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ABSTRACT
As digital pathology is becoming more prevalent, the cost of image storage becomes factor to 
consider. The purpose of this study was to test the effect of reducing the tissue size of frequently 
scanned slides on digital whole slide image file size and file storage cost. We investigated the file 
sizes of our most commonly scanned slides – the daily special stain controls. The average file size 
of these stains ranges from 109 to 476 MB. All of the Masson trichrome slides, Movat pentachrome 
slides, and PAS slides were reviewed from 2015, and the tissue measurements and file sizes were 
recorded. New, smaller control tissue blocks were created. Once scanned, the tissue measurements 
and file sizes were also recorded. Overall, we reduced the size of the tissue on the slide by an average 
of 74%. We calculate that for these three control tissues alone, $3465 in storage costs could be saved 
every year by reducing the size of the tissue on the slide.

Introduction

As digital pathology becomes more prevalent, the reality of 
file storage space and the cost of storing those files will also 
become a common issue. The average size of a digital scan 
can range from 250 to 680 MB [1]. At Cleveland Clinic, 
it is common practice to scan the daily control slides for 
the special histology stains so that pathologists at affiliated 
hospitals and ambulatory surgery centers can view the dig-
ital Whole Slide Images (WSI) through an email link. This 
is more efficient and less expensive than making duplicate 
control microscope slides for distribution. Recognizing the 
cost of image storage, we investigated the file sizes of our 
most commonly scanned slides – the daily control tissue. 
The average file size of a scanned control microscope slide 
is currently 333 MB. The largest file sizes include the daily 
Masson trichrome, Movat pentachrome, and PAS stains. 
The average file size of these stains ranges from 109 to 
476  MB. The purpose of this study is to document the 
effect of optimizing the size of tissue blocks for special 
stains on WSI file size and image storage cost.

Materials and methods

Cleveland Clinic began scanning all control slides for 
the histology special stains on 4 February 2015. For this 

study, all of the Masson trichrome slides, all of the Movat 
slides and all of the PAS slides were reviewed for February 
through December of 2015. As multiple control slides are 
created from one block, a representative scan from each 
block throughout 2015 was considered for each stain. The 
trichrome stain slides throughout the year were created 
from nine different blocks, the Movat stain slides were 
created from 11 different blocks and the PAS slides were 
created from 13 different blocks. The file size and scan 
times were recorded for each representative scan. The tis-
sue in the scanned image was measured using the ruler 
annotation in ImageScope (Leica Biosystems, Vista, CA). 
The measurements were recorded, rounded to the nearest 
millimeter.

New control tissue blocks of normal liver were created 
for the Masson trichrome stain, representing five tissue 
samples of varying sizes no greater than 10  mm2 [2]. 
Each segment was individually cassetted and processed 
on a Leica ASP 300S processor (Leica Biosystems, Buffalo 
Grove, IL) on a 10 h processing program. Once processed, 
the tissue was embedded and two slides were cut from 
each block. Once deparaffinized, Masson trichrome stain-
ing was performed using a Dako-Artisan Link automated 
stainer (Dako, Carpinteria, CA) during normal histology 
workflow. Once stained, the slides were viewed by two 
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two slides were cut from each block. After deparaffiniza-
tion, the slides were stained with PAS staining protocol 
on a Ventana Benchmark Special Stains automatic stainer 
(Ventana Medical Systems, Inc., Tucson, AZ) during nor-
mal histology workflow. Once stained, the slides were 
viewed by a pathologist with subspecialty expertise in 
hepatobiliary pathology. Two of the five blocks were not 
approved for use as daily control tissue, due to tissue dry-
ness and patchy glycogen distribution. The scan informa-
tion obtained from the three approved blocks was used 
for this study.

All thirty slides were scanned on an Aperio AT Turbo 
(Leica Biosystems, Vista, CA) at 20X magnification. The 
scanning was performed using a modified default param-
eter containing automatic tissue detection. This parameter 
is the same setting used for all of the daily control slides. 

pathologists with subspecialty expertise in hepatobiliary 
pathology. All five blocks were approved for use as daily 
control tissue as they all demonstrated good representa-
tion of staining quality.

