 
of the study include the use of tropicamide instead of cyclopentolate for cycloplegia and the lack of survey 
data for electronic devices in prior years simply because such devices did not exist before the 2005 
survey. Also, by excluding children undergoing active myopia control, the survey likely underestimated 
the actual rate of myopia because all of those children had myopia. The dramatic increase in myopia and 
high myopia, however, over the relatively short time span highlights the epidemic nature of the problem 
and the need for effective interventions to reduce disease prevalence and severity.  
 
Reducing the Global Burden of Myopia by Delaying the Onset of Myopia and Reducing Myopic 
Progression in Children: The Academy’s Task Force on Myopia 
Bobeck S. Modjtahedi, Richard L. Abbott, Donald S. Fong, Flora Lum, Donald Tan 
Ophthalmology; 2021 June;128(6):816-26 
This study highlights the global burdens imposed by increasing rates of any myopia (defined as ≥ -0.50 D 
spherical equivalent) and high myopia (defined as ≥ -5.00 D spherical equivalent) and outlines steps the 
AAO can take to mitigate those increases. The evidence is compelling that, in both the US and worldwide, 
the rates of any myopia and high myopia more than doubled since the 1970s. Multiple factors such as 
increased indoor time, near activity, reduced sun exposure, and higher levels of education have been 
associated with increased levels of myopia. Even low levels of myopia are associated with increased 
rates of uncorrectable vision loss, e.g. ≥ -3 D of myopia has a 10-fold increased risk of retinal detachment. 
Interventions to reduce myopia are divided into three broad categories – optical, pharmacological, and 
behavioral. Optical interventions using peripheral defocus on the retina provide modest reduction in the 
rates of myopic progression. Pharmacologic interventions center around various dilute concentrations of 
atropine eye drops, shown to be the most effective intervention, with some debate still over the ideal 
concentration and the duration of treatment. The effects of mandating more outdoor activity are mixed, 
with some studies demonstrating a modest benefit. The AAO will undertake education programs for both 
the public and ophthalmologists to highlight the importance of myopia control, will advocate with public 
health agencies to emphasize the importance of myopia interventions on a population level, and will 
promote collaborative research programs to develop interventions to reduce the onset and progression of 
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myopia. By including stakeholders outside of ophthalmology, such family physicians, pediatricians, and 
optometrists, the initiative has a chance to disseminate this information a much broader audience than 
could be reached by any single specialty or subspecialty.  
 
Of note same publication in Pediatrics:  Reducing the Global Burden of Myopia by Delaying the Onset of 
Myopia and Reducing Myopic Progression in Children 
Pediatrics July 2021, 148 (1) e2021051881 
The American Academy of Pediatrics has endorsed the following publication: Modjtahedi BS, Abbott RL, 
Fong DS, Lum F, Tan D; Task Force on Myopia. Reducing the global burden of myopia by delaying the 
onset of myopia and reducing myopic progression in children. 
Summary:  Myopia is a global Medical problem 
 
 
Age Effect on Treatment Responses to 0.05%, 0.025%, and 0.01% Atropine 
Fen Fen Li, Yuzhou Zhang, Xiujuan Zhang, Benjamin Hon Kei Yip, Shu Min Tang, Ka Wai Kam, Alvin L. 
Young, Li Jia Chen, Clement C. Tham, Chi Pui Pang, Jason C. Yam  
Ophthalmology; 2021 August;128(8):1180-7 
This study analyzed how age at treatment initiation affected the dose-dependent response to low 
concentration atropine eye drops for myopia control. The subjects were the 350 children who participated 
in the previously published LAMP study analyzing the effects of 0.05%, 0.025%, and 0.01% 
concentrations of atropine on myopia progression. This study evaluated the correlation of external factors 
such as age, gender, parental myopia, and baseline refraction on treatment response. The strengths of 
the prior study included randomization and the inclusion of a placebo group. The strengths of this study 
included the use of generalized estimating equations to allow both eyes to be included in the analysis and 
the overall robust data set and statistical analysis. Two important results emerged from the analysis: 1) 
there was a dose-response effect observed in every age group, with a stepwise improvement in myopia 
control from 0.01% to 0.025% to 0.05%, and 2) younger patients had worse control of myopia at every 
concentration of atropine. Since younger patients also had a larger accommodative amplitude and thus 
better toleration of stronger concentrations of atropine than older subjects, the authors advise younger 
children start with atropine 0.05% as initial therapy. A major weakness of the study, however, is that very 
few younger patients were included in each group. For example, only two four-year-olds, ten five-year-
olds, and 20 six-year olds, divided into the three treatment groups, were analyzed in total. With such 
small numbers, one or two outliers who have a poor response to atropine at all concentrations might skew 
the results. The authors could have enhanced the strength of their presentation by demonstrating a 
uniformly poorer response to lower concentrations instead of focusing on average responses with such 
small groups. The study does, however, provide more evidence that younger age of myopia onset is 
associated with a much greater risk of high myopia, and thus more aggressive myopia control treatment 
should be considered in these young patients. 
 
 
Impact of Myopia 
Padmaja Sankaridurg, Nina Tahhan, Himal Kandel, Thomas Naduvilath, et. al. 
Invest Ophthalmol Vis Sci. April 2021;62, 2 
This is a review on the global impact of myopia. The authors state that myopia affects approximately 
30%of the population and is becoming more frequent daily. The detection and early treatment of myopia 
is important to decrease the risk of progressive myopia’s complications and uncorrected myopia’s burden 
on society leading to an improved quality of life. It has been noted in a recent study that early onset of 
myopia, less than seven years of age, leads to an increased risk of high myopia and its complications, 
though early detection and intervention with spectacle correction leads to improvements in academia as 
well as psychosocial well-being. The average cost of spectacle correction in teenaged children is 
approximately $100 per year while those aged 40 years and older was closer to $700 per year mostly 
related to vision products but also due to complications from myopia. It was noted that those with higher 
myopia had a poorer quality of life which was not fully corrected with refractive correction. In 2019 the 
cost of regular examinations, refractive correction and surgical treatment of complications from myopia 
was estimated at $358.7 billion. Loss of productivity due to lack of correction of myopia was estimated to 
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be $244 billion and $6 billion from just myopic macular degeneration in 2015 for adults older than 15 
years of age. 
  
 
Risk Factors for Myopia 
Ian G. Morgan, Pei-Chang Wu, Lisa A. Ostrin, J. Willem L. Tideman, et. al. 
Invest Ophthalmol Vis Sci. April 2021;62, 3 
 This review article looked at studies that defined risk factors for the development and progression of 
myopia. The first risk factor that was noted was increased levels of education at a younger age. While not 
understanding the reason for this correlation, hypotheses include increased time or decreased distance of 
near activities. The next risk factor is decreased time outdoors. Increased early exposure to natural 
sunlight and increased duration of time outdoors has been shown to decrease the progression to and of 
myopia. Once again, the exact mechanism is not fully understood. Increased use of electronic devices 
may also be a risk factor, though this is likely related to the previous two risk factors of increased near 
work and decreased time outdoors. There are a number of other risk factors reviewed in this article, 
though the authors conclude that there is no sufficiently sound evidence of other risk factors being 
statistically or clinically significant at this point in time. 
  
  
Accommodation and Binocular Vision in Myopia Development and Progression 
Nicola S. Logan, Hema Radhakrishnan, Fiona E. Cruickshank, Peter M. Allen, et. al. 
Invest Ophthalmol Vis Sci. April 2021;62, 4 
 This review looked at the relationship between accommodation and myopia. The authors note that 
structural changes may occur with increased accommodation and even refractively corrected myopic 
people will need an increase in accommodation to the same target when compared to their emmetropic 
and hyperopic counterparts. There has also been noted that there are changes in pupillary size, ciliary 
muscles, and the crystalline lens anteriorly with myopia. Posteriorly, there may be changes in the sclera, 
and choroidal vasculature. Accommodation itself may cause an increase in myopia due to foveal defocus, 
accommodative instability, high spatial frequency and decreased contrast cues. Higher order aberrations, 
decreased working distance and head posture, and the relationship between the need for accommodation 
indoors versus outdoors may also be a causal relationship of increased myopia. Further studies need to 
be done to gather increased evidence to causal relationships and prevention of accommodative causes of 
myopia. 
  
 
Prevention of Myopia and Its Progression 
Jost B. Jonas, Marcus Ang, Pauline Cho, Jeremy A. Guggenheim, et. al. 
Invest Ophthalmol Vis Sci. April 2021;62, 6 
This review looks at the possible treatments that can be used in the prevention of progression of myopia 
to levels of myopia that can lead to pathologic changes in the eye. Increased time spent outdoors in 
daylight was not only shown to decrease the progression of myopia, but has also been shown to 
decrease the risk of becoming myopic. It may also have increased protective properties if going outside 
immediately after near activities. Pharmacologically, low dose atropine has been shown to be an excellent 
choice in decreasing the progression of myopia and axial length, though the ideal concentration has yet to 
be determined due to rebound and side effects. Both progressive spectacle correction and multifocal 
contact lenses have also been used successfully in the treatment of progressive myopia, though, as in 
the atropine studies, the ideal additional power has yet to be determined.lastly, orthokeratology has been 
used for the treatment of progressive myopia. Orthokeratology works by flattening the central cornea and 
possibly inducing a peripheral defocus at the same time.  
 
 
Pathologic Myopia 
Kyoko Ohno-Matsui; Pei-Chang Wu; Kenji Yamashiro; Kritchai Vutipongsatorn 
Invest Ophthalmol Vis Sci. May 2021;62, 5 
This review looks at the causes, aspects and future of pathologic myopia. Pathologic myopia affects up to 
3% of the population. The genes CFI, COL8A1, and PEDF were noted to be associated with myopic 
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macular neovascularization while CCDC102B was noted to be associated with myopic maculopathy. 
Clinical aspects of pathologic myopia include posterior staphylomas, myopic choroidal atrophy, myopic 
macular neovascularization and traction, dome-shaped macula, and glaucoma. The understanding and 
realization of these pathologic changes are of the utmost importance for pediatric ophthalmologists and 
parents so that children are treated to prevent the progression to and of myopia to prevent these 
changes.  
 

Myopia in school-aged children with preterm birth: the roles of time spent outdoors and serum vitamin D 
Hung-Da Chou ,Tsung-Chieh Yao, Yu-Shu Huang, Chung-Ying Huang, Men-Ling Yang,Ming-Hui Sun, 
Hung-Chi Chen, Chun-Hsiu Liu, Shih-Ming Chu, Jen-Fu Hsu, Kuan-Jen Chen, Yih-Shiou Hwang, Chi-
Chun Lai, Wei-ChiWu 
Br J Ophthalmol. 2021 Apr;105(4):468-472. 
This study investigated factors associated with myopia in school-aged children with history of preterm 
birth (GA <37 weeks) and with or without ROP. Specific factors studied included ROP severity, time spent 
outdoors (based on parental survey data), and serum Vitamin D concentration. Children born prematurely 
between January 2010 and December 2011 were identified and then enrolled in the cross-sectional study 
when they reached school age (mean 6.8 years). Patients with a history of AP-ROP, severe ROP 
requiring vitrectomy, or other non-ROP-related conditions were excluded, resulting in 99 eligible children 
out of the original 103 children enrolled. The prevalence of ROP was higher in the myopic group than in 
the non-myopic group (60.9% vs 40.8%), but this relationship was not significant (p = 0.055). The 
distribution of ROP severity between the two groups did not differ significantly. Among the participants 
with ROP requiring treatment, 75% of myopic children were treated with laser or laser + intravitreal 
bevacizumab (IVB), whereas 65.4% of the non-myopic children were treated with IVB only (p = 0.035). 
Type 1 ROP was associated with increased odds of myopia (OR, 3.82; 95% CI, 1.14–12.81; p = 0.03). 
Multivariable logistic regression analysis revealed that more time spent outdoors was associated with 
lower odds of myopia; however, the average time spent on near-work activities was not different between 
the myopic and non-myopic groups. Serum vitamin D concentrations were similar between the myopic 
and non-myopic groups (p =0.806) and were not correlated with spherical equivalent nor with the average 
time spent outdoors in the whole group or in the myopic subgroup. Of note, the prevalence of vitamin D 
insufficiency in the cohort was quite high at 56.8%. This study does demonstrate an association between 
increased outdoor time and lower myopia prevalence in school-aged children as other studies have done, 
but more information is needed regarding dosing, applicable population, etc. The association of serum 
Vitamin D and myopia, if any, remains unclear. 
 
Impact of spectacles wear on uncorrected visual acuity among urban migrant primary school children in 
China: a cluster-randomised clinical trial 
Xinwu Zhang, Ming Zhou, Xiaochen Ma, Hongmei Yi, Haiqing Zhang, Xiuqin Wang, Ling Jin, Kovin 
Naidoo, Hasan Minto, Haidong Zou, Scott Rozelle, Nathan Congdon, Yue Ma  
Br J Ophthalmol. 2021 Jun;105(6):761-767. 
Chinese children have among the world’s highest rates of refractive error, however, previous studies have 
shown that few children in certain rural or urban migrant areas own and wear spectacles and poor 
compliance is widespread. Additional studies have postulated reasons for poor compliance including lack 
of perceived need, discomfort, concerns over being teased, and interestingly the concern spectacle wear 
harms or weakens children’s uncorrected vision making them more dependent on glasses in the future. 
The authors previously reported their findings of a statistically significant trend towards better final 
uncorrected visual acuity in a large cohort of children randomly assigned to receive glasses compared 
with controls in a different region of China in a previous study, but the skepticism remained. The authors 
recently completed a parallel clustered-randomized trial among migrant schools in urban eastern China 
demonstrating that free glasses and teacher incentive significant improved observed 
classroom wear of spectacles at an un-announced examination 9 months later. They then designed an 
exploratory analysis on the impact of this intervention on children’s uncorrected visual acuity over the 
course of a school year, reported here, with the hypothesis that change in uncorrected visual acuity of 
children in the spectacle group will not be worse than that of controls, hoping to debunk this perception in 
the population. In this cluster-randomized trial, schools served as clusters. A total of 1248 eligible children 
(age 11-12 years) failed vision screenings and were randomized by school to receive free glasses and 
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teacher incentive (47 schools, 639 children) or to the control group which received only a glasses 
prescription and note to the parents (47 schools, 609 children). Of note, 281 children in the treatment 
group were excluded due to parent refusal of refraction or visual acuity not correctable to ≥6/12 in both 
eyes, with a similar number of exclusions in the control group for the same reasons. Over 90% of patients 
in both groups followed up at 9 months for final analysis, and end-line glasses 
wear was 68.3% (observed: 233/341) to 90.6% (self-reported: 308/340) in the treatment group; and 
23.9% (observed: 84/352) to 32.1% (self-reported: 106/330) among controls. Both groups 
showed modest declines in uncorrected VA over 9 months, consistent with expected progression of 
myopia in this myopic cohort, but there is no evidence that glasses wear accelerated such progression 
thus replicating the results of their previous study. This study brings attention to the fact that concern over 
the potential for children’s spectacle wear to accelerate myopia and worsen vision continues to be 
widespread in China and acts as an important barrier to children’s glasses use in China and elsewhere. 
More work is needed to better understand underlying reasons for this and ways to improve glasses wear 
compliance among children, especially in areas where myopia prevalence is high. 
 
 
What can anisometropia tell us about eye growth? 
Ian Flitcroft, Sara Mccullough, Kathryn Saunders 
Br J Ophthalmol. 2021 Sep;105(9):1211-1215. 
Much of the current myopia research focuses on the contributions of both genetics and the environment 
as the major factors driving myopia progression. These authors sought to investigate the role of 
stochastic factors on myopia development, or the variability that comes about from randomness or noise 
within the biological mechanisms controlling eye growth. Because both eyes of one individual share the 
same environment and genes, the authors examined interocular differences in biometry to determine 
potential role of other stochastic factors in refractive development in a sample of 6-7 year old children 
participating in the Northern Ireland Childhood Errors of Refraction study. A total of 362 children were 
included, all of whom had a BCVA of better than o.3 logMAR to exclude possible amblyopes. Significant 
anisometropia is often defined as a spherical equivalent, interocular difference of ≥1.00 D. The majority of 
the 362 subjects analyzed were hyperopic with a mean spherical equivalent refraction of approximately 
+1.31 D in each eye. One hundred five subjects (29%) had a difference of ≥0.50 D, 25 subjects (6.9%) 
had anisometropia ≥1.00 D and 8 (2.2%) had anisometropia >1.50D. A known marker of emmetropization 
in older children is the poor correlation between refraction and corneal curvature. Gaussian distribution 
analysis showed that in this population of younger children, there was no significant correlation between 
refraction and corneal curvature in the isometropia group (<0.50D), but these parameters were 
significantly correlated in the anisometropia group (≥0.50 D). The authors concluded that these results 
suggest that anisometropia is a marker for poorly regulated eye growth which in turn suggests that 
stochastic processes contribute to refractive outcomes in addition to environmental and genetic 
influences. This is an interesting topic and would benefit from more detailed investigation. 
 
Prevalence and risk factors of pseudomyopia in a Chinese children population: the Anyang Childhood 
Eye Study 
Meng-Tian Kang, Catherine Ja, ShiMing Li, Mayinuer Yusufu, Xintong Liang, Kai Cao, Luo-Ru Liu, He Li, 
Ningli Wang, Nathan Congdon 
Br J Ophthalmol. 2021 Sep;105(9):1216-1221. 
This study aimed to investigate the prevalence and predictors of pseudomyopia in Chinese children at 
different ages and its association with myopia progression. Pseudomyopia represents a temporary shift of 
refraction towards myopia due to accommodation and was defined as spherical equivalent refractive error 
(SER) ≤−0.50D before cycloplegia and >−0.50 D after cycloplegia. Among pseudomyopic children, 
pseudomyopic power was defined as non-cycloplegic SER subtracted from cycloplegic SER. Patients 
were recruited from the Anyang Childhood Eye Study, a school-based cohort of 6- and 13-year old 
Chinese children. A total of 2323 6-year old enrolled esubjects and 1646 13-year old enrolled subjects 
completed the 1 year followup. All subjects received non-cycloplegic and cycloplegic autorefraction using 
cyclopentolate and tropicamide as well as a comprehensive eye exam. Families also completed a 
questionnaire regarding time spent on indoor vs outdoor activities. The median non-cycloplegic SER was 
−0.13D and −1.75D in 6-year-old and 13-year-old children, respectively, while cycloplegic SER was 
+1.00D and −1.13D. Compared with 6-year-olds, the 13-year-old children had lower prevalence of 
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pseudomyopia (18.9%, 374/1984 vs 24.1%, 629/2612) and lower power of pseudomyopia (0.38 =D vs 
1.13D). Among children with pseudomyopia, 13.4% of them wore myopic spectacles: 3.2% (2/629) were 
6-year-olds with myopic progression of −0.81D (0.10 D) over 1 year and 10.2% (38/374) were 13-year-
olds with myopic progression of −0.77 D (0.52 D) over 1 year. The amount of myopic progression in those 
who did not wear spectacles was lower in both age groups, however, statistical analysis could not be 
performed due to low numbers. This study revealed two important findings: 1) the majority of 6-year-olds 
(81.4%) and nearly half of 13-year-olds (40.3%) with non-cycloplegic SER between −0.50 D and 
−5.99 D were actually emmetropic or hyperopic, making them pseudomyopic. Second, pseudomyopia 
was not associated with the time spent doing near work. They also found in a survey of optical shops in 
the region that recognition for the need of cycloplegia for pediatric refraction was extremely low. This 
study demonstrates the importance of cycloplegia in accurate refraction of children as well as the need to 
raise awareness of this knowledge among those who treat children. While the results of this study may 
not be explicitly generalizable to other populations, the importance of cycloplegic refraction in children is 
universal.  
 

Glasses versus Observation for Moderate Bilateral Astigmatism in 1-to <7-Year-Olds.  
Wang JY, Hodge DO, Mohney BG.  
American Journal of Ophthalmology. 2021 Jul 31. 
Consensus around refractive thresholds for prescribing glasses in children can vary based on child age, 
refractive error, and physician preferences. This aim of this paper was to evaluate outcomes for over 
1,200 children aged 1 to <7 who were diagnosed with moderate bilateral astigmatism (+1.25 to +3.25 
diopters). Roughly two thirds of the children were prescribed glasses and the other third were observed 
without glasses. Generally, those that were prescribed glasses were younger. The rate of developing 
amblyopia after 4 years was similar between groups (10.3% in the glasses group and 8.3% in the 
observation group). Rates of strabismus were similar between groups as well (around 7% in each group). 
Using glasses did not provide a significant improvement in amblyopia prevention for those with higher or 
lower amounts of cylinder. Similarly, they did not provide significant improvement in amblyopia prevention 
for those younger or older at the time of treatment initiation. Overall, this study calls into question the 
practice of prescribing glasses for younger children with moderate astigmatism and that larger studies to 
confirm specific refractive thresholds by age may be useful. 
 

Ocular biometrics as a function of age, gender, height, weight, and its association with spherical equivalent 
in children. 
Hashemi H, Pakzad R, Khabazkhoob M, Yekta A, Emamian MH, Fotouhi A.  
Eur J Ophthalmol. 2021;31(2):688-697. 
Published March, 2021 
This cross-sectional subanalysis of the Shahroud School Children Eye Cohort presents the ocular biometric 
components (OBCs; as measured by BioGraph) of 4938 Iranian children ages 6-12 years. Mean axial 
length, lens thickness, and vitreous chamber depth were 23.02 (95% confidence interval: 22.97-23.07) mm, 
3.48 (95% confidence interval: 3.47-3.49) mm, and 20.63 (95% confidence interval: 20.59-20.66) mm, 
respectively. The authors performed multiple linear regression and found that AL and vitreous chamber 
depth associated positively with height and inversely with female gender. Lens thickness correlated 
inversely with age and positively with female gender. After adjusting for personal characteristics, SphEq 
had an inverse relationship with AL and a positive relationship with lens thickness. AL had the strongest 
association with SphEq. The authors concluded that AL was the strongest determinant of SphEq, and in 
Iranian children, it was almost similar to AL of European children, but less than that in the Eastern and 
Southeast Asian populations. As age increased, axial length and vitreous chamber depth increased while 
lens thickness and spherical equivalent decreased. Among all ocular biometric components, axial length 
was the strongest determinant for spherical equivalent. This is an interesting cross-sectional observational 
study that reaffirms known relationships between ocular biometrics and refractive error. 
 

Meridional aniseikonia—causes, symptoms, and therapies 
Velez FG, Pineles SL, Rosello N, Nguyen A, Guyton DL 
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J AAPOS 2021; 25: 31.e1 - 31.e5 
Meridional aniseikonia, different image sizes may occasionally cause significant distortion of the binocular 
spatial sense in perceptive patients. This is a retrospective study of medical records of 3 adult patients 
who complained of binocular spatial distortion consistent with meridional aniseikonia. Detailed 
descriptions of symptoms, ocular findings, and management are reported. Each patient had undergone a 
refraction-altering surgical procedure, and each complained of binocular spatial distortion characterized 
by a trapezoidal view of square or rectangular shapes. Each patient improved following management of 
the astigmatic spectacle correction. Following cataract or corneal surgery patients with complaint of 
binocular spatial distortion may be caused by meridional aniseikonia, which may be corrected by 
astigmatic correction. 
 
 
Puberty could regulate the effects of outdoor time on refractive development in Chinese children and 
adolescents 
Wang J, Cheng T, Zhang B, Xiong S, et al. 
Br J Ophthalmol. 2021 Feb; 104:191-197. 
Outdoor activities have been showed to help prevent myopia progression. Some studies suggest that 
outdoor light could influence hormones in the body and retina which contribute to myopia prevention. 
Ocular growth and maturity during puberty might be more sensitive to environmental influences (such as 
outdoor activities) during this time. Therefore this observational study aimed to explore the effect of 
puberty on myopia and its interaction with outdoor time. Children age 7-13 were included in this study 
from 2015-2017 in China. Cycloplegic refraction and axial length measurements were obtained, and 
levels of testosterone and estradiol were detected using saliva. 776 children were included with average 
baseline age of 9.64 years. There was no significant difference in baseline refraction or myopia rates 
between genders. 55.2% of subjects were myopes at baseline. Myopic parents, less outdoor time, and 
more changes in estradiol were found to be associated with greater changes in axial length and spherical 
equivalent. Children whose menarche/spermatorrhoea had not occurred had faster changes in axial 
length. Outdoor time had a delaying effect on axial length elongation that was stronger in early puberty or 
prepuberty than in middle or late puberty, suggesting that puberty may play a regulatory role in the 
process. The authors did find that the overall outdoor time spent by children was inadequate, and efforts 
should be made to increase outdoor time in children and adolescents during early puberty.  
 
 
Evolution of the Prevalence of Myopia among Taiwanese Schoolchildren: A Review of Survey Data from 
1983 through 2017 
Tzu-Hsun Tsai, Yao-Lin Liu, I-Hsin Ma, Chien-Chia Su, Chao-Wen Lin, Luke Long-Kuang Lin, Chuhsing 
Kate Hsiao, I-Jong Wang 
Ophthalmology; 2021 Feb;128(2):290-301 
This study was a stratified cluster sampling designed to extend the population data collection on myopia 
prevalence in Taiwan in 2016 compared with similar studies every ~5 years from 1983 to 2010. The age 
ranges studied were 7-12 years, 13-15 years, and 16-18 years. Children using orthokeratology for myopia 
control were excluded. Of the 10,000 recruited students, 7,348 participated with an extensive data survey 
and complete ophthalmic examination, including cycloplegic refraction. Any myopia was defined as > -
0.25 diopters and high myopia was defined as > -6 diopters. Between 1983 and 2016, the prevalence of 
myopia more than doubled in all age groups, with more than 75% of 13-15 year old students having 
myopia in 2016 compared with 31% in 1983. The prevalence of high myopia also more than tripled over 
that same time span from 4% to 15%. The strongest predictors were more than 180 minutes of near work 
and more than 60 minutes of smart device or computer work per day. Unlike prior surveys, the 2016  
survey did not find any protective effect for more than 60 minutes of daily outdoor activities. Weaknesses 
of the study include the use of tropicamide instead of cyclopentolate for cycloplegia and the lack of survey 
data for electronic devices in prior years simply because such devices did not exist before the 2005 
survey. Also, by excluding children undergoing active myopia control, the survey likely underestimated 
the actual rate of myopia because all of those children had myopia. The dramatic increase in myopia and 
high myopia, however, over the relatively short time span highlights the epidemic nature of the problem 
and the need for effective interventions to reduce disease prevalence and severity. 
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4. VISUAL IMPAIRMENT 

 

Emotional and Behavioral Assessment of Youths With Visual Impairments Utilizing the BASC-2 
Stephanie Vetere Sims, Brian Celso, Ted Lombardo 
Journal of Visual Impairment & Blindness v115(4) pp310-318 2021 
There are few studies in the United States examining the psychological and mental health effects of 
visual impairments (such as blindness and low vision) in youths. The objective of this retrospective study 
was to describe the behavioral and emotional profile of students with visual impairments by using the 
Behavior Assessment System for Children, Second Edition (BASC-2) composite scores for youths with 
visual impairments with normative data to determine if significant differences exist and to compare BASC-
2 scores of students with low vision with students categorized and being totally blind. A total of 63 
students with visual impairments entering a state school for the deaf and blind between 2012-2017 had a 
parent complete the BASC-2 Parent Rating scale. Patterns of emotional and behavioral strengths and 
weakness in these students were retrospectively examined. The study demonstrated higher levels of 
symptoms of such as anxiety and withdrawal in students with visual impairment. Compared to children 
with low vision, students who are blind had statistically significant scores (deficits) for adaptive skills and 
resiliency. Overall, this study suggests a substantial proportion of students with visual impairments 
experience more emotional and behavioral difficulties than the average youth and lack the adaptive skills 
to manage their conduct adequately. Individuals who work with youths with visual impairments should 
apply various and unique methods in order to understand, train, teach, rehabilitate or counsel these 
youths. 
 
Sleep Challenges and Interventions in Children With Visual Impairment 
Ingram DG, Cruz JM, Stahl ED, Carr NM, Lind LJ, Keirns CC. 
J Pediatr Ophthalmol Strabismus. 2021;1-10.  
Pre-publication. Accepted April 15, 2021 
Children with visual impairment are at higher risk of sleep problems because of disruption of circadian 
rhythm. The purpose of this study was to examine sleep patterns in a large and heterogeneous group of 
children with visual impairment. The authors performed a cross-sectional nationwide web-based English 
language survey of parents with visually impaired children and reported the results of 72 participants, aged 
1 to 16 years. 72% of children reportedly had cycles of good and bad sleep and 69% of parents reported 
these sleep patterns caused significant stress for them or their families. The survey included a 33-item 
Childhood Sleep Habits Questionnaire (CSHQ) covering 8 domains; higher scores indicated more sleep 
problems, and a score >41 indicated clinically significant sleep problems. 89% of children had a CSHQ 
score >41. Most children had no neurological history (70%) or endocrine history (85%), but 29% had 
developmental delay, which was most strongly associated with sleep problems. 44% of families felt 
melatonin was helpful. The authors concluded that a high proportion of children with visual impairment 
experience clinically meaningful sleep problems, regardless of degree of light perception or visual acuity 
and that there is a strong need for increased awareness and screening for sleep problems in this population. 
While the size and reach of this report is commendable, there are some inherent limitations: sampling bias, 
limited variety of pathologies among participants (at least among those listed), and confounding due to 
prevalence of sleep disordered breathing among the sample. Stil, this study makes a valuable contribution 
towards management/counseling of patients with severe visual impairment.  
 
The Psychometric Properties for the Test of Perceived Physical Competence for Youths with Visual 
Impairments 
Ali Brian, Angela Starrett, Robin Ross, Adam Pennell, Emily Gilbert, Sally Taunton Miedema, Chandler 
Casner, Lauren J Lieberman 
Journal of Visual Impairment & Blindness v115(5) pp292-402 2021 
Children and adolescents with visual impairments (such as blindness and low vision) are at increased risk 
of becoming obese and show lower levels of fitness, physical activity and motor competence and have 
reduced perceptions of their own motor competence compared to peers without visual impairment. The 
goal of this study was to establish the psychometric properties of the Test of Perceived Physical 
Competence (TPPC) for individuals with visual impairments aged 9-19 years. The TPPC, composed of 6 
questions, was created specifically for adolescents with visual impairments. Twelve experts (ranging in 
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the fields of developmental psychology, adapted physical education and motor development, teachers of 
the visually impaired and adolescents with visual impairments) provided feedback for content and face 
validity. A total of 179 individuals with visual impairment were assessed and the data was analyzed for 
internal consistency and structure. Finally, the results of the TPPC were compared with the Self-
Perception Profiles for Children/Adolescents (Harter, 1982) for divergent validity from which the TPPC 
was modeled. Data analysis confirmed the six questions of the TPPC represent a factor of perceived 
physical competence in adolescents with visual impairments. The study also concluded the TPPC was 
highly reliable and had a moderate positive correlation with divergent validity when compared to Harter’s 
perceptions of physical competence subscale. This study concludes that practitioners who wish to change 
tendencies for obesity and sedentary behavior must include perceptions of physical competence and the 
TPPC uniquely assesses this among peers with visual impairment.  
 
The Student Self-Accommodation Strategy for Students With Visual Impairments 
Allison C Nannemann 
Journal of Visual Impairment & Blindness v115(6) pp506-524 2021 
Accommodations are essential for the successful participation of individuals with visual impairments in 
post-secondary education and employment. As students transition out of high school, they no longer have 
the protections and provisions for accommodations of the Individuals with Disabilities Education Act and 
must assume exclusive responsibility for advocating for their own accommodations. In this study, four 
high school students were taught the Student Self-Accommodation Strategy (SSA). The SSA was 
designed to accomplish the transition goals of increasing the perception of accommodations as valuable, 
providing explicit instruction in permissible accommodations, practicing the act of selecting 
accommodations, and developing self-advocacy skills. A parallel multiple-case design was used to 
determine how and how well the participants learned and used the SSA and to determine their 
development of metacognitive knowledge and self-regulated learning (SRL). Overall, the participants all 
learned the strategy to varying extents. The cross-case analysis revealed recall and understanding of the 
purpose of the strategy supported strategy performance but were not associated with in-class use of the 
strategy. Also, participants did not experience changes with metacognition or SRL. Overall, this study 
demonstrates the SSA is accessible to students with visual impairments and future work should 
incorporate in-class strategy coaching and explicit investigation of the factors that influence strategy 
learning and performance.  
 
 
Accommodations Knowledge and Practice for Students With Visual Impairments 
Allison C Nannemann 
Journal of Visual Impairment & Blindness v115(6) pp525-537 2021 
Classroom accommodations are a primary means of supporting the appropriate education for students 
with disabilities, and student involvement in this process is valuable. This study focuses on changes in 
accommodations knowledge and practices for students with visual impairments associated with 
instruction of the Student Self-Accommodation Strategy (SSA). Four high school students (12th grade) 
with visual impairments were taught the SSA. A comparative case studies approach within a sequential 
explanatory design was used to investigate their accommodations knowledge and practices. The students 
improved or maintained accommodations knowledge. Their most-used types of accommodations included 
access accommodations (i.e., braille notetakers, large print, digital materials, read-alouds) and 
accommodations for content support (i.e., reference sheets, calculators, prompting). Three of the 
participants increased advocacy after SSA instruction. The accommodation practices were influenced by 
emotional-behavioral regulation, independence, and teacher involvement. A notable finding from the 
study is that the participants (nearing the end of high school) began with limited ability to name their 
accommodations and this ability improved with instruction. Also, instruction in accommodations advocacy 
may also be needed to prepare for this responsibility on postsecondary settings. Overall, the findings from 
this study emphasize the need to be explicit about the accommodations available to students with visual 
impairments and the need for strategy instruction in the SSA to address emotional-behavioral 
dysregulation. 
 
Visual hallucinations and sight loss in children and young adults: a retrospective case series of Charles 
Bonnet syndrome. 
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Jones L, Moosajee M. 
Br J Ophthalmol. 2021 Nov;105(11):1604-1609. 
The goal of this retrospective case series was to raise awareness of the prevalence of Charles Bonnet 
syndrome (CBS) in children with vision loss as it appears to be underreported in the literature. The 
medical notes of patients <25 years old with slight loss and reported CBS at a single center hospital eye 
service in London, UK. Thirteen patients experiencing hallucinatory events over a 9-year period were 
identified: 62% male, with media age of CBS onset at 11 years (9-19). Median better and worse eye 
BCVA at onset was 0.81 (0.53–0.96) LogMAR and 1.0 (0.86–1.6) LogMAR, respectively. Eight patients 
were diagnosed with an inherited retinal disease: 5 with Stargardt’s, one with Leber congenital amaurosis, 
one with retinitis pigmentosa caused by USH2A variants, and one patient with Batten disease. Three 
patients had congenital structural ocular disorders. One patient had a hereditary optic neuropathy, and 
one patient had a. intracranial hemorrhage resulting in bilateral optic atrophy and associated large central 
scotomas. Most patients described simple hallucinations (“positive visual phenomena,” shapes, linear 
patterns, lines or spots) while some had complex hallucinations (Complex those containing discrete, life-
like scenes or images such as people and animals). While there is no clear associated between diagnosis 
or severity of vision loss and CBS, and the study is limited by the nature of its retrospective chart review, 
it does raise awareness of the prevalence of CBS in children and young adults with low vision. The 
authors postulate that children may be more susceptible to maladaptive responses to hallucinations and 
urge clinicians to address the possibility of CBS in their low vision patients and help them cope with these 
symptoms if detected.  
 
Visual impairment in rural and migrant Chinese school-going children: prevalence, severity, correction 
and associations. 
Ma Y, Zhang X, He F, Ma X, Yi H, Rose N, Medina A, Rozelle S, Congdon N. 
Br J Ophthalmol. 2022 Feb;106(2):275-280. 
This was a meta-analysis of 12 cross-sectional school-based studies of a total of 83,273 rural and urban 
migrant students in China aged 6–17 years. The goal was to investigate the age- and gender-stratified 
prevalence of visual impairment, estimate the age-and gender-specific rate of glasses ownership among 
children who need refractive correction, describe the unmet need for glasses among all school children, 
and examine the extent to which county-level income and population density can explain provincial-level 
variation in visual impairment and/or glasses ownership rates. Prevalence of visual impairment 
(uncorrected visual acuity ≤6/12 in either eye) rose from 19.0% at age 6 to 66.9% at 17, with the overall 
age-adjusted prevalence higher for girls (35.8%) than for boys (30.1%, p<0.001). The rate of glasses 
ownership among students who needed them increased from 13.0% at age 6 to 63.9% (p<0.001) at 17 
and was significantly higher for girls (37.0%) than boys (34.7%, p<0.001). A 1% increase in per capita 
gross domestic product was associated with a 4.45% rise in uncorrected visual acuity (R2=0.057, 
p=0.020), indicating that wealth does not appear to be significantly related to glasses ownership rates. A 
1% population density increase was associated with an increase in the glasses ownership rate of 6.83%. 
The unmet need for glasses as a proportion of the student population peaked in junior high school 
(31.8%), which the authors point out as a critical time to address visual impairment related to refractive 
error as this is when many rural children leave school and have less access to resources. This study 
highlights an important public health issue as preventable visual impairment from uncorrected refractive 
error can have large implications on school success for children and adolescents both in primary school 
and the possibility of attending university. 
 
Quality of life and functional vision across pediatric eye conditions assessed using the PedEyeQ 
Leske D, Hatt SR, Wernimont SM, Castaneda YS, Cheng-Patel CS, Liebermann L, Birch EE, Holmes JM 
JAAPOS 2021; 25: 23.e1 - 23.e5 
This is a study the use of Pediatric Eye Questionnaires (PedEyeQ) to evaluate eye-related quality of life 
(ER-QOL) and functional vision across a wide range of pediatric eye conditions. A total of 1,037 children 
with an eye condition and 254 visually normal controls, across 0-4, 5-11, and 12-17 years age groups, 
completed the following questionnaires: Child PedEyeQ (Functional Vision, Bothered by Eyes/Vision, 
Social, Frustration/Worry domains), Proxy PedEyeQ (same domains plus Eye Care), and Parent 
PedEyeQ (Impact on Parent and Family, Worry about Child’s Eye Condition, Worry about Child’s Self-
perception and Interactions, and Worry about Functional Vision domains). The primary eye condition was 
classified as amblyopia, cataract, cerebral visual impairment, cornea, eyelid, glaucoma, nystagmus, 
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orbital, pupil/iris, refractive error, retina, strabismus, and uveitis. PedEyeQ domain scores (scaled 0-100) 
were significantly worse across eye conditions, compared with controls. Child PedEyeQ greatest 
differences were on the Bothered by Eyes/Vision domain (nystagmus 5-11 years, 26 points; nystagmus 
12-17 years. Proxy PedEyeQ differences were greatest on Functional Vision. Parent PedEyeQ 
differences were greatest on Worry about Child’s Functional Vision. The PedEyeQ detects reduced ER-
QOL and functional vision across pediatric eye conditions, and across age groups. This questionnaire 
may be useful in clinical practice and clinical trials. 
 
The Impact of COVID-19 and Pandemic Mitigation Measures on Persons With Sensory Impairment.  
Bernard A, Weiss S, Rahman M, Ulin SS, D'Souza C, Salgat A, Panzer K, Stein JD, Meade MA, McKee 
MM, Ehrlich JR.  
American journal of ophthalmology. 2022 Feb 1;234:49-58. 
The COVID-19 pandemic has had far-reaching effects on patient care and hospital systems. The 
pandemic has also disproportionately affected vulnerable populations, one being patients with hearing or 
visual impairment. This is a cross-sectional survey of 375 adults with and without visual impairment or 
hearing impairment to assess the impacts of the pandemic on their lives. As expected, the large majority 
of survey respondents reported high levels of disruption in their daily lives. Among those with visual 
impairment, daily activities were most affected by caregiver concerns around contracting COVID-19 and 
decreased public transportation. Those with visual impairment also reported increased difficulty accessing 
medical care. This study points to the lack of evidence-based recommendations for communities to 
address mitigating the outsized impact of the pandemic on those with a hearing or visual impairment. 
While this specific study did not include children, the themes translate easily to considerations for care of 
children with visual impairment or children of parents with visual impairment. 
 
Stevens W, Brown GC, Brown MM, Stein JD, Sharma S. Vision-related quality-of-life estimates in 
adolescent youths. Can J Ophthalmol. 2021;56(6):385-390 
This is a cross-sectional, time tradeoff utility analysis that aims to estimate the perception of quality-of-life 
(QOL) associated with vision loss in youths under age 21 and compare them to the healthy community 
perception and those with vision loss. The higher the utility, the better the associated QOL. Participants 
were asked how long they believed they would live. Then, they were asked what the maximum amount of 
their remaining time of life was and if they would be willing to trade years for an intervention that would 
guarantee normal bilateral vision permanently.  
Three scenarios were given, a vision that is good with glasses but unable to read the small print (20/40-
60). Vision is not good enough even with glasses to allow driving, seeing TV clearly, or participating in 
sports (20/70-100). Vision is not good enough to walk independently. A total of 63 males and 82 females 
with a mean age of 16.8 years were included. The mean age of the general adult community was 44.3 
years, and ophthalmic patients were 64.9 years. The authors reported that the estimated mean vision-
related utilities for youths 13-20 years were significantly higher than those for matched patients with mild 
and moderate vision loss. With severe vision loss, the youths remained higher compared to the other 
groups. The authors conclude that youths underestimate QOL compared with patients with the same 
degree of vision loss.  
 
Motion Processing Deficits in Children With Cerebral Visual Impairment and Good Visual Acuity 
Arvind Chandna, Nikolay Nichiporuk, Spero Nicholas, et. al. 
Invest Ophthalmol Vis Sci. Nov 2021;62, 12 
This study took subjects with good visual acuity, though known cerebral visual impairment (CVI) and 
attempted to quantify defects in motion processing. These subjects were compared to age-matched 
normal subjects. Steady-state visual evoked potentials (SSVEPs) were recorded with absolute, complex 
relative, and rotary motion. While visual acuity was noted to be similar between the two groups, a 
significant reduction in motion thresholds were noted for relative and specific motion thresholds. This 
testing was done with a high signal to noise ratio which allowed the subject to have greater focus which is 
unlike real-world experiences which would likely cause greater difficulty for patients with CVI.  
  
 

 
Learning Media Assessment Experiences of Teachers of Students with Visual Impairments 

https://iovs.arvojournals.org/solr/searchresults.aspx?author=Arvind+Chandna
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Nikolay+Nichiporuk
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Spero+Nicholas
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L. Penny Rosenblum, Tina Herzberg, Loana K. Mason, Dawn L. Anderson, Tammy Reisman, Kitty 
Edstrand, Gerald Abner, Mark Carter 
Journal of Visual Impairment & Blindness, v115(1) p55-62 2021 
Specialized assessments, including the learning media assessment (LMA), are used in planning and 
implementing instruction for students with visual impairments. The LMA process gathers data about how 
students use their senses and efficiency with print, braille, or auditory information. It also includes data 
collection to document reading rates, accuracy, comprehension, fluency and efficiency. This study 
conducted a survey of teachers in the United States and Canada to gather information about the 
procedures and forms teachers use in the LMA process. Seventy-nine participants completed the online 
survey. The majority of participants also report using at least one published instrument during the LMA 
process. Most (72.2%) almost always combine information from the LMA and a functional visual 
assessment. Interestingly, current published LMA instruments used by teachers do not include the use of 
technology commonly used by students with visual impairments. This study highlights the importance of 
using multiple assessment tools and collaboration with other educational team members. The study is 
also important to practitioners as a reminder to routinely review the instruments and forms used during 
the LMA process and to consider using their own resources as part of the LMA process to address the full 
array of literacy options available to different learners.  
 
Innovative Inclusion Program for Early Learners with Visual Impairment Offered by Miami Lighthouse 
Learning Center for Children 
Virginia A Jacko, Isabel Chica, Sandra Lewis, Rebecca Bulotsky Shearer 
Journal of Visual Impairment & Blindness, v115(2) p143-151 2021 
The article discusses an innovative program at the Blind Babies Home Visitation team of the Miami 
Lighthouse for the Blind and Visually Impaired based on provisions of the Individuals with Disabilities 
Education Act (IDEA) and best practices from the Division for Early Childhood and the National 
Association for the Education of Young Children (DEC/NAEYC). Through an inclusion model, toddlers 
from 12 to 36 months of age both with and without vision impairment are supported at the center’s 
inclusive learning environment. Most children without impairment were wither siblings of the children with 
visual impairment, children enrolled in the state’s voluntary prekindergarten program, economically 
disadvantaged children in the community, or children of employees. A co-teaching team implemented a 
curriculum that includes an active learning approach, hands-on emphasis, and sequential structure that 
enables learning in an intentional manner. First and second year outcomes focused on: fidelity of 
implementation of high-quality classroom practices and the inclusion model, teacher professional 
development, child developmental outcomes, and parent outcomes. All four of these outcomes showed 
positive change throughout the two-year measuring period. The paper points out limitations including the 
lack of a comparison group to measure change over time. Overall, however, the learning center model 
demonstrated high levels of fidelity of implementation and high-quality instructional practices above the 
national average.  
 
Population data for Students with Visual Impairments in the United States 
Rachel Anne Schles 
Journal of Visual Impairment & Blindness, v115(3) p177-189 2021 
The goal of this study was to determine how many young children and students (birth to 22 years of age) 
were identified with visual impairments and receiving special education services in the United States. 
Professionals estimate at least 50% of student with visual impairments have additional disabilities and are 
not counted as having a visual impairment for the purposes of the federal Child Count census. Child 
Count, required by the Individuals with Disabilities Education Act (IDEA), only reports students by their 
primary disability. As a result, Child Count data may not be a reliable source of prevalence data set of the 
total number of students with visual impairments in the United States. A mixed-methods survey was sent 
to each U.S. state to determine the total population of students with visual impairments during the 2016-
2017 school year. The 49 responding states reported an average total population four times greater 
(ranging from 1.2-13 times greater) than the number of students with visual impairments documented in 
Child Count data. Also, many states had limited or no data on their total population of students with visual 
impairments.  This difference was noted across survey respondents when commenting on their ability to 
support students with visual impairments. The undercounting of students with visual impairments from 
Child Count data contributes to underfunding and under-hiring of teachers and orientation and mobility 
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instructors by states making policy and administrative decisions based on this data. The article suggests 
statewide vision programs develop their own systems for total population counts of students with visual 
impairments and to use available population data across states to educate decision makers about the 
differences between Child Count and total population data.  
 
Emotional and Behavioral Assessment of Youths With Visual Impairments Utilizing the BASC-2 
Stephanie Vetere Sims, Brian Celso, Ted Lombardo 
Journal of Visual Impairment & Blindness, v115(4) p310-318 2021. 
The Behavior Assessment System for Children, Second Edition (BASC-2) is a widely used behavioral 
assessment tool that consists of clinical scales, adaptive scales, content scales as well as composite 
scores for adaptive skills, behavioral symptoms, externalizing symptoms, and internalizing symptoms. 
The use of the BASC-2 with students with visual impairments has been very limited. Few studies have 
examined the psychological and mental health effects of visual impairments (blindness, low vision). The 
three objectives of this study were to describe the behavioral and emotional profile of students with visual 
impairments, compare the BASC-2 composite scores for youths with visual impairments to normative data 
to determine if significant differences were present, and compare the BASC-2 scores of students 
categorized as having low vision with students categorized as being totally blind. A retrospective study of 
63 students with visual impairments entering a state school for the deaf and blind from 2012 and 2017 
had a parent complete the BASC-2 Parent Rating Scale at intake. Patterns of emotional and behavioral 
strengths and weaknesses in students with low vision and blindness were analyzed. The study revealed 
students with visual impairments showed higher levels of anxiety and withdrawal. These students also 
showed statistically significant higher deficits on the Behavior Symptoms Index and Internalizing 
Problems composites compared to BASC-2 normative data. Students who are blind had statistically 
significant deficits for adaptive skills and resiliency compared to youths with low vision.  The results of the 
study suggest a substantial proportion of students with visual impairments may experience more 
emotional and behavioral difficulties than the average youth and lack the adaptive skills to adequately 
manage their conduct. Practitioners who work with this population have to apply various and unique 
methods to understand, train, teach, rehabilitate and counsel these individuals. 
 
 
Orthoptic assessment of vision in patients with complex disability: the importance of understanding the 
patient’s communication methods. Caroline Fanning Bsc Orthoptics and Anna O’Connor PhD, BMedSci( 
Hons), PGCert. Department of Ophthalmology, Alder Hey Children’s NHS Trust, Liverpool; School of 
Health Sciences, Institute of Clinical Sciences, University of Liverpool, Liverpool.  
Strabismus 29:2, 125-129.  
This is a case report of a 14-year-old girl who suffered a cardiac arrest due to underlying Wolff–
Parkinson–White syndrome; MRI revealed hypoxic brain injury with extensive white matter and basal 
ganglia volume loss. On presentation, it was evident there was a significant impact on visual function. 
Conventional optotype acuity testing was not possible. Her inability to maintain fixation made 
observational responses unreliable. Observations revealed no steady fixation, exotropia and roving eye 
movements. Although she was reported to be unable to speak, progress with communication was 
reported and she was able to give repeatable, reliable responses to indicate “yes” or “no.”. This 
communication method was also utilized to assess visual fields by confrontation. However, the clinic letter 
written by the ophthalmologist based on the orthoptic assessment simply provided the acuity score with 
no interpretation of the information or how it was obtained. This case highlighted the importance of 
understanding a child’s communication methods so that assessment can be appropriately adapted.. This 
case has highlighted the importance of good communication: professionals need to acknowledge and 
work with an individual’s communication methods so that assessment can be completed. This case also 
highlights the importance of checking vision and important parameters by the ophthalmologist also as 
relying completely on orthoptist or optometrist can also allow us to lose track of how we get critical pieces 
of information on a child that has other disabilities. 
 
 
Differences in self-rated versus parent proxy-rated vision-related quality of life and functional vision of 
visually impaired children: Disagreement in child self-report and parent-proxy reports. 
Robertson AO, Tadić V, Horvat-Gitsels LA, Cortina-Borja M, Rahi JS.  
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American Journal of Ophthalmology. 2021 Jun 5. 
Many studies of quality of life in children with ocular disease rely on self-reported questionnaire data. This 
study is unique in that it compared self-report and parent proxy-report in 152 children less than 19 with 
visual impairment. Generally, children rated their own vision-related quality of life higher than how parents 
rated the child’s vision-related quality of life. Despite this, there were inconsistencies where parents both 
under and overestimated quality of life. Interestingly, with increasing age, children were more likely to rate 
their quality of life higher than their parents. There was also a disagreement in functional vision when 
rated by parents and children with children reporting better functional vision than their parents. This study 
suggests that studies regarding vision-related quality of life should rely on children (and not their proxy) to 
report the most accurate outcomes. 
 
 
Quality of life and functional vision across pediatric eye conditions assessed using the PedEyeQ 
Leske D, Hatt SR, Wernimont SM, Castaneda YS, Cheng-Patel CS, Liebermann L, Birch EE, Holmes JM 
JAAPOS 2021; 25: 23.e1 - 23.e5 
This is a study the use of Pediatric Eye Questionnaires (PedEyeQ) to evaluate eye-related quality of life 
(ER-QOL) and functional vision across a wide range of pediatric eye conditions. A total of 1,037 children 
with an eye condition and 254 visually normal controls, across 0-4, 5-11, and 12-17 years age groups, 
completed the following questionnaires: Child PedEyeQ (Functional Vision, Bothered by Eyes/Vision, 
Social, Frustration/Worry domains), Proxy PedEyeQ (same domains plus Eye Care), and Parent 
PedEyeQ (Impact on Parent and Family, Worry about Child’s Eye Condition, Worry about Child’s Self-
perception and Interactions, and Worry about Functional Vision domains). The primary eye condition was 
classified as amblyopia, cataract, cerebral visual impairment, cornea, eyelid, glaucoma, nystagmus, 
orbital, pupil/iris, refractive error, retina, strabismus, and uveitis. PedEyeQ domain scores (scaled 0-100) 
were significantly worse across eye conditions, compared with controls. Child PedEyeQ greatest 
differences were on the Bothered by Eyes/Vision domain (nystagmus 5-11 years, 26 points; nystagmus 
12-17 years. Proxy PedEyeQ differences were greatest on Functional Vision. Parent PedEyeQ 
differences were greatest on Worry about Child’s Functional Vision. The PedEyeQ detects reduced ER-
QOL and functional vision across pediatric eye conditions, and across age groups. This questionnaire 
may be useful in clinical practice and clinical trials. 
 
 
Grey Filter Contact Lens as Therapeutic Option for Acquired Reduced Binocular Visual Performance. van 
Vliet, H., Jellema, H.M., Nieuwendaal, C., Lapid-Gortzak, R., Riemslag, F. and van der Meulen 
British and Irish Orthoptic Journal, 17(1), pp.62–69.  
The grey filter contact lens is a clinically useful, safe, and easily reversible treatment option for patients 
with binocular visual complaints due to an acquired monocular reduction in visual quality. 
 
 
A Study to Assess the Feasibility of Utilising Virtual Reality for the Treatment of Accommodative and 
Vergence Infacility.  
Munsamy, A. and Paruk, H., 2021.  
British and Irish Orthoptic Journal, 17(1), pp.127–133. Using 42 emmetropic patients. There was a 
significant, mean increase in binocular accommodative facilities of 4.67 ± 5.05 cpm (p = 0.008) for the 
experimental group (n = 12). There was a significant mean increase in vergence facilities of 3.72 ± 3.18 
cpm (p < 0.001) for the experimental group (n = 32). A statistically significant mean difference of 4.07 cpm 
(95%CI: 0.97, 9.19; p = 0.03) between the respective control and experimental groups was found for 
binocular accommodative facilities and 2.45 cpm (95%CI: 0.68, 4.22; p = 0.008) for vergence facilities.  
The authors concluded that binocular accommodative facilities and vergence facilities increased after 25 
minutes of VR gaming in asymptomatic emmetropic participants with accommodative infacilities and 
vergence infacilities. However, due to the small-scale, unmasked and unrandomised nature of the study 
more research is needed to confirm the results of this study. 
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5. NEURO-OPHTHALMOLOGY 
 

 
Visual Outcomes of Optic Pathway Glioma Treated With Chemotherapy in Neurofibromatosis Type 1 
José P, Couceiro R, Passos J, Jorge Teixeira F.  
J Pediatr Ophthalmol Strabismus. 2021;1-8.  
Pre-publication. Accepted June 2, 2021. 
About 15-20% of children with NF1 may develop optic pathway glioma (OPG), and although 
chemotherapies are being used to improve progression-free survival, there is a dearth of data about 
outcomes of treatment. This study sought to analyze chemotherapy outcomes in the management of OPG 
associated with NF1. The authors performed a retrospective review of 58 Portuguese children with NF1-
associated OPG, of whom only 24 (41%) received chemotherapy if tumor progressed on MRI or BCVA 
declined by more than 2 lines on 2 consecutive visits. The treated and untreated groups were compared. 
BCVA from first visit to last follow-up was different in the untreated group (27% improved, the rest remained 
stable) and not different (25% worsened, 62% remained stable, and 13% improved) in the treated group (P 
= .824). At the last follow-up visit, BCVA and Dodge stage had a weak negative correlation (r = -0.06 and r 
= -0.17, respectively). A negative moderate correlation was identified between RNFL thickness and BCVA 
at the last follow-up visit (r = -0.48 in the no treatment group and r = -0.46 in the chemotherapy group). The 
authors concluded that children treated with chemotherapy had worse BCVA, although the treatment 
arrested the decline or improved BCVA in 75% of the patients with no major side effects. This is a well-
intentioned study with a respectable sample size, but the results are hard to contextualize because 
intervention (chemotherapy) is predicated on changes in the dependent variable (BCVA) - children with 
worsening BCVA were administered chemotherapy, so it is de facto more likely the chemotherapy group 
would have worse BCVA.  
 
Interocular Difference in Retinal Nerve Fiber Layer Thickness Predicts Optic Neuritis in Pediatric-Onset 
Multiple Sclerosis 
Waldman AT, Benson L, Sollee JR, Lavery AM, Liu GW, Green AJ, Waubant E, Heidary G, Conger D, 
Graves J, Greenberg B. 
Journal of Neuro-Ophthalmology. 41(4):469-475, December 2021. 
In this retrospective multicenter study, the authors explore the use of Heidelberg OCT rNFL thickness 
measurements in 157 patients to determine what features correlate with a remote diagnosis of optic 
neuritis from pediatric onset multiple sclerosis.  Mean rNFL thickness was compared with healthy 
controls.  A mean thickness of 104.0 microns (SD 9.0, range 86–130) was found in healthy subjects and 
an abnormal rNFL thickness of < 86 microns was defined as 2 standard deviations from the mean.  This 
occurred in 50% of patients with known optic neuritis and in 11% of those patients in whom a remote 
diagnosis had not been made.  Further, the authors found that an interocular difference of > 5 microns in 
thickness was also indicative of a remote history of optic neuritis.  This interocular difference allowed 
diagnosis of a remote history of optic neuritis even when rNFL thickness in both eyes measured > 86 
microns.  Therefore the authors propose using this novel observation in addition to rNFL thickness of an 
individual eye towards establishing a history of remote optic neuritis. 
 
 
Utility of Spectral-Domain Optical Coherence Tomography in Differentiating Papilledema From 
Pseudopapilledema: A Prospective Longitudinal Study 
Jivraj I, Cruz CA, Maxwell P, Kohli AA, Liu GT, Shindler KS, Avery RA, Garvin MK, Wang J-K, Ross A, 
Tamhankar M. 
Journal of Neuro-Ophthalmology. 41(4):509-515, December 2021. 
Differentiating between papilledema and pseudopapilledema is critical for appropriate work up and 
management and therefore a diagnostic tool which may discriminate between these two entities is 
sought.  In this study, 52 adults were prospectively evaluated with Cirrus OCT to assess the value of OCT 
in distinguishing between these two diagnoses.  There was a significant difference in the delta between 
baseline and follow up of parameters including total retinal thickness, rNFL thickness, and optic nerve 
volume with higher measurements for papilledema compared with pseudopapilledema.  This study 
expands on the utility of OCT in providing the longitudinal data to support how to accurately diagnose the 
two entities. 
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Utility of Ultrasound and Optical Coherence Tomography in Differentiating Between Papilledema and 
Pseudopapilledema in Children 
Farazdaghi MK, Trimboli-Heidler C, Liu GT, Garcia A, Ying G-S, Avery RA. 
Journal of Neuro-Ophthalmology. 41(4):488-495, December 2021. 
Differentiating between papilledema and pseudopapilledema is critical for appropriate work up and 
management and therefore a diagnostic tool which may discriminate between these two entities is 
sought.  In this study, the authors retrospectively evaluated data from 181 eyes with respect to 
characteristics on ultrasound and Heidelberg Spectralis OCT to determine the utility of these modalities in 
diagnosis.  Authors were able to establish a threshold that optic nerve sheath widening of 4.5 mm or 
greater (measured 3 mm posterior to and perpendicular to the retina) or global rifle thickness of 140 
microns or greater were associated with papilledema.  When both of these findings were present, the 
specificity for papilledema was 95% (95% CI, 88%–98%). 
 
 
Variability Within Optic Nerve Optical Coherence Tomography Measurements Distinguishes Papilledema 
From Pseudopapilledema 
Flowers AM, Longmuir RA, Liu Y, Chen Q, Donahue SP. 
Journal of Neuro-Ophthalmology. 41(4):496-503, December 2021. 
Differentiating between papilledema and pseudopapilledema is critical for appropriate work up and 
management and therefore a diagnostic tool which may discriminate between these two entities is 
sought.  In this study, the authors performed a retrospective study of 116 eyes in patients > 18 years of 
age using Cirrus OCT rifle thicknesses in patients with papilledema and pseudopapilledema to determine 
whether there were distinguishing findings in these two cohorts.  They found that the mean rifle thickness 
was higher in papilledema patients.  Further, when comparing by clock hour, the variability in rifle 
thickness measurement was higher in those eyes with papilledema.  The authors used these date to 
create an Optic nerve edema index risk score with high fidelity for diagnosis. 
 
 
Abnormal Vestibular–Ocular Reflexes in Children With Cortical Visual Impairment 
Mansukhani SA, Ho M-L, Brodsky MC. 
Journal of Neuro-Ophthalmology. 41(4):531-536, December 2021. 
CVI is characterized by brain based visual dysfunction which cannot be attributed to disease of the 
anterior visual pathways.  In this study, the authors characterize the vestibulo ocular reflex (VOR) in 20 
patients with CVI.  The authors found an abnormal VOR to be present in 65% of patients with CVI as 
characterized by assessment of the VOR using the doll’s head maneuver in the horizontal and vertical 
planes.  The authors evaluated neuroimaging of these patients and did not find a significant correlation 
between the presence of brainstem abnormalities and the impact clinically on VOR.  That is, in some 
patients with brainstem abnormalities on MRI, there was an abnormal VOR and in others a normal VOR.  
This study expands the clinical characterization of deficits of visual function which may impact patients 
with CVI and provides further insight into areas for further rehabilitation. 
 
Prevalence of Adrenal Insufficiency and Glucocorticoid Use in Pediatric Pseudotumor Cerebri Syndrome 
Hoyos-Martinez A, Horne VE, Wood AC, Shah V. 
Journal of Neuro-Ophthalmology. 41(4):e451-e457, December 2021. 
In this study, the authors describe 64 children with pseudotumor cerebri syndrome and the prevalence of 
patients with adrenal insufficiency.  Among these patients, three quarters either had at risk cortisol levels 
or insufficient cortisol levels from exogenous glucocorticoid use through intranasal, topical and enteral 
routes.  Among the reasons for glucocorticoid use was asthma and treatment of atopy.  The authors 
found that in this cohort, adrenal insufficiency was associated with male gender.  This paper is important 
because the underlying etiology of pseudotumor cerebri syndrome in pediatric patients is currently 
unknown.  Particularly in prepubertal children in whom there is not a predilection for gender or obesity, 
the authors raise the concern that these children should be evaluated for adrenal insufficiency as a 
potential contributing factor for the development of pseudotumor cerebri syndrome. 
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Dorsal Midbrain Syndrome: Clinical and Imaging Features in 75 Cases 
Yousif JE, Liao E, Trobe JD.    
Journal of Neuro-Ophthalmology. 41(4):e644-e654, December 2021. 
In this study, the authors retrospectively review the neuro ophthalmic and neurological presentation of 75 
patients with dorsal midbrain syndrome (5 under the age of 10 years old) including a quality of life 
questionnaire administered to the patients.  Neoplasms were the most frequent etiology in 47% of 
patients.  The most common clinical sign was impaired upgaze which occurred in 93% of patients.  
Strabismus was noted in 75% of patients with a near equal involvement of horizontal and vertical 
strabismus.  Ataxia was present in 28% of patients.  26 patients responded to a QOL questionnaire.  Of 
the patients who participated in the quality of life questionnaire, ataxia and an impact on balance was 
found to be more persistent and lasting as compared with diplopia or upgaze paresis.  This study 
provides a more comprehensive account of the findings and etiologies associated with dorsal midbrain 
syndrome and consideration for the persistent neurological findings which may impair quality of life over 
time. 
 
Surgical Outcomes of Transposition Surgery for the Correction of Large-Angle Strabismus 
Gokoffski KK, Lifton J, Xu BY, Patel VR. 
Journal of Neuro-Ophthalmology. 41(4):e806-e814, December 2021. 
In this article, the authors report on the surgical outcomes of 40 patients who underwent strabismus 
surgery involving a transposition technique for esotropia or exotropia in the context of complex 
strabismus.  Etiologies included but were not limited to cranial nerve palsies, Duane syndrome, and 
trauma.  Primary outcome measure was ocular alignment at 2 months with thresholds of less than 10 PD 
of horizontal and 2 PD or less of vertical misalignment considered as surgical success.  33 patients 
underwent an augmented Hummelsheim procedure (augmented with either loop myopexy or scleral 
fixation of the transposed muscles) and 7 patients underwent an X type transposition.  All patients had a 
reduction in their preoperative surgical angle with favored outcomes in the Hummelsheim group.  
Although this paper is helpful in highlighting the utility of these two types of approaches for complex 
strabismus, the cohort with respect to etiology and the surgical techniques which were not uniform make 
it more difficult to generalize these results.  Rather this paper provides tools to consider when faced with 
complex strabismus necessitating transposition surgery. 
 
Clinical predictive factors for diagnosis of MOG-IgG and AQP4-IgG related pediatric optic neuritis: a 
Chinese cohort study. 
Yang M, Wu Y, Lai M, Song H, Li H, Sun M, Xie L, Zhou H, Xu Q, Wei S, Wu W. 
Br J Ophthalmol. 2022 Feb;106(2):262-266. 
This was a single-center retrospective cohort study of all patients age <18 years with their first acute optic 
neuritis (ON) attack. Because pediatric optic neuritis often presents differently from the adult form, the aim 
of our study was to identify some clinical factors through a systematic testing of MOG-IgG and AQP4-IgG 
in the cohort to predict the subtype of ON for use in making accurate diagnoses irrespective of glial 
autoantibody detection. 69 patients were included in the analysis, with 48% categorized as MOG-ON, 
25% AQP4-ON, and the remaining 27% seronegative. For predicting pediatric MOG-ON, the most 
sensitive predictors were ‘male or optic disc swelling or bilateral’ (sensitivity 0.97 (95% CI 0.82 to 1.00)) 
and ‘follow-up visual acuity (VA)≤0.1 logMAR or optic disc swelling’ (sensitivity 0.97 (95% CI 0.82 to 
1.00)), and the most specific factor was ‘Age ≤11 years and simultaneous CNS involvement’ (specificity 
0.97 (95% CI 0.84 to 1.00)). For predicting pediatric AQP4-ON, the most sensitive predictor was ‘Female 
or without optic nerve swelling’ (sensitivity 1.00 (95% CI 0.77 to 1.00)), and the most specific factors were 
Neurological history (sensitivity 0.94 (95% CI 0.83 to0.98)) and follow-up VA >1.0 logMAR (sensitivity 
0.96(95% CI 0.86 to 0.99)). Limitations include small sample size and a Chinese cohort that may not be 
generalizable to other populations. The authors suggest that using clinical parameters such as these can 
be useful in diagnosing MOG-IgG and AQP4-IgG related pediatric optic neuritis when there are delays in 
lab results or glial autoantibody status is not available. 
 
Ophthalmic manifestations of myelin oligodendrocyte glycoprotein-IgG-associated disorder other than 
optic neuritis: a systematic review. 
Vosoughi AR, Ling J, Tam KT, Blackwood J, Micieli JA. 
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Br J Ophthalmol. 2021 Nov;105(11):1591-1598. 
A systematic review of the English-language literature was performed to include studies describing non-
isolated optic neuritis ophthalmic manifestations where cell-based assays were used for the detection of 
MOG antibodies. The goal of this study was to synthesize the extensive literature on this topic to help 
ophthalmologists understand when testing for MOG-IgG should be considered. 51 articles representing 
62 patients with a median age of 32 years (range 2–65), female gender (51%) and follow-up of 20 months 
(range: 1–240) were included. 29 patients had a diverse array of non-isolated optic neuritis afferent visual 
manifestations (uveitis, peripheral ulcerative keratitis, acute macular neuroretinopathy, neuroretinitis, 
venous stasis retinopathy, large preretinal macular hemorrhage, orbital inflammatory syndrome, orbital 
apex syndrome, optic perineuritis, papilledema and homonymous visual field defects). Efferent 
ophthalmic manifestations included cranial neuropathies, internuclear ophthalmoplegia, central 
nystagmus, saccadic intrusions and ocular flutter. Cranial nerve involvement was secondary to 
enhancement of the cisternal portion or brainstem involvement. All included cases were treated with 
corticosteroids. 31% of cases required additional immunosuppressive therapy. This review highlights the 
wide variety of presentations MOGAD can have and encourages ophthalmologists to have a low 
threshold for ordering antibody testing in patients with optic neuritis, including those patients with non-
isolated disease. 
 
Validity and reliability of eye tracking for visual acuity assessment in children with cortical visual 
impairment. 
Chang MY, Borchert MS. 
J AAPOS. 2021 Dec;25(6): 334.e1-334.e5.  
Cortical visual impairment (CVI) is the most common cause of pediatric visual impairment in developed 
countries. CVI is brain based visual impairment defined as visual deficits caused by damage to post-
geniculate visual pathways in the brain. Children with CVI display deficit characteristics other than visual 
acuity. Improved methods of assessing function in children with CVI is necessary in order to determine 
effectiveness of treatments. Previous studies have shown that differences in eye tracking can be used to 
distinguish between ocular and brain based visual impairment using the greater effect of complexity on 
the accuracy of target fixation in individuals with CVI. The authors conducted a prospective study using 
an eye-tracking protocol to test validity and reliability of visual acuity assessment in children with CVI 
comparing results from previously published six-level scale of visual behavior with grating acuity. The 
authors found strong correlation between grating acuity by eye tracking and clinical visual acuity 
assessment. Eye tracking has the potential to simultaneously assess multiple visual acuity functions. The 
test-retest reliability was excellent but not perfect. Future studies may be necessary to determine if 
variability is related to testing or patient’s inherent fluctuations in performance. Limitations to the study 
are: inclusion of patients with mild optic atrophy, minimum level of visual acuity required for participation, 
confounding effect of nystagmus and visual field defects. One patient with poorly controlled seizures had 
a seizure during testing. This article is important to pediatric ophthalmologists because it is an attempt to 
better measure function in children with CVI as a first step toward evaluating interventions and possible 
treatments. 
 
 
Safety of apraclonidine eye drops in diagnosis of Horner syndrome in an outpatient pediatric 
ophthalmology clinic. 
Eldib AA, Patil P, Nischal KK, Mitchell ER, Hiasat JG, Pihlblad MS. 
J AAPOS. 2021 Dec;25(6): 336.e1-336.e4. 
Retrospective review was used to evaluate the safety of the use of apraclonidine eye drops to diagnosis 
Horner syndrome in an outpatient pediatric ophthalmology clinic. Cocaine is a controlled substance that 
was previously used to confirm the diagnosis of Horner syndrome. As a controlled substance, it has been 
increasingly difficult to obtain. Previous studies have described the same sensitivity and specificity as 
cocaine for diagnosing Horner syndrome with apraclonidine. It is a readily available adrenergic receptor 
agonist used to treat glaucoma. Apraclonidine reverses the anisocoria due to alpha agonist effect causing 
the normal pupil to constrict and its alpha-1 effect from adrenergic receptor supersensitivity causes the 
Horner pupil to gradually dilate. There is concern because of potential adverse effects during the use of 
apraclonidine in young children including depressed respiratory rate, somulence, lethargy and 
bradycardia. The authors reviewed the charts of 46 patients who underwent pharmacologic testing with 
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apraclonidine eye drops for exclusion of Horner syndrome. Patients remained in the clinical area for 
observation when outpatients. No patient had documented systemic or ocular adverse reactions. A 
previous similar study in 2006 reported only conjunctival hyperemia as an adverse reaction. Another 
topical glaucoma medication, brimonidine 0.2%, which is another alpha-2 agonist has had several reports 
of CNS depression because of its ability to cross the immature blood-brain barrier. Some studies suggest 
rare development of adverse reactions may be dose related. Limitations of testing with apraclonidine has 
some limitations including delayed response. Limitations of the study include: retrospective nature, minor 
side effects may not have been reported, and no objective measurement of vital signs was conducted. 
The authors advocate for a prospective study with objective monitoring to confirm their findings. 
 
Pediatric pilomyxoid astrocytoma – ophthalmic and neuroradiologic manifestations.  
Mbekeani JN, Abdel Fattah M, Ul Haq A, Al Shail E, Ahmed M.  
European Journal of Ophthalmology. November 2021.  
Pilomyxoid astrocytoma (PMA) is a rare pediatric primary central nervous system tumor with a propensity 
for the hypothalamic-chiasmal axis. Because of its rarity, there is limited literature on ophthalmologic 
manifestations in children with this tumor. The authors performed a retrospective chart review study of all 
children treated for PMA at their institution over the course of 20 years. Eighteen children were identified 
who met study criteria. While only 9 children had ophthalmic symptoms at presentation, all 18 were found 
to have ophthalmic signs upon examination. Vision ranged from 20/20 to no-light-perception. Only one 
patient had visual acuity that could be improved with refractive correction. Sixteen patients had optic 
atrophy, of which 14 were bilateral. Visual evoked potential was performed in 5 children, and was 
abnormal in all 5. Six children had strabismus. This study is important in that it demonstrates that while 
ophthalmologic symptoms may not be apparent in all children at the time of PMA diagnosis, these 
children are at exceedingly high risk of developing ophthalmologic manifestations. All children diagnosed 
with PMA should be referred for an ophthalmologic exam. 
 

 
The Clinical and Imaging Profile of Skew Deviation: A Study of 157 Cases. 
Walter E, Trobe JD. 
J Neuroophthalmol. 2021 Mar 1;41(1):69-76. 
Skew deviation is often a difficult diagnosis to establish and may be associated with intracranial 
processes.  Therefore accurately identifying patients with skew deviation is critical.  This retrospective 
study reports on 157 patients.  Diplopia was the most common symptom with a median vertical deviation 
of 5 PD.  The deviation as comitant in the majority of patients and none had an associated head tilt.  Over 
half of the patients reported additional neurological symptoms including dizziness and imbalance among 
the most frequent.  Stroke was the most common underlying etiology in 52%.  An associated neurological 
abnormality occurred in 85% of patients in addition to the skew deviation.  This study importantly outlines 
the clinical characteristics of skew deviation and provides information for clinicians who may encounter 
acquired vertical strabismus and how to distinguish skew from other vertical forms of strabismus. 
 
Brain MRI and Ophthalmic Biomarkers of Intracranial Pressure 
D'Antona L, Asif H, Craven CL, McHugh JA, Vassiliou A, Thorne L, Matharu MS, Watkins LD, Bremner F, 
Toma AK. 
Neurology. 2021 Apr 13;96(22):e2714-e2723.  
In this retrospective study of 45 patients undergoing ICP monitoring, the authors evaluated 6 “brain and 
ophthalmic biomarkers” to determine their relationship with ICP.  This effort would help to identify a profile 
of risk for the presence of elevated ICP using these non-invasive imaging and ophthalmic tools.  The 
biomarkers assessed included assessment of the pituitary gland, optic nerve head protrusion on 
neuroimaging, tortuosity of the optic nerve, optic nerve sheath diameter/distension, the presence of 
papilledema, and evaluation of spontaneous venous pulsations.  Protrusion of the optic nerve head was 
strongly reflective of elevated ICP.  An empty sella turcica was associated with elevated ICP but not a 
marked elevation.  The biomarkers with the strongest positive predictive value of elevated ICP were 
absence of spontaneous venous pulsations, optic nerve head protrusion and papilledema.  If the pituitary 
shape was normal, this had a strong negative predictive value towards normal ICP.  This study is 
important because it highlights non invasive details which may be gleaned from neuroimaging and the 
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clinical ophthalmic examination which may help to identify patients at risk for elevated ICP and pursue 
further evaluation and treatment as indicated. 
 
Long-Term Patient-Reported Outcomes of Visual Field Defects and Compensatory Mechanisms in 
Patients After Cerebral Hemispherectomy 
Meer EA, Chen MF, Jones M, Mathern GW, Pineles SL. 
Journal of Neuro-Ophthalmology. 2021 June 41(2):147-153. 
In this study, the authors report on the survey results of 48 parents of children who underwent cerebral 
hemispherectomy for refractory seizures during childhood with a focus on long term visual sequelae and 
compensatory adaptations.  The primary visual findings were visual field defects and strabismus.  Lower 
age at time of neurosurgery was associated with subjective improvement in visual field function and older 
age at time of neurosurgery was associated with strabismus.  This is the largest cohort to date to report 5 
year outcomes in these patients and suggests areas which warrant further investigation towards the 
impact of this surgery on visual and cognitive function long term. 
 
 
Prevalence of Optic Disc Drusen in Young Patients With Nonarteritic Anterior Ischemic Optic Neuropathy: 
A 10-Year Retrospective Study 
Fraser JA, Rueløkke LL, Malmqvist L, Hamann S. 
Journal of Neuro-Ophthalmology. 2021 June 41(2):200-205. 
In this retrospective review of 37 adult patients with NAION, the prevalence of optic nerve head drusen 
was determined to evaluate whether optic nerve head drusen may be a risk factor for NAION.  The 
prevalence of optic nerve head drusen among NAION patients was 56.7%.  This is higher than published 
prevalence of up to 2.2% optic nerve head drusen in the general population.  Optic nerve head drusen 
was buried and often bilateral.  This study raises important implications for the potential contribution of the 
presence of optic nerve head drusen in an already vulnerable optic nerve towards the pathogenesis of 
NAION and warrants further investigation. 
 
 
Role of Ocular Ultrasonography to Distinguish Papilledema From Pseudopapilledema 
Kohli AA, Pistilli M, Alfaro C, Ross AG, Jivraj I, Bagchi S, Chan J, May D, Liu GT, Shindler KS, 
Tamhankar MA. 
Journal of Neuro-Ophthalmology. 2021 June 41(2):206-211. 
Distinguishing papilledema from pseudopapilledema may be difficult for providers and many ancillary 
modalities have been utilized to facilitate this process: OCT, FA, neuroimaging, and ultrasound.  In this 
study, the authors evaluated ocular ultrasonography in 49 adult patients prospectively enrolled for 
diagnosis of papilledema versus pseudopapilledema.  Ultrasound was 68% sensitive for papilledema and 
54% specific for pseudopapilledema.  The ability of ultrasound to detect true papilledema when disc 
edema was mild was somewhat limited.  Further, the correlation between ultrasound results and rNFL 
longitudinally was less strong than anticipated.  This study suggests that ultrasound alone should not be 
used as the only testing modality when the diagnosis of papilledema versus pseudopapilledema is being 
sought, but it may be a complementary modality in this context.  
 
Use of En Face Optical Coherence Tomography to Monitor Papilledema in Idiopathic Intracranial 
Hypertension: A Pilot Study 
Carey AR, Bosley TM, Miller NR, McCulley T, Henderson AD.   
Journal of Neuro-Ophthalmology. 2021 June 41(2):212-216. 
OCT has served as an important ancillary testing tool to assist in the management of patients with IIH.  
Use of rNFL thickness, optic nerve volume, and GCL thickness have all been evaluated in this setting 
with respect to diagnosis, treatment effectiveness, and visual prognosis.  In this study, authors compared 
en face OCT features in two patients with papilledema longitudinally with peripapillary rNFL thickness to 
determine the utility of qualitative en face details including area of disc edema in monitoring papilledema 
in these patients.  In this pilot study, the authors found strong agreement between ranking of degree of 
disc edema done by trained neuro ophthalmologists who were using en face OCT images and 
peripapillary rNFL thickness.  Given the small sample size, further studies are warranted to determine the 
use of en face OCT images in clinical practice. 
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Elevated Intracranial Pressure Associated With Exogenous Hormonal Therapy Used for Gender 
Affirmation 
Nguyen HV, Gilbert AL, Fortin E,  Vodopivec I, Torun N, Chwalisz BK, Cestari DM, Rizzo JF. 
Journal of Neuro-Ophthalmology. 2021 June 41(2):217-223. 
This study highlights the potential association between exogenous hormone therapy and pseudotumor 
cerebri syndrome.  In this retrospective case series of 6 patients, the authors found that patient 
undergoing treatment for female to male or male to female transition developed characteristic signs and 
symptoms of elevated intracranial pressure including headache, pulsatile tinnitus, and papilledema.  
Treatment with either acetazolamide or topiramate was effective and no patient in this cohort suffered 
from significant vision loss.  Unique to this series was the first report of a patient undergoing male to 
female transition.  This case series importantly should raise awareness of the potential impact of 
exogenous hormone therapy on intracranial pressure and warrants further validation/exploration in larger 
studies. 
 
 
Accuracy of a Deep Learning System for Classification of Papilledema Severity on Ocular Fundus 
Photographs 
Vasseneix C, Raymond P, Najjar RP, Xu X, Tang Z, Loo JL, Singhal S, Tow S, Milea L, Wei Ting DS, Liu 
Y, Wong TY, Newman NJ, Biousse V, Milea D, on behalf of the BONSAI Group 
Neurology. 2021 Jul 27;97(4):e369-e377. 
This study is a new publication from the BONSAI (Brain and Optic Nerve Study with Artificial Intelligence) 
group examining the performance of a deep learning system to grade papilledema severity.  Prior 
publications focused on the performance of deep learning to discriminate papilledema from other forms of 
optic nerve swelling or abnormality.  Papilledema severity grade is relevant as worse disc edema is 
associated with poorer visual outcomes, but grading according to the Frisen scale often is variable and 
inconsistent amongst providers.  The deep learning system was trained on a dataset of 2103 fundus 
photos and then tested on a smaller dataset of 214 photos.  Papilledema was graded in a binary fashion 
(mild/moderate Frisen 1-3 versus severe Frisen 4,5).  The goals of the study were twofold: to determine 
whether deep learning was able to discriminate papilledema grade and to compare performance on this 
scoring versus three neuro-ophthalmologists.  Deep learning was comparable to the the group of three 
neuro-ophthalmologists in severity scoring with a similar sensitivity of 91.8% and a slightly higher 
specificity of 82.6%.  This study importantly expands the potential of utilizing AI to risk stratify patients 
who present with papilledema and complement the clinical examination.  The utilization of AI in this 
setting may be particularly helpful to the non ophthalmologist in an emergency room or neurology setting. 
 
 
Long-Term Follow-Up After Unilateral Intravitreal Gene Therapy for Leber Hereditary Optic Neuropathy: 
The RESTORE Study 
Biousse V, Newman NJ, M YW, Carelli P, Carelli V, Moster M, Vignal-Clermont C, Klopstock T, Sadun 
AA, Sergott RC, Hage R, Esposti S, La Morgia C, Priglinger C, Karanja R, Blouin L, Taiel M, Sahel JA, for 
the LHON Study Group Less 
Journal of Neuro-Ophthalmology. 2021 Sep 41(3):309-315. 
Treatments for the mitochondrially inherited optic neuropathy LHON continue to be sought.  This study 
the “RESTORE” study focused on the 3-year visual outcomes of two phase 3 clinical trials RESCUE and 
REVERSE for LHON utilizing unilateral intravitreal injection of an adenovector virus for the ND4 gene 
which is mutated most frequently in LHON and is associated with poor visual prognosis.  Primary 
outcome measure was visual acuity and secondary outcome was QOL in 61 patients.  Visual acuity 
showed a sustained improvement with vision remaining “on chart” (final mean 1.26 logMAR) throughout 
the study both in treated and also in non-treated eyes.  For QOL, there was a significant and meaningful 
improvement in patients treated.  This study reflects a promising therapeutic approach to a potentially 
devastating condition and may ultimately transform the management of LHON. 
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Visual function and psychological variables in alcohol dependency syndrome. Ilda Maria Poças a,b, Ana 
Grilo c,d, Pedro Linoe , Ana Cabritaf.  Ana Carvalhof , Claudia Ruivof, Raquel Rochaf  and Sara Cairrãof. 
Strabismus, 29:2, 130-137, 
The aim of this study is to evaluate visual function and attention, as related to psychological profiles in 
consumer and abstainer patients with ADS. Alcohol Dependence Syndrome (ADS) is defined as 
excessive alcohol consumption accompanied by psychological, physical, social, and economic disorders. 
The Portuguese version of the Brief Symptom Inventory was used to assess patients’ psychological 
status. The orthoptic examination protocol for visual function consisted of 11 standardized tests: VA for 
distance and near, ocular movements, near convergence and accommodation point, cover and prismatic 
cover tests, fusional vergence for distance and near, near stereoacuity, chromatic vision, contrast 
sensitivity and visual attention. The sample included 176 patients. 121 were consumers and 55 were 
abstainers, aged between 31 and 72. The most affected parameters of visual function were visual acuity 
(80.39%), contrast sensitivity (67.50%), convergence at distance (66.44%) and near stereopsis (62.75%). 
Visual function was impacted in both groups. Depression and paranoid ideation was higher in alcohol use 
subgroup but not in abstainer group. The biggest limitation of the study is the lack of a control group.  
 
 
The prevalence of sight impairment registration post-stroke. Alysha Budd a,b, Faye Mathera,b, Nicola 
Gavina,b, and Sonia MacDiarmida, Orthoptic Department, Warrington and Halton Teaching Hospitals 
NHS Foundation Trust, Warrington. Orthoptic Department, Daresbury Wing, Warrington Hospital, Lovely 
Lane, Warrington.  
Strabismus 2021, Vol 29, No 2, 102-105.  
Many stroke survivors are eligible for sight impairment (SI) registration from a chronic visual impairment 
(VI). The literature and clinical experience show that some individuals who meet the criteria for 
registration either decline or are not offered registration. The aim of this Orthoptic stroke service review is 
to determine the reason for declining and whether the individuals feel supported without registration and 
to recommend service changes to improve the certification process. A service evaluation of stroke 
survivors who had declined SI registration was undertaken. All those with a diagnosis of stroke, a full 
Orthoptic assessment, a period of monitoring and were discharged between September 2017 and August 
2019 were identified. . Fifty-four stroke survivors were eligible to be registered SI at their last 
appointment; 31 (57%) were not offered registration for reasons including end of life care. Of the 
remaining 23s, 14 proceeded with SI registration and nine declined. Four who declined were excluded 
(44%), as two were registered at a subsequent ophthalmology appointment, two were inappropriate to 
contact. A telephone interview was undertaken with the remaining five individuals. Of the five stroke 
survivors that were contacted, three (60%) recalled declining SI registration at their last appointment. All 
felt they were given enough information to aid their decision. Reasons given for declining registration 
included not accepting the VI, hoping for recovery and having enough support. The individuals felt they 
were still able to access services and were happy to remain unregistered. The remaining two stroke 
survivors could not recall being offered SI registration and subsequently requested to be registered 
following the telephone call. Of those individuals who initially declined registration, two (40%) decided to 
proceed with registration following the telephone interview. Although numbers are small it is worth 
considering a post discharge telephone consultation to stroke survivors who decline registration. Usually 
in clinic here, our experience is that vision therapies and support is carried out by social services prior to 
discharge in the hospital, but as ophthalmologist in an outpatient setting it is always a good idea to check 
on the availability of rehabilitation services for these patients.  
 
