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Abstract

Prior studies demonstrate poor agreement among pathologists’ interpretation of kidney
biopsy slides. Reliability of representative images of these slides uploaded to the United
Network of Organ Sharing (UNOS) web portal for clinician review has not been studied.
We hypothesized high agreement among pathologists’ image interpretation, since static
images eliminate variation induced by viewing different areas of movable slides. To test our
hypothesis, we compared the assessments of UNOS-uploaded images recorded in stand-
ardized forms by three pathologists. We selected 100 image sets, each having at least two
images from kidneys of deceased donors. Weighted Cohen's kappa was used for inter-rater
agreement. Mean (SD) donor age was 50 (13). Acute tubular injury had kappas of 0.12, 0.14,
and 0.19; arteriolar hyalinosis 0.16, 0.27, and 0.38; interstitial inflammation 0.30, 0.33, and
0.49; interstitial fibrosis 0.28, 0.32, and 0.67; arterial intimal fibrosis 0.34, 0.42, and 0.59;
tubular atrophy 0.35, 0.41, and 0.52; glomeruli thrombi 0.32, 0.53, and 0.85; and global
glomerulosclerosis 0.68, 0.70, and 0.77. Pathologists’ agreement demonstrated kappas of
0.12 to 0.77. The lower values raise concern about the reliability of using images. Although
further research is needed to understand how uploaded images are used clinically, the field

may consider higher-quality standards for biopsy photomicrographs.
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1 | INTRODUCTION

For the 100 000 patients on the kidney transplant waiting list, only
20% will actually receive transplants and 5% (about 22 patients
every day) will die before they can receive a transplant this year.>?
Despite the growing disparity between the number of kidney trans-
plants needed versus performed, kidney discard rates nearly qua-
drupled between 1988 and 2009, from about 5% to 20% of procured
kidneys.3 Researchers have extensively investigated reasons for dis-
card in hopes of closing the gap and salvaging all viable organs.3'4
Based on national registry data from the Organ Procurement and
Transplantation Network (OPTN), the most frequently documented
reason for kidney discard remains “biopsy findings.”

There is an association between procurement kidney biopsy
findings and organ discard rates, but when biopsy findings are reas-
suring in kidneys from marginal donors, biopsies may also be asso-
ciated with organ acceptance. Hence, it is important to understand
the reliability of the reporting of histological findings from these
biopsies generated in the organ procurement setting.6 Azancot et
al demonstrated considerable variability in pathologists’ reports,
with minimal agreement between less experienced pathologists
and only moderate agreement among more experienced and ex-
pert pathologists.7 Furthermore, the authors found no significant
associations between donor histological findings and recipient graft
function when biopsies were assessed by less experienced patholo-
gists, but histology was significantly and independently associated
with recipient graft function when reported by an experienced and
expert renal pathologist.” Liapis et al found good reproducibility in
only four out of 12 histological findings when assessed by 32 expert
renal pathologists.®

Despite the variability in biopsy slide interpretations, the reading
pathologists may decide which sections to highlight by taking rep-
resentative images of the biopsy slide. These images are available
for review in the United Network of Organ Sharing (UNOS) web-ac-
cessible database. Organ procurement organizations (OPOs) upload
representative photomicrographs of pathology slides for online re-
view during organ offers, as a way for transplant centers to assess
the histology for themselves or to verify elements of on-call reports.
The process of creating high-resolution digital images of histologi-
cal material is gaining wide use in the field of pathology, with whole
slide imaging currently being used both clinically and in research.’
In contrast to whole slide imaging, a single image may or may not be
representative of the entire slide, and its interpretability may vary
depending on the viewer.

