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Abstract
Background: Optic nerve hypoplasia (ONH), a leading cause 
of pediatric blindness, is associated with brain malforma-
tions and hypopituitarism in the constellation known as sep-
to-optic dysplasia. Neuroimaging is used to anticipate hypo-
pituitarism, but with unconfirmed reliability. We report pro-
spective findings on the association of hypopituitarism with 
brain malformations. Methods: Children (<24 months) with 
ONH (n = 146; 87% bilateral) underwent baseline MRI and 
annual examinations and hormonal testing. Hypopituita-
rism status at age 5 years was classified. Results: A total of 
74% had brain malformation(s). Hypopituitarism (69%) was 
not associated with brain malformations (p = 0.351); this per-
sisted after adjusting for the laterality of ONH and the timing 
of MRI (padj = 0.869). No association was noted for absent 
septum pellucidum (38%; p = 0.073), corpus callosum abnor-
mality (51%; p = 0.625), and major malformations (22%; p = 
0.407). A malformation conferred a positive predictive value 

of 71% (95% CI: 62%, 80%), and a negative predictive value 
of 37% (95% CI: 22%, 54%). Overall, 10% (n = 15) of the cohort 
presented with a triad of absent septum pellucidum, corpus 
callosum abnormality, and other major malformation; only 
half (n = 8) of these had hypopituitarism. All 13 subjects with 
pituitary malformations manifested hypopituitarism, con-
ferring predictive values of 100% (positive) and 34% (nega-
tive). Conclusions: Hypopituitarism and brain malforma-
tions are highly prevalent, but have unrelated associations 
with ONH. Brain MRI in infants and toddlers with ONH is an 
unreliable screen for hypopituitarism risk.

© 2017 S. Karger AG, Basel

Introduction

Optic nerve hypoplasia (ONH), a congenital cause of 
visual impairment, is recognized as a spectrum disease of 
the central nervous system that manifests with brain mal-
formations, neurological deficits, and endocrinopathy 
[1]. Over the past 40 years, the population prevalence has 
increased 9-fold, affecting as many as 17.3 per 100,000 
children younger than 18 years of age [2].
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The phenotypical heterogeneity of ONH has led to di-
agnostic terms that center on the presence of brain mal-
formations with a purported association for disparate 
outcomes [3–14]. Septo-optic dysplasia (SOD), the most 
prevalent term, originated from a 1956 postmortem case 
report of an asymptomatic patient with an absent septum 
pellucidum (“septo-+”) and a unilaterally rotated optic 
tract (“-optic”) [15]. In 1970, Hoyt et al. [16] first de-
scribed the association between ONH and hypopituita-
rism, using the term SOD to ascribe clinical significance 
to the absent septum pellucidum. This report triggered 
research in risk associations of brain malformations with 
hypopituitarism under the assumption that midline brain 
and pituitary malformations share common embryogen-
esis [8, 10–13, 16–18]. As reports emerged [4, 10, 11, 13, 
14, 19–22], the definition of SOD expanded to encompass 
ONH and any malformation in the midline (involving the 
septum pellucidum, corpus callosum, or pituitary gland), 
nonmidline (holoprosencephaly, schizencephaly, hydro-
cephalus, etc.), and/or hypopituitarism. The association 
of hypopituitarism with brain malformations remains a 
topic of debate.

Despite improvements in neuroimaging techniques, 
there has been little progress in understanding the likeli-
hood and clinical significance of brain malformations in 
ONH, or their association with hypopituitarism risk. 
There has been wide variability in the prevalence esti-
mates of both brain malformations (26–90%) and hypo-
pituitarism (10–100%) [3, 6–12, 22–33], making associa-
tion rates difficult to estimate. As some pituitary hor-
mone deficiencies develop over time [34], association 
rates may be underestimated in cross-sectional studies of 
children done at a young age. Further, the differences be-
tween selective versus broad inclusion criteria, imaging 
modality, and ad hoc versus systematic testing of hypopi-
tuitarism complicate the reconciliation between studies 
and generalization to children with ONH. These incon-
sistencies have resulted in variability in recommenda-
tions for the clinical management of these children [9, 11, 
12, 17, 22, 25–28, 30, 31]. This is particularly problematic 
in young children, for whom the risk of undiagnosed pi-
tuitary dysfunction confers serious developmental or 
even life-threatening consequences.