 
Can Imaging of Temporal Raphe Orientation with fundusphotos or SD-OCT be helpful for the Assessment 
of Ocular Torsion in Patients with Cranial Nerve Four Paresis? Rebecca Fels, Leah Walsh, Glen Sharpe 
& G. Robert LaRoche. Opthalmology Department, Dalhousie University, Clinical Vision Science, Halifax, 
Canada; Opthalmology Department, IWK Health Centre, Halifax, Canada.  
Strabismus 2021, VOL. 29, NO. 2, 106–111 
Using the temporal raphe (TR) orientation has been suggested for objectively measuring cyclotorsional 
strabismus. The current study, approved by IWK Health Center research ethics board was created to 
assess the viability of using the TR in assessment of ocular torsion as well as investigate the effect of the 
physiological position of the fundus. Twenty-two patients with twenty-two age-matched controls were used. 
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Subjective tests were compared to traditional fundus photographs and novel TR scans in patients with long-
standing unilateral fourth nerve palsies. Results found no differences between subjective and objective 
angles when considering the physiological fundus position and that TR angles were not comparable to 
other torsional testing methods. Therefore, it was concluded that the physiological position should be 
considered when determining the true amount of abnormal fundus torsion. There was no significant value 
to using TR imaging by optical coherence tomography compared to the traditional fovea–ONH relationship 
by fundus photography to assess ocular torsion. A larger study group is needed to further confirm the 
validity of these findings. 
 
Clinical Utility of Electroretinograms for Evaluating Vigabatrin Toxicity in Children.  
Strong AD, Sturdy A, McCourt EA, et al.  
J Pediatr Ophthalmol Strabismus. 2021;58(3):174-179. 
Published May 1, 2021 
Vigabatrin is an antiseizure medication with known vision-threatening ocular side effects: bilateral, 
symmetric, nasal-predominant visual field loss; depressed scotopic b-waves, decreased oscillatory 
potentials, and reduced 30-Hz flicker amplitudes on ERG; and abnormal retinal hypopigmentation, retinal 
vessel sheathing, and optic atrophy on fundoscopy. The drug manufacturer proposed screening guidelines 
for children >9yrs in 2000, and a multidisciplinary expert panel translated these guidelines for younger 
children and those unable to perform testing in 2010 to include serial ERGs. Given the cost of ERG 
screening, risk of general anesthesia (needed for sedated ERGs), and uncertainty whether ERG results 
change treatment, this single-center retrospective review sought to determine the clinical impact of ERG 
testing in these patients. The authors reported results from 30 sedated ERGs performed on 26 patients to 
assess retinal toxicity from vigabatrin and found that 24/26 patients’ ERGs were abnormal, but only 1 
discontinued vigabatrin directly as a result of abnormal ERG (though many others discontinued for other 
reasons.) The authors concluded that because clinical management generally did not change in response 
to an abnormal screening result, sedated ERG screening protocols should be reconsidered. Note that the 
authors used the manufacturer’s criteria for abnormal ERG, which was a different definition of abnormal 
than previously published studies, yet they found the same lack of clinical impact of abnormal results. This 
is an important study with implications that could change practice patterns by reducing dependence on 
cost-ineffective screening ERGs to monitor vigabatrin toxicity.  
 
 
 
Characteristics of diplopia in a pediatric population.  
Michelle M. Falcone, MD, Carla J. Osigian, MD, Patrice J. Persad, PhD, Hilda Capo, MD, and Kara M. 
Cavuoto, MD.  
J AAPOS 2021;25:95.e1-5.  
This study set out to characterize diplopia in children and is the first such study to do this at an eye 
center. It was a retrospective chart review and revealed that most children with diplopia have a 
nonemergent condition (most commonly a nonparalytic strabismus). It found vision or life-threatening 
conditions in only 9% of patients. A patient was more likely to have a vision or life-threatening condition if 
they had acute onset of diplopia, associated neurologic symptoms, papilledema, optic nerve pallor, or an 
afferent pupillary defect. This study also showed that children can experience double vision as early as 2 
years old. Treatment outcomes were limited due to high loss to follow-up. The authors recommend doing 
a future prospective study to better standardize data collection, follow-up, and management of diplopia in 
children. It is helpful to the practicing ophthalmologist to know the signs/symptoms that are related to the 
vision/life-threatening conditions.  
 
Cranial Nerve Disorders Associated With Immune Checkpoint Inhibitors 
Vogrig A,  Muñiz-Castrillo S,  Joubert B,  Picard G,  Rogemond V,  Skowron F,  Egri M,  Desestret 
V,  Tilikete C,  Psimaras D,  Ducray F,  Honnorat J. 
Neurology. 2021 Feb 9;96(6):e866-e875. Epub 2020 Dec 14. 
Immune checkpoint inhibitors (ICIs) are a new class of medication for the treatment of cancers such as 
malignant melanoma.  This study evaluated the frequency and type of cranial neuropathy occurring as an 
adverse event secondary to treatment.  The authors retrospectively evaluated 67 cases of ICI-associated 
cranial neuropathy.  The median time to adverse symptom development was 3 months.  Isolated cranial 
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nerve palsies included involvement of the optic nerve, abducens nerve, and oculomotor nerve in 
additional to the facial nerve.  Immunosuppressive treatment including IVIG, plasma exchange or 
corticosteroid was successful in facilitating a partial or complete improvement in cranial neuropathy.  
Among the cases, 2 had a persistent optic neuropathy in spite of treatment.  This paper raises awareness 
of potential side effects from these novel medications and the modes of treatment when adverse events 
occur. 
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6. NYSTAGMUS 

A reduced visual pathway response in infantile nystagmus syndrome 
Kelly JP, Tarczy-Hornoch K, Phillips JO, Weis AH 
J AAPOS 2021;25:9.e1 - 9.e6 
To evaluate visual cortical responses in children with infantile nystagmus syndrome (INS) and the 
potential contribution of foveation periods, medical records of 26 children who had visual evoked potential 
(VEP) recordings were retrospectively reviewed. VEP amplitude, latency, and signal-to-noise ratios (SNR) 
were compared to results from published age-matched controls under the same conditions. a. Selective 
averaging increased VEP amplitude and SNR in INS by 270%-420% compared to standard averaging 
(P\0.0001). The INS change in VEP response was greater for reversing checkerboard stimulation than 
horizontal-grating onset and was significantly greater than that in controls (P\0.001). Latency was not 
changed by selective averaging. Relative foveation was correlated with increasing VEP amplitude (P 5 
0.02) and number of trials chosen for selective averaging (P \ 0.01). After selective averaging, relative 
foveation correlated with VEP amplitude to reversing checkerboards only (P 5 0.007). This study 
suggests patients with nystagmus likely have a reduced visual cortical response.  
 
Development of Nystagmus With the Absence of MYOD Expression in the Extraocular Muscles 
Laura Johnson, Rachel Kueppers, Erin Shen, et. al. 
Invest Ophthalmol Vis Sci. Oct 2021;62, 3 
In this study, the authors took myoblast determination protein 1 (MYOD) absent mice and viewed the 
changes in structure and function of their extraocular muscles. MYOD is a regulatory factor for “muscle 
development, differentiation, myofiber repair, and regeneration.” These mice developed nystagmus from 
birth and were noted to have significant decrease in myofibril volume. Mice that were heterozygous for 
the protein developed abnormal optokinetic responses. This study noted nystagmus in eyes that should 
have had no visual deprivation and only muscular changes. These changes should help us broaden our 
research into nystagmus as it seems to not only be induced by a lack of visual or cortical input. 
 
 

 
Velocity Discrimination in Infantile Nystagmus Syndrome 
Bing Dai; Kwang Meng Cham; Larry Allen Abel 
Invest Ophthalmol Vis Sci. Aug 2021;62, 35 
This study looked at subjects with Infantile Nystagmus Syndrome and age matched controls and 
compared their velocity discrimination. This was done for both horizontal and vertical targets in the 
subjects’ null position, or primary position for the controls, and fifteen degrees to either side of this 
position. For patients with Infantile Nystagmus Syndrome that had a null position, there was noted to be a 
significant difference in velocity discrimination in their null position versus eccentric gaze where this 
difference was not noted in the control group or those with no null position. Also, those with Infantile 
Nystagmus Syndrome were noted to have higher discrimination thresholds for horizontal discrimination 
compared to vertical. This is likely due to the fact that their nystagmus is in the horizontal plane. This 
study gives us a little better insight into other difficult scenarios of everyday life that those with Infantile 
Nystagmus Syndrome experience. 
 
 
Clinical and Electrophysiological Outcomes After Eye Muscle Surgery in 81 Adults With Infantile Nystagmus 
Syndrome  
Hertle RW, Curtis M, Boydstun I, Juric A, Evliyaoglu F, Ricker I.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):93-104.  
Published March 1, 2021 
Infantile nystagmus syndrome (INS) is an ocular motor disorder with defined characteristics, the most 
physiologically consequential of which are AHP and decreased central visual acuity, contrast sensitivity, 
gaze-dependent visual acuity, motion processing, and visual recognition time. This prospective, single-
center, interventional case series seeks to characterize the effects of eye muscle surgery on these 
characteristics in patients >18 years with INS who only had prior optical treatment. The authors report 
outcomes on 81 adults aged 18-72 (avg 36yrs) who followed up for 12-74mo (avg 26mo) after surgery 
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dictated by a surgical algorithm of nine separate procedures involving at least two recti muscles on each 
eye. There were no serious surgical complications, with a reoperation rate of 12%. There were significant 
group mean increases in BCVA (60% of pts legally ineligible to drive became eligible after surgery), AHP, 
contrast sensitivity, strabismic deviation, and nystagmus acuity fixation (NAFX) after surgery. The authors 
conclude that adult patients with INS showed sustained improvement in many afferent and efferent 
measures of visual function after eye muscle surgery. As one of the largest prospective treatment cohorts 
of adult patients with INS, this study contributes significantly to the role of EMS in improving global visual 
function in patients with INS. However, it remains a single-center experience with a case mix that may be 
confounded by the inclusion of patients with a wide range of afferent visual dysfunction.  
 
The efficacy of biofeedback visual rehabilitation therapy in patients with infantile nystagmus syndrome: A 
retrospective study.  
Caputo R, Febbrini Del Magro E, Amoaku WM, Bacci GM, Marziali E, Morales MU.  
Eur J Ophthalmol. 2021;31(4):2101-2106. 
Published July, 2021 
Biofeedback fixation training (BFT) has been used in adults to improve fixation capability after loss of foveal 
function secondary to maculopathy. Microperimetry (MP) is the dynamic measurement of retinal light 
sensitivity controlled with an eye tracker and correlated with a fundus image. The authors propose a visual 
rehabilitation program utilizing MP and BFT to improve fixation stability in infantile nystagmus syndrome 
(INS). This small retrospective study of 12 patients (ages 6 to 12 yrs old) with INS who completed the 
training program found a significant improvement in some fixation stability parameters at week 10 and 
month 6 after intervention. The authors concluded that although some fixation stability parameters improved 
at week 10 and month 6, and visual acuity did not show significant improvement at any time point, the 
improved FS could still enhance the ability of the patient in the daily routine visual tasks. This study is limited 
by small sample size and the lack of a control group, but shows promise as a proof-of-concept for MP-BFT 
treatment of INS. 
 

A reduced visual pathway response in infantile nystagmus syndrome 
Kelly JP, Tarczy-Hornoch K, Phillips JO, Weis AH 
J AAPOS 2021;25:9.e1 - 9.e6 
To evaluate visual cortical responses in children with infantile nystagmus syndrome (INS) and the 
potential contribution of foveation periods, medical records of 26 children who had visual evoked potential 
(VEP) recordings were retrospectively reviewed. VEP amplitude, latency, and signal-to-noise ratios (SNR) 
were compared to results from published age-matched controls under the same conditions. a. Selective 
averaging increased VEP amplitude and SNR in INS by 270%-420% compared to standard averaging 
(P\0.0001). The INS change in VEP response was greater for reversing checkerboard stimulation than 
horizontal-grating onset and was significantly greater than that in controls (P\0.001). Latency was not 
changed by selective averaging. Relative foveation was correlated with increasing VEP amplitude (P 5 
0.02) and number of trials chosen for selective averaging (P \ 0.01). After selective averaging, relative 
foveation correlated with VEP amplitude to reversing checkerboards only (P 5 0.007). This study 
suggests patients with nystagmus likely have a reduced visual cortical response. 
 
 
Analysis of anomalous head posturing in patients with infantile nystagmus syndrome. 
Hertle RW, Kelleher C, Bruckman D, McNinch N, Ricker I, Bouhenni R, Wiseman K. 
J AAPOS. 2021 Jun;25(3):145. 
The authors studied clinical data and anomalous head posture (AHP) descriptive data in 34 patients with 
infantile nystagmus syndrome (INS) using a prospective, cohort analysis. Measurement of the AHP 
included three dimensions: pitch (anterior posterior flexion/extension), yaw (lateral rotation) and roll 
(lateral flexion). Patients were also asked to subjectively describe head position when forced into neutral 
position and their AHP. The AHP is adopted to quiet nystagmus increasing foveation allowing for better 
visual acuity (null point). In some cases (40-60%), null point is an eccentric head position which may 
interfere with activities of daily living. Patients with INS who have to adopt an AHP may have their best 
corrected vision limited by many external and internal conditions (fatigue, medications, visual pathway 
developmental connections). The AHP may also have consequences for internal determination of head-
centric position. When patients were asked to describe their head position when forced into neutral 
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position, 77% of patients reported their head as “crooked”. The authors theorize that there are a number 
of complex factors that influence AHP. Null point surgery outcome of placing the head and eyes in neutral 
position may be unrealistic and an outcome of improvement of the eccentric head position may be more 
realistic. They suggest that physical therapy involving the neck, back and spine may help maintain the 
improvement in head position. This article is important in its method of describing head position using 
pitch, yaw and roll allowing for a better understanding of the null point. This description may help develop 
a more refined surgical intervention in the future. The authors also provide an elegant practical 
explanation why null point surgery may not always be as successful as we would like it to be. 
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7. PREMATURITY. 

Refractive Error Profile of Preterm Infants at 1-Year Follow-up in a Tertiary Care Hospital  
Arora P, Arora K, Kaur Dhillon Utaal S, Bansal N.  
Pediatr Ophthalmol Strabismus. 2021;1-5. 
E-published 2021 
The purpose of this study was to compare the refractive outcomes in preterm infants with and without 
retinopathy of prematurity (ROP) in a tertiary care hospital in North India.The authors prospectively followed 
300 premature infants <2000g and ≤34wks gestation divided into 3 groups - no ROP, spontaneously 
regressed ROP, and laser-treated ROP - for 1 year. Of the 277 infants to complete cycloplegic refractions, 
the incidence of myopia was 12.29%, 29.55%, and 48.83%, respectively (P < .05). High myopia (greater 
than -3D) was most present in the laser-treated group (23.25%). Low birth weight and a low gestational age 
were more commonly found in infants with more negative spherical equivalent. While this study offered 
some valuable insight into long-term risks of prematurity and ROP, the lack of matching among groups 
creates significant confounding bias and limits the applicability of this study. The group that required laser 
had - on average - 23% lower birth weight and 8% lower gestational age. This was not adequately 
addressed in the statistical analysis.  
 

 
Genevieve L. Taylor, Robert M. Joseph, Karl C.K. Kuban, Laurie M. Douglass, Jeff Laux, Bree  
Andrews, Rebecca C. Fry, Wayne A. Price and Thomas M. O’Shea, Changes in Neurodevelopmental 
Outcomes From Age 2 to 10 Years for Children Born Extremely Preterm 
Pediatrics May 2021, 147 (5)  
What’s Known on This Subject: Neurodevelopmental impairment is found frequently among individuals 
born extremely preterm, but developmental assessments during infancy are not always predictive of long-
term neurodevelopmental outcomes.  What This Study Adds: In a large multicenter US study of extremely 
preterm infants, significantly more children classified as having moderate to severe or profound 
neurodevelopmental impairment at 2 years improved at 10 years, whereas a minority showed worsening 
impairment 
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8. RETINOPATHY OF PREMATURITY 
  
Comparison of foveal thickness in preschool children with a history of retinopathy of prematurity and laser 
photocoagulation or anti-vascular endothelial growth factor treatment: a prospective, longitudinal study. 
Lee YS, Teh WM, Tseng HJ, Hwang YS, Lai CC, Wu WC. 
Br J Ophthalmol. 2022 Jan;106(1):106-112. 
The purpose of this prospective observational study was to evaluate the longitudinal differences that 
occur in foveal structures in children with ROP with or without treatment at preschool age. Foveal 
thickness was measured using spectral-domain optical coherence tomography (SD-OCT) in children 
(aged 4–6 years at the first visit) with a history of treated ROP, in preterm children with spontaneously 
regressed ROP, and in age-matched control subjects without ROP. A total of 201 eyes of 104 patients 
were classified into four age-matched groups: laser±intravitreal bevacizumab (IVB) group (32 eyes), IVB 
only group (37 eyes), regressed group (14 eyes) and control group 118 eyes). 22 eyes of 12 patients 
(68%) received both laser and IVB in the laser±IVB group. The mean GA and birth weight were 
significantly greater in the preterm group than in the other groups. The children in the preterm group had 
the better BCVA compared to the other groups, but no difference was found in average degree of myopia, 
astigmatism level, refractive error, CCT, ACD, or axial length. The foveal thicknesses among the four 
groups were similar at all four visits (all p>0.05) after adjusting for GA and remained similar with no 
differences after the full retinal thickness was divided into inner and outer thicknesses. The full and outer 
foveal thicknesses of premature children increased over time, but the inner foveal thickness remained 
unchanged with time. There was a positive correlation with BCVA which was stronger for outer foveal 
thickness than for inner foveal thickness. Limitations include the fact that 1.5 years is a short period of 
time to be considered “longitudinal,” and the study age of 4-6 years seems to have been chosen 
arbitrarily. However, this study does offer further insight into foveal development and potential effects of 
ROP treatment.  
 
Incidence, timing and risk factors of type 1 retinopathy of prematurity in a North American cohort. 
Yu Y, Tomlinson LA, Binenbaum G, Ying GS; G-Rop Study Group. 
Br J Ophthalmol. 2021 Dec;105(12):1724-1730. 
This was a secondary analysis of data from the G-ROP 1 and G-ROP 2 studies to evaluate the incidence, 
timing and risk factors of type 1 ROP in a large, broad-risk cohort of premature infants. 11,463 infants 
were included, with mean GA 28 weeks and mean birth weight 1095g. 677/11463 infants (5.9%) 
developed type 1 ROP. This is lower than in previous studies. The rate of type 1 ROP decreased with 
larger GA (121/417 or 28.8% for GA≤23 weeks vs 3/1753 or 0.2% for GA of 31–32 weeks) and no infant 
with GA>32 weeks (440) developed type 1 ROP. The same trend was true for birth weight: 66/202 or 
32.7% of infants with BW ≤500 g developed type 1 ROP vs 12/3824 or 0.3% of infants with BW ≥1251g.  
As expected, rates of type 1 ROP were higher in low GA + low BW infants: 636/4786 (13.3%) of infants 
with GA <28 weeks and BW≤1250 g vs 3/1646 (0.2%) of infants with GA >30weeks and BW ≥1251g. 
Most type 1 ROP eyes (62.3%) had stage 3 ROP in zone II with plus disease, and remaining eyes had 
stage 2 zone II with plus (12.8%), stage 3 zone I with plus (8.4%) or without plus (8.2%), or plus disease 
with stage 2 (2.4%) or stage 1 (1.5%) in zone I.  
Type 1 ROP was first diagnosed at a median postmenstrual age (PMA) of 36 weeks (range 30–46weeks) 
or postnatal age (PNA) of 11 weeks (range 5–21weeks). The mean PMA at diagnosis of type 1 ROP 
increased with GA (35 weeks for GA of 22–24 weeks vs 41 weeks for GA of 29–30 weeks), but the mean 
PNA at diagnosis of type 1 ROP was similar (11–13 weeks) across GA of 22–29 weeks. This study 
confirms the widely accepted association between GA + BW in development of type 1 ROP but was not 
able to identify any additional prenatal factors to aid in the prediction of ROP trends. 
 
Quantitatively comparing weekly changes in retinal vascular characteristics of eyes eventually treated 
versus not treated for retinopathy of prematurity 
Hong GJ, Koerner JC, Weinert M, Stinnett SS, Freedman SF, Wallace DK, Riggins JW, Gallaher KJ, 
Prakalapakorn SG 
J AAPOS 2021;25: 25.e1 - 25.e7 
This is a longitudinal prospective study of narrow-field retinal images of infants screened for ROP, prior to 
treatment, if needed. Images were analyzed using a methodology that combines quadrant-level measures 
from several images of the same eye. Retinal vascular characteristics over time were evaluated 
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quantitatively using ROPtool analsys of narrow-field images. ROPtool indices and their change per week 
between eyes eventually treated versus not treated for ROP were compared: tortuosity index (TI), dilation 
index (DI), sum of adjusted indices (SAI), and tortuosity-weighted plus (TWP). Analysis was performed on 
three levels: eye (mean value/eye), quadrant (highest quadrant value/eye), and blood vessel (highest 
blood vessel value/eye). Of 832 examinations (99 infants), 745 images (89.5%) had 3-4 quadrants 
analyzable by ROPtool. On the eye level, ROPtool indices differed between eyes eventually treated 
versus not treated at postmenstrual age of 33-35 and 37 weeks for TI, SAI, and TWP, and at PMA of 33-
34 and 37 weeks for DI (P # 0.0014), and change per week differed between eyes eventually treated 
versus not treated only for SAI at PMA of 32 weeks (P \ 0.001). Quantitative analysis of retinal vascular 
characteristics using ROPtool is a useful tool to predict eventual need for treatment for ROP as early as 
32 weeks PMA. ROPtool index values were more useful than change in these indices to predict eyes that 
would eventually need treatment for ROP. The limitations is that the tool may not analyze all images, 10% 
of images in this study. 
 
Cognitive Outcomes Following Intravitreal Bevacizumab for Retinopathy of Prematurity: 4-to 6-Year 
Outcomes in a Prospective Cohort.  
Chou HD, Shih CP, Huang YS, Liu L, Lai CC, Chen KJ, Hwang YS, Wu WC. 
American Journal of Ophthalmology. 2022 Feb 1;234:59-70. 
The use of intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents for the treatment of 
retinopathy of prematurity has increased due to many benefits the treatment provides over laser including 
potentially better refractive outcomes, less visual field constriction, and improved outcomes for disease in 
zone I. Bevacizumab, used routinely to treat retinopathy of prematurity, is absorbed systemically and 
there is less known about the long term systemic or cognitive effects of this treatment being given in early 
infancy. The goal of this single center study of 101 patients was to evaluate the 4- to 6-year cognitive 
outcomes of premature children without ROP, those with ROP not requiring treatment, and those treated 
with bevacizumab, laser, or combination. The study evaluated the Full-Scale Intelligence Quotient (FSIQ) 
at baseline and then annually. There was no difference in FSIQ between groups at the time points 
assessed. Severe cognitive impairment was most common in the group requiring combination treatment 
at baseline, though did not differ between groups at final follow up. On multivariate analysis accounting 
for other factors related to birth history and neonatal course, the authors found no difference in FSIQ 
between those treated with bevacizumab compared to the other groups. Those that required both 
bevacizumab and laser had higher levels of cognitive impairment, though this was a small group (n=9). 
Overall, this study adds to the dearth of literature surrounding systemic and cognitive outcomes of 
intravitreal bevacizumab used for the treatment of retinopathy of prematurity. 
 
International Classification of Retinopathy of Prematurity, Third Edition 
Michael F. Chiang, Graham E. Quinn, Alistair R. Fielder, Susan R. Ostmo, R.V. Paul Chan, Audina 
Berrocal, Gil Binenbaum, Michael Blair, J. Peter Campbell, Antonio Capone, Jr., Yi Chen, Shuan Dai, 
Anna Ells, Brian W. Fleck, William V. Good, M. Elizabeth Hartnett, Gerd Holmstrom, Shunji Kusaka, 
Andrés Kychenthal, Domenico Lepore, Birgit Lorenz, Maria Ana Martinez-Castellanos, S ̧engül Özdek, 
Dupe Ademola-Popoola, James D. Reynolds, Parag K. Shah, Michael Shapiro, Andreas Stahl, Cynthia 
Toth, Anand Vinekar, Linda Visser, David K. Wallace, Wei-Chi Wu, Peiquan Zhao, Andrea Zin 
Ophthalmology; 2021 Oct;128(10):e51-68. 
This study reports the work of an international expert committee of 14 pediatric ophthalmologists and 20 
retinal specialists to revise the international classification for ROP. The previous revision was from 2005, 
pre-dating advances in imaging and anti-VEGF treatments. The key terms that were retained were the 
zones, stages, and circumferential extent of disease. Key new terms include: posterior zone II for the 
region 2 disk diameters peripheral to zone 1; notch for an incursion less then 2 clock hours in 
circumference into a more posterior zone; aggressive ROP for rapidly progressive ROP in Zone 1 or 
posterior zone 2; and stages 5a, 5b, and 5c for open funnel, closed funnel, and anterior segment 
changes, respectively in stage 5 total retinal detachments. New terms related to anti-VEGF treatments 
include persistent peripheral avascular retina (PAR) and reactivation. The report includes new standard 
photos to use to define preplus and plus disease. The new terminology is fundamental to documenting, 
treating, and researching ROP going forward and should be adopted by all practitioners who screen for 
ROP. 
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The effect of ibuprofen and caffeine prophylaxis on retinopathy of prematurity. 
Varsha Bhatt-Mehta, Pharm D, MS and Robert E. Schumacher, MDb. 
JAAPOS 2021;25:272.e1-3 
ROP is caused by excessive vascular growth stimulated by VEGF. Other prophylactic therapies (caffeine 
for bronchopulmonary dysplasia and ibuprofen for patent ductus arteriosus) have VEGF modulating 
properties. This study aimed to determine the synergistic effect of these medication on the incidence and 
severity of ROP in extremely low birth weight infants. Final data analysis included 93 patients (18 with 
severe ROP and 75 with mild-moderate ROP). Lower gestational age and presence of oxygen were 
significantly associated with ROP severity. Total caffeine and ibuprofen exposure did not vary with 
severity of ROP. It is likely that the fraction of the dose that crosses into the intravitreal space is not 
sufficient to modulate VEGF. 
 
 
Validation of smartphone-based screening for retinopathy of prematurity in a low-resource setting. 
Srijana Adhikari, MD, Sanyam Bajimaya, MD, and Eli Pradhan Ranjitkar, MD. 
JAAPOS 2021;25:274.e1-5. 
ROP is an emerging public health problem in developing countries. Telescreening for ROP is an 
invaluable tool in these places; however, traditional cameras used for this are prohibitively expensive. 
Smartphone-based screening is a possible affordable alternative. This study’s objective was to evaluate 
smartphone-based screening of ROP for detecting ROP seen on gold standard indirect ophthalmoscopy. 
A total of 200 eyes were enrolled. The eyes were examined by a pediatric ophthalmologist and photos 
were taken by a trained eye health worker. The photos were then graded by two vitreoretinal specialists. 
There were 32 eyes where photographs could not be acquired or were too poor to grade. The sensitivity 
and specificity of the first grader compared to indirect ophthalmoscopy were 87.5% and 82.1%. For the 
second grader, they were 87.5% and 82.1%. Intergrader agreement was 0.93. While not perfect, this 
study shows that smartphone photography done by non-ophthalmic personnel could be an affordable tool 
for detecting ROP in low income countries. 
Almeida AC, Sandinha T, Azevedo R, et al. Retrospective comparison between growth and retinopathy of 
prematurity model versus WINROP model. Can J Ophthalmol. 2022;57(1):58-64. 
This is a retrospective cohort study of preterm infants who underwent ROP screening from April 2012 to 
May 2019 in 2 NICUs in Portugal. The authors aimed to compare WINROP vs. G-ROP model in a 
Portuguese cohort. Three hundred seventy-five infants were included. 313 were eligible for G-ROP and 
311 for WINROP. The median GA was 30 weeks, and the BW was 1219g. 25.3% developed some 
degree of ROP, 13.3% were diagnosed with severe ROP, and 6.1% type 1 ROP. Of infants eligible for G-
ROP, 30% developed some degree of ROP and 7% type 1. Of those eligible for WINROP, 29.9% 
developed any degree of ROP and 7.4% type 1. After applying, both models G-ROP missed 14 ROP and 
5 cases of severe ROP, 2 of which required treatment. When the analysis was restricted to GA<30, all 
type 1 were identified. The number of infants with GA<30 requiring screening would have decreased 
18%. WINROP failed to identify 12 of any cases of ROP and 4 with severe. In infants with GA<30, all 
cases of type 1 were identified. Using WINROP, the number of infants <30w would have decreased 18%. 
In the Portuguese NICU, WINROP had an 87.1% sensitivity, GROP had 90.9% sensitivity and 16.7% 
specificity for type 1, but missed 14 cases of ROP and 5 cases of severe. The authors mention that their 
cohort was older and heavier than previously reported cohorts and likely the cause of their results. 
 
Soares RR, Cai LZ, Bowe T, Samuelson AG, Liu CK, Parikh D, Patel SN, Hinkle JW, Yonekawa Y. 
Geographic Access Disparities To Clinical Trials In Retinopathy Of Prematurity In The United States. 
Retina. 2021 Nov 1;41(11):2253-2260. PMID: 34001822. 
ROP is a leading cause of preventable childhood blindness.  Clinical trials play an essential role in 
improving screening guidelines and ROP management.  However, there are known racial, economic, and 
geographic barriers in access to  clinical trials.  The purpose of this study was to identify geographic and 
socioeconomic variables predictive oof residential  proxmity to ROP clinical trial locations. This was a 
cross-sectional epidemiological study using  data from national public data sets from ClinicalTrials.gov, 
US Census Bureau’s American Community Survey, the  USDA Economic Research Service RUCA 
codes, and CDC Natality.  Residential proximity to the  nearest clinical trial site was the primary outcome.  
Driving distances were stratified into 4 groups, <30 miles, 30-60miles, 60-120 miles, and >120 miles. 
Driving time was divided into <60 minutes and  >60 minutes.  There were 119 clinical trials for ROP in the 
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US with a  mean number of 25.2 clincial sites.  Residents who travelled >60 minutes were rural. Counties 
with  higher percentage of low birth weight were less likely to travel >60 min. The study  concluded that 
trials that enrolled preterm infants were in areas where there is the  highest rate of disease.  There 
findings do highlight that populations that could gain benefit from participation in clinical trials often face 
barriers to care including travel. 
 
 
Iwahashi C, Utamura S, Kuniyoshi K, Sugioka K, Konishi Y, Wada N, Kusaka S. Factors Associated With 
Reactivation After Intravitreal Bevacizumab Or Ranibizumab Therapy In Infants With Retinopathy Of 
Prematurity.  
Retina. 2021 Nov 1;41(11):2261-2268. PMID: 33958533. 
ROP is an abornal development oof retinal vessels in preterm infants. Current treatment options include 
laser and intravitreal anti-VEGF therapy including bevacizumab (IVB) and ranibizumab (IVR).  The 
purpose oof this study is to investigate the efficacy and rirsk factors of IVB and IVR for ROP. This was a 
single center retrospective study of 80 eyes of 43 patients.   Patients  were divided into two groups: those 
who received IVB and IVR either as monotherapy  or with laser treatment.   There was  no difference in 
reactivation of ROP between groups.  Low birith weight, AP-ROP, no previous treatment and younger 
PMA (35 weeks or earlier)  were factors associated with reactivation.  Serum VEGF was suppressed by  
day 1 and  day  7  after IVR and returned to preinjection level by day  14.  The study concluded that there 
was no difference reactivation between group. With ranibuzumab  being  approved by  the FDA for 
treatment of ROP, this medication may  be used more often.   One should be aware of reactivation rates 
and closely  monitor these patients. 
 
 
Xu LT, Levine DA, Hutchinson AK, Rao P, Hubbard GB 3rd. Clinical Features And Outcomes Of Infants 
With Retinopathy Of Prematurity Who Fail Antivascular Endothelial Growth Factor Therapy.  
Retina. 2021 Nov 1;41(11):2269-2277. PMID: 34190725; PMCID: PMC8542626. 
AntiVEGF treatment  has been used to treat ROP. It has advantages such as it can be performed  without 
anesthesia,  quicker than laser treatment, and lower rates of myopia.   Reactivation  of ROP has been 
reported in the literature.  The purpose of this study  is to describe the characteristics and outcomes of 
patients with ROP who fail intravitreal anti-VEGF.  This is a retrospective case series of  211 eyes at 
Emory Healthcare and Children’s  Healthcare of Atlanta.  Patients were included in the study if they had 
antiVEGF as initial therapy.  Treatment failure was defined as recurrent plus, recurrent stage 3, onset of 
stage 4/5, or need for repeat treatment before 50 weeks PMA.  23 eyes  of 15 patients failed antiVEGF 
therapy.  The medium  time to failure  was 10 weeks. Failure was presented as recurrent plus in 58% of 
patients, recurrent stage 3  in 54% of patients, and RD in 21% of patients.  Failure was treated with laser, 
repeat injection or PPV. Initial failure  occurred in  13% of patients after 50  weeks PMA.   Most patients 
who failed initial antiVEGF injection had favorable  outcomes after secondary treatment.  This study  adds 
to the growing literature of risk of reactivation following primary anti-VEGF treatment  for ROP and 
outlines outcomes. 
 
Li J, Huang K, Ju R, Chen Y, Li M, Yang S, Wang Y, Dong W, Liu M, Chen S, Leng H, Zhong J. 
Evaluation Of Artificial Intelligence-Based Quantitative Analysis To Identify Clinically Significant Severe 
Retinopathy Of Prematurity.  
Retina. 2022 Jan 1;42(1):195-203. PMID: 34387234. 
ROP is a vascular disorder of the retina due to neovascularization in premature infants.  ROP screening 
can be cumbersome and reliant on well-trained ophthalmologists.   Remote areas worldwide may  have a 
shortage of these ophthalmologists.   Telemedicine in ROP as a way  to assist with screening.   Deep 
learning-derived ROP severity score is an assessment of retina vascular abnormality on a 1-9 scale.  The 
authors converted a probability  value by the DeepROP into a severity score.  The purpose of this study 
was to retrospectively evaluate the performance of DeepROP score generated by an algorithm trained 
only on peripheral vascular morphology or stage of ROP.  Fundus photos were collected. All images 
(54,626 images of 2801 infants) were analyzed using a deep learning algorithm and a DEEP ROP score 
which was assigned on a 1-100 scale.  Of the  cohort 0.6% were type 1 ROP and 0.5% were type 2 ROP. 
There was a significant correlation between the expert rank of disease and the DeepROP score.  The 
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DeepROP score has the potential to correctly  identify type 1 ROP and may be useful for ROP screening.  
Further studies would need to validate this study. 
 
New trends in intravitreal anti-VEGF therapy for ROP 
Beccasio A, Mignini C, Caricato A, et al.  
European Journal of Ophthalmology. January 2022.  
The authors summarize recent research on the safety and efficacy of various intravitreal anti-VEGF drugs 
in the treatment of retinopathy of prematurity: pegaptanib, ranibizumab, aflibercept, and conbercept. 
While all anti-VEGF agents discussed in this paper have demonstrated promising rates of regression of 
ROP, ranibizumab appears to have the highest rate of recurrence of ROP, likely due to its lower 
absorption and shorter half-life. The newest agent, conbercept, has shown encouraging results, but 
studies in the United States are lacking. The authors conclude that while conventional laser therapy is still 
often the first choice of treatment, anti-VEGF therapy may be a valid alternative, as it is easier to perform 
and may have fewer ophthalmologic side effects. However, due to concern for possible 
neurodevelopmental side effects, further long-term follow up studies are needed to confirm the safety of 
this drugs. 
 
 

 
Mammo DA, Rubino SM, Quiram PA.  
Outcomes Of Nonconfluent Diode Laser Panretinal Photocoagulation For Aggressive Posterior 
Retinopathy Of Prematurity After Intravitreal Bevacizumab.  
Retina. 2021 Apr 1;41(4):706-710.  
ROP treatment includes laser and anti-VEGF.  Laser treatment for type 1 ROP has typically been 
performed with dense confluent laser to prevent recurrence. Delayed, recurrent ROP has been reported 
in patients who have had anti-VEGF treatment.  The authors of this study sought to evaluate of non-
confluent laser treatment was sufficient to treat patients with ROP recurrence after anti-VEGF treatment. 
This was a retrospective consecutive case series of premature babies with aggressive posterior 
retinopathy of prematurity who received intravitreal bevacizumab with subsequent modified indirect diode 
laster pan retinal photocoagulation for reactivation or incomplete neovasculariztion.  Non-confluent laser 
was identified as 1 to 1.5 burn widths apart.  61 eyes of 31 patients were identified.  These patients 
received non-confluent laser treatmetn Patients were followed up for an average of 4 years.  No patient 
had experienced reactivation, retina detachment, anterior segment ischemia, or other laser complications. 
This study suggests that perhaps we should apply less laser in patients who initially received anti-vegf 
treatment. 
 
Ozsaygili C, Ozdek S, Ozmen MC, Atalay HT, Yeter DY.  
Preoperative Anatomical Features Associated With Improved Surgical Outcomes For Stage 5 
Retinopathy Of Prematurity.  
Retina. 2021 Apr 1;41(4):718-725. 
Stage 5 retinopathy of prematurity has a degree of variability include a closed funnel retina detachment 
and open funnel retinal detachment.  This is an important anatomic difference that can have impacts on 
overall visual prognosis and surgical success. The authors in the study analyzed the preoperative 
anatomical features with postoperative success.  This was a single center retrospective study non-
randomized study. 40 eyes of 33 patients under wentvitrectomy with lensectomy or lens-sparing surgery. 
Patients were distributed into 3 categories: Group A (total RD), Group B (RD with leukocoria), and Group 
C (eyes with shallow AC and cornea opacity.  Only Group A and Group B patients underwent 
surgery.  35% of patients were in Group A and 65% in Group B.  Anatomic success was 55% and 
functional success was 33.3% for Group A patients. Surgical results for observable RD by 
ophthalmoscopy had better outcomes.  This study highlights the importance of delineating Stage 5 ROP 
in predicting surgical outcomes. 
 
Jagła M, Szymońska I, Starzec K, Kwinta P.  
Glycemic Variability Is Associated With Treatment Requiring Retinopathy Of Prematurity: A Case-Control 
Study.  
Retina. 2021 Apr 1;41(4):711-717. PMID: 32804832. 
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There are several risk factors for type 1 ROP.  Several studies have on vascular endothelial growth factor 
(VEGF) and insulin growth factor-1 (IGF-1).  There has been a link in VEGF and high glucose 
concentrations in ROP.  This study evaluated glycemic variability (GV) as a potential risk factor for 
ROP.  This is a case-control study of infants at a single center.  Glycemic variability was assessed based 
on the standard deviation, coefficient of variation, and mean amplitude of glucose excursion (the equation 
is under methods of this paper).  A total of 20 patients with type 1 ROP were included in this 
study.  Based on a univariate analysis, multiple regression, and adjusting for other risk factors for ROP, 
there was a significant association with glycemic variability  and type 1 ROP.  The study demonstrates an 
association with glycemic variability and type 1 ROP during the first week of life. The authors suggesting 
considering GV as a risk factor when assessing patients for ROP.  Further studies should be performed to 
evaluate this with a larger sample size.  
 
 
Artificial Intelligence for ROP Screening and to Assess Quality of Care: Progress and Challenges.  
Clare Gilbert, Aeesha N.J. Malik and Anand Vinekar 
Pediatrics March 2021, 147 (3). 
The goal of retinopathy of prematurity (ROP) screening is to detect the constellation of clinical signs that 
suggest a high risk of progression to retinal detachment so that urgent treatment can be given. At each 
screening episode, there are 3 considerations: whether urgent treatment is needed, whether follow-up 
screening is needed, and whether there is no risk of sight-threatening ROP so that the screening can 
stop. In India, a multicenter screening program in India, the Retinopathy of Prematurity Eradication Save 
Our Sight program, which was done in collaboration with a United States–based international group, 
Imaging and Informatics in Retinopathy of Prematurity (iROP). This report describes not only the 
diagnostic-test accuracy of the deep learning (DL) system developed by this group (iROP DL) but, also, 
whether the findings can be used as an indicator to assess the quality of neonatal care. 
iROP DL, which quantifies plus disease, performed well, with 100% sensitivity and a high specificity 
compared to image grading by 3 ROP experts as the gold standard. Because missing ROP that requires 
treatment can have serious vision consequences, a high sensitivity is essential. The low positive 
predictive value is not surprising because of the low prevalence of treatment-requiring ROP. 
The study findings related to quality of care are particularly interesting. There were highly significant 
associations between the mean iROP DL score and lower birth weight and whether the unit had adequate 
equipment to mix and monitor oxygen. A striking finding was that only 3 of the 14 study units had enough 
of this equipment, which is a frequent and regrettable occurrence in a large number of units in many low- 
and middle-income countries. 
There are some important limitations of this study. iROP cannot be used to assess stage or zone, only 
plus disease. Whether DL and AI image analysis can achieve equally high diagnostic-test accuracy for 
these other prognostic signs, compared to clinical examination by indirect ophthalmoscopy or image 
analysis by an ROP expert, remains to be seen. In India and other low-resource settings, data on GA can 
be unreliable because of low attendance at antenatal care, high rates of intrauterine-growth restriction, 
and lack of routine prenatal ultrasound. Because GA is an important risk factor for ROP, in this study, 
more accurate data may have attenuated the association between iROP DL scores and quality of care. 
The study findings might not be generalizable to other regions. For example, the degree of retinal 
pigmentation, which can be greater for children born in Africa, could impact the interpretation of images. 
In 2019, the World Health Organization and United Nations Children’s Fund recommended ROP 
screening and treatment as standard of care in their “Survive and Thrive” policy. The authors correctly 
indicate that integrated systems will be essential before the benefits of telemedicine and AI image 
analysis can be fully realized. Studies of the feasibility, acceptability, and cost-effectiveness of this 
approach would also be required for decision-makers and policy change within countries, with allocation 
of resources for implementation. 
 
 
Trends in Retinopathy of Prematurity Screening and Treatment: 2008–2018.  
S. Grace Prakalapakorn, Lucy Greenberg, Erika M. Edwards and Danielle E.Y. Ehret, 
Pediatrics June 2021, 147 (6). 
VON member hospitals contributed standardized data on very low birth weight (VLBW) infants, defined 
here as those with a GA of 22 to 29 weeks or BW of 401 to 1500 g who were inborn or transferred to the 
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hospital within 28 days of birth. GA was determined by the best estimate using the following hierarchy: 
obstetrical measures based on last menstrual period, obstetrical parameters, then prenatal ultrasound, 
followed by neonatologist’s estimate based on physical criteria and examination.  
We included data for infants at US hospitals born from January 1, 2008, to December 31, 2018. For this 
study, we excluded the following: infants with implausible BWs (defined as >3 standard deviations from 
the mean for age and sex), infants missing data on the ophthalmologic examination or length of hospital 
stay, and infants who were transferred to a non-VON hospital, were discharged, or died before their first 
recommended ROP screening examination at 4 weeks chronological age or 31 weeks’ postmenstrual age 
(PMA), whichever was later  
RESULTS: This study included 381 065 very low birth weight infants at 819 US NICUs participating in 
Vermont Oxford Network. Over time, more eligible infants received ROP screening (89% in 2008 to 91% 
in 2018, trend P < .001). Among those screened, overall ROP (stages 1–5, 37% in 2008 to 32% in 2018), 
severe ROP (stages 3–5, 8% in 2008 to 6% in 2018), and retinal ablation (6% in 2008 to 2% in 2018) 
declined and anti–vascular endothelial growth factor injections (1% in 2012 to 2% in 2018) increased (all 
trend P < .001). 
CONCLUSIONS: Among US hospitals from 2008 to 2018,  Over time, less overall and severe ROP were 
reported, less retinal ablation was performed, and more anti–vascular endothelial growth factor treatment 
was used. Although the proportion of infants screened for ROP has increased, 10% of infants hospitalized 
were not screened. 

 
 
Retinal Detachment after Treatment of Retinopathy of Prematurity with Laser versus Intravitreal Anti-
Vascular Endothelial Growth Factor  
Gerard P. Barry, Yinxi Yu, Gui-Shuang Ying, Lauren A. Tomlinson, Juliann Lajoie, Marilyn Fisher, MD,4 
Gil Binenbaum, MD, for the G-ROP Study Group 
Ophthalmology; 2021 Aug;128(8):1188-96 
This study analyzed structural outcomes after ROP treatment for Type 1 ROP in 1167 eyes of 640 infants 
as a subset of results from the G-ROP 1 and G-ROP 2 studies. Those earlier studies, particularly G-ROP 
1 which accounted for the majority (811 eyes) of subjects, occurred before the widespread adoption of 
anti-VEGF agents for ROP, so >85% of the eyes were treated with laser. The authors further stratified the 
data into treatment prior to 36 weeks of postmenstrual age versus after 36 weeks of postmenstrual age, 
since earlier treatment typically corresponds to more aggressive disease. The main outcome measure 
was any retinal detachment (Stages 4a, 4b, and 5) within 8 weeks of treatment. The majority (90%) of 
anti-VEGB patients received bevacizumab. Infants treated with anti-VEGF agents were born significantly 
more prematurely (24.2 vs 25.3 weeks) and smaller (658 vs 709 gms). Those treated with anti-VEGF 
agents before (0% vs 7.9%, p<0.001) and after (1.4% vs 3.1%, p=0.27) 36 weeks of postmenstrual age 
had a lower rate of retinal detachment compared with laser treatment, although the overall low rate of 
retinal detachment for treatment after 36 weeks likely prevented that result from achieving statistical 
significance. The data provides compelling support for the use of anti-VEGF agents for Type 1 ROP, 
since the short-term structural outcomes were so much better despite treating a younger and smaller 
cohort. Setting 8 weeks post-treatment as the outcome date, however, is a major limitation to the study, 
since that short timeframe seems designed to remove the re-activation period of disease that can occur 
more than 8 weeks after intravitreal anti-VEGF agents. Even with that limitation, eyes initially treated with 
anti-VEGF agents had a significantly higher rate of retreatment within 8 weeks compared with laser 
(16.5% vs 7.3%). Also, the much smaller number of subjects treated with anti-VEGF agents compared 
with laser might skew the statistical analysis, particularly when those subjects are further subdivided into 
smaller groups based on postmenstrual age. The overall result, however, provides compelling evidence 
that anti-VEGF treatment should be considered as the better option for more aggressive, posterior 
disease when a rapid treatment response will likely provide a better final structural outcome. 
 
Fundus Pigmentation in the Diagnosis and Treatment of Retinopathy of Prematurity  
Kenneth C. Fan, Sarah P. Read, Nimesh A. Patel, Elizabeth A. Vanner, Hasenin Al-Khersan, Diana M. 
Laura, Parastou Pakravan, Catherin I. Negron, Audina M. Berrocal 
Ophthalmology; 2021 Aug;128(8):1242-3 
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This study attempted to correlate the degree of fundus pigmentation with the severity of ROP at a single 
university-based NICU. The fundus pigmentation was graded on a three level scale – light (visible 
choroidal vessels in the macula), medium (visible choroidal vessels only outside the macular), or dark (no 
choroidal vessels visible) by a single unmasked observer. The ROP was graded using standard 
international criteria regarding stage, zone and plus disease. More than 1200 infants were examined and 
placed into three pigmentation groups: 39% light, 58% medium, and only ~2% dark. The infants with a 
light fundus had 1.4 times the rate of any ROP and 2.7 times the rate of intravitreal anti-VEGF agents. 
The authors speculate that melanin pigments might perform an antioxidant role in the fundus, so their 
absence could contribute to more severe ROP. The study could have benefited from including skin 
pigmentation levels, given neonatologists an easy marker for borderline infants to refer for screening, and 
also eliminating the dark pigmentation group since so few infants qualified. Overall, however, the size of 
the pigmentation effect was large enough to suggest that low fundus pigmentation is likely an 
independent risk for worse ROP. 
 
 
Chang E, Rao P. Adult retinopathy of prematurity: treatment implications, long term sequelae, and 
management.  
Curr Opin Ophthalmol. 2021;32(5):489-493. 
The authors review the implications of ROP treatment, the long-term anatomical changes, late sequelae, 
and current management. Anterior segment changes are more significant with cryoablation and heavy 
laser ablation. Laser treated eyes have shown to have more significant anterior segment changes 
compared to anti-VEGF treated eyes – inflammation can result in posterior iris synechiae and lenticular 
changes, higher rates of acute angle-closure glaucoma due to smaller anterior segments with steeper 
corneal curvatures, narrow anterior chamber, and an anteriorly positioned lens.  Neurotrophic corneas 
and band keratopathy may develop. Adults can develop premature accommodative failure due to damage 
of the long posterior ciliary nerves. The posterior segment changes vary depending on the localization of 
the ridge (it acts as a point of hyaloid adhesion) and premature vitreous liquefaction.  The 
aforementioned, increases the risk of epiretinal macular tissue(in Zone 1 ROP), early posterior vitreous 
detachment, atrophic holes, vitreous hemorrhage, and retinal detachment (RD). Interestingly, with anti-
VEGF, retinal neovascularization in the vitreous base is more common due to late reactivation or oxygen-
induced changes.  Persistent avascular retina is frequently seen in the post-anti-VEGF era, which 
increases the risk of reactivation. Reactivation has been reported in up to 71% of treated Type 1 ROP. 
Two large retrospective studies reported that 14-26% of adult eyes with ROP experienced RDs, and 83% 
of these eyes had normal-to-minimally involved posterior poles along with avascular retina and peripheral 
lattice. In adults with treatable disease, treatment should be aimed at barricading the ridge and possibly 
the avascular retina.  If macular distortion is present, early vitrectomy  may be necessary. Scleral buckle 
is the first-line management for adult ROP RD. The authors stress the importance of longitudinal follow-up 
of infants with history of ROP(even in those with normal posterior poles) and of informing parents of these 
anatomical predisposing factors into adulthood. 
 
Barnett JM, Hubbard GB. Complications of retinopathy of prematurity treatment.  
Curr Opin Ophthalmol. 2021;32(5):475-481. 
The authors review the complications related to the two available treatment modalities (ablation and anti-
VEGF) for ROP.  They divide complications into local and systemic—first, the local complications. 
Unfavorable structural outcomes (posterior retinal fold, retinal detachment, or opacified cicatricial tissue 
behind the lens) in laser-treated eyes is 9.1-9.5%. PEDIG deescalation bevacizumab dosing study (0.25 
mg vs. 0.031) found no association between dose and risk of unfavorable outcome; the total was 3.6%.  A 
secondary analysis of data from G-ROP-1 and G-ROP-2 found a significant difference in retinal 
detachment rate before 36 weeks post-menstrual age, 7.9% with laser and 0% with anti-VEGF. For eyes 
that required treatment after 36 weeks, there was no statistically significant difference.  It is not surprising 
that the risk of myopia is higher with laser ablation. BEAT-ROP reported that at age 2.5 years for zone 1 
eyes, the mean SE was -1.5D with bevacizumab vs. -8.4 D with laser; for zone 2 eyes, -0.6 D with 
bevacizumab vs. -5.8 D with laser. Very high myopia (>-8D)  occurred in 51% of zone 1 eyes and 36.4% 
of zone 2 eyes, treated with laser. In striking comparison, the bevacizumab risk of very high myopia was 
less than 4%.  Late recurrences are more common in anti-VEGF treated eyes, and some authors 
recommend prophylactic laser treatment to the persistent avascular retina after 60 weeks. The BEAT-
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ROP found a recurrence of 4% of eyes treated with 0.625mg; however, these eyes were only followed to 
54 weeks. Some studies have reported a higher incidence of recurrences with ranibizumab. There is not 
enough data on endophthalmitis to establish an incidence. Cataracts occur in 1.2% of laser-treated eyes 
(ETROP), primarily when a green laser is used. No cataracts were encountered in the BEAT-ROP trial. 
Lastly, systemic complications. Laser-treated eyes have a higher risk of apnea, bradycardia, or 
arrhythmia. Moreover, return to respiratory baseline after treatment was significantly less common 
compared to anti-VEGF eyes. Three studies that review the risk of neurodevelopment impairment with 
anti-VEGF are riddled with selection bias, as initially, anti-VEGF was reserved for children who were too 
sick to undergo laser therapy.  Eight other studies report no association; however, they have small 
sample sizes. The authors conclude that treatment selection should be individualized and influenced by 
the risk of potential complications.  
 
 
Campbell JP, Kim SJ, Brown JM, Ostmo S, Chan RVP, Kalpathy-Cramer J, Chiang MF, on behalf of the 
Imaging and Informatics in Retinopathy of Prematurity Consortium.  
Ophthalmology 2021;128(7):1070-1076.  
The goal of this very interesting study was to evaluate the clinical usefulness of a quantitative deep 
learning-derived vascular severity score for retinopathy of prematurity (ROP) by assessing its correlation 
with clinical ROP diagnosis and by measuring clinician agreement in applying a novel scale. The study 
consisted of analysis of an existing database of posterior pole fundus images (from clinical examinations 
of patients in the Imaging and Informatics in ROP Consortium) and corresponding ophthalmoscopic 
examinations by 4 Ophthalmologists and 1 study coordinator using 2 methods of assigning a quantitative 
scale to vascular severity. A quantitative vascular severity score (scale 1-9) was applied to each image 
using a deep learning algorithm. A database of 499 images was developed for assessment of 
interobserver agreement. Distribution of deep learning-derived vascular severity scores with the clinical 
assessment of zone (I, II, or III), stage (0, 1, 2, or 3), and extent (<3 clock hours, 3–6 clock hours, and >6 
clock hours) of stage 3 evaluated using multivariate linear regression and weighted κ values and Pearson 
correlation coefficients for interobserver agreement on a 1-to-9 vascular severity scale. Results: For deep 
learning analysis, a total of 6344 clinical examinations were analyzed. A higher deep learning-derived 
vascular severity score was associated with more posterior disease, higher disease stage, and higher 
extent of stage 3 disease (P < 0.001 for all). For a given ROP stage, the vascular severity score was 
higher in zone I than zones II or III (P < 0.001). Multivariate regression found zone, stage, and extent all 
were associated independently with the severity score (P < 0.001 for all). For interobserver agreement, 
the mean ± standard deviation weighted κ value was 0.67 ± 0.06, and the Pearson correlation coefficient 
± standard deviation was 0.88 ± 0.04 on the use of a 1-to-9 vascular severity scale. The authors conclude 
that a vascular severity scale for ROP seems feasible for clinical adoption; corresponds with zone, stage, 
extent of stage 3, and plus disease; and facilitates the use of objective technology such as deep learning 
to improve the consistency of ROP diagnosis. Of note, there is a very interesting commentary on this 
article (“Reducing Blindness Resulting from Retinopathy of Prematurity Using Deep Learning” by Drs. 
Moshfeghi and Trese) in the same issue of Ophthalmology discussing the significance of deep learning 
for ROP. 
 
 
Description and management of retinopathy of prematurity reactivation after intravitreal antivascular 
endothelial growth factor therapy. 
Valikodath NG, Chiang MF, Chan RVP.   
Curr Opin Ophthalmol. 2021;32(5):468-474. 
The authors review the current literature regarding ROP reactivation. Among multiple publications, there 
is a lack of a standardized definition and criteria for reactivation. The ICROP 3rd edition provides a more 
precise definition of reactivation, defined as the recurrence of the acute phase, including signs such as a 
new demarcation line to reactivated stage 3 with plus disease, vascular changes such as dilation 
tortuosity of new extraretinal vessels.  Multiple risk factors have been identified, low gestational age, low 
birth weight, low Apgar scores, zone 1 ROP, extensive retinal neovascularization, pre-retinal hemorrhage 
before treatment, aggressive posterior ROP. Intravitreal bevacizumab has shown to have an increased 
rate of reactivation compared to laser and ranibizumab higher than bevacizumab and laser. The effects of 
anti-VEGF treatments may be transient due to a short half-life.  Reactivation can occur between 37 to 60 
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weeks post-menstrual age. Moreover, there is no clear consensus on reactivation treatment. Martinez-
Castellanos et al. recommended anti-VEGF for plus disease with flat neovascularization or elevation of 
the ridge with new vessels. If this occurs in the anterior zone 2, they recommended laser treatment.  The 
authors conclude that there is a need for long-term follow-up and future studies should be aimed at 
management standardization of reactivation.  
 
Surgery for stage 5 retinopathy of prematurity.  
Martinez-Castellanos MA, Ortiz-Ramirez GY.  
Curr Opin Ophthalmol. 2021;32(5):482-488. 
The authors review the current surgical options for stage 5 ROP. Eyes with shallow anterior chambers, 
pupillary membranes, and pupillary synechiae have poor surgical outcomes. Eyes with opaque corneas 
or elevated IOP should be considered poor candidates. Surgery options include open-sky or closed 
vitrectomy. Open-sky vitrectomy allows easier access and better visualization of the retina. In eyes with 
anterior segment involvement, a lensectomy and membranectomy may be needed. The authors describe 
their institutional experience of retrolental membrane dissection with radiofrequency in 226 infants. All 
eyes underwent a three-port procedure through the cornea, lensectomy, membrane dissection with 
radiofrequency, and vitrectomy. A successful visual outcome was defined as visual acuity of light 
perception or object follow. 92% of infants achieved light perception or better. However, 8% developed 
phthisis bulbi, 50% of eyes detached in an open-funnel fashion, 25% had pupillary membranes. The 
authors include an impressive and comprehensive pictorial atlas of stage 5 clinical presentations and 
conclude that the management is often a challenge. The surgical goal of this condition is to regain or 
retain functional vision and to prevent phthisis bulbi. 
 
ROP Risk Management 2021.  
Gold RS.  
Curr Opin Ophthalmol. 2021;32(5):494-497. 
The author reviews the most recent updates on ROP screening, treatment, and follow-up guidelines. The 
most significant issue continues to be infants that are lost to follow-up after discharge or NICU transfers. 
Since 1987, OMIC has handled 30 claims and suits involving 21 infants. Twenty-one of these claims were 
due to systems errors, most frequently issues with follow-up care. Therefore, OMIC recommends 
establishing a tracking system. Moreover, it is imperative to keep current on policy statement updates. 
The author stresses the importance of implementing an ROP safety net that involves the parents, NICU, 
ROP coordinator, and ophthalmologist. 
 
Binocularity outcomes following treatment for retinopathy of prematurity.  
Manuchian S, Mireskandari K, Tehrani NN, Isaac M, Robitaille JM.  
Can J Ophthalmol. 2021;56(3):179-183. 
This is a masked, cross-sectional observational study to assess binocularity outcomes in children with a 
history of ROP requiring treatment (VEGF vs. laser), 42 children were recruited, 19 received laser and 23 
received anti-VEGF.  Binocularity (primary outcome) was measured using Bagolini and the Frisby 
stereotest.  A single examiner was masked to the ROP treatment type.  Detection of a central 
suppression scotoma indicated peripheral fusion and was counted as presence of binocularity. The level 
of binocularity was defined as high grade if the child had stereopsis, and low grade if there was fusion 
without stereopsis.  They also looked for individual and cumulative binocularity-interrupting events 
(amblyopia, anisometropia, and strabismus). The 2 groups were comparable in terms of gestational age, 
birth weight, and presence of neurodevelopmental impairment. Laser treated eyes were older at the time 
of testing than anti-VEGF by a mean of 18.2 months.  More plus disease was present in the anti-VEGF 
group and more type 2 ROP eyes were treated with laser. Anti-VEGF treated eyes demonstrated a higher 
presence of binocularity and higher degree of binocularity compared to the laser group; however, this 
difference was not statistically significant.  Moreover, the individual rate of binocularity-disrupting was not 
statistically significant between the groups, but the cumulative rate was. The authors conclude that in 
children 3-8 years binocularity is not impacted by the type of treatment; however, their sample size was 
too small, and the results were not statistically significant. Furthermore, the laser group was 18 months 
older than anti-VEGF, which could impact results and patient cooperation. They do highlight that based in 
this pilot study, a minimum of 155 participants will need to be recruited in each arm to have significant 
results. 
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Correlation of central corneal thickness and associated factors in premature infants with and without 
retinopathy of prematurity.  
Islam Y, Xue W, Agarwal-Sinha S.  
Can J Ophthalmol. 2021;56(3):171-178. 
This is a longitudinal observational study of infants with retinopathy of prematurity (BW, GA, race, corneal 
clarity, steroid, and oxygen use) and its association to central corneal thickness. A total of 87 patients 
(104 eyes) were screened between 2018 and 2019. The totality of patients (87, 104 eyes) was used to 
analyze GA and CCT. However, to avoid confounding ROP status and CCT, only infants born before 30 
weeks (60 infants, 120 eyes) were included in the analysis of CCT, BW, and race/ethnicity. The first CCT 
measurement between 30 and 35 weeks (46 infants, 92 eyes) was used to analyze the relationship 
between CCT and corneal haze, oxygen requirements, steroid use, race.  Gestational age ranged 
between 22 to 33 weeks. The median number of CCT measurements was 3 per eye. The CCT in all 
infants decreased from baseline (30 weeks) (744 ± 124.4) to the end of the study (44 weeks) (547 ± 46.4) 
at an average of 12.3 mm/week (p<0.001).  Infants born before 27 weeks had higher CCT (717 mm vs. 
682 mm) (p=0.04) at baseline, and the CCT decreased at a faster rate compared with infants born after 
27 weeks (-13.3 mm vs. -10.1 mm) (p=0.02).  Infants with a BW <1000 had higher CCTs and a faster rate 
of decrease than infants with BW>1000. Caucasians had the thickest corneas and Hispanic the thinnest 
across most time points (p<0.01). Hispanics and African Americans have CCTs that decrease at a slower 
rate compared to Caucasians (p=0.079). Patients with corneal haze had thicker corneas than those 
without corneal haze. High oxygen requirements and steroid use were not significantly associated with 
CCT (p>0.05). The authors conclude that thicker corneas are more likely to develop corneal haze. The 
authors do not analyze the relationship between corneal haze and GA. They hypothesize that corneal 
edema decreased as the corneal endothelial pump function improves. Infants born <27 weeks and <1000 
g had a faster rate of CCT decrease; however, the final CCT was similar to infants >27 weeks and >1000 
g. 
 
Lens-sparing vitrectomy for stage 4A retinopathy of prematurity in infants with aggressive-posterior ROP: 
Anatomic and functional results. 
Sara Macor, Silvia Pignatto, Antonio Capone Jr, Stefano Piermarocchi and Paolo Lanzetta 
Eur J Ophthalmol. 2021 Jul;31(4):2020-2026. 
This study is a retrospective chart review of preterm infants with Stage 4A ROP in the presence of AP-
ROP despite an adequate laser treatment who underwent early lens-sparing vitrectomy (LSV) over a 3 
year period (2012-2015).  The aim was to report on the long-term anatomic and functional outcomes of 
these patients. All eyes had previously received peripheral laser photocoagulation within 48 hours after 
the diagnosis of AP-ROP zone I and posterior zone II, and no retinal skip areas were found at the follow-
up. A total of 10 eyes of 7 infants were included, with a mean gestational age of 26 weeks and birth 
weight of 639g. Mean post menstrual age (PMA) at laser treatment was 36 weeks and mean PMA at LSV 
was 43 weeks. Three patients underwent immediate sequential bilateral surgery. There were no 
immediate post-op complications, however, 2 eyes had a vitreous hemorrhage 4-14 days after LSV. , one 
of which required subsequent surgery. The mean follow-up period was 36 months and overall anatomic 
success was noted in 100% of the patients (defined as retina attached). Two patients had notable 
strabismus after unilateral LSV. At the last follow-up, the mean VA ± SD was 0.6 ± 0.3 logMAR (20/80 
Snellen equivalent). Most patients (8/10) had myopic refractive error at last followup, mean spherical 
equivalent-11.25D. The remaining 2 eyes were mildly myopic at -1.75 spherical equivalent. LSV eyes had 
higher myopia overall. Overall, the authors state that these results confirm that eyes with stage 4A AP-
ROP have the potential for favorable long-term visual and anatomical outcomes after early LSV with 
modern techniques. High rates of high myopia necessitate close followup and appropriate management.  
 
 
Automated detection of early-stage ROP using a deep convolutional neural network. 
Yo-Ping Huang, Haobijam Basanta, Eugene Yu-Chuan Kang, Kuan-Jen Chen, Yih-Shiou Hwang, Chi-
Chun Lai, John P Campbell, Michael F Chiang, Robison Vernon Paul Chan, Shunji Kusaka, Yoko 
Fukushima, Wei-Chi Wu 
Br J Ophthalmol. 2021 August ; 105(8): 1099–1103. 
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Because ROP undergoes a predictable physiological progression, the authors postulate that automated 
detection of ROP in the early stages using an artificial intelligence (AI) model integrated into an effective 
screening system could improve the efficiency of ROP screening and help avoid missed, inaccurate or 
late diagnoses. They therefore developed and evaluated the performance of a convolutional neural 
network (CNN) algorithm trained to detect stage 1 and stage 2 ROP from fundus images. The images 
were taken in the NICU using the RetCam Imaging System and were rated and classified by 3 
experienced ophthalmologists based on ROP severity: no ROP, stage 1, and stage 2 according to 
standard definitions. A set of 1975 images was used to evaluate and classify the severity of early-stage 
ROP in the model after appropriate image augmentation had been performed to improve the fit and 
generalizability of the model. The model split these images into 90% for training and 10% for validation, 
yielding an accuracy of 9.93% during training and 98.74% during validation. Out of 244 test images, the 
developed CNN algorithm produced a sensitivity of 96.14 and a specificity of 95.95% when predicting no 
ROP versus ROP. For stage 1 ROP vs no ROP and stage 2 ROP, sensitivity was 91.82 and specificity 
was 94.50%. For stage 2 ROP vs no ROP and stage 1 ROP sensitivity was 89.81 and specificity 98.99%. 
It misclassified only 15 (6.15%) of the fundus images out of the 244 test images, which the authors 
explained were likely due to limitations in field of view and suboptimal image quality (optical artifact, light 
exposure, etc). This study demonstrated that classifying ROP stages with the proposed CNN model is 
feasible. However, this model did not evaluate ROP zone nor plus disease, 2 key components of the 
overall ROP grading system and identifying treatment-warranted ROP. AI is likely to be an important 
feature in ophthalmology research and practice in the future, but more work needs to be done to make 
this a reality. 
 
Optimised retinopathy of prematurity screening guideline in China based on a 5-year cohort study 
Qian Yang, Xiaohong Zhou, Yingqin Ni, Haidong Shan, Wenjing Shi, Xuelei Yin, Jiangqin Liu, Xin Huang 
Br J Ophthalmol. 2021 Jun;105(6):819-823. 
The authors believe that the current ROP screening guidelines in China of gestational age (GA) < 32 
weeks or birth weight (BW) < 2000g or infants who have an unstable clinical course, while highly 
sensitive, may result in excessive examinations. The schedule for the timing of the initial 
eye examinations is postnatal age of 4–6 weeks or postmenstrual age 31–32 weeks. They therefore 
sought to reevaluate the schedule of first ye exams as well as the screening upper limits of GA and BW in 
their population. This study was a multicenter retrospective cohort study across 4 different NICUs in 
Shanghai, China of infants born between January 2012 and December 2016. A total of 5713 infants met 
the screening criteria, and after accounting for exclusions including death or lost to followup, the final 
population was 5606 infants with a mean GA 31.89±2.62 weeks and mean BW 1614±406 g. Of this 
cohort,15.9% had ROP, and 1.1% subsequently received treatment. The incidence of ROP correlated 
inversely with GA and BW. More than 55% of those infants with BW <1000 g and GA <28 weeks (57.7%) 
had ROP, while the incidence of ROP gradually reduced, even to zero, as GA and BW increased. The 
authors calculate that based on the current screening guidelines of GA and BW alone, the current 
guidelines  correctly predicted 874 of 892 infants with ROP (sensitivity 97.98%) and all 63 infants with 
type 1 ROP requiring treatment, while 14.3% avoided examinations. In contrast, if a more conservative 
model of GA < 32 weeks or BS <1600g were applied to the current cohort, 62 of the 63 infants with type 1 
ROP would have been diagnosed (sensitivity, 98.41%; the infant missed had severe systemic diseases 
and had received oxygen therapy for 34 days), and the number of infants requiring examinations would 
have been reduced by 43.2%. The authors note that the existing screening criteria was developed without 
any epidemiologic research to support the guidelines and that China’s large population creates an 
excessive workload for pediatric ophthalmologists under the current guidelines. While infants with ROP in 
their cohort were more mature than those from high-income countries and regions such as USA, Canada 
and Hong Kong, the proposed evidence-based model is highly sensitive and would spare over 40% of the 
currently screened infants from examinations. They argue that the 1 infant with type 1 ROP whom the 
model did not identify had multiple other systemic diseases and NICU problems that would have identified 
the infant as an outlier case needing screening based on comorbidities. One limitation is that Shanghai is 
one of the most developed cities in China and therefore the results of the current study may not be 
generalizable to other regions or countries. However, if validated, an updated screening criteria could 
contribute to the improvement of management and screening of ROP in China and other regions which 
would benefits both clinicians performing examinations and infants receiving them.
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Retinopathy of Prematurity: Advances in the Screening and Treatment of Retinopathy of Prematurity 
Using a Single Center Approach.  
Berrocal AM, Fan KC, Al-Khersan H, Negron CI, Murray T.  
American Journal of Ophthalmology. 2021 Jul 20. 
The demographics of children developing retinopathy of prematurity (ROP) and requiring treatment for 
this condition have changed with time as neonatal care has changed. This is a large retrospective review 
of all patients screened for ROP at a single center from 1990-2019 to evaluate time-related changes. This 
study included over 25,000 examinations of over 7,000 infants. This paper provides a comprehensive 
review of evolving screening guidelines, neonatal care, and ROP treatments available over that time 
period. In their cohort, they found that mean birth weight of screened infants increased each decade and 
mean birthweight of infants developing ROP decreased each decade. The incidence of plus disease rose 
from the 1990s to the 2000s but has since stabilized though there was a significant increase over time in 
the incidence of micro-preemies among those with plus disease. Understanding changes in the 
demographics of babies that require treatment for ROP may help develop future screening and treatment 
strategies. 
 
 
Effects of Early Treatment of Retinopathy of Prematurity at a Tertiary Care Hospital in Saudi Arabia: A 
Retrospective Study.  
Danish E, Hadrawi M, Tayyib A, Babgi R.  
J Pediatr Ophthalmol Strabismus. 2021;58(4):240-245.  
Published July 1, 2021 
THis retrospective cross-sectional study of 614 eyes of 307 high-risk neonates with ≤ 32wk gestation, ≤ 
1500g birth weight sought to estimate the prevalence of ROP and illuminate the benefits of early treatment 
in type 2 ROP and ROP milder than type 1 with pre-plus disease.  Treatment was initiated for neonates 
with low-risk type 2 ROP and ROP milder than type 1 with pre-plus disease, whenever retinopathy was 
evident for 3 clock hours with or without vitreous hemorrhage. Post-treatment progression was recorded. 
The authors reported a 33.71%         prevalence of ROP equaling 207 eyes; 47.34% had mild retinopathy 
that did not require treatment, and 52.66% received laser treatment, including the early treated group. Of 
the 207 eyes with ROP, 46.86% had low-risk type 2 ROP disease and ROP milder than type 1 with pre-
plus disease, and underwent photocoagulation therapy. After treatment, 15.38% and 10.71% eyes were 
stable, 84.62% and 88.10% eyes had regressed retinopathy, and 0% and 1.19% progressed in both groups, 
respectively. The authors concluded that early treatment of type 2 ROP and ROP milder than type 1 with 
pre-plus disease in certain cases significantly decreased the rate of progression to more advanced stages 
and resulted in good clinical outcomes. While this is an important study that reaffirms current practice, it is 
limited in its retrospective design. 
 
Foveal thickness, foveal microvasculature, and refractive error in children with asymmetric involvement of 
retinopathy of prematurity.  
Celik G, Gunay M, Vural A, Kizilay O.  
Eur J Ophthalmol. 2021;31(2):759-765. 
Published March, 20211 
The authors describe the utility of OCTA in the evaluation of retinal vascularity in premature infants, noting, 
specifically, smaller FAZ and increased densities of superficial capillary plexus (SCP) and deep capillary 
plexus (DCP) compared to term infants. This prospective cohort study recruited kids who underwent 
unilateral laser treatment for prethreshold ROP and investigated macular vascular structures with OCTA 
between the treated and fellow eyes, as well as foveal thickness and refractive error. They reported 17 
children (34 eyes) with a history of asymmetric course of acute Zone II ROP that received treatment in the 
more advanced eye. They found that treated eyes were more myopic than non-treated eyes (mean, -0.09 
± 1.86 diopters vs mean, 0.07 ± 0.98 diopters, p = 0.026). Compared to non-treated eyes, treated eyes had 
shallower anterior chamber depth (mean, 3.27 ± 0.24 mm vs mean, 3.55 ± 0.19 mm, p = 0.02). No significant 
difference was observed regarding OCTA parameters between two eyes of the children. The mean central 
foveal thickness was higher in treated eyes than in non-treated eyes (297.46 ± 22.03 vs 275.55 ± 18.45, p 
= 0.009). Higher number of laser spots were associated with decreased parafoveal superficial capillary 
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plexus vessel density (r = -0.56, p = 0.02) and increased central foveal thickness (r = 0.62, p = 0.008). The 
authors concluded that there was no difference in OCTA parameters between laser-treated and non-treated 
eyes with asymmetric Zone II ROP, except for higher central foveal thickness in laser-treated eyes. The 
clinical implication of this study is unclear, but it presents an interesting update on a newer diagnostic 
modality.  
 
Conserved regression patterns of retinopathy of prematurity after intravitreal ranibizumab: A class effect. 
Ji MH, Moshfeghi DM, Shields RA, et al.  
Eur J Ophthalmol. 2021;31(4):2135-2140.  
Published July, 2021 
Intravitreal injection of bevacizumab for ROP requires longer and more extended follow-up after treatment 
due to higher risk of recurrence, and it also demonstrates a regression pattern related to the amount of 
non-perfused retina: Maturity, vascular arrest alone (VAA), vascular arrest with tortuosity (VAT), and 
Reactivation. The authors hypothesize that this regression pattern represents a class effect common to all 
anti-VEGF agents, so they designed this single-center retrospective case series of infants treated with 
0.2mg of intravitreal ranibizumab (IVR) for Type 1 ROP. They collected wide-angle fluorescein 
angiograms at 40, 52, 62, and 72 weeks of postmenstrual age. None of the 24 eyes (from 13 infants) 
reached maturity at an average PMA of 60 weeks. VAA was seen in 7 (29%) of eyes, VAT in 8 (33%) of 
eyes, and reactivation in 9 (37.5%) of eyes. Area of peripheral ischemia was largest in eyes with 
reactivation, followed by those with VAT, then those with VAA. The authors concluded that, indeed, 
intravitreal ranibizumab conformed to the previously described regression patterns following intravitreal 
bevacizumab for ROP indicative of a class effect, and that follow-up IVFA may help in monitoring these 
kids after IVR. Size was the most significant limitation to this study, though the findings help reaffirm 
current understanding of the role of anti-VEGF in the management of Type 1 ROP and the known risk of 
late reactivation. 
 
 
Quantitatively comparing weekly changes in retinal vascular characteristics of eyes eventually treated 
versus not treated for retinopathy of prematurity. 
Hong GJ, Koerner JC, Weinert M, Stinnett SS, Freedman SF, Wallace DK, Riggins JW, Gallaher KJ, 
Prakalapakorn SG 
J AAPOS 2021;25: 25.e1 - 25.e7 
This is a longitudinal prospective study of narrow-field retinal images of infants screened for ROP, prior to 
treatment, if needed. Images were analyzed using a methodology that combines quadrant-level measures 
from several images of the same eye. Retinal vascular characteristics over time were evaluated 
quantitatively using ROPtool analsys of narrow-field images. ROPtool indices and their change per week 
between eyes eventually treated versus not treated for ROP were compared: tortuosity index (TI), dilation 
index (DI), sum of adjusted indices (SAI), and tortuosity-weighted plus (TWP). Analysis was performed on 
three levels: eye (mean value/eye), quadrant (highest quadrant value/eye), and blood vessel (highest 
blood vessel value/eye). Of 832 examinations (99 infants), 745 images (89.5%) had 3-4 quadrants 
analyzable by ROPtool. On the eye level, ROPtool indices differed between eyes eventually treated 
versus not treated at postmenstrual age of 33-35 and 37 weeks for TI, SAI, and TWP, and at PMA of 33-
34 and 37 weeks for DI (P # 0.0014), and change per week differed between eyes eventually treated 
versus not treated only for SAI at PMA of 32 weeks (P \ 0.001). Quantitative analysis of retinal vascular 
characteristics using ROPtool is a useful tool to predict eventual need for treatment for ROP as early as 
32 weeks PMA. ROPtool index values were more useful than change in these indices to predict eyes that 
would eventually need treatment for ROP. The limitations is that the tool may not analyze all images, 10% 
of images in this study. 
 
 
Dome-shaped macula in premature infants visualized by handheld spectral-domain optical coherence 
tomography. 
Legocki AT, Moshiri Y, Zepeda EM, Gillette TB, Shariff A, Grant LE, Ding L, Lee AY, Lee CS, Tarczy-
Hornoch K, Cabrera MT. 
J AAPOS. 2021 Jun;25(3):153. 

https://pubmed.ncbi.nlm.nih.gov/34044111/
https://pubmed.ncbi.nlm.nih.gov/34044111/
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The authors use a prospective, observational cohort study using handheld spectral domain optical 
coherence tomography (SD-OCT) performed during ROP screening to describe dome-shaped macula 
and associated characteristics in this population. OCT has been useful in identifying vitreoretinal 
structures that are not visible using indirect ophthalmoscopy. Dome-shaped macula was originally 
described in association with posterior staphyloma in highly myopic individuals. The prevalence of dome-
shaped macula is not known. Most cases have been described in adults with rare report in children. 
Some studies have described a similar phenomenon called “ridge-shaped” because they were only seen 
in the vertical orientation. Dome-shaped macula was found in at least one eye in 65% of infants screened. 
Dome-shaped macula was associated with lower birth weight, presence of ROP, and presence of pre-
plus or plus. No association was seen with macular edema or other pathology seen on OCT. The 
prevalence of dome-shaped macula is unknown. The authors also question if it may be a stage of normal 
development and not pathologic. Since dome-shaped macula is associated with higher severity of ROP, 
the authors question whether it may be a biomarker prognostic factor for worsening disease similar to 
plus. In this study, no difference in refractive error or visual acuity was found at 9 months of age between 
infants with dome-shaped macula to those where no dome-shaped macula was seen. The authors 
acknowledge the challenge of imaging technique. This study adds to the literature reminding those that 
screen for ROP that OCT may provide additional useful information about pathology in this population. 
 
Anterior segment ischemia after laser for retinopathy of prematurity previously treated with antivascular 
endothelial growth factor. 
Castillejo Becerra CM, Mansukhani SA, Sagaser SD, Mammo DA, Bothun ED, Quiram PA, Mohney BG. 
J AAPOS. 2021 Jun;25(3):155. 
The authors used retrospective review of medical records of infants treated for threshold ROP with laser 
photocoagulation with and without prior anti-VEGF injections in order to assess the risk of anterior 
segment ischemia (ASI). Laser photocoagulation has been the standard therapy for threshold ROP until 
the BEAT-ROP trial in 2011 when intravitreal anti-vascular endothelial growth factor (VEGF) became an 
alternative therapy or adjunct therapy. Previous studies report an incidence of 2.3% following laser 
photocoagulation for ROP. The authors of this study found the incidence of ASI was 7.4% in infants 
initially treated with intravitreal anti-VEGF followed by laser photocoagulation. The incidence in infants 
treated with laser alone was 1.1%. Previous studies have suggested that vulnerability to thermal damage 
of the long posterior ciliary arteries may predispose eyes to ASI after laser. The authors propose that 
intravitreal anti-VEGF may cause choroidal thinning making posterior ciliary arteries again more 
vulnerable to thermal damage. More research is necessary to determine if intravitreal anti-VEFG is an 
independent risk factor for ASI to ensure the best treatment for ROP in at risk infants. 
 
 
Prophylactic laser versus continued surveillance after initial bevacizumab treatment for retinopathy of 
prematurity. 
Hong GJ, Stinnett SS, Freedman SF, Wallace DK, Prakalapakorn SG. 
J AAPOS. 2021 Jun;25(3):177-180.  
The authors used a retrospective observational cohort study to study the effect of prophylactically lasering 
eyes of infants who had received initial intravitreal anti-VEGF therapy on the number and duration of 
outpatient screening examinations. Intravitreal anti-VEGF treatment of Type 1 ROP is recommended for 
type 1 ROP in Zone I and aggressive posterior disease. Guidelines for follow up after intravitreal anti-
VEGF treatment require a prolonged period of reexaminations until 65 weeks postmenstrual age or 
complete retinal vascularization in case recurrence occurs and treatment is necessary. This may create a 
hardship for families once the infants are discharged from the hospital. The authors found that laser prior 
to discharge from the NICU reduced the number and duration of ROP screening examinations compared 
with continued observation with no laser (median of 6 fewer outpatient ROP examinations and finished 
ROP screening examinations 15.6 weeks earlier). Overall 17.5% of infants required retreatment with no 
infants who were treated with laser after initial anti-VEGF treatment requiring additional treatment. No 
laser complications occurred in this study. This study is important in raising the issue of how to handle the 
risk of managing recurrence when families may not be able to handle the burden of prolonged outpatient 
surveillance.  
 
Retinopathy of prematurity screening and risk mitigation during the COVID-19 pandemic.   

https://pubmed.ncbi.nlm.nih.gov/34044115/
https://pubmed.ncbi.nlm.nih.gov/34044115/
https://pubmed.ncbi.nlm.nih.gov/33964453/
https://pubmed.ncbi.nlm.nih.gov/33964453/
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Iason S. Mantagos, MD, PhD, Carolyn Wu, MD, Joseph F. Griffith, MD, Benjamin G. Jastrzembski, MD, 
Efren Gonzalez, MD, Samantha Goldstein, RN, Lori Pearlo, RN, and Deborah K. Vanderveen, MD.  
J AAPOS 2021;25:91.e1-5.  
In this article, the authors describe the measures taken by the ophthalmologists at Boston Children’s 
Hospital to mitigate the risk of SARS-CoV-2 transmission during ROP screening. The infection control 
methods for the hospital included screening all staff for symptoms at the start of each shift with testing for 
anyone with positive symptoms, universal use of ear-loop masks, and enhanced PPE (N95, face shields, 
gowns, and gloves) for care of patients with COVID-19 or those undergoing aerosol-generating 
procedures. There were several Ophthalmology Department specific measures that are detailed in the 
paper. A few notable measures: a separate sterile ROP eye examination kit was used for each patient 
(this had been in place even before the pandemic), only one ophthalmologist would round at only one 
NICU, no fellows or residents on ROP rounds, positioning provided by bedside nurse, indirect 
ophthalmoscope and lenses cleaned between patients, family counseling done virtually, WINROP 
algorithm used to extend length of follow-up and conclude examination early when possible, dilating 
drops given to patients prior to outpatient exams. Data from March 2020 to June 2020 was compared to 
the same 3-month period in 2019. This showed an 18% increase in the total number of infants screened 
as inpatients but a 19% decrease in the actual number of exams. It showed a 46% decrease in the 
number of infants requiring outpatient exams with a 53% decrease in the number of exams. There were 
no cases of ROP progressing to stages 4 or 5 during the period and no incidents of COVID-19 
transmission. The authors lay out a comprehensive strategy to mitigate the risk of SARS-CoV-2 
transmission while continuing to appropriately screen for retinopathy of prematurity.  
  
 
Comparison of two different doses of intravitreal aflibercept in the treatment of retinopathy of prematurity.  
Dilbade Yildiz Ekinci, MD, and Asli Deger Vural, MD.  
J AAPOS 2021;25:93.e1-5.  
The aim of this study was to compare the efficacy of low dose aflibercept with the standard dose to help 
determine the minimum effective dose of this anti-VEGF treatment. This is important to try to minimize 
possible systemic side effects of this treatment. A total of 74 eyes were treated over a 1-year period (32 
eyes received low dose, 42 eyes received standard dose), and they were followed for 6 months post-
injection. There were a few statistically significant differences between the groups: low dose group was 
younger at time of injection, had more zone 1 ROP, and had more rubeosis. There was regression of 
ROP in 100% of the standard dose eyes and 93.8% of the low dose eyes. While this difference was not 
statistically significant, the two eyes that did not respond to the low dose of aflibercept required laser 
treatment, and one of the eyes developed dragging in the macula and fibrovascular traction. The rate of 
regression was longer in the low dose group, and this should be kept in mind if treating with a lower dose 
to not equate a slower response with a nonresponse. The rate of recurrence was higher in both groups 
than in previously reported studies, and there was no statistically significant difference between the 
groups although the authors think this may be due to the small number of eyes in the study. Interestingly, 
retained avascular retina at 6 months was higher in the low dose group than in the standard group. This 
counter-intuitive result was thought to be related to the imbalance of vascularization between the groups 
at baseline. Overall, the authors felt the response to the low dose aflibercept in the short term was 
acceptable; however, they recommend a larger study with longer follow-up to better elucidate any 
difference between the groups.  
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Comparison Between the Deviations After 1 and 24 Hours of Diagnostic Occlusion for Basic and 
Divergence Excess Types of Intermittent Exotropia. 
Mohan K, Sharma SK.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):41-45.  
Published January 1, 2022 
This prospective study sought to compare changes in deviation 1 and 24hrs after diagnostic monocular 
occlusion for basic and divergence excess types of intermittent exotropia. Patients with basic intermittent 
exotropia had statistically significant differences in the mean near and distance deviations before and 
after 1-hour occlusion and before and after 24-hour occlusion, but there was no statistically significant 
difference between the deviations after 1- and 24-hour occlusion. Patients with divergence excess 
intermittent exotropia had statistically significant differences between the mean near deviation before and 
after 1-hour occlusion and before and after 24-hour occlusion, but there was no statistically significant 
difference between the deviation after 1- and 24-hour occlusion. There were no statistically significant 
differences between the mean distance deviations before and after 1-hour occlusion, before and after 24-
hour occlusion, and after 1- and 24-hour occlusion. There was no statistically significant difference in the 
number of patients who had a clinically significant (5 PD or greater) increase in the near and distance 
deviations after 1 hour versus 24 hours of occlusion in patients with basic type intermittent exotropia (P = 
.74 and P = 1.00, respectively) and also in those with divergence excess type exotropia (P = .43 and P = 
1.00, respectively). The authors concluded that diagnostic monocular occlusion for 1 hour is sufficient in 
patients with basic and divergence excess types of intermittent exotropia. This was a simple, but effective 
study at clarifying the proposed distinction between 1 and 24hr diagnostic occlusion.  
 
