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Loss of fidelity in scanned digital images compared to glass slides
of brain tumors resected using cavitron ultrasonic surgical aspirator

Abstract

Conversion of glass slides to digital images is neces-
sary to capitalize on advances in computational pa-
thology and could potentially transform our approach
to primary diagnosis, research, and medical educa-
tion. Most slide scanners have a limited maximum
scannable area and utilize proprietary tissue detection
algorithms to selectively scan regions that contain
tissue, allowing for increased scanning speed and re-
duced file size compared to scanning the entire slide
at high resolution. However, very small and faintly
stained tissue fragments may not be recognized by
these algorithms, leading to loss of fidelity in the digi-
tal image compared to the glass slides. Cavitron ultra-
sonic surgical aspirator (CUSA) is frequently used in
brain tumor resections, resulting in highly fragmented
specimens that are used for primary diagnosis. Here
we evaluated the rate of loss of fidelity in 296 digital
images from 40 CUSA-resected brain tumors scanned
using a Philips Ultra Fast Scanner. Overall, 54% of the
slides (at least one from every case) showed loss of fi-
delity, with at least one tissue fragment not scanned
at high resolution. The majority of the missed tissue
fragments were small (<0.5 mm), but rare slides were
missing fragments greater than 5 mm in greatest di-
mension. In addition, 19% of the slides with missing
tissue showed no indication of loss of fidelity in the
digital image itself; the missing tissue could only be
appreciated upon review of the glass slides. These re-
sults highlight a potential liability in the use of digital
images for primary diagnosis in CUSA-resected brain

tumor specimens.

Digital pathology presents tremendous opportunities to
advance the clinical, research, and educational missions
of academic pathology (1). A key first step in transitioning
to a digital platform is conversion of glass slides to digital
whole-slide images (WSI). To improve scanning speed and
reduce file size, many companies have developed propri-
etary algorithms to detect tissue fragments and selectively
scan only the identified regions of interest (ROI) at high
resolution. This approach poses a risk of not scanning all
of the tissue present on the glass slide, particularly small
fragments, low-contrast staining tissue, and tissue located
outside the manufacturer’s recommended maximum
scannable area (MSA). This is particularly concerning for
neuropathology specimens given that focal findings (e.g.,
focal increase in mitotic activity, microvascular prolifer-
ation, necrosis, primitive neuronal component, etc.) can
significantly impact tumor grading. Current guidelines
from the College of American Pathologists (CAP) and the
Food and Drug Administration (FDA) place the burden
of responsibility on individual pathologists and pathology
laboratories to perform validation studies to confirm that
all of the material present on a glass slide is included in the
digital image (2,3).

Brain tumor specimens are often omitted or included
in very low numbers in digital pathology validation stud-
ies (4). In particular, brain tumors resected using cav-
itron ultrasonic surgical aspirator (CUSA), a surgical
tool used frequently in brain tumor resections due to
its lower risk of bleeding and other complications (5,6),
are highly fragmented and may be particularly prone
to scan infidelity. To assess the rate and extent of scan
infidelity in CUSA-resected brain tumor specimens, we
performed a retrospective study comparing glass slides
and WSI. A total of 296 slides from forty cases were in-
cluded: Twenty consecutive cases with CUSA material
were selected from 2016 (n = 144 slides) and 20 were se-
lected from 2018 (n = 152 slides). Between these two time
frames, our department implemented various tissue pro-
cessing modifications in preparation for digital sign-out,
consistent with the FDA recommendations for use of
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Philips IntelliSite Pathology Solution (PIPS), including
submitting less tissue per cassette, using smaller molds
for tissue embedding, discontinuing multiple “ribbon”
sections per slide, and additional training for gross room
and histology lab staff. The diagnoses included glioblas-
toma (n = 19 cases), anaplastic astrocytoma (n = 1 case),
anaplastic oligodendroglioma (n = 4 cases), oligodendro-
glioma (n = 5 cases), diffuse astrocytoma (n = 7 cases),
pilocytic astrocytoma (n = 2 cases), gliosis and focal cor-
tical dysplasia (n = 1 case), and metastatic adenocarci-
noma (n = 1 case).

Formalin-fixed paraffin-embedded CUSA material
was sectioned at 4 um and stained with hematoxylin and
eosin. Slides were scanned using a Philips Ultra Fast
Scanner (PIPS) at 0.25 pm per pixel resolution, equiv-
alent to a 40X objective. The PIPS software first gen-
erates a low-resolution macro image of the entire slide,
and then uses proprietary tissue detection algorithms to
identify ROIs which are then tile-scanned at high reso-
lution. The focal point is also determined automatically;
additional information about these algorithms are not
publicly available and the settings cannot be modified,
to our knowledge.