The value of donor biopsy images uploaded to UNOS may
also depend on the quality of pathology review. One import-
ant dimension of quality is reliability, that is, the similarity in
interpretation of pathology findings between independent pa-
thologists. It is unknown whether images uploaded to UNOS
would be consistently interpreted even under optimal circum-
stances with experienced renal pathologists using standardized
reporting methods. We hypothesized that agreement among
pathologists when interpreting static images would be high. The

rationale for this hypothesis was that static image interpreta-
tion is likely more reproducible as it eliminates variation induced
by viewing different areas of a freely movable slide. Therefore,
we aimed to evaluate the agreement across standardized his-
tological findings in UNOS-uploaded deceased-donor procure-
ment biopsy images between three experienced renal transplant
pathologists.

2 | METHODS

2.1 | Study design

One hundred kidney procurement biopsy image sets from 85 dis-
tinct deceased donors were obtained from UNOS and included in
the study to evaluate inter-rater agreement. Ninety-one percent
of image sets used in this study consisted of photomicrographs
of frozen wedge biopsies, while 9% were needle biopsies. Donors
were selected from the preexisting prospective multicenter
Deceased-Donor Cohort Study (DDS), which has been described
in detail elsewhere.'® For inclusion in the current analysis, kidney
biopsies of donors had to have at least two images uploaded in
the web-accessible UNOS system known as DonorNet. Out of 425
UNOS image sets available for this study, we selected all those
with moderate and severe findings for glomerulosclerosis, inter-
stitial fibrosis, and acute tubular injury as described on the UNOS
and OPO biopsy reports. For the remaining image sets, we utilized
random disproportionate stratified sampling, which involved di-
viding the image sets into two smaller strata of image sets with
acute tubular injury as reported by UNOS and image sets without
acute tubular injury. We then disproportionately sampled image
sets from each stratum to ensure a reasonable distribution of pa-
thology among the 100 image sets. De-identified image sets were
securely distributed to three experienced academic renal patholo-
gists with 17, 4, and 18 years of experience for pathologists 1, 2,
and 3, respectively, since completion of renal pathology fellow-
ship training at different academic institutions. The pathologists
were blinded to the OPO and UNOS biopsy reports and to each
other’s findings. Pathologists 1 and 2 were from the same insti-
tution, and the third pathologist was from a separate institution.
Representative images are shown in Figure 1. Each pathologist
was asked to complete a standardized scoring sheet adapted from
Liapis et al with the following eight histological characteristics:
percent glomerulosclerosis, glomeruli thrombi, interstitial fibrosis,
tubular atrophy, interstitial inflammation, arterial intimal fibrosis,
arteriolar hyalinosis, and acute tubular injury as shown in Figure
51.8 Each histological characteristic was given an ordinal defini-
tion as none, mild, moderate, or severe along with a corresponding
percentage. Pathologists were instructed to follow the provided
ordinal definitions on the scoring sheet. Each donor image set was
evaluated using one scoring sheet. Thus, each scoring sheet was
representative of a unique donor. In addition, each pathologist
evaluated a set of 10 random image sets more than once to evalu-
ate intra-rater agreement. These samples were selected via simple
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FIGURE 1 This figure represents two
sets of images from different donors that
were given to pathologists for intra- and
inter-rater agreement analysis. Figure A
shows an image of a core needle biopsy,
while figure B shows an image of a frozen
wedge biopsy

random sampling, where each image set had an equal probability
of being chosen.

This study used data from the OPTN. The OPTN data system
includes data on all donors, wait-listed candidates, and transplant
recipients in the US, submitted by the members of the OPTN.
The Health Resources and Services Administration (HRSA), US
Department of Health and Human Services provides oversight
to the activities of the OPTN contractor. The analyses are based
on OPTN data and biopsy images as of May 6, 2016. The institu-
tional review boards of all participating centers approved this study
(Human Investigation Committee Protocol Number: 1206010465).
All clinical investigators abided by the ethical principles for medical
research involving human subjects as outlined in the Declaration
of Helsinki.