Comparison of Long-term Stereoacuity Improvement Between Patients With Initial Subnormal Stereopsis 
and Nil Stereopsis in Refractive Accommodative Esotropia  
Mohan K, Sharma SK.  
Pediatr Ophthalmol Strabismus. 2022;1-6.  
Pre-publication. Posted online January 26, 2022. 
The purpose of this retrospective review was to compare the improvement in long-term stereoacuity 
between 79 children (mean age 6.3 ± 1.9 years) with refractive accommodative esotropia (RAET) and 
subnormal stereopsis (31 children) and no stereopsis (48 children) who were followed for mean 11.7 ± 1.8 
years (range: 5 to 21 years). In the current study, 97% of patients in the initial subnormal stereopsis group 
had an improvement in stereoacuity compared to 40% of patients in the nil stereopsis group at a mean 
follow-up of 12 years. 68% of patients in the initial subnormal stereopsis group demonstrated 60 arcsec of 
stereoacuity compared to 19% of patients in the nil stereopsis group. The authors conclude that chances 
of improvement in stereoacuity and recovery of a normal stereoacuity (60 arcsec) are significantly greater 
in patients with initial subnormal stereopsis than in patients with nil stereopsis, and also that the absence 
of stereopsis at initial assessment does not preclude recovery of normal stereopsis on long-term follow-
up. This study was commendable in its duration of follow-up spanning greater than a decade. Its 
conclusions will be useful for counseling families.  
 
Relationship Between the Clinical Factors and Deviation Control in Intermittent Exotropia. 
Gökgöz Özişik G, Gokgoz G, Caglar C, Cakmak HB.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):53-59.  
Published January 1, 2022.  
The purpose of this study was to establish whether clinical factors were correlated with deviation control 
in intermittent exotropia. The authors retrospectively studied 54 patients with intermittent diplopia. They 
found a mild correlation between age with total exotropia control score and age with the control of near 
exotropia control score (r = 0.320, P = .018 and r = 0.339, P = .012, respectively). The angle of deviation 
at near showed a significant moderate correlation between total exotropia control score and near 
exotropia control score (r = 0.523, P < .001 and r = 0.780, P < .001, respectively). The deviation angle at 
distance showed a mild correlation with distance exotropia control score and total exotropia control score 
(r = 0.423, P = .001 and r = 0.288, P = .034, respectively). The angle of deviation at distance showed a 
mild correlation with the angle of deviation at near (r = 0.359, P = .008). The deviation angle at distance 
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was established as an independent factor for predicting total exotropia score (P = .037, P = .015, 
respectively). The authors concluded that a high deviation angle correlates positively with poor deviation 
control and that the distance deviation angle is an independent predictor of total deviation control for the 
first time in the literature. This was an interesting study despite its small size and it warrants recognition 
as such. 
 
Series of cases of acute acquired comitant esotropia in children associated with excessive online classes 
on smartphone during COVID-19 pandemic; digital eye strain among kids (DESK) study-3. Amit Mohan, 
Pradhnya Sen, Deepti Mujumdar, Chintan Shah & Elesh Jain. Children Eye Care Center, Department of 
Pediatric Ophthalmology and Strabismus, Sadguru Netra Chikitsalya and Postgraduate Institute of 
Ophthalmology, Chitrakoot, MP, India  
Strabismus 2021, VOL. 29, NO. 3, 163–167 
Extra time of sitting in front of a digital device is required for e-learning by children during Corona virus 
(COVID-19) pandemic can lead to many ocular problems including digital eye strain (DES). In view of 
increased incidence of DES in children, multiple studies had been conducted in central India to assess 
the eye strain in children due to excessive online classes as a research project named “Digital eye strain 
among kids (DESK) study.” This study DESK-3 aimed to report series of cases of acute acquired comitant 
esotropia (AACE) in children attending online classes during COVID-19 pandemic. Children aged 6–18 
years with recent onset of esotropia of < 1-month duration without any similar history in past presented in 
month of July-August 2020 at a tertiary children eye care hospital were evaluated. Data collection 
included age and gender of child, presence or absence of diplopia, visual acuity, duration of smartphone 
use, duration of online classes, angle of deviation for near and distance and cycloplegic refraction. Total 
eight children of AACE were included in the study. The mean age of children was 12.5 ± 4.2 years. All 
eight were males. The mean duration of smartphone use was 4.6 + 0.7 hours per day. All children were 
attending online classes > 4 hours per day on smartphone of average size 5.5 inches. Five children were 
emmetropic, one myopic, one pseudo myopic and one hyperopic. The angle of deviation for near and 
distance were 48.1 ± 16.4 PD and 49.3 ± 15.9 PD respectively with normal ocular motility. Seven children 
complained of horizontal diplopia in all gazes. Neurological examination and CT scan of brain and orbit 
was normal in all patients. Two months before the lockdown only one case was identified as compared to 
eight during the lockdown. Their conclusion is that prolonged near work during smart phone use for e-
learning might lead to the development of AACE in children. The main drawback in this study is the small 
number of patients and the follow-up duration. They also don’t establish what the patters od patients with 
ET has been in the past in the same tertiary center.  
 
Special features of superior oblique hypofunction due to tendon abnormalities  
Mohammed Aleassa, Alan Le & Joseph L. Demer..  
Strabismus 29:4, 243-251 
While most cases of superior oblique (SO) hypofunction represent contractile weakness due to 
denervation, sometimes the lesion is exclusively in the tendon. This study sought to distinguish the 
pattern of incomitant strabismus caused by deficiency of SO oculorotary force caused by tendon 
abnormalities versus that of neurogenic palsy. Clinical and magnetic resonance imaging (MRI) findings of 
7 cases of unilateral SO tendon interruption or extirpation were compared with 11 cases of age matched 
unilateral SO palsy having intact tendons. We compared angles of misalignment with high-resolution MRI 
in central gaze. Muscle bellies in neurogenic palsy were markedly atrophic with maximal cross sections 
averaging 6.5 ± 2.7 mm2 , in contrast with 13.5 ± 3.0 mm2 contralesionally (P < .0001). In contrast, SO 
muscle bellies ipsilateral to tendon interruption had maximum cross sections averaging 15.1 ± 3.0 mm2 
occurring more posterior than on the contralesional side whose maximum averaged 12.1 ± 2.4 mm2 . 
While cross sections of SO bellies ipsilateral to tendon interruption exhibited normal contractile increase 
in infraduction (P < .0005), there was nevertheless strabismus with incomitance similar to that in SO 
atrophy. Binocular alignment was statistically similar (P > .5) in the two groups for all diagnostic positions, 
including head tilt, except in deorsumversion, where cases with SO tendon abnormalities averaged 20.5 ± 
6.9Δ ipsilateral hypertropia, significantly more than 8.5 ± 6.6Δ in neurogenic SO atrophy (P = .001). The 
average difference in hypertropia Hypertropia averaged 9D greater in deorsumversion than central gaze 
in tendon abnormalities, but 4.1Δ less in SO atrophy (P< .019). In contralesional version, average 
overelevation in adduction was 1.7 (scale of 0–4) in tendon abnormalities, and 2.6 in SO atrophy (P = 
.23), while average under depression in adduction was −2.3 in cases of tendon abnormalities and −1.6 in 
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SO atrophy (P = .82). Repair of the SO tendon in three cases was effective, while alternative procedures 
were performed when repair was infeasible. While both denervation and tendon interruption impair SO 
oculorotary function, interruption causes greater hypertropia in infraversion. Surgical tightening of 
interrupted SO tendons may have particularly gratifying effects. Posterior SO thickening and large 
hypertropia in infraversion suggest SO tendon interruption that may guide a surgical strategy of tendon 
repair. Despite case accumulation over more than two decades using consistent technique, sample size 
of this single institution study was relatively small. Despite case accumulation over more than two 
decades using consistent technique, sample size of this single institution study was relatively small. 
 
Association between esodeviation and primary open-angle glaucoma: the 2010–2011 Korea National 
Health and Nutrition Examination Survey 
Kim JS, Kim YK, Kim YW, Baek SU, Ha A, Lee J, Lee HJ, Kim DW, Jeoung JW, Kim SJ, Park KH. 
Br J Ophthalmol. 2021 Dec;105(12):1672-1677. 
Recently, the hypothesis that traction of the optic nerve sheath can contribute to the development of 
glaucoma has been gaining attention. For example, OCT studies have shown that eyeball adduction 
temporally tilts and displaces the pre-laminar optic nerve head (ONH) and peripapillary tissues. If 
adduction really does play a role in the development of glaucoma, patients with esodeviation might be 
especially vulnerable. The authors sought to evaluate the association between strabismus and POAG in a 
representative Korean population. 11,114 participants aged 20 years or older in the Korea National 
Health and Nutrition Examination Survey (KNHANES) database over a 1 year period were reviewed.  The 
control group included patients who were not classified into the POAG group, including those who had 
types of secondary glaucoma (non-POAG). The overall prevalence of POAG among the included 
participants was estimated to be 3.16%. The overall prevalence of clinically significant esodeviation and 
exodeviation among the participants were estimated to be 0.16% (95% CI 0.05% to 0.27%, 15 subjects) 
and 0.51% (95% CI0.34% to 0.67%, 59 subjects) respectively. The overall prevalence of POAG among 
the subjects with exodeviation ≥15 PD was 3.80% (5 subjects), and that with esodeviation ≥10 was 
12.32% (3 subjects). Subjects with esodeviation had a significantly higher prevalence of POAG for at 
least one eye than those without esodeviation (p=0.016 for esodeviation >10 PD). Presence of 
esodeviation was significantly associated with POAG (OR 8.33, p<0.001), whereas presence of 
exodeviation was not (p=0.990). After adjusting for age and IOP, esodeviation was significantly 
associated with POAG (OR 7.61, p=0.002). This study has several limitations, including the fact that 
KNHANES examinations are survey based and not necessarily the result of detailed evaluations by 
ophthalmologists. Secondly, the number of patients with strabismus was extremely small in the study. 
While an interesting hypothesis, I think more work needs to be done on this topic. 
 
Change in the eye position under general anesthesia in children with intermittent exotropia 
Jung EH, Yang HK, Hwang JM, Sei HN, Kwang GK, Khwarg SI, Yu YS, Kim SJ 
J AAPOS 2021; 25: 5.e1 - 5.e7 
Eye positions in 78 subjects with intermittent exotropia and 25 normal subjects with epiblepharon were 
examined retrospectively under general anesthesia using a 3D strabismus photo analyzer. Pre-
anesthesia and post- anesthesia images were taken twice by two observers. The study found Eye 
position under GA was more divergent in subjects with intermittent exotropia than in controls The amount 
of change in eye position under GA was correlated with the preoperative angle of deviation (r 2 5 0.47; 
P\0.001). In small preoperative exodeviations, the change in eye position was primarily more divergent, 
whereas in large exodeviations, a convergent tendency—less exotropic compared with the preoperative 
angle of exodeviation—was observed. This study limitations are that the angle K is assumed to be 
symmetric, small angle exotropia that does not require surgery was not included in this study, photo 
quality and angle at which it took the photo may also be a confounding factor. 
 
Clinical and imaging features of congenital and acquired isolated inferior rectus muscle hypofunction 
Solanes F, Demer JL 
JAAPOS 2021; 25:11.e1 - 11.e9 
Orbital images of patients with strabismus was retrospectively reviewed for inferior rectus underaction and 
to report the imaging findings. 3 cases of congenital IR underaction (2 with bilateral IR aplasia and 1 
with unilateral IR hypoplasia), 12 acquired cases, including 4 due to denervation (2 
idiopathic, 1 after multiple strabismus surgeries, 1 after head trauma), and 8 cases of 
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direct IR damage (5 with orbital trauma and 3 with previous surgery, including 2 sinus 
surgery and 1 laser blepharoplasty). Of the 23 cases, 11 adults had high-resolution magnetic 
resonance imaging, and 2 children had computed tomography. Imaging identified 
the anatomic diagnosis in congenital cases; in acquired cases, imaging helped to identify 
atrophy and exclude alternative orbital causes; and in direct mechanical damage, imaging 
clarified the mechanism of underaction, extent of IR damaged, and the degree of 
retained contractility. Patients with congenital IR absence or hypoplasia exhibited A 
pattern exotropia that was typically absent in isolated acquired denervation or direct 
IR damage. This study suggests findings on imaging may better assist in deciding on a treatment plan of 
observation or surgical intervention.  
 

Variant types of Duane retraction syndrome: synergistic divergences and convergences 
Shen T, Kang Y, Deng D, Wang Z, Qiu X, Yan J. 
J AAPOS 2021;25: 14.e1 - 14.e6 
This reports on clinical features of 4 cases of variant type duane retraction syndrome. Two cases (cases 
1 and 2) had synergistic divergence with unilateral adduction deficit, and 2 (cases 3 and 
4) had synergistic convergence with bilateral abduction deficit. Case 2 manifested 
abnormal vertical movements of the right eye, which goes down with adduction of 
the left eye and goes up oppositely with abduction of left eye. Accessory fibrotic bands 
were detected beside the medial rectus muscle of both eyes in case 3. Synergistic 
convergence in case 4 occurred only after the first strabismus surgery. Weakening of 
the misinnervated horizontal rectus muscle improved ocular alignment and head position 
in cases 1, 3, and 4. Synergistic divergence and convergence are rare and may present with a great 
diversity of clinical features. A good outcome is difficult to achieve, however, 
weakening of the misinnervated horizontal rectus muscle was therapeutic in these patients. 
 

The presence of anomalous extraocular bands in Duane retraction syndrome 
Sener EC, Yilmaz PT, Saglam A 
J AAPOS 2021;25:16.e1 - 16.e6 
This is a retrospective study of patients diagnosed with Duane syndrome and reporting of anomalous 
extraocular bands that were identified during surgery. A total of 31 patients were included. Anomalous 
bands were found in 6 of 19 (32%) patients with esotropic Duane syndrome and 9 of 12 (75%) with 
exotropic Duane syndrome (P 5 0.02). In esotropic Duane syndrome, the bands were localized under the 
medial rectus muscle in 5 patients and under the lateral rectus muscle in 1 patient. All of the bands in 
patients with exotropic Duane syndrome were under the lateral rectus muscle. The amount of 
preoperative primary deviation, globe retraction, and up- or downshoot were similar between groups. All 
of the bands had distinct tight insertion on the sclera, requiring a sharp dissection for disinsertion. In 7 
cases, the anomalous band was a translucent structure that could be identified under the surgical 
microscope as scleral indentation during forced duction testing. Histological examination of 6 cases 
revealed only fibrous tissue in 4 and accompanying striated muscle tissue in 2 patients. 
 
Torsional incomitance after asymmetrically adjusted Harada-Ito procedures for the simultaneous 
correction of vertical and torsional deviations in bilateral trochlear nerve palsy. 
Jabroun MN, Marsh J, Guyton DL. 
J AAPOS. 2021 Dec;25(6) :338.e1-338.e6.  
Guyton has previously described bilateral adjustable Harada-Ito procedure to correct extorsion from 
bilateral fourth nerve palsy with asymmetric adjustment for correction of a co-existing vertical 
misalignment. The authors conducted a retrospective review of patients who underwent isolated bilateral 
Harada-Ito procedure for bilateral trochlear nerve palsy from 1980 to 2018 in order to evaluate the causes 
of postoperative diplopia. A large degree of preoperative excyclotorsion may predispose to a worse 
surgical outcome. Asymmetric adjustment performed to correct co-existing vertical misalignment may 
result in torsional incomitance. Some sensory adaptation can occur in adults. Difference in vertical 
deviation between down and side gazes was predictive of postoperative diplopia with 100% specificity if 
the measured change in hypertropia was greater than 17.5 prism diopter. The authors also describe 
worse postoperative result in cases of excyclotorsion of the eye movement paths in downgaze of greater 
than or equal to 10 degrees and in cases with increasing esodeviation of 5.5 prism diopters in downgaze 
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versus straight ahead gaze. The authors suggest that in cases of severe and asymmetric bilateral 
superior oblique palsy it is better to correct vertical deviation by vertical muscle surgery instead of 
asymmetric adjustment of Harada-Ito sutures. Limitations of this study include: small sample size, 
retrospective review, possible examiner bias, and wide range of follow-up times. 
 
Association between refractive errors and horizontal strabismus: the Korea National Health and Nutrition 
Examination Survey. 
Lee SH, Jung SJ, Ohn YH, Chang JH. 
J AAPOS. 2021 Dec;25(6):340.e1-340.e7.  
The authors used a population-based survey to investigate the association between refractive error and 
horizontal strabismus. Multivariate logistic regression analysis was used to adjust for potential 
confounding factors. The participants were older than 5 years of age who had participated in the 
population survey. After ocular examination, only participants with horizontal ocular misalignment were 
included in the analysis. Refractive error was measured by autorefractor without cycloplegia. Analysis 
showed an increased odds ratio (OR) for exodeviation with an increasing trend corresponding to 
increased amount of myopia. Esodeviation was significantly correlated with hyperopia. Anisometropia 
was found to be a risk factor for both esodeviation and exodeviation. Astigmatism was significantly 
associated with exodeviation and with a stronger association with larger exodeviation. Although these 
associations are well known, no clear causal process is proven. Limitations of this study included 
noncycloplegic refraction, no near deviation measurement, and ocular deviation was measured with 
glasses on so well controlled accommodative esotropia may have been missed. Selection bias may have 
occurred because of the exclusion of a large number of participants because of missing data. 
 
A prospective study of treatments for adult-onset divergence insufficiency–type esotropia;  
Crouch ER, Dean TW, et al and PEDIG 
JAAPOS 2021; 25: 203.e1-203.e11 
This is a prospective observational study of outcomes of 110 adults with divergence insufficiency (DI)-
type esotropia who were treated with base-out prisms, divergence exercises/therapy and/or strabismus 
surgery. Adults 18 and older diagnosed with distance esodeviation 2 to 30∆ and at least 25% larger than 
at near. Follow up occurred at 10 weeks and 12 months following initiation of new treatment. Primary 
outcome measured was rarely or never experiencing diplopia on the diplopia questionnaire. Secondary 
outcome measured was diplopia status when reading. 3% were prescribed divergence exercises, 29% 
were prescribed base-out prism, and 68% were prescribed surgery. 1 participant was included in both 
prisma and surgery cohorot. Due to few participants receiving exercise therapy this was not included in 
results. For participants treated with prisms had 73% success at 10 weeks and 62% at 12 months. For 
participants who underwent strabismus surgery success was met in 93% at 10 weeks and 79% at 12 
months. The success rates between prism and surgery cohorts were not compared. Some limitation of 
the study was that an observational untreated control group was not included in this study, treatment 
assignment was at investigator discretion. None of the prism cohort received prior treatment, whereas 
82% of surgical cohort received prior prism treatment. 
Superior oblique tendon thinning as a surgical treatment for Brown syndrome 
Galán A, Roselló N.  
JAAPOS 2021; 25: 205.e1-205.e7 
This is a retrospective review of medical records of patients at a single institution diagnosed with 
congenital Brown syndrome and underwent superior oblique thinning. A total of 21 eyes of 20 patients 
with mean age of 5.8 were included. 16 patients were orthotropic in primary position, 4 were hypotropic in 
primary position. Postoperatively all patients were orthotropic in primary improved from -2.4 to -0.6. the 
fundus retinography showed >1o change in ocular torstion after surgery in 3 of 6 patients. Superior 
oblique underaction and hypertropia did not occur. There were no patients with relapse post-operatively 9 
months after surgery and 1 patient improved after 4 years. This study is limited by the retrospective 
nature and lack of control group.  
 
The rate of superior oblique surgery in children and adolescents with Brown syndrome according to 
claims data 
Heo H, Lambert SR. 
JAAPOS 2021; 25: 207.e1-207.e5 
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This was a population-based retrospective cohort study using Optum deidentified Clinformatics data mart 
database (2004-2018) for patients 18 and older diagnosed with Brown syndrome who underwent superior 
oblique surgery to determine the rate of superior oblique surgery and how often it is combined with other 
extraocular muscle surgeries. Of 1007 patients diagnosed, 115 underwent superior oblique surgery as 
their initial surgery. Combined and subsequent strabismus was also investigated. The rate of superior 
oblique surgery with Brown syndrome was 11.4%. 39% underwent combined surgery with one or more 
extraocular muscle. 26% underwent subsequent strabismus surgeries after superior oblique surgery. 90% 
of patients underwent surgery when < 8 years of age. The limitations of the study includes the inability to 
distinguish between congenital and acquired Brown syndrome. Miscoding may also be a possibility. Also 
some cases may have been a reoperation. 
 
Double-under muscle transposition: an effective surgical option for large-angle paralytic strabismus 
Furuse T, Morisawa S, et al.  
JAAPOS 2021; 25: 209.e1-209.e6 
Surgical outcomes of a muscle transposition procedure for paralytic strabismus were described 
retrospectively. 7 patients were included with diagnosis of WEBINO, ruptured medial rectus, and 
abducens nerve palsy. 3 patients underwent double-under muscle transposition (DUT) and 4 patients had 
combined DUT with antagonist muscle recession. Mean follow up was 17 months. Duction limitation 
improved in all patients. One patient experienced a postoperative vertical deviation. The study is limited 
by lack of controls and comparing results of comparing effects of different procedures.  
 
Comparison of the swept-source anterior segment optical coherence tomography and wide-field 
ultrasound biomicroscopy for imaging previously operated horizontal extraocular muscles 
Kaur S, Sukhija J, et al. 
JAAPOS 2021; 25: 212.e1-212.e6 
This is a prospective comparative study looking at accuracy of extraocular muscle insertion distance 
measurement from the limbus with swept-source anterior segment optical coherence tomography (AS-
OCT) compared with wide-field ultrasound biomicroscopy (UBM). 6 patients were recruited, 13 previously 
operated muscles were imaged. The mean difference between AS-OCT and caliper measurements was 
0.45 and between UBM and caliper measurements was 0.62. The AS-OCT identified the muscle insertion 
distance more accurately than UBM. The limitation of the study is the small cohort. AS-OCT may be a 
useful tool to help pre-plan surgery for previously operated eyes. 
 
Teprotumumab: Interpreting the clinical trials in the context of thyroid eye disease pathogenesis and 
current therapies. 
Winn BJ, Kersten RC. Ophthalmology 2021;128:1627-1651.  
Teprotumumab, a monoclonal antibody targeted against the insulin-like growth factor 1 (IGF-1) receptor, 
was recently approved by the United States Food and Drug Administration for the treatment of thyroid eye 
disease (TED). Phase 1 studies of teprotumumab for the treatment of malignancies demonstrated an 
acceptable safety profile but limited effectiveness. Basic research implicating the IGF-1 receptor on the 
CD-34þ orbital fibrocyte in the pathogenesis of TED renewed interest in the drug. Two multicenter, 
randomized, double-masked, clinical trials (phase 2 and 3) evaluated the efficacy of 8 infusions of 
teprotumumab every 3 weeks versus placebo in 170 patients with recent-onset active TED, as defined by 
a clinical activity score (CAS) of at least 4. Teprotumumab was superior to placebo for the primary 
efficacy end points in both studies: overall responder rate as defined by a reduction of 2 or more CAS 
points and a reduction of 2 mm or more in proptosis (69% vs. 20%; P < 0.001; phase 2 study) and 
proptosis responder rate as defined by a reduction of 2 mm or more in proptosis (83% vs. 10%; P < 
0.001; phase 3 study). In both studies, treatment with teprotumumab compared with placebo achieved a 
significant mean reduction of proptosis and CAS. Teprotumumab also resulted in a greater proportion of 
patients with a final CAS of 0 or 1, higher diplopia responder rate, and a larger improvement in the 
Graves’ Ophthalmopathy Quality of Life overall score. More than half of patients who were primary end 
point responders maintained this response at 51 weeks after the last dose of therapy. The most common 
adverse events reported with teprotumumab included muscle spasms (25%), nausea (17%), alopecia 
(13%), diarrhea (13%), fatigue (10%), hearing impairment (10%), and hyperglycemia (8%). 
Teprotumumab is contraindicated for those with inflammatory bowel disease and who are pregnant. 
Although the current dosing regimen has proven effective for TED, dose-ranging studies including 
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variable concentrations, infusion frequencies, and durations of teprotumumab therapy in the setting of 
TED have not been performed.  
 
Eccentric Gaze as a Possible Cause of “Zoom Fatigue” 
J Binocul Vis Ocul Motil.  Oct-Dec 2021;71(4):175-180. 
Burton J Kushner  
With the increased use of teleconferencing platforms such as Zoom, the perception of lack of eye contact 
has been conjectured to add to “Zoom fatigue.”  This study involved seven graders evaluating whether 
they perceived the subject was making direct eye contact in various screen capture images (total of 46) of 
the subject looking at various positions eccentric to the camera (ranging from 0.9 to 19 degrees off center 
from the camera).  There were 4 subjects utilized in this study.  This study found that observers were 
quite sensitive to eccentricity of eye contact (67% able to detect eccentricity of a little as 0.9 degrees).  
Not surprisingly, the amount of eccentricity in all the various positions eccentric to the camera was far less 
than the amount of eccentricity when the subject was looking at the center of the screen where the 
speaker was displayed.  In order to lessen the potential disaffection people have with teleconferencing, 
one might consider sitting further away from the camera to minimize the eccentricity of gaze when 
watching the speaker in the center of the screen. 
 
Home- and Office-Based Vergence and Accommodative Therapies for Treatment of Convergence 
Insufficiency in Children and Young Adults: A Report by the American Academy of Ophthalmology 
Melinda Y. Chang, David G. Morrison, Gil Binenbaum, Gena Heidary, Rupal H. Trivedi, Jennifer A. 
Galvin, Stacy L. Pineles 
Ophthalmology; 2021 Dec;128(12):1756-65 
This study reports the results of a literature review on the effectiveness of vision therapy, either office- or 
home-based, for convergence insufficiency in children and young adults (<35 years old). The overall 
evidence was quite good, with 8 level 1 studies included. Among those studies, a consistent treatment 
effect was observed, with improved objective and subjective parameters, but the results were inconsistent 
when comparing the relative efficacy of office- versus home-based treatments. This inconsistency may 
have resulted from the wide variety of interventions employed under the umbrella term “vision therapy”. In 
addition, a substantial percentage of subjects remained symptomatic after treatment, suggesting a 
proportion of the population that may not respond to vision therapy. The results do support a role for 
vision therapy for convergence insufficiency, but further research is required to determine the type and 
intensity of vision therapy that might be most effective as well as the most cost effective. 
 
 
Botulinum Toxin Injection for the Treatment of Strabismus: A Report by the American Academy of 
Ophthalmology 
Gil Binenbaum, Melinda Y. Chang, Gena Heidary, David G. Morrison, Rupal H. Trivedi, Jennifer A. 
Galvin, Stacy L. Pineles 
Ophthalmology; 2021 Dec;128(12):1766-76 
This study reports the results of a literature review on the relative effectiveness of botulinum injection 
versus muscle surgery to treat strabismus. Fourteen studies were identified, but the level of evidence was 
not strong, with only two randomized clinical trials and no level 1 evidence included in the analysis. The 
overall results are comparatively similar between botulinum injection and surgery, with similar rates of 
successful alignment but a consistent, slightly higher rate of binocular function after surgery, which the 
authors attribute to the faster postoperative alignment stability. The success rate after a single injection 
was higher for smaller angles of strabismus (< 30 prism diopters), with more repeat injections required for 
larger angles. Finally, the cost of a single set of injections was calculated as only about 1/3 as much as 
the cost strabismus surgery, suggesting that botulinum toxin injections may be more cost effective in 
some settings. The overall conclusions are not strong, since the evidence is not strongly in favor of either 
procedure. 
 
Increasing incidence and risk factors for divergence insufficiency esotropia. 
Xinyi Chen, BS, Justin D. Marsh, MD, Sidra Zafar, MBBS, Elizabeth E. Gerber, MD, PhD, and David L. 
Guyton, MD. 
JAAPOS 2021;25:278.e1-6. 
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Primary divergence insufficiency (DI) esotropia is a gradually progressive esotropia that is worse at 
distance than near. The purpose of this study was to document the increasing incidence of this entity and 
to identify risk factors. A total of 646 patients with acquired esotropia were included in the study. In the 
cohort from 1978-1988, 11.8% had DI; however, in the cohort from 1999-2018, 29.4% had DI (p<0.001). 
DI was found to be more common amongst patients wearing PALs and amongst older patients. This 
study shows a clear increase in the incidence of DI from 1978 to 2019. A proposed etiology is as follows: 
Near work without sufficient spectacle lens power for comfortable near focusing leads to chronic 
activation of the near triad, which can cause unwanted increase in convergence tonus. Over time, this 
convergence leads to shortening of the medial rectus muscles and lengthening of the lateral rectus 
muscles leading to the characteristic pattern of DI. PALs are thought to contribute to this as it can be 
difficult to use the full add power in these lenses. This article highlights the possible role of PALs in 
inadequate optical treatment of presbyopia and its possible role in DI esotropia. It may encourage 
ophthalmologists to consider lined bifocal/trifocal glasses or separate single vision reading glasses for 
their patients. 
 
 
Diplopic versus nondiplopic strabismus: effects on functional vision and eye-related quality of life in 
adolescents. 
Sarah R. Hatt, DBO, David A. Leske, MS, Suzanne M. Wernimont, CCRP, Erick D. Bothun, MD, Eileen E. 
Birch, PhD, and Jonathan M. Holmes, BM, BCh. 
JAAPOS 2021;25:297-300. 
This study used the Pediatric Eye Questionnaire (PedEyeQ) to evaluate eye related quality of life (ER-
QOL) and functional vision in adolescents with diplopic strabismus compared to adolescents with 
nondiplopic strabismus. Twenty adolescents with diplopic strabismus were matched to twenty 
adolescents with nondiplopic strabismus. Diplopic adolescents had significantly lower Child PedEyeQ 
scores on Functional Vision, Bothered by Eyes/Vision, and Frustration/Worry. There was no difference on 
the Child Social domain or between the Parent PedEyeQ scores. This study highlights the significant 
impact of diplopia on quality of life. The authors stress the importance of characterizing diplopia in 
adolescent patients with strabismus to guide management. They also emphasize that this information 
should come from the patient's personal report as the difference seen between the cohorts was not 
paralleled by proxy report.  
 
 
Stereopsis in children with intermittent exotropia and dissociated vertical deviation. 
Lindsay D. Klaehn, OC(C), CO, Andrea M. Kramer, CO, David O. Hodge, MS, and Brian G. Mohney, MD 
JAAPOS 2021;25:300-302. 
Dissociated vertical deviation (DVD) is most seen with early-onset strabismus and subnormal stereopsis. 
It is thought to result from early disruption of normal binocular interactions. Because of this, it is 
uncommonly seen with intermittent exotropia. This paper described the clinical features observed in 
children with intermittent exotropia and DVD. A total of 242 children with intermittent exotropia were 
included in the study. Twenty-five of the patients (10.3%) were noted to have DVD. Of those patients, 
thirteen (52%) demonstrated normal stereopsis. Although not statistically significant, older age at onset 
and better distance control score were more common in children with normal stereopsis. Although there 
are several limitations to this study, including its retrospective nature and small sample size, the findings 
suggest that DVD is not synonymous with monofixation status and poor stereopsis. 
Reach Kinematics During Binocular Viewing in 7- to 12-Year-Old Children With Strabismus 
Krista R. Kelly, Jeffrey Hunter, Jr; Dorsa Mir Norouzi, et. al. 
Invest Ophthalmol Vis Sci. Dec 2021;62, 21 
This small study looked at children with esotropia and normal controls and compared their kinematics 
when reaching for objects. Children that are seven years of age start to use visual feedback to adjust the 
trajectory of their reaching movements. As could be expected, strabismic children had a longer reach 
duration than their age matched controls and a slight decrease in accuracy of their reach. Reaction time 
and acceleration of the reach was noted to be similar between the two groups. While this is a small study, 
it shows another every day act that is more difficult in strabismic patients than those without strabismus. 
 
 

https://iovs.arvojournals.org/solr/searchresults.aspx?author=Jeffrey+Hunter
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Dorsa+Mir+Norouzi
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Quantitative Analysis of Translatory Movements in Patients With Horizontal Strabismus 
Yeji Moon, Won June Lee, Seung Hak Shin, et. al. 
Invest Ophthalmol Vis Sci. Jan 2021;62, 6 
This study used high-resolution, T2-weighted orbital MRIs to track gaze positioning in lateral gaze 
movements in patients with horizontal strabismus. The MRIs were reconstructed into 3D images to 
determine gaze positions. The study compared subjects with esotropia and exotropia. When moving 
contralateral to position of strabismus (exotropic patients moving to adduction and esotropic patients 
moving into abduction), the centroid moved more posteriorly than when those eyes moved into their 
strabismic positions. In the normative group, the centroid was equidistant when moving into abduction 
and adduction. This study showed that in subjects with horizontal position there is more than just a 
horizontal change in position, but also posterior movement which can possibly have an effect on retinal 
correspondence. An interesting follow up study may be doing the same imaging on these patients before 
and after surgery to see if surgical correction fixes this posterior movement.  
 
Stähr K, Eckstein A, Buschmeier M, Hussain T, Daser A, Oeverhaus M, Lang S, Mattheis S. Risk Factors 
for New Onset Diplopia After Graduated Orbital Decompression. Ophthalmic Plast Reconstr Surg. 2021 
Nov-Dec 01;37(6):564-570. PMID: 33587422. 
 
New onset diplopia is a risk associated with orbital decompression in patients with thyroid eye disease.  
Modifications to orbital decompression technique such as leaving a periorbital sling or the inferomedial 
strut can reduce the onset of new onset diplopia in patients but reduce the amount of decrease in 
proptosis.  Known risk factors for new onset diplopia include pre-existing diplopia, pre-existing muscle 
restriction, and enlargement and fibrosis of the extraocular muscle. The authors purpose is to verify other 
risk factors such as amount of proptosis reduction, EOM enlargement or motility restrictions. This was a 
retrospective review at a single center between 2012-2019. 327 patients met the study requirements. 
38.5% of patients did not have diplopia preoperative. Patients were divided into 3 groups for analysis: no 
new onset diplopia, new intermittent diplopia or diplopia in extreme gaze, and permanent new onset 
diplopia in primary position. There was a significant difference for the diameter of the MR with new onset 
diplopia postoperatively (larger MR diameter). Patients without preoperative diplopia and motility 
restriction had a significant increase postoperatively.  There was a significant difference of new onset 
diplopia with larger reduction of ptosis. These are important in counselling patients of expectations with 
decompression surgery in regards to their diplopia. 
 
 

 
Childhood Onset Strabismus: A Neurotrophic Factor Hypothesis. 
Jolene C. Rudell, Jérome Fleuriet, Michael J. Mustari & Linda K. McLoon  
Journal of Binocular Vision and Ocular Motility, Volume 71, Issue 2(2021) 
Pages: 35-40 Published online: 19 Apr 2021 
Strabismus is a genetically heterogeneous disorder with complex molecular and neurophysiological 
causes. Evidence in the literature suggests a strong role for motor innervation in the etiology of 
strabismus, which connects central neural processes to the peripheral extraocular muscles. Current 
treatments of strabismus through surgery show that an inherent sensorimotor plasticity in the ocular motor 
system decreases the effectiveness of treatment, often driving eye alignment back toward its misaligned 
pre-surgical state by altering extraocular muscle tonus. There is recent interest in capitalizing on existing 
biological processes in extraocular muscles to overcome these compensatory mechanisms. 
Neurotrophins are trophic factors that regulate survival and development in neurons and muscle, 
including extraocular muscles. Local administration of neurotrophins to extraocular muscles partially 
reversed strabismus in an animal model of strabismus. The hypothesis is that sustained release of 
neurotrophins gives more time for the ocular motor system to adapt to a slow change in alignment in the 
desired direction. The effect of neurotrophins on extraocular muscles is complex, as different neurotrophic 
factors have diverse effects on extraocular muscle contraction profiles, patterns of innervation, and 
density of extraocular muscle precursor cells. Neurotrophic factors show promise as a therapeutic option 
for strabismus, which may help to improve treatment outcomes and offset devastating amblyopia and 
psychosocial effects of disease in strabismus patients. 

https://iovs.arvojournals.org/solr/searchresults.aspx?author=Yeji+Moon
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Won+June+Lee
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Seung+Hak+Shin
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Visual preservation in congenital orbital fibrosis.  
Dermarkarian CR, Shah V, Allen RC. 
Can J Ophthalmol. 2021;56(1):37-42. 
This a retrospective case series of four infants with a congenital orbital fibrosis (COF). Only 40 cases 
have been reported in the literature. COF is a non-progressive, unilateral variable fibrosis of the orbit 
resulting in lid malposition, restrictive strabismus, and globe displacement. It can involve all the 
extraocular muscles but has a preference for the medial rectus. It was thought to present with 
enophthalmos due to tethering effects of the fibrotic tissue; however, the authors found exophthalmos in 
two infants.  A biopsy is unnecessary for diagnosis but should be considered only with high suspicion in 
cases with equivocal neuroimaging or when optic nerve sheath fenestration is being considered.  These 
cases demonstrate that patients are likely to have optic nerve involvement, either optic nerve atrophy or 
swelling; one patient required ONSF to treat optic nerve swelling and progressive vision loss.  The 
authors reinforce the importance of amblyopia management.  This case series describes a therapeutic 
alternative in the management of optic nerve edema in children with COF.   
 
Risk Factors for New Onset Diplopia After Graduated Orbital Decompression. 
Stähr K, Eckstein A, Buschmeier M, Hussain T, Daser A, Oeverhaus M, Lang S, Mattheis S. 
Ophthalmic Plast Reconstr Surg. 2021 Feb 11. PMID: 33587422 
New onset diplopia is a risk associated with orbital decompression in patients with thyroid eye disease.  
Modifications to orbital decompression technique such as leaving a periorbital sling or the inferomedial 
strut can reduce the onset of new onset diplopia in patients but reduce the amount of decrease in 
proptosis.  Known risk factors for new onset diplopia include pre-existing diplopia, pre-existing muscle 
restriction, and enlargement and fibrosis of the extraocular muscle. The authors purpose is to verify other 
risk factors such as amount of proptosis reduction, EOM enlargement or motility restrictions. This was a 
retrospective review at a single center between 2012-2019. 327 patients met the study requirements. 
38.5% of patients did not have diplopia preoperative. Patients were divided into 3 groups for analysis: no 
new onset diplopia, new intermittent diplopia or diplopia in extreme gaze, and permanent new onset 
diplopia in primary position. There was a significant difference for the diameter of the MR with new onset 
diplopia postoperatively (larger MR diameter). Patients without preoperative diplopia and motility 
restriction had a significant increase postoperatively.  There was a significant difference of new onset 
diplopia with larger reduction of ptosis. These are important in counselling patients of expectations with 
decompression surgery in regards to their diplopia. 
 
Changes in Field of Binocular Single Vision and Ocular Deviation Angle After Balanced 
Orbital Decompression in Thyroid Eye Disease. 
Vaidya A, Kakizaki H, Takahashi Y. 
Ophthalmic Plast Reconstr Surg. 2021 Mar-Apr 01;37(2):154-160. PMID: 32427735 
Risk of orbital decompression in TED includes postoperative diplopia. This is particularly seen with 
removal of the inferomedial strut.  Balanced orbital decompression (medial plus deep lateral wall 
decompression) has gained popularity since it provides a large amount of proptosis reduction and 
decreases the. Risk of EOM imbalance.  However, there is still the risk of the MR moving into the ethmoid 
sinus cavity and causing restriction and strabismus. The authors sought to evaluate factors for the 
change in diplopia after this method of decompression evaluating the field of binocular single vision and 
angle of deviation in the direction of the medial rectus muscle.  This was a retrospective study of 41 
patients where deviation was measured via a Hess chart pre and post operatively.  The authors found 
that the large cross sectional area of the MR , preoperative area of binocular single vision, and 
preoperative angle of deviation in the action of the MR were significant predictors in the postoperative 
reduction in area of binocular single vision. This is helpful for oculoplastic surgeons to discuss risks and 
changes in diplopia for patients after using this technique of orbital decompression. 
 
 
Early Experience With1 the Clinical Use of Teprotumumab in a Heterogenous Thyroid Eye Disease 
Population. 
Diniz SB, Cohen LM, Roelofs KA, Rootman DB. 
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Ophthalmic Plast Reconstr Surg. 2021 Mar 8..PMID: 33710036 
This study is evaluating the use of teprotumumab amongst a heterogenous group of thyroid patients 
which include patients who have active, stable, and reactivated disease.  This also includes patients with 
mild, moderate and severe thyroid eye disease.  This was a cross-sectional cohort study of 21 patients.  
Overall, this showed improvement of proptosis, extraocular motility and CAS score.  Extraocular motility 
improvements were seen specifically with horizontal and vertical muscle restriction.  There was not a 
statistical difference with strabismus measurements. There was an improvement in all grades and stages 
of TED.  Limitations included a smaller sample size.  This is important as it shows improvement of EOM 
restriction but not with overall strabismus deviation. 
 
 
Measurement of ductions and fields of binocular single vision (BSV): orthoptic practice in the UK and 
Ireland.  
Catherine Jukes, A. Bjerre, C. Codina   and H. Griffiths. Orthoptic Department, Blackpool Teaching 
Hospital, Blackpool; Division of Ophthalmology and Orthoptics, University of Sheffield, Sheffield. 
Strabismus 2021, VOL. 29, NO. 2, 95–101. 
The purpose of this article is to evaluate the current clinical practice of quantifying ductions and fields of 
BSV in the UK and Ireland. An anonymous online questionnaire with twenty–one questions was 
distributed in February 2019 via the British and Irish Orthoptic Society (BIOS) members’ newsletter. 
Objectives were to investigate: methods used, frequency of assessment, limiting factors and opinions of 
importance. The data was analyzed using descriptive statistics and Wilcoxon Signed Ranks Testing. The 
questionnaire was completed by 105 orthoptists. The methods reported to quantify ductions and fields of 
BSV respectively were: Goldmann (33% and 34%), Aimark (22 and 23%), Lister (7%), Octopus (5 and 
4%), Thomson ocular motility analyzer (2 and 3%), Binocular vision analyzer (2%) and no method 
reported (30% and 32%). The frequency of measuring ductions and fields of BSV per week (median 1–2) 
was significantly less than the number of patients seen with limited ocular motility per week (median 6–9). 
The main reasons for never or rarely measuring ductions or fields of BSV were not enough time, no 
method available. Most agreed that measurements of ductions and fields of BSV are important (89 and 
95% respectively). One of the biggest limitations in this study is that the poll size was very small. Out od 
the 1290 orthoptists in the UK and Ireland, only 105 responded, Also, it would be nice to know the 
responses to the questions that were more open-ended like what situations in particular would you find 
the measurement of BSV objectively most useful, example orbital fractures or multiple sclerosis, where 
quantification objectively may have an impact on treatment or monitoring response to therapy. Objectively 
trying to measure a BSV in a busy clinic on every single patient with an ocular motility issue may not be 
an efficient use of time or resources.  
 
Reverse exercises in a case of intractable diplopia.  
Adam Budd.  
Orthoptic Department, Stockport NHS Foundation Trust, Stockport.  
Strabismus 2021, Vol 29, No 2, 116-119  
This is a discussion of a  16-year-old male who presented with a 20 prism diopters residual right esotropia 
and intractable diplopia following Surgery and Botulinum Toxin. Having had further BT and surgery ruled 
out and no success with Fresnel prisms or occlusion, he commenced on standard orthoptic exercises 
without success. Additional orthoptic assessment discovered that the patient could achieve binocular 
single vision (BSV) on convergence at 10 cm. The patient then proceeded on a course of exercises to 
help extend this area of BSV. These exercises included a reverse dot card and a variation of the distance 
cat stereogram. Over the next couple of visits, the area of binocularity was extended to 30 cm and the 
esotropia measured 18 prism diopters. However, the patient felt that progress was slow, and they were 
keen to learn to drive and so opted for an occlusive contact lens instead. It is unfortunate that the patient 
did not continue with the exercise program as it showed potential to increase his area of BSV. However, 
this case does demonstrate how utilizing current knowledge concepts of both exercises and BSV, and 
adapting them to a specific patient could lead to improvement in the likes of intractable diplopia and be a 
potential management option. More research into the types of exercises could help understand the 
benefits of this still less understood method of controlling strabismus and may have a role as a non-
surgical option.  
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The agreement between the Irvine 4 diopter prism test and assessment of ocular fixation in microtropia 
with identity.  
Tess Garretty. Orthoptic department, Leeds Teaching Hospitals NHS Trust.  
Strabismus 29: 2, 81-85.  
Microtropia describes a primary ocular deviation of less than 10 prism diopters associated with 
harmonious anomalous retinal correspondence and reduced stereopsis. It is routinely accepted that 
children with microtropia are less likely to achieve equal vision following occlusion therapy than those with 
bifoveal fixation. The most commonly used methods of diagnosing a microtropia are the 4 diopter prism 
test (4∆ PT) and assessment of ocular fixation. This study examines the agreement between the two 
tests. One hundred and twelve typically developing children without a manifest strabismus who were able 
to undertake a linear visual acuity test and had two or more lines of anisometropia following refractive 
adaption to their full cycloplegic correction underwent assessment of the 4∆ PT and ocular fixation along 
with their routine orthoptic examination. One hundred and twelve children (46 boys and 66 girls) attending 
the Orthoptic department who fitted the above criteria were included in the analysis. The mean age at 
examination was 6 years. 80.3% had anisometropia of at least 1.25 diopters. The 4∆ PT indicated a 
microtropia in 74 cases, whereas assessment of fixation indicated a microtropia in 68 cases. In 88 cases 
(78.6%), the results of the two tests agreed. Analysis found only moderate agreement between the two 
tests (k = 0.540 (CI 0.379–0.700)). Logistic regression analysis comparing those children where the two 
tests agreed with those where they disagreed found no difference in the degree of anisometropia (p = 
0.9385), the vision in the worst eye (p = 0.5260), the refractive error in the “worst” eye (p = 0.865), or the 
age at the time of testing (p = 0.4485) between the two groups. When assessing for a microtropia, it was 
found that not all children who elicit a central suppression response on the 4∆ PT are found to be fixing 
eccentrically and vice versa. This could potentially have implications for the treatment of their amblyopia. 
It is important not to rely on just one test at one time to make the diagnosis of microtropia. Rather, if one 
or other test indicates a microtropia the first time they are attempted, this should be reassessed regularly 
as treatment progresses and certainly before treatment is stopped and suboptimal visual acuity is 
accepted. This is an important take home that these two tests are somewhat independent and not 
completely interchangeable.  
 
 
Exercise-induced diplopia: a mysterious and rare entity.  
Eltanara A. Jonesa and Sean G.C. Ten Kateb. Department of Ophthalmology, Ghent University Hospital, 
Ghent; Department of Ophthalmology, Molde Hospital, Molde.  
Strabismus 29:2, 112-115.  
A rare case of idiopathic exercise-induced diplopia is reported. A 28-year-old male experienced diplopia 
during and after intensive exercise. These symptoms had been present for over a year. Upon first 
examination, orthophoria was found. Upon examination after intensive exercise, an esophoria of 10∆ at 
near and an esotropia of 4∆ at distance was found. Neuroimaging and neurological, cardiological, and 
hematological evaluations were normal. A prism correction, to be used during exercise, partially resolved 
the diplopia. This case report aims to highlight and create general awareness about exercise-induced  
diplopia which is a rare entity. It is worthwhile reminding us of Uhthoff’s phenomenon which is described 
as a reversible deterioration of visual acuity during or after physical exercise. It is associated with 
variations in body temperature and is associated with Multiple Sclerosis. 
 
Evaluation of high-definition video smart glasses for real-time telemedicine strabismus consultations.  
Tiffany C. Ho, MD, Talia Kolin, MD, Carly Stewart, MHA, Mark W. Reid, PhD, Thomas C. Lee, MD, and 
Sudha Nallasamy, MD.  
J AAPOS 2021;25:74.e1-6.   
The purpose of this study was to evaluate the accuracy of diagnosing motility disorders via telemedicine 
examinations using high-definition video glasses. The video glasses are worn be the examiner and allow 
for first-person point-of view broadcasting. There were two graders (both pediatric ophthalmologists) for 
each examination. Grader 1 performed the in-person examination. Grader 2 reviewed and graded the 
visual feed. Both ophthalmologists repeated their gradings on stored videos 3 months later. There were 3 
strabismus categories that were compared for agreement: presence of horizontal strabismus, presence of 
vertical strabismus, and overall agreement in degree manifest. There was near perfect agreement in all 
the categories. Ocular motility grading focused on over/underaction of oblique muscles, and the 
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agreement was high across all categories. Overall, this study supports the use of video glasses to aid 
with tele-ophthalmology; however, it had a few limitations that may make generalizability difficult: 
transmission speeds were high leading to good image quality, the examiner was a pediatric 
ophthalmologist, and only patients who were amenable to alternate cover testing were included in the 
study. This technology could help practicing ophthalmologists reach a larger area of patients through 
telemedicine.  
 
   
Health-related quality of life in children with untreated intermittent exotropia and their parents.  
Jonathan M. Holmes, BM, BCh, Amra Hercinovic, MPH, B. Michele Melia, ScM, David A. Leske, MS, 
Sarah R. Hatt, DBO, Danielle L. Chandler, MSPH, Trevano W. Dean, MPH, Raymond T. Kraker, MSPH, 
Laura B. Enyedi, MD, David K. Wallace, MD, MPH, Brian G. Mohney, MD, and Susan A. Cotter, OD, MS, 
for the Pediatric Eye Disease Investigator Group  
J AAPOS 2021;25:80.e1-4.  
This study looked at the health-related quality of life (HRQOL) scores on the Intermittent Exotropia 
Questionnaire (IXTQ) and how they changed over 3 years of observation in childhood intermittent 
exotropia. The IXTQ was completed by participants and one of their parents at baseline, 6 months, and 
36 months. Parents completed both a proxy IXTQ to assess their child's HRQOL and a parent IXTQ. The 
child IXTQ and proxy IXTQ scores showed no significant change. The parent IXTQ improved in all 3 
domains (psychosocial, function, and surgery). The improvement of the Parent IXTQ was thought to be 
related to a low frequency of clinical deterioration over the period and a decrease in anxiety about the 
condition following counseling by the treating provider and study coordinators. One major limitation to this 
study is that this cohort likely had less severe intermittent exotropia than an unselected cohort because 
there was a simultaneous surgical study being conducted by the same investigator groups. Because of 
this, caution should be taken in applying this date to more severe cases of intermittent exotropia, but it 
can be used to encourage patients and parents that there is no decrease in HRQOL that comes with 
observation of IXT in less severe cases.  
 
Improvement in health-related quality of life following strabismus surgery for children with intermittent 
exotropia.  
Jonathan M. Holmes, BM, BCh, Amra Hercinovic, MPH, B. Michele Melia, ScM, David A. Leske, MS, 
Sarah R. Hatt, DBO, Danielle L. Chandler, MSPH, Trevano W. Dean, MPH, Raymond T. Kraker,MSPH, 
Laura B. Enyedi,MD, David K.Wallace,MD,MPH, Sean P.Donahue,MD, PhD, and Susan A. Cotter, OD, 
MS, for the Pediatric Eye Disease Investigator Group.  
J AAPOS 2021;25:82.e1-7.   
This study looked at the health-related quality of life (HRQOL) scores on the Intermittent Exotropia 
Questionnaire (IXTQ) and how they changed following surgery for childhood intermittent exotropia. The 
IXTQ was completed by participants and one of their parents at baseline, 6 months after surgery, and 36 
months after surgery. Parents completed both a proxy IXTQ to assess their child's HRQOL and a parent 
IXTQ. Participants were divided into three surgical outcome categories based on their exam at 36 months 
post-op: complete or near-complete resolution (39%), suboptimal surgical outcome (24%), and 
intermediate (36%). There was improvement in all five domain scores at both 6 months and 36 months 
when looking at all patients combined. Greater improvement was found in those with resolved IXT 
compared with those who had a suboptimal outcome. The intermediate group had improvements that 
were between the two other groups. Improvements in the HRQOL were thought to be related to the effect 
of positive expectation following any intervention, improvement in clinical parameters, and surgeon 
persuasion. There was no control group for this study so there is no direct comparator for possible 
improvement in HRQOL over time without surgery; however, the study indicates that improvement of 
alignment likely results in improvement of quality of life.  
  
 
Benefits and side effects of prisms in the management of diplopia in adults: a prospective study.  
Madhura A. Tamhankar, MD, Shiming Luo, MD, Brady Kwong, BA, and Maxwell Pistilli, Med, MS.  
J AAPOS 2021;25:85.e1-6.  
This study aims to assess the benefits, side effects, and various factors contributing to patient satisfaction 
with prisms in a prospective manner. Prism glasses were prescribed to patients with deviations up to 30 
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prism diopters. The average amount of prism prescribed was 5.4-8.4 prism diopters. Over half the patient 
were very satisfied with prism glasses. Prior history of prism use, amplitude of prisms, comitancy of 
deviation, and type of lenses worn, had no influence on satisfaction rates. The extent of resolution of 
diplopia was highly correlated with prism satisfaction, improvement in depth perception, driving, and 
reading. About a quarter of the participants noted “bothersome” side effects, including headaches, 
dizziness, eye strain and pulling, alteration of depth perception, visual distortion, halos, and weight of the 
prisms. The authors suggest that patient satisfaction can be optimized through accurate measurement of 
ocular deviations and fusional amplitudes, careful refraction prior to prism prescription, patient education 
on benefits and side effects of prism glasses, and timely follow-up for adjustment. The authors did not 
routinely do a trial of fresnel prism prior to prescribing ground in prism and evaluated for the smallest 
amount of required prism by using a prism bar. This study provides valuable information to help 
ophthalmologists successfully prescribe prism in their adult patients with diplopia. 
 
Cytoskeletal Proteins in Myotendinous Junctions of Human Extraocular Muscles 
Jing-Xia Liu; Fatima Pedrosa Domellöf 
Invest Ophthalmol Vis Sci. Feb 2021; 62, 19 
  This is a small study comparing immunohistological staining of the myotendinous junctions of 
extraocular muscles and lumbrical muscles in the hand. The authors noted four differences between the 
two muscle groups: Some of the myotendinous junctions “lacked either desmin or nestin” or both while 
the majority contained a differing amount of desmin and nestin than the myotendinous junctions of 
skeletal muscles.  Myotendinous junctions lacked keratin 19.  There were only 9 subjects whose 
extraocular muscles were examined and only two whose lumbrical muscles were examined and they 
were not age matched. If this study is repeatable on a larger scale it would be interesting to understand 
the possible evolutionary changes of the extraocular muscles to adapt to their increased use by humans, 
and, likely, animals. 
 
Multiple Short Daily Periods of Normal Binocular Vision Preserve Stereopsis in Strabismus 
Janice M. Wensveen; Earl L. Smith, III; Li-Fang Hung; Ronald S. Harwerth 
Invest Ophthalmol Vis Sci. April 2021;62, 27 
 
This article compared optically induced strabismic monkeys from 4 weeks of age to orthophoric monkeys 
and looked at multiple gauges of stereopsis. Some optically induced strabismic monkeys were either 
given 2 hours of continuous periods of time without strabismus, 2 interrupted hours throughout the day or 
one noncontinuous hour of orthophoria. All monkeys with no time of orthophoria had no or nearly no 
stereopsis. Those with 2 continuous hours or orthophoria had near normal stereopsis. Those with 
interrupted periods of orthophoria were also noted to have stereopsis, though not as good as those with 
continuous orthophoria. This important study can give us guidance for parents when treating patients with 
congenital esotropia in terms of corrective spectacles and even intermittently treating the deviation to help 
improve surgical outcomes later in life. 
 

 Vergence Exercises for Six Weeks Induce Faster Recovery of Convergence Insufficiency Than 
Accommodation Exercises in School Children 
Marianne Ledet Maagaard; Ivan Nisted; Toke Bek 
Invest Ophthalmol Vis Sci. May 2021;62, 23 
This study looked at the role of the order of vergence and accommodative exercises in children aged 9-13 
years with convergence insufficiency. The goal of the study was to determine if there was any difference 
in the order of exercises with recovery of convergence insufficiency. 44 children with excellent vision were 
randomized to either perform vergence exercises for 6 weeks followed by accommodative exercises for 
six weeks and vice versa. Examinations of convergence and accommodation were performed before the 
intervention, after the first six weeks of treatments and after the final six weeks of treatment. The study 
noted that those children who first performed the convergence exercises recovered their accommodation 
and convergence sooner than those that first performed the accommodation exercises. This study is very 
important in understanding the proper treatment for children with convergence insufficiency and may be 
applicable to those with acquired convergence insufficiency,as well.  
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Prevalence, incidence and risk factors of strabismus in a Chinese population-based cohort of preschool 
children: the Nanjing Eye Study 
Danni Chen, Rui L, Xiaoxiao Li, Dan Huang, Yue Wang, Xiaoyan Zhao, Xiaohan Zhang, Qigang Sun, 
Qingfeng Hao, Haohai Tong, Xinyuan Yao, Weixiao Fan, Weijing Lu, Jingsong Dang, Hui Zhu, Hu Liu 
Br J Ophthalmol. 2021 Sep;105(9):1203-1210. 
The Nanjing Eye Study is a population-based cohort study designed to longitudinally study the onset and 
progression of childhood ocular diseases in eastern China. Patients born 2011-2012 are enrolled and 
then invited to participate in annual comprehensive eye exams starting in 2015. The aim of this study was 
to evaluate the prevalence, incidence, and related risk factors for strabismus among preschool children in 
the cohort. The data for this paper were obtained when the children grew from age 3 to 5 years with total 
N of 2018.  Fifty children had strabismus at baseline (prevalence 2.5%), 44 of whom had intermittent 
exotropia, 1 with constant exotropia, 2 with accommodative esotropia, 1 with partially accommodative 
esotropia, 1 with congenital esotropia and 1 with superior oblique palsy. The exotropia:esotropia ratio was 
11.2:1. In multivariate analysis, parental strabismus history, hyperopia, prematurity, and astigmatism were 
significantly associated with prevalent strabismus. Among the 176 children without baseline strabismus, 
63 had new-onset strabismus by the time of 2 year followup, yielding cumulative 2-year incidence rates of 
3.23% for exotropia and 0.34% for esotropia and annual incidence rate of 1.78%. The prevalence and 
incidence rates in this population are generally consistent with previously published rates in other large 
cohort studies. The rates of exotropia are higher compared with other populations, however, and the 
authors postulate that the relatively lower rates of hyperopia in East Asian patients may be an explanation 
for this finding. 
 
 
Effect of Fibroblast Growth Factor 2 on Extraocular Muscle Structure and Function 
Jolene C. Rudell; Linda K. McLoon 
Invest Ophthalmol Vis Sci. July 2021;62, 34 
This study compared the effect of exogenous Fibroblast Growth Factor 2 in rabbits versus control 
subjects. Rabbits either received an injection of Fibroblast Growth Factor 2 into one superior rectus 
muscle and a saline injection into the contralateral superior rectus muscle or implantation of a sustained 
pellet with Fibroblast Growth Factor 2 under one superior rectus muscle. The rabbits with the injections 
showed increased force generation and myofibers over the first few days after injection in both the 
treatment and contralateral muscle when compared to the control rabbits, while after the first month, there 
was a significant decrease in this change. The sustained release pellets not only showed a site specific 
decrease in myofibers after one month, but also a generalized decrease in orbital myofibers that was not 
seen in the injection arm. Fibroblast Growth Factors clearly play an important role in development and 
healing of all muscles in the body. Further research must be done to understand their exact role and how 
they can be used best in adult and childhood strabismus. 
 

Comparison of Subjective and Objective Torsion in Normal Patients. 
Baek SJ, Chen LZM, Shah PR, Fitzsimons R.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):112-117.  
Published March 1, 2021 
The presence and magnitude of cyclotorsion has important implications on sensorimotor outcomes of 
strabismus surgery, but there is much debate around both the qualification of cyclotorsion as physiological 
or pathological and the quantification of cyclotorsion using various subjective and objective methods. 
Moreover, prior studies on the measurement of cyclotorsion have reported on patients with manifest 
torsional diplopia. This is the first study of its kind to offer data on both subjective torsion (using 
Torsionometer (INNOVA) and objective torsion (Heidelberg OCT) in normal subjects. The authors recruited 
59 asymptomatic individuals (118 eyes) from a single center. The range between the highest and lowest 
measurements for the OCT in the right and left eye was 13.5 and 14.3 degrees, respectively. The range of 
the Torsionometer reading was 6.0 degrees. The mean OCT measurement was excyclotorsion of -6.14 
degrees for the right 
eye and -6.86 degrees for the left eye. The mean Torsionometer reading was -1.97 degrees. Kendall's tau 
correlation coefficient when comparing the Torsionometer to combined left and right OCT measurements 
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was 0.115 (95% CI: -0.085 to 0.322), inferring a weak correlation. Similarly, when the Torsionometer 
readings were compared with the OCT measurements of each eye separately, the results demonstrated a 
weak correlation. The authors concluded that subjective and objective torsion in normal individuals should 
be considered as separate entities and the terms should not be used interchangeably. The authors attribute 
these differences to torsional phoria, wherein normal individuals exercise motor and sensory cyclofusion to 
avoid diplopia. This study demonstrates an opportunity to update practice patterns to measure and manage 
torsion using newer, validated technologies e.g Heidelberg OCT.  
 
Binocular Accommodation and Vergence Dysfunction in Children Attending Online Classes During the 
COVID-19 Pandemic: Digital Eye Strain in Kids (DESK) Study-2.  
Mohan A, Sen P, Shah C, Datt K, Jain E.  
J Pediatr Ophthalmol Strabismus. 2021;58(4):224-231. 
Published July 1, 2021 
Digital device-related ocular problems are seen in children with accommodation and vergence dysfunction. 
Adjusting to the COVID-19 Pandemic necessitated increased exposure to digital devices among children. 
This single-center prospective cohort study sought to compare the degree of visual fatigue (using 
Convergence Insufficiency Symptom Survey; cutoff of ≥16 for symptomatic) and measure the 
accommodation and vergence dysfunction in children attending online classes during the COVID-19 
pandemic and using digital devices <4hrs/day versus ≥4hrs/day. A total of 46 children with a mean age of 
14.47 ± 1.95 years were evaluated. The mean duration of online classes during the COVID-19 pandemic 
was 3.08 ± 1.68 hours/day, which is higher than before the pandemic. Mean CISS scores were 21.73 ± 
12.81 and 30.34 ± 13.0 for the low vs high-use groups, respectively (P = .019). Mean near exophoria (P = 
.03), negative fusional vergence (P = .02), negative relative accommodation (P = .057), and accommodation 
amplitude (P = .002) were different between the two groups. There was a linear correlation between 
symptomatic CISS score and duration of classes (coefficient rs = 0.39; P = .007). In the multivariate 
analysis, only the duration of online classes longer than 4 hours was a significant risk factor (P = .07) for 
the symptomatic CISS score. The authors concluded that online classes longer than 4 hours were more 
detrimental to abnormal binocular vergence and accommodation parameters than online classes shorter 
than 4 hours. While results of this study are interesting, the small sample sizes, lack of non-asthenopic 
controls, and sampling bias (skewed towards asthenopes) are major limitations.  
 

 

Change in the eye position under general anesthesia in children with intermittent exotropia 
Jung EH, Yang HK, Hwang JM, Sei HN, Kwang GK, Khwarg SI, Yu YS, Kim SJ 
J AAPOS 2021; 25: 5.e1 - 5.e7 
Eye positions in 78 subjects with intermittent exotropia and 25 normal subjects with epiblepharon were 
examined retrospectively under general anesthesia using a 3D strabismus photo analyzer. Pre-
anesthesia and post- anesthesia images were taken twice by two observers. The study found Eye 
position under GA was more divergent in subjects with intermittent exotropia than in controls The amount 
of change in eye position under GA was correlated with the preoperative angle of deviation (r 2 5 0.47; 
P\0.001). In small preoperative exodeviations, the change in eye position was primarily more divergent, 
whereas in large exodeviations, a convergent tendency—less exotropic compared with the preoperative 
angle of exodeviation—was observed. This study limitations are that the angle K is assumed to be 
symmetric, small angle exotropia that does not require surgery was not included in this study, photo 
quality and angle at which it took the photo may also be a confounding factor. 
 
Clinical and imaging features of congenital and acquired isolated inferior rectus muscle hypofunction 
Solanes F, Demer JL 
JAAPOS 2021; 25:11.e1 - 11.e9 
Orbital images of patients with strabismus was retrospectively reviewed for inferior rectus underaction and 
to report the imaging findings. 3 cases of congenital IR underaction (2 with bilateral IR aplasia and 1 
with unilateral IR hypoplasia), 12 acquired cases, including 4 due to denervation (2 
idiopathic, 1 after multiple strabismus surgeries, 1 after head trauma), and 8 cases of 
direct IR damage (5 with orbital trauma and 3 with previous surgery, including 2 sinus 
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surgery and 1 laser blepharoplasty). Of the 23 cases, 11 adults had high-resolution magnetic 
resonance imaging, and 2 children had computed tomography. Imaging identified 
the anatomic diagnosis in congenital cases; in acquired cases, imaging helped to identify 
atrophy and exclude alternative orbital causes; and in direct mechanical damage, imaging 
clarified the mechanism of underaction, extent of IR damaged, and the degree of 
retained contractility. Patients with congenital IR absence or hypoplasia exhibited A 
pattern exotropia that was typically absent in isolated acquired denervation or direct 
IR damage. This study suggests findings on imaging may better assist in deciding on a treatment plan of 
observation or surgical intervention.  
 

Variant types of Duane retraction syndrome: synergistic divergences and convergences 
Shen T, Kang Y, Deng D, Wang Z, Qiu X, Yan J. 
J AAPOS 2021;25: 14.e1 - 14.e6 
This reports on clinical features of 4 cases of variant type duane retraction syndrome. Two cases (cases 
1 and 2) had synergistic divergence with unilateral adduction deficit, and 2 (cases 3 and 
4) had synergistic convergence with bilateral abduction deficit. Case 2 manifested 
abnormal vertical movements of the right eye, which goes down with adduction of 
the left eye and goes up oppositely with abduction of left eye. Accessory fibrotic bands 
were detected beside the medial rectus muscle of both eyes in case 3. Synergistic 
convergence in case 4 occurred only after the first strabismus surgery. Weakening of 
the misinnervated horizontal rectus muscle improved ocular alignment and head position 
in cases 1, 3, and 4. Synergistic divergence and convergence are rare and may present with a great 
diversity of clinical features. A good outcome is difficult to achieve, however, 
weakening of the misinnervated horizontal rectus muscle was therapeutic in these patients. 
 

The presence of anomalous extraocular bands in Duane retraction syndrome 
Sener EC, Yilmaz PT, Saglam A 
J AAPOS 2021;25:16.e1 - 16.e6 
This is a retrospective study of patients diagnosed with Duane syndrome and reporting of anomalous 
extraocular bands that were identified during surgery. A total of 31 patients were included. Anomalous 
bands were found in 6 of 19 (32%) patients with esotropic Duane syndrome and 9 of 12 (75%) with 
exotropic Duane syndrome (P 5 0.02). In esotropic Duane syndrome, the bands were localized under the 
medial rectus muscle in 5 patients and under the lateral rectus muscle in 1 patient. All of the bands in 
patients with exotropic Duane syndrome were under the lateral rectus muscle. The amount of 
preoperative primary deviation, globe retraction, and up- or downshoot were similar between groups. All 
of the bands had distinct tight insertion on the sclera, requiring a sharp dissection for disinsertion. In 7 
cases, the anomalous band was a translucent structure that could be identified under the surgical 
microscope as scleral indentation during forced duction testing. Histological examination of 6 cases 
revealed only fibrous tissue in 4 and accompanying striated muscle tissue in 2 patient

Subclinical markers of strabismus in children 5-18 years of age.  
Mohney BG, Lepor L, Hodge DO.  
J AAPOS. 2021 Jun;25(3):139. 
The authors used a prospective study to assess the prevalence of subclinical markers of strabismus from 
a consecutive 1000 children 5-18 years of age seen in a community based screening of children. 
Strabismus is thought to result from an interplay of genetic and nongenetic risk factors. The authors used 
the following markers to help better define a phenotype that may be present in children with risk for 
strabismus in children with and without a family history of strabismus: oblique muscle dysfunction, 
stereopsis worse than 60 arcsec, monofixation, nasal-temporal pursuit asymmetry, dissociated 
strabismus, and anisometropia. Subclinical disorders of binocular function were found in approximately 
10-13% of children demonstrating no strabismus. The authors of this study found inferior oblique 
dysfunction, subnormal stereopsis and anisometropia were found in 3-4% of children without strabismus 
or a family history of strabismus. The authors propose that this may be useful in future genetic studies 
linking strabismus and one of the markers. The authors discussed the limitations of the study with 
selection bias being a problem and as well as possible inaccuracies reporting of family history. 
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Factors leading to loss to follow-up after strabismus surgery in children. 
Daly CM, Dembinski RL, Kraus CL. 
J AAPOS. 2021 Jun;25(3):142. 
The authors conducted a retrospective review to assess risk factors (LTFU) and identify obstacles to 
returning for necessary follow up care after strabismus surgery. Children were identified who had not 
returned for follow up care and a telephone survey was conducted. Demographic information for those 
not LTFU and those LTFU was compared and reasons given for LTFU were classified. There were 
significant socioeconomic differences found in these two groups consistent with the literature. Patients 
who were LTFU were more likely to be black, and have state or government issued insurance. The most 
common reason for missing postoperative visits were: perceived positive outcome making follow up care 
unnecessary, work conflicts, transportation issues, travel time, and forgotten appointment. Limitations to 
the study was the small number of families able to complete survey, ability to participate by telephone and 
possible spurious responses. .Interest in telemedicine as an alternative was expressed by 68% of those 
participants who completed survey. Possible remedies for LTFU were using teach-back technique to 
improve education, providing multiple appointment reminders and offering telemedicine appointments. 
This study is important in highlighting very practical reasons for LTFU and how practices can make 
changes to make ensure improvement in follow up care after strabismus surgery. 
 
 
Spasm of near reflex: a comprehensive management protocol and treatment outcomes.  
Roy S, Bharadwaj SR, Patil-Chhablani P, Satgunam PN. 
J AAPOS. 2021 Jun;25(3):162. 
Spasm of near reflex (SNR) is characterized by spasm in one or more components of the near triad: 
accommodation, convergence, and pupil miosis. Patients may present with blurred vision, diplopia, 
increased myopia, esodeviation, miotic pupils and variable retinoscopic reflex. There are many 
approaches to treating SNR. The most commonly used treatment is the use of cycloplegics to relax 
accommodation as well as optical fogging technique more recently. The authors use a prospective, 
uncontrolled, observational study of consecutive patients to describe an effective treatment protocol for 
SNR. The authors propose a protocol which includes: weak cycloplegic agent during examination 
followed by the combination of modified optical fogging technique and vision therapy exercises. 
Traditional strong cycloplegic agents can be used if spasm not relieved with initial therapy. Most patients 
had mild (64%)  to moderate (22%) SNR and responded to first line therapy without long term use of 
cycloplegics. The authors remind the audience that this entity can be missed and that the majority of 
patients may have successful resolution after cycloplegia for examination. 
 
 
Characteristics of diplopia as the presenting symptom to an ocular emergency room. 
Chowdhary S, Cavuoto KM, Osigian CJ, Capó H. 
J AAPOS. 2021 Jun;25(3):175-177. 
The authors used retrospective review to identify characteristics of diplopia-related visits to an ophthalmic 
ER. Past studies have shown that 3.5% -16 % of those patients who present to an ER with a complaint of 
diplopia had a potentially disabling neurologic condition. Proper diagnosis and referral of these patients is 
essential. In this study, the most common etiology of binocular diplopia was cranial nerve palsy as well as 
nonparalytic, neurologic, thyroid disease, ophthalmic surgery and orbital trauma. The most common 
etiology of CN palsy was microvascular followed by aneurysm, trauma, tumor and miscellaneous. The 
authors note a lower incidence of serious etiologies (2.9%) compared to a previous study (16%). The 
authors theorize that the previous study was conducted in a general ER where patients who had serious 
neurologic symptoms and etiologies would be more likely to present. The authors suggest that threshold 
for immediate neuroimaging may be higher in an ophthalmic ER if there are no other neurologic 
symptoms other than binocular diplopia. 
 
Jocelyn Zurevinsky , OC(C) BA & Anthony Ojukwu , BSc, The 20 Prism Diopter Base Out Prism Test in 
Pseudostrabismus 
Journal of Binocular Vision and Ocular Motility, Volume 71, Issue 2(2021) 
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The 20 Base Out Prism Test is one of the artillery of fusion tests used in vision and strabismus screening, 
and in daily pediatric strabismus practice. Its use has been described in textbooks as early as 1958, but 
the test has not yet been validated. The authors present a cohort of esotropic cases formerly diagnosed 
with pseudostrabismus who were tested with the 20BO test, and explore the possible explanations for 
their positive response rate of 100%. 
 
Strabismus After Ahmed Glaucoma Valve Implantation.  
Laura Robbins, Toshiaki Goseki, Simon K. Law, Kouros Nouri-Mahdavi, Joseph Caprioli, Anne L. 
Coleman, Joann A. Giaconi, Joseph L. Demer, Federico G. Velez and Stacy L. Pineles.   
American Journal of Ophthalmology, 2021 Feb; 222:1-5. 
This retrospective review of 732 patients at one institution over 5 years who had an Ahmed glaucoma 
valve (AGV) implanted aimed to describe strabismus in patients after this procedure.  The authors found 
that 29 of the patients (4%) developed new-onset strabismus after AGV and of those 21 (72%) had 
diplopia.  Three patients had esotropia, 11 had exotropia,6 had a vertical deviation, and 9 had 
combination horizontal and vertical strabismus.  Mean follow up was about 3 years in both the strabismic 
and non-strabismic group and the patients with strabismus tended to be younger.  The authors concluded 
that this number is comparable to the strabismus risk of other glaucoma drainage devices and 
encouraged this risk to be discussed preoperatively.  Of note the patients included in the strabismus 
group were those who complained of double vision or strabismus. As this is a large retrospective study, 
the patients were not evaluated before and after surgery to determine any changes, however all patients 
with strabismus or diplopia were referred to pediatric ophthalmology.  The authors suggest that the 
mechanism for strabismus in these cases is restrictive based on the location of the AGV and type of 
strabismus observed. The limitations of this paper are due to the fact that it was a chart review and not 
actual patient exams, which could have eliminated patients who were asymptomatic or did not report 
symptoms. Nonetheless, this paper is important as it has very large numbers of patients.   
 
 
Measuring health-related quality of life in individuals with cyclodeviation using the Adult Strabismus 20 
(AS-20) questionnaire. 
Flodin S, Rydberg A, Pansell T, Grönlund MA. 
J AAPOS. 2021 Feb;25(1):20.e1-20.e6. 
The negative influence of strabismus on a patients’s well-being has been documented in studies 
evaluating health-related quality of life (HRQol) or vision-related quality of life (VRQol).The Adult 
Strabismus-20 (AS-20) assess HRQol in adults with strabismus and has shown to have test-retest 
reliability. The authors used this tool to assess HRQol in patients with cyclodeviation and to evaluate 
change after surgical treatment and how the scores compared to nonstrabismic patients and those with 
other types of strabismus. The patients were divided into two groups: those requiring Harada-Ito for 
correction of cyclodeviation and those only requiring vertical deviation correction. Previous studies have 
shown surgery has a positive effect on quality of life and greater positive effect in psychosocial scores. 
The authors of this study showed a different result with the improvement in scores after surgery were 
observed mainly in the functional subsection. The authors suggest that this is explained by the fact that 
the misalignment in this group is not apparent to others therefore not causing a stigma that would cause 
distress in the patient while the functional aspect was disabling. The Harada-Ito group had greater 
improvement of scores especially the functional subscale when compared to the vertical group. The 
authors suggest that this Implies a greater effect of cyclodeviation on function. Limitations of the study 
were: a small number of individuals in the vertical group as well as the fact that the study relies on only 
patient reported outcome measures with no correlation of objective clinical findings. The study is 
important in demonstrating the effect of cyclodeviation on function which may be important in making 
decisions for surgery planning and managing patient expectations. 
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10. STRABISMUS SURGERY 

 
Combined Rectus Muscle Transposition With Posterior Fixation Sutures (Augmented Knapp Procedure) 
for the Surgical Treatment of Double Elevator Palsy.  
Akar S, Gokyigit B, Kayaarasi Ozturker Z.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):17-23.  
The purpose of this study was to evaluate the surgical results of full horizontal tendon rectus muscle 
transposition to the superior rectus muscle insertion, augmented by posterior fixation sutures, in patients 
with double elevator palsy. The authors performed a retrospective comparative analysis of 17 children 
treated with this Augmented Knapp procedure vs 28 subjects treated with Standard Knapp procedure. For 
near and distance deviations, the Augmented Knapp procedure improved hypotropia significantly more 
than the Standard Knapp procedure (93% and 97% vs 68% and 69%). Elevation deficiency in abduction 
and adduction also improved more (64% and 66% vs 37% and 39%). During the mean follow-up 26 ± 4 
months, 2/17 (12%) of those s/p Augmented Knapp required re-operation vs 15/28 (54%) of those s/p 
Standard Knapp. The authors concluded that the Augmented Knapp procedure demonstrated a stronger 
effect in the treatment of double elevator palsy. This was an interesting report of a considerable number 
of consecutive cases performed by a single surgeon for an uncommon and challenging problem. Still, the 
study is limited by retrospective nature and deserves to be carried forward into a prospective 
investigation. 
 
Clinical Profiles and Surgical Outcomes of Strabismus Following Orbital Wall Fractures: A Large Cohort 
From a Tertiary Eye Care Center 
Bhate M, Deshmukh A, Bothra N, Kekunnaya R, Badakere A, Sharma A.  
J Pediatr Ophthalmol Strabismus. 2021;1-8. 
E-published December 20, 2021 
The purpose of this study was to report demographic details, clinical presentation, and surgical outcomes 
in patients presenting with strabismus following orbital wall fractures. The authors conducted a 
retrospective review over 6yrs at a single tertiary care center and collected 347 consecutive patients with 
strabismus after orbital wall fracture. 87% were men (n = 302), and 72% had at least orbital floor fracture. 
Resultant strabismus was often paralytic and restrictive. 25% had exotropia, 21% had hypotropia, and 
only 10% with strabismus persistent at 6 months underwent surgical repair. 80% had diplopia at onset 
and 15% of the surgical group had persistent diplopia after surgery. The authors defined surgical success 
as <10^ of horizontal and/or 5^ of vertical with elimination of diplopia, and they achieved success in 41% 
of subjects. This study provides a good natural history of strabismus surgery after orbital fracture in a 
large cohort. While there are hardly any weaknesses in the methodology (limited by retrospective nature), 
there was a missed opportunity to subdivide and report outcomes separately for paralytic, restrictive, and 
combined cases.  
 
Dose-Response of Primary Bilateral Medial Rectus Resection in Infantile Exotropia. 
Farias LB, Barham R, Costa AL, Wang S, Weakley DR Jr.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):24-27.  
Prepublication. Posted online: August 26, 2021 
For children with basic exotropia, bilateral lateral rectus recession vs unilateral recess and resect both 
have similar cumulative probabilities of suboptimal outcome at 3 years (46% vs 37%. Bilateral medial 
rectus resection for large angle exotropia has been reported with mixed success in adults. The purpose of 
this study was to evaluate the dose-response relationship for primary bilateral medial rectus resection in 
children with basic exotropia. Two of the lead authors performed the same fornix-based, double-armed 
technique resection in 49 subjects aged 0.7-18 (mean 6.7 ± 5.3 years) with mean preop deviation 48.3 ± 
10.1 at distance and 48.2 ± 8.9 at near, and followed them for 21.9 ± 9.7 (range: 6 to 69 months). 53% 
maintained surgical success (≤10PD residual XT); 59.1% in the 25-45PD group and 48.1% in the >50PD 
groups (P<.05). The >50PD group had a longer mean time to recurrence. Reoperations with bilateral 
lateral rectus recessions were performed in 26.5% of subjects. There were no overcorrections. The dose-
response curve was non-linear; the larger resections yielded more response. The authors concluded that 
primary bilateral medial rectus resection should be considered as a surgical alternative in childhood 
exotropia, particularly for moderate and constant deviations. Despite a small sample size, this study was 
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a valuable contribution to the management of basic exotropia in childhood because of strict inclusion 
criteria and long follow-up period.  
 
Unilateral Surgery in Bilateral Asymmetrical Dissociated Vertical Deviation With Strong Preferential 
Fixation 
Lembo A, Serafino M, Villani E, Nucci P.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):60-64.  
Pre-publication. Posted online September 21, 2021. 
Dissociated vertical deviation is a common finding in early-onset strabismus, and ubiquitous in children 
with congenital esotropia. Bilateral surgery is typically considered even if the manifest deviation occurs 
most often in only one eye. In this retrospective review of 14 Italian children (aged 5-13 years, mean 8.43 
± 2.79 years)  with BCVA 20/40 or worse in their non-dominant eye and 20/25 or better in their dominant 
eye and history of bilateral medial rectus recession for esotropia (at ages 22-30 months, mean 26.5 ± 3.1 
months), the authors describe outcomes of unilateral surgery (superior rectus recession, per Kushner) for 
manifest DVD 17.8 ± 2.7 PD (with non-manifest DVD 8.8 ± 1.2 PD in the dominant eye). DVD was 
reduced to 3.1 ± 0.8 PD (range: 2 to 6 PD), which was significantly different from the preoperative DVD (P 
< .01). Postoperatively, none of the patients developed hypotropia, anti-elevation syndrome, or inferior 
oblique muscles in the contralateral eye (dominant eye), and no changes were observed in the 
contralateral eye in terms of DVD, inferior oblique muscles, diplopia, and fixation properties. The authors 
concluded that unilateral surgery in patients with unilateral manifest DVD with strong fixation preference 
can be a valid approach. Although the sample size of this study is small and the design is retrospective, 
the conclusion is interesting, bears validity, and warrants prospective investigation.  
 
Psychosocial Improvements in Children and Their Parents Following Strabismus Surgery [published 
online ahead of print, 2022 Jan 26]. Temeltürk RD, Koçer AM, Yaşar HH.  
J Pediatr Ophthalmol Strabismus. 2022;1-8. 
Pre-publication. Posted online January 26, 2022. 
The purpose of this study was to evaluate the psychosocial effects of strabismus surgery as well as the 
psychiatric symptoms and quality of life of children with strabismus and their parents. The authors 
prospectively. The authors surveyed 39 children ages 6-18 years as well as their parents both before and 
after surgery. Compared with preoperative assessments, children with strabismus had significantly fewer 
psychiatric problems and a better quality of life after the surgery (P < .001). Following surgery, decreased 
symptom levels of anxiety scores were also obtained from children and their parents (P < .001). The 
amount of ocular realignment was directly correlated with improvement in social and attention problems 
among children (r = 0.354 and r = 0.324, respectively; P < .05). The authors conclude that successful 
strabismus surgery has positive effects on psychosocial functioning and quality of life in children and their 
families. Surgical interventions seem beneficial for the management of strabismus in improving both 
physical and mental health. That this study sought responses about psychosocial function from children 
was commendable and this study adds valuable insight into non-visual benefits of strabismus surgery.  
 
Income Disparities in Outcomes of Horizontal Strabismus Surgery in a Pediatric Population 
Zdonczyk AN, Gupte G, Schroeder A, Sathappan V, Lee AR, Culican SM.  
J Pediatr Ophthalmol Strabismus. 2021;1-8.  
Pre-publication. Posted online December 20, 2021. 
The purpose of this study was to examine the potential impact of socioeconomic disparities on strabismus 
surgery outcomes. The authors retrospectively reviewed cases of 284 children who underwent strabismus 
surgery at a tertiary care center and were followed for 11 months or more. They found no difference in 
failure rates between patients with Medicaid and patients with private insurance 24 months 
postoperatively (45.9% vs 50.5%, respectively, P = .46). Patients with Medicaid were more likely to not 
follow up postoperatively (28.2% vs 9.6%, respectively, P < .01), whereas patients with private insurance 
were more likely to complete more than three follow-up appointments in 24 months (21.5% vs 39.0%, 
respectively, P < .01). Postoperative attendance was linked to Medicaid status (P < .01) but not travel 
time, neighborhood income levels, or social deprivation index factors. They concluded that there was no 
difference in failure rates between patients with Medicaid and patients with private insurance and that 
Medicaid status was significantly predictive of loss to follow-up. This was a focused, well-designed 
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retrospective that produced an interesting result that counters prejudice - that there was no difference 
between Medicaid and private insurance in strabismus surgery outcomes. 
 
Inferior oblique muscle belly transposition and myopexy for diplopia.  
Pilar Merino-Sanz, Amanda Chapinal, Pilar Gómez de Liaño Sánchez & Fabio Zavarse Fadul.  
Strabismus 2021, VOL. 29, NO. 3, 144–150 
The goal is to evaluate the outcomes of and review the indications for Inferior oblique muscle belly 
transposition in adults with diplopia and small-angle hypertropia associated with mild or moderate 
upshoot in adduction. They have retrospectively analyzed data for the six patients who underwent the 
technique. Surgery was performed by suturing the inferior oblique belly to the sclera at 5 mm posterior to 
the temporal pole of the inferior rectus. Data were collected from October 2018 to April 2020. All six 
patients had diplopia and mild hypertropia (≤6 prism diopters [pd]) in primary position. Mean preoperative 
hypertropia was 4.17 pd (range, 2–6 pd). Mean age was 51 ± 28.71 years. The diagnoses were fourth 
nerve paresis (5) and dissociated vertical deviation (1). All patients had mild/moderate upshoot in 
adduction. Torticollis was observed in four cases. Diplopia resolved in 5 of the 6 cases. The mean final 
vertical deviation was 2 pd in straight gaze. Torticollis was eliminated in 2 patients and improved in 
another 2. The upshoot in adduction was totally eliminated in the six patients. Transitory mild limitation of 
elevation in adduction was observed in two patients during the first week after surgery. No ocular torsion 
was diagnosed after surgery. Mean time from surgery was 11.5 months. No overcorrections were 
recorded. Inferior oblique muscle belly transposition with myopexy is a good alternative procedure in 
patients with diplopia associated with mild-to-moderate upshoot in adduction and small-angle hypertropia. 
The limitations of this study are its retrospective design, short follow-up in some cases, and small sample 
size. 
 