For the Movat pentachrome stain, samples of heart 
muscle with fat, blood vessels from the leg, and lung tis-
sue containing bronchus and parenchyma were sectioned 
into five representative samples no larger than 5 mm2 [2]. 
One segment of each tissue type was placed into each of 
five cassettes. These cassettes were processed on a Leica 
ASP 300S processor on a 10 h processing program. Once 
processed, the segments of tissue were embedded as close 
together as possible to conserve space. Two slides were 
cut from each block and, once deparaffinized, slides were 
stained with Movat Pentachrome staining on a Leica ST 
5020 (Leica Biosystems, Buffalo Grove, IL) automatic 
stainer during normal histology workflow. After staining, 
the slides were viewed by two pathologists; one pathol-
ogist specialized in cardiac pathology and the other in 
pulmonary pathology. All five blocks were approved for 
use as daily control tissue as they all demonstrated good 
representation of staining quality.

New control blocks of normal liver were created for the 
PAS stain, consisting of five different tissue segments no 
larger than 6 × 6 mm [2]. Each segment was individually 
cassetted and processed on a Leica ASP 300S processor 
(Leica Biosystems, Buffalo Grove, IL) on a 10 h processing 
program. Once processed, the tissue was embedded and 

Table 1. tissue measurements, file sizes, and scan times for the 
sampled Masson trichrome stain control slides.

Old controls    
tissue measurement (mm) file size (MB) scan time (min:sec)
26 × 13 302.6 02:20
18 × 16 312.3 02:50
17 × 17 315.4 02:20
17 × 14 292.5 02:11
18 × 12 253.1 02:00
13 × 5 89.3 00:50
10 × 5 74.1 00:47
22 × 16 423.8 02:48
18 × 11 250.7 02:35
     
average measurement average file size average scan time
15.9 × 10.9 257.1 02:04
     
new controls    
tissue measurement (mm) file size (MB) scan time (min:sec)
8 × 7 82.3 00:47
9 × 6 77.6 00:48
6 × 6 96.5 00:46
6 × 5 45.3 00:25
6 × 5 46.0 00:27
5 × 5 45.6 00:27
8 × 8 85.5 00:53
10 × 8 99.7 00:58
6 × 5 47.8 00:29
6 × 5 52.5 00:30

average measurement average file size average scan time
7 × 6 67.9 00:39

Figure 1.  average files sizes in MB for old control slides vs. 
new control slides for each stain: Masson trichrome, Movat 
Pentachrome, and Pas.
note the significant reduction in size from the old control slides to the new 
control slides.

Figure 2.  average scan times in seconds for old control slides 
vs. new control slides for each stain: Masson trichrome, Movat 
Pentachrome, and Pas.
note the reduction in scan time from the old control slides to the new control 
slides.
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Once scanned, the file size and scan times were recorded. 
The tissue in the scanned image was measured using the 
ruler annotation in ImageScope. The measurements were 
recorded, rounded to the nearest millimeter.

Communication with the Center for Laboratory 
Informatics at Cleveland Clinic indicated that image 
storage cost is currently $8.00 per gigabyte (including 
back-up) annually.

Results

From February through December of 2015, an average 
of 2.5 Masson trichrome slides, 2.8 Movat slides, and 2.5 
PAS slides were scanned per day.

The old Masson trichrome stain controls varied in tis-
sue size from 10 × 5 mm to as large as 22 × 16 mm (aver-
age 16 × 11 mm). The corresponding file sizes ranged 
from 74.1 to 423.8 MB (average 257.1 MB) (Table 1). 
These tissue sizes had recorded scan times of 0:47 to 2:48, 
respectively. The average scan time of the old Masson 
trichrome stained controls was 2:04. The new Masson 
trichrome stain controls that were created measured 
from 5 × 5 mm to 10 × 8 mm (average 7 × 6 mm) with 
image file sizes ranging from 45.3 to 99.7 MB (average 
67.9 MB) (Table 1). The new control slides had recorded 
scan times of 0:25 to 0:58 with an average scan time of 
0:39. This represents an average file size reduction of 
73.6% (Figure 1), and a scan time reduction of 68.5% 
(Figure 2).

The old Movat pentachrome stain controls varied in 
tissue size from 23  ×  14  mm to 32  ×  19  mm (average 
25  ×  18  mm), with image files ranging from 355.2 to 
617.5 MB (average 476.1 MB) (Figure 3). These tissue sizes 
had recorded scan times of 2:42–4:20, respectively, with 

Figure 3. tissue size for the old Movat Pentachrome stain control, measured in mm.