2.2 | Statistical analysis

Baseline characteristics are presented as mean + standard devia-
tion if continuous and as frequencies (%) if categorical. Kappa was
used to evaluate rater agreement not due to chance. More specifi-
cally, we used weighted Cohen’s kappa statistic to assess intra-rater
agreement as well as pairwise inter-rater agreement between two
pathologists at a time, and we used Fleiss kappa to assess inter-rater
agreement among all three pathologists.!! Given the ordinal nature
of the data, a weighted kappa was used to account for the degree of

t.12 As such, two-level disagreements were weighted

disagreemen
as a higher degree of disagreement compared to one-level disagree-
ments. For example, a difference between pathologists of no fibro-
sis versus moderate fibrosis was weighted as more important than a
difference of no fibrosis vs mild fibrosis. For each histological find-
ing, we reported overall Fleiss kappa, weighted pairwise Cohen’s

kappa, prevalence-adjusted bias-adjusted kappa (PABAK),®® which

assumes that the bias of prevalence is absent and that prevalence

is fixed at 50%, and pairwise percent agreement. The interpreta-
tions of the Kappa coefficients are as follows: none (0-0.20), mini-
mal (0.21-0.39), mild (0.40-0.59), moderate (0.60-0.79), strong
(0.80-0.90), and almost perfect (>0.90). An acceptable kappa sta-
tistic is usually 20.60, which corresponds with moderate or higher
agreement.’*

For all histological characteristics, we combined moderate and
severe terms to generate three categories of none, mild, and greater
than mild (ie, moderate or severe) because <5% of scores were mod-
erate and <5% of scores were severe. Indeterminate and missing data
(<5% of scores) were excluded from the analysis. For glomeruloscle-
rosis, 1%-20% and >20% were the two categories used to calculate
kappa among the three pathologists, as the cutoff of >20% has been
shown to be associated with discard. We also calculated the overall
kappa among the three pathologists when histological findings were
scored as only two categories of none/mild and moderate/severe.
Inference testing for the kappa statistic was done using the Z-test.
P-values < 0.05 were considered statistically significant. With 100
image sets, the study had sufficient statistical power of at least 85%
to detect mild agreement between two pathologists (kappa of at least
0.55 with a null hypothesis of 0.30).3> For each histological finding,
we reported overall Fleiss kappa and pairwise percent agreement.

To evaluate whether the presence of UNOS images affected
clinical decision-making as compared to biopsies without images,
we assessed the distribution of discarded kidneys, and cold isch-
emia time (hours) between kidneys with biopsies without UNOS
images (n = 1326) and kidneys with biopsies plus UNOS images
(n = 425). Inference testing was done using the Z-test for the di-
chotomous outcome of discarded kidneys. For the continuous out-
come of cold ischemia time (hours), we used Wilcoxon signed-rank
test.
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3 | RESULTS

Baseline characteristics of all donors are shown in Table 1. The
mean age was 50 * 13%, and 57% of donors were male. Forty per-
cent of kidneys were discarded. The average number of images per
donor kidney image set was two. Thirty-five (41%) of the 85 donors
had images representative of the left kidney, 35 (41%) had images
representative of the right kidney, and 15 (18%) donors had im-
ages representative of both left and right kidneys, which yielded a
total of 100 image sets of either left or right kidneys from 85 dis-
tinct donors. Sixty (60%) kidneys were transplanted and 31 (52%)
of the transplanted kidneys developed delayed graft function (DGF,
defined as any dialysis within the first week of transplant), with
an average 6-month estimated glomerular filtration rate (eGFR) of
about 47 mL/min/1.73m?, 6-month kidney graft failure of 3%, and
6-month mortality of 5% as shown in Table 1. The median image
file size was 427 kB, with a range of 70-3654 kB. Out of all 221 im-
ages, 3% had 100x magnification, 36% had 200x magnification, and
62% of images had 400x magnification. Out of the 100 image sets,
2% had all images with 100x magnification, 20% had all images with

TABLE 1 Baseline characteristics of deceased donors

All kidneys (n = 100)?