We sought to fill this gap by leveraging an observa-
tional registry of infants and toddlers diagnosed with 
ONH who underwent annual clinical visits until the age 
of 5 years. Toward this end, we analyzed our prospective 
data to determine the prevalence and association of brain 
malformations at baseline with hypopituitarism at age 5 
years. 

Materials and Methods

Participants
Since 1992, the Children’s Hospital Los Angeles is the site of a 

multidisciplinary observational registry on ONH to centralize sys-
tematically collected data about the disease status at the time of 
presentation (baseline) and annually until the age of 5 years. Chil-
dren with suspected ONH are referred from a broad range of 
sources, including pediatricians, endocrinologists, neurologists, 
and vision specialists [29]. Participation in the registry requires a 
presentation prior to age 24 months and diagnosis of ONH con-
firmed by ophthalmoscopy (M.B.). Methodology for the diagnosis 
of ONH, clinical protocols, and the standardized data collection 
have been extensively published [29].

The evaluation of pituitary function includes comprehensive 
endocrine testing at baseline (TSH, free T4, fasting AM cortisol, 
growth hormone [GH] surrogates [IGF-1 and IGFBP-3], LH, FSH 
and/or testosterone in infants <6 months of age, and prolactin) and 
additional test results from the treating endocrinologist of the sub-
jects. Since 2002, all subjects without known hormonal problems 
had annual repeat free T4, morning cortisol, and at least 1 pro-
vocative GH test over the course of the observation period. Auxo-
logical data are collected annually to monitor normal growth tra-
jectory.

Consistent with previously reported definitions [29], a pediat-
ric endocrinologist (M.G.) ascertained the subjects’ pituitary func-
tion based on clinical evaluation, laboratory levels, and growth pa-
rameters [35–37]. More specifically, a subject was classified as hav-
ing a hormone deficiency if he/she were being treated with 
hormone replacement for GH, levothyroxine, hydrocortisone, 
and/or desmopressin (at the time of enrollment), had subnormal 
laboratory hormone levels for free T4, or had subnormal stimu-
lated peak serum GH or cortisol level after glucagon provocation. 
The criteria for GH deficiency were defined as being treated with 
GH replacement at the time of enrollment as a consequence of 
neonatal panhypopituitarism, a stimulated peak serum GH level 
(<10 ng/mL after glucagon), or height deceleration in the presence 
of subnormal levels of GH surrogates. Diabetes insipidus (DI) was 
diagnosed on the basis of failure to concentrate urine in the face of 
clinical hypernatremia or with water deprivation testing.

Participants underwent baseline neuroradiology examination 
of the brain, if this had not already been performed (noncontrast 
MRI with either 1.5 or 3 T has been used exclusively since 2002). 
These all included T1 and T2 axial scans and T1 sagittal scans of 
the brain. Specific scans with pituitary imaging protocols were not 
routinely obtained. Of the 255 registry subjects enrolled as of May 
2014, those that reached the age of 5 years by the time of this study 
with baseline MRI were included. 

The Institutional Review Board at the Children’s Hospital Los 
Angeles approved the registry, and informed consent was obtained 
from a parent or guardian of all patients.

Malformations on MRI
A neuroradiologist (M.N.), who was masked to the subjects’ 

clinical characteristics and to the original MRI interpretation, re-
viewed the MRIs of the brain. The images were specifically re-
viewed for the presence of malformations involving the septum 
pellucidum, corpus callosum, pituitary gland, and/or other parts 
of the brain (major and minor). A corpus callosum abnormality 
was ascertained as either corpus callosum hypoplasia or agenesis. 
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Pituitary gland malformations were subdivided into absent adeno-
hypophysis and ectopic neurohypophysis. The absence of the neu-
rohypophysis (posterior pituitary bright spot) constituted an ab-
normality only if the infundibulum was also absent. Other major 
malformations that were recorded included cortical heterotopia, 
schizencephaly, gyral malformations, cerebellar hypoplasia, white 
matter hypoplasia, ventriculomegaly, hydrocephalus, and hypo-
thalamic dysgenesis. Minor (or incidental) findings were also doc-
umented. 