Table 2. tissue measurements, file sizes, and scan times for the 
sampled Movat Pentachrome stain control slides.

Old controls    
tissue measurement (mm) file size (MB) scan time (min:sec)
24 × 23 565.5 04:15
26 × 14 405.0 04:00
21 × 18 406.1 02:55
32 × 19 617.5 04:20
23 × 16 418.9 02:48
29 × 19 574.9 03:55
22 × 18 461.6 03:45
25 × 20 529.3 03:40
26 × 19 490.5 03:40
23 × 17 412.9 02:42
23 × 14 355.1 02:44
     
average measurement average file size average scan time

24.9 × 17.9 476.1 03:31
     
new controls    
tissue measurement (mm) file size (MB) scan time (min:sec)
9 × 8 90.0 00:48
9 × 7 88.6 00:47
9 × 9 107.1 00:56
9 × 8 96.1 00:49
11 × 9 123.9 01:09
9 × 9 100.7 00:50
8 × 8 88.8 00:48
9 × 9 99.3 00:53
10 × 9 114.2 01:02
     
average measurement average file size average scan time
9.2 × 8.4 100.9 00:54
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Discussion

It has been reported that some anatomic pathology labs 
that scan every slide of every case need upwards of 2–5 
terabytes of storage per month [3,4]. At this time, our lab 
only stores selected images, so our current storage needs 
are around 800 GB per month. At the quoted rate of $8 per 
GB per year, our annual storage cost is $76,800.

Regarding the Masson trichrome stained control slides, 
the old average file size was 257.09 MB. Factoring in 2.5 
slides per day and an estimated 260 working days per year, 
the storage space required for 650 slides was 167 GB per 
year at a cost of $1336. Using the new, smaller control with 
an average file size of 67.9 MB, the file storage needed per 
year is 44.1 GB, yielding an image storage cost savings 
of $983 per year. In addition, the larger file sizes had a 
total of 22 h of scan time per year (2.5 slides per day for 
260 days), while the smaller tissue will only need 7 h of 
scan time per year.

Looking at the Movat pentachrome stained con-
trol slides in the same way; the old average file size was 

an average scan time of 3:31 (Table 2). The new Movat 
pentachrome control blocks contained tissue that meas-
ured as small as 8 × 8 mm to as large as 10 × 9 mm (aver-
age 9.2 × 8.4 mm) (Figure 4). File sizes for these controls 
ranged from 88.8 to 114.2 MB (average 100.9 MB). The 
corresponding scan times were 0:47 to 1:09 (average 0:54). 
This is a reduction in file size of 78.8% (Figure 1) and a 
reduction in scan time of 74.4% (Figure 2).

The old PAS stain controls varied in tissue size from 
7 × 6 mm to as large as 13 × 10 mm (average 9.7 × 7.5 mm). 
The corresponding file sizes ranged from 61.3  MB to 
163.3 MB (average 109.9 MB) (Table 3). These tissue sizes 
had recorded scan times of 0:37 to 1:48, respectively. The 
average scan time of the old PAS stained controls was 1:09. 
The new PAS stain controls that were created measured 
from 4 × 3 mm to 6 × 5 mm (average 4.8 × 3.8 mm), with 
image file sizes ranging from 16.7 to 46.9 MB (average 
33.6 MB) and scan times from 0:21 to 1:00 (average 0:28). 
This reduction in tissue resulted in an average file size 
decrease of 69.4% (Figure 1) and a scan time decrease of 
59.4% (Figure 2).

Figure 4. tissue size for the new Movat Pentachrome stain control, measured in mm.
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Overall, by reducing the size of the tissue on the slide 
by an average of 74%, just for these three control tissues, 
$3565 could be saved every year. CAP guidelines state 
that control slides, in this case control tissue scans, must 
be maintained for 10 years. If storage costs remain sim-
ilar, this could result in a savings of over $35,000 in that 
period of time for these three controls alone. Additionally, 
the tissue size reduction demonstrated a 70% reduction 
in scanning time. Future studies may include the reduc-
tion of tissue size for additional controls and whether the 
decrease in scan time will allow for an increase in slide 
scanning volume. Further savings may also be found in 
the increase in productivity as it relates to tech time spent 
scanning and reviewing images, as well as reduction of 
control tissue costs, as less tissue will be used.
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