Corneal dellen development after strabismus surgery.  
Ahmet Kürşad Sakallioğlu & Rüveyde Garip.  
Strabismus 2021, VOL. 29, NO. 4, 221–227 
This study aimed to evaluate the frequency of corneal dellen development, the healing process, and 
associated factors that affecting the development and healing of corneal dellen formation after strabismus 
surgery. In this retrospective study, the records of 714 eyes of 1264 patients who underwent limbal 
approach strabismus surgery between January 2005 and January 2020 were examined and 47 eyes of 
44 patients with corneal dellen were included in the study. Demographic features, ophthalmological 
examination findings, dellen occurrence and healing time, dellen localization, and the type of surgery 
were obtained from the medical records of the patients. Corneal dellen development rate was found to be 
3.7%. A moderate positive correlation was determined between both mean dellen occurrence time (r = 
0.387, p = .007), and mean dellen healing time (r = 0.376, p = .014) with age. In patients who underwent 
monocular two muscle surgery had significantly higher rates of dellen formation compared to patients who 
underwent single muscle surgery (p˂0.001). Corneal dellen was significantly higher in eyes undergoing 
single muscle rectus resection surgery than single muscle rectus recession surgery (p < .001). It was 
observed that corneal dellen developed more frequently after resection surgery, developed earlier in 
younger patients, and heals later in elderly patients. Therefore, patients can be followed up closely, 
keeping in mind the development of dellen, especially after resection surgery. The most important limiting 
factor of this study is its retrospective nature. It is thought that monitoring these cases prospectively and 
evaluating the ocular surface and tear film layer, performing anterior segment optical coherence 
tomography to STRABISMUS 225 determine the dellen severity will increase the value of the study in 
identifying the factors that affect the prognosis of dellen. 
 
Causes of concomitant strabismus surgery delay in teenagers and adults  
Ala Paduca, Oleg Arnaut, Per Olof Lundmark & Jan Richard Bruenech.  
Strabismus, 29:3, 151-157 
The main goal of the paper is to reveal the reasons for strabismus surgery delay and motivations for 
seeking surgical treatment in adulthood. Prospective survey among 91 adult patients, suffering from 
concomitant strabismus acquired in the childhood that underwent delayed strabismus surgery. The mean 
age of participants was 24 years (from 16 to 58 years); 48 females (52.7%), and 43 males (47.3%). 
Strabismus surgery has been delayed for about 20 years in adult patients who could potentially benefit of 
it in childhood. The most common reasons for strabismus surgery delay, reported by patients, included 
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the following: lack of awareness about surgery (37.4%); surgery was recommended but declined by 
patients’ parents/guardians in their childhood (6.6%); fear of surgery (17.6%); eye specialists affirmation 
that surgery would not lead to strabismus improvement (27.5%); previous poor surgical experience 
(6.6%); and non-affordability (4.4%). The main motivations for seeking strabismus surgery in adulthood 
among our patients were the following: appearance improvement (38.5%), strengthening of self-
confidence (30.8%), better social relationship (16.5%), better job opportunities (7.7%), and advice from 
family and friends (6.6%). About 80% of strabismus surgery delays in teenagers and adults were caused 
by lack of awareness regarding strabismus surgery and even the misconception among primary health-
care practitioners and some eye doctors who considered that surgery would not lead to strabismus 
correction. The main reasons for seeking strabismus surgery in adulthood were: esthetical ones, self-
confidence strengthening, and building better social relationship. All factors mentioned below confirmed 
the negative impact of oculomotor disorders on patient’s psychological condition. The focus on patient’s 
individual concerns and needs was especially important for recovery and well-being of adult patients with 
strabismus and formed a central feature of patient centered medical approach. Limitations of the study is 
due to the fact that the study was performed among patients undergoing strabismus surgery in a tertiary 
eye care center and might falsely estimate the true figures regarding strabismus surgical delay in the 
community. Thus, population-based studies were needed for obtaining a true estimate of strabismus 
surgery delay in the community. 
 
Definition of successful outcomes after surgery for each type of strabismus: a Delphi study 
Serafino M, Granet DB, Kushner BJ, Kekunnaya R, Nucci P, Kreatsoulas C. 
J AAPOS 2021;25:3.e1-5 
28 ophthalmologists deemed an expert in strabismus was electronically surveyed twice on questions on 
strabismus surgery motor outcome, sensory outcome and time from surgery to outcome determination. 
The first round of questions had an agree or disagree dichotomous answer choice. The second survey 
had 89 questions with responses on a scale of 7 from strongly disagree to strongly agree. For the first 
and second set of questions 85% consensus was reached for 20% of the questions. This study cannot 
conclude any consensus and disagreement on the definition of a successful strabismus surgery.  
 
 
Outcomes of modified vertical rectus belly transposition versus augmented superior rectus transposition 
for chronic abducens nerve palsy 
Yao J, Xia W, Wang X, Liu G, Sun X, Wu L, Jiang C, Zhao C 
J AAPOS 2021;25: 7.e1 - 7.e6 
Surgical outcomes of patients who underwent modified vertical rectus belly transposition or augmented 
superior rectus transposition in patients with chronic abducens nerve palsy who were operated on by a 
single surgeon were reviewed retrospectively. A total of 26 patients were included. After surgery, 
statistically significant changes of abduction limitation and esotropia were observed.  However, the 
difference in abduction improvement between groups was not statistically significant. Of the 19 patients 
who underwent unilateral surgery, preoperative esotropia was similar in both groups, but more esotropia 
was corrected in the mVRBT group than in the aSRT group. There was no symptomatic vertical or 
torsional deviation. In our patient cohort, mVRBT/MRc showed a better effect in correcting esotropia and 
a similar effect in improving abduction limitation compared with aSRT/MRc. The limitations of the study is 
the small sample size.   
 
 
Inferior oblique overaction in trochlear nerve palsy: anterior transposition versus myectomy 
Jafari K, Gibbings N, Jain S 
J AAPOS 2021; 25: 18.e1 - 18.e5 
This is a retrospective study comparing surgical outcomes of inferior oblique myectomy and anterior 
transposition for correction of hypertropia in fourth nerve palsy. 40 pateints were included Of these, 19 
underwent anterior transpositions and 21 myectomies. Both surgical techniques were successful at 
reducing levels of vertical deviation (anterior transposition, 89%; myectomy, 76%). However, the relative 
percentage reduction showed a statistically significant difference in postoperative outcomes, with 
anteriorization being more effective (anteriorization, 82%; myectomy 48%; P 5 0.003) In this study cohort, 
anterior transposition was more effective than myectomy at correcting vertical deviation in patients with 
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inferior oblique overaction secondary to trochlear nerve palsy. The limitations of the study is in the 
retrospective design.  
 
 
Measuring health-related quality of life in individuals with cyclodeviation using the Adult Strabismus 20 
(AS-20) questionnaire 
Flodin S, Rydberg A, Pansell T, Gronlund MA. 
J AAPOS 2021; 25: 20.e1 - 20.e6 
To evaluate the subjective change following surgical treatment in patients with cyclodeviation 29 adult 
patients were prospectively studied from 2014 to 2019Pre- and postoperative quality of life (QoL) scores 
were successfully collected from 26 patients (mean age, 56 years; 8 female) using the AS-20 
questionnaire. Scores were significantly higher for control subjects than for patients in the cyclodeviation 
group. Postoperative scores for all 20 questionnaire questions were significantly improved for all patients. 
There was a significant improvement in the functional subscale score, but not in the psychosocial 
subscale score. Cyclodeviation patients demonstrated significantly lower scores than controls. The 
functional scores were significantly lower than the psychosocial scores, in contrast to other forms of 
strabismus. Strabismus surgery had a significant effect on quality-of-life scores in this group of adults 
 
Adjustable sutures in the treatment of strabismus 
Heidary G, Aakalu VK, Binenbaum G, Chang MY, Morrison DG, VanderVeen DK, et al.. Ophthalmology 
2022;129:100-109. 
(AAO OTAC Review article) 
The authors conducted a review the scientific literature evaluating the effectiveness of adjustable sutures 
in the management of strabismus for adult and pediatric patients. 
Literature searches were performed in the PubMed database through April 2021 with no date limitations 
and were restricted to publications in English. The searches identified 551 relevant citations, of which 55 
were reviewed in full text. Of these, 17 articles met the inclusion criteria and were assigned a level of 
evidence rating by the panel methodologist. The search included all randomized controlled studies 
regardless of study size and cohort studies of 100 or more patients comparing the adjustable versus 
nonadjustable suture technique, with a focus on motor alignment outcomes or reoperation rates. The 
literature search yielded no level I studies. Of the 17 articles that met the inclusion criteria, 11 were rated 
level II and 6 were rated level III. Among the 12 studies that focused on motor alignment outcomes, 4 
small randomized clinical trials (RCTs) did not find a statistically significant difference between groups, 
although 
they were powered to detect only very large differences. Seven of 8 nonrandomized studies found a 
statistically significant difference in motor alignment success in favor of the adjustable suture technique, 
both overall and in certain subgroups of patients. Successful motor alignment was seen in both exotropia 
(in 3 studies that were not 
limited to children) and esotropia (in 1 study of adults and 2 of children). The majority of included studies 
that reported on reoperation rates found the rates to be lower in patients who underwent strabismus 
surgery with adjustable sutures, but this finding was not uniformly demonstrated. The authors conclude 
that although there are no level I studies evaluating the effectiveness of adjustable sutures for strabismus 
surgery, the majority of nonrandomized studies that met the inclusion criteria for this assessment reported 
an advantage of the adjustable suture technique over the nonadjustable technique with respect to motor 
alignment outcomes. This finding was not uniformly demonstrated among all studies reviewed and 
warrants further investigation 
in the development and analysis of adjustable suture techniques 
 
Integrated Intraoperative Optical Coherence Tomography during Scleral Pass in Strabismus Surgery 
J Binocul Vis Ocul Motil. 2021 Dec 7;1-3.   
Julia Kuhn, Matthew S Pihlblad 
This was a retrospective study conducted at the University of Pittsburgh involving surgical videos using 
iiOCT (integrated intraoperative optical coherence tomography).  The maximal needle depth during 
scleral passes could be visualized at time of surgery.  This study evaluated 47 scleral passes with 45 
having sufficient image quality to include in the study.  These images were from 15 patients, and most 
involved horizontal recti muscles.  Mean percent scleral thickness and standard deviation was 39+13.7%, 
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range 19-88%.  When comparing a second pass to the first pass, there was no statistically significant 
difference in depth of scleral pass between the two.  Limitations of this study is the lack of absolute 
scleral depth, and there still remains some artifacts limiting accurate interpretation of intraoperative OCT 
images.  Applying this technology to assess consistency in young surgeon trainees would one of many 
possible future directions for this imaging modality. 
 
The Role of Hypertropia in the Surgical Management of Bilateral Inferior Oblique Muscle Overaction 
J Binocul Vis Ocul Motil. 2021 Nov 9;1-4. 
Matteo Scaramuzzi, Massimiliano Serafino, Aldo Vagge, Alessia Nuzzi, Giuseppe Rao, Paolo Nucci 
This study retrospectively analyzed patients who had bilateral inferior oblique weakening surgeries for 
bilateral inferior oblique overaction (IOOA) with and without a hypertropia in primary field of gaze.  The 
surgeons in the study utilized varying sizes of recession depending on severity of inferior oblique 
overaction (no myectomies in this study).  For the most severe inferior oblique overaction, the inferior 
oblique was anteriorized and placed at the level of the inferior rectus insertion.  If a hypertropia was 
present, the more powerful weakening procedure was applied to the inferior oblique of the hypertropic 
eye.  Among the 19 patients that were studied, 16 experienced complete elimination of inferior oblique 
overaction.  In 12 patients, hypertropia present at baseline decreased significantly after asymmetric 
inferior oblique weakening (9.2+1.5PD preoperatively to 2.0+1.3PD postoperatively).  The results of this 
study corroborate the self-adjusting effect of inferior oblique weakening surgeries and that often small 
vertical deviations can be addressed by weakening the inferior oblique muscle alone.  Limitations of this 
study include the retrospective design and the small sample size.   
 
Is a Depth Camera in Agreement with an Electromagnetic Tracking Device when Measuring Head 
Position? 
Br Ir Orthopt J. 2021 Nov 15;17(1):142-149. 
Vienna-Jaye Burchell, Gemma Arblaster, David Buckley, Jonathan Wheat 
This study involved measuring the head position of twenty healthy volunteers using the depth camera 
and the electromagnetic tracking system.  While participants moved their head in various positions 
including chin up, down, head turn and tilt positions, the movement and stability of the head were 
recorded and analyzed.  With regards to range of head movement, for all head movements except tilt 
left, the depth camera measured less head movement than the electromagnetic tracking system.  As for 
stability of head movement, the chin down head position was larger than the standard deviation of the 
electromagnetic tracking system (p=0.026), but for all other positions, the differences were not 
statistically significant.  Given ease of use of depth cameras, the ability to measure head 
positions/movements in the clinic with these devices would be ideal.  The measurements made by depth 
cameras in comparison to electromagnetic tracking system are fairly comparable.  However, analysis of 
data from depth cameras may be more complex and require more expertise.   
 
Medial rectus disinsertion for management of chronic complete sixth nerve palsy. 
Bagheri A, Veisi A, Tavakoli M. 
European Journal of Ophthalmology. December 2021.  
This study describes 6 cases of chronic complete sixth nerve palsy that were successfully managed 
using the novel technique of medial rectus disinsertion. The authors offered this procedure to 6 patients 
who continued to suffer from debilitating diplopia despite previous more standard strabismus surgery, 
and who refused prisms or surgery of the fellow eye. Mean age at surgery was 35 years, with mean 
follow-up of 15.3 months. The surgical procedure entailed disinserting the medial rectus from the sclera, 
resecting about 8mm, and then leaving the muscle in the orbit. All 6 patients had improved alignment 
after medial rectus disinsertion. 2 patients required no further strabismus surgery to achieve orthotropia 
in primary gaze, but the other 4 patients required one additional strabismus surgery of the same eye in 
order to achieve orthotropia in primary gaze. All 6 patients were orthotropic in primary gaze at last follow-
up, and no patients complained of diplopia or strain at near. This report is important in that the authors 
state that they are the first to describe this technique in the treatment of sixth nerve palsy refractory to 
conventional procedures. Their impressive results suggest that this procedure should be considered for 
some patients with complete sixth nerve palsies. 
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Whole tendon disinsertion of superior oblique for the treatment of Brown syndrome: a comparative study 
with multiple techniques Birsen Gokyi € git, MD, and Selcen C ¸ elik, MD 
JAAPOS 2021;25:280.e1-6. 
Surgical management of Brown syndrome can be difficult with nongraded approaches often leading to 
consecutive SO palsy and graded approaches being associated with complications such as scar 
formation, extrusion of foreign body, granuloma formation, persistent vertical deviations, restricted 
downgaze, and underelevation in adduction. In this paper, the authors describe their technique for 
temporal disinsertion of the SO tendon and compare this method to other SO procedures for treatment of 
Borwn syndrome. The success rate of 82.6% was similar to other procedures. There were small amounts 
of undercorrection (8.7%), overcorrection (8.7%), and adhesion (4.3%), but there were no cases of SO 
palsy observed. This paper presents a simple, effective treatment for Brown Syndrome that comes with 
less risk of consecutive SO palsy compared to SO nasal tenotomy/tenectomy.  
 
 
Comparison of quantitative measurement of macular vessel density before and after inferior oblique 
muscle–weakening surgery: An optical coherence tomography angiography study. 
Selcen Celik, MD, Aynur Dıracoglu, MD, Aslı Inal, MD, Osman Bulut Ocak, MD, Isıl Pasaoglu, MD, Birsen 
Gokyigit, MD, and Ozgur Artunay, MD. 
JAAPOS 2021;25:282.e1-5. 
While there are studies looking at alterations in ocular hemodynamics after strabismus surgery on 
horizontal muscles, there are no studies addressing ocular hemodynamic changes after IO surgery. The 
aim of this current study was to fill this gap in knowledge by assessing the changes in macular vessel 
density and foveal avascular zone after IO-weakening procedures by using OCTA. A total of 72 eyes 
were included in the study. There were no significant changes in SCP, DCP, and FAZ detected in the 
post-operative period. The mean central vessel density of CCP increased significantly at the week one 
post-op compared to pre-op, but this difference did not persistent at the month one post-op. The lack of 
change in retinal vasculature following IO surgery may be because IO surgery does not damage any 
anterior ciliary arteries. The transient change in the CCP vessel density might be explained by surgically 
induced inflammation and the proximity of the insertion of the IO muscle to the macula. This study is 
reassuring that IO surgery does not lead to any disruptions in ocular blood supply. 
 
 
Superior rectus recession for hypertropia in thyroid-associated ophthalmopathy. 
Ming-Hao Chen, MD, and Jian-Hua Yan, PhD. 
JAAPOS 2021;25:283.e1-6. 
The purpose of this study was to report on the effects of surgical weaking of the superior rectus muscle in 
patients with thyroid associated ophthalmopathy. A total of 33 patients were included, 10 patients 
underwent SR recession, 18 patients underwent SR recession + traction suture, and 5 patients underwent 
SR tenotomy. The overall success rate was 76%. The traction suture was added to large SR recessions 
to ensure that an adequate hang-back recession was achieved. In this study, surgical outcomes of SR 
recession appeared better than those of IR recessions. One reason may be the ability to sacrifice some 
reduced upgaze to give the patient a good outcome in primary and downgaze. No late postoperative 
vertical shifts were seen, and post-operative upper eyelid retraction was avoided by separating fascial 
connections between the SR muscle and levator muscle as far as 15-20 mm from the SR insertion. 
Overall, this study shows that an SR recession is highly successful in TAO cases with simple SR 
restriction. 
 

 
Superior Rectus Transposition and Medial Rectus Recession for Treatment of Duane Retraction 
Syndrome and Sixth Nerve Palsy,  
Mohammad Reza Akbari MD, Ahmad Masoumi MD & Arash Mirmohammadsadeghi MD 
Journal of Binocular Vision and Ocular Motility, Volume 71, Issue 2(2021) 
Pages: 45-49,Published online: 05 Mar 2021 
Purpose: To evaluate the outcome of augmented superior rectus transposition (SRT) with medial rectus 
(MR) recession in patients with Duane Retraction Syndrome (DRS) and sixth nerve palsy. Methods: 
Twenty four patients (16 DRS and 8 sixth nerve palsy) that underwent the procedure were included. The 
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superior rectus muscle was secured, detached, and re-attached to the sclera along the spiral of Tilaux, 
adjacent to lateral rectus insertion. A non-absorbable augmentation suture was passed through the 
sclera, 8 mm posterior to the insertion of the lateral rectus.Results: At the last follow-up, the effect of 
surgery in decreasing esotropia in both groups was significant (P = .001 for DRS group, P = .002 for sixth 
nerve palsy). In both groups, abduction deficit improved significantly (P < .001 for DRS and P = .008 for 
sixth nerve palsy). After the surgery, small, asymptomatic vertical deviation in primary position was 
induced in five patients (20.8%). Post-operatively, none of the patients complained of torsional diplopia. In 
the 6-month follow-up, compared with the first postoperative visit, an eso-drift at distance or near 
developed in 11 patients (45.8%). Of the 11 patients with eso-drift, overcorrection (exotropia of 3–14 PD) 
was present at the first post-operative visit in 5 cases. Four cases showed an exo-drift (2–5 PD) at 
distance or near over time. 
 
 
Use of neuromuscular blocking drugs in strabismus surgery: systematic review and ophthalmology survey 
study.  
Yu CW, Law C, Strube YNJ. 
Can J Ophthalmol. 2021;56(2):112-117. 
This is a systematic review of published articles regarding the use of neuromuscular blocking agents for 
forced duction tests (FDT) during strabismus surgery. Eighty-eight articles were found; however, only 
three met inclusion criteria. Succinylcholine(depolarizing agent)  was reported to cause a significant 
muscle contraction, and pancuronium did not (non-depolarizing). Rocuronium was reported to cause less 
oculocardiac reflex compared to succinylcholine. Moreover, a survey study to assess practice patterns 
was sent to pediatric ophthalmologists in Canada, the US, and internationally through various listservs. 
Seventy-seven completed the survey. 64% noted no benefit, and 44% responded that the main drawback 
was increased turnover time between surgical cases.  Seven answered that they requested the agent; six 
of these practice outside the US. The authors conclude there is no adequate evidence to support the use 
of these agents for FDT or in strabismus surgery. 
 
Augmented bimedial rectus muscles recession in acute acquired concomitant esotropia associated with 
myopia. 
Roda M, Pellegrini M, Rosti A, Fresina M, Schiavi C. 
Can J Ophthalmol. 2021;56(3):166-170. 
This is a retrospective chart review of patients diagnosed with acute acquired concomitant esotropia 
associated with myopia. Bielschowsky described it in 1922 as a sudden onset esotropia with diplopia 
characterized by the maintenance of fusion at near, no evidence of paralysis, conserved binocular fusion, 
and associated myopia.  Undercorrections are common with standard surgical dose tables. Forty-six 
patients met the inclusion criteria. The mean age at surgery was 40.1 ± 18.1 years. The mean 
preoperative deviation angle of esotropia at distance was 26 ± 7.5 PD, and 25.2 ±7.9 at near.  All 
underwent an augmented bilateral medial rectus recession. Compared with the Parks table, the surgery 

dose was augmented by 35.4% ±15.8. They defined surgical success as a postoperative deviation  10 
PD and by resolution of diplopia – this was achieved in 82.6% (32 patients). The average dose-response 
was 1.8 ± 0.6 PD/mm. The dose-response was positively correlated with the preoperative angle of 
deviation. The patients had good motor and sensory results; however, stereopsis was only reported as 
absent or present. This report highlights the importance of using the surgical tables as guidance-only and 
that augmenting the dosing is crucial for surgical success with these cases.  The authors make emphasis 
on considering higher augmentations with higher preoperative angles.   
 
Wright hang-back recession with fibrin glue compared with standard fixed suture recession for the 
treatment of horizontal strabismus.  
Wright KW, Arow M, Zein M, Strube YNJ. 
Can J Ophthalmol. 2021;56(4):244-249. 
This is a retrospective, case-controlled clinical study comparing the clinical safety and outcomes of the 
Wright hang-back recession with fibrin glue (WHBG) (32 eyes of 17 patients) vs. standard fixed suture 
rectus recession (SFR) (32 eyes of 17 patients). All cases included comitant horizontal strabismus, 
restrictive or paretic strabismus were excluded. A good surgical outcome was defined as a final alignment 
of <10 PD at distance. WHBG is a modified hang-back recession in that after imbricating the muscle with 
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double-armed suture and detaching it from the insertion, the muscle is then secured to the sclera with a 
single 5-7 mm horizontal pass 1 mm anterior and parallel to the insertion. Subsequently, the suture knot 
is tied posterior to the natural insertion, closer to the rectus muscle recession point. In the original Hang-
back technique, the knot is tied anterior to the natural muscle insertion. Fibrin glue is then applied 
between the recessed muscle bed and sclera, including the sutures. The authors did a pseudo-
randomization for the SRF group. Esotropes and exotropes were included in both groups, 35% ET and 
65% XT. The WHBG had more myopic patients. Mean preoperative deviation range between 20-30 PD. 
The mean postoperative deviation was <7PD for both groups. The authors report a novel modification of 
the traditional hang-back recession by placing the knot posterior to the natural insertion (adjacent to the 
recessed muscle as with standard recessions); therefore, reducing the risk of knot exposure. This fibrin 
glue modification reduces the risk of under- and overcorrections due to migration of the recessed muscle. 
Moreover, the authors report their previous experience with cyanoacrylate glue; they had foreign body 
reactions and therefore only recommend fibrin glue.  
 
 
Clinical evidence for an accessible modification to the Scott resection-recession procedure, using a 
matching duction technique.  
Sharon Armarnik, MD, Elham Al Qahtani, MD, and Christopher J. Lyons, MB, FRCSC.  
J AAPOS 2021;25:70.e1-6.  
This study reports on the results of a resection-recession procedure on a single muscle for the 
management of incomitant strabismus using a calculation that is proposed by the authors. The calculation 
is based on trying to match ductions of the unaffected eye with the affected eye. It exploits the fact that a 
duction deficit is induced by over-recession of a rectus muscle. The calculation involves recessing the 
yolk muscle to an extent to induce the desired duction deficit and then resecting enough of the yolk 
muscle to align the eyes in primary position. The procedure was performed on 20 patients. An adjustable 
suture technique was used in all cases, but only 5 patients required adjustment. Post-operatively, 95% of 
patients had a primary angle of < 6 prism diopters and 75% were orthophoric. The reduction of the 
deviation in eccentric gaze averaged 70%. It was effective on all 4 rectus muscles. This study gives a 
reasonable calculation to use when performing a Scott resection-recession procedure.  
 
 
Strabismus surgical time-out: an illustrated whiteboard modification.  
Madhuri Chilakapati, MD, Natasha N. Loudin, MD, Kimberly G. Yen, MD, and David K. Coats, MD.  
J AAPOS 2021;25:72.e1-4.  
The purpose of this study was to assess the use of a strabismus-specific illustrated whiteboard and oral 
affirmation of surgical details to improve communication and reduce risk of wrong site surgery. The 
whiteboard included patient name, deviation, versions, and procedure name. It also had labeled diagrams 
of both eyes and extraocular muscles where the procedure could be marked on the appropriate muscle. 
The terms weaken (W) and strengthen (S) were used instead of recess and resect to avoid confusion. 
The information on the whiteboard was completed prior to the time-out by the surgeon. This whiteboard 
was secured to a wall near the head of the bed. Pre- and post-implementation surveys were completed 
by the operating room staff and the surgeons. The white board increased staff member understanding of 
all aspects of the surgery and increased the number of staff who felt they would be able to tell whether an 
error was being made during the procedure. The surgeons also felt more confident about staff 
understanding and their ability to identify an error. The staff and surgeons felt that the whiteboard was 
easy to use and had the potential to decrease surgical errors. This study provides a great template to be 
used in the OR to help avoid wrong site surgery.  
  
 
Surgeon demographic and surgical volume trends in adult strabismus surgery in the United States.  
Meghana Kalavar, MHS, Arjun Watane, BS, Jayanth Sridhar, MD, and Kara M. Cavuoto, MD.  
J AAPOS 2021;25:78.e1-5.  
This study assessed current trends in the volume of adult strabismus surgeries among Medicare 
beneficiaries. It also looked at surgeon demographics to develop a better understanding of the practices 
surrounding adult strabismus surgery. Information about surgeons performing strabismus surgery was 
collected from the Medicare Provider Utilization and Payment Data (MPUPD) from 2012 to 2017. The 
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number of strabismus surgeries increased over that period indicating an increased demand for surgery 
and/or an increase in surgeons available to perform the surgeries. The positive trend may indicate better 
patient education, increased awareness of strabismus surgery utility, improved reimbursement, or aging 
population. Age was a factor in the number of adult strabismus surgeons with 63% of strabismus 
surgeons being in their late career. This may be due to increased confident in late career surgeons to 
complex strabismus surgeries or due to older patients preferring surgeons that have similar 
characteristics to themselves. Most surgeons in this study were males; however, there was parity 
between the sexes in the youngest generation showing a promising trend towards more balance in this 
field. One of the most interesting findings was that women aged 40-59 performed fewer surgeries than 
their male counterparts; however, this difference was not present in surgeons greater than 60 years old. 
This trend tracks with a similar trend in scholarship productivity and points to competing domestic 
demands for women and implicit bias in patients. It will be importance to recognize this and provide 
increased support for early to midcareer female surgeons, especially as they become a larger proportion 
of the surgeons performing strabismus operations in adults.  
 
 
Bilateral augmented superior rectus transposition with medial rectus recession for bilateral esotropic 
Duane retraction syndrome.  
Virender Sachdeva, MS, Mayank Jain, MD, Akshay Badakere, DO, FRCS, and Ramesh Kekunnaya, MD, 
FRCS.  
J AAPOS 2021;25:116-118.  
Superior rectus transposition with medial rectus recession is commonly performed for unilateral esotropic 
Duane syndrome. For bilateral esotropic Duane syndrome, bilateral medial rectus recession is the most 
frequently performed surgery and usually provides satisfactory alignment in primary position; however, 
there is limited improvement in abduction. The authors report the outcomes of bilateral augmented 
superior rectus transposition and medial rectus recession in 4 patients with bilateral esotropic Duane 
syndrome. Postoperatively, abduction was improved in all patients; 3 were orthotropic in the primary 
position, and 1 had residual esotropia. The 2 patients with an AHP pre-operatively had resolution of their 
head posture following surgery. Although this study is limited by its retrospective nature, short follow-up, 
and small sample size, it suggests that bilateral SRT with MRc is a feasible option for improving primary 
gaze esotropia and abduction in bilateral esotropic DRS patients.   
 
 
Botulinum toxin injection of the inferior oblique muscles for V-pattern strabismus and primary position 
hypertropia.  
Oke I, Elhusseiny AM, Shah AS, Hunter DG.  
American Journal of Ophthalmology. 2021 Jul 17. 
The use of Botox for strabismus has gained appreciation due to its general low risk and potential role for 
both short and long-term management of strabismus. Generally, Botox is considered for horizontal 
deviations, but this retrospective study of 20 patients with V pattern strabismus or primary position 
hypertropia aimed to assess outcomes for Botox injected into the inferior oblique muscle. These injections 
were performed both in the clinic and under general anesthesia. Overall, the authors found that V-pattern 
improvement was found in 77% of patients in the short term, 60% medium term, and 33% long term. 
Additional intervention for residual V-pattern was performed in 38% of patients. For primary position 
hypertropia, improvement was seen in 50% of patients short term, 33% medium term, and 20% long term. 
This represents the first published report of Botox injections to inferior oblique muscles for V-pattern 
strabismus and demonstrates short-term and potential long-term success for the management of V-
pattern strabismus. 
 
 
Strabismus surgery decreases the risk of injuries in pediatric patients in the OptumLabs Data Warehouse.  
Pineles SL, Repka MX, Yu F, Velez FG, Perez C, Sim D, Coleman AL.  
American journal of ophthalmology. 2021 Jul 18. 
There is a known association between risk for injury and strabismus (both in children and adults). Using 
big data available through the OptumLabs Data Warehouse, this study aimed to determine whether 
strabismus surgery in children decreased the risk of injury. The database contained over 344,000 children 
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with strabismus, of which more than 26,000 (roughly 8%) underwent surgery. Injuries were diagnosed in 
almost 30% of children with strabismus who did not have surgery compared to 22% of children who did 
have surgery. Thus, having strabismus surgery decreased the risk of injury by a hazard ratio of 0.85. The 
authors propose a few factors in this risk reduction including the effects of eye alignment on gross motor 
development, postural stability, and gait safety. One interesting finding was that injury risk reduction was 
strongest for patients with exotropia, which may be related to the higher likelihood of improving binocular 
vision after surgery compared to other forms of strabismus. This study adds further evidence to support 
the importance of strabismus surgery and can be considered when counseling patients and families about 
the risks and benefits of the procedure. 
 
Surgical management of consecutive exotropia: Long-term outcomes.  
Ceylan OM, Oğuz YG, Ayyıldız Ö, Köksal S, Yumuşak E, Mutlu FM.  
Eur J Ophthalmol. 2021;31(3):915-919. 
Published May, 2021 
Age, accommodation, muscle slippage, and stretch scar formation are factors that can lead to consecutive 
XT (CXT) after surgery for esotropia. CXT can be treated with medial rectus advancement (MRadv) with or 
without resection, lateral rectus recession (LRc), or a combination of these. This retrospective cohort study 
sought to report the dose-effect relationship of surgery and its result in 43 patients undergoing surgery for 
CXT. The initial average dose-effect relationship was higher in the 23 patients who underwent MRadv vs 
the 20 who underwent LRc, but this difference was not significant at the second year of follow-up. After 2 
years, the MRadv group averaged an exodrift of 6.6±7.12 PD and the LRc averaged an exodrift of 8.13±7.45 
PD. Overall success rate was 50% for MRadv and 65% for LRc, but this was not significant (𝜒2, p = 0.31). 
The authors conclude that “although there was no statistically significant difference at the last follow-up, 
better results were obtained with MRadv than LRc in the treatment of CXT.” However, the data do not 
support this conclusion because the authors reported no statistically significant difference in the final 
outcomes of the two procedures. This study does provide grounds for larger, better powered comparative 
analysis of the same topic.  
 
Definition of successful outcomes after surgery for each type of strabismus: a Delphi study 
Serafino M, Granet DB, Kushner BJ, Kekunnaya R, Nucci P, Kreatsoulas C. 
J AAPOS 2021;25:3.e1-5 
28 ophthalmologists deemed an expert in strabismus was electronically surveyed twice on questions on 
strabismus surgery motor outcome, sensory outcome and time from surgery to outcome determination. 
The first round of questions had an agree or disagree dichotomous answer choice. The second survey 
had 89 questions with responses on a scale of 7 from strongly disagree to strongly agree. For the first 
and second set of questions 85% consensus was reached for 20% of the questions. This study cannot 
conclude any consensus and disagreement on the definition of a successful strabismus surgery.  
 
 
Outcomes of modified vertical rectus belly transposition versus augmented superior rectus transposition 
for chronic abducens nerve palsy 
Yao J, Xia W, Wang X, Liu G, Sun X, Wu L, Jiang C, Zhao C 
J AAPOS 2021;25: 7.e1 - 7.e6 
 
Surgical outcomes of patients who underwent modified vertical rectus belly transposition or augmented 
superior rectus transposition in patients with chronic abducens nerve palsy who were operated on by a 
single surgeon were reviewed retrospectively. A total of 26 patients were included. After surgery, 
statistically significant changes of abduction limitation and esotropia were observed.  However, the 
difference in abduction improvement between groups was not statistically significant. Of the 19 patients 
who underwent unilateral surgery, preoperative esotropia was similar in both groups, but more esotropia 
was corrected in the mVRBT group than in the aSRT group. There was no symptomatic vertical or 
torsional deviation. In our patient cohort, mVRBT/MRc showed a better effect in correcting esotropia and 
a similar effect in improving abduction limitation compared with aSRT/MRc. The limitations of the study is 
the small sample size.   
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Inferior oblique overaction in trochlear nerve palsy: anterior transposition versus myectomy 
Jafari K, Gibbings N, Jain S 
J AAPOS 2021; 25: 18.e1 - 18.e5 
This is a retrospective study comparing surgical outcomes of inferior oblique myectomy and anterior 
transposition for correction of hypertropia in fourth nerve palsy. 40 pateints were included Of these, 19 
underwent anterior transpositions and 21 myectomies. Both surgical techniques were successful at 
reducing levels of vertical deviation (anterior transposition, 89%; myectomy, 76%). However, the relative 
percentage reduction showed a statistically significant difference in postoperative outcomes, with 
anteriorization being more effective (anteriorization, 82%; myectomy 48%; P 5 0.003) In this study cohort, 
anterior transposition was more effective than myectomy at correcting vertical deviation in patients with 
inferior oblique overaction secondary to trochlear nerve palsy. The limitations of the study is in the 
retrospective design.  
 
 

Measuring health-related quality of life in individuals with cyclodeviation using the Adult Strabismus 20 

(AS-20) questionnaire 
Flodin S, Rydberg A, Pansell T, Gronlund MA. 
J AAPOS 2021; 25: 20.e1 - 20.e6 
To evaluate the subjective change following surgical treatment in patients with cyclodeviation 29 adult 
patients were prospectively studied from 2014 to 2019Pre- and postoperative quality of life (QoL) scores 
were successfully collected from 26 patients (mean age, 56 years; 8 female) using the AS-20 
questionnaire. Scores were significantly higher for control subjects than for patients in the cyclodeviation 
group. Postoperative scores for all 20 questionnaire questions were significantly improved for all patients. 
There was a significant improvement in the functional subscale score, but not in the psychosocial 
subscale score. Cyclodeviation patients demonstrated significantly lower scores than controls. The 
functional scores were significantly lower than the psychosocial scores, in contrast to other forms of 
strabismus. Strabismus surgery had a significant effect on quality-of-life scores in this group of adults. 
 
Bupivacaine Injection without Electromyographic Guide for Correction of Residual Esotropia and 
Exotropia after Strabismus Surgery  
Arash Mirmohammadsadeghi MD, Fereydun Sajadi MD, Asghar Mollazadeh Jelodar MD & Mohammad 
Reza Akbari MD 
Journal of Binocular Vision and Ocular Motility, Volume 71, Issue 1 (2021) 
The authors aimed to evaluate the effect of bupivacaine injection without electromyographic guide for 
correcting residual esotropia and exotropia after strabismus surgery.  The looked at thirty patients with 
residual strabismus after surgery and ijected them without EMG guide with bupivacaine.  They faoud that 
there was a variable effect of injecting bupivacaine of 2 to 18 prism diopters and that this effect may have 
been higher in patients with decreased acuity. 
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11. ANTERIOR SEGMENT 

 
Results of Follow-up in Pediatric Keratoconus Treated With Intracorneal Ring Segments Implantation 
Alone or in Combination With Corneal Cross-linking 
Méndez EA, Roys NDP, Mejía ME, Plata MC, Rosenstiehl SM.  
J Pediatr Ophthalmol Strabismus. 2021;1-10. 
Pre-publication. Accepted June 2, 2021 
Pediatric keratoconus can be aggressive, more commonly associated with atopic ocular disease, and can 
be associated with increased risk of corneal transplantation. This retrospective observational study 
sought to report the outcomes of intraconal ring segment (ICRS; 5mm Ferrara rings) implantation alone or 
in combination with accelerated corneal cross-linking (A-CXL) in 26 eyes of 19 Colombian children aged 
16.5 ± 1.8 years. 16 eyes received ICRS+ACXL and 10 eyes received ICRS only. The authors reported 
global results, and found that median UCVA, median BCVA, and medial SphEq all improved after 
surgery. Median maximum keratometry and median asphericity also improved globally. There were 
reportedly no complications. The authors concluded that ICRS implantation with or without A-CXL 
combination led to visual and topographic improvement in patients with keratoconus, which was 
maintained throughout the follow-up time of 39.6 months. It seems to be a safe procedure to delay or 
avoid corneal transplantation in the pediatric population. This was an interesting study, but limited in 
generalizability for several reasons: retrospective, small sample size, and lack of availability of ICRS for 
children in the US and other regulatory environments.  
 
Detecting Keratoconus: Feasibility and Findings in Three Pediatric Risk Groups 
Neustein RF, Lenhart PD.  
J Pediatr Ophthalmol Strabismus. 2021;1-8. 
Pre-publication. Published online December 20, 2021.  
The purpose of this study was to investigate the utility of three corneal screening devices (Pentacam, 
Orbscan, and and ORA) in three groups of children (those with Trisomy 21, with a first-degree relative 
with KCN, and normals). The authors prospectively enrolled 54 subjects aged 7-17 years (mean 11.74 
years) over 2 years. They found that patients in groups 2 and 3 had thicker central corneal thickness, 
thinnest point corneal measurements, flatter anterior corneal curvature, and higher corneal resistance 
factor, and they successfully completed more attempted examinations, and obtained examinations of 
higher quality than patients in group 1. CCT was significantly greater in patients in groups 2 and 3 as 
compared with patients in group 1, with the difference in CCT more pronounced when measured by 
Orbscan than by Pentacam. We found that steepest anterior corneal curvature and corneal dioptric power 
in the K2 meridian were both significantly steeper in group 1 than in groups 2 and 3, and corneal dioptric 
power in the K1 meridian was of borderline significance. The authors concluded that compared to patients 
with first-degree relatives with keratoconus and control patients, patients with Trisomy 21 had thinner 
corneas, steeper corneas, lower CRFs, and completed fewer corneal topographic examinations reliably. 
This is a valuable study in the assessment of keratoconus in children - especially those at higher risk. It 
allows providers to offer screening using any of the thess devices mentioned. 
 
Treatment and prevention of ocular motility restrictions with amniotic membrane transplantation.  
Héctor Fernández Jiménez-Ortiz, Raúl Sampedro Yañez, Beatriz Villarrubia Torcal, Borja Maroto 
Rodriguez, Sara Nava Pérez & Natalia Monja.  
Strabismus, 29:4, 228-242 
The goal of this paper is to investigate the indications, complications, and final results of amniotic 
membrane (AM) transplantation in ocular motility restrictions. Surgeons have tried to prevent restrictive 
adhesions between the extraocular muscles and surrounding tissues because they cause unpredictable 
results. The most relevant properties of AM for strabismus surgery would be the reduction of pathological 
inflammation, low immunogenicity, tissue support and anti-scarring capacity. It has especial properties 
like influencing healing and reducing pain and discomfort, acts as a substrate for adhesion and promotes 
epithelial growth through secretion of various epithelial growth factors. A search was carried out in 
Medline, Embase, Cochrane Library and Clinicaltrial, Lilac and Ibecs databases, using the indexed terms” 
amnion”, “strabismus,” “strabismus-subheadingsurgery” and “ocular motility disorders.” The only exclusion 
criteria were studies conducted in nonhumans or studies with insufficient data on eye motility. No study 
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was discarded for analysis because of language, age or methodology. This review includes 165 patients 
(223 eyes), with a mean follow-up of 11.49 months. The mean age was 21 years old, 47% were males 
and 57% were children. 14 studies conducted in humans were eligible: 4 single case, 8 case series, 1 
cohort study and 1 randomized clinical trial. All the studies except one presents very favorable results 
improving postsurgical eye motility. The cryopreservation method was more widely used, presenting a 
good safety profile with few adverse effects in the short and medium term. Significant improvement was 
reported in most patients after the use of amniotic membrane transplantation to treat or prevent ocular 
motility limitations. Very few complications or adverse effects were documented. The main limitation of 
this paper is that the methodological quality of the studies. Most of the studies are retrospective case 
series, this type of study presents multiple limitations when extrapolating the results. Therefore, 
conclusions and recommendations should be interpreted with caution. Any surgical approach with AM 
transplantation should be studied individually, taking into account the individual circumstances of each 
patient. 
 
Extraocular muscle hypoplasia associated with Axenfeld-Rieger syndrome.  
Milo De Decker, Catherine Cassiman, Ingele Casteels, Koenraad Devriendt & Patricia Delbeke.  
Strabismus, 29:4, 216-220.  
This is a case report of a four-year-old girl with bilateral severe iris hypoplasia and secondary ocular 
hypertension. Genetic testing revealed a de novo deletion in the FOXC1 gene, establishing the diagnosis 
of Axenfeld-Rieger syndrome (ARS). The girl developed a gradually increasing exotropia, up to 95 prism 
diopters by the age of 3 years wherefore strabismus surgery was performed. Intra-operatively, only very 
rudimentary developed medial and lateral rectus muscles were found. This is the first observation of 
pronounced hypoplasia of both medial and lateral rectus muscles associated with ARS. Besides the 
typical manifestations of ARS, other ocular anomalies have also been described and the anterior segment 
anomalies were associated with hypoplasia of the extraocular muscles. Extraocular muscle anomalies in 
ARS are only reported in three other case reports. Chitty et al. described in 1991 already a family in which 
the absence of eye muscles was associated with anterior chamber defects, hydrocephalus, skeletal 
changes and specific dysmorphic features. Three members of this family showed almost complete 
absence of the medial rectus muscles and only minute remnants of the lateral rectus muscles, which is 
comparable with our patient. Bhate and Martin reported a 6-year-old boy with hypoplasia of the right 
inferior rectus muscle presenting exotropia and a right hypertropia, and Park et al. reported another 4-
year-old girl with more posterior insertion of the superior oblique muscle presenting exotropia and 
dissociated vertical deviation. There was no genetic examination performed for all of these patients. 
 
Association between atopic keratoconjunctivitis and the risk of corneal ulcer 
Jan RL, Weng SF, Wang JJ, Tseng SH, Chang YS.  
Br J Ophthalmol. 2021 Dec;105(12):1632-1637. 
This was a nationwide population-based retrospective, matched cohort study including 171,019 patients 
with new diagnosis of atopic keratoconjunctivitis (AKC) from the Taiwan National Health Insurance 
Research Database matched with non-AKC controls from the same database. Patients with known 
corneal ulcers prior to AKC diagnosis were excluded, as well as patients with diagnosis of Mooren’s ulcer. 
Mean age of study patients in both groups was 30.32±18.50 years, with 20.4% of patients in the <12 year 
age group, and 14.9% in the 12-19 year old group. The incidence and risk of corneal ulcer was compared 
between the groups. The incidence rate of corneal ulcer was 1.42 times higher (95% CI1.33 to 1.52; 
p<0.0001) in AKC patients than in their matched controls. After controlling for a variety of factors 
(diabetes, chronic renal disease, topical steroid use, lid margin disease, keratoconjunctivitis sicca, ocular 
blunt trauma, history of corneal transplant), AKC patients were still 1.26 times more likely to develop a 
corneal ulcer compared to controls (adjusted HR, 1.26; 95% CI 1.14 to 1.39; p<0.05). Significant 
differences were present in the incident rate ratios (IRRs) of marginal corneal ulcers and infectious 
corneal ulcers (1.74, 95% CI 1.29 to 2.35, p=0.0003; 1.41, 95% CI 1.31 to 1.51, p<0.0001, respectively) 
between the patients with AKC and the control groups. Patients with AKC aged 12–19 years exhibited the 
highest incidence of corneal ulcers (408.49/100 000 PY), followed by those aged 20–29 years 
(274.46/100 000 PY), ≥40 years (163.88/100 000 PY), 30–39 years (162.13/100 000 PY). Patients <12 
years had the lowest incidence (104.13/100 000 PY). The IRR values were significantly higher for 
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patients with AKC than for controls within the same age ranges except for the lowest age group (<12 
years). Female sex remained a significant risk factor in the development of a corneal ulcer after 
accounting for age and comorbidities in both groups. 
 
Clinical and confocal imaging findings in congenital corneal anesthesia 
Guillon-Rolf R, Hau S, Larkin DFP. 
Br J Ophthalmol. 2021 Nov;105(11):1491-1496. 
The diagnosis of congenital corneal anesthesia (CCA) is based on the clinical history, infrequent blinking, 
lack of response touching the ocular surface and the absence of ocular pain in the presence of 
geographical corneal ulceration. Although there are more than 50 reported cases of CCA, there is no 
standard classification of this disorder in terms of ocular examination. This is a prospective, case-control 
study using in vivo confocal microscopy (IVCM) to examine the morphological features of the corneal sub-
basal nerve plexus (SBNP) and the dendritiform cell density (DCD) in patients with CCA. Eight patients 
(14 eyes) with CCA, of which 3 patients had a diagnosis of familial dysautonomia, and 17 comparator 
healthy volunteers (28 eyes) were examined. The mean age of the patients with CCA and control group 
for IVCM was 33.3 years (SD 19.4) and 38.1 years (SD 14.6), respectively. In patients with CCA, the 
recorded age at first presentation with corneal abnormality ranged from 11 months to22 years (median: 8 
years, IQR 15.4), most of whom presented with corneal ulcers. In CCA compared to the control group, 
there was a statistically significant reduction in the following nerve parameters: corneal nerve fiber 
density, corneal nerve branch density and corneal nerve fiber length. DCD at the level of the SNBP was 
significantly higher in patients with CCA than in controls. The authors postulate that the finding of 
increased DCD in all anesthetic corneas we examined in the absence of any clinically evident 
inflammation suggests that the increased density may at least in part be compensatory for the sensory 
deficit. Increased DCD from early life may be one reason why transparency and vision is preserved in 
such a high proportion of eyes with CCA. 
 
The frequency of severe corneal opacities in premature infants 
Nieves-Moreno M, Yeo D, et al. 
JAAPOS 2021; 25: 221.e1-221.e5 
This a retrospective medical record chart review of infants screened for ROP between January 2015-
2019 to study the frequency and possible causes of severe corneal opacities in premature infants. A total 
of 445 premature infants were screened. The prevalence of severe corneal opacities was 1.4% (6 
infants). The median GA of the affected infants was 24.5 weeks (range, 23-32), and the mean BW was 
624 g (range, 500–860 g). Two infants had lagophthalmos; their corneal opacity was unilateral. All the 
infants were under continuous positive airway pressure (CPAP) for a prolonged period. All 4 infants with 
bilateral corneal opacities required treatment for severe ROP—laser (n 51), bevacizumab injection (n 5 1), 
or both (n 5 2). Lagophthalmos-related exposure keratopathy is an obvious risk factor. CPAP therapy may 
be another risk factor leading to the development of severe corneal opacities. 
 
Effect of corneal cross-linking versus standard care on keratoconus progression in young patients: the 
KERALINK randomized controlled trial.  
Larkin DFP, Chowdhury K, Burr JM, Raynor M, Edwards M, Tuft SJ, et al. on behalf of the KERALINK 
Trial Study Group. Ophthalmology 2021;128:1516-1526.  
In this randomized, controlled trial, Larkin et al. assessed the safety and efficacy of corneal cross-linking 
in 10-16 year old participants with progressive keratoconus (KCN). At 18 months, KCN progression 
occurred in 2 of 30 patients (7%) who received cross-linking plus standard care compared with 12 of 28 
patients (43%) who received only standard care, and patients in the cross-linking arm had 90% lower 
odds of experiencing progression compared with those receiving standard care alone. Patients receiving 
cross-linking in the study eye achieved significantly better corrected and uncorrected visual acuity and 
lower steep keratometry than those receiving only standard care, and there were no adverse events 
associated with the cross-linking. The researchers conclude that participants who received cross-linking 
were less likely to demonstrate clinically significant progressive KCN and visual loss than those treated 
with standard care alone and suggest that cross-linking arrests progression of KCN in the majority of 
young patients and should be considered as first-line treatment in progressive KCN. If the arrest of 
keratoconus progression induced by CXL is sustained in longer follow-up, particular benefit may be 
derived from avoiding a later requirement for contact lens wear or corneal transplantation. 
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Morales-Fernandez L, Benito-Pascual B, Perez-Garcia P, et al. Corneal densitometry and biomechanical 
properties in patients with primary congenital glaucoma. Can J Ophthalmol. 2021;56(6):364-370 
 
This is a cross-sectional, case-control study to assess the biomechanical properties, corneal 
densitometry, and topographic measurements in patients with PCG and healthy patients.  The authors 
included 50 patients with PCG and 40 healthy patients.  All subjects received a Pentacam and ORA 

measurements.  Mean age at the time of the study was 18.6  11.65 years. The mean age at diagnosis 

was 34.27  13.60 months. Mean number oof glaucoma surgeries were 3.22  2.8 per eye. The authors 
conclude that all the measured values of densitometry were significantly higher in the glaucoma group.  
This study has several flaws and weaknesses. The authors compile all PCGs in one group instead of 
based on age at presentation (newborn, infant, late). A comprehensive examination was performed but 
the authors do not report any association with the densitometry and biomechanical properties. All eyes 
underwent a glaucoma surgery; there is no information on the type of surgical intervention(s). Moreover, 
the authors do not specify if the data was collected before or after surgeries as this would greatly impact 
affect densitometry. The authors do not there are significant clinical implications based on their results. 
 

 
Service evaluation: orthoptic-led teaching of soft contact lens handling for parents in the management of 
pediatric aphakia. L. Ramm B.Med.Sci and S. Painter FRCOphth. Eye Department, Birmingham 
Children’s Hospital, Birmingham, UK. Strabismus, 29:2, 90-94.  
The goal of this paper was to gauge parental satisfaction of an orthoptic-led specialist service for teaching 
soft contact lens (CL) handling in the management of children with pediatric aphakia. 20 families 
attending the contact lens clinic completed a satisfaction questionnaire to enquire about their experience 
of learning how to insert and remove their child’s CL. Families were questioned on their experiences with 
preoperative counseling, practical teaching, additional support and the patient literature that was provided 
by the orthoptists in the CL clinic. Qualitative data and free comments were analyzed. 18/20 (90%) said 
they had received good practical insertion and removal teaching.  All families (100%) felt they were 
appropriately counselled preoperatively regarding the need for training and daily CL handling. 95% found 
the provided written information useful. 8/20 (40%) reported they found insertion harder than removal, 
4/20(20%) reported they found removal harder. Teaching insertion and removal skills is an important 
aspect of managing pediatric aphakia and presents many challenges. An orthoptist can be an important 
aspect of offering teaching this to families especially in busy ophthalmology offices. It would also be 
interesting to see the training process that the orthoptist went though prior to feeling comfortable to do 
this in the clinic. The paper does not delve into this as much.  
 
Herpes simplex keratoconjunctivitis in the immediate postoperative period after strabismus surgery. 
Tasmin Berman, Anna O’Connor, Damien C. M. Yeo & Harish Nayak.  
Strabismus 2021, Vol 29, No.2, 86-89.  
The authors describe the case of bilateral herpes simplex keratoconjunctivitis (HSK) following 
uncomplicated 7 mm bilateral lateral rectus recessions in a 3-year-old child. The recovery was initially 
unremarkable, and the standard postoperative drops of dexamethasone and chloramphenicol (non-
preservative free) were prescribed. The child presented 8 days postoperatively with fever, right upper lid 
swelling and ptosis. She was admitted for intravenous antibiotics for suspected pre-septal cellulitis. Over 
the next 2 days, she deteriorated with bilateral lid involvement. An examination under anesthesia (EUA) 
revealed bilateral corneal epithelial (dendritic and geographical) ulcers with conjunctival erosions and 
pseudo membranes prompting a diagnosis of HSK. This was confirmed by polymerase chain reaction 
(PCR) testing. The child recovered within 2 weeks after starting oral and topical antiviral medication. One 
of the big take home points is the importance of EUA in infections not responding to standard treatments 
especially in children where examination in the office may not be adequate. This is the first reported case 
of bilateral HSK in the immediate postoperative period after strabismus surgery. Given the timeline, the 
authors propose this was most likely community acquired HSV, aggravated due to the use of topical 
steroids as opposed to contamination. 
 
 
Pediatric Descemet Membrane Endothelial Keratoplasty.  
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Srinivasan B, Agarwal M, Iyer G, Agarwal S, Padmanabhan P.  
American Journal of Ophthalmology. 2021 Jul 1;227:12-7. 
Descemet membrane endothelial keratoplasty (DMEK) can be technically challenging in pediatric eyes 
due to smaller anterior chamber anatomy, decreased scleral rigidity, the possibility of inducing a cataract, 
and difficulties with post-operative positioning. This is a small report of 5 eyes of children less than 15 
years old who underwent DMEK for congenital hereditary endothelial dystrophy (CHED) or failed 
penetrating keratoplasty graft. Of the 5 eyes, 1 had primary donor failure and 2 required rebubbling (both 
of which ultimately had failed grafts). This small study sheds light on a relatively uncommon corneal 
procedure and offers insight into specific considerations (such as an external light source, a stamp on the 
graft, and OCT-integrated microscope) which might improve outcomes. 
 
 
Keratoplasty for Keratoconus in Young Patients: Demographics, Clinical Features, and Post-transplant 
Outcomes.  
Wajnsztajn D, Hopkinson CL, Larkin DF, Blood NH, Group TO.  
American Journal of Ophthalmology. 2021 Jun 1;226:68-75. 
Outcomes following penetrating keratoplasty (PKP) for keratoconus in children are not well established, 
though outcomes in the adult population are good. The goal of this retrospective study of 170 children 
with keratoconus who underwent PKP at any corneal transplant center in the United Kingdom was to 
assess post-transplant outcomes and compare these to adults. Overall, children had more advanced pre-
operative disease (as characterized by poorer vision and higher rates of neovascularization). Visual 
acuity outcomes were similar between groups with best corrected visual acuity of 20/20 in around 30% of 
eyes. Rejection and graft failure rates were similar between groups as well. This study is limited by the 
large difference in cohort size between children and adults, but does shed light on the outcomes of a 
relatively uncommon procedure in children. The authors argue that their study does not provide any 
evidence that would support delaying transplantation into adulthood. 
 
New Indicator of Children's Excessive Electronic Screen Use and Factors in Meibomian Gland Atrophy.  
Cremers SL, Khan AR, Ahn J, Cremers L, Weber J, Kossler AL, Pigotti C, Martinez A.  
American journal of ophthalmology. 2021 Apr 17. 
After the onset of the coronavirus disease 2019 pandemic, increased interest has been paid to the effects 
of electronic use and screen time on the eyes. Given the decreased blink rate associated with electronic 
screen use, there is an interest in correlations between electronic screen time and ocular surface disease 
such as meibomian gland dysfunction or atrophy. This was a retrospective study of 41 children aged 6-17 
years assessing meibomian gland atrophy (MGA) as measured by meibography and correlating this with 
questionnaires regarding electronic screen use. Their main finding was that 86% of children with MGA 
had more than 4 hours of screen time per day and 50% had more than 8 hours per day. A subset of these 
patients (16) were tested for auto-immune pathology and 62.5% revealed an underlying abnormality. This 
study is limited due to its small sample size, retrospective nature, and reliance of questionnaire data, but 
poses an interesting question regarding the physiologic effects of electronic screen use on the eyes. 
 
Clinical and Histopathological Features of Congenital Fibrovascular Pupillary Membranes in a Chinese 
Case Series. 
Liang T, Zhang C, Fu L, Hu M, Zhang L, Li L.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):105-111. 
Published March 1, 2021 
Congenital fibrovascular pupillary membrane (CFPM) is a sporadic, unilateral, progressive white membrane 
over the pupil that threatens the visual axis and increases the risk of angle-closure glaucoma. This 
retrospective case series reports the clinical manifestations, treatments, outcomes, and histopathological 
findings of the largest cohort of CFPM patients to date. Of the 33 patients reported, all had unilateral 
involvement, of which 21 eyes (63.6%) had partial pupillary coverage and 12 eyes (36.4%) had complete 
coverage. Of 21 eyes with partial coverage, 11 eyes (52.4%) were followed without surgery and 10 eyes 
(47.6%) underwent membranectomy and pupilloplasty due to visual axis blockage. Of 12 eyes with 
complete CFPM, 6 eyes (50%) had normal IOP and underwent membranectomy and pupilloplasty 
combined with iridectomy, and 1 of these 6 eyes underwent a reoperation after 5 months due to a recurrent 
membrane. The other 6 eyes (50%) had glaucoma, and underwent membranectomy, pupilloplasty, 
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iridectomy, and goniosynechialysis. Among these 6 eyes, 2 underwent a reoperation due to the recurrence 
of a membrane and 4 eyes had optic disc pallor. Histopathology of all removed membranes showed fibrous 
tissue, lymphocytes, pigment epithelial cells, and vascular tissue. This is the largest reported case series 
of CFPM to date, and it demonstrates key aspects of management: the risk of severe glaucoma and optic 
neuropathy is high in cases of complete CFPM, and the rate of recurrence after surgery is considerable in 
both complete and incomplete CFPM.   
 
Management of Limbal Dermoids by Simple Excision in Young Children.  
Promelle V, Lyons CJ.  
J Pediatr Ophthalmol Strabismus. 2021;58(3):196-201.  
Published May 1, 2021 
Limbal dermoids are congenital choristomas sometimes with syndromic association that are classified by 
depth of involvement and, if visually consequential or having amblyogenic potential, treated with surgical 
excision. This single-center retrospective review reported the outcomes of simple excision of Grade I or II 
limbal dermoids without involvement of visual axis in children ≤ 8 years. Nineteen patients met the inclusion 
criteria. Their mean age was 4.2 ± 2.0 years (age range: 9 months to 8 years). The mean change in visual 
acuity was +1 ± 2.3 lines. The mean astigmatism was 3.20 ± 1.80 diopters (D) preoperatively and 3.50 ± 
2.20 D at the last visit; the mean change in the astigmatism power was +0.20 ± 1.20 D (range: -1.50 to 
+2.75 D). Epithelial healing occurred in a mean of 8 days. No complications such as perforation were 
encountered. All patients had a good cosmetic outcome. The authors conclude that re-epithelialization led 
to good cosmetic outcomes after simple excision. Interestingly, they also note that because there was no 
significant change in visual acuity or astigmatism, amblyopia and astigmatism reduction are poor indications 
for limbal dermoid excision. The authors admit as a limitation the retrospective design and report that some 
refraction and visual acuity data was incomplete.  
 
Corneal Endothelial Layer Parameters in Patients Undergoing Strabismus Surgery. 
Gedik C, Niyaz L. C  
J Pediatr Ophthalmol Strabismus. 2021;58(4):254-260. 
Published July 1, 2021 
Approximately 70-80% of the blood flow to the anterior segment (responsible, in part, for the health of 
corneal endothelium) comes from the anterior ciliary arteries, which can be compromised in strabismus 
surgery. This prospective observational study investigated the effects of horizontal and oblique strabismus 
surgery on the endothelium of 83 eyes from 56 patients using specular microscopy pre-op, and at POD#1, 
POW#2, and POM#2. The authors found that endothelial cell density, average cell area, and standard 
deviation of the endothelial cell area did not show a statistically significant change postoperatively. In the 
one and two horizontal muscle surgery groups, the hexagonality measurements 2 weeks postoperatively 
were significantly lower compared to preoperative values. In the one horizontal muscle surgery group and 
when all patients were examined, central corneal thickness 1 day postoperatively was significantly higher 
than 2 weeks postoperatively. No significant change was observed postoperatively in any of the endothelial 
parameters in the oblique surgery group. Spherical equivalent was positively correlated with endothelial cell 
density and CCT, and it was negatively correlated with the average cell area and age. Age was positively 
correlated with the average cell area and the SD of the endothelial cell area, negatively correlated with 
endothelial cell density and hexagonality, and was not correlated with the coefficient of variation or CCT. 
The authors concluded that there is a temporary effect of horizontal strabismus surgery on endothelial cell 
hexagonality and corneal thickness. The major limitation of the study is a lack of controls, though pre- and 
post-intervention comparison does provide some internal validity. How much is CCT on POD#1 impacted 
by just having surgery on the eyes, irrespective of disruption of anterior choroidal blood supply? We would 
need to compare against a muscle-sparing surgery, for example.  
 
The prevalence of keratoconus in children with allergic eye disease in an Egyptian population. 
Ahmed AS, El-Agha MH, Khaled MO, Shousha SM.  
Eur J Ophthalmol. 2021;31(4):1571-1576. 
Published July 13, 2021 
Allergic eye disease has been associated with early onset keratoconus, and the authors state that allergic 
eye disease is especially common in the hot climate of Egypt. This single-center cross-sectional study of 
100 patients with mean age 10 ± 3.65 years and with bilateral allergic eye disease for mean 3 ± 2.3 years 
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underwent questionnaire, routine exam, and corneal tomography. They found that 79% of the study patients 
had vernal keratoconjunctivitis (VKC) while the remaining had perennial allergic conjunctivitis (10%), 
seasonal allergic conjunctivitis (9%) and atopic keratoconjunctivitis (2%). Manifest KC was seen in 7% of 
cases, suspect KC was found in 27% of cases, and 66% had no evidence of KC. For the manifest KC, 56% 
had clinical signs, while 44% were diagnosed by tomography. For the purpose of statistical analysis, the 
cohort was divided into group KC (manifest or suspicious KC) and the younger group non-KC (no KC). The 
mean duration of allergic symptoms was 3.75 years in group KC, and 2.5 years in group non-KC (p = 0.001). 
The mean duration of eye rubbing was 2.5 years in group KC, and 0.83 years in group non-KC (p = 0.02). 
Systemic atopy was present in 35.3% of group KC, and in 12.5% in group non-KC (p = 0.005). The authors 
concluded that the overall prevalence of KC was 34%, and that risk factors for the development of KC in 
patients with ocular allergy were age, duration of symptoms (especially eye rubbing), systemic atopy and 
VKC. There were major limitations in the study: there were 2 tomography devices used without stratification 
of outcomes accordingly, the survey instrument was non-validated, and there were no controls subjects.  
 
Three-Dimensional Morphogeometric and Volumetric Characterization of Cornea in Pediatric Patients 
With Early Keratoconus.   
Toprak I, Cavas F, Velazquez JS, Alio del Barrio JL, Alio JL.  
Am J of Ophthalmol. 2021 Feb; 222:102-111.  
This cross-sectional, single-center study conducted in Spain used 3-D corneal modeling to evaluate the 
morphogeometric and volumetric characteristics of the cornea and their diagnostic value in pediatric 
patients with keratoconus (KCN). The eyes of 49 pediatric patients ( 16 yrs) with KCN and 31 controls 
were studied. Eyes of KCN patients were graded as early (n = 21) and mild KC (n = 28) based on the 
RETICS KC (Thematic Network for Co-Operative Research in Health) classification system. The 3-D 
corneal model was generated using raw topographic data. Deviation of anterior and posterior apex and 
minimum thickness points, total corneal volume, volumetric distribution, and percentage of relative volume 
increase between 2 consecutive radii centered to anterior/posterior apex and thinnest point were 
evaluated. The results showed that pediatric patients with early and mild KCN both have decreased 
corneal thickness and volume; however, posterior apex displacement, difference between anterior and 
posterior corneal apex deviation, and relative volume increase between 1.0- and 1.4-mm-diameter circles 
centered on the thinnest corneal point seem to be signs of early KCN.  
Importance: This is the first study presenting morphogeometric and volumetric characterization of the 
cornea in pediatric patients with early and mild KCN using a 3-D corneal model. These morphogeometric 
and volumetric parameters can be integrated with ectasia-screening software of the topographer to assist 
the clinician in the early detection of KCN in the pediatric age group, when prompt treatment is critical. 
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Results of corneal crosslinking in adolsecents with progressive keratoconus: prospective study. 
Gaster RN, Margines JB, Li X, Canedo AC, Rabinowitz YS. J Cataract Refract Surg 2021;47(10):1333-
1337. 
This nonrandomized prospective clinical trial conducted by a private clinical practice evaluated the safety 
and efficacy of epithelium-off (epi-off) corneal crosslinking (CXL) in adolescents with progressive 
keratoconus (KC). 230 adolescents ages 10-19 years with progressive KC, defined as increasing 
maximum keratometry [Kmax] or astigmatism of 1.00 D or greater associated with decreased corrected 
distance visual acuity [CDVA] underwent CXL. Patients were excluded if they were out of the specified 
age range, had corneas that were thinner then 400 microns, or demonstrated central corneal scarring, 
history of herpetic eye disease, or were pregnant or nursing. Follow up examination of uncorrected 
distance visual acuity (UDVA), CDVA, Kmax, and minimum pachymetry occurred on 130 eyes at 1 year, 
77 eyes at 2 years, and 55 eyes at 3 years post-CXL. Of the 230 eyes evaluated, UDVA significantly 
improved from preoperatively to 1 year, 2 years, and 3 years post-CXL. CDVA also significant improved 
at all three time points. Kmax values significantly reduced/ improved and minimum pachymetry decreased 
and stabilized post-CXL. Ophthalmologists should encourage adolescent patients with KC to obtain 
prompt evaluation and possible CXL to halt  progression of the disease. 
 
Efficacy of toric intraocular lens and prevention of axis misalignment by optic capture in pediatric cataract 
surgery.  
Tachibana K, Maeda N, Abe K, Kusaka S.  
J Cataract Refract Surg 2021;47(11):1417-1422. 
This was an interventional, comparative case series conducted at Kindai University Hospital in Osaka, 
Japan, that compared the outcomes of intraocular lens (IOL) implantation using toric (T)-IOL and nontoric 
(N)-IOL in pediatric cataract patients with astigmatism and to examine the effect of optic capture (OC) on 
the axis misalignment (AM) of the T-IOLs. Consecutive pediatric patients implanted with T-IOLs (14 eyes 
of 11 patients) or N-IOLs (22 eyes of 15 patients) were retrospectively reviewed. In the T-IOL group (14 
eyes of 11 patients), the preoperative and postoperative corrected distance visual acuity (CDVA) and AM 
were compared in the patients with and without OC. At 1-year post-operatively, the mean ocular cylinder 
(1.38 +/- 0.80 D) was significantly smaller than the mean corneal cylinder (3.33 +/- 1.24 D) in the T-IOL 
group (p=.00012). The mean preoperative and 1-year postoperative CDVA (logMAR) were 0.57 (20/70-
20/80) and 0.003 (essentially 20/20) (T-IOL) and 0.71 (20/100) and 0.09 (about 20/25) (N-IOL), 
respectively. The AM at 1 week and 1 year postoperatively was 2.6 +/- 3.7 degrees and 4.4 +/- 3.1 
degrees for the OC group, and 13.3 +/- 8.8 degrees and 18.5 +/- 14.8 degrees, for the non-OC group, 
respectively. The AM was significantly smaller in the OC group than that in the non-OC group (p=.009) at 
postoperative week 1. The authors conclude that T-IOL implantation is effective in correcting astigmatism 
in pediatric cataract patients with astigmatism, and the OC technique is likely to achieve lower AM of the 
T-IOL. Limitations of the study, however, include the method of measuring the AM, the small number of 
patients, differences in preoperative corneal astigmatism be-tween the T-IOL and N-IOL and a relatively 
short-term follow up.  
 
 
Incidence of retinal detachment after lens surgery in children and young adults with nontraumatic ectopia 
lentis.  
Heo H, Lambert SR.  
Journal Cataract and Refract Surg 2021;47(11):1454-1459. 
This population-based retrospective cohort study utilized population-based claims data to determine the 
incidence of retinal detachment (RD) after lens surgery in children and young adults (30 years or 
younger) with nontraumatic ectopia lentis. Patients who had undergone lens surgery with or without 
intraocular lens (IOL) implantation and had 1 year or greater continuous enrollment after lens surgery 
were included in the Optum deidentified CLinformatics Data Mart Database (2003-2019) and IBM 
MarketScan Databases (2007-2016). Both databases were assessed for gender, age, etiology of ectopia 
lentis, IOL implantation, and postoperative retinal detachment. Univariate and multivariate analyses were 
conducted to identify the risk factors for postoperative RD. In 298 eyes of 210 patients, IOL implantation 
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occurred in 151 eyes (49.8%) undergoing surgery for nontraumatic ectopia lentis. Median follow-up was 
32 months in aphakic eyes and 29 months in pseudophakic eyes. Patients undergoing IOL implantation 
were older at time of surgery (median age: no IOL, 6 years; IOL, 16 years; p<.001). RD developed in 13 
patients (14 eyes [4.7%]). Older age was the baseline characteristic that correlated most closely with the 
risk for RD (p=0.05). The authors conclude that the rate of RD was similar with or without IOL 
implantation after lens surgery for nontraumatic ectopia lentis in children and young adults. 
 
Does the Aphakic Eye Contribute to the Visual Field with Both Eyes Open? 
Kaajal D Nanda, Alki Liasis, Bronwen Walters, Ken K Nischal 
Ophthalmology; 2022 Feb;129(2):231-3 
This short report of nine subjects with unilateral congenital cataracts operated with prior to 10 weeks of 
age demonstrated that, even with reduced vision and clinically significant strabismus, all subjects had 
increased binocular visual field temporally towards the aphakic eye. The increase was enough to bring all 
subjects into the normal range of binocular visual fields. The authors suggest that this improvement in 
binocular visual function is significant enough to be a positive benefit of surgery even in children with 
unilateral cataracts and other structural eye abnormalities, although the small numbers of subjects 
precludes definitive strong conclusions. 
 

 
Eppley SE, Arnold BF, Tadros D, Pasricha N, de Alba Campomanes AG. Accuracy of a universal 
theoretical formula for power calculation in pediatric intraocular lens implantation. Journal of Cataract & 
Refractive Surgery. 2021;47(5):599-605. 
The goal of this retrospective case series, conducted at an academic medical center/ children’s hospital in 
San Francisco, California, was to compare the accuracy of the Barrett Universal II formula with other 
formulas (Holladay 2, Hoffer Q, and SRK/T formulas) in the prediction of postoperative refraction for 
pediatric intraocular lens implantation. Children aged 16 years or younger who underwent cataract 
extraction and IOL implantation from 2012- 2019 and had refraction assessed at 3 to 16 weeks 
postoperatively were included. Prediction error (PE) was calculated as postoperative mean spherical 
equivalent minus the target refraction. Mean, median, and standard deviation was calculated for PE and 
absolute PE. Performance across covariables (axial length, age, biometry type, keratometry, etc.) was 
studied, and a multivariate regression analysis was performed using a single prediction model for each 
formula. Results: Sixty-four eyes of 64 patients, aged 1.5 to 15.5 years, were included. Barrett Universal II 
formula had the lowest mean PE (−0.22 diopters [D]) compared with those of the other formulas. Holladay 
2 formula performed similarly to Barrett Universal II formula, and SRK/T formula had the greatest mean 
PE (−0.50 D). Barrett Universal II formula predictions were stable across all variables. The authors 
conclude that the Barrett Universal II formula demonstrated similar or superior performance when 
compared with other formulas in this pediatric study. Holladay 2 formula performed similarly to Barrett 
Universal II formula, and SRK/T formula had the least reliable performance across several key biometric 
characteristics. Although PEs can be highly variable in pediatric populations, this study supports Barrett 
Universal II formula as a reasonable and reliable option for lens power calculation in children, including 
those with extreme biometric measurements. 
 
 
McClatchey S, McClatchey TS, Cotsonis G, Nizam A, Lambert S, for the Infant Aphakia Treatment Study 
Group. Refractive growth variability in the Infant Aphakia Treatment Study. Journal of Cataract & 
Refractive Surgery. 2021;47(4):512-515. 
Prediction of refraction after cataract surgery in children is limited by the variance in rate of refractive 
growth (RRG3). This study compared RRG3 in aphakic and pseudophakic eyes with their fellow, normal 
eyes in the Infant Aphakia Treatment Study. This study evaluated data collected at 12 clinical sites in the 
United States as part of a randomized clinical trial.  Infants randomized to unilateral cataract extraction 
had RRG3 calculated based on biometric data (axial length and keratometry) at cataract surgery and at 
10 years of age, for both the normal and cataract eyes. Subjects were included if complete biometric data 
from both eyes were available both at surgery and at 10 years. Variance in RRG3 was compared 
between the groups with Pitman test for equality of variance between correlated samples. The authors 
found that longitudinal biometric data were available for 103 of the 114 patients enrolled. RRG3 was 
−15.00 diopters (D) (3.00 D) for normal eyes (reported as mean [SD]), −17.70 D (6.20 D) for aphakic 
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eyes, and −16.70 D (6.20 D) for pseudophakic eyes ( P < .0001 for comparison of variances in RRG3 
between normal and all operated eyes). Further analysis found differences in the variance in axial length 
growth ( P < .0001) between operated and normal eyes; the variance in keratometry measurement 
change did not reach significance. Interestingly, the standard deviation in the RRG3 of normal eyes in the 
study was half of that found in eyes that underwent cataract surgery. 

 

VanderVeen DK, Drews-Botsch, CD, Nizam A, Bothun ED, Wilson LB, Wilson ME, Lambert S, for the 
Infant Aphakia Treatment Study. Outcomes of secondary intraocular lens implantation in the Infant 
Aphakia Treatment Study.  
Journal of Cataract & Refractive Surgery. 2021;47(2):172-177.  
Summary: This report describes outcomes for eyes that received secondary IOL implantation, including a 
comparison of outcomes with aphakic eyes that did not undergo secondary IOL implantation, and eyes 
that had primary intraocular lens implantation in early infancy.  The study was a secondary analysis of 
patients enrolled in the Infant Aphakia Treatment Study (IATS), a randomized clinical trial conducted at 
multiple clinical centers throughout the United States, that involved review of the details of all secondary 
intraocular lens surgeries performed. Visual outcomes, refractive outcomes, and adverse events at age 
10.5 years were evaluated. Comparisons were made with eyes that remained aphakic and with eyes 
randomized to primary IOL placement. The IATS included 114 infants with unilateral cataracts, 57 in the 
aphakic group and 57 in the primary IOL group. Of those randomized to the aphakia with contact lens 
correction group, 55/57 were evaluated at a 10.5 year study visit and 44% (24/55) of these patients had 
had a secondary IOL implanted. The median age at the time of surgery was 5.4 years (range 1.7-10.3 
years). For secondary IOL surgery, biometry and surgical technique were by surgeon preference. Mean 
absolute prediction error was 1.00 +/- 0.70 D. At age 10.5 years, the median logarithm of the minimum 
angle of resolution visual acuity was 0.9 (range 0.2-1.7), similar to Va in the 31 eyes still aphakic (0.8, 
range 0.1-2.9). The number of eyes with stable or improved Va scores between the 4.5 year and 10.5 
year study visits was also similar (78% secondary IOL eyes; 84% aphakic eyes).  For eyes undergoing 
IOL implantation after the 4.5 year study visit (n=22), the mean refraction at age 10.5 years was -3.20 +/- 
2.70 D (range -9.90 to 1.10D), compared with -5.50 +/- 6.60 D (n=53, range -26.50 to 3.00 D) in eyes with 
primary IOL (p=0.03).   
  
Importance: While most patients with infantile cataracts are anticipated to receive an IOL at some point, 
the timing of implantation has been controversial. For one thing, prediction error after pediatric cataract 
surgery is more variable than after adult cataract surgery. Secondly, significant axial elongation occurs in 
early childhood, so large degrees of myopic shift can occur in pseudophakic eyes. It has been thought 
that postoperative myopic shift might be minimized by performing IOL implantation after 5 years of age. 
This study shows that even with delayed IOL implantation, myopic shift was greater than that anticipated 
in many eyes. Also, while delayed IOL implantation allows a more predictable refractive outcome range at 
10.5 years, the range of refractive error is still large. Finally, the results show that it is important to counsel 
families that the Va after IOL implantation is not expected to be significantly different than the Va obtained 
with contact lens or spectacle use. The authors provide a detailed explanation of the limitations of the 
study, but despite these limitations, the report suggests that there are refractive advantages to delaying 
secondary IOL surgery until school age. When the elective surgery is performed by an experienced 
surgeon after age 5 years, the complication rate is low and there are far fewer adverse effects than when 
IOL implantation is performed in infancy.  
 
 
Outcomes of Bilateral Cataract Surgery in Infants 7 to 24 Months of Age Using the Toddler Aphakia and 
Pseudophakia Treatment Study Registry  
Erick D. Bothun, M. Edward Wilson, Kimberly G. Yen, ill S. Anderson, Natalie C. Weil, Allison R. Loh, 
David Morrison, Sharon F. Freedman, David A. Plager, Deborah K. Vanderveen, Elias I. Traboulsi, David 
O. Hodge, Scott R. Lambert, for the Toddler Aphakia and Pseudophakia Study  
Ophthalmology; 2021 Feb;128(2):302-8 
This study examined the relative occurrences of adverse outcomes associated with IOL insertion versus 
aphakia in infants with bilateral cataracts operated between 7 and 24 months of age. There were 40 
children included (76 eyes) operated at an average age of 11 months and followed for an average of 4.2 
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years. IOLs were used in 50% of children under 12 months of age and 84% of children between 12 and 
24 months of age. Children with IOLs had slightly better vision than aphakic children (2/30 vs 20/40, 
p=0.06), but also higher rates of adverse events (26%) versus aphakic eyes (8%), including six children 
who underwent unplanned surgeries to clear opacities of the visual axis versus none of the aphakic 
patients. Glaucoma was diagnosed in only 1 child, compared with 30% rate in published studies of 
children operated younger than 7 months of age. Overall, the study showed that children undergoing 
cataract surgery older than 7 months of age had lower risks of adverse outcomes, regardless of whether 
an IOL was implanted, compared with children operated younger than 7 months of age. The overall 
number of subjects was too small, however, to make definitive statements about the benefits versus risks 
of IOLs in patients younger than age 12 months. 
 
 
Presentation, surgery and 1-year outcomes of childhood cataract surgery in Tanzania 
Furahini Godfrey Mndeme, Blandina Theophyl Mmbaga, Mchikirwa Msina, Judith Mwende, Sonia J 
Vaitha, Min J Kim, David Macleod, Matthew J Burton, Clare E Gilbert, Richard Bowman 
Br J Ophthalmol. 2021 Mar;105(3):334-340. 
This is a prospective, observational study of children aged <16 years who presented to one of three 
tertiary centers in Tanzania between November 2016 and August 2017. Children with traumatic cataracts 
and those with minor lens opacities not requiring surgery were excluded. A total of 228 children were 
recruited, 177 (78%) with bilateral cataracts and a mean age of 41.1 months. Surgical technique was 
variable, including superior scleral tunnel wiounds earlier in the study period vs a switch to corneal 
incisions, but the vast majority (96%) of eyes underwent posterior capsulotomy. IOLs were implanted in 
85% of eyes operated; type and location was also variable. Detailed information on complication rates 
and type are found in the article. Overall, there was a 13.4% early complication rate, 15.1% late 
complication rate, and 10.3% total repeated surgery rate at 1 year. 87% of children with bilateral cataracts 
had 1 year visual acuity data, with 54% showing visual acuity of 0.48 logMAR or better in their better eye. 
Predictive factors for poor visual outcome included age at surgery >24 months, density of cataract, 
preoperative blindness, nystagmus/strabismus, microphthalmos, and post-operative aphakia or 
astigmatism. 82.4% of children with unilateral cataract had 1 year visual acuity data, with approximately 
1/3 achieving visual acuity of 0.48 logMAR or better. For unilateral patients, only age at surgery <24 
months was predictive of poor visual outcome. Interestingly, nearly half of the children had a delayed 
presentation of 1 year or more; however, this did not predict poor visual outcome. Preoperative blindness 
was a significant predictor of poor outcome, which the authors suggest could be a surrogate for cataract 
density as a more important determinant of deprivation amblyopia than delay in presentation over a 
certain period of time. The change from scleral tunnels to corneal wounds and sutureless wounds for 
children age > 1 year was found to be successful as there were no complications such as wound leaks, 
endophthalmitis, or shallow AC and it reduced the need for repeat general anesthesia events. There were 
high rates of children with low body weights and anemia of unknown significance, requiring further 
investigation. As the first prospective study reporting outcomes of pediatric cataract surgery from East 
Africa, this study is important to better understand epidemiology and outcomes of surgery in this 
population, as well as areas for improvement and additional research to help further advance this 
important aspect of pediatric eye disease management.  
 
Outcomes of Bilateral Congenital and Developmental Cataracts Following IOL Implantation in Preschool 
Children.  
Xiao W, Song Z, Wang M.  
J Pediatr Ophthalmol Strabismus. 2021;58(3):180-187.  
This single-center retrospective review reports the differences in ocular outcomes and potential factors 
affecting visual acuity between congenital cataracts and developmental cataracts, which the authors 
describe as cataracts presenting after 6 months of age in children who previously had no history of lens 
opacity noticed by parents, good vision, and good ability to trace light or gasp objects. They compared 
outcomes among 86 eyes (51 congenital, 35 developmental) of 43 children ≤ 6 years with bilateral cataracts 
who underwent cataract surgery with implantation of primary or secondary foldable IOL and followed up for 
at least 1 year. Post-op BCVA in the developmental group was better than that in the congenital group (0.20 
± 0.19 vs 0.57 ± 0.31 logMAR, P<0.001.) Mean refractive error was 2.15 ± 1.82 D in the developmental vs 
3.61 ± 3.03 D in the congenital group. Only the congenital cataract group had coincident strabismus and 
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nystagmus. In the congenital cataract group, the variables age at cataract extraction and refractive error 
were significantly associated with BCVA (P < .001, P = .001, respectively). These variables had little effect 
on the developmental cataract group (P = .971, P = .576, respectively). Postoperative complications were 
recorded in 18 eyes: 4 in the developmental cataract group and 14 in the congenital cataract group. The 
authors concluded that BCVA in the developmental group was significantly better than in the congenital 
group and that outcomes in these two groups should be evaluated separately. This is an important study 
that illustrates the fundamental differences in visual development between patients with congenital and 
acquired bilateral cataracts, but one limitation is that the authors did not disclose the neurodevelopmental 
and other comorbidities of the two cohorts, which can confound comparisons among children with systemic 
disorders associated with bilateral cataracts. 
. 
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13. CATARACT SURGERY 

 
Sutureless Scleral-Fixated Intraocular Lens Implantation in the Treatment of Congenital Lens Subluxation 
Related to Marfan Syndrome. 
Bulut MN, Göktaş E, Karadağ E, Bulut K, Oral AY, Şimşek Ş.  
J Pediatr Ophthalmol Strabismus. 2021;58(6):401-406.  
The purpose of this study was to report the efficacy and safety of bimanual capsulorhexis combined with 
sutureless scleral-fixated intraocular lens (IOL) implantation in 14 eyes of 7 children with Marfan 
syndrome and subluxated lenses. All children underwent the same surgical technique with a single 
surgeon, and were followed for 16.8 ± 8.1 months (range: 8 to 32 months). Mean preoperative and 
postoperative UCVA was 1.47 ± 0.41 and 0.42 ± 0.15 logMAR (P = .001). Mean preoperative and 
postoperative BCVA was 0.81 ± 0.30 0.20 ± 0.11 logMAR (P=.001). Mean preoperative and postoperative 
spherical equivalent was -9.69 ± 4.59 and -0.27 ± 1.21 diopters, respectively. Postoperatively, optic 
capture was observed in 2 eyes, retinal detachment in 2 eyes (bilateral in 1 subject), uveitis in 2 eyes, 
and sclerotomy-related bleeding in 2 eyes. There were no cases of endophthalmitis, macular edema, or 
choroidal hemorrhage/hyphema. While the study reported good visual results and a low complication rate, 
its small size and lack of conventional surgery control group are inherent weaknesses. 
 
Immediate versus delayed sequential bilateral cataract surgery in children: a cost-effectiveness analysis 
Cernat A, Jamieson M, Kavelaars R, Khalili S, Bhambhwani V, Mireskandari K, Moretti ME. 
Br J Ophthalmol. 2022 Feb;106(2):211-217. 
This is a retrospective cost analysis of children who underwent immediate sequential bilateral cataract 
surgery (ISBCS) or delayed sequential bilateral cataract surgery (DSBCS) at a tertiary referral paediatric 
hospital in Ontario, Canada, which has a universal, single-payer system. The cohort included all patients 
who underwent ISBCS or DSBCS under age 2 years over a 10-year period with or without primary IOL 
implantation, with the DSBCS group having surgery on the second eye within 8 weeks of the first surgery. 
Both interventions were modelled over an 8-week time horizon to ensure that all surgery-related costs 
were captured, but not those related to pre-existing conditions. Surgical effectiveness was measured by 
clear visual axis bilaterally. Both health system (direct healthcare costs usually incurred by the third-party 
payer) and societal perspectives (i.e., direct healthcare costs of the surgery, indirect costs like productivity 
losses for parents due to time off work, etc) were reported. Both ISBCS and DSBCS were found to be 
equally effective in terms of a clear visual axis bilaterally. Compared with DSBCS, ISBCS resulted in 
average cost-savings of $3,775.59 per patient from the societal perspective. From the health system 
perspective, ISBCS resulted in cost savings of $2,199.65 compared with DSBCS. The mean overall cost 
of undergoing ISBCS was $16,003.66 (95% CI: $11,096.29 – $22,720.33) from the societal perspective, 
while the mean overall cost of undergoing DSBCS was $19,779.25 (95% CI: $13,319.61 – $28,566.18). 
While multiple factors go into the decision to pursue ISBCS vs DSBCS in children, this study 
demonstrates the cost-effectiveness and equal efficacy of ISBCS. 
 