Statistical Analysis
Descriptive statistics summarize the clinical characteristics of 

the registry cohort. Frequency (%) distributions of categorical data 
were compared between groups by χ2 (or Fisher exact) test. Be-
tween-group differences of continuous data, expressed as median 
values (with interquartile range) regardless of distribution, were 
assessed using the Student t test or nonparametric analog in the 
absence of normal distribution. The relative risk (RR) for brain 
malformations or hypopituitarism between groups was computed 
by binomial log-linear regression [38]. The RR estimates were ad-
justed for laterality of ONH and the timing of MRI (prior to or 
after registry enrollment). The probability that a brain malforma-
tion can accurately predict and/or detect hypopituitarism was also 
estimated (sensitivity, prediction positive, prediction negative). 
The statistical estimates are presented with the corresponding 95% 
confidence intervals (95% CI). Statistical significance was defined 
as an alpha of 0.05, using 2-sided alternative hypotheses. Data were 
analyzed using Stata SE 11.0 (College Station, TX, USA).

Results

During the study period, 178 participants were eligible 
(i.e., at the age of 5 years); 32 were excluded due to CT 
imaging only, which left a study cohort of 146 partici-
pants (49% male) with MRI findings. The median age at 
the time of MRI was 8.3 months (interquartile range 5.3–
16.3), and 63% (n = 92) had MRI before enrolling in the 
registry. A total of 74% (n = 108) of subjects had a brain 
malformation. The prevalence was similar regardless of 
the timing of MRI (before vs. after enrollment) (p = 
0.650). 

Table 1 lists the various brain malformation findings 
stratified on laterality of ONH (13% unilateral). Com-
pared to those with bilateral ONH, subjects with unilat-
eral ONH were 61% less likely to have a brain malforma-
tion (95% CI: 0.37, 0.98). Individually, an absent septum 
pellucidum was equally prevalent between laterality 
groups (p = 0.516).

Hypopituitarism by the age of 5 years manifested in 
69% of the cohort (n = 101); of these, deficiency was iso-
lated to GH in 33 subjects. A brain malformation did not 
correlate with having hypopituitarism (p = 0.351). The 
lack of association persisted after adjusting for laterality 

of ONH and timing of MRI (padj = 0.869). A brain mal-
formation conferred a positive predictive value of 71% 
(95% CI: 62%, 80%) and a negative predictive value of 
37% (95% CI: 22%, 54%) for hypopituitarism. 

Specific Brain Malformations
Hypopituitarism did not correlate (Table 2) with find-

ings of absent septum pellucidum (punadj = 0.188), abnor-
mal corpus callosum (punadj = 0.268), or other major  
malformations (punadj = 0.636). The lack of associations 
persisted after adjustment for laterality of ONH and  
timing of MRI (padj = 0.073, padj = 0.625, and padj = 0.407, 
res pectively). 

Table 1. Characteristics of the patient cohort (n = 146)

n %

Gender
Male 72 49
Age at consent, monthsa 8.3 (5.3–16.3)

Laterality
Unilateral 19 13

Hypopituitarismb 101 69
Growth hormone deficiencyc 99 68
Hypothyroidism 64 44
Cortisol deficiency 44 31
Diabetes insipidus 15 11
Age at MRI, monthsa 12.4 (7.5–19.8)

Brain malformation 108 74
Absent septum pellucidum 56 38
Corpus callosum abnormalityd 75 51
Pituitary gland malformatione 13 9

Absent pituitary gland 1 1
Ectopic neurohypophysis 9 6
Absent neurohypophysisf 5 4

Major malformationb 32 22
Cortical heterotopia 10 7
Ventriculomegaly 7 5
White matter hypoplasia 7 5
Schizencephaly 6 4
Gyral abnormality 5 3
Cerebellar hypoplasia 4 3
Hydrocephalusg 3 2
Hypothalamic dysgenesis 1 1

a  Data are presented as the median (interquartile range). 
b Frequency counts are not mutually exclusive; multiple pituitary 
hormone deficiency occurred in 66 subjects. c Growth hormone 
sufficiency in 7 subjects could not be confirmed with a stimulation 
test. d  Corpus callosum abnormality includes 5 subjects with 
agenesis. e  Pituitary gland status could not be determined in 1 
subject. f Absent neurohypophysis was defined as a nonvisualized 
bright spot and absent infundibulum. g  Includes 1 subject with 
Dyke’s diverticulum.
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A pituitary gland malformation was present in 13 
subjects, all of whom manifested hypopituitarism (Ta-
ble 2), including 2 with DI. The positive and negative 
predictive values of a pituitary gland malformation for 
hypopituitarism were 100 and 34% (95% CI: 0.26, 0.43), 
respectively. Among those with an ectopic neurohy-
pophysis (n = 8), the infundibulum was absent in all but 
1 subject in whom the neurohypophysis was partially 
descended.