Variables Mean (SD) or n (%)
Age (years) 50 (13)
Males 57 (57%)
Black race 18 (18%)
Height (cm) 169 (12)
Weight (kg) 87 (26)
History of hypertension 54 (54%)
History of diabetes 10 (10%)
Donor cause of death
Anoxia 29 (29%)
Stroke 52 (52%)
Head trauma 19 (19%)
Negative hepatitis C antibody 100 (100%)
Admission serum creatinine (mg/dL) 1.17 (0.54)
Terminal serum creatinine (mg/dL) 1.48 (1.19)
Expanded criteria donor 41 (41%)
Donation after cardiac death 10 (10%)
Kidney donor risk index 1.28(0.35)
Kidney donor profile index (%) relative to 67 (23)
2010 median donor
Number of kidneys discarded 40 (40%)
Transplanted kidneys (n = 60)
Delayed graft function 31 (52%)
6-month eGFR (mL/min/m?) 47 (20)
6-month graft failure 2 (3%)
6-month mortality 3(5%)

eGFR, estimated glomerular filtration rate.
#The 100 kidney image sets came from 85 distinct donors.

200x magnification, 43% had all images with 400x magnification,
and 35% had images with different magnifications within each set.
When shown duplicated image sets in blinded fashion, pathologists
demonstrated a high level of agreement with their prior interpreta-
tions of the biopsy as shown in Table S1. Pathologist 1, 2, and 3 had
median (range) weighted Cohen’s kappa of 0.63 (0.32, 1.00), 1.00
(0.74, 1.00), and 0.69 (0.31, 1.00), respectively. Percent agreement
and weighted Cohen'’s kappa between pairs of pathologists for each
histological finding per image set are shown in Figure 2. Agreement

across the eight histological characteristics is described below:

3.1 | Acute tubular injury

When initially assessed using whole slides, 40% had moderate acute
tubular injury based on OPO biopsy reports as shown in Table 2.
Review of image sets by study pathologists revealed a range of scores
from 5% to 40% as having moderate acute tubular injury depending
on the interpreting pathologist.

Overall, the pathologists had no agreement in regard to acute tu-
bular injury (weighted Cohen'’s kappa was 0.12, 0.14, and 0.19; PABAK
was -0.07,0.30, and 0.31 when comparing pathologists 1&3, 2&3, and
1&2, respectively; and Fleiss kappa [95% Cl] was 0.07,[-0.01,0.16]), but
this was not statistically significant as shown in Figure 2 and Table 3.

3.2 | Glomerulosclerosis

Global glomerulosclerosis >20% was noted in 20% of OPO biopsy re-
ports of whole kidney slides as shown in Table 2. Glomerulosclerosis
>20% was found in 14% to 25% of the image sets reviewed by pa-
thologists. Biopsy image sets had an average of 5 + 3 glomeruli per
image set among all three pathologists. Overall, the pathologists
had mild to moderate agreement with regard to glomerulosclerosis
(weighted Cohen’s kappa was 0.68, 0.70, and 0.77; PABAK was 0.62,
0.76, and 0.82 when comparing pathologists 1&3, 2&3, and 1&2, re-
spectively; and Fleiss kappa [95% Cl] was 0.57 [0.45, 0.68]) as shown
in Figure 2 and Table 3.

3.3 | Interstitial fibrosis

Organ procurement organization whole slide biopsy reports noted in-
terstitial fibrosis >25% in 11% of reports as shown in Table 2. image sets
reviewed by pathologists revealed interstitial fibrosis >25% in 6% to
13% of image sets, with minimal overall agreement (weighted Cohen'’s
kappa was 0.28, 0.32, and 0.67; PABAK was 0.24, 0.25, and 0.73 when
comparing pathologists 1&3, 2&3, and 1&2, respectively; and Fleiss
kappa [95% ClI] was 0.29 [0.20, 0.38]) as shown in Figure 2 and Table 3.

