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Long-standing donor diabetes and pathologic findings are
associated with shorter allograft survival in recipients of kidney
transplants from diabetic donors
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Approximately 6% of deceased kidney donors (DKDs) are diabetic; their kidneys may be associated with worse allograft survival, but
published studies suggest that recipient diabetes status has a greater impact on mortality and survival. Since biopsy findings are
the most common reason for organ discard, we sought to understand histologic and clinical factors that influence graft survival in
patients who receive a kidney from a diabetic DKD. We retrospectively reviewed our institutional experience from 2005 to 2019,
and re-evaluated pre-implantation and earliest post-transplant biopsies. Histologic findings were compared against a control cohort
of non-diabetic DKD. Of 829 adult DKD transplants, 37 (4.5%) came from diabetic donors. There was no significant difference in
diabetic vs. non-diabetic DKD graft survival for all-comers; however, when stratified by duration of donor diabetes, donor diabetes
≥6 years was associated with graft failure. In 25 patients with post-transplant biopsies available, diabetic DKD allografts had
significantly greater non-glomerular chronic injury than non-diabetic DKD allografts. Moderate arteriolar hyalinosis (in 24%),
moderate tubular atrophy and interstitial fibrosis (IFTA, in 36%), and diabetic glomerulopathy (in 24%) on early post-transplant
biopsy were associated with allograft failure. Pre-implantation frozen section discrepancies were more common in long-standing
donor diabetes, and arteriolar hyalinosis and IFTA scores on frozen accurately prognosticated graft loss. There was no morphologic
improvement in lesions of diabetic nephropathy on short-term follow-up. In conclusion, donor diabetes ≥6 years, and histologic
findings on frozen section and early post-transplant biopsy are associated with diabetic DKD allograft loss.

Modern Pathology (2022) 35:128–134; https://doi.org/10.1038/s41379-021-00927-2

INTRODUCTION
The demand for allograft kidneys exceeds availability, leading to
increased utilization of deceased kidney donors (DKDs) from
diabetic and expanded criteria donors1–5. In considering use of
kidneys from diabetic donors, results from previous large
registry-based studies are varied, but suggest that donor or
recipient diabetes can have statistically significant adverse
impacts on mortality and graft survival, although absolute
differences are often clinically small1,6–9. Although diabetic DKD
allografts have been associated with higher mortality than non-
diabetic DKD allografts, they offer survival benefit, demonstrat-
ing 9% lower mortality compared with remaining on the
waitlist1. Very few studies have pathologic correlation, usually
with no or mild histologic diabetic changes in diabetic DKD
allografts10,11. In this histology-focused study, we sought to
evaluate our institutional experience with diabetic DKD allo-
grafts, characterize pathologic findings on procurement and
follow-up biopsies, and identify features associated with
outcomes.

MATERIALS/SUBJECTS AND METHODS
After Institutional Review Board approval, we retrospectively
reviewed our institutional experience with diabetic DKD from
2005 to 2019, and re-evaluated procurement and post-transplant
biopsies. Donor and recipient clinical and laboratory data were
obtained from United Network of Organ Sharing (UNOS) database
with variables including donor height, weight, presence and
duration of diabetes, insulin dependence, cause of death, kidney
donor profile index (KDPI), cold ischemic time, donation after
circulatory death, and use of kidney pump. For recipients, age, sex,
weight, BMI, presence of diabetes, cause of end-stage kidney
disease (ESKD), calculated panel reactive antibody, use of dialysis
within first week of transplant, creatinine at discharge from
transplant, graft outcome (functioning vs. failed/dialysis-depen-
dent), most recent patient status (alive, dead, re-transplant, lost to
follow-up), and most recent creatinine were assessed. In the
overall cohort for graft survival analysis, there was no significant
differences between diabetic vs. non-diabetic DKD for cold
ischemic time, recipient age, gender, dialysis status at transplant,
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or creatinine at discharge. The cohort was not large enough to
control for all contributory variables including histology, KDPI,
rejection, hypertension, medications, or number of patients at the
end of dialysis time.
For post-transplant biopsies, slides were stained with H&E,