Among 133 subjects with an intact pituitary gland, 
66% (n = 87) had hypopituitarism, including 12 with DI. 
There were 4 patients in whom the bright spot of the neu-
rohypophysis was not visualized despite a visible infun-
dibulum: 3 had hypopituitarism, including 1 with DI.

Concomitance of Brain Malformations
Table 3 describes the association of brain malforma-

tions with the absence of the septum pellucidum. The 
greatest association was with major malformations 
(RRadj = 2.06) followed by corpus callosum abnormality 
(RRadj = 1.53), but not pituitary gland malformation 
(RRajd = 1.02). There were 15 subjects with the malforma-

tion triad historically linked with SOD (absent septum 
pellucidum, corpus callosum abnormality, and other ma-
jor malformations); of these, only half (n = 8) manifested 
hypopituitarism (Table 2).

Discussion

The concurrence of brain malformations and ONH 
has been extensively reported, albeit with significant vari-
ability in rates and association with hypopituitarism. In 
young patients with ONH, findings of brain malforma-
tions have been ascribed prognostic values to determine 
the need for endocrinological evaluation [9, 11, 12, 17, 22, 
25–28, 30, 31]. The speculated significance of brain mal-
formations for hypopituitarism stems from the notion 
that SOD is a distinct entity that bestows high risk for 
hormone deficiencies. Using the only existing prospec-
tive registry of young children with ONH, we demon-
strate that brain malformations are pervasive in young 
children with ONH and are an unreliable screen for hy-
popituitarism risk. The corresponding type I and II error 

Table 2. Risk of hypopituitarism at age 5 years associated with specific brain malformations

Hypopituitarism, n (%)a Unadjusted Adjustedb

no (n = 45) yes (n = 101) risk ratioc 95% CI risk ratioc 95% CI

Any brain malformation 31 (29) 77 (71) 1.13 0.86, 1.48 1.01 0.79, 1.28
Absent septum pellucidum 21 (47) 35 (35) 0.85 0.67, 1.08 0.82 0.66, 1.02
Corpus callosum abnormality 20 (44) 55 (55) 1.13 0.91, 1.41 0.95 0.80, 1.16
Major malformation 11 (24) 21 (21) 0.94 0.71, 1.23 0.90 0.70, 1.16
Combinationd of malformations 7 (16) 8 (8) 0.75 0.46, 1.22 0.70 0.43, 1.12
Pituitary gland malformatione 0 (0) 13 (13) – – – –

a The hormone status is presented as “yes” for hypopituitarism and “no” for normal hormone levels. b Adjusted for laterality and the 
timing of MRI (prior to vs. after enrollment). c No abnormality is the referent. d Combination denotes an absent septum pellucidum, 
corpus callosum abnormality, and a major malformation. e Pituitary gland status could not be determined in 1 subject.

Table 3. Absence of the septum pellucidum and the risk of additional brain malformations

Septum pellucidum, n (%) Unadjusteda Adjusteda

intact (n = 90) absent (n = 56) risk ratio 95% CI risk ratiob 95% CI

Corpus callosum abnormality 38 (42) 37 (66) 1.56 1.15, 2.13 1.53 1.45, 2.03
Major malformation 14 (16) 18 (32) 2.07 1.12, 3.82 2.06 1.13, 3.76
Pituitary gland malformation 8 (9) 5 (9) 0.99 0.34, 2.88 1.02 0.36, 2.90

a Intact septum pellucidum is the referent. b Adjusted for laterality and the timing of MRI (prior to vs. after enrollment).
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rates of brain malformations for the detection of hypopi-
tuitarism are 69 and 24%, respectively. 