3.4 | Interstitial inflammation

Interstitial inflammation > 25% was assessed by the pathologists
in 2% to 15% of the image sets as shown in Table 2, with minimal
agreement overall (weighted Cohen’s kappa was 0.30, 0.33, and
0.49; PABAK was 0.41, 0.47, and 0.72 when comparing pathologists
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FIGURE 2 This figure shows percent agreement between Pathologists 1&2, 1&3, and 2&3 for each histological finding as well as the
weighted Cohen's kappa and 95% confidence intervals. The dark blue circles represent 100% of the images (total of 100 images, except for
arterial intimal fibrosis since only images with arteries were included.) The numbers within the light grey circles represent percent agreement

between each pair of pathologists %

1&3, 2&3, and 1&2, respectively; and Fleiss kappa [95% Cl] was 0.27
[0.18, 0.36]) as shown in Figure 2 and Table 3.

3.5 | Arteriolar hyalinosis

The majority of image sets were found to have no arteriolar hya-
linosis based on the pathologists’ scoring as shown in Table 2, with
minimal overall agreement (weighted Cohen’s kappa was 0.16, 0.27,
and 0.38; PABAK was 0.54, 0.57, and 0.78 when comparing patholo-
gists 2&3, 1&3, and 1&2, respectively; and Fleiss kappa [95% Cl] was
0.21[0.11, 0.31]) as shown in Figure 2 and Table 3.

3.6 | Tubular atrophy

Tubular atrophy > 25% was noted by the pathologists in 6% to 12%
of the image sets as shown in Table 2, with minimal to mild over-

all agreement (weighted Cohen’s kappa was 0.35, 0.41, and 0.52;

PABAK was 0.40, 0.44, and 0.60 when comparing pathologists 1&3,
2&3, and 1&2, respectively; and Fleiss kappa [95% Cl] was 0.33
[0.24, 0.42]) as shown in Figure 2 and Table 3.

3.7 | Arterial intimal fibrosis

Arterial intimal fibrosis > 25% was noted by the pathologists in 3%
to 8% of the image sets as shown in Table 2, with minimal to mild
overall agreement (weighted Cohen’s kappa was 0.34, 0.42, and
0.59; PABAK was 0.05, 0.16, and 0.19 when comparing pathologists
1&3, 2&3, and 1&2, respectively; and Fleiss kappa [95% Cl] was 0.33
[0.30, 0.36]) as shown in Figure 2 and Table 3.

3.8 | Glomeruli thrombi

The pathologists scored 90% to 95% of image sets as “none” with

regard to thrombi within glomeruli as shown in Table 2, and overall
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TABLE 2 Distribution of histological findings per pathologist with corresponding readings from OPO biopsy reports

Histological findings Ordinal scale

Acute tubular injury None

Mild (epithelial flattening, tubule dilation,
nuclear dropout, loss of brush border)

Moderate (focal necrosis) and severe
(infarction)

0%-20%
>20%

Glomerulosclerosis

None (<5% of cortex)

Mild (6%-25%)

Moderate (26%-50%) or Severe (>50%)
None (<10% of cortex)

Mild (10%-25%)

Moderate (26%-50%) or Severe (>50%)

Interstitial fibrosis

Interstitial inflammation

Indeterminate
Arteriolar hyalinosis None
Mild (at least one arteriole)

Moderate (more than one arteriole) or
Severe (multiple arterioles affected)

None (0% of cortical tubules)
Mild (<25%)
Moderate (26%-50%) or Severe (>50%)

Tubular atrophy

Indeterminate
Arterial intimal fibrosis® None (0% vascular narrowing)
Mild (<25%)
Moderate (26%-50%) or Severe (>50%)
Indeterminate
None

Mild (<10% of capillaries occluded)

Glomeruli thrombi

Moderate (10%-25% occlusion) or Severe
(>25% occlusion)

Indeterminate

OPO, organ procurement organization
All categorical values are presented as frequencies n (%).