 
Comparative analysis of visual outcomes of multifocal and monofocal intraocular lenses in congenital 
cataract surgery 
Buzzonetti L, Petroni S, De Sanctis C M, Valent P, Federici M, Benassi C, Iarossi G.. J Cataract Refract 
Surgery 2022;48(1):56-60.  
This retrospective interventional consecutive case series conducted in the Ophthalmology Department of 
a Children’s Hospital in Rome, Italy, assessed the impact on visual development of multifocal vs. 
monofocal intraocular lenses (IOLs) implantation in children after congenital cataract surgery. Records of 
56 eyes of 43 paitents who underwent congenital cataract surgery with phacoaspiration and simultaneous 
implantation of the IOL younger than 1 year were reviewed. Corrected distance visual acuity (CDVA), 
refractive error, and ocular motility disorders were evaluated at follow up of greater than 4 years.  32 
multifocal (18 unilateral, Group A, and 14 bilateral, Group B) and 24 monofocal (12 unilateral, Group C, 
and 12 bilateral, Group D) IOLs were implanted. Mean follow-up was 6.67 years. Mean CDVA of eyes 
with multifocal IOLs was 0.75 +/- 0.46 logMAR in unilateral cataract surgery and 0.34 +/- 0.25 logMAR in 
bilateral ones; with monofocal IOLs was 0.71 +/-0.52 logMAR in unilateral and 0.53 +/- 0.43 logMAR in 
bilateral ones. Final mean spherical equivalent was -3.88 +/- 4.73 D; in Group A, it was -2.74 +/- 4.22 D, 
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in Group C, it was -1.08 +/-1.45 D, in Group B, it was -4.82 +/-4.64 D, and in Group D, it was -6.81 +/-4.61 
D. 26 patients (60.4%) showed postoperative strabismus. Surgical correction occurred more in patients 
with multifocal IOLs implanted (p= .038). This study is important because multifocal IOLs did not show 
significant advantages in visual development in children after congenital cataract extraction younger than 
1 year when compared with monofocal IOLs. 
 

 
ICO-OSCAR scoring for pediatric cataract surgeries performed by pediatric ophthalmology fellows in 
training—stage of fellowship and quality of surgery.  
Akshay Badakere, FRCS, Virender Sachdeva, MS, DNB, Jenil Sheth, DNB, and Ramesh Kekunnaya, 
FRCS.  
J AAPOS 2021;25:99.e1-4.   
The purpose of this study was to assess the quality of pediatric cataract surgery performed by fellows in 
various stages of training by applying the International Council of Ophthalmology-Ophthalmology Surgical 
Competency Assessment Rubric (ICO-OSCAR). Two pediatric ophthalmologists analyzed video 
recordings of 11 pediatric ophthalmology fellows and scored them on the ICO-OSCAR with respect to 6 
surgical steps (wound construction, capsulorrhexis, I&A, IOL implantation, posterior capsulotomy/anterior 
vitrectomy, and suturing). Fellows were categorized based on months of training as stage 1 (first 6 
months), stage 2 (7-18 months), and stage 3 (19-24 months). The study was done at an institution with a 
2-year pediatric ophthalmology fellowship where they do progressively harder cataract surgeries 
throughout their training. A stage-wise comparison of scores was comparable for all the steps except the 
posterior capsulotomy/anterior vitrectomy where the stage 1 fellows had a lower average score than the 
stage 2/3 fellows. This indicates that there is a steeper learning for this step and that residents get less 
exposure to PC/AV compared to the other steps of cataract surgery. Fellows in stage 1 took longer to 
perform all cases; however, this was only statistically significant in the lens aspiration + posterior 
capsulotomy + anterior vitrectomy+ PCIOL cases. This study demonstrates the usefulness of video 
analysis and grading to assess skill level of fellows. 
 
Accuracy of Intraocular Lens Power Calculation in Children With Vitrectomized Eyes Undergoing Cataract 
Surgery.  
Agarkar S, Mailankody S, Srinivasan R, Raman R.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):126-131. 
Published March 1, 2021 
Pediatric eyes undergo rapid growth and significant refractive changes in the post-operative period after 
vitrectomy, and lens power calculations are prone to errors because of poor fixation, deeper anterior 
chamber, and axial length estimation error. This single-center, multi-surgeon retrospective chart review 
sought to determine prediction error in IOL power calculation using the SRK-II formula in 68 vitrectomized 
eyes of 66 children.  Absolute prediction error (APE; predicted refraction minus post-op refraction) in the 
cohort was 1.29 ± 1.13. Desirable refractive outcome with insignificant prediction error <0.50 diopters (D) 
was found in approximately one-third of the children. Age at the time of surgery, axial length, mean 
keratometry, silicone oil removal, IOL position, scleral buckle, and corneal suture did not affect APE and 
there was no significant difference between the group with ≥ 0.50 to ≤ 1.00 D and with > 1.00 D APE (P > 
.05). The authors conclude that the mean APE of the SRK-II formula for IOL power calculation in pediatric 
eyes that had vitrectomy is comparable to that reported in the literature for routine pediatric cataract 
surgeries, and that age, axial length, corneal power, IOL position (bag/sulcus), scleral buckle, corneal 
suture, and silicone oil removal done prior to surgery or along with cataract surgery did not affect the APE. 
This study is important in reinforcing the use of the SRK-II formula for vitrectomized eyes, but it is limited in 
applicability to older children (mean 12.09+/-3.3yrs). The study also did not compare SRK-II results with 
newer regression based formulae.  
 
Comparative Analysis of Safety and Feasibility of Suture Versus Sutureless Pediatric Cataract Surgery. 
Sen P, Shah C, Mohan A, Sen A, Jain E.  
J Pediatr Ophthalmol Strabismus. 2021;58(4):246-253.  
Published July 1, 2021 
A large recent study reported the feasibility of sutureless pediatric cataract surgery, but it was non-
comparative and retrospective. This prospective, single-surgeon, single-blind, randomized cohort study 
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sought to compare the safety, feasibility, and outcomes of clear corneal cataract surgery with or without 
sutures in children aged 2-8yrs old with congenital or developmental cataracts. The authors randomized 
170 eyes of 110 patients into the suture or no suture group at the time of closure (except in 2 cases where 
the surgeon felt the incision architecture was compromised), then evaluated them on post-operative days 
1, 7, 30, and 90 for wound leakage and complications. Interestingly, they found no wound leakage or 
hypotony in either group. There were shallow ACs on POD#1 in 2 sutured and 3 non-sutured eyes (P = 
0.48). IOPs were comparable on follow-up visits (P > 0.05). Mean cylindrical error after 1 month was greater 
in the suture group than the sutureless group (1.01 vs 0.74 diopters, respectively; P = 0.03) after 1 month. 
One patient developed endophthalmitis after suture removal in the suture group.  The authors concluded 
that sutureless hydroclosure was not inferior compared to suturing in pediatric cataracts. This relatively 
well-powered study presents an opportunity to update the standard of care in pediatric cataract surgery. 
 
Cataract surgery in treated retinoblastoma eyes: A study of 29 eyes.  
Kaliki S, Maniar A, Kekunnaya R.  
Eur J Ophthalmol. 2021;31(4):2048-2054.  
Published July, 2021 
Cataract in a child with RB may be related to many factors, but it must be removed to facilitate examination 
and management of RB. This retrospective review presents the outcomes of cataract surgery on 29 eyes 
of 27 patients with treated RB. Of the 29 eyes, RB tumors were classified as Group B in 3/29, Group C in 
1/29, Group D in 10/29 and Group E in 3/29; the remaining 12 eyes had regressed tumors due to prior 
treatment. RB treatment included intravenous chemotherapy in 24/29 eyes, external beam radiation in 
14/29 eyes, and others. There was a mean time of 51months between tumor regression and cataract 
surgery. Post-op VA was 20/200+ in 12/29 eyes, and although 16/29 eyes showed some improvement after 
cataract surgery 13/29 eyes showed no improvement. Capsular opacification was noted in 15/29 eyes, 
pupillary membrane in 4/29 eyes, hyphema in 1/29 eyes and extraocular tumor extension in 1/29 eyes. One 
eye was found to have underlying tumor edge recurrence after cataract surgery, and 2 patients had tumor 
recurrence at a mean of 8 months after cataract surgery. Globe salvage was achieved in 26/29 eyes over 
a mean follow-up period of 103 months. The authors concluded that cataract surgery in treated RB is safe 
with vision salvage in 55% eyes and globe salvage in 90% eyes, and that the risk of extraocular tumor 
extension is rare (3%). Although this is a small retrospective, the authors provide meaningful guidance on 
approach to cataract surgery in RB patients using their algorithm: tumor quiescence for at least 6 months, 
lens aspiration by clear corneal approach with or without PCIOL, posterior capsulotomy only in cases with 
posterior capsular plaque, and cytological examination of anterior vitreous sample in all cases with 
disruption of posterior capsule (with immediate enucleation recommended for any evidence of atypical cells 
on cytology.) 
 
A sustained-release intracanalicular dexamethasone insert (Dextenza) for pediatric cataract surgery. 
Trivedi RH, Wilson ME. 
 J AAPOS. 2021 Feb;25(1):43-45. 
Studies of the use of a sustained-release intracanalicular dexamethasone insert in adults show efficacy in 
controlling intraocular inflammation after cataract extraction. The authors looked at efficacy in pediatric 
patients after cataract surgery. Children often have increased postoperative inflammation when compared 
to adults and often have limited cooperation for the instillation of eye drops by caretakers after surgery. 
This modality could be effective in overcoming these challenges. The authors placed the insert in 21 eyes 
of 18 patients and reported on 17 eyes of 17 children. One patient was eliminated because of age over 18 
years old.  In this study, the anterior chamber was quiet in 18% of eyes at 1-2 weeks after surgery 
consistent with a study looking at same metric using steroid eye drops. The authors found an intraocular 
pressure spike requiring intervention in 18% of eyes.  Additional steroid in the form of topical eye drops 
was needed to control inflammation in 29% of eyes. Limitations in this study included small sample size 
and lack of control group. The sustained-release intracanalicular dexamethasone insert may provide a 
useful method to improve the control of intraocular inflammation in pediatric patients. Additional studies 
are necessary to determine if this technique is safe and effective for pediatric ophthalmologists to use in 
pediatric patients. 
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14. GLAUCOMA 

 
The Effect of an Eyelid Speculum on Intraocular Pressure Measurement in Newborns.  
Çiçek A, Bayram N, Alabay B, Vural E.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):13-16.  
E-published July 6, 2021 
The purpose of this study was to evaluate the effect of an eyelid speculum on intraocular pressure (IOP) 
measurements in newborns. The authors used an iCare Pro on 54 topically anesthetized eyes of 27 
cooperative newborns before and after inserting a Barraquer wire eyelid speculum. The mean differences 
in IOP between measurements with and without the eyelid speculum were 2.87 ± 2.23 mm Hg (range: 
0.20 to 5.20 mm Hg) in the right eye, 2.44 ± 1.48 mm Hg (range: 0.00 to 4.90 mm Hg) in the left eye, and 
2.65 ± 1.89 mm Hg (range: 0.00 to 5.20 mm Hg) in all eyes. There was no correlation between the 
difference in IOP after the placement of the eyelid speculum and postconceptual age or weight at the 
examination (r = 0.11, P = .41, r = 0.32, P = .14, respectively). The authors concluded that the Barraquer 
wire eyelid speculum caused an increase in IOP in newborns under topical anesthesia without a 
significant difference between postconceptual age and sex in both eyes. The authors admit this is the first 
study to report IOPs using iCare Pro rather than TonoPen XL, so all IOPs were slightly lower than 
previously reported studies. Albeit small in size, this study was carefully designed and had good internal 
validity, making the results valuable and broadly applicable for providers using Barraquer speculums.    
 
Success Rate of Augmented Trabeculectomy in Primary Congenital Glaucoma 
Jabeen S, Noorani S, Memon MN, Zaheer N. S  
J Pediatr Ophthalmol Strabismus. 2021;1-8.  
Published online December 20, 2021 
Trabeculectomy is the most frequently performed procedure in children with primary congenital glaucoma 
(OCV), but these often fail due to exaggerated healing reactions and fibrosis in children. The purpose of 
this prospective interventional study was to evaluate the outcomes of trabeculectomy augmented with 
MMC 0.02% (0.2mg/mL) performed by a single surgeon on 74 eyes of 42 Pakistani children <2 years old 
with PCG,  cloudy corneas, corneal opacities, and/or buphthalmic eyes unsuitable for goniotomy. 
Absolute Success (IOP< 21) was observed in 98.6%, 50%, and 27% of eyes at 1, 6, and 12 months, 
respectively. Qualified Success (IOP<21 with topical meds) was achieved in 1.4%, 36.5%, and 48.6% of 
eyes at 1, 6, and 12 months, respectively. In 24.3% of eyes, IOP was not controlled even with adjunctive 
topical glaucoma medications and was considered a failure. Postoperative complications were shallow 
anterior chamber (10.8%), collapsed anterior chamber (1.3%), and choroidal detachment (12.0%), but 
none related to MMC. Complications were managed conservatively, and 6 eyes needed surgical 
intervention. This was a valuable study, but the single-surgeon view with relatively short follow-up interval 
in a homogenous population does limit the generalizability 
 
Correlation of histopathology of trabecular meshwork with clinical features in primary congenital 
glaucoma. 
Agarwal R, Sen S, Kashyap S, Dada T, Nag TC, Gupta V, Sihota R. 
Br J Ophthalmol. 2022 Jan;106(1):60-64. 
This was a prospective interventional study including 66 eyes of 39 PCG children aged ≤12 months at 
diagnosis. Histopathological analysis of TM specimens obtained during primary combined trabeculotomy 
and trabeculectomy (CTT) with mitomycin C was done and correlated with clinical features for a better 
insight into the underlying pathogenesis of PCG. At 1-year follow-up, IOP reduced from 27.96±10.2 to 
11.88±5.63 mm Hg (p<0.001) and C:D ratio decreased from 0.65±0.34 to 0.49±0.06 (p=0.036). The bleb 
had a significant tendency to change from well-formed (59–46) to flat type (3–6) or thin, cystic type (4–14) 
(p=0.014). On histology, the presence of eosinophilic membrane (EM) on the cameral surface was 
associated with a lower baseline IOP, whereas fused trabecular beams were associated with higher 
baseline IOP. The TM was significantly thicker in eyes with IOP>20 mm Hg at presentation (1.86±0.7 mm 
vs 1.3±0.47 mm, p=0.0356). Eyes with IOP≤14 mm Hg at final follow-up had lower trabecular endothelial 
cell count than eyes with IOP>14 mm Hg (0.92±0.45 cells/mm2vs 1.00±0.74 cells/mm2, p=0.0028). 
Limitations include a primarily Asian study population with results that may not be generalizable to other 
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populations, and high variability in the histopathologic findings making it impossible to draw more specific 
associations/conclusions. More work needs to be done to better understand the etiology of PCG. 
 
Ocular motility disturbances after glaucoma drainage device implantation for pediatric glaucoma: across-
sectional study. 
Leahy KE, MacNeill K, Locke J, Sobey S, Kraft SP, Ali A. 
Br J Ophthalmol. 2022 Jan;106(1):54-59. doi: 10.1136/bjophthalmol-2020-317356. 
This is a cross-sectional study of 30 children (up to age 17 years) with a GDD implanted superotemporally 
consecutively by a single surgeon to investigate whether Ahmed or Baerveldt yields less extraocular 
motility disturbance. Each patient had one eye included in the study: 21 Ahmed GDD and 9 Baerveldt 
GDD. 29/30 patients had an IOP <21 mmHg and a variety of glaucoma subtypes were included. The 
average age of children at the time of their ocular motility assessment was 9.9 years (range 2–16 years) 
for the Ahmed group and 10.9 years (2–16 years) for the Baerveldt group (p=0.548). Mean time between 
GDD insertion and ocular motility exam was 68 months in the Ahmed group and 19 months in the 
Baerveldt group ( p<0.0005). Exotropia was present in 46% and vertical heterotropia in 46% of children 
post-GDD insertion. 33% of eyes had a moderate or severe limitation of elevation in abduction, 30% of 
elevation in adduction, 10% of abduction and 10% of adduction. There was a clinically and statistically 
significant difference in elevation in adduction, being limited in eyes with Ahmed tubes but not in eyes 
with Baerveldt tubes (median limitation−1.5, 0; range−3.0 to +1.0,−0.5 to+1.0, respectively) (p=0.02). 
Stereopsis was demonstrated in 27% and 26% had peripheral fusion after GDD implantation. Limitations 
include small and asymmetric sample size, different size plates among the Ahmed group, presence of 
existing strabismus and amblyopia prior to GDD implantation and timing between implantation and 
followup resulting in confounding, and the fact that 9 patients (30%) had a GDD in their fellow eye: 4 in 
the Baerveldt group (44%) and 5 in the Ahmed group (23.8%) (p=0.3888). Their results showed the 
Ahmed valve has a propensity for more severe limitations and more multiplanar restrictions thana 
Baerveldt device when used to treat childhood glaucoma. More work need to be done on this topic to 
better understand the relationship between GDD and strabismus, but it is important to include strabismus 
when counseling families on GDD surgery. 
 
Outcomes and lessons learned from two decades' experience with glaucoma drainage device 
implantation for refractory Sturge Weber-associated childhood glaucoma. 
Glaser TS, Meekins LC, Freedman SF. 
J AAPOS. 2021 Dec;25(6): 332.e1-332.e6.  
The authors used retrospective review of consecutive patients with Sturge Weber Syndrome (SWS) and 
glaucoma treated by a single surgeon using glaucoma drainage devices (GDD) over 20 years to evaluate 
outcomes and complications of GDD placement in children with childhood SWS associated glaucoma. It 
is well known that treatment of SWS associated glaucoma is challenging. Surgical intervention is almost 
always needed for control of intraocular pressure (IOP). Some younger children with SWS associated 
glaucoma have angle dysgenesis and angle surgery (goniotomy or trabeculotomy) may be beneficial. 
Children with disease unresponsive to angle surgery or older children with possible elevated episcleral 
pressure may require alternative surgical approaches including GDD. Previous studies have shown 
decreasing success of GDD surgery over time and serious complications. Treatment failure was defined 
as IOP greater than 21 mm Hg on 2 consecutive visits despite maximal medical therapy, need for 
additional glaucoma surgery other than tube revision or adjustment, or complications threatening vision. 
Analysis revealed success rate at 12 months of 91%, 36 months of 75% and 60 months of 52% with the 
continued need for glaucoma medications. Complications included orbital cellulitis, cilioretinal artery 
occlusion, chronic persistent hypotony, cataract, choroidal effusion, serous retinal detachment and 
inflammation. The authors review challenges in treatment of SWS associated glaucoma: elevated 
episcleral venous pressure causing later failure, initial success with angle surgery failing requiring GDD, 
presence of choroidal hemorrhage predisposing to choroidal effusion, detachment or hemorrhage. The 
authors describe several modifications in surgical technique. In order to avoid premature tube opening, 2 
ligature sutures are placed. Venting slits are avoided. Baerveldt GDDs are preferred. Viscoelastic is no 
longer used to avoid high IOP and its complications. A 25 gauge infusion port is used to maintain anterior 
chamber depth and maintain IOP. Early referral for consideration of treatment of leaking choroidal 
hemangioma with external beam radiation is important to prevent hypotony.  Limitations of the study 
include: retrospective nature, short follow up, less strict criteria for surgical success, and limited sample 



Glaucoma  112 

    

size. The authors emphasize that GDD in children with SWS associated glaucoma may initially provide 
control of IOP which wanes over time and requires augmentation with glaucoma medications. 
Complications are significant and require a high degree of surveillance and treatment including 
modifications in surgical technique. 
 
Rebound tonometry by iCare 200 (IC200): comparison with Tono-Pen in the operating room and 
Goldmann applanation in the clinic. 
Umfress AC, Glaser TS, Ploysangam P, Freedman SF. 
J AAPOS. 2021 Dec;25(6): 329.e1-329.e6.  
The authors used a prospective study to evaluate the new iCare IC200 against other more commonly 
used instruments. There were 2 arms in the study: OR arm where sequential children undergoing general 
anesthesia also tested with Tonpen and the clinic arm where cooperative children also tested with 
Goldmann applanation. Rebound tonometry that can be used without topical anesthesia has been helpful 
in obtaining eye pressure measurements in children. The original rebound tonometer could only be used 
with the patient in the completely upright position. The newest device approved in the United States for 
use, iCare IC200, can be used in a range of positions including reclined and supine allowing use in a 
greater number of patients. The authors remind us that understanding the strengths and limitations of 
various tonometers is important when making important diagnostic and therapeutic decisions concerning 
care. A prior study comparing IC200 to Goldmann in adults found that IC200 overestimated IOP as 
baseline IOP increased but found overall agreement of with 2 mm Hg. The authors found strong 
correlation both between IC200 and the Tono-pen in the OR arm and between the IC200 and Goldmann 
applanation in the clinic arm. In eyes with visible corneal edema, there was no clear pattern as to which 
device reads higher. The authors in this study also found that in eyes with IOP greater than 20 mm Hg by 
Tono-Pen, IC200 and Tono-Pen are more variable and the IC200 reading average of 3.7 mm Hg then 
Tono-Pen and an average of 7mm Hg higher in eyes with IOP greater than 20 mm Hg without visible 
corneal edema. Limitations of the study included small sample size and COVID-19 restrictions. Authors 
describe that use of the new instrument did require a learning curve and that the instrument is very 
sensitive to alignment and positioning. The authors suggest using a third device when IC200 and Tono-
Pen vary by more than 5 mm Hg, with higher IOP’s, presence of visible corneal edema and where 
diagnostic or therapeutic decisions are made upon the IOP measurement. 
 
Childhood and early onset glaucoma classification and genetic profile in a large Australasian disease 
registry.  
Knight LSW, Ruddle JB, Taranath DA, Godberuy I, Smith JEH, Gole G, et al. 
Ophthalmology 2021;128:1549-1560. 
The purpose of this retrospective clinical and molecular study was to report the relative frequencies of 
childhood and early onset glaucoma subtypes and their genetic findings in a large single cohort. 
Participants were all individuals with childhood glaucoma (diagnosed 0 to <18 years) and early onset 
glaucoma (diagnosed 18 to <40 years) referred to a national disease registry. The authors retrospectively 
reviewed the referrals of all individuals with glaucoma diagnosed at <40 years of age recruited to the 
Australian and New Zealand Registry of Advanced Glaucoma (ANZRAG). Subtypes of glaucoma were 
determined using the Childhood Glaucoma Research Network (CGRN) classification system. DNA 
extracted from blood or saliva samples underwent sequencing of genes associated with glaucoma. The 
main outcome measures were the phenotype and genotype distribution of glaucoma diagnosed at <40 
years of age. Results: A total of 290 individuals (533 eyes) with childhood glaucoma and 370 individuals 
(686 eyes) with early onset glaucoma were referred to the ANZRAG. Primary glaucoma was the most 
prevalent condition in both cohorts. In the childhood cohort, 57.6% of individuals (167/290, 303 eyes) had 
primary congenital glaucoma (PCG), and 19.3% (56/290, 109 eyes) had juvenile open-angle glaucoma. 
Juvenile open-angle glaucoma constituted 73.2% of the early onset glaucoma cohort (271/370, 513 
eyes). Genetic testing in probands resulted in a diagnostic yield of 24.7% (125/506) and a reclassification 
of glaucoma subtype in 10.4% of probands (13/125). The highest molecular diagnostic rate was achieved 
in probands with glaucoma associated with non-acquired ocular anomalies (56.5%). Biallelic variants in 
CYP1B1 (n=29, 23.2%) and heterozygous variants in MYOC (n=24, 19.2%) and FOXC1 (n=21, 16.8%) 
were most commonly reported among probands with a molecular diagnosis. Biallelic CYP1B1 variants 
were reported in twice as many females as males with PCG (66.7% vs. 33.3%, P= 0.02). In summary, the 
Childhood Glaucoma Research Network classifications were applied to 660 individuals with childhood 
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and early-onset glaucoma. Molecular diagnoses were achieved in 24.7% of probands, and pathogenic 
variants in 18 genes associated with glaucoma were identified. International collaborative efforts are 
required to identify further genes because the majority of individuals still lack a clear molecular diagnosis. 
 
Glaucoma secondary to congenital fibrovascular pupillary membrane: a single tertiary center experience. 
Tianwei Liang, MD, Chengyue Zhang, MD, Zhao Xun Feng, MD, Man Hu, MD,a Yanhui Cui, MD, Jia Li, 
MSc, Fei Leng, MD, Qian Wu, MD, and Li Li, MD. 
JAAPOS 2021;25:305-307. 
Congenital fibrovascular pupillary membrane (CFPM) is a unilateral anterior segment disorder 
characterized by the presence of a congenital white pupillary membrane and dysgenesis of the anterior 
chamber angle. Angle-closure glaucoma is a vision-threatening complication of CFPM. This study reports 
the clinical features, treatments, and outcomes of 9 infants with glaucoma secondary to CFPM. The 
clinical features consist of low vision, high IOP, enlarged/cloudy cornea, iris deformity, shallow anterior 
chamber, pupillary membrane, and lens opacity. All patients underwent membranectomy, peripheral 
iridectomy, pupilloplasty, and goniosynechialysis in the primary operation. Three eyes had membrane 
recurrence, and four eyes had refractory elevated IOP following surgery. All eyes ended up with poor 
vision. In CFPM, simple mebranectomy at an early disease stage may prevent onset of angle closure and 
result in good visual outcome. This study highlights the importance of this early intervention to avoid the 
poor visual prognosis associated with glaucoma in this condition. 
 
Histopathology, matrix metalloproteinase-2 and alpha smooth muscle actin expression in Tenon’s capsule 
of eyes with congenital glaucoma. 
Sayed KM, G. Abdelhaliem N, A. Mohammed S, Alsmman AH 
European Journal of Ophthalmology. 2022;32(1):316-321.  
Proliferation of fibroblasts with secretion of excessive extracellular matrix is believed to play an important 
role in the failure of glaucoma filtration surgery. Since the Tenons capsule is the main source of 
fibroblasts that initiate wound healing in the filtration area, this study sought to compare profibrotic and 
antifibrotic factors in the Tenons capsule of children with congenital glaucoma with that of healthy 
controls. The authors obtained samples of Tenons capsule from 35 children undergoing combined 
trabeculectomy-trabeculotomy surgery for congenital glaucoma, as well as from 25 control eyes of 
children undergoing strabismus surgery. The samples were tested for expression of pro-fibrotic alpha 
smooth muscle actin (alpha-SMA) and for anti-fibrotic matrix metalloproteinases (MMPs). Mean collagen 
percentage area was also measured in all samples using Masson trichrome stain. Tenons of children with 
congenital glaucoma was found to have significantly higher levels of alpha-SMA and significantly higher 
mean collagen percentage area, with significantly lower levels of MMPs. This study is unique in its 
design, allowing for comparison of fibrotic factors in the pediatric population in eyes with no previous 
surgery or topical antiglaucoma medications; and it provides strong evidence that profibrotic factors may 
not only play a role in the mechanism of congenital glaucoma but also in the high failure rate of filtration 
surgery in this population. 
 
 
Psychosocial indicators of primary congenital glaucoma and filtering surgeries impacts on children and 
family’s quality of life 
Silva AO da, Rolim-de-Moura C, Botelho NLP, Gracitelli CP, Ferraz NN.  
European Journal of Ophthalmology. October 2021.  
Congenital glaucoma can have devastating impacts on a child’s visual potential, imposing significant 
stress on the child’s family. This study surveyed the mothers of 9 children with congenital glaucoma to 
assess the psychosocial impact of the disease on the family and to assess its impact on the child’s quality 
of life. Surveys were administered for children with an average age of 35 months, who had undergone 
anywhere from 4-10 glaucoma surgical interventions. The mean quality of life score was found to be 
lower than that of healthy children, and there was a positive significant association between QOL and 
visual acuity in the nine children. The study was limited its vague methods, as the authors did not mention 
any inclusion or exclusion criteria beyond bilateral congenital glaucoma and did not explain when surveys 
were administered in relation to the timing of the child’s diagnosis or surgery. The study was also limited 
by its small sample size of only 9 families. However, it does highlight the importance of considering the 
psychosocial impacts of congenital glaucoma on children and their families. 
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Co-existing lacrimal drainage anomalies in eyes with congenital glaucoma 
Senthil S, Ali MJ, Chary R, Mandal AK. 
European Journal of Ophthalmology. January 2022.  
The most common cause of epiphora in infants is congenital nasolacrimal duct obstruction (CNLDO); 
however, epiphora is also one of the three symptoms in the classic triad of congenital glaucoma (CG). 
This study evaluated the occurrence of co-existing CNLDO and other lacrimal anomalies in eyes with 
congenital glaucoma. The authors retrospectively reviewed the records of all children with both CNLDO 
and CG treated at Prasad Eye Institute from 1998-2019. During the study period, 1993 children had CG 
and 6203 children had CNLDO, among patients under 1 year old. Among these, 51 children (73 eyes) 
had co-existing CG and CNLDO. The prevalence of CNLDO in CG was 2.5%, and the prevalence of CG 
in CNLDO was 0.8%. Out of concern for the risk of endophthalmitis, the study site has a protocol 
recommending treatment of CNLDO prior to any intraocular surgery. Of 72 eyes that underwent NLD 
probing, probing was successful in 69 eyes, while the remaining 3 eyes required dacryocystorhinostomy 
prior to glaucoma surgery. Median delay for glaucoma surgery after CNLDO treatment was 18 days. The 
authors state that theirs is the first paper to assess the co-existence of CNLDO in CG. This study invites 
further research to provide recommendations for management of patients with co-existing CNLDO and 
CG, and it highlights the need for increased suspicion for the possibility of co-existing CNLDO/CG in 
order to avoid the consequences of delayed or missed diagnosis. 
 
 
Long-term outcomes in Primary congenital glaucoma, aniridia and anterior segment dysgenesis 
Magan T, Tanner A, Fajardo-Sanchez J, et al. 
European Journal of Ophthalmology. January 2022.  
This study sought to determine the long-term outcomes of a cohort of patients with either primary 
congenital glaucoma, aniridia, anterior segment dysgenesis, or Sturge-Weber syndrome who were 
treated at 2 tertiary glaucoma clinics in the United Kingdom from 1990-2021. A total of 41 eyes of 21 
patients were included (16 with PCG, 14 with aniridia, 8 with ASD, and 3 with SWS). Only 16 eyes 
required glaucoma surgery, 12 of which were for PCG. Of the 41 eyes, 19 underwent non-glaucoma 
ocular surgeries, primarily cataract surgery. Though glaucoma surgery was generally successful initially, 
long-term success of glaucoma surgery gradually declined in follow-up over the course of 10 years. At 
last follow-up visit, 14 eyes (34.1%) had visual acuity of 6/36 or worse, while only 13 eyes had BCVA of 
6/9 or better. This study demonstrates the complexity of management of patients with congenital anterior 
segment dysmorphia, but it is limited by its small sample size and its inclusion of patients with such varied 
anterior segment pathologies. 
 
Prenatal diagnosis of primary congenital glaucoma and histopathological features in a fetal globe with 
cytochrome p4501B1 mutations.  
Rezaei Kanavi M, Yazdani S, Elahi E, et al.  
European Journal of Ophthalmology. November 2021.  
While CYP1B1 mutations are by far the most common cause of primary congenital glaucoma worldwide, 
there is still limited understanding of the exact manner by which CYP1B1 deficiency affects glaucoma 
pathogenesis and eye development. The authors compared the eyes of two fetuses that were electively 
aborted at 17-week gestational age, one who was genetically confirmed to have inherited a CYP1B1 
mutation from both parents and another who was healthy but aborted due to severe maternal pulmonary 
hypertension. Histopathological analysis found that in the eyes with CYP1B1 mutation, there was no 
apparent iris tissue or optic nerve, while there was underdeveloped trabecular tissue, ciliary body, and 
neurosensory retina. The eyes of this fetus also were found to have increased HNE protein expression, a 
biomarker for increased oxidative stress. In addition, these eyes also  showed evidence of fibrotic 
damage to the TM including abnormal elastin deposition. This study is the first to report prenatal 
diagnosis of congenital glaucoma, and it suggests that CYP1B1 mutations cause early disruption to the 
normal development of the fetal eye, in both the anterior segment and neurosensory retina, with 
associated increased oxidative stress. 

 
Falsely high rebound tonometry.  
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Brooke Saffren, BS, Jade M. Price, MD, Qiang (Ed) Zhang, PhD, MPH, Rose A. Hamershock, MA, James 
Sharpe, MS, and Alex V. Levin, MD, MHSc.  
J AAPOS 2021;25:97.e1-5.  
Rebound tonometry (RBT) has become the preferred method for measuring intraocular pressure in 
children who are unable to perform Goldmann applanation (AT). Other studies have shown that the iCare 
rebound tonometer measures IOP 2-3 mm Hg higher than Goldmann applanation; however, the authors 
recognized that this discrepancy is often much larger. They designed this study to identify the 
characteristics that are associated with significantly higher RBT values compared to AT. In all eyes, 
higher IOP was associated with an increased RBT-AT difference. In eyes with normal IOP, RBT-AT 
difference increased in patients with PFV, larger corneal diameter, and higher initial elevated RBT value. 
For eyes with elevated IOP, only larger corneal diameter was associated with an increased RBT-AT 
difference. Eyes were less likely to have a significant difference if there was corneal opacity or iris 
abnormalities. Given the importance of getting accurate IOP measurements and the reliance of RBT in 
many pediatric patients, it is crucial to know what factors may have an impact on RBT readings. The 
authors theorize that low corneal hysteresis is the primary cause of larger RBT-AT difference in patients 
with PFV and enlarged corneal diameters. They recommend taking caution when interpreting RBT values 
in these patients and patients with higher IOP. 
 
In vivo imaging of the Schlemm's Canal and the response to Selective laser trabeculoplasty.  
Varshney T, Azmira K, Gupta S, Mahalingam K, Singh A, Angmo D, Gupta V.  
American Journal of Ophthalmology. 2021 Jul 18. 
Anterior chamber angle anatomy plays a role in differential response to glaucoma treatment. This has not 
been specifically studied in the use of selective laser trabeculoplasty (SLT) in juvenile open-angle 
glaucoma (JOAG), which was the goal of this small study with 40 eyes of 35 patients with JOAG aged 10-
40. Overall, 6 month post-treatment IOP was slightly less than 20% lower and 57% were considered a 
success (>20% IOP reduction). Anterior segment optical coherence tomography (AS-OCT) was 
performed on all patients and interestingly, when Schlemm’s canal was identified on AS-OCT images 
before laser, there was a greater than 8 times higher chance for success. This study is interesting given 
the difference between a gonioscopically normal anterior chamber angle and that visualized on AS-OCT. 
It provides insight into how patients in the future may be imaged to predict ideal treatment or what 
response they may have to suggested treatments. 

 

Outcome of Bleb Needling With 5-Fluorouracil in Failed Filtering Procedures in Pediatric Glaucoma. 
Shah C, Sen P, Mohan A, Sen A, Sood D, Jain E.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):118-125. 
Published March 1, 2021 
The authors state that in pediatric patients with glaucoma complicated by corneal clouding, external 
trabeculectomy with or without trabeculotomy is an option, but aggressive fibrovascular response and bleb 
failure is a known complication for which transconjunctival bleb needling is a simple, conjunctival sparing 
technique. The purpose of this study was to determine efficacy of needling with 5-fluorouracil (5-FU) after 
failed filtering procedures in the pediatric population. They reported outcomes for 45 eyes of 40 patients 
that underwent needline procedure with 5-FU following filtering surgeries, and they defined success as 
“complete” if IOP was <18mmHg without medications and as “qualified” if IOP was <18mmHg with 
medications. The mean age at needling was 9.6 years. The mean time interval between filtration surgery 
and the first needling procedure was 57.3 days. Thirty-eight of 45 eyes (84.4%) had undergone needling 
within 3 months after the primary surgery. Cumulative success was achieved in 35 eyes (77.7%) after 
needling (complete success in 22 eyes and qualified success in 13 eyes). Mean follow-up after needling 
was 18.9 months. The mean IOP before and after needling was 31.7 ± 9.45 and 16.6 ± 5.68 mm Hg, 
respectively (P < .00001). Steroid-induced glaucoma (P = .01), high IOP prior to the first filtration surgery 
(P = .01), and an inability to achieve low IOP (< 9 mm Hg, P = .04) immediately after needling were 
significant risk factors associated with failure. The authors conclude that bleb needling is an efficient method 
for lowering IOP after a failed trabeculectomy or combined trabeculectomy and trabeculotomy in the 
pediatric population. One of the main limitations of the study, however, was the aggregation of different 
types of pediatric glaucoma, each with varying predispositions to bleb failure (e.g. uveitic vs aphakic vs 
traumatic.)  
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Scheimpflug Imaging in Operated Primary Congenital Glaucoma.  
Mahmoud SRK, Morsy MS, Bayoumi NHL, Saad NSF.  
J Pediatr Ophthalmol Strabismus. 2021;58(4):218-223.  
Published July 1, 2021 
Primary congenital glaucoma (PCG) has long-term effects on corneal structure with implications on not 
just tonometry, but also on potential for refractive surgery on adults with previously operated PCG. This 
retrospective cohort study sought to compare corneal tomographic characteristics of 44 eyes of 27 
children with a history of PCG and surgery versus 60 eyes of 32 age-matched controls as measured by 
Pentacam  (Oculus Optikgeräte GmbH). Both study and control children were approximately 9 years of 
age at the time of the study (P = .39). The eyes with PCG had a spherical equivalent mean ± standard 
deviation of -4.70 ± 3.50 diopters (D). Eyes with PCG demonstrated a cylinder of -2.80 ± 2.10 D, flatter 
corneas than control eyes (P = .0002 and .0012 for flat and steep keratometry, respectively), and 
statistically significantly higher astigmatism (P = .011) and thinner corneas, both at pupil center (P < .001) 
and thinnest location (P < .001). There was a statistically significant negative correlation between the 
postoperative axial length (at the time of the scan) and each of the Scheimpflug parameters flat 
keratometry (P = .002), steep keratometry (P = .003), pachymetry at pupil center (P = .01), and 
pachymetry at thinnest location (P = .009). The authors concluded that eyes of patients with PCG have 
thinner, flatter, and more astigmatic corneas than the eyes of age-matched control children. This study is 
an important contribution to the study and management of post-surgical PCG eyes, especially as they 
present more frequently with usable vision into adulthood. 
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15. REFRACTIVE SURGERY 

 

Visual acuity, refractive error, and regression outcomes in 169 children with high myopia who were 

implanted with Ophtec-Artisan or Visian phakic IOLs 
Faron N, Hoekel J, Tychsen L 
J AAPOS 2021; 25: 27.e1 - 27.e8 
This is a retrospective study of outcomes 78 (115 eyes) children who underwent Ophtec-Artisan iris-
enclaved anterior chamber pIOL and 91 children (154 eyes) implanted with Visian ICL (intraocular 
collamer lens) sulcus pIOL, with history of difficulties with spectacle or contact lens wear. Mean age at 
surgery was 9.9 years; mean follow-up was 3.9 years (range, 0.6-14.1 years). A total of 248 of 269 eyes 
(92%) were corrected to within  0.5 D of their target value. Spherical correction averaged 12.3  1.0 D. 
Refractive spherical regression was 0.04 D/year at last follow-up. Uncorrected distance visual acuity 
improved from an average logMAR 1.8 to 0.4; corrected distance visual acuity improved an average 0.3 
logMAR. Of the treated children, 68% had a gain in binocular fusion. Neurobehavioral and/or visuomotor 
comorbidities were present in 87% of children. Five eyes (2%) developed retinal detachment an average 
6 years after implantation. Nine eyes (3%) implanted with the OphtecArtisan pIOL required repositioning 
after trauma. Implantation of pIOLs in children is an effective method for correcting high myopia in 
spectacle noncompliant children. The prevalence of major complications was relatively low in this high-
risk population. 

 

 

Visual acuity, refractive error, and regression outcomes in 169 children with high myopia who were 

implanted with Ophtec-Artisan or Visian phakic IOLs 
Faron N, Hoekel J, Tychsen L 
J AAPOS 2021; 25: 27.e1 - 27.e8 
This is a retrospective study of outcomes 78 (115 eyes) children who underwent Ophtec-Artisan iris-
enclaved anterior chamber pIOL and 91 children (154 eyes) implanted with Visian ICL (intraocular 
collamer lens) sulcus pIOL, with history of difficulties with spectacle or contact lens wear. Mean age at 
surgery was 9.9 years; mean follow-up was 3.9 years (range, 0.6-14.1 years). A total of 248 of 269 eyes 
(92%) were corrected to within  0.5 D of their target value. Spherical correction averaged 12.3  1.0 D. 
Refractive spherical regression was 0.04 D/year at last follow-up. Uncorrected distance visual acuity 
improved from an average logMAR 1.8 to 0.4; corrected distance visual acuity improved an average 0.3 
logMAR. Of the treated children, 68% had a gain in binocular fusion. Neurobehavioral and/or visuomotor 
comorbidities were present in 87% of children. Five eyes (2%) developed retinal detachment an average 
6 years after implantation. Nine eyes (3%) implanted with the OphtecArtisan pIOL required repositioning 
after trauma. Implantation of pIOLs in children is an effective method for correcting high myopia in 
spectacle noncompliant children. The prevalence of major complications was relatively low in this high-
risk population. 
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16. GENETICS 

 

Bilateral anterior segment dysgenesis and persistent fetal vasculature associated with terminal 10q26 
deletion.  
Yang JF, Roohipourmoallai R, Straughn PE, Sherwood MB, Agarwal-Sinha S, Zori RT, Iyer SSR. J 
AAPOS. 2021 Oct;25(5):309-311. 
Deletion of the 26q position on chromosome 10 results in a syndrome with well-documented systemic 
phenotypes. Ophthalmic manifestations in 10q26 deletion can have heterogenous phenotype. This is a 
case report of a 4-week-old boy with terminal 10q26 deletion who had extensive ophthalmic 
abnormalities, including bilateral anterior segment dysgenesis and bilateral persistent fetal vasculature, 
with microphthalmia, microcornea, iris corectopia, congenital cataracts, and posterior embryotoxon. This 
is the first report of PFV in 10q26 deletion syndrome, and describes more extensive ophthalmic findings 
in a patient with terminal 10q26 deletion.  
 
Ocular manifestations of Beckwith-Wiedemann syndrome. 
Rohowetz LJ, Kalavar M, Al-Khersan H, Kiryakoza L, Patel NA, Yannuzzi NA, Capo H, Berrocal AM. J 
AAPOS. 2021 Oct;25(5):303-305.e1.  
Beckwith-Wiedemann syndrome is a pediatric overgrowth disorder with heterogenous phenotype, but with 
few known ocular manifestations. In this retrospective chart review, 5 patients with BWS were identified at 
a single institution over a 10-year period. Four of these patients presented with ocular misalignment and 1 
with eye rubbing. Three patients were noted to have strabismus, and 1 patient manifested with significant 
astigmatism. The authors hypothesize that since irregular muscular structure and function is a syndromic 
characteristic of BWS, the high rate of strabismus in this series may be due to disordered growth of 
extraocular muscles in patients with BWS. This study is limited by the small sample size, but provides an 
interesting hypothesis for future studies.  
 
Progressive bilateral nuclear cataracts associated with cerebellar-facial-dental syndrome: case report, 
literature review, and identification of a new genetic variant. 
Pandey B, Belnap N, Balak C, Huentelman M, Ramsey K, Narayanan V, Plotnik J. J AAPOS. 2021 
Dec;25(6):370-373.  
Cerebellar-facial-dental syndrome (CFDS) is a newly described autosomal recessive genetic disorder 
characterized by mutations in the BRF1 gene. Clinical features include dysmorphic facial features and 
cerebellar hypoplasia. This is a case report of a child with a novel BRF1 gene variant (Thr265HisfsX5), 
who presented with visually significant progressive bilateral nuclear cataracts. The authors propose that 
BRF1 should be included in genetic testing in patients with progressive bilateral juvenile cataracts. 
Additionally, patients with known BRF1 mutations should undergo periodic eye exams.    
 
Congenital macular scars in siblings from CLDN19 mutations. 
Kang TS, Siegel LM. J AAPOS. 2021 Oct;25(5):316-318. 
Familial hypomagnesemia with hypercalciuria and nephrocalcinosis is a rare autosomal recessive 
disease, and can present with or without severe ocular involvement. Patients with this disease who have 
ocular findings of macular coloboma have mutations in CLDN19. In this case report, 2 consecutive 
siblings presented with unilateral and bilateral macular scars, respectively (initially presumed in the older 
sibling to be from congenital toxoplasmosis), who also developed chronic kidney disease. Both underwent 
genetic testing and were positive for a mutation in CLDN19. The sibling with unilateral macular scar has 
the unique finding of mild foveal hypoplasia in the contralateral eye, which is not typically associated with 
CLDN19 mutations. Correct diagnosis of the etiology of congenital macular scar due to CLDN19 mutation 
can help lead to early diagnosis of renal disease.  
 
 
Noncongenital juvenile-onset bilateral lamellar cataract in 1p36 deletion syndrome.  
Danese C, Pignatto S, Lanzetta P. J AAPOS. 2021 Dec;25(6):368-370.  
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Monosomy 1p36 is the most common terminal deletion syndrome. Affected individuals are phenotypically 
heterogeneous, due to wide variability of the size of the deletions. The features are not specific for this 
syndrome, and the cytogenetic identification of the deletion is often difficult. In this case report, the 
authors describe a 16-year-old girl with 1p36 deletion syndrome, who presented with juvenile bilateral 
lamellar cataracts. Mutations on some 1p36 genes in both experimental models and humans may be 
associated with cataract. This is the first detailed description of acquired juvenile-onset bilateral cataract 
with 1p36 deletion, suggesting that patients with 1p36 deletion should undergo periodic eye exam.  
 
 
Comparative Natural History of Visual Function From Patients With Biallelic Variants in BBS1 and BBS10. 
Grudzinska Pechhacker MK, Jacobson SG, Drack AV, Scipio MD, Strubbe I, Pfeifer W, Duncan JL, 
Dollfus H, Goetz N, Muller J, Vincent AL, Aleman TS, Tumber A, Van Cauwenbergh C, De Baere E, 
Bedoukian E, Leroy BP, Maynes JT, Munier FL, Tavares E, Saleh E, Vincent A, Heon E. Invest 
Ophthalmol Vis Sci. 2021 Dec 1;62(15):26.  
Bardet-Biedl syndrome (BBS) has a broad range of clinical features that typically include severe 
photoreceptor degeneration often combined with truncal obesity, postaxial polydactyly, autism-like 
behavior, cognitive impairment, hypogonadism, and renal anomalies, among other features. BBS is 
phenotypically and genetically heterogeneous. Biallelic variants have been identified in 24 BBS genes. Of 
these, BBS1 and BBS10 together are the most common. This study aims to compare the natural history 
of visual function change in cohorts of patients affected with retinal degeneration due to biallelic variants 
in BBS genes: BBS1 and BBS10. Sixty-seven individuals with variants in BBS1 (n = 38) or BBS10 (n = 
29) were included. Missense variants were the most common type of variants for patients with BBS1, 
whereas frameshift variants were most common for BBS10. When ERGs were recordable, rod-cone 
dystrophy (RCD) was observed in 82% (23/28) of patients with BBS1 and 73% (8/11) of patients with 
BBS10; cone-rod dystrophy (CORD) was seen in 18% of patients with BBS1 only, and cone dystrophy 
(COD) was only seen in 3 patients with BBS10 (27%). ERGs were nondetectable earlier in patients with 
BBS10 than in patients with BBS1. Similarly, visual acuity declined more rapidly in patients with BBS10 
compared to patients with BBS1. The authors conclude that retinal degeneration appears earlier and is 
more severe in BBS10 cases as compared to those with BBS1 variants. This provides important 
prognostic information in counseling patients.  
 
 
Development of Nystagmus With the Absence of MYOD Expression in the Extraocular Muscles. 
Johnson LL, Kueppers RB, Shen EY, Rudell JC, McLoon LK. Invest Ophthalmol Vis Sci. 2021 Oct 
4;62(13):3.  
Myoblast determination protein 1 (MYOD) is a critical myogenic regulatory factor in muscle development, 
differentiation, myofiber repair, and regeneration. The authors of this paper assessed structural and 
functional changes in the extraocular muscles in MyoD-/- mice by examining fiber size and number and 
optokinetic nystagmus reflex (OKN) response. The authors found that MyoD-/- mice developed 
nystagmus, with both jerk and pendular waveforms, in the absence and in the presence of moving visual 
stimulation. At 12 months, there were significant losses in mean myofiber cross-sectional area and in total 
number of orbital layer fibers in all rectus muscles, as well as in global layer fibers in the superior and 
inferior rectus muscles. Haploinsufficient mice showed abnormal OKN responses. This study 
demonstrates development of nystagmus in the absence of expression of the muscle-specific 
transcription factor MYOD in a mouse model. While there is no known human correlation with nystagmus 
and MYOD mutation, this study shows an interesting alternative explanation of development of 
nystagmus due to extraocular muscle abnormality, in a disease that is classically thought to be due to 
abnormalities in the central nervous system oculomotor pathways.  
 
 
Genetic Variants Associated With Human Eye Size Are Distinct From Those Conferring Susceptibility to 
Myopia. 
Plotnikov D, Cui J, Clark R, Wedenoja J, Pärssinen O, Tideman JWL, Jonas JB, Wang Y, Rudan I, Young 
TL, Mackey DA, Terry L, Williams C, Guggenheim JA; UK Biobank Eye and Vision Consortium and the 
CREAM Consortium. Invest Ophthalmol Vis Sci. 2021 Oct 4;62(13):24. 
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Genetic variants that regulate eye size contribute to development of refractive error. This study tested the 
hypothesis that genetic variants regulating eye size in emmetropic eyes are distinct from those conferring 
susceptibility to refractive error. In this genome-wide association study (GWAS), corneal curvature in 
22,180 adult emmetropic individuals was performed as a proxy for a GWAS for eye size. A polygenic 
score created using lead GWAS variants was tested for association with corneal curvature and axial 
length in an independent sample. The genetic correlation between eye size and refractive error was 
calculated using linkage disequilibrium score regression for approximately 1 million genetic variants. The 
GWAS for corneal curvature in emmetropes identified 32 independent genetic variants (P < 5.0e-08). A 
polygenic score created using these 32 genetic markers explained 3.5% (P < 0.001) and 2.0% (P = 
0.001) of the variance in corneal curvature and axial length, respectively, in the independent sample of 
emmetropic individuals but was not predictive of these traits in ametropic individuals. The genetic 
correlation between eye size and refractive error was close to zero (rg = 0.00; SE = 0.06; P = 0.95). 
These results support the hypothesis that genetic variants regulating eye size in emmetropic eyes do not 
overlap with those conferring susceptibility to myopia. This suggests that distinct biological pathways 
regulate normal eye growth and myopia development, which may imply that therapies for myopia should 
target genes that do confer myopia risk. This study further elucidates the complex genetic factors in 
emmetropia and ametropia.  
 
SSBP1-Disease Update: Expanding the Genetic and Clinical Spectrum, Reporting Variable Penetrance 
and Confirming Recessive Inheritance. 
Jurkute N, D'Esposito F, Robson AG, Pitceathly RDS, Cordeiro F, Raymond FL, Moore AT, Michaelides 
M, Yu-Wai-Man P, Webster AR, Arno G; Genomics England Research Consortium. Invest Ophthalmol Vis 
Sci. 2021 Dec 1;62(15):12.  
Missense variants in SSBP1 have been reported to cause autosomal dominant mitochondrial optic 
atrophy and retinal dystrophy with or without mitochondrial depletion. This study examined individuals 
from 5 families with previously unsolved optic atrophy and retinal dystrophy. Whole genome sequencing 
was used to identify SSBP1 mutations. Phenotype characteristics were evaluated by retinal imaging and 
electrophysiology. In silico analysis predicted all variants to be pathogenic and Three-dimensional protein 
modelling suggested possible disease mechanisms via decreased single-stranded DNA binding affinity or 
impaired higher structure formation. This study found that SSBP1 is essential for mitochondrial DNA 
replication and maintenance, with defects leading to a spectrum of disease that includes optic atrophy 
and/or retinal dystrophy, occurring with or without extraocular features. This study provides evidence of 
intrafamilial variability and confirms the existence of an autosomal recessive inheritance in SSBP1-
disease consequent upon a previously unreported genotype. This study identifies new pathogenic 
mutations in SSBP1 as well as provide further characterization of variability in phenotype expression of 
SSBP1 disease.  
 
Association of Variants in TMEM45A With Keratoglobus. 
Weiner C, Hecht I, Kotlyar A, Shoshany N, Zadok D, Elbaz U, Segev F, Maytal A, Hachmo Y, Michiels C, 
De Backer O, Shomron N, Einan-Lifshitz A, Pras E. JAMA Ophthalmol. 2021 Oct 1;139(10):1089-1095. 
Keratoglobus is a rare corneal disorder characterized by generalized thinning and globular protrusion of 
the cornea. Affected individuals typically have significantly decreased vision and are at risk of corneal 
perforation. This study aims to identify the genetic basis of isolated congenital keratoglobus. Three 
nonconsanguineous families with keratoglobus were included in this study. Gene sequencing was used to 
identify truncating and splice site variants in the TMEM45A gene, which fully segregate with the disorder. 
All affected individuals were homozygous or compound heterozygous for variants in the TMEM45A gene, 
while unaffected family members were heterozygous carriers. Expression analysis in healthy controls 
showed that TMEM45A was expressed 23 times higher in the human cornea compared with peripheral 
blood. Immunohistochemical staining of the TMEM45A protein in normal corneas confirmed its expression 
in the corneal stroma and epithelium. A TMEM45A knockout mouse model showed structural features 
consistent with keratoglobus. This study identified a novel genetic variant as a cause of congenital 
keratoglobus. This is an important finding to help with diagnosis and genetic counseling in patients with 
keratoglobus, as well as provide a potential future therapeutic target.  

 
Defining High-risk Retinoblastoma: A Multicenter Global Survey. JAMA 
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Kaliki S, Shields CL, Cassoux N, Munier FL, Chantada G, Grossniklaus HE, Yoshikawa H, Fabian ID, 
Berry JL, McKenzie JD, Kimani K, Reddy MA, Parulekar M, Tanabe M, Furuta M, Grigorovski N, Chevez-
Barrios P, Scanlan P, Eagle RC Jr, Rashid R, Coronado RD, Sultana S, Staffieri S, Frenkel S, Suzuki S, 
Ushakova TL, Ji X. Ophthalmol. 2022 Jan 1;140(1):30-36. 
High-risk histopathologic features of retinoblastoma are useful to assess the risk of systemic metastasis. 
In this era of globe salvage treatments for retinoblastoma, the definition of high-risk retinoblastoma is 
evolving. This study aims to evaluate variations in the definition of high-risk histopathologic features for 
metastasis of retinoblastoma in different ocular oncology practices around the world. An anonymized 
web-based, nonvalidated 10-question survey about the definition of high-risk histopathologic features for 
metastasis of retinoblastoma was sent to 52 oncologists and pathologists treating retinoblastoma at 
referral retinoblastoma centers. Results of this survey are based on the responses from 27 individuals 
(52%) from 24 different retinoblastoma practices across 16 countries in 6 continents. Of the 15 high-risk 
features included in the survey, only 3 (postlaminar optic nerve infiltration, involvement of optic nerve 
transection, and extrascleral tumor extension) were uniformly considered as high risk for metastasis 
across all survey participants. Responses from this survey showed lack of uniformity in the definition of 
high-risk retinoblastoma. The survey results highlight the need to arrive at consensus definitions and 
conduct prospective multicenter studies to understand their relevance, especially since clinicians rely on 
these criteria to make decisions on adjuvant therapies.  

 
Autosomal recessive congenital hereditary corneal dystrophy associated with a novel SLC4A11 mutation 
in two consanguineous Tunisian families. 
Chibani Z, Abid IZ, Söderkvist P, Feki J, Aifa MH. 
Br J Ophthalmol. 2022 Feb;106(2):281-287. 
This study aimed to explore CHED in Tunisia by performing a phenotypic and genetic analysis on 2 large 
consanguineous Tunisian families affected with CHED.  There were 4 total affected members with 
autosomal recessive CHED. All coding exons of SLC4A11 gene known to be associated with CHED and 
their exon-intron boundaries regions were amplified with PCR for all affected family members and a 
selection of non-affected members (6 total). To identify sequence variations, the sequencing results from 
all subjects (affected and healthy) were compared with wild type SLC4A11 sequence, and the effect of 
c.1434_1436del mutation was also assessed. Mutation screening of the SLC4A11 gene by Sanger 
sequencing revealed a novel deletion mutation: c.1434_1436del resulting in a non-frameshift deletion of a 
Leucine, p. Leu479del, localized in exon 11 of the SLC4A11 gene. This mutation was found in a 
homozygous state in all 4 affected members while the parents were heterozygous for the mutation 
highlighting an autosomal recessive mode of inheritance. These results expand the mutational spectrum 
of CHED and further illustrate the genetic heterogeneity of this disease potentially leading to an accurate 
clinical and genetic diagnosis. Improved understanding of SLC4A11 dysfunction in CHED may lead to a 
better comprehension of the pathobiology of this inherited corneal disease. 
 
Association of polymorphisms in ZFHX1B, KCNQ5 and GJD2 with myopia progression and polygenic risk 
prediction in children. 
Chen LJ, Li FF, Lu SY, Zhang XJ, Kam KW, Tang SM, Tam PO, Yip WW, Young AL, Tham CC, Pang 
CP, Yam JC. 
Br J Ophthalmol. 2021 Dec;105(12):1751-1757. 
The aim of this study was to assess the association of certain single-nucleotide polymorphisms (SNPs) 
with myopia progression for polygenic risk prediction in children. Participants in this study were 1043 
Chinese children aged 6–8 years at baseline with no identifiable systemic associations of myopia, 
enrolled in the ongoing population-based Hong Kong Children Eye Study (HKCES) and have completed 
3-year follow-up. Six representative SNPs from six candidate genes were selected based on their 
previous study on childhood myopia: ZC3H11B rs4373767, ZFHX1Brs13382811, KCNQ5 rs7744813, 
MET rs2073560, SNTB1 rs7839488 and GJD2 rs524952.  This study provides longitudinal data to reveal 
SNPs in the GJD2, KCNQ5 and ZFHX1B genes as genetic risk factors for myopia progression. Also, it 
revealed that the effects of GJD2 and KCNQ5 SNPs on spherical equivalent progression are exerted via 
axial elongation. Polygenic risk score analysis revealed that children who are at the highest quantiles 
defined by GJD2 rs524952, KCNQ5 rs7744813 and ZFHX1B rs13382811 have approximately twofold of 
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increased risk towards faster myopia progression. More work needs to be done, but this type of data can 
help identify children at highest risk for myopia progression and in most need of intervention. 
 
Prevalence of cerebrotendinous xanthomatosis in cases with idiopathic bilateral juvenile cataract in 
ophthalmology clinics in Turkey. 
Huban Atilla, MD, Turgay Coskun, MD, Bulent Elibol, MD, Sibel Kadayifcilar, MD, and Serdar Altinel, MD, 
on behalf of the GEN-EYE-I Working Group. 
JAAPOS 2021;25:269.e1-6. 
Cerebrotendinous xanthomatosis (CTX) is an autosomal recessive disorder of bile metabolism that can 
lead to permanent neurological disabilities if it is not diagnosed and treated early. The ophthalmologist 
can play an important role in this process as 88% of CTX patients have bilateral cataracts. The Mignarri 
suspicion index can serve as an aid by recommending which patients should be screened by assessing 
plasma cholestanol levels. This study set out to determine the prevalence of CTX in patients with 
idiopathic bilateral juvenile cataracts in Turkey. A total of 452 patients were included in the study. A high 
plasma cholestanol level was detected in 27 patients. Genetic testing confirmed a diagnosis of CTX in 7 
of these patients meaning the frequency of CTX in patients with bilateral juvenile cataracts was 1.55%. 
There was no difference in Mignarri score between the low and high cholestanol group; however, the 
Mignarri score was high in 5 of the 7 patients with genetically confirmed CTX. This study highlights the 
importance of considering CTX as a diagnosis in patients with bilateral congenital cataracts. Suspicion 
should be raised in cases on consanguinity, and plasma cholestanol testing should be done in patients 
with a high Mignarri score. 
 
 
Ocular manifestations of Beckwith-Wiedemann syndrome. 
Landon J. Rohowetz, MD, Meghana Kalavar, MHS, Hasenin Al-khersan, MD, Lauren Kiryakoza, MD, 
Nimesh A. Patel, MD, Nicolas A. Yannuzzi, MD, Hilda Capo, MD, and Audina M. Berrocal, MD. 
JAAPOS 2021;25:303-305. 
Beckwith-Wiedeman syndrome (BWS) is a pediatric overgrowth disorder with an estimated incidence of 
about 1 in 13,700. Phenotypic characteristics include macroglossia, macrosomia, hemi-hyperplasia, and 
omphalocele. This case series describes the ocular findings of five patients with BWS. The condition was 
genetically confirmed in 4 patients and clinically diagnosed in 1 patient. Ophthalmic findings included 
strabismus, astigmatism, diminished stereopsis, myopia, hyperopia, and conjunctivitis. The authors 
hypothesize that astigmatism in BWS results from regional tissue overgrowth that affects the cornea. In 
addition, they speculate that strabismus in BWS is caused by disordered and uneven growth of 
extraocular muscles. This article gives insight into a syndrome with few known ocular manifestations. 
 
Longitudinal Changes of Fixation Stability and Location Within 24 Months in Stargardt Disease: ProgStar 
Report No. 16.  
Schönbach EM, Strauss RW, Cattaneo ME, Fujinami K, Birch DG, Cideciyan AV, Sunness JS, Zrenner E, 
Sadda SR, Scholl HP, ProgStar Study Group. American Journal of Ophthalmology. 2022 Jan 1;233:78-
89. 
Stargardt disease type 1 (STGD1) is the most common macular dystrophy. Included were 239 individuals 
with genetically confirmed STGD1 (one or more disease-causing ATP binding cassette subfamily A 
member 4 [ABCA4] variant) were included in this international, multicenter, prospective cohort study. We 
determined the fixation stability (FS) using 1 SD of the bivariate contour ellipse area (1 SD-BCEA) and 
fixation location (FL) using the eccentricity of fixation from the fovea during five study visits every 6 
months. At baseline, 239 patients (105 males [44%]) and 459 eyes, with a median age of 32 years, were 
included. The baseline mean logBCEA was 0.70 ± 1.41 log deg2 and the mean FL was 6.25° ± 4.40°. 
Although the mean logBCEA did not monotonically increase from visit to visit, the overall yearly increase 
in the logBCEA was 0.124 log deg2 (95% CI, 0.063-0.185 log deg2). The rate of change was not different 
between the 2 years but increased faster in eyes without flecks outside of the vascular arcades and 
depended on baseline logBCEA. FL did not change statistically significantly over time. Fixation 
parameters are unlikely to be sensitive outcome measures for clinical trials in STGD1 but may provide 
useful ancillary information in selected cases to longitudinally describe and understand an eye's visual 
function. 
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CRB1-associated retinal dystrophies: a prospective natural history study in anticipation of future clinical 
trials.  
Talib M, van Schooneveld MJ, Wijnholds J, van Genderen MM, Schalij-Delfos NE, Klaver CC, Talsma 
HE, Fiocco M, Florijn RJ, Jacoline B, Cremers FP. American Journal of Ophthalmology. 2022 Feb 
1;234:37-48. 
A wide range of related retinal dystrophies including Leber congenital amaurosis (LCA), retinitis 
pigmentosa (RP), and cone(-rod) dystrophies (CRDs), can be caused by variants in the crumbs cell 
polarity complex component 1 (CRB1) gene. The purpose of this single-center, prospective case series is 
to report on the natural disease course of retinal dystrophies associated with CRB1 and identify clinical 
end points for future clinical trials. An investigator-initiated nationwide collaborative study that included 22 
patients with CRB1-associated retinal dystrophies. Patients underwent ophthalmic assessment at 
baseline and 2 years after baseline. Clinical examination included best-corrected visual acuity (BCVA) 
using Early Treatment Diabetic Retinopathy Study charts, Goldmann kinetic perimetry (V4e isopter seeing 
retinal areas), microperimetry, full-field electroretinography, full-field stimulus threshold (FST), fundus 
photography, spectral-domain optical coherence tomography, and fundus autofluorescence imaging. 
Based on genetic, clinical, and electrophysiological data, patients were diagnosed with retinitis 
pigmentosa (19 [86%]), cone-rod dystrophy (2 [9%]), or isolated macular dystrophy (1 [5%]). Analysis of 
the entire cohort at 2 years showed no significant changes in BCVA (P = .069) or V4e isopter seeing 
retinal areas (P = .616), although signs of clinical progression were present in individual patients. Macular 
sensitivity measured on microperimetry revealed a significant reduction at the 2-year follow-up (P < .001). 
FST responses were measurable in patients with nonrecordable electroretinograms. On average, FST 
responses remained stable during follow-up. In CRB1-associated retinal dystrophies, visual acuity and 
visual field measures remain relatively stable over the course of 2 years. Microperimetry showed a 
significant decrease in retinal sensitivity during follow-up and may be a more sensitive progression 
marker. Retinal sensitivity on microperimetry may serve as a functional clinical end point in future human 
treatment trials for CRB1-associated retinal dystrophies. 
 
 
Characterization of Retinal Function Using Microperimetry-Derived Metrics in Both Adults and Children 
With RPGR-Associated Retinopathy. 
Anikina E, Georgiou M, Tee J, Webster AR, Weleber RG, Michaelides M. American journal of 
ophthalmology. 2022 Feb 1;234:81-90. 
This prospective observational case series investigates microperimetry testing of retinitis pigmentosa 
GTPase regulator gene (RPGR)-associated retinopathy in a cohort of children and adults. The coefficient 
of repeatability and intraclass correlation coefficient (ICC) of mean sensitivity (MS) were calculated for 
mesopic microperimetry. Best-corrected visual acuity (BCVA), contrast sensitivity (CS), MS, total volume 
(VTOT), and central 3-degree field volume (V3) from volumetric and topographic analyses were acquired. 
The study recruited 76 individuals with RPGR (53 adults, 23 children). The mean follow-up period was 2.8 
years. The ICC values for MS, VTOT, and V3 were 0.982 dB (95% CI, 0.969-0.989 dB), 0.970 dB-
steradian (sr) (95% CI, −0.02658 to 0.03691 dB-sr), and 0.986 dB-sr (95% CI, 0.978-0.991), respectively. 
The r values for interocular MS, VTOT, and V3 were 0.97 (P < .01), 0.97 (P < .01), and 0.98 (P < .01), 
respectively, indicating strong interocular correlation. The interocular correlation of progression for MS, 
VTOT, and V3 was 0.81 (P < .01), 0.64 (P < .01), and 0.81 (P < .01), respectively. There was no 
statistically significant difference in the interocular progression rates for MS or VTOT. V3 did show a 
statistically significant difference. Most patients lost retinal sensitivity rapidly during their second and third 
decades of life. Retinitis pigmentosa GTPase regulator gene (RPGR)-associated retinopathy is a 
predominantly symmetric test and microperimetry has a good test-retest reliability for the disease and can 
track progression of retinal functional loss. The high degree of reproducibility of results, good interocular 
correlation, and accurate tracking of change over time lends this modality well to assessing the outcomes 
of gene therapy trials. 
 
Visual dysfunction and structural correlates in Sorsby Fundus Dystrophy. 
Raming K, Gliem M, Issa PC, Birtel J, Herrmann P, Holz FG, Pfau M, Hess K. American Journal of 
Ophthalmology. 2022 Feb 1;234:274-84. 
This prospective cross-sectional study aims to elucidate morphological determinants of rod and cone 
dysfunction in Sorsby fundus dystrophy (SFD), and to systematically compare visual function tests for 
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interventional trials. Patients with SFD (n = 16) and controls (n = 20) underwent visual function testing 
(best-corrected visual acuity [BCVA] and low luminance visual acuity [LLVA], contrast sensitivity, mesopic 
and dark-adapted (DA) fundus-controlled perimetry [FCP], rod-mediated dark adaptation [RMDA]), and 
multimodal imaging. Vision-related quality of life was evaluated. FCP and RMDA thresholds were 
analyzed using mixed models and structure-function correlation using machine learning (ML). 
Longitudinal data of 1 patient with high-dose vitamin A supplementation were available. Although 
photopic BCVA was normative in SFD, LLVA was impaired (0.30 LogMAR [0.20; 0.45] vs 0.20 LogMAR 
[0.03; 0.28], P < .05). Scotopic visual function exhibited a delayed rod-intercept time (21 minutes [12.15; 
21] vs 4.05 minutes [3.22; 5.36], P < .001), and marked DA cyan mean sensitivity loss (−11.80 dB [−3.47; 
−19.85]), paralleled by a reduced vision-related quality of life. ML-based structure-function correlation 
allowed prediction of mesopic, DA cyan, and red sensitivity with high accuracy (cross-validated mean 
absolute error: 4.36, 7.77, and 5.31 dB, respectively), whereas RMDA could be slowed even in the 
absence of fundus alterations on multimodal imaging. After high-dose vitamin A supplementation, RMDA 
and DA thresholds improved markedly.Patients with SFD exhibit severely impaired scotopic visual 
function even in the absence of funduscopic alterations on multimodal imaging. In contrast to BCVA, 
scotopic visual function tests are suitable to quantify dysfunction in the early stages. Improvement of 
scotopic dysfunction after (off-label) high-dose vitamin A intake, as observed in one patient in our study, 
is compatible with the hypothesized local deficiency of vitamin A secondary to Bruch's membrane 
alterations. 
 
Structural evaluation in inherited retinal diseases. 
Varela MD, Esener B, Hashem SA, de Guimaraes TA, Georgiou M, Michaelides M. British Journal of 
Ophthalmology. 2021 Dec 1;105(12):1623-31. 
Ophthalmic genetics is a field that has been rapidly evolving over the last decade, mainly due to the 
flourishing of translational medicine for inherited retinal diseases (IRD). In this review, we will address the 
different methods by which retinal structure can be objectively and accurately assessed in IRD. We 
review standard-of-care imaging for these patients: colour fundus photography, fundus autofluorescence 
imaging and optical coherence tomography (OCT), as well as higher-resolution and/or newer 
technologies including OCT angiography, adaptive optics imaging, fundus imaging using a range of 
wavelengths, magnetic resonance imaging, laser speckle flowgraphy and retinal oximetry, illustrating their 
utility using paradigm genotypes with on-going therapeutic efforts/trials. 
 
Association of polymorphisms in ZFHX1B, KCNQ5 and GJD2 with myopia progression and polygenic risk 
prediction in children.  
Chen LJ, Li FF, Lu SY, Zhang XJ, Kam KW, Tang SM, Tam PO, Yip WW, Young AL, Tham CC, Pang 
CP. British Journal of Ophthalmology. 2021 Dec 1;105(12):1751-7. 
This study aims to assess the association of single-nucleotide polymorphisms (SNPs) with myopia 
progression for polygenic risk prediction in children. Six SNPs (ZC3H11B rs4373767, ZFHX1B 
rs13382811, KCNQ5 rs7744813, MET rs2073560, SNTB1 rs7839488 and GJD2 rs524952) were 
analysed in 1043 school children, who completed 3-year follow-up, using TaqMan genotyping assays. 
SNP associations with progression in spherical equivalent (SE) were analysed by logistic regression. 
Polygenic risk scores (PRS) were applied for computing the sum of the risk alleles of multiple SNPs 
corresponding to myopia progression, weighted by the effect sizes of corresponding SNPs. GJD2 
rs524952 showed significant association with fast progression (OR=1.32, 95% CI 1.10 to 1.59; p=0.003) 
and KCNQ5 rs7744813 had nominal association (OR=1.32, 95% CI 1.04 to 1.67; p=0.02). In quantitative 
traits locus analysis, GJD2 rs524952 and KCNQ5 rs7744813 were associated with progression in SE 
(β=−0.038 D/year, p=0.008 and β=−0.042 D/year, p=0.02) and axial elongation (β=0.016 mm/year, 
p=0.01 and β=0.017 mm/year, p=0.027). ZFHX1B rs13382811 also showed nominal association with 
faster progression in SE (β=−0.041 D/year, p=0.02). PRS analysis showed that children with the highest 
PRS defined by rs13382811, rs7744813 and rs524952 had a 2.26-fold of increased risk of fast myopia 
progression (p=4.61×10−5). PRS was also significantly associated with SE progression (R2=1.6%, 
p=3.15×10−5) and axial elongation (R2=1.2%, p=2.6×10−4). In this study, multi-tiered evidence 
suggested SNPs in ZFHX1B, KCNQ5 and GJD2 as risk factors for myopia progression in children. 
Additional attention and appropriate interventions should be given for myopic children with high-risk PRS 
as defined by GJD2 rs524952, KCNQ5 rs7744813 and ZFHX1B rs13382811. 
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Genetic disease is a common cause of bilateral childhood cataract in Denmark. 
Kessel L, Bach-Holm D, Al-Bakri M, Roos L, Lund A, Grønskov K. Ophthalmic Genetics. 2021 Nov 
2;42(6):650-8. 
Bilateral childhood cataracts can be caused by a metabolic disease, constitute a part of a syndrome, run 
in families, be sporadic or iatrogenic. The amount of work-up needed to establish a cause is discussed 
and the aim of the present study was to evaluate causes of bilateral childhood cataract. A chart review of 
211 Danish children with bilateral cataracts was performed. Cataract was seen in combination with 
systemic disease in 40.8%, 29.4% had hereditary cataracts, 27.0% had isolated cataract, in 1.4% it was 
associated with ocular malformations and 1.4% had been born prematurely without any other sequelae 
than the cataract. A genetic cause could be demonstrated in 74 children. Systemic comorbidities are very 
common in children with cataract and are not always known prior to the diagnosis of cataract. Genetic 
evaluation, especially targeted analyses, provided a molecular genetic diagnosis in a large proportion of 
those tested but it also failed to provide a molecular genetic diagnosis in some patients with a family 
history suggesting autosomal dominant inheritance. Most importantly, in some patients, genetic work-up 
provided a diagnosis in patients where it had therapeutic consequences and where the systemic disease 
would have caused irreversible damage, had it not been treated timely. Given the high prevalence of 
systemic disease, it seems advisable to co-manage children with bilateral cataracts with a pediatrician 
and to include genetic evaluation as part of the work-up. 
 
Expanding the clinical phenotype in patients with disease causing variants associated with atypical Usher 
syndrome.  
Igelman AD, Ku C, da Palma MM, Georgiou M, Schiff ER, Lam BL, Sankila EM, Ahn J, Pyers L, Vincent 
A, Ferraz Sallum JM. Ophthalmic genetics. 2021 Nov 2;42(6):664-73. 
Atypical Usher syndrome (USH) is poorly defined with a broad clinical spectrum. A chart review 
evaluating demographic, clinical, imaging, and genetic findings of 19 patients from 18 families with a 
clinical diagnosis of retinal disease and confirmed disease-causing variants in CEP78, CEP250, ARSG, 
or ABHD12 was performed. CEP78-related disease included sensorineural hearing loss (SNHL) in 6/7 
patients and demonstrated a broad phenotypic spectrum including: vascular attenuation, pallor of the 
optic disc, intraretinal pigment, retinal pigment epithelium mottling, areas of mid-peripheral hypo-
autofluorescence, outer retinal atrophy, mild pigmentary changes in the macula, foveal hypo-
autofluorescence, and granularity of the ellipsoid zone. Nonsense and frameshift variants in CEP250 
showed mild retinal disease with progressive, non-congenital SNHL. ARSG variants resulted in a 
characteristic pericentral pattern of hypo-autofluorescence with one patient reporting non-congenital 
SNHL. ABHD12-related disease showed rod-cone dystrophy with macular involvement, early and severe 
decreased best corrected visual acuity, and non-congenital SNHL ranging from unreported to severe. 
Given the variable findings, atypical USH should be considered in patients with peripheral and macular 
retinal disease even without the typical RP phenotype especially when SNHL is noted. Additionally, 
genetic screening may be useful in patients who have clinical symptoms and retinal findings even in the 
absence of known SNHL given the variability of atypical USH. 
 
Investigation of genotype–phenotype relationship in Turkish patients with inherited retinal disease by next 
generation sequencing.  
Duzkale N, Arslan U. Ophthalmic Genetics. 2021 Nov 2;42(6):674-84. 
Inherited retinal dystrophies (IRDs) are a group of retinal diseases genetically and clinically highly 
heterogeneous and associated with more than 300 genes. This study aims to investigate the genetic 
basis of Turkish patients with IRDs: The mean age of 86 patients was 35 and the mean age at diagnosis 
was 18. There was consanguinity between the parents of 62% of these patients. Fifty-six retinal disease-
associated genes of 46 patients and 230 retinal disease-associated genes of 40 patients were examined. 
Genetic analysis provides a molecular diagnosis in a total of 53 (61.6%) patients. The genes responsible 
for the IRDs phenotype were frequently identified as ABCA4 (25%), EYS (11%), and RDH12 (9%). There 
was no significant difference between those with and without a molecular diagnosis in terms of 
demographic characteristics and family history. Determination of genetic cause by NGS method in IRDs 
subgroups that are difficult to define by ophthalmic examination ensures that patients receive accurate 
diagnosis, treatment and counseling. This study contributed to the understanding of the genotype–
phenotype relationship of Turkish patients with IRDs. 
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MERTK retinopathy: biomarkers assessing vision loss.  
Sakti DH, Cornish EE, Mustafic N, Zaheer A, Retsas S, Rajagopalan S, Chung CW, Ewans L, McCluskey 
P, Nash BM, Jamieson RV. Ophthalmic Genetics. 2021 Nov 2;42(6):706-16. 
Mer tyrosine kinase-retinitis pigmentosa (MERTK-RP) causes a primary defect in the retinal pigment 
epithelium, which subsequently affects rod and cone photoreceptors. The study aims to identify the most 
appropriate MERTK-RP biomarkers to measure disease progression for deciding the optimum therapeutic 
trial intervention time.Five patients were included with the mean age of 17.7 ± 14.4 years old (6.7–42.3) at 
BL and mean BCVA follow-up of 8.4 ± 5.1 years. Mean BCVA at BL and LFU were 0.84 ± 0.86 LogMAR 
and 1.14 ± 0.86 LogMAR, respectively. The BCVA decline rate was 0.05 ± 0.03 LogMAR units/year. 
Ellipzoid zones (EZ) were measurable in eight eyes with mean BL length of 1293.75 ± 421.07 µm and 
reduction of 140.95 ± 69.28 µm/year and mean BL CMT of 174.2 ± 37.52 µm with the rate of 11.2 ± 12.77 
µm declining/year. Full-field ERG (ffERG) and pattern ERG (pERG) were barely recordable. UWF-FAF 
showed central macular hyper-autofluorescence (hyperAF). KP (III4e and V4e) was normal in two eyes, 
restricted nasally in four eyes, superior wedge defect in two eyes and undetectable in two eyes. The four 
restricted nasally KPs became worse, while the others stayed almost unchanged. 
 
GPR143 genotypic and ocular phenotypic characterisation in a Chinese cohort with ocular albinism. 
Zhong J, You B, Xu K, Zhang X, Xie Y, Li Y. Ophthalmic Genetics. 2021 Nov 2;42(6):717-24. 
Ocular albinism type I (OA1) is caused by mutations in the GPR143 gene. The purpose of this study was 
to describe the clinical and genetic findings in 13 patients from 12 unrelated Chinese pedigrees with a 
pathogenic variant of the GPR143 gene.The 13 patients (mean age 21.75 ± 16.63 years, range 1–54 
years) all presented with congenital nystagmus, different extents of visual impairment, and severe foveal 
hypoplasia. Their BCVA was between 0.05 and 0.3 (decimal notation). The patients and obligate carriers 
exhibited different extents of mild depigmentation of the iris and fundus. We detected 11 distinct 
mutations in this patient cohort, including 7 novel mutations. Most (82%) were null mutations and included 
frameshift indel, nonsense, splicing effect, and large genomic DNA deletions, while missense mutations 
only accounted for 18%. Patients with GPR143 mutations all have congenital nystagmus, visual 
impairment, and foveal hypoplasia, whereas hypopigmentation in their iris and fundus is mild. They 
exhibit no evident genotype–phenotype correlations. GPR143 mutation screening is very important for 
establishing a precise diagnosis and for providing genetic counseling for patients and their families. 
 
Identification of a novel nonsense variant in FYCO1 gene associated with infantile cataract and cortical 
atrophy.  
Aprahamian R, Yammine T, Salem N, Souaid M, Mansour H, Farra C. Ophthalmic Genetics. 2021 Nov 
2;42(6):744-6. 
Cataract is a major condition characterized by ocular lens opacification, resulting from alteration in the 
lens architecture, lens proteins or both. It is responsible for about one-third of infants’ blindness 
worldwide. Variants in the FYCO1 gene have been associated with autosomal recessive infantile 
cataract. We conducted whole exome sequencing (WES) in a nine months old male patient who was 
referred for genetic investigation because of infantile cataract. WES analysis revealed the presence of a 
homozygous pathogenic variant (c.2365C>T) in exon 8 of the FYCO1 gene. This is the first report on a 
Lebanese infant with infantile cataract and cortical atrophy which was not previously reported, resulting 
from a novel homozygous FYCO1 variant; thus expanding the clinical phenotypic spectrum of FYCO1 
involvement. 
 
A Novel Pathogenic NOD2 Variant in a Mother and Daughter with Blau Syndrome. 
Rodrigues FG, Petrushkin H, Webster AR, Bickerstaff M, Moraitis E, Rowczenio D, Aróstegui JI, Westcott 
M. Ophthalmic Genetics. 2021 Nov 2;42(6):753-64. 
Blau syndrome (BS) is a rare dominantly-inherited autoinflammatory disorder characterized by the triad of 
arthritis, uveitis and dermatitis that is consequence of gain-of-function NOD2 mutations. We describe the 
clinical features and genetic basis of a family with two affected members in consecutive generations 
affected with childhood onset arthritis and uveitis.The proband is a 44 years-old female, who was 
diagnosed with juvenile onset arthritis at the age of 9 years. She subsequently developed uveitis at age 
12 and since then she was managed between the uveitis and rheumatology services. The proband’s 
daughter developed episcleritis at the age of 7 years, and arthritis with bilateral intermediate uveitis two 
years later. NOD2 analyses revealed in both patients the heterozygous c.1494A>C transversion, 
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predicted to lead the novel, missense p.E498D variant in the NOD2 protein. Additional studies including 
databases searches and in silico bioinformatic predictions strongly support the “likely pathogenic” 
classification for this novel variant. We report a novel pathogenic NOD2 variant in a multiplex family with 
clinical features compatible with the BS diagnosis. This condition is inherited as a dominant trait in its 
familial form and should be considered in patients with granulomatous uveitis in association with arthritis 
and/or dermatitis. Further insight into NOD2 variants and their downstream effects may have implications 
in the treatment of BS and other inflammatory granulomatous diseases. 
 
Spontaneous resolution of schitic cavities in XLRS. 
Campbell TG, Elder J, Ruddle J. Ophthalmic Genetics. 2021 Nov 2;42(6):765-7. 
X-linked retinoschisis (XLRS) is an inherited retinal condition that leads to schisis of the retina. In the 
past, treatment trials for XLRS have generally used OCT monitoring of the schitic cavities as the primary 
structural outcome measure and best corrected visual acuity as the primary functional outcome. Here, we 
report two cases of genetically confirmed XLRS with marked fluctuations in OCT morphology in the 
absence of treatment. Given this demonstration of spontaneous fluctuation in retinal structure on OCT in 
XLRS we suggest that alternative measures of retinal function should be used in future therapeutic trials 
in XLRS. 
 
Ophthalmic findings as clues for early diagnosis of Vici syndrome in a neonate.  
Rafei MA, Harikrishna B, Al Thihli K, Al-Mujaini AS, Ganesh A. Ophthalmic Genetics. 2021 Nov 
2;42(6):780-3. 
Vici Syndrome (OMIM #242840) is a rare, progressive, multisystem disorder characterized by agenesis of 
the corpus callosum, oculocutaneous albinism, cataract, variable immunodeficiency, cardiomyopathy, and 
psychomotor retardation. It is characterized by an autosomal recessive pattern of inheritance and is 
caused by homozygous or compound heterozygous mutations in the ectopic P-granules 5 (EPG5) gene 
located on chromosome 18q. The findings of bilateral anterior polar cataracts and oculocutaneous 
albinism in the child with agenesis of corpus callosum raised a suspicion of Vici syndrome. Immunology, 
neurology, cardiology, and genetic consultations were requested and revealed the presence of 
immunodeficiency, psychomotor retardation, and hypertrophic cardiomyopathy. Full sequencing of the 
EPG5 gene led to the detection of a homozygous c.6084 G > A (Trp2028Ter) mutation, confirming the 
diagnosis of Vici syndrome. Parental heterozygosity was confirmed. On follow-up, progressive 
microcephaly, failure to thrive, and significant developmental delay were noted, and a clinical decision not 
to resuscitate was made at the age of 22 months.This is a report of the earliest diagnosis of Vici 
syndrome in the literature. Ophthalmic findings are a cardinal feature of this condition. The diagnosis 
should be considered in infants with hallmark features of oculocutaneous albinism, cataracts, and 
agenesis of the corpus callosum. Vici syndrome has a very poor prognosis due to progressive 
neuroregression superimposed on the neurodevelopmental anomaly. 
 
Yahalom C, Volovelsky O, Macarov M, Altalbishi A, Alsweiti Y, Schneider N, Hanany M, Khan MI, 
Cremers FP, Anteby I, Banin E. SENIOR–LØKEN SYNDROME: A Case Series and Review of the 
Renoretinal Phenotype and Advances of Molecular Diagnosis. Retina. 2021 Oct 1;41(10):2179-87. 
Senior–Løken syndrome (SLS) is a rare autosomal recessive renal–retinal syndrome characterized by 
juvenile nephronophthisis (NPHP) and tapetoretinal degeneration. The purpose of this study is to report 
genetic and clinical findings in a case series of 10 patients from eight unrelated families diagnosed with 
Senior–Løken syndrome. All patients who underwent electrophysiology (8/10) had widespread 
photoreceptor degeneration. Genetic analysis revealed two mutations in NPHP1, two mutations in 
NPHP4, and two mutations in IQCB1 (NPHP5). Five of the six mutations identified in the current study 
were found in a single family each in our cohort. The IQCB1-p.R461* mutation has been identified in 3 
families. Patients harboring mutations in IQCB1 were diagnosed with Leber congenital amaurosis, while 
patients with NPHP4 and NPHP1 mutations showed early and sector retinitis pigmentosa, respectively. 
Full-field electroretinography was extinct for 6 of 10 patients, moderately decreased for two, and 
unavailable for another 2 subjects. Renal involvement was evident in 7/10 patients at the time of 
diagnosis. Kidney function was normal (based on serum creatinine) in patients younger than 10 years. 
Mutations in IQCB1 were associated with high hypermetropia, whereas mutations in NPHP4 were 
associated with high myopia. Patients presenting with infantile inherited retinal degeneration are not 
universally screened for renal dysfunction. Modern genetic tests can provide molecular diagnosis at an 



Genetics  128 

    

early age and therefore facilitate early diagnosis of renal disease with recommended periodic screening 
beyond childhood and family planning. 
 