Our cohort of ONH had a predominance of bilaterally 
affected cases, similar to previous reports [6, 10, 17, 22, 
26, 29, 31]. A diagnosis of ONH in one or both eyes was 
not associated with increased prevalence of absent sep-
tum pellucidum, but bilateral disease was associated with 
a higher risk of other brain malformations. Unilateral 
cases were not protected from brain malformations, and 
in fact, nearly 50% of the unilateral cases in our cohort 
had at least 1 identified brain malformation. This refutes 
previous reports that brain malformations are exclusive 
to bilateral ONH [9, 12, 26, 28, 31]. 

Corpus callosum abnormalities, not absence of the 
septum pellucidum, were the most common brain mal-
formations in these children with ONH. Notwithstand-
ing the prefix of “septo-” in “SOD,” an absent septum  
pellucidum remains inconsequential to morbidity. An 
absent septum pellucidum in isolation, or coupled with a 
corpus callosum abnormality and/or major malforma-
tions, did not confer risk of hypopituitarism (Table 2), 
nor did any combination of structural abnormalities with 
the exception to the pituitary gland. Our findings add to 
the mounting evidence refuting the clinical significance 
of the (absent) septum pellucidum in ONH [10, 12, 24, 
30–32].

Absence of the septum pellucidum has been ascribed 
clinical significance in ONH, due in part to its association 
with other malformations such as corpus callosum hypo-
plasia [8, 12, 31, 39]. The septum pellucidum forms by the 
fusion of leaflets stretching between the developing cor-
pus callosum and hippocampal commissure, beginning at 
around 12 weeks of gestation [40]. Corpus callosum 
growth continues following birth, and may thus be hypo-
plastic without affecting the septum pellucidum. Agene-
sis of the septum pellucidum is thus a corollary of aplasia, 
but not hypoplasia, of the corpus callosum. Several ho-
meobox genes influence this process, the dysregulation of 
which also leads to holoprosencephaly, anophthalmos, 
and pituitary aplasia [41]. Because of this, the constella-
tion of findings historically called SOD [16] has been pre-
sumed to implicate this genetically controlled sequence 
[17, 18]. However, absence of the septum pellucidum is 
commonly seen in cases of ONH when the corpus callo-
sum is normal or merely hypoplastic (26 and 46%, respec-
tively, in our cohort), and in otherwise neurologically 
normal individuals [39, 42]. In such cases, absence of the 
septum pellucidum more likely indicates a separation 
from the developing corpus callosum due to factors not 
necessarily under genetic control. 

Our study identified pituitary malformation in 9% of 
subjects, within the large prevalence range of 6–64% re-
ported in the literature [6, 9, 12, 17, 27–29, 31, 32]. Spe-
cific pituitary imaging protocols were not utilized in this 
study. Thus, quantification of adenohypophyseal mass 
could not be performed, and it was not possible to deter-
mine whether the anterior pituitary gland was small, al-
though it was present in all subjects. On the other hand, 
the neurohypophyseal bright spot was clearly visible in 
95% of subjects. Since this is not likely to be a false-posi-
tive finding, it is also unlikely that imaging protocols 
caused a spuriously low prevalence of neurohypophyseal 
abnormalities.

While a pituitary malformation was highly predictive 
of hypopituitarism, the converse cannot be said for a 
structurally intact pituitary gland. Our reported specific-
ity of a pituitary gland malformation for hypopituitarism 
(34%) is lower than some earlier reports. In previous 
studies of various brain abnormalities, sampling patients 
that underwent neuroimaging and clinically selective, or 
one-time, endocrinological testing may help explain dis-
crepant rates [3, 8–12, 14, 16, 22–28, 30–32]. For example, 
patients with identified hypopituitarism may be more 
likely to get pituitary imaging, while patients with identi-
fied pituitary malformation are more likely to get fre-
quent hormonal testing. Most reports used broad criteria 
for a malformation and have considered absence of the 
neurohypophyseal bright spot in isolation as sufficient [8, 
12, 13, 17, 27, 28, 30–32]. Since visualization of the pos-
terior pituitary bright spot on MRI may be influenced by 
secondary factors, such as hydration status and plasma 
glucose levels [43], the lack of a bright spot in isolation 
will artificially inflate the rate of pituitary gland malfor-
mations. Even so, broadening our definition to include all 
subjects with a nonvisualized bright spot increased the 
prevalence of a pituitary gland malformation to only 12%. 
It seems incongruous that an absent neurohypophysis 
would predict adenohypophyseal dysfunction instead of 
DI [8, 12, 27], which only occurred in 10% of the cases 
reported by Ramakrishnaiah et al. [30] and in 11% of this 
cohort. Furthermore, the prevalence of hypopituitarism 
(75%) and DI (25%) in our subjects with a nonvisualized 
bright spot is consistent with the prevalence in the overall 
subject population and argues against a true association. 
In contradistinction to previous reports [12, 27, 44], 13 
(out of 15) of our subjects with DI had a visible posterior 
pituitary bright spot, validating the structure-function 
mismatch noted by others [31, 32, 45]. The high preva-
lence of hypopituitarism (66%) with an intact pituitary 
gland on MRI reinforces the importance of monitoring 
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hormone levels, despite normal neuroimaging, until nor-
mal endocrinological status can be concluded with confi-
dence.