Pathologist 1, Pathologist 2, Pathologist 3,
n (%) n (%) n (%) OPO?, n (%)
9 (9%) 40 (40%) 6 (6%) 52 (52%)
86 (86%) 48 (48%) 54 (54%) 8(8%)
5(5%) 12 (12%) 40 (40%) 40 (40%)
75 (75%) 82 (82%) 86 (86%) 80 (80%)
25 (2 5%) 18 (18%) 14 (14%) 20 (20%)
71 (71%) 67 (67%) 29 (29%) 12 (12%)
23 (23%) 24 (24%) 58 (58%) 77 (77%)
6 (6%) 9 (9%) 13 (13%) 11 (11%)
75 (75%) 79 (79%) 47 (47%) NA
22 (22%) 17 (17%) 38 (38%)
3(3%) 2 (2%) 15 (15%)

2 (2%)
86 (86%) 87 (87%) 70 (70%) NA
10 (10%) 13 (13%) 27 (27%)
4 (4%) 3(3%)
61 (61%) 55 (55%) 30 (30%) NA
32 (32%) 36 (36%) 58 (58%)
6 (6%) 9 (9%) 12 (12%)
1(1%)
33 (61%) 24 (38%) 35 (41%) NA
17 (31%) 33 (52%) 43 (50%)
3(6%) 3(5%) 8 (9%)
1(2%) 3(5%)
93 (93%) 90 (91%) 95 (95%) NA
3 (3%) 1(1%) 3(3%)
1(1%) 1(1%) 2 (2%)
3 (3%) 7 (7%)

20PO readings are based on whole slide review, whereas pathologists’ readings are based on biopsy images.
PPercentages are calculated from the total number of images with identified arteries. For pathologist 1 n = 54, pathologist 2 n = 63, and pathologist 3

n = 86.

agreement was mild (weighted Cohen’s kappa was 0.32, 0.53, and
0.85; PABAK was 0.87, 0.87, and 0.91 when comparing pathologists
2&3, 1&3, and 1&2, respectively; and Fleiss kappa [95% Cl] was 0.41
[0.32, 0.50]) as shown in Figure 2 and Table 3.

3.9 | Clinical outcomes and kidney biopsies

Forty percent of donor kidneys were discarded. Fleiss kappa statis-
tics for the three pathologists when assessing image sets of discarded
kidneys are shown in Table S2. Among statistically significant kappa

coefficients for discarded kidneys, agreement was similar (<0.10

difference in kappa coefficients) between discarded kidneys and the
entire 100 image sets except for glomeruli thrombi and arterial in-
timal fibrosis, which had less agreement among discarded kidneys.

When we evaluated the distribution of discarded kidneys and
cold ischemia time between kidneys with biopsies plus images
(n = 425) and kidneys with biopsies alone (n = 1326), there was no
statistically significant difference in discard rates [131 (31%) vs
456 (34%), P =0.175, respectively]; however, cold ischemia time
(hours) was significantly longer in kidneys with biopsies and images
compared to biopsies alone (median [IQR] 8 [14, 23] vs 16 [12, 21],
P < 0.001, respectively).
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TABLE 3 Weighted Cohen's kappa, Prevalence-adjusted bias-adjusted kappa, and Fleiss kappa for all three pathologists per histological

finding
Prevalence-adjusted bias-adjusted

Weighted Cohen's kappa kappa

Pathologists Pathologists
Histological findings 1/2 1/3 2/3 1/2 1/3 2/3 Fleiss kappa (95% Cl) P-value’
Glomerulosclerosis 0.77 0.68 0.70 0.82 0.62 0.76 0.57 (0.45, 0.68) <0.001
Glomeruli thrombi 0.85 0.53 0.32 0.91 0.87 0.87 0.41 (0.32,0.50) <0.001
Tubular atrophy 0.52 0.35 0.41 0.60 0.40 0.44 0.33(0.24,0.42) <0.001
Arterial intimal fibrosis 0.59 0.34 0.42 0.19 0.05 0.16 0.33(0.30, 0.36) <0.001
Interstitial fibrosis 0.67 0.28 0.32 0.73 0.24 0.25 0.29(0.20, 0.38) <0.001
Interstitial inflammation 0.49 0.30 0.33 0.72 0.41 0.47 0.27 (0.18, 0.36) <0.001
Arteriolar hyalinosis 0.38 0.27 0.16 0.78 0.57 0.54 0.21(0.11,0.31) <0.001
Acute tubular injury 0.19 0.12 0.14 0.31 -0.07 0.30 0.07 (-0.01, 0.1¢6) 0.065

"Z-test was used to calculate P-values for Fleiss kappa. No P-values were calculated for PABAK or weighted Cohen'’s kappa as only three values were

available (kappa per pathologist).