Jones silver, and PAS, per protocol, and evaluated by a renal
pathologist. Biopsies were performed for indication and usually
for surveillance per institutional protocol, at 3 and 12 months. Of
25 patients, 18 had at least two post-transplant biopsies (median
2, range: 2–5) for review. To assess donor rather than recipient
disease, the earliest available biopsy with adequate parenchyma
and vasculature was analyzed for outcome purposes; of these,
16/25 (64%) were surveillance and 9 were for-cause. Cases were
specifically evaluated for degree of global glomerulosclerosis (%),
tubular atrophy and interstitial fibrosis (IFTA) (0, mild, moderate,
severe), arteriosclerosis (0, mild, moderate, severe), arteriolar
hyalinosis (0, mild, moderate, severe), and glomerular abnorm-
alities, including mild or diffuse mesangial expansion with or
without nodularity. Rejection and any other abnormalities were
also recorded. Histologic findings were compared against a
control cohort (n= 107) of all adult non-diabetic DKD allograft
kidney biopsies (1 per patient) performed for surveillance
purposes from 2018 to 2019, and matched for time interval
from kidney transplant (all within first year, 60% within
3 months).
Frozen and permanent sections were evaluated with H&E using

our institutional criteria for scoring deceased donor kidneys.
Frozen section donor wedge pre-implantation biopsies were
evaluated by surgical pathologists on call, and permanent sections
were reviewed by renal pathologists; special stains including PAS
and Jones were performed in a minority of cases, at pathologist
discretion. For donor frozen evaluation, our institutional protocol
from this time period used the following point-based scoring
system: global glomerulosclerosis: 0: 0–5%; 1: 6–15%; 2: 16–25%; 3:
>25%. Arteriosclerosis: 0: negligible (10% or less); 1: mild (11–20%);
2: moderate (21–50%); 3: severe (>50%). Arteriolar hyalinosis: 0:
none; 1: focal; 2; multiple or circumferential deposits. IFTA: 0:
negligible (10% or less); 1: mild (11–20%); 2: moderate (21–50%); 3:
severe (>50%). Points from each compartment are added, with ≤2
points: ok to use for transplant; 3–4 points: correlate with clinical
findings; and ≥5 points, or any category “severe”: do not use
kidney. Major discrepancies were defined as those in which there
was a change from “ok to use” to “do not use” or vice versa
between the frozen and permanent section score.
Statistics were performed in GraphPad Prism 8 (La Jolla, CA)

using non-parametric tests (Mann–Whitney and Fischer’s tests) for
histologic variables; and outcome analyses were performed in
Stata 13 (College Station, TX) and SPSS (Armonk, NY: IBM Corp)
using Cox proportional hazards models.

RESULTS
Overall clinical outcomes of allograft kidneys from diabetic
deceased kidney donors
Of 829 adult DKD transplants performed between 2005 and 2019,
37 (4.5%) came from diabetic donors. There was no difference in
death-censored kidney allograft survival between individuals
receiving an allograft from a diabetic vs. non-diabetic DKDs, nor
amongst diabetic recipients receiving a diabetic vs. non-diabetic
DKD. Diabetic recipients had a non-significant trend toward
shorter graft survival (p= 0.078), regardless of donor diabetes
status. When stratified by duration of donor diabetes, recipients of
kidneys from donors with diabetes ≥6 years had significantly
shorter death-censored allograft survival (p= 0.04) (Fig. 1).
In the subset of 25 patients with pathology data, 17 (68%) were

male, with a median age of 58 years (range: 41–74 years). Eleven
recipients (44%) had diabetes, the great majority of which (10/11,
91%) were male; diabetes was the cause of ESKD in 8. Duration of

donor diabetes was: 0–5 years in 13 (52%), 6–10 years in 4 (16%)
including 2 insulin-dependent, >10 years in 5 (20%) including 2
insulin-dependent, and unknown in 3 (12%). At a median follow-
up time of 28 months (range: 3 months to 12 years), 3 experienced
graft failure. Of examined clinical variables in this cohort with
pathology available, donor diabetes >10 years was associated with
graft failure (HR 11.5, p= 0.04). When combining graft failure (n=
3) and allograft CKD4 (n= 2), donor diabetes >10 years remained
the only tested clinical variable associated with graft failure and/or
allograft CKD4 (HR 7.9, p= 0.03). There were four deaths with a
functioning allograft from a variety of etiologies, with no
association with the presence of recipient diabetes or duration
of donor diabetes.