The WSI and corresponding glass slides were reviewed
independently by two neuropathologists (C.R.C. and
M.P) in a random order using PIPS (IMS 3.2) on a stan-
dard computer workstation (§GB RAM) with 27" mon-
itors (screen resolution 1920 x 1200) as recommended
(3), and an Olympus BX42 microscope equipped with
a standard set of objectives including a Uplan FL 40x.
Only the CUSA-resected material from each case was
evaluated. Small collections of Floseal, red blood cells
or fibrin were not counted as tissue fragments. Statistical
analyses were performed using custom-written Matlab-
based software which is available, along with our entire
dataset, at https://github.com/crcadwell/CUSA.

Overall, 54.1% (160/296) of the slides examined had at
least one tissue fragment that was not scanned at high
resolution in the WSI, including at least one slide from
each case (range 3-8 slides/case). In the majority of WSI
with infidelity (108/160, 67.5%), the missing tissue was less
than 0.5 mm in greatest dimension; however, about a third
(52/160, 32.5%) were missing fragments larger than 0.5 mm
and rare slides (2/160, 1.3%) were missing fragments
greater than 5 mm (Figure 1A—C). There was no difference
in the rate of infidelity between the 2016 and 2018 cohorts
(n = 81/144 [56.3%] for 2016, n = 79/152 [52.0%] for 2018;
p = 0.49, Fisher’s exact test). None of the unscanned tissue
fragments would have altered the final diagnosis or grade.

PIPS defines the MSA as the center of the slide, 5 mm
from the slide label and 3 mm from all other edges of the
coverslip, corresponding to an area of 42 X 18 mm (760
mm?; Figure 1D). Unscanned tissue outside this region was
attributed to MSA restriction. ROIs could be either within
the MSA or beyond it, and there could be multiple ROIs
per slide. Unscanned tissue within the MSA was attributed
to ROI selection, and slides with multiple unscanned
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fragments could be attributed to a combination of ROI
and MSA. Across all slides with unscanned tissue, the vast
majority were attributed to ROI selection alone (137/160,
85.6%; Figure 1E), with a smaller number attributed to
ROI + MSA (13/160, 8.1%) or MSA alone (10/160, 6.3%).
Many of the small unscanned fragments were dispersed
away from the main tissue bulk, and similar sized small
fragments within the main bulk of tissue aggregate were
successfully scanned. Although ROI was the most common
cause of scan infidelity for both small and large fragments,
it accounted for a greater fraction of the small unscanned
fragments (97/108 or 89.8% for small fragments <0.5 mm;
39/52 or 75.0% for large fragments 20.5 mm; p = 0.0185,
Fisher’s exact test), whercas MSA alone accounted for a
greater fraction of the large unscanned fragments (13.5%
[7/52] for large fragments; 2.8% [3/108] for small fragments;
p = 0.0141, Fisher’s exact test; Figure 1F).

Loss of scan fidelity could be easily appreciated upon
review of the WSI in instances where large fragments
were abruptly cut off (e.g., Figure 1A). In some WSI,
areas that are not scanned at high-resolution show blurry
shadows on the macro-image that may raise suspicion for
the presence of unscanned tissue. However, WSIs with
multiple ROIs display solid white-out space between the
scanned regions with no indication whether there may
be unscanned tissue in these spaces (Figure 1G). For
each slide we also determined whether the scanning in-
fidelity could be identified on review of the WSI alone,
or comparison with the glass slide was necessary, or a
combination of both (Figure 1H). The vast majority
of WSI with unscanned tissue fragments showed some
indication that there may be unscanned tissue on the
WSI (129/160 or 80.1%). Of these, about half showed ad-
ditional unscanned fragments upon review of the glass
slide that could not be appreciated on the WSI (63/129 or
48.8%). Of the slides with no indication of scanning infi-
delity on the WSI, nearly one in five showed unscanned
tissue fragments upon review of the glass slide (31/167 or
18.6%). A comparison of the frequency of identification
of small versus large unscanned tissue fragments on the
WSI, glass, or both revealed that small fragments were
more likely to be detected only on review of the glass
slides compared to larger fragments of unscanned tissue
(Figure 1T). Small fragments comprised the vast majority
of instances in which the unscanned tissue could only be
identified on the glass slide (n = 27/31 or 87.1%).