Lastly, we assessed overall kappa among the three pathologists
when the histological findings were scored as two categories of
none/mild and moderate/severe as shown in Table S3. There were
no significant changes in kappa values as compared to the 3-level
categories except for arterial hyalinosis with reduction in agreement
(P =0.015) and interstitial fibrosis with improvement in agreement
(P =0.028).

4 | DISCUSSION

In this study of UNOS-uploaded deceased-donor photomicrographs
of procurement kidney biopsies, we identified minimal to moderate
inter-rater agreement among three experienced renal transplant
pathologists using a standardized evaluation form with defined his-
tological categories. The selection process for the 100 image sets
was based on histological findings that have been identified in the
literature to affect clinical decisions and discard rates.*®” Out of
the eight histological findings assessed, global glomerulosclerosis
had the highest inter-rater reliability but still had only mild to moder-
ate agreement. Given the variability in interpreting these image sets,
the field should consider investing in efforts to optimize the quality
of biopsy specimens and the display of these specimens via photo-
micrographs to improve reliability across readers.

While other studies have identified pathologist experience
and lack of standardized reporting as possible reasons for poor

inter-rater agreement when utilizing physical biopsy slides,”18

we
attempted to account for these factors in this novel evaluation of
clinical biopsy images via a panel of experienced renal transplant
pathologists using standardized evaluation forms. This is, in fact,
the first study to evaluate biopsy images uploaded to the UNOS da-
tabase and available for review by transplant centers during organ
allocation offers. Nonetheless, we noted only minimal to mild agree-

ment for the histological findings in images among the pathologists.

Our results show that the pathologist who most recently completed
fellowship had the best intra-rater agreement across most histolog-
ical fields. This shows that number of years may not correlate with
level of expertise, as it depends on training and exposure to cases in
the years of experience. Furthermore, pathologists who are trained
more recently are likely to navigate the medical records with more
ease and hence could be more frequently exposed to evaluating bi-
opsy images as compared to pathologists who completed fellowship
years earlier.

Besides experience and reporting standards, several other
reasons have been postulated to explain variability in reports of
histological findings. It is important to recognize that while these
potential drawbacks are inherent to current practice and apply to
pathologists interpreting physical biopsy slides, they likely also
apply to our study of clinical photomicrographs. First, even experi-
enced renal pathologists may bypass standardized percentile defi-
nitions on evaluation forms in favor of their own interpretations for
mild, moderate, or severe histopathology. Some of our definitions
may have also been simplistic without specifications regarding the
histological findings, which may have led to pathologists forgoing
the standardized definitions provided and applying their own. With
regard to global glomerulosclerosis in the current study, patholo-
gists were asked to calculate the actual percentage, which could
have contributed to variability because of the limited numbers of
visible glomeruli (about five per image set). Glomerulosclerosis in
particular requires substantial sample size, as noted in the Banff
recommendations for at least seven glomeruli and the Pirani score
recommendations for at least 25 glomeruli.w'20 We calculated
PABAK kappa, which assumes that prevalence bias is absent, and
it did improve kappa values; however this is not reflective of the
actual distribution of our dataset nor real life because prevalence is
not fixed at 50% and its variation introduces bias. While frozen sec-
tions are typically used for procurement kidney biopsies (including

the majority of the image sets for the current study) because of
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significant time constraints around organ allocation, subtle histo-
logical findings can be more difficult to assess and thereby increase
reporting variability compared with formalin-fixed tissue. Individual
center practices may also influence pathologists, as similar patterns
in reporting are more likely to exist between pathologists in the
same center.?! This was evident in our study as pathologists 1 and
2 were from the same institution and demonstrated the highest
pairwise agreement.