Classifying ABCA4 mutation severity using age-dependent ultra-widefield fundus autofluorescence-
derived total lesion size. 
Heath Jeffery RC, Thompson JA, Lamey TM, McLaren TL, McAllister IL, Constable IJ, Mackey DA, De 
Roach JN, Chen FK. Retina. 2021 Dec 1;41(12):2578-88. 
Stargardt disease (STGD1, OMIM #248200), caused by biallelic mutations in the ATP-binding cassette 
transporter subfamily A4 (ABCA4) gene, is the most common form of inherited retinal disease. This 
retrospective study aims to establish a mutation-specific age-dependent ultra-widefield fundus 
autofluorescence (UWF-FAF) trajectory in a large Stargardt disease (STGD1) cohort using total lesion 
size (TLS) and to develop a clinical method for variant classification. Eighty-one patients with STGD1 
(mean age = 42 ± 20 years and mean visual acuity = 20/200) were recruited from 65 unrelated families. 
Patients with biallelic null/severe variants (n = 6) demonstrated an increase in TLS during their second 
decade reaching a mean ± SD of 796 ± 29 mm2 by age 40. Those harboring mild mutations c.5882G>A 
or c.5603A>T had lesions confined to the posterior pole with a mean ± SD TLS of 30 ± 39 mm2. 
Intermediate mutations c.6079C>T or c.[2588G>C;5603A>T] in trans with a null/severe mutation had a 
mean ± SD TLS of 397 ± 29 mm2. Thirty-two mutations were predicted to cause severe (n = 22), 
intermediate (n = 6), and mild (n = 5) impairment of ABCA4 function based on age of symptom onset and 
TLS. Age-dependent TLS showed unique ABCA4 mutation-specific trajectories. Our novel clinical 
criterion using age of symptom onset and TLS to segregate ABCA4 mutations into three severity groups 
requires further molecular studies to confirm its validity. 
 
Establishing risk of vision loss in Leber hereditary optic neuropathy.  
Sanchez MI, Kearns LS, Staffieri SE, Clarke L, McGuinness MB, Meteoukki W, Samuel S, Ruddle JB, 
Chen C, Fraser CL, Harrison J. The American Journal of Human Genetics. 2021 Nov 4;108(11):2159-70. 
We conducted an updated epidemiological study of Leber hereditary optic neuropathy (LHON) in 
Australia by using registry data to establish the risk of vision loss among different LHON mutations, sex, 
age at onset, and mitochondrial haplogroup. We identified 96 genetically unrelated LHON pedigrees, 
including 56 unpublished pedigrees, and updated 40 previously known pedigrees, comprising 620 
affected individuals and 4,948 asymptomatic carriers. The minimum prevalence of vision loss due to 
LHON in Australia in 2020 was one in 68,403 individuals. Although our data confirm some well-
established features of LHON, the overall risk of vision loss among those with a LHON mutation was 
lower than reported previously—17.5% for males and 5.4% for females. Our findings confirm that women, 
older adults, and younger children are also at risk. Furthermore, we observed a higher incidence of vision 
loss in children of affected mothers as well as in children of unaffected women with at least one affected 
brother. Finally, we confirmed our previous report showing a generational fall in prevalence of vision loss 
among Australian men. Higher reported rates of vision loss in males with a LHON mutation are not 
supported by our work and other epidemiologic studies. Accurate knowledge of risk is essential for 
genetic counseling of individuals with LHON mutations. This knowledge could also inform the detection 
and validation of potential biomarkers and has implications for clinical trials of treatments aimed at 
preventing vision loss in LHON because an overestimated risk may lead to an underpowered study or a 
false claim of efficacy. 
 
Bi-allelic variants in OGDHL cause a neurodevelopmental spectrum disease featuring epilepsy, hearing 
loss, visual impairment, and ataxia. 
Yap ZY, Efthymiou S, Seiffert S, Parra KV, Lee S, Nasca A, Maroofian R, Schrauwen I, Pendziwiat M, 
Jung S, Bhoj E. The American Journal of Human Genetics. 2021 Dec 2;108(12):2368-84. 
The 2-oxoglutarate dehydrogenase-like (OGDHL) protein is a rate-limiting enzyme in the Krebs cycle that 
plays a pivotal role in mitochondrial metabolism. OGDHL expression is restricted mainly to the brain in 
humans. Here, we report nine individuals from eight unrelated families carrying bi-allelic variants in 
OGDHL with a range of neurological and neurodevelopmental phenotypes including epilepsy, hearing 
loss, visual impairment, gait ataxia, microcephaly, and hypoplastic corpus callosum. The variants include 
three homozygous missense variants (p.Pro852Ala, p.Arg244Trp, and p.Arg299Gly), three compound 
heterozygous single-nucleotide variants (p.Arg673Gln/p.Val488Val, p.Phe734Ser/p.Ala327Val, and 
p.Trp220Cys/p.Asp491Val), one homozygous frameshift variant (p.Cys553Leufs∗16), and one 
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homozygous stop-gain variant (p.Arg440Ter). To support the pathogenicity of the variants, we developed 
a novel CRISPR-Cas9-mediated tissue-specific knockout with cDNA rescue system for dOgdh, the 
Drosophila ortholog of human OGDHL. Pan-neuronal knockout of dOgdh led to developmental lethality as 
well as defects in Krebs cycle metabolism, which was fully rescued by expression of wild-type dOgdh. 
Studies using the Drosophila system indicate that p.Arg673Gln, p.Phe734Ser, and p.Arg299Gly are 
severe loss-of-function alleles, leading to developmental lethality, whereas p.Pro852Ala, p.Ala327Val, 
p.Trp220Cys, p.Asp491Val, and p.Arg244Trp are hypomorphic alleles, causing behavioral defects. 
Transcript analysis from fibroblasts obtained from the individual carrying the synonymous variant 
(c.1464T>C [p.Val488Val]) in family 2 showed that the synonymous variant affects splicing of exon 11 in 
OGDHL. Human neuronal cells with OGDHL knockout exhibited defects in mitochondrial respiration, 
indicating the essential role of OGDHL in mitochondrial metabolism in humans. Together, our data 
establish that the bi-allelic variants in OGDHL are pathogenic, leading to a Mendelian 
neurodevelopmental disease in humans. 
 
X-Linked Retinoschisis: Deep Phenotyping and Genetic Characterization.  
Georgiou M, Finocchio L, Fujinami K, Fujinami-Yokokawa Y, Virgili G, Mahroo OA, Webster AR, 
Michaelides M.  
Ophthalmology. 2021 Nov 23:S0161-6420(21)00911-8. Epub ahead of print. PMID: 34822951. 
A single-center, retrospective, observational study of 132 adults and children with molecularly confirmed 
XLRS followed up between 1999 and 2020. All patients were male, and they harbored 66 retinoschisin 1 
(RS1) variants, 7 being novel. Age of onset was 16.5 ± 15.4 years (range, 0–58 years; median, 11 years). 
All patients had reduced best-corrected visual acuity, and a majority had bilateral findings, including 
macular schisis or atrophy. Peripheral schisis was found in almost 40% of patients. Best-corrected visual 
acuity was 0.65 +/-0.43 logMAR, Snellen equivalent 20/89, with no significant interocular difference and 
showed a slow decline with age. OCT abnormalities were present in almost all patients. EZ was most 
frequently affected - disrupted in 63.2%, while ellipsoid zone analysis showed disruption in 61% of 
patients. The final best-corrected visual acuity was worse for patients with a normal variance, but the 
difference was not statistically significant. The phenotype in the cohort was highly variable and showed 
slow progression over time. These findings suggest a challenge in identifying early endpoints for 
therapeutic trials aimed at altering the kinetics of degeneration. 
 
Childhood and Early Onset Glaucoma Classification and Genetic Profile in a Large Australasian Disease 
Registry.  
Knight LSW, Ruddle JB, Taranath DA, Goldberg I, Smith JEH, Gole G, Chiang MY, Willett F, D'Mellow G, 
Breen J, Qassim A, Mullany S, Elder JE, Vincent AL, Staffieri SE, Kearns LS, Mackey DA, Luu S, Siggs 
OM, Souzeau E, Craig JE. 
Ophthalmology. 2021 Nov;128(11):1549-1560. Epub 2021 Apr 20. PMID: 33892047. 
Retrospective clinical and molecular study presenting the largest cohort of individuals with childhood and 
early-onset glaucoma from Australasia, using the Childhood Glaucoma Research Network (CGRN) 
classification. 290 individuals (533 eyes) with childhood glaucoma (diagnosed ages 0 to 18) and 370 
individuals (686 eyes) with early-onset glaucoma (diagnosed aged 18 to 40) were included. Primary 
glaucoma (PCG) was the most prevalent condition in both cohorts. In the childhood cohort, 57.6% of 
individuals had PCG, and 19.3% had juvenile open-angle glaucoma (JOAG). JOAG constituted 73.2% of 
the early onset glaucoma cohort. Genetic testing in probands resulted in a diagnostic yield of 24.7% and 
a reclassification of glaucoma subtype in 10.4% of probands. Biallelic variants in CYP1B1 - 23.2%, 
heterozygous variants in MYOC -19.2%, and FOXC1 - 16.8% were most commonly reported among 
probands with a molecular diagnosis. Biallelic CYP1B1 variants were reported in twice as many female 
individuals as male individuals with PCG. 
 
X-Linked Retinoschisis: Novel Clinical Observations and Genetic Spectrum in 340 Patients.  
Hahn LC, van Schooneveld MJ, Wesseling NL, Florijn RJ, Ten Brink JB, Lissenberg-Witte BI, Strubbe I, 
Meester-Smoor MA, Thiadens AA, Diederen RM, van Cauwenbergh C, de Zaeytijd J, Walraedt S, de 
Baere E, Klaver CCW, Ossewaarde-van Norel J, van den Born LI, Hoyng CB, van Genderen MM, Sieving 
PA, Leroy BP, Bergen AA, Boon CJF.  
Ophthalmology. 2022 Feb;129(2):191-202. Epub 2021 Oct 6. PMID: 34624300. 
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A multicenter, retrospective cohort study of 340 patients with XLRS from 178 unrelated families. The 
median age of visual impairment was 12 to 25 years. Severe visual impairment was noted only in patients 
older than 40, with a predictive prevalence of 35%. The median age is to reach mild visual impairment 
were 12 years and older. Severe visual loss has slowly increased around the 4th decade, and visual acuity 
got progressively worse in the subsequent decades. The mean annual decline rate of visual acuity was 
around 0.4%. The integrity of the ellipsoid zone and photoreceptor outer segment length on the OCT was 
correlated with visual acuity. In this study, visual acuity was not correlated with the genetic mutation. This 
study suggests an optimal window of opportunity for treatment within the first 3 decades of life. 
 
Durability of Voretigene Neparvovec for Biallelic RPE65-Mediated Inherited Retinal Disease: Phase 3 
Results at 3 and 4 Years.  
Maguire AM, Russell S, Chung DC, Yu ZF, Tillman A, Drack AV, Simonelli F, Leroy BP, Reape KZ, High 
KA, Bennett J.  
Ophthalmology. 2021 Oct;128(10):1460-1468. Epub 2021 Mar 30. PMID: 33798654. 
Open-label, randomized, controlled phase 3 trial. This study presents 3 to 4 years of follow-up data. 
Patients in the original intervention (OI) group received bilateral subretinal VN injections. Delayed 
intervention (DI) patients served as control participants for 1 year then received VN. Improvements in 
ambulatory navigation, light sensitivity, and VF were consistent in both intervention groups. Overall, 
improvements were maintained up to 3 to 4 years, with ongoing observation. The safety profile of VN was 
consistent with vitrectomy and the subretinal injection procedure and was similar between intervention 
groups, with no product-related serious AEs reported. 
 
The safety and efficacy of gene therapy treatment for monogenic retinal and optic nerve diseases: A 
systematic review.  
Britten-Jones AC, Jin R, Gocuk SA, Cichello E, O'Hare F, Hickey DG, Edwards TL, Ayton LN.  
Genet Med. 2021 Nov 30:S1098-3600(21)05365-X Epub ahead of print. PMID: 34906485. 
The study reviews DNA-based ocular gene therapy treatments for 16 different genetic variants. Study 
summaries and visual representations of safety and efficacy outcomes are presented for 20 unique full-
text publications in RPE65-mediated retinal dystrophies, choroideremia, Leber hereditary optic 
neuropathy, rod-cone dystrophy, achromatopsia, and X-linked retinoschisis. 2 were randomized control 
trials and 16 were single group studies using the untreated eye as a control., while 2 had no control. All 
studies were considered to have a high risk of detection bias due to lack of blinding, selection bias, 
reporting partial data. Most adverse events were minor. The intravitreal injection delivery had more 
inflammation and increased IOP. The treatment with most reports was RPE65 gene therapy. 101 
individuals aged between 4 and 46 years with variants in RPE65 were treated with subretinal gene 
therapy since Oc 2007. Two major outcomes where a significant improvement was found were full-field 
stimulus threshold (FST) test and mobility evaluation assessed using MLMT. Long-term follow-up 
suggests retinal thinning in treating eyes. The next most common was LHON. 78 individuals with ND4-
associated LHON were enrolled and treated with intravitreal gene therapy treatment between 2011 and 
2017. 32 males with choroideremia aged 24 and 63 years were treated with subretinal AAV2.REP1 gene 
therapy (NightStar Therapeutics) from 2012 to 2016. RPGR, achromatopsia, X-linked retinoschisis and 
rod-cone dystrophy caused by variants in the MERTK gene early phase I/II data were available. 
 
Molecular characterization and investigation of the role of genetic variation in phenotypic variability and 
response to treatment in a large pediatric Marfan syndrome cohort.  
Meester JAN, Peeters S, Van Den Heuvel L, Vandeweyer G, Fransen E, Cappella E, Dietz HC, Forbus G, 
Gelb BD, Goldmuntz E, Hoskoppal A, Landstrom AP, Lee T, Mital S, Morris S, Olson AK, Renard M, 
Roden DM, Singh MN, Selamet Tierney ES, Tretter JT, Van Driest SL, Willing M, Verstraeten A, Van Laer 
L, Lacro RV, Loeys BL.  
Genet Med. 2022 Jan 17:S1098-3600(21)05474-5. Epub ahead of print. PMID: 35058154. 
A cohort of 373 pediatric patients with Marfan syndrome with the severe cardiovascular phenotype is 
presented. Pathogenic variance in FBN1 gene were found in 91% of patients. Ectopia lentis was more 
frequent in patients with dominant-negative variance 61% than in those with haploid variance 27%. For 
dominant-negative variants, the prevalence of ectopia lentis was highest in the N-terminal region (84%) 
and lower in the C-terminal region (17%). Overall, no convincing phenotype-genotype association was 
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found. The nature and location of the implicated FBN1 defect can only partially explain phenotypic 
variability. 
 
Identification of 4 novel human ocular coloboma genes ANK3, BMPR1B, PDGFRA, and CDH4 through 
evolutionary conserved vertebrate gene analysis. 
Owen N, Toms M, Young RM, Eintracht J, Sarkar H, Brooks BP, Moosajee M; Genomics England 
Research Consortium.  
Genet Med. 2022 Jan 13:S1098-3600(21)05473-3. Epub ahead of print. PMID: 35034853. 
This study identified new potential causative genes using cross-species comparative meta-analysis. Nine 
conserved differentially expressed genes between zebrafish and mouse were identified. Knockdown of 
ank3, bmpr1b, and pdgfaa revealed a coloboma and/or microphthalmia phenotype. Novel pathogenic 
variants in ANK3, BMPR1B, PDGFRA, and CDH4 were identified in 8 unrelated coloboma families. The 
study of genes with evolutionarily conserved expression identified by comparing model system 
expression data sets is a powerful approach to discover new variants involved in human diseases. It has 
led to the discovery of 4 novel OC genes ANK3, BMPR1B, CDH4, and PDGFRA, with pathogenic variants 
of diagnostic value not previously reported in this patient cohort. There is significant genetic and 
phenotypic heterogeneity in patients with microphtalmia/anophtalmia/coloboma spectrum. It is rarely an 
isolated pure disorder but more commonly found as a mixed presentation with between 33% and 95% of 
cases displaying additional nonocular systemic malformations. Nonsyndromic variants are likely sporadic.  
 
Negative electroretinograms: genetic and acquired causes, diagnostic approaches and physiological 
insights.  
Jiang X, Mahroo OA.  
Eye (Lond). 2021 Sep;35(9):2419-2437. doi: 10.1038/s41433-021-01604-z. PMCID: PMC8377097. 
This is an excellent review of electroretinogram and electronegative ERG.  
An electronegative waveform on ERG results when the b-wave is selectively reduced such that the ERG 
fails to cross the baseline following the a-wave. In inherited retinal conditions, electronegative ERG is 
typical in Congenital stationary night blindness, Batten disease, CRX associated disease, and X-linked 
retinoschisis. Oguchi disease has electronegative ERG and a decreased amplitude of a wave. Other 
conditions affecting rod phototransduction sometimes presenting with electronegative ERG include some 
dominant variants in RHO, GNAT1, PDE6B and disease associated with variants in genes GUCY2D, 
ABCA4, PRPH2, and CHM. A negative ERG is associated with inflammatory or autoimmune retinopathy 
in acquired conditions, including bar neoplastic, melanoma-associated retinopathy, vascular occlusion, 
vitamin A deficiency, and inflammatory conditions like birdshot retinopathy and retinal toxicity secondary 
to quinine, vigabatrin, and methanol. In genetic disease, correctly done and interpreted ERG can narrow 
the differential in terms of likely associated genes. 
 
What can visual electrophysiology tell about possible visual-field defects in pediatric patients.  
Handley SE, Šuštar M, Tekavčič Pompe M.  
Eye (Lond). 2021 Sep;35(9):2354-2373. Epub 2021 Jul 16. PMID: 34272512; PMCID: PMC8377065. 
This paper presents 10 clinical cases of patients with various visual field defects secondary to retinal or 
optic nerve problems. A combination of full-field ERG, flash VEP, pattern VEP, and pattern reversal VEP 
is used to determine visual field defects. The authors concluded that electrophysiology patterns can be 
used to evaluate visual field defects in patients who cannot perform visual field due to age or 
developmental delay. The limitation of this study is the small number of cases. Using electrophysiology 
for determining visual field defects requires trained electrophysiologists and expensive equipment, and it's 
not available in many places. 
 
 
The complexity of visual dysfunction in patients with pseudoxanthoma elasticum.  
Charbel Issa P, Hess K. 
Eye (Lond). 2021 Dec 3. Epub ahead of print. PMID: 34862446. 
Pseudoxanthoma elasticum (PXE) is a multisystem disease characterized by the calcification of elastic 
fibers. The eye is one of the most consistently and severely affected organs, with vision loss a major 
concern for PXE patients. This paper is a review of the ocular findings in this disease. The first injury is 
multifocal, punctate classification in Bruch's membrane, which gives the clinical appearance peau 
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d'orange. Subsequent chorioretinal atrophy and choroidal neovascular membranes are seen. Calcified 
Bruch's membrane develops cracks clinically manifest as angioid streaks. Exudation and subretinal 
hemorrhage lead to subretinal fibrosis. Acute retinopathy is interpreted as an autoimmune process and 
often is more pronounced along with the angioid streaks. Optic nerve drusen occur commonly in eyes 
with pseudoxanthoma elasticum and can be associated with thinning of the inner retina. Cerebrovascular 
disease is also common in these patients, leading to neurologic impairment of visual processing. Visual 
loss and visual field defects are common in older patients. 
 
Clinical features and genetic spectrum of NMNAT1-associated retinal degeneration.  
Yi Z, Li S, Wang S, Xiao X, Sun W, Zhang Q.  
Eye (Lond). 2021 Nov 26. Epub ahead of print. PMID: 34837036. 
This paper systematically analyzes the early-onset retinal dystrophy associated with NMNAT1 variant -
spectrum and frequency, the associated phenotypic characteristics, and potential genotype-phenotype 
correlations. 11 patients from 8 families in this cohort and the available literature were reviewed. Data 
from a total of 125 patients were available. 92.9% of patients showed onset of disease in the first year 
after birth, and 89.0% of patients showed visual acuity of 0.05 or lower. The onset of symptoms was 
between birth to age 11. All of the 39 patients with fundus photos available presented disciform macular 
atrophy with generalized tapetoretinal dystrophy. Most (67.5%) of causative NMNAT1 variants were 
missense. The most frequent variant, c.769 G > A (p.Glu257Lys), accounts for approximately one-fourth 
of mutant alleles and is enriched in the Caucasian population. It seems to be a mild allele with incomplete 
penetrance. c.709 C > T (p.Arg237Cys) is the most common NMNAT1 variant in the Asian population. No 
strong genotype-phenotype correlation was found.  
 
Stickler syndrome - lessons from a national cohort.  
Snead MP, Richards AJ, McNinch AM, Alexander P, Martin H, Nixon TRW, Bale P, Shenker N, Brown S, 
Blackwell AM, Poulson AV.  
Eye (Lond). 2021 Oct 5:1–7. Epub ahead of print. PMID: 34611315; PMCID: PMC8491173. 
This paper reviews British patients with Stickler syndrome to provide accurate clinical and molecular 
genetic diagnosis and subclassification of the syndrome and develop a central patient registry in England. 
After 10 years, the database has 1673 patients from 785 families. Genetic mutation was identified in over 
95% of the cases and they have been separated and 10 different subgroups based on genotype and 
phenotype - the risk of retinal detachment. Type I Stickler has a high risk of giant retinal tears 
detachments at a young age. Some subtypes are associated with skeletal abnormalities and cleft palate 
or hearing loss. The vast majority that presents to ophthalmologists will be from one of three autosomal 
dominant sub-groups with high myopia with an associated risk of retinal detachment but the 
diagnosis is often overlooked, especially in adults. In patients with early-onset myopia associated with 
cleft palate, hearing loss, hypermobility, and joint laxity should consider Stickler syndrome. In contrast to 
many other blinding retinal conditions, blindness through giant retinal tear detachment, particularly in 
children, is largely preventable. These high-risk groups are identified, and appropriate evidence-based 
prophylaxis is offered. 
 
Gene therapy: perspectives from young adults with Leber's congenital amaurosis. 
Napier MP, Selvan K, Hayeems RZ, Shuman C, Chitayat D, Sutherland JE, Day MA, Héon E. 
 Eye (Lond). 2021 Sep 16. Epub ahead of print. PMID: 34531550. 
Using a qualitative approach, the authors explored the perspectives of patients with LCA regarding their 
vision loss, how it affects their lives, the potential importance and meaning of vision restoration, and their 
awareness of gene therapy clinical trials as well as expectations for visual improvement, motivations, and 
barriers related to participation in gene therapy and personal factors that contribute to their decision-
making processes. 11 individuals went through   30–70 min semi-structured telephone interviews. Most 
participants wanted to improve their independence through new abilities, including reading text and 
driving. Greater independence was perceived to increase the opportunity for new experiences. 
Independence was also linked to many aspects of behavioral autonomy, which can be established by 
mastering skills, including self-regulation, implementation of personal decisions, and pursuit of goals. 
Motivations and barriers to participation in gene therapy trials included the hope for visual improvement, 
sense of contribution to medical research, low perceived risk of complications, and trust in 
researchers/clinicians associated with the trial vs lack of proven efficacy and long-term results, fear of 
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temporary improvement only, loss of current vision, no visual improvements or potential adverse health 
effects. 
 
Variants in PAX6, PITX3 and HSF4 causing autosomal dominant congenital cataracts.  
Berry V, Ionides A, Pontikos N, Moore AT, Quinlan RA, Michaelides M.  
Eye (Lond). 2021 Aug 3. Epub ahead of print. PMID: 34345029. 
This paper presents novel variance in PAX 6 and PITX6 that cause autosomal dominant congenital 
cataracts and recurrent missense variants in HSF4 gene. These genes are transcription factors genes 
and play a critically important role in eye development. Disease-causing variants in this gene can cause 
severe ocular defects, and congenital cataracts may be part of a more extensive, not exclusively, 
lenticular disease. These variants and their discovery provide further evidence of the importance of 
combining clinical characterization with genetic testing in order to understand the biological basis for the 
phenotypic variation often associated with familial cataracts.  
 
An ERG and OCT study of neuronal ceroid lipofuscinosis CLN2 Battens retinopathy.  
Thompson DA, Handley SE, Henderson RH, Marmoy OR, Gissen P. 
Eye (Lond). 2021 Sep;35(9):2438-2448. Epub 2021 Jul 16. Erratum in: Eye (Lond). 2021 Aug 12;: PMID: 
34272513; PMCID: PMC8377094. 
Patients with Batten disease have visual impairment leading to blindness, cognitive and motor decline, 
seizures, and premature death. The symptoms occur over different time courses according to the NCL 
subtype. Classical CLN2 or Jansky–Bielschowsky disease results from the depleted expression of the 
lysosomal enzyme tripeptidyl peptidase 1 (TTP1) caused by mutations in the CLN2 gene on chromosome 
11p15. Enzyme replacement therapy (ERT) is currently being developed as a systemic treatment for this 
disease. Systemic ERT administration does not alter the progressive retinal degeneration, but intravitreal 
administration of rhTPP1 has slowed retinal degeneration in four TPP1-null dogs. This paper presents 22 
patients with biallelic mutations associated with CLN2 (including three siblings pairs) and describes her 
ocular phenotype. ERG showed symmetrical cone-rod dystrophy with a more significant loss of cone ERG 
in patients with typical disease than those with atypical disease and without an electronegative ERG. The 
youngest patient with a subnormal ERG was 4y10m, while patients with no detectable ERG and profound 
retinal dysfunction were aged 6.25–8.75 y showing a trajectory of visual loss over 3 y. OCT showed CLN2 
retinopathy starts as a maculopathy and progresses to involve cones and rods and seems symmetric 
between the 2 eyes. ERG changes precede OCT changes. VEP studies showed post-retinal 
neurodegeneration of the visual pathway and occipital cortex as well as retinal dysfunction. This 
information can be used for monitoring response to treatment. 
 
The Genetic Landscape of Inherited Retinal Diseases in a Mexican Cohort: Genes, Mutations and 
Phenotypes.  
Villanueva-Mendoza C, Tuson M, Apam-Garduño D, de Castro-Miró M, Tonda R, Trotta JR, Marfany G, 
Valero R, Cortés-González V, Gonzàlez-Duarte R. 
Genes (Basel). 2021 Nov 19;12(11):1824. doi: 10.3390/genes12111824. PMID: 34828430; PMCID: 
PMC8624043. 
The paper presents a cohort of 144 unrelated probands with a clinical diagnosis of IRD analyzed by next-
generation sequencing using target gene panels (overall including 346 genes and 65 intronic sequences). 
Four unsolved cases were investigated by whole-exome sequencing (WES). Genetic analysis was 
performed at DBGen Ocular Genomics laboratory in Barcelona (Catalonia, Spain), from 2018 to 2021. 
The clinical diagnosis was RP (47 cases, 32.6%); LCA and EORD (33 cases, 22.9%); STGD, CRD/CD, 
ACHR, and other non-RP dystrophies (37 cases, 25.7%); syndromic retinal dystrophy (SRD, 20 cases, 
13.9%),  familial exudative vitreoretinopathy/Norrie disease (FEVR) and bilateral persistent fetal 
vasculature (PFV), (6 cases, 4.9%). Pathogenic or likely pathogenic variants were identified in 105 
probands, with a final diagnostic yield of 72.9% (105/144). Seventeen cases (11.8%) were partially solved 
– only one variant in an AR disease and twenty-two (15.3%) remained unsolved. ABCA4 was the most 
frequently involved gene (19/105, 18.1%), followed by RPGR (7/105, 6.7%) and CRB1 (7/105, 6.7%). The 
limitation of this study is that 50 new putatively pathogenic variants were identified, and 18 patients were 
clinically reclassified after a genetic diagnostic test (17.1%), but no details are given, and the % is 
relatively high.  
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Genetic and Phenotypic Landscape of PRPH2-Associated Retinal Dystrophy in Japan.  
Oishi A, Fujinami K, Mawatari G, Naoi N, Ikeda Y, Ueno S, Kuniyoshi K, Hayashi T, Kondo H, Mizota A, 
Shinoda K, Kusuhara S, Nakamura M, Iwata T, Tsujikawa A, Tsunoda K.  
Genes (Basel). 2021 Nov 18;12(11):1817. PMID: 34828423; PMCID: PMC8624169. 
Peripherin-2 (PRPH2) is one of the causative genes of inherited retinal dystrophy. The gene was also 
called retinal degeneration slow (RDS). This is a report of 40 Japanese patients from 30 families with 
PRPH2-associated retinal dystrophy. The age of onset was generally in the 40's; however, some patients 
had earlier onset (age: 5 years). The patients' visual acuity ranged from hand motion to 1.5 (Snellen 
equivalent 20/13). The patients showed variable phenotypes such as RP (n = 16), CRD (n = 7), and 
MD (n = 17). Two patients developed choroidal neovascularization (CNV). Both patients were classified 
into the RP phenotype subgroup. This is the largest cohort among Asian ethnicities. This study confirmed 
phenotypic variability, even within the same family.   
 
Beyond Sector Retinitis Pigmentosa: Expanding the Phenotype and Natural History of the Rhodopsin 
Gene Codon 106 Mutation (Gly-to-Arg) in Autosomal Dominant Retinitis Pigmentosa.  
Ballios BG, Place EM, Martinez-Velazquez L, Pierce EA, Comander JI, Huckfeldt RM. 
Genes (Basel). 2021 Nov 23;12(12):1853. PMID: 34946802; PMCID: PMC8701931. 
Sector and pericentral are two rare, regional forms of retinitis pigmentosa (RP) believed to be stable or 
only very slowly progressing. 9 patients with an autosomal dominant Rhodopsin variant, previously 
associated with sector RP, (RHO c.316G > A, p.Gly106Arg) are presented. The age of onset was 
variable: three patients described symptoms beginning in childhood, two patients did not experience 
symptoms until their 40 s. Symptoms included delayed dark adaptation, nyctalopia, flashes, and 
awareness of peripheral visual field deficits. On presentation, VA was normal, and all patients had visual 
field defects (except for the youngest one). Fundus photography, OCT, fundus autofluorescence showed 
anatomic features ranging from inferior sector-like atrophy and bone spicule pigmentation in an altitudinal 
pattern extending into the nasal periphery to near-to-mid-peripheral (i.e., peri-central) atrophy surrounding 
the macula with sparing of the far-periphery. The electrophysiologic responses showed a similar spectrum 
of disruption. The longitudinal assessment was available for three patients, with two showing stability and 
one progression. The data suggest the need for genetic testing and long-term follow-up in patients with 
sector RP. 
 
Genotype Phenotype Correlation in Dent Disease 2 and Review of the Literature: OCRL Gene 
Pleiotropism or Extreme Phenotypic Variability of Lowe Syndrome?  
Gianesello L, Arroyo J, Del Prete D, Priante G, Ceol M, Harris PC, Lieske JC, Anglani F.  
Genes (Basel). 2021 Oct 11;12(10):1597. doi: 10.3390/genes12101597. PMID: 34680992; PMCID: 
PMC8535715. 
Dent disease is a rare X-linked renal tubulopathy due to CLCN5 and OCRL (DD2) mutations. OCRL 
mutations also cause Lowe syndrome (LS) involving the eyes, brain, and kidney. DD2 is frequently 
described as a mild form of LS because some patients may present extra-renal symptoms (ESs). This 
paper presents 35 patients with a clinical diagnosis of Dent disease and confirmed as DD2 by molecular 
diagnosis. The time to clinical diagnosis of Dent disease ranged between 3 months and 15 years of age. 
LMWP (100%), proteinuria (97%) and albuminuria (92%) were the most common signs. Ocular symptoms 
were identified in 9 out of 23 patients (39%), but congenital cataract was absent. 46% of the patients had 
developmental delays. The main distinctive extra-renal manifestation of LS vs DD2 is the presence of 
bilateral congenital cataracts in 100% of patients with LS and none in this cohort. Other reports described 
later-onset cataracts in DD2 cases.  
Precision Medicine through Next-Generation Sequencing in Inherited Eye Diseases in a Korean Cohort.  
Moon D, Park HW, Surl D, Won D, Lee ST, Shin S, Choi JR, Han J.  
Genes (Basel). 2021 Dec 23;13(1):27. doi: 10.3390/genes13010027. PMID: 35052368; PMCID: 
PMC8774510. 
The paper is a retrospective consecutive case series that included 149 patients with inherited eye 
diseases, seen by a single pediatric ophthalmologist, who underwent genetic testing between Mar 1, 
2017, and Feb 28, 2018. This paper illustrates the medically or surgically actionable genes in inherited 
eye disease based on clinical phenotype and genomic data. The cohort was phenotypically 
heterogeneous. Six were congenital cataracts, 10 were anterior-segment dysgenesis including PAX6-
related phenotype, 48 were retinal dystrophy, and 85 were neuro-ophthalmic conditions such as optic 
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atrophy and albinism, or FRMD7-related infantile nystagmus. 103 patients (69.1%) had infantile 
nystagmus. Systemic phenotypes, such as developmental delay, cerebellar atrophy, cleft palate, or facial 
dysmorphism, were noted in 26 patients (17.5%). Targeted NGS identified definite diagnostic variants in 
90 patients (60.4%). The other 59 patients (39.6%) remained unsolved after targeted NGS. The molecular 
diagnostic rate was higher in patients with family history than in singleton cases (86.8% vs. 51.4%, p < 
0.001). The molecular diagnostic rate was also higher in patients with systemic phenotype than patients 
with a non-syndromic phenotype (73.9% vs. 57.9%, p < 0.001). The molecular diagnostic rates varied 
among disease groups. Sixty-six percent were solved in congenital cataracts, 90% (9/10) were solved in 
anterior segment dysgenesis, 75% (36/48) in the retinal dystrophy group and 48.2% (41/85)  in the neuro-
ophthalmic group (p < 0.004). A total of 118 disease-associated variants were identified in 90 patients. 
Among 118 variants, 47 (39.8%) were novel variants. Overall, medically or surgically actionable genes 
were found in 8 patients (5.4). The precision care included cryotherapy to prevent retinal detachment in 
COL2A1 Stickler syndrome, osteoporosis management in patients with LRP5-associated familial 
exudative vitreoretinopathy, and avoidance of unnecessary phlebotomy in hyperferritinemia-cataract 
syndrome. 
 
Ocular findings in 22q11.2 deletion syndrome: A systematic literature review and results of a Dutch 
multicenter study.  
von Scheibler ENMM, van der Valk Bouman ES, Nuijts MA, Bauer NJC, Berendschot TTJM, Vermeltfoort 
P, Bok LA, van Eeghen AM, Houben ML, van Amelsvoort TAMJ, Boot E, van Egmond-Ebbeling MB.  
Am J Med Genet A. 2022 Feb;188(2):569-578. doi: 10.1002/ajmg.a.62556. Epub 2021 Nov 12. PMID: 
34773366. 
This paper combines a systematic literature review with results from a multicenter cross-sectional study of 
patients with 22q11.2DS who an ophthalmologist assessed. 132 patients were included (median age 8.9 
[range 0-56] years). Most reported ocular findings were retinal vascular tortuosity (32%-78%), posterior 
embryotoxon (22%-50%), eyelid hooding (20%-67%), strabismus (12%-36%), amblyopia (2%-11%), 
ptosis (4%-6%), and refractive errors, of which hyperopia (6%-48%) and astigmatism (3%-23%) were 
most common. In most patients, visual acuity was (near) normal (91%-94%). Based on their findings, the 
authors recommend ophthalmic and orthoptic screening at the age of 3 years or at the time of the 
diagnosis and a low-threshold referral in adults. 
 
Review of 37 patients with SOX2 pathogenic variants collected by the Anophthalmia/Microphthalmia 
Clinical Registry and DNA research study.  
Amlie-Wolf L, Bardakjian T, Kopinsky SM, Reis LM, Semina EV, Schneider A.  
Am J Med Genet A. 2022 Jan;188(1):187-198. doi: 10.1002/ajmg.a.62518. Epub 2021 Sep 25. PMID: 
34562068. 
SOX2 variants and deletions are a common cause of anophthalmia and microphthalmia (A/M). This 
article presents data from a cohort of 37 patients with SOX2 variants, some of whom have been followed 
for 20+ years. Eye anomalies were bilateral in 30 patients (81.1%), unilateral in 5 (13.5%), and absent in 
2 (5.4%). 19/37 (51.4%) patients had bilateral anophthalmia. 4/37 (10.8%) had unilateral anophthalmia 
with microphthalmia of the contralateral eye.  Seizures were noted in 66.6% of patients, usually with 
abnormal brain MRIs (66.7%). Developmental delay endocrine abnormalities were also present in over 
60%. SOX2-related A/M is an autosomal dominant condition, and diagnosis and genetic counseling are 
important.  
 
 
 
 

Incidence and Natural History of Retinochoroidal Neovascularization in Enhanced S-Cone Syndrome.  
Nowilaty SR, Alsalamah AK, Magliyah MS, Alabdullah AA, Ahmad K, Semidey VA, Mura M, Schatz P.  
American Journal of Ophthalmology. 2021 Feb 1;222:174-84.  
This study examined the incidence and natural history of macular retinochoroidal neovascularization 
(RCN) in enhanced S-cone syndrome (ESCS). This single-center study included 14 of 93 patients with 
ESCS who had signs of active or inactive RCN in ≥1 eye. Fourteen (15.1%) of 93 patients with ESCS had 
RCN in ≥1 eye at 2 to 27 years of age. All 22 RCNs (21 eyes of 14 patients) were macular. Twelve of the 
RCNs were active with exudates/hemorrhages. Of these, 5 appeared de novo in a subretinal location, 
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with photographic evidence of no pre-existing lesions. The latter were compatible with type 3 
neovascularization or retinal angiomatous proliferation and subsequently evolved into unifocal fibrotic 
nodules. The remaining active lesions all had some degree of pre-existing fibrosis and remained stable. 
Ten inactive fibrotic nodules, identical to end-stage de novo lesions, were found and were presumed to 
represent healed RCNs. RCN, a treatable condition, may occur as early as 2 years of age and may be 
much more common in patients with ESCS than previously estimated. It may be the primary cause of the 
unifocal submacular fibrosis that is commonly observed in this condition. Additional research is needed to 
establish the pathogenesis of RCN in patients with ESCS and its optimal management. 
 
Quantitative fundus autofluorescence in ABCA4-related retinopathy-functional relevance and genotype-
phenotype correlation.  
Müller PL, Gliem M, McGuinnes M, Birtel J, Holz FG, Issa PC.  
American Journal of Ophthalmology. 2021 Feb 1;222:340-50.  
This is a cross-sectional study with age-matched healthy control subjects, including a total of 77 patients 
with ABCA4-related retinopathy and 110 control subjects underwent quantitative fundus autofluorescence 
(qAF) imaging using a confocal scanning laser ophthalmoscope equipped with an internal fluorescent 
reference to measure qAF as surrogate for lipofuscin accumulation. Most patients (76.6%) had qAF levels 
>95% prediction interval of the age-related control group, with best discrimination between cases and 
control subjects in younger patients. Reduced discrimination based on qAF measures was associated 
with mild disease, more advanced disease with dark flecks, or older age because of the physiological 
age-related increase in qAF and a ceiling effect in patients. Nullizygous patients presented with high qAF 
levels earlier in life compared with those with at least 1 milder ABCA4 variant. Within the sectors of qAF 
measurements, at approximately 7-9° eccentricity, increased qAF without flecks or with only bright flecks 
was associated with topographically related preserved retinal thickness and fundus-controlled perimetry 
results, and with normal full-field ERG recordings. All 3 parameters were increasingly abnormal with the 
development of dark flecks and decreasing qAF. In summary, quantitative autofluorescence is a 
surrogate measure for lipofuscin accumulation and this depends on the severity of ABCA4 variants and 
precedes other structural changes. The accumulation of lipofuscin has no direct relevant effect on retinal 
function. 
 
Evaluation of a New Test for the Diagnosis of Congenital Dyschromatopsia in Children: the Color Vision 
Evaluation Test.  
Fish AL, Alketbi M, Baillif S.  
American Journal of Ophthalmology. 2021 Mar 1;223:348-58.  
This is a prospective, monocentric, sensitivity, and specificity analysis study comparing the validity, 
reproducibility, and feasibility of the “Color Vision Evaluation Test” (CVET) for the diagnosis of congenital 
dyschromatopsia with the Farnsworth 15 Hue standard test (15 Hue STF). A total of 155 children from the 
Paediatric University Hospital of Nice were screened (both eyes) using Ishihara's pseudoisochromatic 
cards, which allowed dividing them into a dyschromatic group and a control group. All children underwent 
twice the 15 Hue STF and the CVET with at least 7 days between both series of tests. Patients' mean age 
was 7.56 ± 3.51 years in the dyschromatic group and 8.92 ± 2.9 years in the control group. At the first 
evaluation, the sensitivity and specificity were 95.7% and 96.4%, respectively, for the CVET and 75% and 
58.9%, respectively, for the 15 Hue STF (P < .001). The reproducibility of the CVET was 100%, whereas 
that of the 15 Hue STF was 88.4% (P = .01). The mean test explanation duration was 18.8 seconds for 
the CVET and 17.7 seconds for the 15 Hue STF (P = .3). In the dyschromatic group, the mean duration of 
the CVET was always significantly longer than that of the 15 Hue STF (P < .001). The children 
subjectively preferred to undergo the CVET rather than the 15 Hue STF in 84.6% of cases (P < .001). The 
CVET is a rapid, reliable, and reproducible test for the diagnosis of congenital dyschromatopsia. It is 
accessible to young children. 
 
Pigmented Paravenous Chorioretinal Atrophy: Clinical Spectrum and Multimodal Imaging Characteristics.  
Lee EK, Lee SY, Oh BL, Yoon CK, Park UC, Yu HG.  
American Journal of Ophthalmology. 2021 Apr 1;224:120-32.  
This is a retrospective, observational case series looking to investigate the clinical findings and natural 
course of patients with pigmented paravenous chorioretinal atrophy (PPCRA) using multimodal imaging. 
The study included 50 eyes in 25 patients. The mean age of the population was 51.6 ± 14.6 years. Nine 
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patients (36.0%) were asymptomatic and 9 (36.0%) complained of nyctalopia. We divided fundus 
appearance into one of 3 groups: paravenous (58.0%), focal (16.0%), and confluent (26.0%). Of the 50 
eyes, macular involvement was present in 13 eyes (26.0%). Fifteen patients (60.0%) demonstrated a 
symmetric fundus appearance, whereas 10 (40.0%) had marked asymmetry. Eight eyes (16.0%) 
exhibited apparent changes in fundus findings, over a mean follow-up period of 8.8 years. FAF imaging 
was most sensitive to evaluate the extent of lesions. Sixteen eyes (44.4%) showed progressive visual 
field loss during the follow-up period. Most patients maintained stable vision, and 36 eyes (72.0%) had a 
final visual acuity of 20/50 or better. Nevertheless, some eyes with macular involvement experienced 
severe deterioration in vision. Electrophysiological data were variable, and interocular asymmetry was 
common (45.8%). PPCRA can present with a more variable expressivity than previously described. 
Multimodal imaging can provide insights into its clinical characteristics to facilitate the diagnosis, 
classification, and follow-up of these patients. 
 
Genetic Influence on Choroidal Volume.  
Hwang S, Kang M, Ham DI, Kong M.  
American Journal of Ophthalmology. 2021 Apr 1;224:143-9.  
This is a cross-sectional twin and family study, which included 353 Korean adults with healthy eyes from 
78 households with 2 or more family members were included in the study. Macular choroidal volume was 
measured using spectral-domain optical coherence tomography with enhanced depth imaging at 9 
macular subfields defined by the ETDRS. Demographics and clinical characteristics were investigated, 
including age, sex, axial length, hypertension, diabetes, drinking habits, and smoking status. The 
heritability estimates of macular choroidal volume in total and at each of the 9 macular subfields were 
calculated after adjusting the covariates. Patients who were younger, male, and had a shorter axial length 
showed associations with greater choroidal volume (P < .001 for all 3 independent variables). The 
covariates-adjusted heritability (±standard error) of the total macular choroidal volume was 0.76 ± 0.06, 
and the heritabilities of choroidal volume at each subfield ranged from 0.55 ± 0.09 (inner temporal 
subfield) to 0.77 ± 0.08 (inner superior subfield). The macular choroidal volume is highly heritable. 
 
KCNV2-Associated Retinopathy: Genetics, Electrophysiology, and Clinical Course—KCNV2 Study Group 
Report 1.  
Georgiou M, Robson AG, Fujinami K, Leo SM, Vincent A, Nasser F, De Guimarães TA, Khateb S, 
Pontikos N, Fujinami-Yokokawa Y, Liu X.  
American journal of ophthalmology. 2021 May 1;225:95-107.  
KCNV2-associated retinopathy (OMIM #610356) was first described in 1983 as cone dystrophy with 
nyctalopia and supernormal rod responses This study aims to investigate genetics, electrophysiology, 
and clinical course of KCNV2-associated retinopathy in a cohort of children and adults. This was a 
multicenter international clinical cohort study. In total, 230 disease-associated alleles were identified from 
117 patients, corresponding to 75 different KCNV2 variants, with 28 being novel. The mean age of onset 
was 3.9 years old. All patients were symptomatic before 12 years of age (range, 0-11 years). Decreased 
visual acuity was present in all patients, and 4 other symptoms were common: reduced color vision 
(78.6%), photophobia (53.5%), nyctalopia (43.6%), and nystagmus (38.6%). After a mean follow-up of 8.4 
years, the mean best-corrected visual acuity (BCVA ± SD) decreased from 0.81 ± 0.27 to 0.90 ± 0.31 
logarithm of minimal angle of resolution. Full-field ERGs showed pathognomonic waveform features. 
Quantitative assessment revealed a wide range of ERG amplitudes and peak times, with a mean rate of 
age-associated reduction indistinguishable from the control group. Mean amplitude reductions for the 
dark-adapted 0.01 ERG, dark-adapted 10 ERG a-wave, and LA 3.0 30 Hz and LA3 ERG b-waves were 
55%, 21%, 48%, and 74%, respectively compared with control values. Peak times showed stability across 
6 decades. In KCNV2-associated retinopathy, full-field ERGs are diagnostic and consistent with largely 
stable peripheral retinal dysfunction. Report 1 highlights the severity of the clinical phenotype and 
established a large cohort of patients, emphasizing the unmet need for trials of novel therapeutics. 
 
Long-term natural history of visual acuity in eyes with choroideremia: A systematic review and meta-
analysis of data from 1004 individual eyes.  
Shen LL, Ahluwalia A, Sun M, Young BK, Nardini HK, Del Priore LV.  
British Journal of Ophthalmology. 2021 Feb 1;105(2):271-8.  
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Choroideremia (CHM) is a progressive X-linked recessive disease due to mutations in the CHM gene. 
The prevalence of CHM is approximately 1 in 50 000 individuals. Currently, there are no approved 
treatment options for CHM, however, phase I/II human clinical trials of gene therapy showed promising 
results. This study searched 7 databases to identify studies that reported BCVA of untreated eyes with 
CHM. 1004 eyes from 23 studies were included. BCVA of the right and left eyes was moderately 
correlated (r=0.60). BCVA as a function of age followed a 2-phase decline (slow followed by rapid 
decline), with an estimated transition age of 39.1 years (95% CI 33.5 to 44.7). After the introduction of 
horizontal translation factors to longitudinal datasets, BCVA followed a 2-phase decline until it reached 0 
letters (r2=0.90). The BCVA decline rate was 0.33 letters/year (95% CI −0.38 to 1.05) before 39 years, 
and 1.23 letters/year (95% CI 0.55 to 1.92) after 39 years (p=0.004). BCVA in eyes with CHM follows a 2-
phase linear decline with a transition age of approximately 39 years. Future trials enrolling young patients 
may not be able to use BCVA as a primary or sole endpoint, but rather, may need to employ additional 
disease biomarkers that change before age 39. 
 
USH2A variants in Chinese patients with Usher syndrome type II and non-syndromic retinitis pigmentosa. 
Zhu T, Chen DF, Wang L, Wu S, Wei X, Li H, Jin ZB, Sui R.  
British Journal of Ophthalmology. 2021 May 1;105(5):694-703.  
Usher syndrome type IIA (USH2A) gene maps to chromosome 1q41, spans 800 kb and comprises 72 
exons, including two alternatively spliced transcripts. Variants in the USH2A gene have been identified as 
responsible for 7–23% of non-syndromic RP in North America and Spain, whereas only limited data from 
Chinese patients with RP are available. This study aims to reveal the Usher syndrome type IIA (USH2A) 
gene variant profile in a large cohort of Chinese patients with non-syndromic retinitis pigmentosa (RP) or 
Usher syndrome type II (USH2) and to explore the genotype-phenotype correlation. Targeted exome 
capture plus next-generation sequencing confirmed that 284 patients from 260 unrelated Chinese families 
carried USH2A disease-associated variants. A total of 230 variants in the USH2A gene were identified, of 
which 90 (39.13%) were novel. The most common variants in the RP and USH2 probands were 
p.Cys934Trp and p.Tyr2854_2894del, respectively, and 26.42% and 63.64% of the alleles in the RP and 
USH2 groups were truncating, respectively. Patients harbouring biallelic truncating variants had a 
younger age at the initial clinical visit and symptom onset than patients with missense variants; 
furthermore, the patients with USH2 had a younger age at the initial clinical visit and nyctalopia onset 
compared with the patients with RP (p<0.001). For the patients with USH2, the age of nyctalopia onset 
was positively correlated with that of hearing loss (p<0.05, r=0.219). In addition, three pseudo-dominant 
pedigrees were identified carrying biallelic USH2A variants. This study enrolled the largest cohort of 
Chinese patients with USH2A and identified the most prevalent USH2A variants in USH2 and RP. We 
found that the patients with USH2 had more truncating variants and experienced an earlier decline in 
visual function. The findings enhance the current knowledge of USH2A heterogeneity and provide 
valuable information for future therapies. 
 
Long-term follow-up of cystinosis patients treated with 0.55% cysteamine hydrochloride. 
Liang H, Labbé A, Baudouin C, Plisson C, Giordano V.  
British Journal of Ophthalmology. 2021 May 1;105(5):608-13.  
Cystinosis is a rare, autosomal recessive disorder causing defective transport of cystine out of lysosomes. 
Cystadrops (0.55% cysteamine hydrochloride in viscous solution) has been used on a named-patient 
basis to treat the accumulation of cystine crystals in the cornea in patients with cystinosis. This is a 
retrospective analysis of the Temporary Authorisation for Use cohort of 130 patients who received 
Cystadrops between 2013 and 2017 in France. Patients received an average dosage of 3.3 (±0.94) 
instillations per eye per day. Over the duration of follow-up, of up to 45 months, patients maintained visual 
acuity scores of 0.0, which approximated normal. Corneal cystine crystal scores tended to decrease over 
time, stabilising after around 27 months between 1.22 and 1.87. Photophobia decreased within 3 months, 
stabilising on scores of around 1.5 and 1.7. 47 non-serious adverse reactions were reported, which were 
generally transient irritation, stinging or blurred vision. Four serious adverse events were reported, 
including keratitis and corneal ulcer, but these may have been caused by the underlying disease. This 
large safety cohort confirms the efficacy, safety and tolerability of Cystadrops in real-world clinical 
practice. 
 



Genetics  139 

    

Genotype–phenotype correlation and interaction of 4q25, 15q14 and MIPEP variants with myopia in 
southern Chinese population.  
Liu J, Zhang R, Sun L, Zheng Y, Chen S, Chen SL, Xu Y, Pang CP, Zhang M, Ng TK.  
British Journal of Ophthalmology. 2021 Jun 1;105(6):869-77.  
The goal of this study is to determine the association and interaction of genome-wide association study-
reported variants for Asian populations with myopia and ocular biometric parameters in southern Chinese 
population. 1462 unrelated Han Chinese subjects were recruited with complete ophthalmic examinations, 
including 1196 myopia and 266 control subjects. A total of nine variants were selected for TaqMan 
genotyping. The 4q25 variant rs10034228 (p=0.002, OR=0.56) and MIPEP variant rs9318086 (p=0.004, 
OR=1.62) were found to be significantly associated with myopia as well as different severity of myopia. 
Moreover, 15q14 variant rs524952 (p=0.015, OR=1.49) also showed mild association with myopia and 
high myopia. However, there was no significant association of CTNND2, vasoactive intestinal peptide 
receptor 2 and syntrophin beta 1 variants with myopia. Joint additive analysis revealed that the subjects 
carrying 6 risk alleles of the 3 associated variants were 10-fold higher risk predisposed to high myopia. 
Genotype-phenotype correlation analysis revealed that high myopia subjects carrying 4q25 rs10034228 T 
allele showed thicker central corneal thickness, whereas high myopia subjects carrying 15q14 rs524952 
A allele were associated with longer axial length and larger curvature ratio. This study revealed significant 
association of 4q25, 15q14 and MIPEP variants with myopia and different severity of myopia in southern 
Chinese population, joint additively enhancing 10-fold of risk predisposing to high myopia. The correlation 
of these associated variants with axial length and corneal parameters suggests their contribution to the 
refractive status in high myopia subjects. 
 
A sialidosis type I cohort and a quantitative approach to multimodal ophthalmic imaging of the macular 
cherry-red spot. 
Varela MD, Zein WM, Toro C, Groden C, Johnston J, Huryn LA, d’Azzo A, Tifft CJ, FitzGibbon EJ.  
British Journal of Ophthalmology. 2021 Jun 1;105(6):838-43.  
Sialidosis or mucolipidosis I (OMIM# 256550) and galactosialidosis (GS, OMIM# 256540) are two related 
disorders belonging to the glycoproteinosis subgroup of over 70 other lysosomal storage diseases. To 
describe the ophthalmologic findings on the largest cohort of patients with sialidosis type I due to 
deficiency of the lysosomal sialidase, neuraminidase 1 (NEU1) and to introduce a quantitative 
neuroretinal image analysis approach to the associated 'macular cherry-red spot'. Seven patients with 
sialidosis type I (mutations in NEU1) and one with galactosialidosis (mutations in CTSA) were included. 
All patients underwent detailed ophthalmological examinations. The reflectivity of macular optical 
coherence tomography (OCT) was measured using greyscale analysis (Fiji) and compared with age-
matched healthy volunteers. Four patients were evaluated over a time of 1.5+0.5 years. The mean age of 
the patients at their first visit was 27.5+9.8 years. All patients had a macular cherry-red spot, clear 
corneas and visually non-significant lenticular opacities. The mean visual acuity was LogMar 0.4 
(20/50)+0.4 (20/20 to 20/125). Six patients had good visual function. Optic atrophy was present in two 
individuals with reduced acuity. A significant increase in macular reflectivity was present in all patients 
compared to age-matched controls (p<0.0001). 75% of patients in this study have preserved visual acuity, 
even in adulthood. The presence of optic atrophy is associated with poor visual acuity. Increased macular 
reflectivity by OCT greyscale measurements is noted in all patients, although the underlying biological 
basis is unknown. These findings complement the current methods for examining and monitoring disease 
progression, especially in patients for whom visualisation of the cherry-red spot is not entirely clear. 
 
Long-term safety and tolerability of subretinal transplantation of embryonic stem cell-derived retinal 
pigment epithelium in Asian Stargardt disease patients. 
Sung Y, Lee MJ, Choi J, Jung SY, Chong SY, Sung JH, Shim SH, Song WK.  
British Journal of Ophthalmology. 2021 Jun 1;105(6):829-37.  
Stargardt macular dystrophy (SMD) is the most common form of juvenile macular degeneration. SMD 
results from the production of defective rim proteins encoded by the ABCA4 gene, leading to the 
accumulation of di-retinoid-pyridinium-ethanolamine in the retinal pigment epithelium (RPE), RPE cell 
loss, and photoreceptor death. Therapeutic options for SMD remain limited, although several treatment 
strategies are currently under investigation. Although human embryonic stem cells (hESCs) have been 
considered a potential therapeutic option for regenerative medicine, there are some concerns regarding 
tumorigenicity, immunogenicity and ethical considerations. This manuscript reports prospective, non-
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randomised clinical trial included three patients with SMD. All transplant recipients had central visual 
acuity no better than 20/400. Trans-pars plana vitrectomy was performed in the eye with poorer vision. 
RPE cells were reconstituted in balanced salt solution plus, then injected into the subretinal space using a 
semi-automated subretinal injection method. No serious adverse events occurred throughout the 3-year 
period following the injection of hESC-RPE cells. The functional and anatomical results were favourable, 
compared with the natural course of SMD reported in the ProgStar study. One patient showed best-
corrected visual acuity improvement, while the other patients had stable best-corrected visual acuity 
during the 3-year follow-up period. These results suggest the long-term safety, tolerability, and feasibility 
of subretinal hESC-derived RPE cell transplantation in regenerative medicine. 
 
Heritability of macular ganglion cell inner plexiform layer thickness as determined by optical coherence 
tomography: the Healthy Twin Study. 
Kong M, Hwang S, Ko H, Lee GI, Kang M, Sung J, Song YM, Ham DI.  
British Journal of Ophthalmology. 2021 Jul 1;105(7):1011-5.  
The retinal ganglion cell (RGC) complex is a complex of the retinal nerve fibre layer (RNFL), ganglion cell 
layer (GCL) and inner plexiform layer (IPL). These layers consist of axons, cell bodies and dendrites of 
ganglion cells. RGCs are important because they respond to ischaemic changes and correlate with 
macular sensitivity and worsening of visual function. The purpose of this study is to evaluate genetic 
influence on macular ganglion cell inner plexiform layer (GCIPL) thickness. Macular GCIPL thickness was 
measured with optical coherence tomography in nine macular subfields defined by the ETDRS. Three 
hundred and sixty-one Korean adults from 89 families with normal healthy eyes were included. GCIPL 
thickness was highest in inner subfields and lowest in fovea. Monozygotic twin pairs showed significantly 
higher ICCs of GCIPL thickness in all subfields compared to those in parent-offspring pairs and sibling 
pairs. GCIPL thickness was highly heritable in the centre (0.71) and outer subfields but moderate to 
highly heritable in inner subfields. Heritability of GCIPL thickness in outer subfields was 0.69, 0.67, 0.72 
and 0.68 for superior, inferior, temporal and nasal fields, respectively. Heritability of GCIPL thickness in 
inner subfields was 0.55, 0.56, 0.75 and 050 for superior, inferior, temporal and nasal subfields, 
respectively. Macular GCIPL thickness is significantly influenced by genetic factors. It varies according to 
subfields with moderate to high heritability in all subfields. 
 
Clinical spectrum of non-syndromic microphthalmos, anophthalmos and coloboma in the paediatric 
population: a multicentric study from North India. 
Tibrewal S, Subhedar K, Sen P, Mohan A, Singh S, Shah C, Nischal KK, Ganesh S, Bodhya Eye 
Consortium.  
British Journal of Ophthalmology. 2021 Jul 1;105(7):897-903.  
Microphthalmos, anophthalmos and coloboma (MAC) are a group of structurally and clinically related 
congenital ocular malformations with a wide spectrum of manifestations. Anophthalmos (AO) refers to the 
complete absence of ocular tissues on clinical examination. Microphthalmos is when the eye is small by 
at least two SD of the normal and may be complex or simple depending on the presence or absence of 
additional ocular structural abnormalities. Coloboma results from the incomplete closure of the optic 
fissure, which may be associated with microphthalmos or orbitopalpebral cysts. A retrospective study 
conducted between October 2017 and September 2018 in three tertiary eye institutes, part of the Bodhya 
Eye Consortium with consensus led common pro formas. Children with complete clinical data and without 
syndromic/systemic involvement were included. The clinical phenotype was divided into isolated ocular 
coloboma (CB), coloboma with microcornea (CBMC), colobomatous microphthalmos (CBMO), non-
colobomatous microphthalmos (MO) and anophthalmos (AO). A total of 532 children with MAC were 
examined. Seventeen records were excluded due to incomplete data (0.2%). 515 children (845 eyes) 
were included: 54.4% males and 45.6% females. MAC was unilateral in 36% and bilateral in 64%. CB, 
CBMC, CBMO, MO and AO were seen in 26.4%, 31%, 22%, 8% and 12.5% of eyes, respectively. 
Nystagmus was found in 40%, strabismus in 23%, cataract in 18.7% and retinal detachment in 15%. 
Best-corrected visual acuity (BCVA) of <3/60 was seen in 62.4% eyes. Blindness (BCVA <3/60 in better 
eye) was seen in 42.8% of bilateral patients. Those with microcornea or microphthalmos with coloboma 
had worse BCVA (p<0.001). There were regional differences in the type of MAC phenotype presenting to 
the three institutes. The MAC group of disorders cause significant ocular morbidity. The presence of 
microcornea or microphthalmos with coloboma predicts worse BCVA. The variation of the MAC 
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phenotype with the district of origin of the patient raises questions of aetiology and is subject to further 
studies. 
 
Li FF, Lu SY, Tang SM, Kam KW, OS TP, Yip WW, Young AL, Tham CC, Pang CP, Yam JC, Chen LJ.  
Genetic associations of myopia severities and endophenotypes in children.  
British Journal of Ophthalmology. 2021 Aug 1;105(8):1178-83.  
Myopia is a common ocular disorder worldwide, predominantly in East Asian populations. Notably, high 
myopia, usually defined as a refractive error greater than −6 diopters (D), is associated with excessive 
axial elongation, leading to vision-threatening complications, such as myopic choroidal 
neovascularisation, macular haemorrhage, retinal detachment and glaucoma. A total of 3300 children 
aged 5-10 years were recruited: 137 moderate and high myopia (SE≤-3.0D), 670 mild myopia (-
3.0D<SE≤-0.5D) and 2493 controls (SE>-0.5D). 13 SNPs in 13 genes/loci were selected for genotyping in 
all subjects using TaqMan assays. When compared with controls, SNPs ZC3H11B rs4373767 (OR=1.15, 
p=0.038), BICC1 rs7084402 (OR=1.18, p=0.005) and GJD2 rs524952 (OR=1.14, p=0.025) showed 
nominal associations with overall myopia. ZC3H11B rs4373767 and BICC1 rs7084402 showed stronger 
associations with moderate and high myopia (rs4373767: OR=1.42, p=0.018; rs7084402: OR=1.33, 
p=0.025), while GJD2 rs524952 had a stronger association with mild myopia (OR=1.14, p=0.025). GJD2 
rs524952 also showed a difference between emmetropia and hyperopia (p=0.018). In quantitative trait 
locus analysis, ZC3H11B rs4373767, KCNQ5 rs7744813 and GJD2 rs524952 were correlated with both 
myopic SE (β=-0.09, p=0.03; β=-0.12, p=0.007; β=-0.13, p=0.0006, respectively) and AL (β=0.07, 
p=0.002; β=0.09, p=0.0008; β=0.07, p=0.0003, respectively). SNTB1 rs7839488 was correlated with both 
AL (β=0.07, p=0.005) and CR (β=0.02, p=0.006). Moreover, ZC3H11B rs4373767-T (β=0.006; p=0.018), 
KCNQ5 rs7744813-A (β=0.007; p=0.015) and GJD2 rs524952-T (β=0.009; p=0.0006) were correlated 
with AL-CR ratio. ZC3H11B and BICC1 are genetic risk factors for moderate and high myopia, while 
ZC3H11B, KCNQ5, SNTB1 and GJD2 confer risk to excessive AL in children. 
 
Characterisation of thickness changes in the peripapillary retinal nerve fibre layer in patients with Leber’s 
hereditary optic neuropathy.  
Wang D, Liu HL, Du YY, Yuan J, Li X, Tian Z, Zhou H, Wang S, Song L, Sun J, Xiao X.  
British Journal of Ophthalmology. 2021 Aug 1;105(8):1166-71. 
Leber’s hereditary optic neuropathy (LHON) is a hereditary mitochondrial disease characterised by 
symptoms of acute or subacute painless visual loss, which is often accompanied by central or cecocentral 
scotomas, colour vision deficiency and optic nerve atrophy. Patients with LHON having the 
m.11778G>A/MT-ND4 mutation are the most prevalent and have the worse prognosis and hence were 
included in this study. This retrospective cross-sectional study included 221 eyes from patients with 
LHON (n=145)—classified into seven groups according to disease duration—and 52 eyes from healthy 
controls (n=26). All subjects underwent pRNFL examinations. pRNFL thickness of the superior, nasal and 
inferior, and temporal quadrants, and the 360° average were measured. Within 3 months of onset, the 
temporal pRNFL thickness decreased significantly, whereas the remaining quadrants and the average 
pRNFL thickness initially increased. The temporal quadrant (p<0.01) and average pRNFL thickness 
(p=0.02) significantly decreased at 3–6 months. Excluding that in the nasal quadrant (p=0.93), pRNFL 
thickness significantly decreased in all other quadrants at 6–9 months. At 9–12 months, the average and 
individual quadrant pRNFL thicknesses continued to decrease. Compared with 12–24 months, the pRNFL 
thickness was thinner at 24–60 months and >60 months. The papillomacular bundle was affected first and 
preferentially in LHON. pRNFL thickness initially increased and then decreased, corresponding to the 
retinal ganglion cell swelling and apoptosis. pRNFL thinning first occurred in the temporal quadrant, 
followed by the inferior and superior quadrants, and finally, the nasal quadrant. pRNFL continued to thin 
slowly in some quadrants even after 60 months. 
 
DEEP PHENOTYPING AND FURTHER INSIGHTS INTO ITM2B-RELATED RETINAL DYSTROPHY. 
Nassisi M, Wohlschlegel J, Liu B, Letellier C, Michiels C, Aubois A, Mohand-Said S, Habas C, Sahel JA, 
Zeitz C, Audo I.  
RETINA. 2021 Apr 1;41(4):872-81. 
ITM2B-related retinal dystrophy is a progressive disease with symptoms starting in early adulthood and is 
characterized by retinal ganglion cell abnormalities, inner retinal, and cone dysfunctions. The clinical data 
of nine subjects with ITM2B-related retinal dystrophy were retrospectively reviewed. The genetic mutation 
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was assessed for its influence on splicing in cultured fibroblasts. The cellular expression of ITM2B within 
the inner retina was investigated in wild-type mice through mRNA in situ hybridization. All patients 
complained of decreased vision and mild photophobia around their twenties–thirties. The peculiar feature 
was the hyperreflective material on optical coherence tomography within the inner retina and the central 
outer nuclear layer with thinning of the retinal nerve fiber layer. Although retinal imaging revealed very 
mild or no changes over the years, the visual acuity slowly decreased with about one Early Treatment 
Diabetic Retinopathy Study letter per year. Finally, full-field electroretinography showed a mildly 
progressive inner retinal and cone dysfunction. ITM2B mRNA is expressed in all cellular types of the inner 
retina. Disease mechanism most likely involves mutant protein misfolding and/or modified protein 
interaction rather than misplicing. ITM2B-related retinal dystrophy is a peculiar, rare, slowly progressive 
retinal degeneration. Functional examinations (full-field electroretinography and visual acuity) seem more 
accurate in monitoring the progression in these patients because imaging tends to be stable over the 
years. 
 
LEBER CONGENITAL AMAUROSIS DUE TO CEP290 MUTATIONS—SEVERE VISION IMPAIRMENT 
WITH A HIGH UNMET MEDICAL NEED: A Review.  
Leroy BP, Birch DG, Duncan JL, Lam BL, Koenekoop RK, Porto FB, Russell SR, Girach A.  
Retina (Philadelphia, Pa.). 2021 May;41(5):898. 
Leber congenital amaurosis due to CEP290 mutations (LCA10) is an inherited retinal disease that often 
results in severe visual impairment or blindness in early childhood. Currently, there are no approved 
treatments, highlighting the considerable unmet medical need associated with LCA10. We aimed to 
review the clinical characteristics of LCA10, its impact on patients and society, and the investigational 
treatment strategies currently in development. The purpose of this publication is to present a review of the 
literature. LCA10 is an autosomal recessive ciliopathy, for which the CEP290 intronic variant 
c.2991+1655A>G (p.Cys998X) is the most common mutation. Usually diagnosed in early childhood, most 
patients with LCA10 have severe visual impairment during their first decade of life, which significantly 
affects the quality of life and development. LCA10 also has a significant societal burden (direct and 
indirect costs). RNA editing using antisense oligonucleotides or Staphylococcus aureus CRISPR-
associated protein-9 nuclease is currently under investigation for treatment of p.Cys998X LCA10. 
Specifically, the antisense oligonucleotide therapy QR-110 (sepofarsen) has demonstrated encouraging 
safety and efficacy data in a first-in-human trial; a phase 3 clinical trial is ongoing. Interventions that can 
preserve or improve vision in patients with LCA10 have considerable potential to improve the patient 
quality of life and reduce burden of disease. 
 
ISOLATED MACULOPATHY AND MODERATE ROD–CONE DYSTROPHY REPRESENT THE MILDER 
END OF THE RDH12-RELATED RETINAL DYSTROPHY SPECTRUM. 
De Zaeytijd J, Van Cauwenbergh C, De Bruyne M, Van Heetvelde M, De Baere E, Coppieters F, Leroy 
BP.  
RETINA. 2021 Jun 1;41(6):1346-55. 
Leber congenital amaurosis (LCA) and early-onset retinal dystrophy (EORD) are severe, inherited retinal 
dystrophies, leading to blindness from birth or in the first years of life. Together, they represent a group of 
clinically and genetically heterogeneous conditions.1 To date, mutations in 25 genes that encode proteins 
involved in very different physiological pathways can all lead to LCA or EORD.2 However, as a common 
denominator, they are all situated at the severe end of the phenotypic spectrum of retinitis pigmentosa 
[MIM 268000]. Seven patients (17–34 years of age) underwent an extensive ophthalmic workup including 
psychophysical and electrophysiological testing and multimodal imaging. Three patients have isolated 
macular disease. Best-corrected visual acuity (BCVA) ranges from 20/125 to 20/40 with normal visual 
fields or only limited central, relative scotomata, and normal full-field ERGs. Both optical coherence 
tomography scans and autofluorescent imaging hint at relatively better-preserved foveal quality initially. 
An intermediate rod–cone phenotype in four patients is characterized by a central retinal dystrophy 
extending just beyond the vascular arcades, characteristic peripapillary sparing, and additional scattered 
atrophic patches. Again, foveal quality is initially better on optical coherence tomography scans. Best-
corrected visual acuity ranges from counting fingers to 20/32. Goldmann visual fields vary from central 
scotomata to severe generalized abnormalities. ERGs range between mild and severe rod–cone 
dysfunction. Nine distinct RDH12 pathogenic variants, two of which are novel, are identified. The classic 
phenotype of RDH12-related early-onset retinal dystrophy is expanded to include an isolated 
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maculopathy and intermediate dystrophy phenotype, characterized by its later onset and milder course 
with a fair visual potential until much later in life, emphasizing the phenotypic heterogeneity of RDH12-
related retinopathy. 
 
A ROD–CONE DYSTROPHY IS SYSTEMATICALLY ASSOCIATED TO THE RTN4IP1 RECESSIVE 
OPTIC ATROPHY.  
Meunier I, Bocquet B, Charif M, Dhaenens CM, Manes G, Amati-Bonneau P, Roubertie A, Zanlonghi X, 
Lenaers G.  
Retina (Philadelphia, Pa.). 2021 Aug;41(8):1771. 
RTN4IP1 biallelic mutations cause a recessive optic atrophy, sometimes associated to more severe 
neurological syndromes, but so far, no retinal phenotype has been reported in RTN4IP1 patients, 
justifying their reappraisal. Seven patients from four families carrying biallelic RTN4IP1 variants were 
retrospectively reviewed, with emphasis on their age of onset, visual acuity, multimodal imaging including 
color and autofluorescence frames, spectral-domain optical coherence tomography with RNFL and 
macular analyses. Seven patients from four RTN4IP1 families developed in their first decade of life a 
bilateral recessive optic atrophy with severe central visual loss, and primary nystagmus developed in 5 of 
7 patients. Six patients were legally blind. In a second stage, the seven individuals developed a rod–cone 
dystrophy, sparing the macular zone and the far periphery. This retinal damage was identified by 55° field 
fundus autofluorescence frames and also by spectral-domain optical coherence tomography scans of the 
temporal part of the macular zone in five of the seven patients. Full-field electroretinography 
measurements disclosed reduced b-wave amplitude of the rod responses in all patients but two. Family 4 
with the p.R103H and c.601A > T (p.K201*) truncating mutation had further combined neurological signs 
with cerebellar ataxia, seizures, and intellectual disability. RTN4IP1 recessive optic atrophy is 
systematically associated to a rod–cone dystrophy, which suggests that both the retinal ganglion cells 
and the rods are affected as a result of a deficit in the mitochondrial respiratory chain. Thus, systematic 
widefield autofluorescence frames and temporal macular scans are recommended for the evaluation of 
patients with optic neuropathies. 
 
Impaired cholesterol efflux in retinal pigment epithelium of individuals with juvenile macular degeneration. 
Tsai YT, Li Y, Ryu J, Su PY, Cheng CH, Wu WH, Li YS, Quinn PM, Leong KW, Tsang SH.  
The American Journal of Human Genetics. 2021 May 6;108(5):903-18. 
Macular degeneration (MD) is characterized by the progressive deterioration of the macula and 
represents one of the most prevalent causes of blindness worldwide. Abnormal intracellular accumulation 
of lipid droplets and pericellular deposits of lipid-rich material in the retinal pigment epithelium (RPE) 
called drusen are clinical hallmarks of different forms of MD including Doyne honeycomb retinal dystrophy 
(DHRD) and age-related MD (AMD). However, the appropriate molecular therapeutic target underlying 
these disorder phenotypes remains elusive. Here, we address this knowledge gap by comparing the 
proteomic profiles of induced pluripotent stem cell (iPSC)-derived RPEs (iRPE) from individuals with 
DHRD and their isogenic controls. Our analysis and follow-up studies elucidated the mechanism of lipid 
accumulation in DHRD iRPE cells. Specifically, we detected significant downregulation of 
carboxylesterase 1 (CES1), an enzyme that converts cholesteryl ester to free cholesterol, an 
indispensable process in cholesterol export. CES1 knockdown or overexpression of EFEMP1R345W, a 
variant of EGF-containing fibulin extracellular matrix protein 1 that is associated with DHRD and 
attenuated cholesterol efflux and led to lipid droplet accumulation. In iRPE cells, we also found that 
EFEMP1R345W has a hyper-inhibitory effect on epidermal growth factor receptor (EGFR) signaling when 
compared to EFEMP1WT and may suppress CES1 expression via the downregulation of transcription 
factor SP1. Taken together, these results highlight the homeostatic role of cholesterol efflux in iRPE cells 
and identify CES1 as a mediator of cholesterol efflux in MD. 
 
Large-scale machine learning-based phenotyping significantly improves genomic discovery for optic 
nerve head morphology.  
Alipanahi B, Hormozdiari F, Behsaz B, Cosentino J, McCaw ZR, Schorsch E, Sculley D, Dorfman EH, 
Foster PJ, Peng LH, Phene S.  
The American Journal of Human Genetics. 2021 Jun 1. 
Genome-wide association studies (GWASs) require accurate cohort phenotyping, but expert labeling can 
be costly, time intensive, and variable. Here, we develop a machine learning (ML) model to predict 
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glaucomatous optic nerve head features from color fundus photographs. We used the model to predict 
vertical cup-to-disc ratio (VCDR), a diagnostic parameter and cardinal endophenotype for glaucoma, in 
65,680 Europeans in the UK Biobank (UKB). A GWAS of ML-based VCDR identified 299 independent 
genome-wide significant (GWS; p ≤ 5 × 10−8) hits in 156 loci. The ML-based GWAS replicated 62 of 65 
GWS loci from a recent VCDR GWAS in the UKB for which two ophthalmologists manually labeled 
images for 67,040 Europeans. The ML-based GWAS also identified 93 novel loci, significantly expanding 
our understanding of the genetic etiologies of glaucoma and VCDR. Pathway analyses support the 
biological significance of the novel hits to VCDR: select loci near genes involved in neuronal and synaptic 
biology or harboring variants are known to cause severe Mendelian ophthalmic disease. Finally, the ML-
based GWAS results significantly improve polygenic prediction of VCDR and primary open-angle 
glaucoma in the independent EPIC-Norfolk cohort. 
 
Genotype-phenotype associations in Danish patients with ocular and oculocutaneous albinism. 
Kessel L, Kjer B, Lei U, Duno M, Grønskov K.  
Ophthalmic Genetics. 2021 May 4;42(3):230-8. 
The study aimed to describe genotype-phenotype associations in patients with oculocutaneous and 
ocular-only albinism and to evaluate a set of diagnostic criteria proposed recently by Kruijt et al. 
Genotype-phenotype associations in patients with a clinical diagnosis of albinism were studied based on 
imaging of hair and ocular features (nystagmus, iris color and translucency, fundus pigmentation and 
foveal development) and self-evaluated skin type. Patients with biallelic variants 
in TYR (n = 29), OCA2 (n = 22), other albinism genes (n = 13) or monoallelic variants in GPR143 (n = 13) 
were included as were 15 patients with a pure clinical diagnosis but no genetic findings. In descending 
order the most common findings were: foveal hypoplasia (any hypoplasia 95.2%, severe 88.0%), 
nystagmus (93.5%), iris translucency (any translucency 80.2%, moderate to severe 31.5%), misrouting on 
VEP (80.0%): fundus hypopigmentation (any hypopigmentation: 75.8%, severe 30.1%), fair skin type 
(73.8%), blue irides (62.0%), blonde hair (57.5%), and unpigmented eye lashes (39.1%). There were no 
phenotypic differences between the different genetic subgroups of albinism but patients with a pathogenic 
haplotype in TYR in combination with a classic variant had less iris translucency than patients with two 
classic variants in TYR. Ocular developmental features were the most common findings whereas 
phenotypic features related to pigmentation were less common findings but there were no genotype-
phenotype correlations. All patients with a genetically confirmed diagnosis of albinism fulfilled the 
diagnostic criteria by Kruijt irrespective of genetic subtype. 
 
Genetic causes of nystagmus, foveal hypoplasia and subnormal visual acuity-other than albinism.  
Ehrenberg M, Bagdonite-Bejarano L, Fulton AB, Orenstein N, Yahalom C.  
Ophthalmic Genetics. 2021 Feb 18:1-9. 
The purpose of this retrospective, multicenter study is to describe genetic molecular findings in individuals 
with congenital nystagmus, foveal hypoplasia, and subnormal vision, with normal ocular pigmentation 
(absence of diffuse transillumination or transparent retinal pigment typical for albinism). Thirty-one 
individuals met the inclusion criteria and had a secure molecular diagnosis. Mutations in two genes 
predominated, constituting 77.4% of all the represented genes: SLC38A8 (45.1%) and PAX6 (32.3%). 
Seventy-eight percent of the subjects who had a measurable BCVA had moderate and severe visual 
impairment (range 20/80 to 20/270). Most patients with a mutation in SLC38A8 had mild to moderate 
astigmatism, while most patients with PAX6 mutation had moderate and severe myopia. Patients in 
the PAX6 group had variable degrees of anterior segment manifestations. In our cohort, the main 
causative genes for congenital nystagmus and foveal hypoplasia in normally pigmented eyes 
were SLC38A8 and PAX6. A mild phenotype in PAX6 mutations may be an under-diagnosed cause of 
nystagmus and foveal hypoplasia. Reaching an accurate genetic diagnosis is essential for both the 
patients and their family members. This enables predicting disease prognosis, tailoring correct follow-up, 
and providing genetic counseling and family planning to affected families. 
 
Bardet-Biedl syndrome-7 (BBS7) shows treatment potential and a cone-rod dystrophy phenotype that 
recapitulates the non-human primate model. 
Aleman TS, O’Neil EC, O’Connor K, Jiang YY, Aleman IA, Bennett J, Morgan JI, Toussaint BW.  
Ophthalmic Genetics. 2021 May 4;42(3):252-65. 
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Bardet-Biedl syndrome (BBS) describes an autosomal recessive, genetically heterogeneous condition, 
characterized by the presence of a photoreceptor degeneration variably associated with truncal obesity, 
postaxial polydactyly, hypogonadism, renal and cardiac abnormalities, and variable cognitive impairment. 
Two brothers ages 26 (Patient 1, P1) and 23 (P2) underwent comprehensive ophthalmic evaluations over 
three years. Visual function was assessed with full-field electroretinograms (ffERGs), kinetic and 
chromatic perimetry, multimodal imaging with spectral domain optical coherence tomography (SD-OCT), 
fundus autofluorescence (FAF) with short- (SW) and near-infrared (NIR) excitation lights and adaptive 
optics scanning light ophthalmoscopy (AOSLO). Both siblings had a history of obesity and postaxial 
polydactyly; P2 had diagnoses of type 1 Diabetes Mellitus, Addison’s disease, high-functioning autism-
spectrum disorder and −12D myopia. Visual acuities were better than 20/30. Kinetic fields were 
moderately constricted. Cone-mediated ffERGs were undetectable, rod ERGs were ~80% of normal 
mean. Static perimetry showed severe central cone and rod dysfunction. Foveal to parafoveal 
hypoautofluorescence, most obvious on NIR-FAF, co-localized with outer segment shortening/loss and 
outer nuclear layer thinning by SD-OCT, and with reduced photoreceptors densities by AOSLO. A 
structural-functional dissociation was confirmed for cone- and rod-mediated parameters. Worsening of the 
above abnormalities was documented by SD-OCT and FAF in P2 at 3 years. Gene screening identified 
compound heterozygous mutations in BBS7 (p.Val266Glu: c.797 T > A of maternal origin; 
c.1781_1783delCAT, paternal) in both patients. BBS7-associated retinal degeneration may present as a 
progressive cone-rod dystrophy pattern, reminiscent of both the murine and non-human primate models 
of the disease. Predominantly central retinal abnormalities in both cone and rod photoreceptors showed a 
structural-functional dissociation, an ideal scenario for gene augmentation treatments. 
 
Chorioretinal dystrophy, hypogonadotropic hypogonadism, and cerebellar ataxia: Boucher-Neuhauser 
syndrome due to a homozygous (c. 3524C> G (p. Ser1175Cys)) variant in PNPLA6 gene. 
Doğan M, Eröz R, Öztürk E.  
Ophthalmic Genetics. 2021 May 4;42(3):276-82. 
The current study aims to raise awareness of Boucher – Neuhauser syndrome (BNHS) that occurs as a 
rare phenotype due to biallelic pathogenic variants in the PNPLA6 gene. We identified a missense 
homozygous variant (c.3524 C > G (p.Ser1175Cys)) in the PNPLA6 gene, which explains the phenotype 
of the patient and neurologic, ophthalmologic, endocrine, and genetic evaluations established a diagnosis 
of BNHS. Symptoms, ethnicity, clinical and genetic findings of 28 molecularly confirmed patients with 
BNHS from the literature were also presented. We present the main findings of a Turkish family with 
BNHS together with detailed clinical and genetic profiles of patients diagnosed as BNHS that have been 
molecularly confirmed in the literature so far. 
 
Molecular genetics with clinical characteristics of Leber congenital amaurosis in the Han population of 
western China. 
Zhu L, Ouyang W, Zhang M, Wang H, Li S, Meng X, Yin ZQ.  
Ophthalmic Genetics. 2021 May 9:1-0. 
Leber congenital amaurosis (LCA) is one of the earliest inherited retinal dystrophies (IRD) that leads to 
blindness. To date, there have been 25 LCA-associated genes reported in China as well as other 
countries. The current study aimed to present the dominant molecular genetics and clinical features of 
LCA in the Han population of western China. Out of the 37 patients included in this study, 34 harbored 
known LCA genes; the detection rate of mutations was 91.9%. Forty-seven different alleles incorporated 
21 novel mutations; 8 were known LCA-associated genes. The three most frequently mutated genes 
included CRB1 (27.0%), RDH12 (24.3%), and RPGRIP1 (18.9%). The CRB1-associated LCA showed a 
pigmented fundus; the RDH12-associated LCA featured macular atrophy. Our results revealed 
that CRB1 and RPGRIP1 genes occupied a greater proportion in the western Chinese population. The 
proportion of these two genes was similar in other regions of China as well. The difference existed in a 
larger proportion of RDH12-associated LCA in the western Chinese population. The new findings in our 
study group polished the spectrum of the novel mutations and phenotypes of LCA with regional and 
ethnic variations. This comprehensive database can provide essential information for gene therapies. 
 
CRISPR Cas9 based genome editing in inherited retinal dystrophies. 
Bansal M, Acharya S, Sharma S, Phutela R, Rauthan R, Maiti S, Chakraborty D.  
Ophthalmic Genetics. 2021 Apr 5:1-0. 
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Precision genome engineering, with targeted therapy towards patient-specific mutations is predicted to be 
the future of personalized medicine. Ophthalmology is in the frontiers of development of targeted therapy 
since the eye is an accessible organ and has the ease of both delivery as well as monitoring effects of 
therapy. The literature was reviewed using keywords CRISPR, precision medicine, genomic editing, 
retinal dystrophies, retinitis pigmentosa, Usher syndrome, Stargardt’s Disease. The CRISPR-Cas9 
system has revolutionized genome editing, and opened avenues in drug discovery. It is important to 
understand the role of this system along with its applicability in the field of ophthalmology. In this review 
article, we briefly describe its methodology, the strategies of employing it for making genetic 
perturbations, and explore its applications in inherited retinal dystrophies. 
 