Many strengths of this registry endorse the generaliz-
ability of our findings to the management of young chil-
dren with ONH. The main strength over previous reports 
is the use of prospective, systematically collected data in 
subjects enrolled near-sequentially prior to age 24 months 
from a broad referral base [29]. The prevalence of brain 
malformations and hypopituitarism in our cohort was 
higher than that in most other reports on ONH, with only 
12% of our subjects not having a brain malformation or 
hypopituitarism. Ahmad et al. [46] reported similar find-
ings in a cohort of patients with ONH, and in that study 
CT was the predominant imaging modality. The lack of 
association of brain malformations at baseline with hypo-
pituitarism by the age of 5 years, despite the high preva-
lence of both, is not likely the result of ascertainment bias, 
detection, or low statistical power. Differences from pre-
vious reports include the exclusive use of MRI techniques 
for the diagnosis of brain malformations, standardized 
serial endocrine testing [1] to overcome limitations of 
point prevalence estimates [17, 26, 31], and focus on cas-
es diagnosed early in life which are more likely to have 
more severe findings [6, 12, 14, 19, 26, 27, 31]. One limi-
tation of our study is that we may have slightly underes-
timated the prevalence of GH deficiency and hypothy-
roidism since evolving hypopituitarism has been report-
ed in children with ONH [34]. For our reported prevalence 
of GH deficiency, we are somewhat reassured that our 
capture rate was high based on data from the GENESIS 
GH registry in which the mean age of initiation of GH 
treatment in 165 subjects with SOD was 3 years, with a 
range of 0.9–5.4 years [47]. 

Several limitations are worth noting. Our study find-
ings are restricted to patients with ONH and cannot be 
generalized to hypopituitarism risk in patients with con-
genital brain malformations without ONH. We also in-
cluded MRI scans that were obtained prior to enrollment 
– a source of potential bias. The rate of hypopituitarism 
was slightly, but significantly, higher in those subjects 
that had MRI scans performed prior to enrollment, sug-
gesting that early clinical manifestations of hypopitui-
tarism may have contributed to early suspicion of the  
diagnosis. Nonetheless, absence of association of brain 
malformations with hypopituitarism was independent of 
MRI status at the time of enrollment. Lastly, exclusion of 
cases from our registry that presented after the age of 2 
years limits generalizability to very young children with 
ONH. Nevertheless, these findings reduce the complexity 

of clinical decision making in patients with ONH diag-
nosed in early life. In clinical practice, we generally see 
patients every 4–6 months (more frequently in younger 
children), which would allow earlier detection of a re-
duced growth rate and the initiation of a laboratory eval-
uation.

 While we conclude that brain malformations are not 
predictive of hypopituitarism in this population, they are 
a known risk factor for seizures and developmental delay 
in this condition [11, 12, 29, 31], and their early identifi-
cation may be important for predicting and/or prevent-
ing adverse outcomes. For example, corpus callosum hy-
poplasia is associated with a 3-fold increased risk of cog-
nitive deficits [29]. 

Since 1970, investigations of ONH have used brain 
malformations and laterality as the criteria for diagnostic 
subtype and risk of hypopituitarism [6, 7, 10, 12, 13, 18, 
28]. This study demonstrates that infants with unilateral 
ONH also have high risk for hypopituitarism, albeit less 
than bilaterally affected infants. Brain malformations are 
common in children with ONH and are unrelated to hy-
popituitarism; both manifest independently in the ONH 
disease spectrum. All infants and toddlers with ONH 
should be considered at high risk for hypopituitarism re-
gardless of findings on neuroimaging.
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