It is important to recognize that when interpreting physical
slides, pathologists can freely adjust the magnification, focus, and
field of view for the specimen, but the interpretation of a static
image is likely more reproducible as it eliminates variation induced
by viewing different areas of a freely movable slide.?! As such, the
static nature of images may lead to overestimation of the agree-
ment between pathologists compared to usual practice. We ac-
knowledge that some limitations of our study may have affected
the agreement among pathologists when reviewing the biopsy im-
ages. Reviewing photomicrographs of frozen wedge biopsies lim-
its the interpretation of vascular structures as it has been shown
that core needle biopsies are superior for evaluating renal vascular
histology‘22 Image quality could have also been poor and limited
the interpretation of some of the histological findings. All of the
images used in this study were hematoxylin and eosin stained and
hence could have limited the interpretation of findings such as fi-
brosis, which require special staining to be accurately described.
In addition to low-quality images and staining, many other factors
affect the quality of biopsy specimens, which in turn would im-
pact the quality of the photomicrographs uploaded in UNOS. The
thickness of the specimen, the quality of staining, and presence of
artifacts secondary to freezing are just some of the factors that
impact specimen quality. If biopsy processing improves then pho-
tomicrographs of these biopsies may also improve and lead to more
accurate interpretations by experienced pathologists as well as cli-
nicians reviewing these images. Given that interpretations of his-
tological findings on biopsies can be associated with both kidney
discard and organ acceptance, addressing the quality of specimen
processing is crucial. Images taken from good quality specimens
may enhance and build on the knowledge gained from a biopsy
interpretation alone. An image may also aid physicians in further
assessing the severity of findings since visualizing a photomicro-
graph can clarify if “moderate” is closer to 26% or 50% in severity.
Although low-quality images of standard specimen processing in
our study did not appear to influence decisions regarding kidney
discard, they did have significantly longer cold ischemia time com-
pared to biopsies without images. As there are no guidelines for
obtaining photomicrographs from procurement kidney biopsies, it
is difficult to ascertain why biopsies with photomicrographs had
significantly longer cold ischemia time compared to biopsies with-
out photomicrographs. However, we can postulate that kidneys
with significant histological findings that prompt the pathologist
to obtain photomicrographs will also have longer cold ischemia
time likely due to an instinctive reluctance to accept kidneys with
abnormal histology. Higher-quality images of better processed

kidney specimens may further impact clinical decisions posttrans-
plantation as they are used routinely in recipient protocol and for-
cause biopsies.

Another limitation in our study is that two pathologists were
from the same institution, which may have led to additional over-
estimation of agreement. As a result, we believed it was important
to recruit the third expert pathologist from a different institution to
account for some degree of variability in renal pathology practices
between institutions.

There are also statistical limitations regarding the use of kappa.
The kappa statistic is most useful for testing agreement for binary
outcomes that are not due to chance, and most histological find-
ings were scored on an ordinal scale. To accommodate for ordinal
histological definitions, we used weighted Cohen’s kappa when ap-
propriate. Also, kappa is influenced by trait prevalence.23 Thus, the
generalizability of our results would be limited if the distributions of
histological findings in our cohort do not resemble that of the gen-
eral population of deceased-donor kidney biopsies.

In conclusion, we found moderate to almost perfect intra-
rater agreement but minimal to moderate inter-rater agreement
among the three expert pathologists for important histopatho-
logical findings on clinical photomicrographs of procurement kid-
ney biopsies. These results raise concerns about the reliability of
uploaded biopsy images, and it may be that replacing static im-
ages with whole slide imaging would increase the clinical value
of donor biopsy. Pending future studies to assess how uploaded
biopsy images are used clinically, the field may consider seeking
higher-quality standards for biopsy processing and display via
photomicrographs.
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