Expanding the clinical spectrum and management of traboulsi syndrome: report on two siblings 
homozygous for a novel pathogenic variant in ASPH.  
Van Hoorde T, Nerinckx F, Kreps E, Roels D, Huyghe P, Van Heetvelde M, Verdin H, De Baere E, 
Balikova I, Leroy BP.  
Ophthalmic Genetics. 2021 May 22:1-7. 
Traboulsi syndrome is a very rare, syndromic form of ectopia lentis that is potentially sight-threatening at 
a young age. It is characterized by typical facial, skeletal and ocular signs. Two siblings, born to 
consanguineous parents, presented with systemic and ocular features consistent with Traboulsi 
syndrome. Lens subluxation was present in all 4fouraffected eyes, and spontaneous subconjunctival bleb 
formation was detected in one eye. This eye also showed evidence of keratoconus-related corneal 
thinning. The clinical diagnosis of Traboulsi syndrome was confirmed molecularly. A homozygous, novel, 
pathogenic nonsense variant was identified in exon 25 of the ASPH gene: c.2181_2183dup, 
p.(Val727_Trp728insTer). Excellent visual outcomes following clear lens extraction and postoperative 
rigid gas-permeable contact lens fitting were obtained.We expanded the genetic spectrum of Traboulsi 
syndrome with a novel frameshift variant in the ASPH gene. We showed that lensectomy followed by gas-
permeable contact lenses is an efficient therapeutic approach to treat lens subluxation in Traboulsi 
syndrome. However, lifelong follow-up is crucial to avoid (late) postoperative complications. 
 
Lisbjerg K, Andersen MK, Bertelsen M, Brost AG, Buchvald FF, Jensen RB, Bisgaard AM, Rosenberg T, 
Tümer Z, Kessel L.  
Oliver McFarlane syndrome: two new cases and a review of the literature.  
Ophthalmic Genetics. 2021 Apr 3:1-0. 
Oliver McFarlane syndrome is a rare syndrome. Clinical presentations include trichomegaly, chorioretinal 
degeneration, pituitary hormone deficits, and neurological manifestations. Genetic analysis has recently 
placed this syndrome within the group of PNPLA6-related disorders. Two new individuals are identified 
and review the previously published cases is performed. Our first individual was a 36-year-old woman 
with 32 years of follow up and our second individual was a 3-year-old boy. Both individuals were born 
preterm and presented with prolonged neonatal respiratory distress, trichomegaly, early growth 
retardation, retinopathy and sparse depigmented hair. So far, none of our cases have demonstrated 
cognitive impairment or progressive neurological symptoms, but the child revealed persistent abnormal 
lung structure. Both individuals were compound heterozygous for pathogenic PNPLA6 variants, one of 
which was novel. We found other 31 clinically documented published cases. Our two new unrelated 
cases of Oliver McFarlane Syndrome demonstrate early ophthalmological and systemic findings of this 
rare syndrome and the progressive nature of the retinopathy with a long follow-up. PNPLA6-related 
disorders are a phenotypically highly heterogenous group where alterations in the phosphatidylcholine 
metabolism can lead to manifestations in different tissues with no clear genotype-phenotype correlation. 
 
Peripheral pigmented lesions in ABCA4-associated retinopathy. 
Al-Ani HH, Sheck L, Vincent AL.  
Ophthalmic Genetics. 2021 Mar 13:1-9.  
To investigate the prevalence and characteristics of peripheral pigmented retinal lesions and the 
associated clinical and genetic findings in patients with pathogenic variants in the ABCA4 gene. Of 91 
patients with at least one pathogenic variant in the ABCA4 gene and fundal changes consistent 
with ABCA4 retinal dystrophy, 15 (16.5%) had peripheral pigmented retinal lesions in 20 eyes, and were 
bilateral in 6 patients. These flat, subretinal lesions were located in the mid- or far periphery, not involving 
the macula, and had well-defined borders. Most affected eyes had a solitary lesion (n = 18) with lesions 
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more commonly present in the temporal half of the retina. Twenty-one unique genetic variants 
in ABCA4 were associated with these lesions. In 26 subjects (52 eyes) with RDS/PRPH-2-associated 
IRD, and in 30 age-matched controls (60 eyes), only one control eye had a pigmented lesion consistent 
with congenital hypertrophy of the retinal pigment epithelium and there were no peripheral pigmented 
lesions.  Almost one-fifth of patients with ABCA4-associated retinopathy have peripheral pigmented 
retinal lesions. The presence of these lesions is associated with more severe disease with an earlier 
onset than in patients without the lesions, and is an aid to diagnosis. 
 
Mitochondrial DNA A3243G variant-associated retinopathy: a meta-analysis of the clinical course of visual 
acuity and correlation with systemic manifestations.  
Coussa RG, Sohn EH, Han IC, Parikh S, Traboulsi EI.  
Ophthalmic Genetics. 2021 Apr 9:1-1. 
The mitochondrial DNA A3243G (m.3243A>G) variant causes a wide spectrum of phenotypes, with 
pigmentary retinopathy as the most common ocular finding. We undertook this meta-analysis to 
investigate the clinical course of visual acuity (VA) in patients with m.3243A>G variant and provide key 
clinical correlations with systemic manifestations. A PubMed literature search was performed and studies 
were selected after satisfying pre-set inclusion criteria. Demographic and clinical data, including retinal 
findings and systemic manifestations were recorded. Cross-sectional and linear regression analyses were 
used to investigate the relationship between VA and age, as well as between the age at diagnosis of 
retinopathy and the mean ages at diagnosis of sensorineural hearing loss or diabetes. The age and 
prevalence of systemic manifestations among patients with and without retinopathy were studied using t-
tests and Mann–Whitney U-tests (performed on binarized data). The mean VA (average of both eyes) of 
90 patients (72.2% female; 65/90) were collected from 18 studies published between 1990 and 2018. The 
baseline mean age was 45.2 years (range 17 to 92). The mean logMAR VA was 0.10 (- 0.12 to 1.39). 
There was a statistically significant linear correlation between the logMAR VA and age (p = .008). The VA 
of patients less than or equal to 50 years of age was significantly better than that of patients older than 
50 years (0.06 vs.0.18 logMAR, p = .002). 67 patients (74.4%) showed a characteristic pigmentary 
retinopathy with a mean age at diagnosis of 47.9 years (17 to 92) and VA of 0.14 logMAR (- 0.12 to 1.24). 
Age at diagnosis of retinopathy was linearly correlated with age at diagnosis of hearing loss or diabetes (p 
< .001). Patients with retinopathy were more likely to have hearing loss (83.6% vs. 56.5%, p = .03) or 
diabetes (56.7% vs. 17.4%, p = .001) than those without retinopathy. Those with both hearing loss and 
diabetes had an earlier onset of retinopathy than those without (46.4 vs. 60.4 years, p = .01). Patients 
without both hearing loss and diabetes were 5.3–fold less likely to develop a retinopathy. Patients with 
m.3243A>G variant pigmentary retinopathy maintain highly functional VA until around the fifth decade of 
life, after which significant visual decline ensues. Patients without hearing loss and diabetes have a lower 
likelihood of exhibiting a retinopathy, which tends to appear about one decade after hearing loss and 
diabetes are diagnosed. 
 
Mild Leber hereditary optic neuropathy (LHON) in a Western European family due to the rare Asian m. 
14502T> C variant in the MT-ND6 gene.  
Vandeputte J, Van Heetvelde M, Van Cauwenbergh C, Seneca S, De Baere E, Leroy BP, De Zaeytijd J.  
Ophthalmic Genetics. 2021 Apr 17:1-6. 
Leber hereditary optic neuropathy (LHON) is a mitochondrial neurodegenerative disease. The majority 
(>90%) is related to three primary mitochondrial DNA (mtDNA) 
variants: ND1 m.3460G>A, ND4 m.11778G>A and ND6 m.14484T>C. The remaining 10% is associated 
with >40 secondary variants with variable penetrance and incidence between different ethnic 
backgrounds. Five sisters underwent an extensive ophthalmic workup including psychophysical, 
electrophysiological, multimodal brain imaging, biochemical testing and molecular screening. MT-ND6 
protein modelling was performed. A 23-year-old woman presented with acute central visual loss to 
counting fingers in the right eye. She developed a central visual field scotoma, severe color vision 
deficiencies and impaired pattern visual evoked responses. Progressive optic atrophy ensued. The left 
eye was unremarkable, except for borderline thinning of the temporal retinal nerve fiber layer. Alcohol use 
and passive smoking were noted. MtDNA analysis revealed a rare variant, m.14502T>C in MT-ND6, 
exclusively known to cause optic neuropathy in an Asian population. Three sisters of the proband, two of 
whom reported tobacco and alcohol abuse, had bilateral temporal optic disc pallor without functional 
impact. A fourth non-smoker sister had a completely normal eye exam. The rare Asian m.14502T>C 
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variant in the MT-ND6 gene was linked to a mild LHON phenotype in a Western European family. 
Penetrance in this family was likely triggered by alcohol and tobacco abuse. A full mtDNA sequencing is 
warranted in the case of high clinical suspicion of LHON when mutation analysis for the three common 
pathogenic variants is negative. 
 
 
Genetic associations of myopia severities and endophenotypes in children. 
Fen Fen Li, Shi Yao Lu, Shu Min Tang, Ka Wai Kam, Tam Pancy O S, Wilson W K Yip, Alvin L Young, 
Clement C Tham, Chi Pui Pang, Jason C. Yam, Li Jia Chen 
Br J Ophthalmol. 2021 Aug;105(8):1178-1183 
The authors sought to investigate the associations of multiple single-nucleotide polymorphisms (SNPs) 
with the severities and endophenotypes of myopia in children. A total of 3300 children aged 5–10 years 
participating in the Hong Kong Children Eye Study were recruited. Candidate SNPs were selected 
according to known associations with myopia studied in adult populations or previously published 
associations in pediatric populations where available. 13 SNPs were included in the study and DNA 
samples were extracted from the patients’ buccal swabs. Due to low numbers of high myopia patients, 
high and moderate myopia subjects were combined into 1 group, and emmetropia and hyperopia patients 
were combined into a control group for analysis. This study identified ZC3H11B and BICC1 as genetic 
risk factors for moderate and high myopia. Quantitative trait locus (QTL) analyses revealed polygenic 
associations of excessive axial length with SNPs in ZC3H11B, KCNQ5, SNTB1 and GJD2, while corneal 
radius was associated only with SNTB1 rs7839488. This study further contributes to the evolving 
understanding of the role various genes play in the development and progression of myopia, specifically 
in children. Further studies in larger cohorts are warranted on this emerging topic.  
 
 
USH2A variants in Chinese patients with Usher syndrome type II and non-syndromic retinitis 
pigmentosa 
Tian Zhu, De-Fu Chen, Lei Wang, Shijing Wu, Xing Wei, Hui Li, Zi-Bing Jin, Ruifang Sui 
Br J Ophthalmol. 2021 May;105(5):694-703. 
This study aimed to learn more about Chinese patients with Usher syndrome type IIA by and non-
syndromic retinitis pigmentosa (RP) by investigating the genetic characteristics and differences between 
non-syndromic RP and USH2 and the phenotype–genotype correlation. A total of 284 patients from 260 
unrelated families, including 153 patients with non-syndromic 
RP and 131 patients with USH2. Siblings of 18 probands in the cohort were included, as well as 8 non-
syndromic RP families and 10 families with USH2. Targeted exome capture plus next-generation 
sequencing confirmed the diagnosis and clinical exam data and OCT, HVF, and ERG was collected as 
available. The median ages were 40 years for RP and 33 years for USH2, ranging from age 1 to >60 
years. Patients with USH2 were younger at age of presentation and experienced a faster progression to 
legal blindness, however, BCVA distribution between the groups did not differ significantly. Posterior 
subcapsular cataracts were present in 54% of the patients with RP and 60% of the patients with USH2, 
and the prevalence of cystoid retinopathy on OCT was equal in both groups among patients with 
available data. For the patients with USH2, the age of night blindness onset was positively correlated with 
the age of hearing loss onset. A total of 230 variants in the USH2A gene were identified, of which 90 
(39.13%) were novel. The most common variants in the RP and USH2 probands were p. 
Cys934Trp and p.Tyr2854_2894del, respectively, and 26.42% and 63.64% of the alleles in the RP and 
USH2 groups were truncating, respectively. Patients harbouring biallelic truncating variants had a 
younger age at the initial clinical visit and symptom onset than patients with 
missense variants. USH2A-associated patients always display an autosomal recessive 
mode of inheritance, but notably 3 pseudo-dominant pedigrees were identified carrying biallelic USH2A 
variants. This study provides a useful review of the current knowledge of genetic features of USH2 in 
Chinese patients, but may not be generalizable to other populations. It is important to consider the 
genetic variability of the population of the individual patient when considering genetic testing and 
diagnosis. 
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17. TRAUMA 

 
Epidemiology, Etiologies, and Complications of Playtime Open Globe Injuries in Children.  
Abdelazeem K, Al-Hussaini AK, El-Sebaity DM, Kedwany SM.  
J Pediatr Ophthalmol Strabismus.  
Accepted March 2, 2021 
The purpose of this study was to report the epidemiology, etiologies, and complications of playtime open 
globe injuries in children at the Assiut University Hospital, Egypt. The authors performed a prospective 
cross-sectional study over a 6-month period and enrolled subjects who suffered open globe injury during 
playtime at home, outside the home, “at the club” or at school. They reported outcomes of 32 of the 81 
children (39.51%) who sustained ocular trauma during playtime. The majority of children were boys (n = 
23, 71.88%). The causes of trauma during playtime were: playing with sharp objects (n = 11; 34.38%), 
playing with a wooden stick (n = 7; 21.88%), falling on the ground (n = 5; 15.63%), trauma by a stone (n = 
2; 6.25%), trauma during running (n = 1; 3.13%), playing with a plastic toy (n = 1; 3.13%), and unknown 
causes (n = 5; 15.63%). The sites of globe perforation were corneal (n = 23; 71.88%), corneoscleral (n = 
8; 25%), and scleral (n = 1; 3.13%). They concluded that playtime open globe injuries account for half of 
open globe injury and are avoidable with parental supervision. They warned that children should avoid 
playing with sharp objects and avoid playing or running on unsafe ground. While it provides some insight 
on pediatric open globe injuries, this study is difficult to generalize - the authors admit there are unique 
features about the agricultural demographics and exposure to sticks for this study population.  
 
 
A 5-Year Retrospective Assessment of Clinical Presentation Associated With Sports Injury in Young 
People Presenting to a Tertiary Eye Center. 
Dockery DM, Harrington MA, Gardiner MF, Krzystolik MG.   
J Pediatr Ophthalmol Strabismus. 2021;58(6):377-384.  
Prepublication. Accepted March 2, 2021. 
The purpose of this study was to report the incidence and initial presentation of sports-related ocular 
injury in youth. The authors retrospectively sampled ICD codes for ocular injury and sports-related injury 
over a 5-year period in subjects aged 5-25 years presenting to a tertiary hospital. They reported the 
outcomes of 223 patients aged 6-24 (mean 16.2) years.  Hyphema (72%) and commotio retinae (42%) 
were the most common injuries. Soccer (23%), baseball (17%), and basketball (12%) accounted for over 
half of all injuries, though paintball and airsoft gun accounted for the worst presenting visual acuities 
(20/500 and 20/200, respectively). 14% required surgical procedures (most commonly for ocular or 
periocular lacerations), of whom half had moderate or worse visual impairment at initial presentation. 
Basketball (27%), baseball (21%), and airsoft gun shooting (21%) injuries required surgery most 
frequently. Patients followed up for an average of 4.95 visits over an average of 82.9 days. The authors 
concluded that approximately 20% of youth ocular injury visits were sports related, and patients 
infrequently reported the use of protective eyewear at the time of injury. This study provides important 
insight into the clinical burden on patients and providers of pediatric sports-related eye injuries. It is worth 
noting that there were likely selection biases towards more severe/surgical injuries because of the tertiary 
care setting and because less severe injuries were lost to follow-up.  
 
Risk of physical injuries in children and teens with ophthalmic diagnoses in the Optum Labs Data 
Warehouse. 
Pineles SL, Repka MX, Yu F, Velez FG, Doppee D, Perez C, Sim D, Coleman AL. 
J AAPOS. 2021 Dec;25(6): 346.e1-346.e7.  
The authors analyzed claims from the Optum Labs Data Warehouse, a longitudinal deidentified 
commercial insurance claims database to evaluate the risk of injury in children and teens with eye 
disease. Recent studies in adult Medicare beneficiaries with strabismus or amblyopia showed an 
association with risk of fractures, falls and musculoskeletal injuries. The most common eye disease in the 
analysis were amblyopia and strabismus. The authors found a small but significant association with an 
overall risk of any type of physical injury increased by 14% in patients with any eye disease. The 
incidence of any injury was 29% in patients with eye disease and 23% in control subjects. Amblyopia and 
glaucoma had low risks of injury while conditions of a neurologic nature, such as optic neuritis and 
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pseudotumor cerebri had a higher risk. Co morbidities may explain the higher risk in neurologic diseases. 
Risk of injury in patients with strabismus was 13% higher than control subjects. Suboptimal binocularity 
may explain this increased risk. The highest hazard ratio was for eye injuries with increased risk of 63% 
compared to children and teens without eye disease. This data supports wear of protective eyewear for 
children with limited vision. The data in this study is consistent with previous studies for older adults. 
Limitations include errors in coding, inability to determine severity of vision disability from ocular disease 
in data extraction, and bias from lack of access to healthcare for patients who did not seek care. The 
authors remind us that association does not prove causation. This study is important to pediatric 
ophthalmologists in that it supports recommendations for protective eyewear in patients with eye disease. 
 
The incidence of sympathetic ophthalmia after trauma: A meta-analysis.  
He B, Tanya SM, Wang C, Kezouh A, Torun N, Ing E.  
American Journal of Ophthalmology. 2022 Feb 1;234:117-25. 
Sympathetic ophthalmia is a rare inflammatory condition which following any type of penetrating injury or 
trauma to the eye, particularly open globe injuries. Given its rarity, it is difficult to study or quantify in terms 
of prevalence and risk factors, which can make counseling patients who have undergone an open globe 
repair challenging. The goal of this meta-analysis was to determine the estimated overall incidence of 
sympathetic ophthalmia following open globe injury based on 24 studies of both children and adults. 
Overall, the meta-analysis included over 37,000 patients and included 92 cases of sympathetic 
ophthalmia, leading to an estimated incidence of 0.19% overall and 0.39% in children. This translated to 
24 per 100,000 adults and 57 per 100,000 children. The average age in the adult cohort was 40.5 years 
and 9.4 years in the pediatric cohort. There was a male predominance in incidence of sympathetic 
ophthalmia, which likely reflects the typical demographics of open globe injuries. Overall, this large meta-
analysis provides insight into the incidence of sympathetic ophthalmia following open globe injury and 
suggests that the incidence is significantly higher in children. The analysis did not find sufficient 
information to comment on the role of enucleation or evisceration in decreasing risk of sympathetic 
ophthalmia. 
 
 
Timing of ocular hypertension after pediatric closed-globe traumatic hyphema: implications for 
surveillance.  
Bowe T, Serina A, Armstrong M, Welcher J, Adebona O, Gore C, Staffa SJ, Zurakowski D, Shah AS.  
American journal of ophthalmology. 2022 Jan 1;233:135-43. 
Traumatic closed globe injuries associated with hyphema are known to cause ocular hypertension, 
though the exact incidence and timing of this complication are not fully elucidated. This was a study of 
305 pediatric patients less than 18 years old who suffered closed globe injury with associated hyphema. 
Of those patients, 39% developed ocular hypertension. The authors divided the post-injury period into the 
following categories: presentation, acute (days 1-7), sub-acute (days 8-28), or late (days >28). Ocular 
hypertension was most common 1-7 days after the injury, but there were a significant number of episodes 
of ocular hypertension occurring in the late period. Based on their data, the authors propose a risk 
stratification tool, which is included as a figure in the paper and accounts for multiple factors including 
degree of hyphema on presentation, presence of ocular hypetension on presentation, pupil damage, 
steroid use, iridodialysis, angle recess, and traumatic cataract. Overall, this study provides additional 
information on ocular hypertension after traumatic hyphema and equips the reader with an algorithm 
through which patient risk can be stratified. 
 

 
Firework-inflicted ocular trauma in children and adults in an urban German setting 
Matthias A Lenglinger, Malte Zorn, Daniel Pilger, Christoph von Sonnleithner, Mirjam Rossel, Daniel J 
Salchow and Eckart Bertelmann   
Eur J Ophthalmol. 2021 Mar;31(2):709-715. 
This study is a retrospective chart review of all patients presenting to a tertiary eye hospital in Berlin, 
Germany during the 7-day period around New Year’s Eve over a 4 year period. 146 total patients (165 
eyes) presented with firework-associated ocular complaints (87% bilateral) with a median number of 34 
patients per year. According to a previously published grading system, 97 cases (66.4%) were classified 
as minor, 34 (23.3%) as moderate, and 15 (10.3%) as severe injuries. Five eyes of five patients (3.4%) 
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sustained open-globe injuries, 3 of whom were minors < 18 years old. Approximately 1/3 of the cohort 
(51, 34.9%) were < 18 years. Among those under 18, there was more severe trauma and less moderate 
trauma (60%) compared with the adult cohort, and the median age of patients with severe trauma was 12 
years. This study highlighted the high incidence of fireworks ocular injuries, especially among the 
pediatric population.  
 
 
Timely recognition of retinal hemorrhage in pediatric abusive head trauma evaluation.  
Lauren R. Burge, MD, Bethanie S. Van Horne, DrPH, MPH, Angela Bachim, MD, Amit R. Bhatt, MD, and 
Marcella Donaruma, MD.  
J AAPOS 2021;25:89.e1-7.  
This study aimed to quantify the prevalence of delayed fundoscopic examinations outside the 
recommended 24-to-48-hour standard of care and to identify clinical factors associated with the delay. 
The study included 203 patients who had an eye examination as part of their work-up for possible abusive 
head trauma. The initial eye exam fell outside the recommended 48-hour standard of care in 19% of the 
cases. Nearly half of the patients with an abnormal ophthalmic examination were in this group. Factors 
that predicted a delayed eye exam included PICU admission, surgical intervention, and seizure activity. 
Neurosurgery consultation resulted in a higher likelihood of getting an eye examination on time. As 
recognition of retinal hemorrhages is an important factor in the evaluation of abusive head trauma and 
these findings can resolve rapidly, it is important to be able to recognize situations in which performing a 
timely evaluation is not possible. These mostly happen in cases where the patient is sick, and the primary 
team wants to be able to follow pupillary exams. In these cases, the authors recommend that 
ophthalmologists should complete an initial undilated exam to attempt to identify any concerning findings 
as soon as possible with a dilated exam performed when deemed safe. In these cases, it would be 
reasonable to consult neurosurgery as well for further guidance as to when the patient can be cleared for 
pupillary dilation.  
 
 
Timing of ocular hypertension after pediatric closed-globe traumatic hyphema: implications for 
surveillance.  
Bowe T, Serina A, Armstrong M, Welcher J, Adebona O, Gore C, Staffa SJ, Zurakowski D, Shah AS.  
American journal of ophthalmology. 2021 May 13. 
Traumatic closed globe injuries associated with hyphema are known to cause ocular hypertension, 
though the exact incidence and timing of this complication are not fully elucidated. This was a study of 
305 pediatric patients less than 18 years old who suffered closed globe injury with associated hyphema. 
Of those patients, 39% developed ocular hypertension. The authors divided the post-injury period into the 
following categories: presentation, acute (days 1-7), sub-acute (days 8-28), or late (days >28). Ocular 
hypertension was most common 1-7 days after the injury, but there were a significant number of episodes 
of ocular hypertension occurring in the late period. Based on their data, the authors propose a risk 
stratification tool, which is included as a figure in the paper and accounts for multiple factors including 
degree of hyphema on presentation, presence of ocular hypetension on presentation, pupil damage, 
steroid use, iridodialysis, angle recess, and traumatic cataract. Overall, this study provides additional 
information on ocular hypertension after traumatic hyphema and equips the reader with an algorithm 
through which patient risk can be stratified. 
 
Occult Injury Screening Among Infants With Subconjunctival Hemorrhage.  
Koti AS, Crichton KG, Liker K, Hashmi Z, Thackeray JD.  
J Pediatr Ophthalmol Strabismus. 2021;58(4):213-217. 
Published July 1, 2021 
The authors propose that subconjunctival hemorrhages (SCH) may be so-called sentinel signs of physical 
abuse. This retrospective database review sought to compare demographics, examination findings, and 
imaging results on infants 14 days to 6 months with SCH and additional mucocutaneous injuries versus 
isolated SCH presenting to two tertiary pediatric centers. Of the 84 infants identified with SCH, 23 (27%) 
had additional mucocutaneous injuries (bruising, intraoral frenulum injury). Of these 23 infants, the rate of 
skeletal survey and neuroimaging was 91% and 87%, and signs of injury were found in 38% and 20%, 
respectively. By comparison, of the 61 infants with only SCH, skeletal survey and neuroimaging was 
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performed in 8% and 10%, and signs of injury were found in 40% and 0%, respectively. The authors 
concluded that although screening rates were low among infants with SCH (and influenced significantly on 
the presence of additional mucocutaneous injuries), when screening was performed, occult injuries were 
commonly identified. This is an important paper that raises serious concern about the appropriate screening 
and management of infants <6mo presenting with subconjunctival hemorrhages, though it is worth noting 
the study did not describe the assessment or evaluation of SCH. 
 
Epidemiology of Pediatric Open Globe Injury in the United States.  
Uppuluri S, Uppuluri A, Zarbin MA, Bhagat N.  
J Pediatr Ophthalmol Strabismus. 2021;58(4):232-239.  
Published July 1, 2021 
Pediatric open globe injuries are infrequent but potentially visually devastating occurrences, but the 
epidemiologic data surrounding them is limited to single-center retrospectives. This retrospective, cross-
sectional, observational study mines the National Inpatient Sample database to report epidemiologic 
characteristics of pediatric open globe injuries across the US. The authors identified 8,943 pediatric cases 
of acute open globe 2002 and 2014. They noted: 78% male predominance; twice the rate of IOFB in males 
vs female; highest incidence by age, race, and gender was in 16-20yr olds who were Black or Native 
American and boys; mean hospitalization was 2.2 days and 17.5% of those admitted lacked medical 
insurance. The authors concluded that the estimated national rate incidence of pediatric open globe injuries 
was 7.93/100,00 individuals. This is an important study because it gives a robust estimate of the true 
national incidence of pediatric open globe injuries and it sheds light on racial and socioeconomic factors 
associated with pediatric open globe injuries. Note that this summary statistic is still likely an 
underestimation because due to the limitation in data available in the NIS, cases were only coded as open 
globe injuries if it was the primary reason for admission. Oftentimes, neurological trauma or more acute 
trauma supersedes open globe injury as the primary admitting diagnosis.  
 
Pediatric posttraumatic orbital subperiosteal hematoma.  
Eshraghi B, Razi-Khosroshahi M, Hasani H, Silbert DI.  
Eur J Ophthalmol. 2021;31(3):1085-1093. 
Published May, 2021 
This case series and literature review reports presentations of five children with post-traumatic orbital 
subperiosteal hematoma, a potentially vision-threatening condition if it leads to compression of the optic 
nerve. All patients were males with mean age 9.40 ± 3.51 years (range 4-13yrs) who were injured by blunt 
trauma (falling from a building, car accident, and falling from a bicycle) and had unilateral involvement. They 
were treated with: needle aspiration, surgical drainage, and observation for spontaneous resolution. One 
patient had coincident traumatic optic neuropathy and did not have visual recovery. The authors’ case 
series and literature review pooled a total of 39 patients with subperiosteal hematoma and found some 
interesting points: 79.5% were male; mean interval from trauma to presentation was 10 days; most common 
location was orbital roof (95%), surgical drainage via lid crease or sub-brow incisions was the most common 
intervention (53.9%) followed by needle aspiration (28.2%) and observation (20.5%).The rate of persistent 
vision loss despite surgical drainage was 7.7%. The authors concluded that larger hematoma size, longer 
duration from trauma to presentation, and supranasal orbit location were associated with higher risk of 
vision loss and that cases with decreased visual acuity at presentation should be considered for surgical 
drainage or aspiration while others can be observed. This is an important summarization and contribution 
to the literature of a vision-threatening complication of orbital trauma.  

 

Trends in pediatric ocular trauma presenting to an ophthalmology-specific emergency department during 
the COVID-19 pandemic. 
Cavuoto KM, Vanner EA, Osigian CJ. 
J AAPOS. 2021 Jun;25(3):170-172.  
The authors used a retrospective chart review to describe trends in ocular trauma for children presenting 
to an ophthalmology emergency room during the COVID-19 pandemic. Although the overall number of 
visits was 44% lower than the same 6 month period in 2019, trauma related visits were only 34% lower. 
The authors suggest that the decrease may be due to organized sports activities being curtailed during 
the pandemic. Ocular trauma remained a significant problem during the pandemic and this may be 
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explained by the fact that the literature reveals that home is the most common location for ocular trauma 
to occur. Closed globe trauma was the most frequent injury for all ages while most chemical injuries 
occurred in the youngest children. Limitations of this study include proper coding, retrospective design 
and the focus was an ophthalmology ER. The findings may be useful when considering the organization 
of resources during pandemic situations. Coverage of trauma will remain a necessary activity. 
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Treatment of Advanced Coats' Disease With Combination Therapy of Laser Photocoagulation, Intravitreal 
Ranibizumab, and Sub-Tenon Methylprednisolone Acetate  
Petroni S, Catena G, Iarossi G, et al.  
J Pediatr Ophthalmol Strabismus. 2021;1-5. 
Pre-publication. Posted online December 20, 2021 
THe purpose of this study was to investigate the efficacy of combination therapy with laser 
photocoagulation, intravitreal ranibizumab, and sub-Tenon methylprednisolone acetate in patients 
presenting with advanced Coats' disease. The authors present the retrospective analysis of 16 subjects 
who underwent laser photocoagulation combined with intravitreal ranibizumab and sub-Tenon 
meythlprednisolone acetate. The average age at surgery was 5.12 ± 2.7 years (range: 3 to 10 years). The 
mean follow-up time was 45.43 ± 29.01 months (range: 12 to 108 months). Of the 16 patients (16 eyes) 
reviewed, 6 patients had stage 3A and 10 patients had stage 3B Coats' disease. The mean number of 
applications was 10 (range: 4 to 18). Globe preservation was achieved in all patients. Final visual acuity 
outcomes were satisfactory: 20/20 to 20/50 in 2 patients, 20/60 to 20/100 in 1 patient, and 20/200 or 
worse in 13 patients. The authors concluded that intravitreal ranibizumab used in combination with laser 
photocoagulation and sub-Tenon methylprednisolone acetate could be an effective treatment option for 
patients with advanced Coats' disease. Indeed, this was a small but valuable contribution to the literature 
on the management of Coats.  
 
Influence of one or two horizontal muscle surgeries on OCT findings.  
Meryem guler alis & Abdulkadir  
Strabismus, 29:3, 182-188 
This article investigates the effects of differences between one or two horizontal rectus muscle surgeries 
(recession ± resection) on the central macular thickness (CMT), Subfoveal choroidal thickness (SFCT), 
and retinal nerve fiber layer (RNFL). Measurements of the CMT, SFCT, and RNFL in patients who 
underwent horizontal rectus muscle surgery were obtained using optical coherence tomography (OCT). 
Patients were grouped as those who had undergone rectus muscle recession surgery (Group 1) and 
those who had undergone rectus muscle recession + resection surgery (Group 2). The CMT, SFCT, and 
RNFL in patients were measured preoperatively and 1 day, 1 week, 1 month, 3 months, and 6 months 
postoperatively. A total of 65 eyes of 50 patients were analyzed retrospectively. The average age of the 
25 patients in Group 1 was 8.96 ± 7.966 years (min 3, max 38). The average age of the 25 patients in 
Group 2 was 15.17 ± 6.806 years (min 2, max 34). The comparison of the preoperative and the 1-day and 
1-week postoperative values revealed an increase in CMT and SFCT in Group 1 and Group 2. There 
were no significant differences between the two groups. It was observed that this increase reached the 
preoperative values after 1–3 months and 6 months in both groups. There was no statistically significant 
change in the RNFL. Rectus muscle surgery (recession±resection) caused an increase in CMT and SFCT 
in the early stage, which was possibly caused by the altered choroidal microcirculation resulting from 
mechanical traction during surgery and by postoperative inflammation. There was no difference between 
one or two muscle surgeries. Its retrospective nature, relatively small number of patients, and not 
evaluating biometric parameters can be considered as the weakness of this study.  
 
Retinal and peripapillary vessel density increase in recovered COVID-19 children by optical coherence 
tomography angiography. 
Guemes-Villahoz N, Burgos-Blasco B, Perez-Garcia P, Fernández-Vigo JI, Morales-Fernandez L, 
Donate-Lopez J, Ramos-Amador JT, Garcia-Feijoo J. 
J AAPOS. 2021 Dec;25(6): 325.e1-325.e6.  
Several studies show retinal vascular abnormalities in adults with COVID-19 infection which persist after 
recovery. These studies were lacking for children. The authors used cross-sectional case-control study of 
children 6-18 years of age with laboratory confirmed SARS-CoV-2 infection using OCTA to qualitatively 
and quantitatively look at retinal vasculature and to compare the results with those of healthy children 
who were control subjects. Total study population included 27 recovered COVID-19 patients and 45 
healthy controls. Ophthalmologic history concerning symptoms and ophthalmologic examination were 
unremarkable in children with recent COVID-19 infection. Mean days from PCR-confirmed diagnosis to 
examination were 37.6. Previous studies in adults reported a reduction in retinal vessel density (VD) and 
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other vascular parameters of OCTA in adults. The authors demonstrated contrary results in children 
recovered from COVID-19 infection with significantly greater macular VD and macular perfusion density 
(Mpd), and peripapillary flux index (FI) compared to healthy children. The authors opine differences in 
immune responses between adult and children affected by COVID-19 cause differences in vascular 
endothelium explaining the above findings. Limitations in this study include: small sample size, lack of 
inclusion of younger children, delay in examination because of infection control, mild COVID-19 infection 
in study patients and current study looked at superficial capillary plexus only. This study is important to 
pediatric ophthalmologists because the retinal vasculature which can be studied noninvasively with OCTA 
may mirror vascular changes in other organs. The findings support the different behavior of SARS-CoV-2 
infection in children and adults. Additional research is suggested to look at medium and long term 
vascular changes and their significance. 
 
Choroidal nevi in children: prevalence, age of onset, and progression 
Raval V, Bellerive C, et al. 
JAAPOS 2021; 25: 225.e1-225.e6 
This is a cross-sectional study evaluating the age of onset and prevalence of choroidal nevi in children. 
the fundus photographs of a pooled sample of children 6 months to 18 years of age with 6-year 
longitudinal follow-up who participated in the Sydney Paediatric Eye Disease Study, Sydney Myopia 
Study, and the Sydney Adolescent Vascular Eye Disease Study were reviewed. Of 5,533 children, 48 
children with a choroidal nevus were identified. Prevalence increased with age. Nevus was unilateral in all 
cases (100%), and the majority were melanotic  (96%). All identified nevi were posterior to the equator. 
All nevi were small, with the average largest basal diameter of 1.6 mm and were not associated with 
secondary changes (drusen, orange pigment, subretinal fluid). The majority (58%) of nevi remained 
stable, 16% demonstrating subtle growth (minimum of 600 mm). Four new-onset nevi were documented. 
Malignant transformation was not observed in any of the nevi. In this study cohort, the prevalence of 
choroidal nevi increased with age up to 18 years. 
 
Patterns of retinal hemorrhage associated with cardiac arrest and cardiopulmonary resuscitation. 
Binenbaum G, Forbes BJ, Topjian AA, Twelves C, Christian CW. 
J AAPOS. 2021 Dec;25(6): 324.e1-324.e4 
Obtaining forensic evidence and testifying in abusive head trauma cases is an important part of the job for 
many pediatric ophthalmologists. Defense lawyers propose alternative causes for retinal hemorrhages in 
these cases such as cardiac arrest and cardiopulmonary resuscitation. The authors performed a 
prospective, single center, consecutive observational study of 18 children who were examined within 48 
hours after arrest and CPR in order to determine the prevalence and characteristics of retinal 
hemorrhages in this clinical scenario. Previous studies had limitations involving examination by 
nonophthalmologists, inadequate techniques, and inadequate clinical descriptions. The authors found that 
CPR for cardiac arrest is rarely associated with retinal hemorrhages when there was no other explanation 
for the retinal hemorrhages. The findings of this study are consistent with previous studies. Pooling of 
data from previous studies gave a prevalence of retinal hemorrhage following CPR of 3.3% with a pattern 
of a limited number of posterior pole intraretinal hemorrhages. Strengths were prospective study, dilated 
exam by ophthalmologist and handling of confounding factors. Although sample size was small, the 
results were consistent with other studies. This article is important to pediatric ophthalmologists because 
it provides evidence to support testimony in abusive head trauma cases. 
 
Risk of retinal detachment in children with ocular coloboma. 
Bal S, Mills M, Tomlinson L, Meer E, Ying G, Binenbaum G.  
Ophthalmology 2022;129:117-118. 
Retinal detachment (RD) has been associated with colobomatous malformations but the exact prevalence 
is unclear and previous studies have been limited by patient age and referral bias. Understanding the 
prevalence of acquired detachment in childhood is important because prophylactic treatments such as 
retinopexy might be an option. This retrospective, cross-sectional study performed at the Children’s 
Hospital of Philadelphia sought to estimate the prevalence by age of acquired RD in children with optic 
nerve coloboma (ONC) or chorioretinal coloboma (CRC) to improve understanding of the potential benefit 
and timing of prophylactic laser retinopexy as well as guide recommendations for periodic surveillance 
retinal examinations. Children were examined between May 2009-July 2020. Children were included if 
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they had ONC or CRC in 1 or both eyes. Primary study outcomes were prevalence by age and age at 
diagnosis of acquired RD. 387 eyes of 258 children (median age at first exam: 2.1 years) had ONC or 
CRC. 50% had bilateral colobomas. 200/ 258 children had more than 1 examination with medial length of 
follow-up of 3.7 years. Two eyes of 2 children had acquired RD at ages 7 and 14 years. The rate of RD 
was 0.52% per eye and 0.78% per patient. Overall, the study found that the risk of acquired RD in 
children with CRC or ONC was considerably lower than in previous reports. This is attributed to referral 
bias and the large number of adults in previous study populations. Because of the low prevalence of RD, 
a potential association between coloboma size and risk of RD could not be established and therefore 
screening intervals based on coloboma features could not be suggested—but the risk is not zero, so 
regular surveillance still seems prudent. A randomized trial of laser retinopexy in children with CRC or 
ONC may be warranted. 
 
Characterization of Retinal Function Using Microperimetry-Derived Metrics in Both Adults and Children 
With RPGR-Associated Retinopathy.  
Anikina E, Georgiou M, Tee J, Webster AR, Weleber RG, Michaelides M.  
American journal of ophthalmology. 2022 Feb 1;234:81-90. 
X-linked retinitis pigmentosa (XLRP) accounts for up to 15% of all retinitis pigmentosa (RP), and the 
majority of cases of X-linked disease are due to variants in the RP GTPase regulator gene. This disease 
is also of interest due to recent investigations into gene therapy to treat XLRP. With regards to clinical 
trials assessing outcomes for RP (either natural history of interventional studies), there is a dearth of 
evidence to support appropriate outcome measures. The goal of this prospective observational case 
series was to assess the role of microperimetry in monitoring disease progression in patients with variants 
in this specific gene. The study included 53 adults and 23 children with a mean follow up of close to 3 
years. The study found that most subjects lost retinal sensitivity during the second and third decades of 
life. Intra-test repeatability was high. Overall, the authors argue that microperimetry is an accurate and 
reproducible way to assess disease progression in children and adults with RP and is likely better than 
visual acuity testing due to its reliance on and ability to quantify non-foveal retinal function. 
 
 
Evaluation of Retinal Structure in Pediatric Subjects with Vitamin D Deficiency. 
Aydemir E, Ilhan C, Aydemir GA, Bayat AH, Bolu S, Asik A.  
American Journal of Ophthalmology. 2022 Jan 1;233:30-7. 
Vitamin D deficiency is common in developing countries, and the American Academy of Pediatrics 
recommends vitamin D supplementation in the first months of life. The role of vitamin D in eye disease, 
and specifically, retinal development, is unknown. This is a prospective observational study of 150 
children less than 18 years old with and without vitamin D deficiency assessing retinal anatomic 
structures as measured with OCT. Overall, they found that children with vitamin D deficiency 
demonstrated choroidal thinning compared to age-matched controls. There were no differences in retinal 
nerve fiber layer thickness between groups. The authors propose that given the possible neuroprotective 
effect of vitamin D, its deficiency may lead to problems with retinal development, though acknowledge 
that the choroidal thinning they identified may not be clinically significant 
 
Optic disk anatomical features of children with central retinal vein occlusion. 
Shaobo Lei, MD, PhD, Michael J. Wan, MD, FRCSC, Nasrin N. Tehrani, MBBCh, FRCSC, Arun Reginald, 
MD, FRCSC, and Kamiar Mireskandari, MBChB, PhD  
J AAPOS 2021;25:265.e1-7. 
This was a case series aimed to report on the high prevalence of crowded optic disks with minimal 
cupping in pediatric patients with CRVO. Six patients with unilateral CRVO were included in the study. All 
the patients were female, and only one patient had an underlying systemic risk factor. The five healthy 
patients all had small optic disk areas with a crowded, “disk-at-risk” appearance. The authors suggest that 
anatomical features of the optic disk likely play a large role in the etiology of pediatric CRVO. This study is 
limited by its small sample size but does raise a good hypothesis as to why healthy children would suffer 
from this condition that is most seen in adults with other risk factors. If this is a true risk factor, it may lead 
to increased counseling and monitoring in children with a “disk-at-risk”. 
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Touzé R, Abitbol MM, Bremond-Gignac D, Robert MP. Retinal Vascular Abnormalities In Children With 
Neurofibromatosis Type 1.  
Retina. 2021 Dec 1;41(12):2589-2595. PMID: 34111884. 
Patients with NF1 can have retina microvascular abnormalities (RVA) that increase with age.  The 
purpose of this study is to describe RVA in a large cohort of pediatric patients with  NF1.  This is an 
observational and  retrospective study in a tertiary eye care center. Patients were examined and required 
55 degree field near infrared imaging using confocal scanning laser. 140 patients were included in this 
study. RVA were found in  37.1% of patients.   Of these patients, 96% had a simple vascular tortuosity 
and 17.5% had a corkscrew pattern. No moya moya like pattern was seen. There was a correlation 
between RVA and lisch nodules.  Of patients who had images over time, there was a pattern of patients 
with simple vascular tortuosity to  corkscrew pattern.   These findings may result from NF 1 promoting 
localized tortuosity of small vessels. Future studies is warranted to look at this correlation with intracranial 
vascular abnormalities and long term visual outcomes. 
 
 
Huang L, Liang T, Lyu J, Jin H, Zhao P. Clinical Features And Surgical Outcomes Of Encircling Scleral 
Buckling With Cryotherapy In Familial Exudative Vitreoretinopathy-Associated Rhegmatogenous Retinal 
Detachment.  
Retina. 2022 Jan 1;42(1):55-63. PMID: 34393211. 
FEVR is a familial disorder characterized by incomplete retinal vascularization.  RD is a serious  
complication leading too loss of vision in 21-64% of eyes. This is a retrospective study evaluating the 
clinical features and surgical outcomes of FEVR-RRD patients who underwent ESB surgery.  This is a 
retrospective interventional case series at a single center. All patients were diagnosed with FEVR by FA. 
Patients were treated with cryo followed by scleral buckling. 24 eyes of 24 patients were included in the 
study.  No patients had their scleral buckle divided later.  Stage 3A and 4A FEVR were found  in 16 eyes 
and 8 eyes respectively.  Retina reattachment was achieved in 91.67% of eyes after initial surgery.  2 
eyes had recurrent RD and required PPV due to PVR. BCVA improved from 0.45 log of minimal angle of 
resolution to 1.08.  A myopic shift of 2.4 diopters was seen postoperatively.   Complications such as 
cataract formation and glaucoma were not seen in this cohort follow up  period of 7-104 months.  The 
authors concluded that scleral buckling with cryo as an effective treatment with patients with stage 3A or 
4A and grade A or B PVR.   
 
 
Lyu J, Zhang Q, Xu Y, Zhang X, Fei P, Zhao P. Intravitreal Ranibizumab Treatment For Advanced 
Familial Exudative Vitreoretinopathy With High Vascular Activity.  
Retina. 2021 Sep 1;41(9):1976-1985. PMID: 34432746; PMCID: PMC8384247. 
FEVR is a hereditary retinal disease with abnormal vasculogenesis and angiogenesis of the retina that 
can lead to retinal detachment. The purpose of this study is to report treatment outcomes using 
intravitreal ranibizumab (IVR) with  and without other treatment modalities in patients with stage 3 to 5 
FEVR.  This is a retrospective interventional case study of 28 eyes of 20 patients at a single center.  An 
average of 1.3 injections of IVR were given to 28 eyes.  71%showed reduced retinal vascular activity. The 
remaining eyes showed persistent vascular activity.  14% of eyes showed recurrence but reduction after a 
second IVR. 13 eyes required PPV and/or laser treatment.  3/16 eyes with  regression received laser 
treatment. 8/12 with progression after IVR received PPV.  Reattachment of retina was achieved in 78% of 
patients after 24-58  months.  Variables associated with progression included fibrovascular proliferation 
and persistent vascular activity after one IVR.  The study achieved effectiveness of primary IVR to regress 
advanced FEBR and exudates in more than half of the eyes.  IVR may be effective in reducing vascularity 
in patients with advanced FEVR, however patients would need close follow up to evaluate for recurrence. 
 
Ho MC, Wu AL, Wang NK, Chen KJ, Hwang YS, Lai CC, Wu WC. Surgical Outcome and Prognostic 
Factors Following Ophthalmic Surgery in Abusive Head Trauma.  
Retina. 2022 Jan 28. Epub ahead of print. PMID: 35125478. 
Patients with AHT can have significant visual outcomes related to VH, retina hemorrhage, RD, 
retinoschisis and optic neuropathy.  The purpose of this study  is to analyze the clinical characteristics, 
surgical outcomes and risk factors associated with visual outcomes in patients with AHT. This is a 
retrospective, consecutive case series at a single center.  18 eyes of 14 patients with AHT underwent 
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PPV for VH (33% of cohort), multilayered retina hemorrhage  (28%), macular pucker (17%), macular hole 
(11%) retinoschisis (6%) and RD (6%). 94% of patients had retina attachment at the final visit.  44%  of 
patients developed cataract after PPV.  72% of patients had a BCVA less than 20/200 after PPV and 17% 
of eyes achieved a BCVA of 20/40 or better. Optic atrophy (50%) was significantly associated with poor 
visual outcomes. This studies highlights the poor visual outcomes in patients  requiring surgical 
intervention for AHT. 
 
Pediatric choroidal neovascularization: Etiology and treatment outcomes with anti-vascular endothelial 
growth factors 
Ranjan R, Salian R, Verghese S, et al.  
European Journal of Ophthalmology. October 2021.  
This study seeks to describe the etiology and treatment outcomes of children with choroidal 
neovascularization (CNV) treated with anti-VEGF monotherapy at a single institution in south India from 
2011-2021. A total of 26 eyes of 23 children were diagnosed with CNV during the study period, at an 
average age of 11.7 years. The etiology was inflammatory in 16 eyes, secondary to a chorioretinal 
dystrophy in 3 eyes, traumatic in two eyes, and idiopathic in the remaining 5 eyes. Treatment was 
indicated in 19 eyes, requiring an average of 2 injections on a PRN basis in order to induce remission. 
There was a statistically significant visual improvement of an average of 20 ETDRS letters at final visit in 
treated eyes, with no reported complications. The authors state that this is the largest single-center study 
evaluating anti-VEGF monotherapy in the treatment of pediatric CNV. Their results support the findings of 
several other studies which have concluded that anti-VEGF therapy is safe and effective for the treatment 
of pediatric CNV. 
 
 
Gyrate Atrophy of the Choroid  and Retina: A Review.  
Elnahry AG, Elnahry GA.  
European Journal of Ophthalmology. December 2021.  
Gyrate atrophy (GA) is a rare autosomal recessive disorder characterized by elevated plasma levels of 
the amino acid ornithine due to deficiency of the enzyme ornithine aminotransferase. Though systemic 
manifestations may develop including mental retardation and seizures, the most characteristic 
manifestations are ophthalmologic. Affected patients typically develop night blindness in the first decade 
of life, followed by visual field constriction and eventual central vision loss. Patients may also develop 
posterior subcapsular cataracts, high myopia, choroidal neovascularization, and macular edema. The 
most vulnerable part of the eye is thought to be the retinal pigment epithelium, and classic scalloped 
areas of mid-peripheral chorioretinal atrophy develop as the RPE deteriorates. Diagnosis is confirmed by 
elevated levels of plasma ornithine. No effective gene therapy exists to date, so treatment is primarily 
through life-long dietary restriction of arginine (an ornithine precursor) and supplementation of Vit B6 (a 
co-enzyme of ornithine aminotransferase). Compliance with this strict diet is challenging, and most 
patients are legally blind by the age of 40-55. 
 
 
Whole-Exome Sequencing Reveals Novel NDP Variants in X-Linked Familial Exudative Vitreoretinopathy 
Peng Y, Zhao R, Dai E, et al. 
European Journal of Ophthalmology. January 2022.  
To date, the known genetic variants can only explain approximately 50% of FEVR cases, with causative 
variants identified in 13 genes and one locus to date. The authors report two novel variants in the NDP 
gene associated with FEVR in three Chinese families. They performed genetic testing in three families 
afflicted with FEVR and found two novel mutations in the NDP gene: one mutation affecting two families, 
and the other mutation affecting the other family. NDP encodes the protein norrin, which is a crucial 
component of signaling pathways involved in retinal vascularization. The identification of these and other 
novel pathologic variants will contribute to prenatal diagnosis and genetic counseling of FEVR. 
 

Sindal MD, Gondhale HP, Srivastav K. Clinical profile and outcomes of rhegmatogenous retinal 
detachment related to trauma in pediatric population.  
Can J Ophthalmol. 2021;56(4):231-236. 
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This is a retrospective observational series of the outcomes of pediatric traumatic rhegmatogenous retinal 
detachments (RRD) from 2010 to 2018. 32 eyes of 32 patients were included. Closed globe injury (CGI) 
occurred in 13 (41%) and open globe injury (OGI) in 19 eyes (59%). The mean age was 9.4 years. The 
median interval between trauma and presentation to the hospital was four days. RD was seen in 50% of 
the eyes at presentation, and the remainder developed over time. 63% had total RDs, and 35% had 
subtotal. The macula was detached in 84%. Retinal tear/hole was seen in 81 % and dialysis in 31%, 
associated choroidal detachment in 22%, and PVR in 19%. Retinal surgery was performed 23.5 days 
after trauma. Scleral buckle (SB) with cryotherapy was performed in 28%. PPV with SB was performed in 
74% and PPV alone in 26%.  All eyes that underwent PPV received silicone oil. Silicone oil removal was 
done in 70% of eyes, and 56% experienced re-detachment at a median of 42.5 days. Reattachment was 
achieved in 69%. At the last follow-up (mean 2.4 years), the rate of reattachment was 75%. However, a 
large percentage had vision-threatening complications (81%). In addition, 37% with OGI had traumatic 
endophthalmitis. Visual outcome in eyes with attached retinas was 1.15 ± 0.7 logMAR and those with 
detached retinas 2.3 ± 0.8 logMAR. The highlight of this study is the high rate of visual-threatening 
complications and complexity of the retinal detachment at presentation (PVR, macula-involving, choroidal 
detachment). Moreover, the rate of re-detachment was high (56%) in eyes with adequate barricade laser. 
 
Guo Y, Liu L, Tang P, Lv Y, Wu M, Liang X, Zhang L, Jonas JB, Wang Y. 
Progression Of Myopic Maculopathy In Chinese Children With High Myopia: A Long-Term Follow-Up 
Study.  
Retina. 2021 Jul 1;41(7):1502-1511.  
The progression of myopia has increased in East Asia in recent years.  The authors of this study 
investigated the prevalence of peripapillary diffuse choroidal atrophy (PDCA) and the degree of myopic 
maculopathy (MM) in children from China. They also sought to explore changes to find factors associated 
with PDCA and MM ovr time.  This was a retrospective observational case series at a single center in 
Beijing china.  They defined high myopia as >-6D.  Ocular examination including biometery and photos 
were done.  274 patients were included in this study.  MM prevalence was 18.9% of eyes and was 
associated with marked myopization and enlargement of the parapillary gamma zone.  The incidence of 
PDCA was 20% and was correlated with myopization and greater gamma zone.   This study showed that 
this increase in retina findings in school age children suggests a high progression rate and may be at risk 
to converting to pathologic myopia in adulthood. This will be important when counselling parents of 
children with myopic progression. 
 
 
What Is Left After Resolution of Neonatal Retinal Hemorrhage: The Longitudinal Long-term Outcome in 
Foveal Structure and Visual Function.  
Sun L, Jiang Z, Li S, Liu J, Su M, Lu Y, Li Z, Ding X.  
American Journal of Ophthalmology. 2021 Jun 1;226:182-90. 
Neonatal retinal hemorrhage is a common finding after child birth with an incidence reported anywhere 
from 2.6-50%, though the long term structural and visual implications of this have not been studied in 
depth. This prospective longitudinal study of 125 healthy infants followed for 4-6 years aimed to assess 
functional and structural outcomes in this population. Compared to children without hemorrhage, those 
with hemorrhage had similar visual acuity and total retinal thickness on last follow up. The authors further 
subdivided those with retinal hemorrhage into those that had hemorrhage in the fovea. On this analysis, 
the authors found that those with a history of foveal hemorrhage had a greater total retinal thickness 
which was mostly attributed to a thicker outer nuclear layer. The authors discuss that they are unsure of 
the mechanism or clinical significant of this finding and state that further research is needed. 
 
 
Evaluation of Retinal Structure in Pediatric Subjects with Vitamin D Deficiency. 
Aydemir E, Ilhan C, Aydemir GA, Bayat AH, Bolu S, Asik A.  
American Journal of Ophthalmology. 2021 Jul 17. 
Vitamin D deficiency is common in developing countries, and the American Academy of Pediatrics 
recommends vitamin D supplementation in the first months of life. The role of vitamin D in eye disease, 
and specifically, retinal development, is unknown. This is a prospective observational study of 150 
children less than 18 years old with and without vitamin D deficiency assessing retinal anatomic 
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structures as measured with OCT. Overall, they found that children with vitamin D deficiency 
demonstrated choroidal thinning compared to age-matched controls. There were no differences in retinal 
nerve fiber layer thickness between groups. The authors propose that given the possible neuroprotective 
effect of vitamin D, its deficiency may lead to problems with retinal development, though acknowledge 
that the choroidal thinning they identified may not be clinically significant. 
 

Clinical characteristics and surgical outcome of pediatric and early adulthood retinal detachment. 
Eibenberger K, Sacu S, Rezar-Dreindl S, Schmidt-Erfurth U, Stifter E, Georgopoulos M. Eur J 
Ophthalmol. 2021;31(3):1367- 

Published May 2021 
This single-center retrospective review sought to evaluate and compare the underlying pathologies, 
demographic, and retinal detachment characteristics in pediatric and early adulthood retinal detachment. 
The authors subdivided RD patients into preschool group (0-6yrs, n=4), pediatric group (7-16yrs, n=19), 
and early adulthood group (17-26, n=13), but statistical analysis was performed only in the pediatric and 
young adulthood groups. The found that RD presented in all forms in the pediatric group, but only as 
rhegmatogenous in the early adulthood group. Pars plana vitrectomy was the main surgical repair technique 
in both groups (52% in peds, 38% in adults). Tamponade was performed with silicone oil in peds (48%) and 
gas in adults (46%, though the other 54% underwent no tamponade). Final attachment rate was similar in 
both groups (peds: 89%, early adulthood group: 100%; p = 0.35). Re-detachment occurred significantly 
sooner in the pediatric group (1.3 ± 0.3 months) than in the early adulthood group (4.3 ± 1.4 months; p = 
0.03). The authors concluded that in pediatric and early adulthood retinal detachment, pars plana vitrectomy 
appeared as a successful surgical intervention, and that re-attachment rate and re-treatment were similar 
in both groups with a better functional outcome observed in cases of retinal detachment in early adulthood 
and poorer results in young children. This relatively small, single-center experience offers interesting 
comparative insight into the surgical repair of RD in different age groups, but is difficult to generalize and 
lacks post-operative follow-up and visual outcomes data.  
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Iodine-125 Plaque Radiotherapy for Retinoblastoma Recurrence Following Intra-arterial Chemotherapy 
Ruben M, Eiger-Moscovich M, Yaghy A, Tadepalli S, Shields CL.  
J Pediatr Ophthalmol Strabismus. 2021;1-8.  
Pre-publication. Posted online December 20, 2022 
The purpose of this study was to assess the efficacy and toxicity of Iodine-125 (I-125) plaque 
radiotherapy for retinoblastoma following intra-arterial chemotherapy (IAC). The authors retrospectively 
reviewed the records of 41 subjects with 41 eyes and retinoblastoma who underwent I-125 plaque 
therapy for a mean radiation dose to tumor aof 3,483 centigray (cGy) delivered at mean rate of 35 cGy/hr. 
The irradiated site was controlled in 39 eyes (95%) at a median of 20 months after plaque radiotherapy 
for solid tumor (31 of 33, 94%), subretinal (6 of 6,100%), and vitreous seeds (2 of 2, 100%). A subgroup 
of tumors occurring within an ischemic retinal/choroidal field was identified on fluorescein angiography (n 
= 24) and demonstrated control in 22 of 24 (92%). Using Kaplan-Meier analysis, radiation complications 
at 2 years included vitreous hemorrhage (37%), retinopathy (28%), papillopathy (18%), and cataract 
(18%). Five eyes (12%) were enucleated for recurrence outside the irradiated area, chronic vitreous 
hemorrhage, and/or total retinal detachment. The authors concluded that Iodine-125 plaque radiotherapy 
provided 95% control for retinoblastoma tumors that failed IAC, including those in ischemic fields 
untreatable with further chemotherapy. This is a great article that provides insight into the long-term 
complications of Rb management that are not easily captured or with nearly the magnitude elsewhere.  
 
Adjuvant use of laser in eyes with macular retinoblastoma treated with primary intravenous 
chemotherapy. 
Stacey AW, Tsukikawa M, Fabian ID, Turner S, Jenkinson H, Smith V, Naeem Z, Morland B, Ainsworth 
JR, Reddy MA, Parulekar M, Sagoo MS. 
Br J Ophthalmol. 2021 Nov;105(11):1599-1603. 
A retrospective review of two retinoblastoma centers in the United Kingdom was conducted. All children 
had a macular tumor in at least one eye and all were treated with six courses of intra-venous 
chemotherapy consisting of vincristine, etoposide, and carboplatin (VEC) via a central line. Eye that 
received chemotherapy alone were compared with eyes that received chemo plus adjuvant laser in order 
to evaluate the effectiveness of adjuvant laser for the treatment of retinoblastoma on outcomes including 
globe salvage, recurrence rate, and visual acuity. A total of 76 patients and 91 eyes were included, 71 
eyes in the chemotherapy alone group and 20 eyes in the chemo + laser group. There were significantly 
more eyes requiring adjuvant cryotherapy in the chemotherapy group (33/71 eyes, 46%) compared with 
the laser group (2/20 eyes, 10%, p=0.004). There was otherwise no difference in the number of adjuvant 
treatments between groups including a similar number of secondary enucleations. There was no 
difference in the number of treatment failures (enucleation of external beam radiation) between groups.  
Macular relapse or recurrence specifically was seen in 22 of 71 eyes in the chemotherapy group (31%) 
and in 9 of 20 eyes in the laser group (45%, p=0.29). The rate of relapse in the vitreous was equal 
between the two groups. Kaplan–Meier survival analysis demonstrated no difference in the time to first 
relapse between the chemotherapy and laser group (p=0.7). The proportion of eyes with final ‘Good’ 
vision (Snellen equivalent of 6/15 or better) was similar between groups: 14 of 45 (31.1%) of eyes in the 
chemotherapy group and 6 of 20 (30%) of eyes in the laser group (p=0.76). There was no statis-tical 
difference between the final visual acuity of the chemotherapy and laser group when analyzed based on 
presence of foveal tumor involvement (p=0.99). Limitations include diversity in treatment regimens as 
patients were managed by multiple different specialists, diversity in laser techniques. Also, these study 
patients presented between 1999 and 2009 in order to obtain long-term visual outcomes, but this was 
prior to the widespread use of intra-arterial chemotherapy which may alter the globe salvage rates 
compared to today. Still, this study suggests that adjuvant laser does not lead to increased rate of 
vitreous recurrence or worse visual outcome so long as foveal-sparing technique is used. 
 
 
Travel burden and clinical presentation of retinoblastoma: analysis of 1024 patients from 43 African 
countries and 518 patients from 40 European countries.  
Fabian ID, Stacey AW, Foster A, Kivelä TT, Munier FL, Keren-Froim N, et al. 
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Br J Ophthalmol. 2021 Oct;105(10):1435-1443. 
This study aimed to investigate the travel burden and its impact on clinical presentation in a large sample 
of patients with retinoblastoma from Africa and Europe. The data were collected through a 1-year cross-
sectional analysis of treatment-naïve patients with retinoblastoma who presented to retinoblastoma 
referral centers across the world in 2017. The analytic sample included 1542 newly diagnosed patients 
with retinoblastoma: 518 (33.6%) resided in 40 European countries and 1024 (66.4%) in 43 African 
countries. Travel distance data were available for about 80% of patients in both cohorts. African patients 
were older (95% CI−12.4 to−5.4,p<0.001), had fewer cases of familial retinoblastoma (95% CI 2.0 to 
5.3,p<0.001) and presented with more advanced disease (95% CI 6.0 to 9.8,p<0.001). 43.4% and 15.4% 
of Africans had extraocular retinoblastoma and distant metastasis at the time of diagnosis, respectively, 
compared to2.9% and 1.0% of the Europeans. To reach a retinoblastoma center, European patients 
actually travelled further:  421.8 km compared to 185.7 km for Africans (p<0.001). On regression analysis, 
lower national income level, African residence and older age (p<0.001) were risk factors for advanced 
disease. However, travel distance was not (p=0.19). Limitations include the fact that only geographic 
distance was used as the metric for “travel,” although we know that many other factors play a role in this, 
including costs, time off work, modes of transportation, etc. Also, not every RB center in Africa and 
Europe chose to participate in the study despite many attempts at inclusion. These results suggest that 
the delayed diagnosis and late presentation to RB centers by African patients is related to factors other 
than geographic distance to RB centers and more research into these barriers is needed to improve 
outcomes for RB patients in Africa.  
 
 
Evaluation of intravitreal topotecan dose levels, toxicity and efficacy for retinoblastoma vitreous seeds: a 
preclinical and clinical study. 
Bogan CM, Kaczmarek JV, Pierce JM, Chen SC, Boyd KL, Calcutt MW, et al. 
Br J Ophthalmol. 2022 Feb;106(2):288-296. doi: 10.1136/bjophthalmol-2020-318529. 
The authors have developed a rabbit xenograft model of RB with vitreous seeds and retinal tumors in 
order to study the toxicity of various IAC drugs. They also have a complete platform to assess functional 
and structural retinal toxicity associated with local delivery of various chemotherapeutic agents. They use 
this rabbit model and toxicity evaluation platform to determine the dose of intravitreal topotecan which is 
effective and non-toxic when delivered as monotherapy, and then corroborate this evidence of non-
toxicity with clinical experience treating RB patients with vitreous seeds with intravitreal topotecan. The 
patient portion of the study was a retrospective cohort of 235 patients receiving 990 intravitreal injections 
of topotecan or melphalan. Intravitreal topotecan 30μg (equals 60μg in humans) achieved the IC90 
(inhibitory concentration, or how much of a drug is needed to inhibit a given biological process by 90%) 
across the rabbit vitreous. Three weekly topotecan injections (either 15μg or 30μg) caused no retinal 
toxicity in rabbits, whereas melphalan 12.5μg (equals 25μg in humans) reduced ERG amplitudes 42%–
79%.  In the clinical study, patients received 881 monotherapy injections (48 topotecan, 833 melphalan). 
Patients receiving 20μg or 30μg topotecan demonstrated no significant ERG reductions, whereas 
melphalan caused ERG reductions of 7.6 μV for every injection of 25μg (p=0.03) or 30μg (p<0.001). It’s 
important to note that most patients treated with intravitreal topotecan in the clinical setting also received 
intravitreal melphalan at some point during their treatment course. Among those eyes treated exclusively 
with topotecan monotherapy, all eyes were salvaged. These early experiments suggest that topotecan 
monotherapy is effective and non-toxic and are paving the way for future clinical trials. 
 
Eye-Preserving Therapies for Advanced Retinoblastoma: A Multicenter Cohort of 1678 Patients in China 
Chuandi Zhou, Xuyang Wen, Yi Ding, MD, Jingwen Ding, Mei Jin, Zhenyin Liu, Sha Wang, Minglei Han, 
MD, Hongfeng Yuan, Yishuang Xiao, Li Wu, Jiancang Wang, Yangjun Li, Jiawei Yu, Yuechun Wen, MD, 
Juan Ye, Rong Liu, Zhijun Chen, Shangcai Xue, Wei Lu, Hongfei Liao, Jizhe Cui, Dan Zhu, Fang Lu, 
Song Tang, Yu Wu, Tseden Yangkyi, Guanghong Zhang, Miershalijiang Wubuli, Huiyu Guo, Xian Wang, 
Yanjin He, Xunlun Sheng, Qing Wang, Yingxiu Luo, Jiayan Fan, Jinlei Qi, Zhangsheng Yu, Jia Tan, 
Jianhong Liang, Xiantao Sun, Liwen Jin, Xinji Yang, Jing Zhang, Xunda Ji, Junyang Zhao, Renbing Jia, 
Xianqun Fan 
Ophthalmology; 2022 Feb;129(2):209-19 
This multi-center retrospective study in China compared the 3-4 year survival rate in children with 
unilateral and bilateral advanced (group D and E) retinoblastoma who initially had eye-preserving therapy 
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versus enucleation. Because of the multiple centers involved, many different treatment modalities were 
used for eye-preserving therapy, with no standard protocols followed. Out of 1,678 patients, 196 (12%) 
died during the study period. Eye salvage was attempted in 61% of group D cases and 36% of group E 
cases. About 46% of the initial eye preservation group underwent secondary enucleation at a median 
time of 5.6 months. For the unilateral retinoblastoma cases, the mortality rate was virtually identical 
between groups, with 9.8% mortality in the enucleation group versus 9.3% in the eye-preservation group. 
For the bilateral retinoblastoma group, the mortality rate was 15% in the enucleation group and 85% in 
the eye-preservation group, with most of the mortality in the group E patients. More than 50% of the 
preserved eyes had vision of no light perception. The authors avoided concluding that enucleation was 
the best choice to prevent mortality in bilateral advanced cases of retinoblastoma, but the data clearly 
supports that conclusion, especially with the poor visual prognosis after salvage therapy and the high 
percentage of eyes that subsequently were enucleated. 
 
Soliman SE, Bansal A, De Nicola ML, et al. Applications of iodine-125 plaque radiotherapy for residual or 
recurrent retinoblastoma. Can J Ophthalmol. 2021;56(5):317-324. 
This is a single-institute retrospective, noncomparative, interventional case series of patients with 
retinoblastoma who had iodine-125 plaque radiotherapy at the hospital for sick children in Canada 
between 2014 and 2019. The authors included children who received IPR to treat localized residual or 
recurrence after primary focal therapy and systemic or regional chemotherapy. A residual tumor was 
defined as an active tumor that showed partial regression after first-line treatment. Recurrence was 
defined as tumor regrowth after a period of no growth of >6 months. At their institution, systemic 
chemotherapy was preferred before 2016. After 2016, the treatment choice is dependent on laterality and 
visual potential (IAC vs. systemic chemo). The primary outcome includes tumor control without local 
recurrence and glove salvage. The median time from initial presentation to IPR was six months. IPR was 
elected to treat 14 tumors in 13 eyes of 12 children. Before IPR, six eyes had systemic chemotherapy 
with focal consolidation. Three eyes had systemic chemo followed by IAC, and two eyes had IAC with 
focal consolidation. Two eyes had focal laser. After IPR, initial tumor regression was achieved in all 
tumors. Eyes with fish-flesh regression received additional laser consolidation. Recurrence after IPR was 
observed in 2 tumors that showed fish-flesh regression. The authors concluded that IPR is an effective 
treatment modality for recurrences or residual tumors after chemoreduction. Fish-flesh regression, failure 
of IAC, systemic chemoreduction, and time to plaque brachytherapy > 12 months tended to have higher 
recurrence rates. 
 

Incidence of retinoblastoma has increased: results from 40 European countries. 
Stacey AW, Bowman R, Foster A, Cassoux N, Fabian ID, et. al for the Global Retinoblastoma Study 
Group.  
Ophthalmology 2021;128(9):1369-1371. 
The aim of this retrospective study was to estimate the incidence of retinoblastoma across European 
countries within a 1-year time frame (Jan. 2017-Dec. 2017). Two methods were used to estimate the 
incidence rate of retinoblastoma: the live birth method and the age cohort method. The incidence rates 
calculated in this study—1 in 13 844 live births or 14.1 and 4.6 per 1 million children younger than 5 and 
15 years, respectively—are higher than those reported previously. This study supports the conclusion that 
the incidence of retinoblastoma has increased in recent decades even more widely in Europe because of 
an increasing number of familial patients. Improvements in treatments in higher-income countries are 
leading to less visual impairment, better eye preservation, and better survival. This has led to a reduction 
in the coefficient of selection, increased fitness, and an increased percentage of familial retinoblastoma in 
high-income countries. As the percentage of familial cases increases, the overall incidence of 
retinoblastoma should increase. The results of this study document this increase throughout Europe. 
Limitations of this study include its method of data collection and its short duration. The authors conclude 
that current data from European countries demonstrate a higher estimate of the incidence of 
retinoblastoma than what has been reported for previous periods. The incidence of retinoblastoma likely 
has increased because of improved survival, reproductive capabilities, and confidence of survivors of 
heritable retinoblastoma. The authors state that to the best of their knowledge, the increased frequency of 
carriers of germline RB1 pathogenic variants in Europe illustrates for the first time the selection relaxation 
effect of therapeutic intervention for a lethal disorder after only a few generations. 
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Global retinoblastoma treatment outcomes. 
Tomar AS, Finger PT, Gallie B, Kivela TT, Mallipatna A, Zhang C, Zhao J, et al. for the American Joint 
Committee on Cancer Ophthalmic Oncology Task Force.  
Ophthalmology 2021;128(5):740-753. 
The goal of this international, multicenter, registry-based retrospective case series was to compare 
metastasis-related mortality, local treatment failure, and globe salvage after retinoblastoma in countries 
with different national income levels. 2190 patients from 18 ophthalmic oncology centers and 13 countries 
on 6 continents were included.  
Multicenter registry-based data were pooled from retinoblastoma patients enrolled between January 
2001- December 2013. Adequate data to allow American Joint Committee on Cancer staging, eighth 
edition, and analysis for the main outcome measures were available for 2085 patients. Each country was 
classified by national income level, as defined by the 2017 United Nations World Population Prospects, 
and included high-income countries (HICs), upper middle-income countries (UMICs), and lower middle-
income countries (LMICs). Patient survival was estimated with the Kaplan-Meier method. Logistic and 
Cox proportional hazards regression models were used to determine associations between national 
income and treatment outcomes. Main outcome measures were metastasis-related mortality and local 
treatment failure (defined as use of secondary enucleation or external beam radiation therapy). Results: 
Most (60%) study patients resided in UMICs and LMICs. The global median age at diagnosis was 17.0 
months and higher in UMICs (20.0 months) and LMICs (20.0 months) than HICs (14.0 months; P < 
0.001). Patients in UMICs and LMICs reported higher rates of disease-specific metastasis-related 
mortality and local treatment failure. As compared with HICs, metastasis-related mortality was 10.3-fold 
higher for UMICs and 9.3-fold higher for LMICs, and the risk for local treatment failure was 2.2-fold and 
1.6-fold higher, respectively (all P < 0.001). This international, multicenter, registry-based analysis of 
retinoblastoma management revealed that lower national income levels were associated with significantly 
higher rates of metastasis-related mortality, local treatment failure, and lower globe salvage. 
 
 
Risk factors for acute choroidal ischemia after intra-arterial melphalan for retinoblastoma.  
Stathopoulous C, Bartolini B, Marie G, Beck-Popovic M, Saliou G, Munier FL. 
Ophthalmology 2021;128(5):754-764. 
This retrospective cohort study was performed to identify risk factors for acute choroidal ischemia (ACI) 
after intra-arterial chemotherapy (IAC) for retinoblastoma. Two hundred twenty patients (248 eyes) were 
treated with IAC in Lausanne between November 2008- September 2019 (665 procedures). All patients 
were evaluated on a monthly basis with fundus photography and fluorescein angiography before and after 
each IAC injection. Acute choroidal ischemia, defined as any new choroidal ischemia clinically diagnosed 
within 35 days after an IAC injection, were noted. Eyes with choroidal complications diagnosed later than 
35 days after the last IAC injection (n = 7) or those for which the status of the choroid was not assessable 
(n = 35) were excluded. Specific procedure parameters and treatment regimens were compared between 
the group of eyes with and without ACI. The main outcome measures were procedure-related risk factors 
for ACI after IAC injection and visual acuity assessment in the group of eyes with ACI. Results: Acute 
choroidal ischemia developed in 35 of 206 included eyes after a mean of 2 injections. No differences 
were found between the two study groups regarding age at first IAC injection, disease grouping at 
diagnosis, previously administered treatments, number of IAC injections, drug dose, mean injection time, 
injection method (pulsatile vs. continuous), or concomitant intravitreal melphalan use. Treatment regimen 
(melphalan vs. combined melphalan plus topotecan; P < 0.05), catheterization route (internal carotid 
artery vs. external carotid or posterior communicating artery; P < 0.001), and catheterization type 
(occlusive into the ophthalmic artery [OA] vs. nonocclusive; P < 0.001) were included in multivariate 
analysis, and occlusive catheterization was identified as an independent risk factor for ACI (P < 0.001). In 
the subgroup undergoing an occlusive procedure, placement of the catheter tip into the OA distal third 
versus medial and proximal thirds (P = 0.04) and a mean catheter diameter-to-OA lumen ratio of 0.6 or 
more (P < 0.001) were correlated significantly with ACI. Complete vision loss was noted in 27% of the 
eyes with ACI that were old enough for visual assessment (n = 9/33), whereas 33% maintained a useful 
vision ranging between 0.1 and 0.8 (n = 11/33). The authors conclude that catheterization of the OA 
should be attempted from an ostial position or an external carotid approach to minimize the risk of 
potentially vision-threatening choroidal complications. 



Retinoblastoma / Intraocular tumors  165 

    

 
 
Is intravitreal topotecan toxic to retinal function? 
Jennifer Nadelmann, Jasmine H Francis, Scott E Brodie, Engjel Muca, David H Abramson 
Br J Ophthalmol. 2021 Jul;105(7):1016-1018. 
Melphalan, the most commonly used drug for intravitreal retinoblastoma, is known to cause retinal toxicity 
as measured by ERGs and a clinical grading system, so these authors designed this retrospective study 
to investigate the potential toxic effects of topotecan intravitreal injection on the retina in patients 
undergoing treatment for retinoblastoma. Ocular toxicity was defined by 
a decrease in the ERG response at 30 Hz at follow-up. Final analysis included 50 topotecan injections 
administered to 28 eyes with retinoblastoma treated at the authors’ institution were evaluated with flicker 
ERG recordings at 30 Hz under anesthesia immediately prior to each topotecan injection and at the next 
visit (approximately 1 month followup) prior to any additional injections. Patients were included who 
received intravitreal topotecan alone and those who received concurrent injections of intravitreal 
melphalan. 44% of those injections  were performed with concurrent intravitreal melphalan. Intravitreal 
topotecan combined with melphalan (n=22) at a dose of 25 μg or 30 μg was associated with a significant 
decrease in ERG amplitude at follow-up. Among eyes that only received topotecan (n=28) at doses of 20 
μg or 30 μg, there was not a significant difference in ERG amplitude at follow-up. Of note, 7 topotecan 
injections (14%) were given within 7± 3 days of the administration of intra-arterial chemotherapy, and the 
vast majority (90%) of injection were administered with concomitant focal treatment such as laser and/or 
cryotherapy. No further discussion was had on regarding any potential effects of these additional 
therapies on retinal toxicity/function. The authors conclude that intravitreal topotecan injections alone are 
not associated with retinal toxicity as measured by decrements in ERG in retinoblastoma patients. More 
knowledge is needed on the overall efficacy in disease control with topotecan alone in treating this 
malignancy.  
 

Developmental Delay and School Performance Among Retinoblastoma Survivors: Development/school 
morbidity among retinoblastoma survivors.  
Reynolds M, Lueder G, Gordon M, Hayashi RJ.  
American Journal of Ophthalmology. 2021 May 7. 
Children with retinoblastoma are at risk for long-term health complications both due to the disease itself 
as well as the treatments used in its management. This retrospective study of 73 children with 
retinoblastoma aimed to assess their academic performance over a median of 6.4 years. Their main 
outcome was self-reported school difficulties and this was correlated with final visual acuity, disease 
laterality, and therapeutic strategies used to treat their retinoblastoma. Overall, 23% reported school 
difficulties and around 14% had an individualized educational program. Multivariate analysis showed that 
a history of chemotherapy with associated with higher rates of school difficulties. This study sheds light 
not only on the visual and developmental effects of retinoblastoma, but also on the effects of therapies 
used to treat retinoblastoma. This argues for early assessment and identification of cognitive and 
educational barriers in this population. 
 
The Final Diagnosis: Retinoblastoma or Pseudoretinoblastoma.  
Mirzayev I, Gündüz AK, Biçer Ö, Tarlan B.  
J Pediatr Ophthalmol Strabismus. 2021;58(3):161-167.  
Published May 1, 2021 
Differentiating between retinoblastoma and its mimics is critical to improving patient survival and avoiding 
unnecessary anti-cancer therapy. This Turkish single-center retrospective review of 549 patients (749 eyes) 
sought to review the rate of pseudoretinoblastoma among referrals for retinoblastoma. The authors reported 
that 156 (28.4%) of referrals were found to have pseudoretinoblastoma, and 393 (71.6%) patients were 
found to have retinoblastoma. Mean patient age at presentation was 52.1 months, (range 1 to 276 months.) 
The most common diagnoses among patients with pseudoretinoblastoma <1 year were persistent fetal 
vasculature (PFV) (n = 19; 28.8%), Coats disease (n = 7; 10.6%), chorioretinal coloboma (n = 4; 6.1%), 
retinal dysplasia (n = 4; 6.1%), and retinal detachment (n = 4; 6.1%). In patients with pseudoretinoblastoma 
who were 1 to 5 years old, the most common diagnoses were Coats disease (n = 10; 25.6%), PFV (n = 7; 
17.9%), and optic disc hypoplasia (n = 3; 7.7%). Patients >5 years were most likely to have Coats disease 



Retinoblastoma / Intraocular tumors  166 

     

(n = 8; 15.7%), optic disc drusen (n = 5; 9.8%), retinopathy of prematurity (n = 4; 7.8%), and combined 
hamartoma (n = 4; 7.8%). These findings were consistent with prior reports, which put the rate at 16 to 
53%, and closest to the largest US-based study by Shields et al, which found a rate of 22%. This review 
adds further support to the importance of establishing robust referral patterns with broad coverage to 
capture true retinoblastoma early.  
 
Retinocytoma/retinoma: comparative analysis of clinical features in 78 tumors and rate of transformation 
into retinoblastoma over 20 years. 
Shields CL, Srinivasan A, Lucio-Alvarez JA, Shields JA. 
J AAPOS. 2021 Jun;25(3):147 
The authors used a retrospective review to describe clinical features and long term outcomes in patients 
with retinocytoma/retinoma over a 20 year period. Retinocytoma and retinoma are benign inactive tumors 
that resemble regressed or arrested retinoblastoma. They may resemble a spectrum of benign retinal 
tumor with low risk for transformation to retinoblastoma. The only factor identified associated with 
progression to retinoblastoma was increasing thickness of the tumor. The need for lifelong surveillance of 
this group of patients was evidenced by a time interval to transformation of 9.8 years ranging from 1.6 
years to 23.6 years. The authors suggest initial monthly then every 2 month examinations extending to 
every 6 months for life. This study is important in highlighting the need for lifelong surveillance in patients 
with retinocytoma/retinoma because of possible malignant transformation. 
 
 
Intra-arterial chemotherapy for retinoblastoma in 341 consecutive eyes (1,292 infusions): comparative 
analysis of outcomes based on patient age, race, and sex. 
Shields CL, Dockery PW, Yaghy A, Duffner ER, Levin HJ, Taylor OS, Sajjadi Z, Lally SE, Shields JA, 
Rosenwasser R, Tjoumakaris S, Jabbour P. 
J AAPOS. 2021 Jun;25(3):150. 
Intra-arterial chemotherapy (IAC) is used to target chemotherapy to the eye for treatment of intraocular 
retinoblastoma as primary or secondary modality. Multiple studies demonstrate positive outcomes when 
IAC is performed at experienced centers. The authors used retrospective review of 313 patients (341 
eyes) to evaluate tumor control and globe salvage after treatment with IAC for retinoblastoma. The 
authors found 5 -year globe salvage rate of 74%-76% for primary therapy and 71% salvage for secondary 
therapy. This study agreed with earlier studies that IAC is most successful with retinoblastoma classified 
at group B or C with 100% globe salvage at 5 years compared to D (86%) and E (55%). Overall 
complication rate in this study was 1%. The authors describe their experience of decreasing 
complications with increased experience with this technique. Limitations of the study were: that some 
children had multiple therapies, only patients with continued follow up were included and only 5 year 
follow up was included. The authors suggest that all children with retinoblastoma should be evaluated for 
possible IAC at an experienced center.  
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Literature Review to create Evidence Based Care Pathway for Isolated Adult Orbital Blowout Fractures. 
Jessica Wood BSc (Hons)a and Joanne Adeoye BSc, Department of Orthoptics, Stepping Hill Hospital, 
Poplar Grove, Stockport; Department of Orthoptics, University of Liverpool, Liverpool.  
Strabismus 2021, VOL. 29, NO. 2, 120–124 
This is a retrospective review that aims to develop an evidence-based pathway for isolated adult orbital 
blowout fractures, especially since recent literature has shown that observation longer than 2 weeks in 
patient without “red-flags” has similar outcome to those that have earlier surgery. Red flags include 
enophthalmos>3mm, EOM entrapment, > 50% od orbital floor fracture or >1/3 of medial wall fracture.  A 
literature search was carried out using Scopus, PubMed and Web of Knowledge using search terms. 
Pediatric trauma cases were excluded as well as complex facial and systemic injury was also excluded.  
The literature favors the use of HAR% ratio, Field of Binocular Single Vision (FOBSV) and 
Exophthalmometer as the core tests that should form part of the standardized assessment for blow-out 
fractures (BOFs). CT imaging remains gold standard, particularly to identify ‘red-flags’ warranting early 
intervention. Based on these above parameters, they suggest a care pathway which essentially states 
that 1) If enophthalmos is clinically >3mm, or CT scan with EOM entrapment, >1/3 of medial wall or 50% 
loss of orbital floor, then early surgery within 2 weeks is recommended. If these above features are not 
present, then a four-week observational period has been advocated due to evidence suggesting that 
there is no significant difference in outcomes from two-week observation, plus with careful functional 
evaluation, surgery may be avoided in some cases. Additional information that will help with the care plan 
is the frequency of the evaluation that needs to be carried out in the 4 week observation period. It would 
be helpful to have an age and mention of other pre or co-existing medical conditions of their participants. 
While the literature search excluded pediatric cases, no clear age cut-off was indicated. This would help 
us better understand the ages that this care pathway may be used for.  
 
 
Frequency and clinical course of residual orbital masses after treatment of orbital rhabdomyosarcoma.  
Sobel RK, Ford JR, Dong W, Shriver E, Griepentrog GJ, Debnam JM, Esmaeli B.  
American journal of ophthalmology. 2021 Jul 17. 
Orbital rhabdomyosarcoma is an orbital tumor which is typically treated with debulking surgery and 
subsequent chemotherapy and radiation. Often, there is a residual mass after this adjuvant treatment. 
This retrospective study of 32 patients (30 of which were less than 18 years old) aimed to assess the 
frequency and clinical course of residual orbital masses following treatment for orbital 
rhabdomyosarcoma. In this group, the majority of patients had embryonal subtype and the next most 
common was alveolar. One third of patients (9) had a residual orbital mass on imaging after 
chemotherapy and radiation. Of this group, one third underwent re-excision due to concern about 
recurrence and in each of these, histology of the residual mass demonstrated scar or inactive tumor. 
They also note that patients who demonstrated a complete response 12 weeks after chemotherapy were 
more likely to have a complete response at the end of 12 weeks. The authors conclude that residual 
orbital masses are not uncommon and that generally, they do not represent active disease progression. 
 
Balloon catheter dilation as the primary treatment of congenital nasolacrimal duct obstruction. 
Gazit I, Pras E, Or L, Hartstein ME.  
Eur J Ophthalmol. 2021;31(2):334-339. 
Published March, 2021 
This single-center retrospective study of 148 children (270 eyes) aged 9-159 months (mean 29.6 ± 17.7 
months) with no prior nasolacrimal surgical procedure reported the outcomes of balloon catheter dilation 
as the primary treatment of CNLDO. The authors reported treatment success in 234/270 eyes (87%), 
defined as complete resolution of NLDO symptoms at follow-up visits at 1 week and up to 6 months after 
surgery. Another 9/270 eyes (3%) had partial success, defined as occasional tearing which was acceptable 
to parents. The remaining 27/270 eyes (10%) underwent a second procedure due to complete failure. 
Stratified by age, success rates were 85% (<18months), 93% (18-36months), and 77% (>36months), and 
partial success rates were 3%, 3%, and 4%, respectively. These differences were statistically significant. 
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The authors concluded that balloon catheter dilation was successful as a primary treatment for congenital 
nasolacrimal duct obstruction, particularly under the age of 36 months. This was a large cohort study with 
findings that have important implications on the standard of care and practice patterns in CNLDO, but it is 
lacking context (e.g. comparative data against other procedures like silicone intubation.) 
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21. OCULOPLASTICS 

 
Teprotumumab reduces extraocular muscle and orbital fat volume in thyroid eye disease 
Jain AP, Gellada N, Ugradar S, Kumar A, Kahaly G, Douglas R. 
Br J Ophthalmol. 2022 Feb;106(2):165-171. 
This is a retrospective review of 6 patients enrolled in the phase III teprotumumab clinical trial (OPTIC, 
NCT03298867) with active TED who received 24 weeks of teprotumumab and had pre- and post-
treatment orbital imaging (CT or MRI). Twelve non-TED patients (24 orbits) were analyzed as a 
comparative control group. Three-dimensional volumetric analyses of four orbital rectus muscles, orbital 
fat and the orbital cavity were performed using the previously validated 3D image analysis software.  The 
hypothesis was that inhibition of the IGF-1R pathway with teprotumumab results in decreased orbital soft 
tissue volumes of EOM and orbital fat, correlating with the clinical findings of a reduction in the CAS, 
diplopia and proptosis. A single orbit was designated as the study orbit, which was based on the more 
severely affected orbit, in accordance with previous clinical trial protocols. The study orbit demonstrated a 
36% mean decrease in total EOM volume (range 17%–45%) over the 24 week period (p<0.01). The 
inferior rectus demonstrated the greatest reduction in muscle size in 4/6 patients with a 48% mean 
reduction in muscle volume (range 29%–68%; study orbit). The mean fat volume (FV) in the study orbit 
prior to therapy was 12,391 mm3. Post-therapy, there was a reduction of 4387 mm3 to a mean of 8004 
mm3 (p<0.03), resulting in a 30% average FV reduction in the study orbit (range−12% to 44%). There 
was a mean proptosis reduction as measured by Hertel exophthalmometry of 5 mm (range 3–7 mm) in 
the study eye. At baseline, 8/12 orbits had a CAS of 5 or 6. At the end of the clinical trial (week 24), the 
CAS reduced to 0 or 1 in all 6 patients. The difference between the total EOM volume in post-therapy 
patients and non-TED controls was not significant (p=0.09), demonstrating that post-treatment EOM 
volume returned to normal volumes. However, there was a statistically significant difference between 
post-therapy patients and controls regarding orbital FV measurements (p<0.05), indicating that post-
treatment orbital FV was reduced, but did not return to a normal when compared to controls. This study is 
limited in Its small number of participants and retrospective nature, but it helps demonstrate the soft 
tissue changes resulting from teprotumumab therapy and the associated clinical benefits. 
 