Our results highlight a limitation of the PIPS WSI sys-
tem for the evaluation of fragmented brain specimens ob-
tained using CUSA, with the majority of the loss of fidelity
attributed to selective scanning of ROI which tends to miss
small tissue fragments dispersed away from the main tissue
aggregate. We found no evidence of improvement after op-
timizing our tissue processing protocols for slide scanning,
suggesting that this technical shortcoming cannot be eas-
ily mitigated by such “hardware” modifications. As oth-
ers have noted (7), review of the macro image along with
the WSI can help to identify missed fragments; however,


https://github.com/crcadwell/CUSA

BRAIN PATHOLOGY

Brain 3of 4
Pathology
(A) : w(©
> ¢ - Complete scan Missing tissue 20.5 mm
29 LA < 113 (38.2%) 52 (17.6%)
P o Wit B g

. ;

3 -
. —

e
Tissue beyond coverslip  Missing tissue <0.5 mm

B a)
(B) s #’
A g 23 (7.8%) 108 (36.5%)

> *
==ROI (F) 5 25—
oy\r — — — — — = — 7 20
| || @ 15}
5mm = 5t
| || K
Lo _3mm{ __ <0.5 mm=0.5 mm
Unscanned Tissue Size
@ B P O — m
> 5 "&. < V > O ; o »f.,. ‘; 4
] %y 8 ol Wy e
\ ‘;‘“ S & : ; N 7 ‘ { —~ 3 ,‘" ’ !
¥ - 33 : )\ e w0 ? l-; %
x " é L > .‘ » ﬁ

o @ Identified on WSIS onl
(H) Identified on glass only 31 (10.5%) U 0 Identified on WSIS additional on glass
» o O Identified on glass only
Identified _ 2 06f |
on WSIS, 02
additional sz
on glass 2 E041 % |
63 (21.3%) S8 |
;
|
C?gg’:i?;??n dentified Unscanned tissue  Unscanned tissue
"0 on WSIS only 66 (22.3%) <0.5mm 20.5 mm

FIGURE 1 Loss of fidelity in scanned whole-slide images (WSI) is frequent and cannot always be appreciated without review of the glass
slide. (A) Example WSI showing loss of fidelity with a large amount of unscanned tissue attributed to ROI selection. (B) Example WSI showing
loss of fidelity, with multiple unscanned tissue fragments, attributed to a combination of ROI selection and MSA. (C) Summary of the frequency
of infidelity (unscanned tissue) across all WSI examined (n = 296). Slides with missing tissue only beyond the coverslipped area were not counted
as a loss of fidelity. (D) The manufacturer-defined the maximum scannable area (MSA, gray striped area) of each slide as the area at least 3mm
from all edges of the coverslip (dashed line) and Smm from the edge closest to the slide label. (E) Summary of the likely cause of infidelity (n = 160
WSI with unscanned tissue). (F) Percent of WSI with unscanned small (<0.5 mm) or large (>=0.5 mm) tissue fragments that are attributed to MSA
only (n = 3/108 [2.8%] for small fragments and n = 7/53 [13.5%] for large fragments; *p < 0.05, Fisher’s exact test). (G) Example WSI showing loss of
fidelity with unscanned tissue that can only be detected on the glass slide. (H) Summary of the frequency of different modes of identification of
scanning infidelity across all slides (n = 296). (I) Comparison of the frequency of different modes of identification of scanning infidelity between
small and large unscanned tissue fragments (n = 39, 42, and 27 out of 108 total WSI with small unscanned tissue fragments, n = 27, 21, and 4 out
of 52 total WSI with large unscanned tissue fragments; p = 0.023, overall)(2 for 3 X 2 contingency table; post-hoc comparisons for each modality
compared to the other two combined using »* with Bonferroni correction for multiple comparisons; *p < 0.05 compared to the frequency of small
unscanned fragments being detected on glass only). All stains are hematoxylin and eosin. In (A), (B) and (G), black boxes denote areas scanned

at high resolution; red lines highlight unscanned fragments that could be seen on the WSI; blue ellipses indicate unscanned fragments that could
only be seen on review of the glass slides; scale bars are 5 mm. Error bars in (F) and (I) are 90% Clopper-Pearson confidence intervals
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review of the glass is still necessary to distinguish which
are tissue and which are fibrin or debris and repeat scan-
ning of a large fraction of slides would have significant im-
pact on the workflow and turnaround time. Furthermore,
a subset of slides with unscanned tissue (approximately
10% of all slides examined) could only be identified upon
review of the glass slides.

A few studies evaluating WSI in diagnostic neuropa-
thology have raised concerns such as loss of nuclear detail
(8), but the main focus has been on diagnostic accuracy
(9,10) and none have commented on scan fidelity. We eval-
uated a single WSI platform and the vast majority of our
cases were gliomas; these results may not be representa-
tive of all platforms and neoplasms. Nonetheless, pathol-
ogists should be aware of the possibility of scan infidelity
so that they can make an informed decision as to whether
the benefits of digital pathology outweigh the potential
risks. Novel tissue detection algorithms that emphasize
scan fidelity over scanning speed may ultimately prove
more efficient in clinical practice by reducing the number
of cases requiring concurrent review of glass slides.

KEYWORDS
digital pathology, scanning infidelity, tissue detection,
whole-slide image
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