Trends in congenital nasolacrimal duct obstruction surgical procedures in the United States from 2003 to 
2016. 
Muminovic I, Ryu WY, Lambert SR. 
J AAPOS. 2021 Dec;25(6):354-356.  
The authors conducted a population-based retrospective cohort study using the Optum claims dataset to 
investigate trends in nasolacrimal duct probing in the United States. A total of 156,044 patients less than 
4 years old were identified with a diagnosis of congenital nasolacrimal duct obstruction (NLDO) and  
16,538 (9.43%) underwent a surgical procedure. Half of the patients underwent facility based probing 
alone. Office based probing was performed for 20.4% of patients. Facility based probing with stent 
placement was performed for 20.8% of patients and facility based probing with balloon catheter was 
performed in 5.37% of patients. There was an overall downward trend for NLDO procedures for the study 
period. There are several factors that may have contributed to this trend. The PEDIG study, NLD3, in 
2013 showed that 66% of patients in the delayed facility probing arm of the study had spontaneous 
resolution and a report from the American Academy of Ophthalmology recommended delaying probing 
until children are 12-18 months of age. The success rate of office based probings was 77% in agreement 
with published series. The success rate of facility based probings was 81%. These results are similar to 
the PEDIG results. Limitations include laterality not being a discrete element in the database for surgical 
procedure which may have confounded results for repeat procedures. Children who transferred to a 
different insurance company for repeat procedure would be excluded from analysis affecting success 
rates. Databases do not include symptoms making resolution of symptoms impossible to be used as a 
measure of success. The laterality and inability to use symptom improvement are inherent problems in 
using database methods for investigation. It challenges us to develop new hybrid and innovative 
methods. 
 
Photographic assessment of eyelid position using a simple measurement tool paired with cell phone 
photography in a pediatric population. 
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 S. Grace Prakalapakorn, MD, MPH, Marguerite C. Weinert, MD, and Sandra S. Stinnett, DrPH 
JAAPOS 2021;25:289.e1-6 
The gold standard method of obtaining eyelid measurements can be challenging in children given their 
limited cooperation and attention. This is a proof-of-concept paper to evaluate the ability to assess eyelid 
measurements and reproducibility using a simple measurement tool paired with cell phone photography. 
Seventy participants were prospectively enrolled. Clinical examination with measurement of IPFD, MRD1, 
and LF was performed. Photos were then taken with patients wearing the measurement tool (spectacle 
frames with laminated millimeter rulers attached) in primary gaze, downgaze, and upgaze. The photos 
were then evaluated by two graders, and IPFD, MRD1, and LF were determined. The results from clinical 
exam and photos were compared. Intraobserver repeatability of clinical examination was excellent, 
repeatability of photographic technique was fair/good, and interobserver photographic assessment 
repeatability was excellent. This paper presents a simple tool that can be very useful is obtaining eyelid 
measurements and photo documentation in children at the same time. They emphasize that the photos 
can accurately be taken and interpreted by a non-ophthalmologist so this could be done by trained 
imagers. It could even possibly be automated with future technologic advancements. 
 
Assessment of Lacrijet monocanalicular intubation for congenital nasolacrimal duct obstruction 
Hamed Azzam S, Hartstein M, Dolmetsch A, Mukari A 
European Journal of Ophthalmology. February 2022.  
This study seeks to assess the success rate and complications of Lacrijet monocanalicular stent insertion 
in children with congenital nasolacrimal duct obstruction. The Lacrijet is a pushed monocanalicular stent 
which does not require retrieval from the nose. The authors compared pre- and post-operative tear 
meniscus height, fluorescein dye disappearance tests, and parent symptom questionnaires to assess the 
efficacy of Lacrijet stent placement in all children who underwent the procedure at a single institution from 
June 2019 to August 2020. They excluded any children with prior history of stent placement, Down 
syndrome, or complex nasolacrimal duct obstruction. The study included 20 eyes of 6 children with a 
mean age of 26 months. 17 eyes had undergone previous probing without stent placement. All stents 
were removed in clinic 11-16 weeks after insertion, with no cases of tube loss. Lacrijet stent insertion 
resulted in significant improvement in tear meniscus height, dye disappearance test, and parental 
symptom questionnaires in all children. No complications were observed, though one child required 
repeat stent placement to achieve success. The study was limited by its small sample size, lack of 
randomization, and lack of masking/blinding of patients/examiners; however, it does support the need for 
further research into this new device which shows promise for faster and easier nasolacrimal duct 
intubation. 
 
Wilde C, Vahdani K, Thaung C, Rose GE. Congenital Conjunctival Cysts of the Orbit.  
Ophthalmic Plast Reconstr Surg. 2021 Nov 8. Epub ahead of print. PMID: 34750318. 
Conjunctival cysts are rare and arise on the conjunctival epithelium.  The authors in this study describe 
the clinical presentation, anatomical location, and histological features of patients with congenital 
conjunctival cysts.  This is a case series of 12 patients with congenital conjunctival cysts. The most 
common symptoms were a palpable peribulbar lump and ptosis. All cysts were located in the anterior half 
of the orbit.  Uncomplicated surgical excision was performed in all patients. All cysts were conjunctival 
epithelium with goblet cells and mild chronic intramural inflammation. This study shows that these are rare 
and easily managed. 
 
 
Prat D, Magoon K, Revere KE, Katowitz JA, Katowitz WR. Management of Pediatric Acute Dacryocystitis.  
Ophthalmic Plast Reconstr Surg. 2021 Sep-Oct 01;37(5):482-487. PMID: 33782322. 
Dacryocystitis is inflammation of the lacrimal sac related to NLDO. Complications include orbital cellulitis, 
necrotizing fasciitis, superior ophthalmic vein thrombosis, meningitis, vision loss, and rarely death. The 
purpose of this study is to describe the clinical features, treatment, and outcomes in a large cohort of 
pediatric patients with acute dacryocystitis (PAD) in a retrospective case series at CHOP over a 12 year 
period. The study included 169 patients after exclusions. 61% of patients were female. 97% of patients 
were treated with systemic antibiotics.  69% were admitted with a duration of 1-9 days with 2 days of IV 
antibiotics.  Surgical intervention was performed in 60% off patients, most within 1 week of diagnosis. The 
most common procedure was endonasal microdebridement (35%) with concomitant probing and stent 
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intubation (29%). 40 % of the patients did not require surgical intervention, this is perhaps due to being an 
older age. The authors discuss younger children may require systemic antibiotics and surgical 
intervention and their preferred choice was endomasal microdebridement with probing under anesthesia.   
 
Bothra N, Ali MJ. Congenital Nasolacrimal Duct Obstruction Update Study (CUP Study): Paper 4-Infantile 
Acute Dacryocystitis (InAD)-Presentation, Management, and Outcomes. Ophthalmic Plast Reconstr Surg. 
2021 Oct 13Epub ahead of print. PMID: 34652315. 
Acute dacyrocystitis is an infection of the lacrirmal sac.  The presentation  of AD in the pediatric 
population is much different than the adult population with it being more rapid and progressive.  This 
study describes infantile dacryoadenitis (InAD) as a subset of patients and describe the authors’ 
experience in treating In AD, management, outcomes, and complications. This is a retrospective review. 
27 patients were included in this study.  74% of patients developed preseptal cellulitis.  Endoscoopy 
guided probing was performed in 21 patients.  90% of these infants had no epiphora.  The other 2 cases 
required a DCR. The study adds to the growing literature of endoscopy guided probing as a preferred  
management of these patients. 
 

 
Office- or Facility-Based Probing for Congenital Nasolacrimal Duct Obstruction: A Report by the American 
Academy of Ophthalmology  
David G. Morrison, Gil Binenbaum, Melinda Y. Chang, Gena Heidary, Rupal H. Trivedi, MD, Jennifer A. 
Galvin, Stacy L. Pineles 
Ophthalmology; 2021 June;128(6):920-7 
This study was a literature review to compare the safety and efficacy of in-office versus facility-based NLD 
probing. A total of 21 articles were deemed of sufficient quality for analysis. The most striking finding was 
level 1 evidence for 2/3s of NLD obstructions spontaneously resolving between 6 months and one year of 
age. The other strong finding was that bilateral in-office probing was much less effective (67%) than 
unilateral in-office probing (82%), suggesting that facility-based probing might be indicated for bilateral 
cases. When analyzing the costs of each approach, despite a higher per procedure cost, facility-based 
probing at an older age was more cost effective when factoring in the high percentage of spontaneous 
improvement over time, negating the need for any procedure. Neither approach was associated with any 
serious adverse effect, either from the procedure or from anesthesia. The evidence provides some 
support for the authors’ conclusion that deferring the procedure until the child is 12 to 18 months of age 
and performing the procedure in a facility under anesthesia is likely more effective and more cost 
effective. 
 
 
Quantitative analysis of extraocular muscle volume and exophthalmos reduction 
after radiation therapy to treat Graves’ ophthalmopathy: A pilot study 
Myungsoo Kim, Ji Hyun Chang and Nam Kwon Lee 
Eur J Ophthalmol. 2021 Mar;31(2):340-345. 
The authors state that the benefits of radiation therapy (RT) as a treatment for Graves’ ophthalmopathy 
take effect slowly, sometimes over a period of months to a year, so it can be difficult to assess 
responsiveness to treatment. Therefore, they designed this study to evaluate ways of providing objective 
data via measurements of volume changes of the involved ocular muscles as well as reduction in 
exophthalmos in Graves’ patients treated with RT.  This was a retrospective multicenter study of patients 
who had failed IV corticosteroid therapy in the active phase of their disease with a clinical activity score 
(CAS) of 3 or higher after a washout period and therefore were referred for RT. 16 patients with a total of 
96 involved muscles were included. The involved muscles were delineated on pre-RT and a series of 
followup CT scans and volumes were calculated using commercial software (MIM Maestro; MIM Software 
Inc. or Eclipse Treatment Planning System). The percentage reduction in EOM volume at each follow-up 
visit was determined by comparison with the pre-RT volume. Exophthalmos was measured using two-
dimensional CT axial images, where the depth of the lens was thickest. The median age of the population 
of 16 patients at the time of RT was 60 years (range: 40–76 years), and the median follow-up time was 
21.5 months. The mean relative reductions in muscle volume were 28.5%, 40.8%, and 45.7% at 6, 12, 
and 24 months after irradiation. The volume of involved muscles decreased at a relatively rapid rate until 
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6–12 months, after which the rate of reduction gradually decreased until 24 months. The mean relative 
reduction in exophthalmos 
was 3.3%, 7.7%, and 11.5% at 6, 12, and 24 months after irradiation, respectively. This study 
demonstrates a viable method of objectively evaluating the response to RT treatment among patients with 
Graves’ ophthalmopathy, however, it does require serial CT imaging.  
 
 
Management of Pediatric Acute Dacryocystitis. 
Prat D, Magoon K, Karen R, Katowitz JA, Katowitz WR. 
Ophthalmic Plast Reconstr Surg. 2021 Mar 24 
There are several studies that discussed different interventions and management of dacryocystitis.  The 
purpose of this paper is to describe the clinical features, treatment and outcomes in a large cohort of 
pediatric acute dacryocystitis (PAD) patients at a single center over a 12-year study period.  This 
retrospective study had a large cohort of 169 patients.  Presenting signs and symptoms included 
associated fever, edema, erythema and discharge. 97% of patients were treated with systemic antibiotics 
of varying length.  69% were admitted.  60% of patients had surgical intervention with the most common 
procedure being endonasal examination and microdebridement with probing and stent intubation (35%).  
About half of the patients resolved without any surgical intervention. The authors concluded 
recommendations based on age: younger patients (<12 mo of age) and older patients. For younger 
patients with respiratory distress or lack of improvement after 24-48 hours indicates need for urgent 
surgical intervention. The authors preferred choice is probing with stents under anesthesia in conjunction 
with ENT endoscopic microdebridement. In older patients, the authors consider microdebridement with 
probing and stenting if a cyst is visualized.  If a cyst is not visualized and there is a highly stenotic duct, 
the authors consider a DCR. 
 
 
Surgical Observations of the Levator Aponeurosis Fibrotic Changes in Simple Congenital Ptosis Suggest 
Complex Pathogenesis. 
Al-Faky YH. 
Ophthalmic Plast Reconstr Surg. 2021 Jul-Aug 01;37(4):329-333.PMID: 33156145 
In simple congenital ptosis, the exact pathogenesis of levator palpebre superioris is controversial.  The 
authors purpose in this article is to describe their observations during surgery.  This is a retrospective 
cohort study.  A total of 56 eyelids of 49 patients with simple congenital ptosis were included in this study. 
A review of the intraopereative photo documentations revealed variable changes in shape and 
characteristics of the levator aponeurosis, which included abnormal fibrotic changes, fatty infiltration, or 
variable shapes. Postoperative repair improved levator function in patients who had pathology that was 
more fibrotic sheets compared to fatty infiltration. The authors postulate that this data may raise a 
possible role in the levator aponeurosis developmental changes as an additional etiology of congenital 
ptosis.  This is important as it helps to counsel thee family based on intraoperative findings. 
 
 
Evaluation of Antibiotic Prophylaxis for Acute Nonoperative Orbital Fractures. 
Esce AR, Chavarri VM, Joshi AB, Meiklejohn DA. 
Ophthalmic Plast Reconstr Surg. 2021 Jan 19. 
The purpose of this retrospective chart review is to evaluate the effectiveness of antibiotic prophylaxis in 
nonoperative medial and floor orbital fractures.  The authors hypothesize that the use of antibiotic 
prophylaxis does not change the incidence of orbital fractures.  This was a review of 154 patients at a 
single center.  They evaluated their cohort into two groups: those who received antibiotics (group 1) and 
those who did not (group 2).  No patient in either group had documented infectious orbital complications 
following injury.  The authors recommend educating patients on return precautions and close follow up 
rather than prescribing antibiotics. 
 
 
Surgical Site Reassessment: An Important Step in Improving Clinical Outcomes Following Pediatric 
Endoscopic Dacryocystorhinostomy.  
Stockhammer Kaner N, Soudry E, Koren I, Gilony D, Avisar I.  
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J Pediatr Ophthalmol Strabismus. 2021;58(3):168-173.  
Published May 1, 2021 
Endoscopic dacryocystorhinostomy (DCR) provides solutions to the many drawbacks of the external 
approach (eg, better nasal visualization, lack of external facial scarring, less surgical trauma to the medial 
canthal and orbital tissue, less bleeding, a shorter postoperative course, and being less time-consuming 
than external surgery), but it has many challenges in pediatric patients (eg, poorly-defined/rapidly changing 
anatomy, small nasal vestibule and cavity, larger inferior turbinates, deviated nasal septum for which 
septoplasty is contraindicated in kids. This single-center retrospective study of 47 children aged 1.5-17 yrs 
(mean 6.9yrs) who underwent a total of 68 cases of endoscopic unpowered DCR and 52 surgical site 
reassessment after tube removal. Of those, 49/52 (94.2%) were deemed to have anatomical success (duct 
patency on irrigation) and 63 of the original 68 cases were deemed to have clinical success (resolution of 
symptoms). Only 5 of 68 cases required further treatment (debridement of granulomatous tissue) during re-
evaluation. The authors concluded that pediatric endoscopic DCR is an effective surgical procedure for 
resistant NLDO, and strongly suggest surgical site reassessment to capture and treat incomplete patency. 
This is an important study reinforcing the role of endoscopic DCR, where available, in the definitive 
management of NLDO, and it adds key insight into the value of surgical site reassessment at the time of 
extubation.  
 
 
Investigating the presence of peer bias against ptosis in young children. 
Leathers-Smith E, Norris JH, Hildebrand D, Hotton M, Dalton L. 
J AAPOS. 2021 Jun;25(3):143. 
The authors used a paired photograph task and ranking task to investigate peer bias directed at children 
age 3-6 years and to determine the age at which bias becomes evident. In the paired photograph task, 
children viewed a screen with 2 photographs of a child (one with ptosis and one without). The viewer was 
then asked which child they would like to invite to a birthday party. They then viewed the same group of 
photos and were asked with which child they would like to share a toy. The ranking task involved viewing 
6 photos of the same child with varying degrees of ptosis and the viewer was asked to rank the photos 
from most to least favorite. The results of the study showed that the older children demonstrated bias 
against peers with ptosis beginning at age 4. Emergence of bias in similar paired photograph model for 
strabismus noted emergence of bias at age 5 or 6 years of age. The ranking task revealed that the more 
severe ptosis was evaluated more negatively by older children than younger children. The authors cite 
literature that suggests bias that a child with ptosis experiences may place the child at greater risk of 
psychological difficulties later in life. Possibilities for mitigating this concern is a consideration for earlier 
surgical intervention as well as psychological counseling for children with ptosis. This study highlights the 
psychological stress that may occur because of bias that should be considered and addressed as well as 
the concerns we have for ptosis causing amblyopia in this group of children. 
 

https://pubmed.ncbi.nlm.nih.gov/34044112/
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22. INFECTIONS 

 
Ophthalmic antibiotic use for acute infectious conjunctivitis in children. 
Frost HM, Sebastian T, Durfee J, Jenkins TC. 
J AAPOS. 2021 Dec;25(6): 350.e1-350.e7.  
Antibiotic treatment is often unnecessary in acute conjunctivitis in children resulting in adverse drug 
reactions, increased drug costs, drug resistance and disruption of normal flora. The authors used 
retrospective review to determine factors associated with ophthalmic antibiotic prescribing and changes in 
prescribing during the COVID-19 pandemic. The authors found a high rate overall (72.7%) for ophthalmic 
antibiotic use for acute conjunctivitis. Patients diagnosed using nurse-line protocols almost always 
received (94%) ophthalmic antibiotics as per protocol. Optometrists and ophthalmologists were least likely 
to prescribe ophthalmic antibiotics. The start of the pandemic saw decreased in person visits and higher 
telephone visits resulting in marked increase in children who were prescribed ophthalmic antibiotics by 
nurse-line and other providers. The authors review that the requirement for treatment of conjunctivitis with 
ophthalmic antibiotics mandated by daycare and schools drives much of the unnecessary prescriptions. 
These policies also increase health disparities. The authors also list inability to determine etiology of 
infection as another reason for unnecessary prescribing of ophthalmic antibiotics even though many 
bacterial infections may also be self-limited and not require the antibiotic therapy. Limitations of the study 
were inability to determine fill rate for prescriptions, small sample size, possible use of oral antibiotics for 
treatment which would not have been captured, and single institution study. This study is important 
because it shows evidence of unnecessary antibiotic use despite CDC prescribing recommendations 
driven by phone treatment protocols and school/daycare rules for return after illness. The authors opine 
that this situation begs for an antibiotic stewardship intervention. 
 

Conceicao AR, Belucik DN, Missio L, Brenner LG, Monteiro MH, Ribeiro KS, et al. Ocular findings in 
infants with congenital Toxoplasmosis after a Toxoplasmosis outbreak. Ophthalmology 
2021;128(9):1346-1355. 
Following a Toxoplasma gondii infection outbreak in Santa Maria City, Brazil, the authors investigated the 
prevalence of ocular abnormalities in a consecutive case series of 187 vertically exposed infants from 
January 2018 to November 2019. All mothers were screened for syphilis and human immunodeficiency 
virus before delivery. Toxoplasmosis infection was confirmed in all mothers and infants based on the 
presence of serum anti–T. gondii immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies. All 
infants underwent an ophthalmologic examination; ocular abnormalities were documented using a wide-
field digital imaging system. Neonatal cranial sonography or head computed tomography was performed 
in 181 infants, and the cerebrospinal fluid (CSF) was screened for anti–T. gondii IgG and IgM antibodies 
in 159 infants. Peripheral blood samples from 9 infants and their mothers were analyzed for the presence 
of T. gondii DNA by real-time polymerase chain reaction. Results: Twenty-nine infants (15.5%) had 
congenital toxoplasmosis, of whom 19 (10.2%) had ocular abnormalities, including retinochoroiditis in 29 
of 38 eyes (76.3%), optic nerve abnormalities in 5 eyes (13.2%), microphthalmia in 1 eye (2.6%), and 
cataract in 2 eyes (5.3%). Bilateral retinal choroidal lesions were found in 10 of 19 infants (52.6%). Nine 
eyes of 6 infants had active lesions, with retinal choroidal cellular infiltrates at the first examination. 
Thirteen (7.2%) of 181 infants screened presented with cerebral calcifications. Eighty-three percent of the 
screened infants were positive for anti–T. gondii IgG and negative for IgM antibodies in the CSF. 
Congenital toxoplasmosis was higher in mothers infected during the third pregnancy trimester, and 
maternal treatment during pregnancy was not associated with a lower rate of congenital toxoplasmosis. 
Overall, the authors found that high prevalence rates of clinical manifestations were observed in infants 
with congenital toxoplasmosis after a waterborne toxoplasmosis outbreak. Cerebral calcifications were 
higher in infants with ocular abnormalities, and maternal infection during the third pregnancy trimester 
was associated with a higher rate of congenital toxoplasmosis independent of maternal treatment. 

 
 
Ophthalmic manifestations associated with SARSCoV-2 in newborn infants: a preliminary report  
Luis Gilberto Perez-Chimal, MD, Gabriela Garcia Cuevas, MD, Andreas Di-Luciano, MD, Pablo 
Chamartín, MD, Gabriela Amadeo, MD, and María A. Martinez-Castellanos, MD.  
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J AAPOS 2021; 25:102-104.  
COVID-19 affects people of all ages and is most often characterized by infections of the respiratory  
tract and microvascular damage. Ocular manifestations of COVID-19 are uncommon in adults and 
children. The authors describe ophthalmic manifestations in newborns detected by slit lamp  
examination, fundus examination, and fluorescein angiography. Newborns with positive RT-PCR tests for 
SARS-CoV-2 were included in the study. All 15 patients showed periorbital edema, and most patients 
(73%) had hemorrhagic conjunctivitis. Retinal findings were encountered in 53% of patients and included 
cotton wool spots, vitreous hemorrhage, and microvascular damage on fluorescein angiography. The 
authors were unable to distinguish between findings secondary to COVID-19 and comorbidities 
associated with prematurity. This is the most comprehensive report of ophthalmic findings associated with 
COVID-19 infection in newborn babies. The mechanism of ocular injury in this study is unknown and may 
be related to prematurity, hemodynamic compromise, mechanical ventilation, or SARS-CoV2. The 
authors are continuing to follow these cases, and it will be interesting to see if patients develop any long-
term complications.  

 
 

Pattern-Reversal Visual Evoked Potential in Children With Congenital Zika Syndrome 
Almeida LFB, Kattah M, Ventura LO, et al.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):78-83. 
Published March 01, 2021 
The outbreak of the Zika virus coincided temporally with the increase congenital microcephaly congenital 
ocular malformations, including optic nerve hypoplasia, optic nerve pallor, increased cup-to-disc ratio, 
vasculature changes, chorioretinal scars, and macular pigment mottling. This investigation evaluated the 
visual function in children with congenital Zika syndrome using pattern-reversal visual evoked potential (PR-
VEP) by designing a cross-sectional study composed of two patient groups: 18-24 month-olds who were 
positive for the Zika virus (congenital Zika syndrome group) and age-matched healthy children (control 
group). All patients underwent a comprehensive eye exam and PR-VEP was performed binocularly in a 
room with constant dim illumination. The P100 peak time in the 60' arc stimuli was used, and the results 
were correlated with visual acuity, cephalic perimeter at birth, and funduscopic findings. There were 37 
children aged 18.5 ± 0.9 months (range: 17 to 20 months) in the congenital Zika syndrome group and 15 
children aged 24.3 ± 1.6 months (range: 21 to 28 months) in the control group. P100 peaks were absent in 
10 (27%) of patients with Zika syndrome; abnormal with prolonged latency in 18 (48.6%), borderline in 2 
(5.4%), and normal in 7 (18.9%). There was significant correlation between P100 peak times and visual 
acuity (P<0.001), but not with structural abnormalities like cephalic perimeter at birth (P=0.412) or 
fundoscopic findings (P=0.510). The authors concluded that children with congenital Zika syndrome have 
abnormal PR-VEPs regardless of funduscopic findings and severe microcephaly.  This study can help guide 
electrophysiology testing and low vision resource coordination for children with congenital Zika syndrome.  

 
Ophthalmological manifestations in congenital Zika syndrome in 469 Brazilian children. 
Ventura CV, Zin A, Paula Freitas B, Ventura LO, Rocha C, Costa F, Nery N Jr, De Senna TCR, Lopes 
Moreira ME, Maia M, Belfort R Jr. 
J AAPOS. 2021 Jun;25(3):158. 
The authors conducted a retrospective review of a large sample of children (469 infants) diagnosed with 
congenital Zika syndrome (CZS) from December 2015 to December 2016 to analyze the ophthalmic 
manifestations. Previous articles have described the anterior and posterior segment manifestations of 
CZS. The authors state that their study is the largest cohort to study these children with CZS from 3 
different states in Brazil. Data was collected from the first ophthalmologic examination. The children were 
from 3 different states in Brazil: Pernambuco, Bahia, and Rio de Janeiro. Previous studies have shown 
that microcephaly is a risk factor for ocular manifestations. An association between microcephaly and 
ophthalmic abnormalities was common and identified in all states. The current study showed less than 
half of the children presented with microcephaly at birth. Importantly, in those children without 
microcephaly, 7.5% had ocular findings. Some authors have suggested that all children with vertical Zika 
infection should have funduscopic examination, regardless of the presence or absence of microcephaly. 
The authors of this study also identified that one third of children had posterior segment abnormalities 
compared with 1.3% for anterior segment abnormalities. This article is important to the literature as it is 
the largest cohort group with data from more than one center. 

https://pubmed.ncbi.nlm.nih.gov/34082114/
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23. PEDIATRICS / SYNDROMES / SYSTEMIC DISEASE  

 
Knowledge, Attitude, and Practice Patterns Related to Digital Eye Strain Among Parents of Children 
Attending Online Classes in the COVID-19 Era: A Cross-sectional Study 
Kaur K, Kannusamy V, Gurnani B, Mouttapa F, Balakrishnan L.  
J Pediatr Ophthalmol Strabismus. 2021;1-12.  
Pre-publication. Posted online December 20, 2021 
In this cross-sectional, descriptive survey, the authors sought to identify the prevalence of digital eye 
strain among Indian children and identify associations between parental knowledge, attitude, and practice 
patterns related to device use during COVID19 lockdowns. Of the 305 responses, 94.4% used digital 
devices - 86.3% of whom used smartphones - for school work. 64.6% reported digital eye strain - 51% 
reported headache and 9.6% reported ocular pain. 51% of parents had poor knowledge scores, 48.5% 
had poor attitude scores, and 45% had poor practice scores around digital eye strain. A direct correlation 
was found between the knowledge and practice scores (P = .002), but attitude scores did not show a 
significant correlation (P = .712). The authors concluded that this study revealed a large knowledge gap 
among parents related to safe digital device use. While the size of the survey is commendable, there is 
ambiguity about definition of digital eye strain and about the validity of the survey tool itself (methodology 
of pilot study and validation process should be described). The conclusions drawn about “adequate” or 
“poor” scores in each domain are also not clearly explained in the report. This study has internal and 
external validity gaps.  
 
Ophthalmic findings of Mycoplasma-induced rash and mucositis (MIRM) distinct from Stevens-Johnson 
syndrome. 
Khalili A, Ackerman IM, Gorski MG, Kodsi SR, Finelt N, Hymowitz MB. 
J AAPOS. 2021 Dec;25(6): 348.e1-348.e6. 
The authors sought to identify ophthalmic manifestations of Mycoplasma-induced rash and mucositis 
(MIRM) using retrospective review of 10 patients at a single institution. MIRM, previously referred to as 
mycoplasma-associated Stevens-Johnson syndrome (SJS) or atypical SJS, is diagnosed with positive 
mycoplasma testing, and examination revealing prominent mucositis (severe oral and urogenital) and 
limited distinguishing cutaneous rash. All patients presented with fever and cough followed by mucositis.  
Presenting ophthalmic findings included conjunctivitis, conjunctival epithelial defects and 
pseudomembranes. All patients had progressive improvement of symptoms while being treated with 
aggressive lubrication, topical antibiotics, topical steroid or combination medication. No patients required 
amniotic membrane graft and none had symblepharon or corneal scarring. The only long term ocular 
finding was superficial punctate keratopathy. All patients had good visual acuity outcomes. Pathology in 
MIRM is thought to be B-cell proliferation and immunoglobulins giving rise to deposition of immune 
complexes in mucocutaneous tissues. This is distinct from both erythema multiforme (EM) and SJS/TEN 
with SJS/TEN caused by type IV delayed hypersensitivity reaction. SJS/TEN typically result from drug 
exposure, have significant systemic morbidity and mortality, often require hospitalization including ICU 
care, have significant ocular involvement with long term ocular complications requiring treatment including 
amniotic membrane grafting. The clinical course in EM follows a course more similar to MIRM. Limitations 
of the study were small sample size, retrospective review, and the study only included hospitalized 
patients with ophthalmology consults therefore some milder cases may have been missed. The authors 
emphasize that although MIRM may have a milder clinical course, there is potential for corneal 
involvement and early diagnosis and treatment is needed. 
 
Clinical phenocopies of albinism 
Alina V. Dumitrescu AV, Pfeifer WL, Drack AV. 
JAAPOS 2021; 25: 220.e1-220.e8 
This is a case series of 8 patients diagnosed with ocularcutaneous albinism (OCA) based on clinical 
presentation who were later proven to have a different diagnosis. The presenting clinical features 
included fair pigmentation of the skin and adnexa, congenital nystagmus, decreased visual acuity, iris 
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transillumination defects and foveal hypoplasia. 4 manifested with progressive, preschool-age onset 
myopia. Upon subsequent follow-up, additional clinical features and genetic testing the diagnosis was 
changed to different clinical entities, namely Knobloch syndrome, Jeune syndrome, Donnai-Barrow 
syndrome, Waardenburg syndrome, Aniridia syndrome, Stickler syndrome, and Hermansky-Pudlak 
syndrome, one of the syndromic types of OCA. This case series demonstrates clinical features of OCA 
also occur in other disorders and further investigation is important when other atypical clinical features are 
present. 
 
 
Ophthalmologic characteristics and outcomes of children with cortical visual impairment and cerebral 
palsy 
West MR, Borchert MS, Chang M. 
JAAPOS 2021; 25: 223.e1-223.e6 
This is retrospective medical record chart review of children with cortical visual impairment (CVI) with and 
without cerebral palsy (CP). A total of 151 children with CVI1CP and 153 children with CVICP were 
included. Children with CVI1CP were more likely to be diagnosed with significant refractive error (53.6%, 
optic atrophy (46.4%) and strabismus (82.8%) at presentation. Based on this study cohort, children with 
CVI1CP had a higher likelihood of ophthalmic comorbidities and may have worse long-term strabismus 
surgery outcomes than children with CVICP. 
 
Single-Examination Risk Prediction of Severe Retinopathy of Prematurity  
Aaron S. Coyner, PhD;Jimmy S. Chen, BS;Praveer Singh, PhD;Robert L. Schelonka, MD;Brian K. 
Jordan, MD, PhD;Cindy T. McEvoy, MD;Jamie E. Anderson, BS;R.V. Paul Chan, MD, MSc;Kemal 
Sonmez, PhD;Deniz Erdogmus, PhD;Michael F. Chiang, MD, MA; Jayashree Kalpathy-Cramer, PhD; J. 
Peter Campbell, MD, MPH on behalf of the Imaging and Informatics in Retinopathy of Prematurity 
Consortium 
Pediatrics (2021) 148 (6): e2021051772.  
BACKGROUND AND OBJECTIVES:  An artificial intelligence model was used to try to detect incident 
severe disease (treatment-requiring retinopathy of prematurity [TR-ROP]) before clinical diagnosis. We 
aimed to build a risk model that combined artificial intelligence with clinical demographics to reduce the 
number of examinations without missing cases of TR-ROP. 1579 total eyes, 190 with TR-ROP were 
recruited A vascular severity score (VSS) was derived from U.S.  retinal fundus images obtained at 32 to 
33 weeks’ postmenstrual age. Seven ElasticNet logistic regression models were trained on all 
combinations of birth weight, gestational age, and VSS.  Using the gestational age 1 VSS model which 
had the highest performance. On 2 different test data sets (n 5 sensitivity was 100% however, (positive 
predictive value: 28.1% and 22.6%) and specificity was 48.9% and 80.8% (negative predictive value: 
100.0%). This model identified all infants who developed TRROP, on average, >1 month before diagnosis 
with moderate to high specificity. This approach could lead to earlier identification of incident severe ROP, 
reducing late diagnosis and treatment while simultaneously reducing the number of exams. 
Commentary on the above findings: 
Alistair R. Fielder, FRCS, FRCP;Graham E. Quinn, MD, MSCE 
Predicting ROP Severity by Artificial Intelligence: Pragmatic Versus Knowledge-Based Approach  
 
Retinopathy of prematurity (ROP) blindness is largely preventable, with many countries having already 
established programs for its timely identification. However, ∼93% of infants screened do not develop ROP 
severe enough to require treatment. As reported in this issue of Pediatrics by Coyner et al. artificial 
intelligence (AI) is innovative methodology to optimize the timing of ROP examinations. For example, it 
can predict whether an eye will not require treatment, reducing the number of examinations needed while 
also predicting which eyes need closer surveillance. This is an important development because it would 
make ROP programs more effective and efficient, thus reducing the burden on infants, families, and the 
health care team. 
For this to be incorporated into routine clinical practice, some challenges need to be overcome: a short 
processing time will be essential preferably within the time span of the NICU ward rounds. In addition, this 
research is North America based and needs to be validated in other countries in which neonatal care may 
well be more variable and larger infants develop sight-threatening ROP over a shorter time period 
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Topical Nasal Decongestant Oxymetazoline: Safety Considerations for Perioperative Pediatric Use  
Richard Cartabuke, MD, FAAP; Joseph D. Tobias, MD, FAAP; Kris R. Jatana, MD, FAAP FROM THE 
AMERICAN ACADEMY OF PEDIATRICS| CLINICAL REPORT| NOVEMBER 01 2021SECTION ON 
ANESTHESIOLOGY AND PAIN MEDICINE, SECTION ON OTOLARYNGOLOGY–HEAD AND NECK 
SURGERY Pediatrics (2021) 148 (5): e2021054271. https://doi.org/10.1542/peds.2021-054271 
For NLDO surgeries and sometimes prior to betadine prep, oxymetazoline is used.  The following 
summary recommendation/cautions are noted: 
1. Because limited data exist, remind pediatricians, advanced practice providers, anesthesiologists, 
and surgeons of the limited available data for use of OTC oxymetazoline in patients <6 years of age. 
Although the current FDA approval is for patients ≥6 years of age, medical professionals do elect to use it 
off label in children <6 years of age for specific conditions in which the potential benefit may outweigh risk 
(eg, active bleeding, acute respiratory distress from nasal obstruction, acute complicated sinusitis, 
improved surgical visualization, nasal decongestion for scope examination, other conditions, etc). 
Providers should be aware of potential adverse cardiovascular effects of an unmonitored volume of 
administration, which may be most relevant in infants or young children and those with comorbid cardiac 
conditions. 
2. Because of the variable dosing risk, be aware that use of oxymetazoline in the supine position 
with the spray bottle inverted can result in a significantly higher dose (approximately 1 ± 0.5 mL 
administered per spray), as compared with the spray bottle in an upright position, which results in 30 µL 
(0.03 mL) per spray. When possible, to avoid excessive nasal dose administration, use the spray bottle in 
an upright position with child also upright. 
 
 
Corticosteroids for Acute Orbital Cellulitis  
Maria Anna Leszczynska, MD; Anthony Alexander Sochet, MD, MHSc; Anh Thy H. Nguyen, MSPH; 
Jazmine Mateus, MPH; John Michael Morrison, MD, PhD Pediatrics (2021) 148 (5): e2021050677.  
OBJECTIVES 
Standard treatment of children hospitalized for acute orbital cellulitis includes systemic antibiotics. Recent 
data from single-center studies suggest the addition of systemic corticosteroids may hasten clinical 
improvement and reduce hospital length of stay (LOS).  
Corticosteroid prescription was not associated with LOS in analyses adjusted for age; presence of 
meningitis, abscess, or vision issues; and operative episode and PICU admission within 2 days (eβ = 
1.01, 95% confidence interval [CI]: 0.97–1.06). Corticosteroid exposure was associated with operative 
episodes after 2 days of hospitalization (odds ratio = 2.05, 95% CI: 1.29–3.27) and 30-day readmission 
(odds ratio = 2.40, 95% CI: 1.52–3.78) among patients with a primary diagnosis of orbital cellulitis. 
CONCLUSIONS 
In this database query, was not able to detect a reduction in LOS associated with corticosteroid exposure 
during hospitalization for orbital cellulitis. Corticosteroid prescription was associated with PICU admission 
and operative episodes after 2 days of hospitalization, and 30 day readmission.  Before the adoption of 
routine corticosteroid use, prospective, randomized control trials are needed. In contrast to existing 
reports, this study found corticosteroid administration was not significantly associated with hospital length 
of stay, and may complicate the treatment of orbital cellulitis. 
 
 
Traumatic Head Injury and the Diagnosis of Abuse: A Cluster Analysis  
Stephen C. Boos, MD;Ming Wang, PhD;Wouter A. Karst, MD;Kent P. Hymel, MD Pediatric Brain Injury 
Research Network (PediBIRN) Investigators 
Pediatrics (2022) 149 (1): e2021051742. 
Analysis of an existing data set regarding 500 young patients with acute head injury hospitalized for 
intensive care. Three cluster algorithms were used to sort (partition) patients into subpopulations 
(clusters) on the basis of 32 reliable (κ > 0.6) clinical and radiologic variables. . 
RESULTS 
The full cohort partitioned into 2 clusters. Variables substantially (P < .001 and OR > 10 in all 3 cluster 
algorithms) more prevalent in cluster 1 were imaging indications of brain hypoxemia, ischemia, and/or 
swelling; acute encephalopathy, particularly when lasting >24 hours; respiratory compromise; subdural 
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hemorrhage or fluid collection; and ophthalmologist-confirmed retinoschisis. Variables substantially (P < 
.001 and OR < 0.10 in any cluster algorithm) more prevalent in cluster 2 were linear parietal skull fracture 
and epidural hematoma. Post-partitioning analysis revealed that cluster 1 had a high prevalence of 
physician-diagnosed abuse. 
CONCLUSIONS 
Three cluster algorithms partitioned the population into 2 clusters without reference to predetermined 
diagnostic criteria or clinical opinion about the nature of AHT. Clinical difference between clusters 
replicated differences previously described in comparisons of AHT with non-AHT. Algorithmic partition 
was predictive of physician diagnosis and of the triad of findings heavily discussed in AHT literature. 
What’s Known on This Subject: 
Existing literature on abusive head trauma (AHT) relies on presumptions about abuse diagnosis to 
separate cases from controls to identify patterns of clinical findings associated with abuse. This literature 
has been criticized for circular reasoning. 
What This Study Adds: 
Partition by 3 cluster algorithms revealed subpopulations among children with head injury without 
reference to predetermined diagnostic criteria or clinical opinion about the nature of AHT. Clinical 
difference between clusters replicated differences previously described in comparisons of AHT with non-
AHT. 
Summary/synopsis:  This study uses complex statistically analysis/clusters to better confirm and support 
AHT vs. non-AHT.  While the analysis is very difficult to follow, the findings would be supportive in centers 
who deal with head trauma cases. 
 
 
COMMENTARIES| DECEMBER 23 2021 
Caroline L.S. George, MD; Nancy S. Harper, MDComputer Algorithms Support Physician Decisions in 
Traumatic Head Injury Pediatrics (2022) 149 (1): e2021054009. 
What does this complex analysis mean? Children admitted with symptomatic traumatic brain injury (TBI) 
are not on a continuum in which the presentation with AHT looks similar to accidental head trauma or 
LoAHT. Presentations strongly associated with AHT are characterized by CNS dysfunction, including 
respiratory compromise PTA and persistent encephalopathy, as well as radiologic evidence of substantial 
brain injury and SDH that would not be described as “contact” (unilateral). Additionally, children with AHT 
are more likely to have extensive RHs and/or retinoschisis, fractures, bruising, and/or abdominal injury, 
consistent with the published literature. Presentations that are lower risk for AHT, seen more often with 
accidental head trauma, often have contact injuries seen with impact to the head, such as a skull fracture 
with an associated epidural or subdural hemorrhage. These associations are in line with published 
literature on objective clinical findings that assist in discriminating between these etiologies.   
A single clinical finding in isolation may not discriminate between children at high or low risk for AHT. 
However, this analysis and the current literature illustrate the predictive probability of clinical findings seen 
in combination.   The results of this unique cluster analysis, demonstrating the association of clinical 
findings of significant brain dysfunction with AHT, will assist medical providers in the hospital setting, 
highlighting the importance of a comprehensive medical evaluation in children with traumatic head injury. 
These results support the preponderant diagnostic practices in the pediatric community. By arriving at 
similar results through very different methods, this study validates previous literature and should 
strengthen physician’s confidence in the current diagnostic paradigm and their presentation of that 
paradigm in court. 
 

Identifying the Misshapen Head: Craniosynostosis and Related Disorders, 
Mark S. Dias, Thomas Samson, Elias B. Rizk, Lance S. Governale, Joan T. Richtsmeier and SECTION 
ON NEUROLOGIC SURGERY, SECTION ON PLASTIC AND RECONSTRUCTIVE SURGERY, 
Pediatrics September 2020, 146 (3)  
Pediatric care providers, pediatricians, pediatric subspecialty physicians, and other health care providers 
should be able to recognize children with abnormal head shapes that occur as a result of both synostotic 
and deformational processes. The purpose of this clinical report is to review the characteristic head shape 
changes, as well as secondary craniofacial characteristics, that occur in the setting of the various primary 
craniosynostoses and deformations. As an introduction, the physiology and genetics of skull growth as 
well as the pathophysiology underlying craniosynostosis are reviewed. This is followed by a description of 
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each type of primary craniosynostosis (metopic, unicoronal, bicoronal, sagittal, lambdoid, and 
frontosphenoidal) and their resultant head shape changes, with an emphasis on differentiating conditions 
that require surgical correction from those (bathrocephaly, deformational plagiocephaly/brachycephaly, 
and neonatal intensive care unit-associated skill deformation, known as NICUcephaly) that do not. The 
report ends with a brief discussion of microcephaly as it relates to craniosynostosis as well as fontanelle 
closure. The intent is to improve pediatric care providers’ recognition and timely referral for 
craniosynostosis and their differentiation of synostotic from deformational and other nonoperative head 
shape changes. Strabismus was not particularly addressed in this summary.  However, elevated ICP is 
present in 4% to 42% of children with single-suture craniosynostosis and approximately 50% to 68% with 
multisutural involvement; the incidence of intracranial hypertension is higher among older untreated 
individual. This is a great discussion of almost all the type of suture fusions head shape disorders, and 
associated syndromes (e.g. crouzons, aperts, etc.) with good diagramatics. 
 
Multisystem Inflammatory Syndrome in Children and SARS-CoV-2 Serology 
Steven L. Zeichner and Andrea T. Cruz, 
Pediatrics December 2020, 146 (6) e2020032888; DOI: https://doi.org/10.1542/peds.2020-03288 
A small fraction of children with COVID-19 experience a hyperinflammatory process, termed multisystem 
inflammatory syndrome in children (MIS-C) in the United States, with features distinct from Kawasaki 
disease. This case definition includes ≥2 of these symptoms: rash, conjunctivitis, or mucocutaneous 
inflammation; hypotension; cardiac disease; coagulopathy; or acute gastrointestinal problems. MIS-C, 
which is not correlated with viral load levels, typically appears some time after initial infection. MIS-C’s 
incidence is difficult to determine, given the high rate of asymptomatic infection.  
 
Fluoroquinolone Antibiotics and Tendon Injury in Adolescents 
Rachael K. Ross, Alan C. Kinlaw, Mackenzie M. Herzog, Michele Jonsson Funk and Jeffrey S. Gerber., 
Pediatrics June 2021, 147 (6)  
We conducted an active-comparator, new-user cohort study using population-based claims data from 
2000 to 2018. We included adolescents (aged 12–18 years) with an outpatient prescription fill for an oral 
fluoroquinolone or comparator broad-spectrum  
A 2008 US Food and Drug Administration warning notes an elevated risk of tendon rupture and tendinitis 
after fluoroquinolone antibiotics. The authors of a 2002 epidemiological analysis of this potential adverse 
effect in children did not observe an elevated risk. 
What This Study Adds: 
In this analysis of 7.6 million antibiotic prescription fills for US adolescents, tendon rupture and tendinitis 
after exposure were rare. Fluoroquinolone was associated with small excess risk for tendon rupture and 
tendinitis, which may not be clinically meaningful. 
IN SUMMARY , NOT LOOKING AT LITTLE CHILDREN OR PREMIES, BUT  the risk of tendon problems 
with systemic doses is likely not meaningful, thus one would expect the systemic effect of an eye drop is 
not significant.   
 
 
Demodex Folliculitis and Recent Dupilumab Administration. 
Andrew C. Krakowski, Stephen C. Senft and Warren R. Heymann,  
Pediatrics May 2021, 147 (5)  
Two adolescent boys presented with acute acneiform eruptions in the setting of recent dupilumab 
administration. Subsequent investigation via direct scraping of pustules revealed live Demodex mite 
colonization of the face. These adolescent patients represent a population not commonly associated with 
Demodex folliculitis, and we theorize their baseline commensal Demodex mite population may have 
increased as a consequence of dupilumab-induced, focused immunomodulation. We recommend that 
pediatricians consider Demodex potentially etiologic in patients presenting with new onset acneiform or 
rosacea-like dermatoses in patients treated with dupilumab ( this is a new monoclonal Ab used to treat 
atopic dermatitis and can cause dry eye/conjunctivitis/keratitis) 
 
Preterm or Early Term Birth and Risk of Autism 
Casey Crump, Jan Sundquist and Kristina Sundquist.   
Pediatrics September 2021, 148 (3) 

https://doi.org/10.1542/peds.2020-03288
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Sweden during 1973–2013;a cohort of >4 million people, preterm and early term beith were associated 
with significantly increased risks of autism in boys and girls  These associations were indiemedent of 
covarieates and shared genetic or environmental factors, consistent with potential causality. ASD 
prevalences by gestational age at birth were 6.1% for extremely preterm (22–27 weeks), 2.6% for very to 
moderate preterm (28–33 weeks), 1.9% for late preterm (34–36 weeks), 2.1% for all preterm (<37 
weeks), 1.6% for early term (37–38 weeks), and 1.4% for term (39–41 weeks). The adjusted prevalence 
ratios comparing extremely preterm, all preterm, or early term versus term, respectively, were 3.72 (95% 
confidence interval, 3.27–4.23), 1.35 (1.30–1.40), and 1.11 (1.08–1.13) among boys and 4.19 (3.45–
5.09), 1.53 (1.45–1.62), and 1.16 (1.12–1.20) among girls (P < .001 for each). These associations were 
only slightly attenuated after controlling for shared familial factors. 
Summary: The more pre term the infant, the higher risk of Autism spectrum disorder. 
 
 
Long-term ophthalmic outcomes in 120 children with unilateral coronal synostosis: a 20-year retrospective 
analysis. 
Abdelrahman M. Elhusseiny, MD, Sarah MacKinnon, MSc, OC(C), David Zurakowski, MS, PhD, Elisah 
Huynh, BS, and Linda R. Dagi, MD.  
J AAPOS 2021; 25:76.e1-5.  
Surgical correction for unilateral coronal synostosis can be performed by either endoscopic strip 
craniectomy (ESC) close to 3 months of age and followed by helmet therapy or by fronto-orbital 
advancement (FOA) at about a year of age. Both interventions reduce forehead asymmetry and allow 
more symmetric growth of the brain and cranial architecture. Prior studies have reported that the 
magnitude of aniso-astigmatism and severity of V-pattern strabismus are worse in patients treated by 
FOA; however, those studies were limited by small sample size, short follow-up, or disparity in age. This 
study aimed to compare age-adjusted short and long-term sensorimotor and refraction outcomes in a 
large cohort of children with USC treated with either ESC or FOA. Choice of treatment was based on age 
at presentation and family preference. Statistical analysis showed that, compared to ESC, FOA was 
associated with more severe V-pattern strabismus, amblyopia, reduction of stereopsis, aniso-astigmatism, 
and need for more strabismus surgery. The current study represents the largest-to-date demonstration of 
long-term, age-adjusted refractive and motility outcomes of patients with UCS treated by either FOA or  
ESC. These results are particularly important to the pediatric ophthalmologists as early identification of 
UCS is necessary for a patient to be eligible for ESC. Since ophthalmologists are often the first to 
evaluate infants with asymmetric eyes or pseudoptosis, it is important for them to be able to recognize the 
distinctive external stigmata of UCS to facilitate earlier referral and treatment.  
 
 
Epidemiology of visual impairment, sight-threatening or treatment-requiring diabetic eye disease in 
children and young people in the UK: findings from DECS. 
Maria Carolina Ibanez-Bruron, Ameenat Lola Solebo, Phillippa Cumberland, Jugnoo S Rahi 
Br J Ophthalmol. 2021 May;105(5):729-734. 
Currently, UK national guidelines recommend that retinopathy screening of children/young people living 
with type 1 or 2 diabetes should start at 12 years of age, regardless of duration or type duration of 
diabetes. The authors sought to investigate the incidence and causes of sight-threatening diabetes-
related eye disease in diabetic children in the UK to help inform the national eye screening program. 
Ophthalmologists reported monthly to the British Ophthalmic Surveillance Unit (BOSU) of the National 
Health Service all individuals age ≤ 18 years with known type 1 or 2 diabetes and new diagnosis of 
visually significant diabetic retinopathy, diabetes-related cataract, visual impairment due to diabetic eye 
disease, or eligible for formal certification as visually impaired or blind in the UK (VA worse than LogMAR 
1.0). Eight total subjects were reported in the 24-month study period, resulting in an annual incidence of 
1.21 per 10,000 person-years. Five patients had treatment-requiring cataracts. The remaining 3 patients 
were all age 14 or older, had sight-threatening retinopathy, and none required treatment during the study 
period. All subjects had type 1 diabetes. One limitation may be case ascertainment bias as this study 
depended on ophthalmologist reporting, however, the authors maintain that BOSU is a well established 
ophthalmic public health active surveillance scheme comprising all consultant ophthalmologists in the UK 
and has ensured unbiased high ascertainment in prior studies of pediatric eye disease. While these 
results are not robust enough to change the existing screening protocol, they do reinforce the needs to 
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continued surveillance for diabetes-related eye disease in the pediatric population and the importance of 
making ophthalmic screenings part of their holistic diabetic care. 
 
 
Clinical spectrum of non-syndromic microphthalmos, anophthalmos and coloboma in the paediatric 
population: a multicentric study from North India 
Shailja Tibrewal, Ketaki Subhedar, Pradnya Sen, Amit Mohan, Shivanand Singh, 
Chintan Shah, Ken K Nischal, Suma Ganesh, The Bodhya Eye Consortium 
Br J Ophthalmol. 2021 Jul;105(7):897-903 
This is a retrospective chart review study in 3 of the 5 tertiary eye institutes comprising the Bodya Eye 
Consortium in India over a 1 year period. The aim was to describe the clinical features, visual acuity, and 
causes of ocular morbidity in children under age 18 years with microphthalmos (MO), anophthalmos (AO), 
and coloboma (CB). Children with documented dysmorphism, syndromes or systemic illnesses were 
excluded. A total of 515 children (845 eyes) were included, 330 with bilateral involvement (64%) and 185 
(36%) with unilateral involvement. AO was present in 106 eyes (12.5%), MO in 68 eyes (8%), isolated 
colobomas in 223 eyes (26.4%), coloboma with microcornea (CBMC) in 262 (31%), and colobomatous 
microphthalmos in 186 eyes (22%). Microcornea was seen in 425 eyes (50%), which included the 
colobomatous variations. Data for VA were present for 712 eyes (84.3%). Overall, 446 eyes (62.6%) had 
BCVA less than 3/60 and correction of refractive errors, where possible, improved 
vision only marginally. Among this spectrum of disorders, the vast majority of eyes had coloboma (79.4%) 
vs 20.6% with MO or AO, and colobomatous eyes had posterior segment involvement in >90%, stressing 
the need for dilated fundoscopy in all patients presenting with these anomalies. This study describes the 
high variability in phenotype and spectrum of congenital ocular malformations and associated morbidity, 
and suggests that much of the variation in phenotype and prevalence is associated with the genetic 
variability among different populations. 
 

Treatment of Port Wine Birthmarks in Sturge-Weber Syndrome Using Topical Timolol.  
Saffren B, Yassin SH, Guo S, Cordovez JA, Levin AV.  
J Pediatr Ophthalmol Strabismus. 2020;58:e1-e4. Published 2020 Feb 22.  
Facial port wine birthmarks are the second most common congenital vascular malformation, and even the 
gold standard treatment with pulsed dyed laser has limited success. The authors hypothesized that 
inhibition of the beta-adrenergic pathway could reduce downstream upregulation of extracellular receptor 
kinase (as in the GNAQ mutation in Sturge-Weber Syndrome.) This prospective, single-masked 
randomized exploratory pilot reported the experience of three patients with facial port wine birthmarks 
who were randomly assigned to receive treatment with topical timolol (Timoptic-XE 0.5%; Aton Pharma, 
Inc) or the placebo (GenTeal; Alcon Labs, Inc.) for 6 months. Three masked observers evaluated 
photographs of the patients, and noted improvement in patients who were treated with timolol as well as 
in two controls. The photographic technique was not standardized, and 2 of the 5 patients initially 
recruited were lost to follow-up (1 received treatment, 1 received placebo.) This pilot study suggests 
topical timolol warrants further evaluation for port wine birthmarks.  
 
The Impact of the First Peak of the COVID-19 Pandemic on a Paediatric Ophthalmology Service in the 
United Kingdom: Experience from Alder Hey Children’s Hospital.  
Wood, M., Gray, J., Raj, A., Gonzalez-Martin, J. and Yeo, D.C.M., 2021. 
British and Irish Orthoptic Journal, 17(1), pp.56–61. 
Authors found that During the first peak of the pandemic, outpatient clinic appointments were reduced by 
87.2%, ophthalmic surgery by 90.9%, outpatient referrals to ophthalmology by 50.2% and ward reviews 
by 50%. The authors concluded that the COVID-19 pandemic dramatically restricted clinical activity in the 
ophthalmology service. Paediatric ophthalmology is vulnerable to capacity issues and the consequences 
of delayed or cancelled appointments. Solutions such as teleophthalmology have potential although can 
be difficult in the paediatric population. 
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24. UVEITIS 

 
Immunomodulation and TNF-a inhibition for tubulointerstitial nephritis and uveitis syndrome: a case 
series.  
Francesca Tirelli, MD, Brian M. Shafer, MD, Stefanie L. Davidson, MD, and Melissa A. Lerman, MD, PhD. 
J AAPOS 2021;25:267.e1-6. 
This was a retrospective case series that reported on clinical characteristics of patient with TINU at 
CHOP. It specifically focused on their response to medication, particularly TNF alpha inhibitors. Ten 
patients were included in the study: 4 patients had onset of acute interstitial nephritis (AIN) at the same 
time as uveitis, 2 patients presented with uveitis prior to AIN, and 4 patients presented with AIN prior to 
uveitis. Nine patients presented with anterior uveitis (three of these patients went on to develop 
intermediate uveitis); one patient had panuveitis and subretinal lesions. Nine of the patients had bilateral 
disease, and eight were symptomatic at onset. All the patients were treated with topical corticosteroids, 
and 8/10 required systemic corticosteroids. Seven patients received mycophenolate mofetil (MMF), 3 of 
whom achieved inactivity of their uveitis on that medication. The 4 patients who continued to show 
insufficient uveitis control were started on TNF alpha inhibitors (3 on adalimumab and 1 on infliximab) in 
addition to MMF. All the patients were able to achieve inactivity on this combination therapy. Two 
discontinued MMF without reactivation, one had a uveitis flare after MMF discontinuation that was 
controlled with topical therapy, and one did not stop MMF therapy. This is an important study that 
highlights the recalcitrant course of uveitis in patients with TINU and supports the use of TNF alpha 
inhibitors in this difficult to treat condition. Future studies are needed to confirm the results of this study 
and to determine which patients would benefit most from this treatment. 
 

Yang P, Zhong Z, Su G, Ye X, Tan S, Li F, Du L, Zhou C, Cao Q, Wang Y, Kijlstra A. 
Retinal Vasculitis, A Common Manifestation Of Idiopathic Pediatric Uveitis?  
Retina. 2021 Mar 1;41(3):610-619.  
Pediatric uveitis involves mostly the anterior segment. Posterior uveitis in pediatric patients is less 
known.  The purpose of this study was to use fundus florescein angiography to further to characterize 
vascular sheathing and leakage in posterior uveitis in pediatric patients.  This is a retrospective study at a 
single center.  1364 patients with posterior pediatric uveitis had FA. 81.2% of patients had idiopathic 
uveitis. 79.6% of patients showed retina vascular leakage in at least one eye on FA. This often predicts 
poor visual prognosis.  This is important to consider FA in pediatric patients with posterior uveitis. 
 
Uveitis in Juvenile Idiopathic Arthritis: 18-Year Outcome in the Population-based Nordic Cohort Study  
Veronika Rypdal, Mia Glerup, Nils Thomas Songstad, Geir Bertelsen, Terje Christoffersen, Ellen D. 
Arnstad, Kristiina Aalto, Lillemor Berntson, Anders Fasth, Troels Herlin, Maria Ekelund, Suvi Peltoniemi,  
Peter Toftedal, Susan Nielsen, Sanna Leinonen, Regitze Bangsgaard, Rasmus Nielsen, Marite Rygg, 
MD, Ellen Nordal, for the Nordic Study Group of Pediatric Rheumatology  
Ophthalmology; 2021 April;128(4):598-608 
This study prospectively followed a cohort of 434 patients with JIA to assess the visual and ocular 
outcomes after 18 years of follow up. Over the study period, 22% developed uveitis, with 90% detected in 
the first 8 years of exams with a median onset of 1.6 years after diagnosis with JIA. More than half were 
bilateral and chronic, while more than 1/3 of the remaining patients had recurrent uveitis. More than 30% 
experienced ocular complications, most commonly cataract formation (31%) and glaucoma (27%). All 8 
patients who developed uveitis prior to the diagnosis of JIA developed cataracts. Independent risk factors 
for visual impairment included shorter duration between onset of JIA and diagnosis of uveitis and positive 
ANA test. Overall, the reported incidence of uveitis and visual impairment is lower in this study compared 
with earlier population-based surveys, possibly because of the development of more effective treatments 
with fewer ocular side effects. Finally, screening more than 8 years after diagnosis of JIA may not be 
necessary since no patient developed symptomatic uveitis after than duration. 
 
 
Corneal endothelium in paediatric patients with uveitis: a prospective longitudinal study. 
Simon Sheung Man Fung, Ali El Hamouly, Hamza Sami, Dishay Jiandani, Sara Williams, Nasrin Tehrani, 
Kamiar Mireskandari, Asim Ali 
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Br J Ophthalmol. 2021 Apr;105(4):479-483. 
The authors designed this prospective longitudinal observational study to better understand the 
longitudinal effect of anterior chamber inflammation on the corneal endothelium in children. They 
monitored for changes in central endothelial cell density (ECD) and morphological features in children 
age <18 years diagnosed with anterior chamber inflammation (including anterior, 
anterior and intermediate or panuveitis) or who were at risk of developing uveitis due to a known 
diagnosis of juvenile idiopathic arthritis (JIA). 161 children met recruitment criteria, and 110 successfully 
completed the study. Eleven patients in the cohort had known JIA but never developed uveitis in the 
study period and were treated as a control group for analysis. Mean age at recruitment was 5.9 years, 
and mean follow-up was 11.3 months. Data collection included ECD analysis using non-contact specular 
microscope as well as clinical exam findings. At recruitment, 21 patients were on topical corticosteroids 
and 70 patients were on systemic immunosuppressive therapies, either a single agent or combination 
depending on disease severity. No information is given on treatment regimen during the course of 
followup. Subjects were split into 2 groups: Group 1 = surgery naïve (N=72) and group 2 = surgery either 
before or during the study period (N=27). Patients in group 2 were significantly older than group 1 at the 
time of recruitment and had a significantly lower ECD at both recruitment and follow-up assessment, but 
no significant differences were found in uveitis activity parameters (total duration of disease activity, 
percentage of time with active uveitis, and maximum level of AC cells), corneal endothelial morphological 
variables (coefficient of variation and haxagonality) and annual rate of ECD loss. This was also true when 
each group was compared with controls. The rate of ECD loss was correlated with the number of 
intraocular procedures during follow-up (r=0.43, p=0.001), but not with other uveitis-related variables, and 
this association remained significant after adjusting for patient age. This study suggests that increased 
ECD loss was associated with intraocular procedures rather than presence of AC inflammation and 
therefore optimal disease control is key in management of this disease. Limitations of this study include a 
relatively short follow-up period for a disease known for its chronicity, and lack of more detailed 
investigation into the potential association between topical or systemic immunosuppressive therapy and 
rate of ECD loss. These results warrant further investigation with longer followup with these limitations in 
mind. 
 
 
Classification Criteria for Juvenile Idiopathic Arthritis–Associated Chronic Anterior Uveitis.  
Standardization of Uveitis Nomenclature (SUN) Working Group.  
American Journal of Ophthalmology. 2021 Aug 1;228:192-7. 
Juvenile idiopathic arthritis (JIA) refers to inflammatory arthritic disease which presents before 16 years of 
age and carries a risk for developing uveitis. This study aimed to use machine learning to classify JIA-
associated uveitis. This was done by creating a training set (based on formal consensus agreement) and 
then a training set. 251 cases of JIA-associated uveitis were included. The misclassification rate was 0% 
in the validation set based on proposed criteria. The paper proposes a classification criteria for Juvenile 
Idiopathic Arthritis–Associated Chronic Anterior Uveitis whose key criteria included chronic (or insidious-
onset, if newly diagnosed) anterior uveitis and selected subsets of JIA. 
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Practice Patterns of Pediatric Ophthalmologists During the COVID-19 Pandemic 
Bello NR, Nelson LB, Gunton KB.  
J Pediatr Ophthalmol Strabismus. 2021;1-6.  
E-published December 20, 2021 
The purpose of this study was to report the use of protective personal equipment (PPE) during the 
coronavirus disease 2019 (COVID-19) pandemic. The authors posted a 12-question multiple-choice 
survey on a discussion board used by AAPOS members. 128 respondents provided information about 
their experience, PPE use, office equipment, and approach to care during the COVID-19 pandemic. 
87/128 (68.0%) identified as in private practice, and 41/128 (32.0%) in an academic setting. Of 128 
respondents, 69 (53.9%) routinely used N95 respirators, 72 (56.3%) wore medical scrubs, 41 (32.0%) 
used disposable gloves, 33 (25.7%) wore goggles, and 12 (9.4%) used face shields during office 
examinations. 121/128 (94.5%) had slit lamps with plastic shields and 52 (40.6%) had phoropters with 
plastic shields. 99/128 (77.3%)  stated that they would see a patient older than 2 years who refused to 
wear a mask for a nonemergency visit. This study provided valuable insight into the disparity between 
CDC recommendations and actual practice patterns. The authors admit that the low response rate (7%) 
was an important limitation, as well as the inability to sample respondents at various times throughout the 
pandemic, presumably when behaviors would have depended on infection rates. The study also did not 
collect geographic data.  
 
A Survey of Pediatric Ophthalmologists to Assess Practice Patterns for Primary Surgical Management of 
Nasolacrimal Duct Obstruction.  
Pogrebniak E, Crouch E.  
J Pediatr Ophthalmol Strabismus. 2022;59(1):35-40.  
Published January 1, 2022 
The purpose of this cross-sectional survey of members of AAPOS was to explore current practice 
patterns around primary managemen to infantile NLDO. Out of 142 completed surveys, there was notable 
disagreement about when to stent the NLD. 23% of respondents preferred to place a tube in children 
younger than 24 months 91% of the time while 54% of respondents preferred to place a tube only 10% of 
the time. For patients older than 24 months, again 32% of surgeons elected to intubate 91% of the time 
and 32% of respondents preferred to intubate 10% of less. The most common preferred intubation 
methods were self-threading monocanalicular stent (42%) and metal-swaged bicanalicular stent (21%). 
Surgeons who preferred self-threading monocanalicular stents more often also preferred intubation 
procedures. This was a valuable study about the role of stenting in NLDO. Despite its small size and 
retrospective nature, its findings warrant further study.  
 
Publication Rate of Abstracts Presented at AAPOS Annual Meetings: From Conference Abstract to Full-
Text Article  
Vagge A, Roda M, Nucci P, et al. 
J Pediatr Ophthalmol Strabismus. 2021;1-7. doi:10.3928/01913913-20210708-04 
Pre-publication. Accepted April 9, 2021. 
The purpose of this study was to review and analyze abstracts presented at American Association for 
Pediatric Ophthalmology and Strabismus (AAPOS) annual meetings, and to identify publication rates and 
potential predictive factors for better outcomes. Of 819 analyzed abstracts, 437 (53%) were published in 
peer-reviewed journals with a median impact factor of 2.7. The overall mean time to publication was 3 ± 
2.2 years. The multivariate analysis revealed that abstracts were more likely to be published if they were 
accepted at an AAPOS annual meeting as an oral paper (P < .001), if they were prospective (P > .001) 
and multicenter (P = .013) studies, and if they had strabismus, retina, and vitreous disorders and 
diagnosis as main topics (P = .022). The Kaplan-Meier analyses revealed significant differences in the 
publication time distribution for multicenter versus single-center abstracts and paper versus poster and e-
poster (P < .05). The authors concluded that more than half of the abstracts accepted for presentation at 
the AAPOS annual meetings were published in peer-reviewed journals within 3 years from submission to 
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the meeting.  This is an interesting and encouraging study because it provides AAPOS members with 
tangible feedback about the quality of research submitted for the annual conference. 
 
Socioeconomics of retinopathy of prematurity screening and treatment in the United States 
Bhatia SK, Siegel L, Braverman R, et al. 
JAAPOS 2021; 25: 227.e1-227.e6 
An online survey was distributed to US pediatric Ophthalmologists  to analyze the economic landscape of 
ROP screening and treatment among pediatric ophthalmologists. 97 responses were collected. Almost 
half worked in private practice settings over 80% had a forma contract to perform ROP care, only 25% 
enlisted attorney assistance to negotiate the contract. Just over half of respondents believed themselves 
adequately compensated for their services. Respondents that had retained an attorney for contractual 
negotiations were more likely to have a higher mean annual compensation rate. Physicians who believed 
themselves adequately compensated were more likely to be in academic practice settings. Average 
annual compensation was $82,968  $84,132, approximately $24,000 higher than reported in 2013. 
Nevertheless, concerns regarding under-compensation and time commitment persist, raising concerns 
about the long-term sustainability of current models for providing ROP services 
 
Disparities in eye care utilization during the COVID-19 pandemic.  
Elam AR, Sidhom D, Ugoh P, Andrews CA, De Lott LB, Woodward MA, Lee PP, Newman-Casey PA.  
American journal of ophthalmology. 2022 Jan 1;233:163-70. 
The use of telemedicine across many fields of medicine increased exponentially in 2020 at the outset of 
the COVID-19 pandemic due to concerns around in person patient evaluations. Barriers to entry for 
ophthalmology included reliance on specific imaging and diagnostic modalities, though telemedicine use 
still expanded in the field. This study aimed to assess eye care utilization of patients at a single academic 
medical center during the pandemic to determine if sociodemographic factors affected utilization across 
different groups. A main finding of this paper was that non-white patients had a lower odds of having an in 
person visit and were less likely to access care. Elderly patients were more likely to be seen in person, 
though this was likely confounded by the prevalence of macular degeneration requiring intravitreal 
injections in this population. The authors bring up the issue of telemedicine care requiring broadband 
internet, which will exacerbate disparities in care. While this study did not specifically include children, the 
themes presented are widely applicable and of interest to the pediatric ophthalmologist who has to deal 
with not only the patient, but the family unit. 
 
  
Gender of Award Recipients in Major Ophthalmology Societies.  
Nguyen AX, Ratan S, Biyani A, Trinh XV, Saleh S, Sun Y, Wu AY.  
American Journal of Ophthalmology. 2021 Jun 6. 
The gender gap in ophthalmology has lessened in the preceding decade. Women comprise around one 
quarter of the current ophthalmology workforce and half of ophthalmology residents. Despite this, gender 
disparities still exist at many levels including editorial boards, senior academic ranks, and compensation. 
The goal of this retrospective observational study was to assess the gender distribution of awards from 
major ophthalmology societies. Gender was extracted from professional websites through photographs 
and gender-specific pronouns. The study included 9 ophthalmologic societies including AAPOS and 
looked at the 30 year period from 1970-2020. Many interesting trends emerged. Overall, percentage of 
women recipients increased from 0% (1970) to 33% (2020). Of all awards, women accounted for 25.3% 
and were more likely to be awarded research-related rewards and less likely to receive achievement or 
service awards. Women did better with regards to early-career awards (39%) compared to the rest of 
awards (21%). The overall rate of women recipients for AAPOS awards was 25.5%, though a sub-
analysis from 2013-2019 revealed an incidence of 37.9%. The authors specifically comment that the 
point-based system used to determine AAPOS awards may be more equitable than other awards given 
based on poorly defined criteria or more subject to bias. This study brings to light ongoing gender 
disparities in ophthalmology society awards. 
 
Telemedicine utilization by pediatric ophthalmologists during the COVID-19 pandemic. 
Hursuong Vongsachang, MPH, Oded Lagstein, MD, Michael V. Boland, MD, PhD, Michael X. Repka, MD, 
MBA, Courtney L. Kraus, MDa and Megan E. Collins, MD, MPH. 
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JAAPOS 2021;25:293-295. 
This study aimed to increase understanding of provider perspectives on telemedicine adoption during the 
COVID-19 pandemic to help inform best practices for delivering pediatric ophthalmic care remotely. They 
used an online survey to compare telemedicine utilization among pediatric ophthalmologists in the United 
States between two time points during the COVID-19 pandemic (March-April 202 and July-August 2020). 
The study demonstrated that, as time passed and practices were able to resume in-person visits, 
pediatric ophthalmologists were dramatically less likely to use telemedicine. Ophthalmologists in the study 
expressed low confidence in providing quality care through telemedicine, challenges in implementation, 
and barriers to doctor-patient relationships. While this study was limited by a low response rate, it does 
provide information that can inform further research and hopefully help to better integrate telemedicine for 
remote ophthalmic care in the future. 
 
Rates of unverifiable and incomplete publications in pediatric ophthalmology fellowship applications. 
Isdin Oke, MD, and Iason S. Mantagos, MD, PhD. 
JAAPOS 2021;25:295-297. 
The goal of this study was to explore the rates of unverifiable publications in a cohort of pediatric 
ophthalmology fellowship applications. Similar studies have been done in other specialties, but this topic 
has never been evaluated in pediatric ophthalmology. The study included 159 applications over a 5-year 
period. At least one publication was listed by 80% (127) of the applicants, and a total of 584 publications 
were listed. Of these publications74% (434) were listed as published and 26% (150) were listed as 
pending publication. The rate of unverifiable publications was 2.1% (9/434). For applicants, the rate was 
3.8% (6/159) and increased to 4.7% (6/127) for those with at least one publication. The rate of incomplete 
publications 5 years following the application was 51% (73/150). Individuals having an additional degree 
or prior fellowship training had a lower likelihood of having complete publications and those listing more 
manuscripts as in preparation had a higher likelihood of having incomplete publications. This finding 
suggests that while manuscripts in preparation may give insight into a candidate’s research interests, they 
do not consistently translate into publications. Despite some limitations, this study shines light on the 
issue of unverifiable publications and incomplete publications in pediatric ophthalmology fellowship 
applications. 
 
COVID-19 outbreak and increased risk of amblyopia and epidemic myopia: Insights from EUROCOVCAT 
group   
Toro MD, Bremond-Gignac D, Brézin AP, et al. 
European Journal of Ophthalmology. 2022;32(1):17-22.  
After the World Health Organization recognized COVID-19 as a global pandemic on March 11, 2020, 
widespread changes and restrictions to social and sanitary practices resulted in a reduction of more than 
80% in pediatric eye care volume in many departments. To address the resulting challenges in restoring 
eye care services, the European COVID-19 Cataract Group (EUROCOVCAT) was convened with 
representatives from 12 European countries to discuss how to resume practicing ophthalmology in the 
safest and most efficient manner. In order to provide adequate care for children in the amblyopic age 
range while simultaneously reducing COVID-19 transmission, the authors propose the following 
recommendations: if a child has already begun treatment for amblyopia, treatment should be continued 
and their follow-up appointments to monitor the amblyopia can be postponed; if a child has not been 
diagnosed with amblyopia, but decreased vision or strabismus is suspected, the child should be seen in 
clinic to eliminate an organic cause or manage amblyopia; if strabismus has been diagnosed, unilateral or 
alternating patching should be started or continued, and treatment can be monitored over telemedicine. 
This study is limited in its impact due to its publication nearly two years into the pandemic, at a point when 
such draconian triaging measures no longer seem appropriate. However, these guidelines may prove 
useful if the COVID-19 pandemic drastically worsens, or in the case of a future pandemic. 
 

Parent satisfaction and acceptability of telehealth consultations in pediatric ophthalmology: initial 
experience during the COVID-19 pandemic.  
Sandra E. Staffieri, BAppSc(orth), PhD, Anu A. Mathew, MD, FRANZCO, Shivanand J. Sheth, MS, 
FRANZCO, Jonathan B. Ruddle, MBBS, FRANZCO, and James E. Elder, MBBS, FRANZCO.  
J AAPOS 2021; 25:104-107.  
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Prior to the COVID-19 pandemic, telehealth in pediatric ophthalmology has been used in the setting of 
clinician-to-clinician opinion or store-and-forward of images, particularly in the diagnosis and management 
of retinopathy of prematurity (ROP). This study presents the authors’ experience of using a telehealth 
model of care to deliver real-time pediatric ophthalmology services during the COVID-19 pandemic and 
specifically focused on parent satisfaction. It involved inviting parents to complete an anonymous survey 
following a telehealth ophthalmology consultation for their child. The survey explored their satisfaction, 
acceptance, and feedback relating to their experience. With an overall response rate of 49.4%, 
satisfaction was high (43.8% very satisfied;38.2% satisfied). Most parents (71.9%) would consider  
telehealth for future ophthalmology consultations for their child. While there were several limitations to the 
study that may limit its generalizability (including being performed during a pandemic), it is promising to 
know that parents were overall satisfied with delivery of ophthalmic care for their children through 
telehealth.   
 
 
Improving Self-Reported Metrics on Racial/Ethnic Diversity in Ophthalmology Trainee Recruitment: 
Lessons Learned and Future Directions.  
Sopeyin A, Knight OJ, Green LK, Woreta F.  
American Journal of Ophthalmology. 2021 Jul 16. 
Generally, diversity in the demographics of physicians has lagged behind that of the general population, 
and ophthalmology has been ranked third worst in prior studies of faculty racial and ethnic diversity. The 
goal of this report is to summarize the data on diversity in ophthalmology and make suggestions for future 
initiatives to improve this. The report provides a good overview of the origin of the term “underrepresented 
in medicine (URM)” and discusses how self-identification of URM status on the ophthalmology residency 
application (available since 2015) has improved our ability to track these metrics, though they argue that 
more precise and expanded data collection may help improve diversification efforts. Over the past 5 
years, ophthalmology has had a recruitment rate of 1.9% African Americans and 7.4% Hispanic/Latinos 
(compared to 12.8% and 18.4% as proportions of the U.S. population). Black applicants have a less than 
50% match rate.  
 
 
Factors Influencing Career Decisions and Satisfaction Among Newly Practicing Ophthalmologists.  
Gedde SJ, Feuer WJ, Crane AM, Shi W.  
American Journal of Ophthalmology. 2021 Jun 20. 
Career choice for newly practicing ophthalmologists is dependent upon many factors and little objective 
data regarding these choices exists. To better understand this situation, this group undertook a cross-
sectional study based on an electronic survey of 696 ophthalmologists who had completed training within 
5 years. In their cohort, they collected demographic information and information about the respondents’ 
specialties, practice setting, and career satisfaction. 13% of those who completed a fellowship in this 
study had chosen pediatric ophthalmology. There was no gender difference in those who pursued 
fellowship, though women were more likely to do a fellowship in pediatric ophthalmology compared to 
men (21% compared to 8%). The most common reasons cited for career choice included types of 
patients and problems in clinic, continuity of care, diagnostic problems, role models/mentors, and 
geographic location. Those who practiced pediatric ophthalmology were more likely to enter academics 
than other specialties and more likely to practice in an urban environment. Fellowship numbers for 
pediatrics and oculoplastics have grown more slowly than other specialties. Pediatric ophthalmology 
continues to struggle with pipeline and this study sheds light on factors to consider when recruiting new 
ophthalmologists to our field.  
 
 
An eye on gender equality: A review of the evolving role and representation of women in ophthalmology.  
Gill H, Niederer RL, Shriver E, Gordon LK, Coleman AL, Danesh-Meyer HV.  
American journal of ophthalmology. 2021 Jul 17. 
Gender equity in medicine has come into sharper focus over the past few years, and there is an 
increased interest in reporting gender-based outcomes in ophthalmology. This literature review aimed to 
compile papers addressing gender equity in ophthalmology, surgery, and medicine. The report compiles 
information including percentage of female department chairs (18%), division chiefs (29%), and editor-in-
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chief (only 1 woman out of 20 ophthalmic journals). They also highlight the gender pay gap citing that 
women in ophthalmology earn 12.5% less than men in the first year of clinical practice. They also address 
the issue of harassment, which disproportionally affects women. Overall, this paper provides a nice “big 
picture” argument for the progress we have made and the progress yet to go in addressing the gaps in 
gender equity in ophthalmology. 
 
 
Pediatric Eye Emergency Department Visits: Retrospective Review and Evaluation 
Ramsay C, Murchison AP, Bilyk JR.  
J Pediatr Ophthalmol Strabismus. 2021;58(2):84-92. 
Published March 1, 2021 
Children under the age of 17 years account for 35% of the ~2.4 million eye injuries per year in the US. 
While Emergency Department use is increasing, especially among children and adolescents, the data for 
ocular emergencies lacks in scope - usually drawn from general EDs, trauma centers, or from aggregate 
databases. This single-center retrospective review elicited epidemiologic characteristics of pediatric eye 
emergencies evaluated specifically at an urban eye emergency department over the course of a single 
year. The authors collected data on 1,136 pediatric visits spanning 1 year and found trauma as the most 
common etiology, seen in 44.4% of patients, followed by infection in 19.3%. Pediatric visits were higher in 
spring and early summer, with the peak of trauma in the spring. Most admissions of pediatric patients were 
due to trauma (76.4%); specifically for ruptured globe (27.3%), eyelid laceration (18.2%), and orbital fracture 
(10.9%). Sporting activities were the most frequent broad cause of trauma  in kids (30.9%), whereas air 
gun injuries were the most frequent specific cause of trauma (9.5%). The authors concluded that pediatric 
eye ED visits are most often due to trauma, especially in spring and early summer. While this study is 
limited in its time frame, and it does skew towards higher acuity trauma that would be referred to an urban 
eye ED, it does shed light on temporal patterns of pediatric eye trauma and again raises the alarm that air 
gun-related injuries pose a significant risk of ruptured globe in kids.  
 
 
 

The flipped-classroom approach to teaching horizontal strabismus in ophthalmology residency: a 
multicentered randomized controlled study. 
 Lu RY, Yanovitch T, Enyedi L, Gandhi N, Gearinger M, de Alba Campomanes AG, Cavuoto KM, Gray M, 
Kemp PS, Silverstein E, Loh AR, Ding L, Cabrera MT. 
J AAPOS. 2021 Jun;25(3):137. 
The authors used multicentered randomized controlled study to assess resident preference for classroom 
styles (traditional lecture vs. flipped-classroom) and as a secondary outcome to compare knowledge 
acquisition of each style when teaching horizontal strabismus in ophthalmology residency. Ophthalmology 
education typically involves lecture format. Flipped-classroom approach, which involves preclass time 
reviewing online lectures and classroom time dedicated to discussion based cases, has been shown to 
provide favorable outcomes in graduate medical education. Most ophthalmology residents (62%) favored 
the flipped-classroom to traditional method while 85% wanted to see flipped-classroom implemented for 
at least 25% of their educational sessions. This study correlated with previous studies showing higher 
learner satisfaction. Flipped-classroom format resulted in similar outcomes to traditional classroom when 
considering content testing. Increasing seniority correlated with preference for flipped-classroom style. In 
this study, residents were more likely to complete preparatory work for the flipped-classroom style 
compared to traditional lecture style. The authors suggest flipped-classroom should be considered for 
ophthalmology residency education. This study is important because it highlights the need to stay current 
with new teaching methods in order to improve medical education for ophthalmology residents. 
 

A comparison of the workload between pediatric and adult ophthalmology encounters. 
Dakroub M, Halawy M, Bashshur Z, Bou Ghannam A, Noureddine B, Al-Haddad C. 
J AAPOS. 2021 Jun;25(3):160. 
The authors sought to compare the workload between pediatric and adult ophthalmology providers by 
assessing time spent in different stages of the clinical encounter: time spent with assistant, preparation 
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time, time with physician, and waiting time. They studied four different ophthalmology subspecialties: 
pediatric ophthalmology, pediatric ophthalmology/neuroophthalmology , anterior segment, and retina. 
Pediatric patients had no procedures as compared to 13% of the adults. Both pediatric and adult patients 
spent similar amounts of time in the clinic although they spent the time differently. Time spent with an 
assistant was significantly longer for pediatric patients. The authors postulate that children require more 
time to complete visual acuity and sensory testing. In this study, pediatric patients spent less time waiting 
for the physician. Pediatric patients also spent more time with the physician than adult patients. Studies 
using electronic health record time stamping can be useful in planning schedule templates to improve 
clinic flow and efficiency. Taking into account the demographics and reason for visit may also be useful in 
template planning. 
 
 
Evaluation of pediatric ophthalmologists' perspectives of artificial intelligence in ophthalmology. 
Valikodath NG, Al-Khaled T, Cole E, Ting DSW, Tu EY, Campbell JP, Chiang MF, Hallak JA, Chan RVP. 
J AAPOS. 2021 Jun;25(3):164. 
The authors use web-based survey to assess pediatric ophthalmologists’ perspectives of artificial 
intelligence (AI) use in ophthalmology. Pediatric ophthalmologists were solicited via the American 
Association for Pediatric Ophthalmology and Strabismus (AAPOS) discussion board to participate in the 
survey. Responses were analyzed using descriptive statistics. There are several examples of successful 
use of AI in pediatric ophthalmology: i-ROP Deep Learning system, electronic medical record time stamp 
evaluation of clinic flow and telemedicine such as diabetic retinopathy screening. The study found that 
most pediatric ophthalmologists viewed the role of AI positively. Some respondents were concerned that 
AI may have some negative effects such as displacing physicians and interfering in the physician-patient 
relationship. Respondents believed that AI  should be incorporated into medical school education.  The 
study demonstrates correlation between the views toward AI for pediatric ophthalmologists and 
ophthalmologists of other specialists. The authors list several possible limitations: duplicated responses, 
bias and low response rate. This article is important because it highlights the use of AI for improving care 
of patients and the need to incorporate AI into medical school education. 
 
Social media and vision therapy: Perspectives of providers and patients on Instagram. 
Johnson A, Khan S, Koo EB. 
J AAPOS. 2021 Jun;25(3):166. 
The authors analyzed public Instagram posts for content, intent and authorship of the most popular 
Instagram hashtags involving pediatric ophthalmology. The literature tells us that more than 40% of 
consumers state that the information they find on social media influences their healthcare decisions. 
There is increasing use of Instagram posts by the medical community and patients. There has been little  
analysis of Instagram content concerning pediatric ophthalmology. 
Instagram is an unregulated environment where evidence based information as well as controversial 
topics can be presented. Vision therapy (VT) is a modality used to treat deficits of binocular function, 
visual processing and perception where exercises are prescribed. There is conflict between 
ophthalmology and optometry concerning the efficacy of vision therapy. The authors seek to explore the 
VT presence on Instagram. Analysis of the posts demonstrated statistically significant relationship 
between the post owner and intent, post owner and diagnosis as well as providing advice. Less than 10% 
of posts showed evidence based research to support the information in the post. Only 14 of 1,766 posts 
were created by an ophthalmologist. Instagram provides an unregulated platform for promotion of VT with 
a lack of scientific evidence. On a positive note, it was also found that social media provides an 
environment for patients for support, engagement and advocacy. The authors acknowledge limitations of 
the study that include search issues involving hashtags, inability to access private accounts, using posts 
in English or English translation and limited scope of Instagram for analysis. This study is important 
because it highlights an opportunity to reach patients with evidence based information where there is 
vacuum of credible information. 
 