Pathologic findings in allograft kidneys from diabetic donors,
early post-transplant
Of the 37 recipients of diabetic kidneys, 25 (68%, with 56 biopsies)
had post-transplant biopsies at our intuition; 24 (96%) had at least
one biopsy in the first year, including 88% within the first
3 months, for review. In attempt to capture donor rather than
recipient disease and given known sampling pitfalls of procure-
ment biopsies12–17, the first post-transplant biopsy was used for
most comparisons. Vascular disease including arteriosclerosis
(88%) and arteriolar hyalinosis (54%) (Fig. 2) was the most
common lesion; one had atheroembolic disease. Eight (32%) had
glomerular abnormalities including characteristic diabetic glomer-
ulopathy in six recipients (24%), which usually manifest as
mesangial sclerosis (17%), or nodular glomerulosclerosis (in two
recipients from same donor); one also had focal segmental
glomerulosclerosis (FSGS). Two (8%) had FSGS but without the
underlying mesangial proliferative changes associated with
diabetes (clinicopathologic findings are detailed in Supplementary
Table). Compared against a control cohort of non-diabetic DKD (n
= 107), kidneys from diabetic DKD had significantly greater global
glomerulosclerosis (median 5% vs. 0%, p= 0.005), IFTA (mild vs.
none, p < 0.0001), arteriolar hyalinosis (mild vs. none, p < 0.0001),
and arteriosclerosis (mild-to-moderate vs. none, p < 0.0001) (Fig. 3).
Based on the data distribution, we generated and tested potential
thresholds for histologic findings on permanent sections asso-
ciated with donor diabetes in DKDs, and found that arteriolar
hyalinosis and arteriosclerosis—but not global glomerulosclerosis,
IFTA, or classic diabetic glomerulopathy—were the most useful
indicators of diabetes-related renal injury in our cohort (Table 1).
Examining relationships between histologic findings and out-

comes in diabetic DKDs, moderate arteriolar hyalinosis (p= 0.01,
seen in 24%), moderate IFTA (p= 0.02, seen in 36%), and diabetic
glomerulopathy (p= 0.01, seen in 24%) on early post-transplant
biopsy were associated with allograft failure. The degree of
arteriolar hyalinosis was also associated with the combined
outcome of graft failure or allograft CKD4 (p= 0.04). No other
tested pathological variable on 3-month biopsy was associated
with graft failure.

Clinicopathologic correlation with pre-implantation frozen
and permanent sections
Of the 25 diabetic donor kidneys, 17 (68%) had local pre-
implantation frozen wedge biopsies available for review, which
were correlated with permanent section results. This was
performed in an effort to identify which clinically significant
features were recognizable at frozen section, and to characterize
type, rate, and impacts of frozen section discrepancies in kidneys
from diabetic donors. Similar features were prognostic and
identifiable prospectively at the time of frozen section: arteriolar
hyalinosis (p= 0.029) and IFTA (p= 0.026) scores on frozen section
were associated with diabetic DKD graft failure, but global
glomerulosclerosis and arteriosclerosis were not. Diabetic glomer-
ulopathy was difficult to identify on frozen section (Fig. 4), and
contributed to all three major frozen-to-permanent discrepancies,
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where a major discrepancy was defined as one in which a frozen
pre-implantation biopsy is scored as usable per our institutional
protocol, when score from re-evaluation on permanent section
would have placed it in an unusable category. This equates to a
18% major discrepancy rate for diabetic DKDs for frozen to
permanent section, which may be due to innate deficiencies of
frozen sections, wedge biopsy limitations, sampling site, or other
factors. Of these discrepancies, all were in donors with diabetes for
>10 years, and one recipient experienced early allograft failure at
1.5 years.
Given known inconsistencies in procurement biopsies12–17, we

examined discordance rates between permanents from pre-
implantation wedge biopsies to early post-transplant needle
biopsies. In addition to the previously described frozen-to-
permanent discrepancies, six recipient biopsies (35%) had a major
discordance in the degree of chronic injury on 3-month biopsy
compared with permanents from pre-implantation frozen sec-
tions, with overall scores that would have placed the kidney in a
“do not use” category if seen on procurement biopsy. Increased
arteriosclerosis, arteriolar hyaline, and IFTA (in five patients) on
3-month biopsies accounted for most of these discrepancies,
whereas greater degrees of global glomerulosclerosis were seen in

two, and only in conjunction with other chronic injury. Rather than
representing frozen section limitations, these discrepancies are
likely driven by differences in sample location and type, with more
vascular disease observed in needle biopsies (post-transplant)
compared with wedge biopsies (pre-implantation), as has been
previously reported18. These procurement to 3-month discrepan-
cies were unrelated to the duration of donor diabetes.

Evolution of pathologic lesions in repeat biopsies of kidneys
from diabetic donors
At a median follow-up time of 5 months (range: 0.5–36 months),
18 of 25 patients had at least two post-transplant biopsies
(median 2, range: 2–5) for review. After accounting for expected
sampling-related variations and impact of other conditions such
as rejection, repeat biopsies showed comparable degrees of
global glomerulosclerosis, IFTA, and chronic vascular changes over
the short time interval. Six of the eight recipients with donor-
derived diabetes-associated glomerular changes (four diffuse
mesangial sclerosis, two FSGS) had repeat biopsies. Two of these
recipients were diabetic; one had stable diffuse mesangial
sclerosis on repeat biopsy, and the other showed persistent FSGS
with a two-fold increase in global glomerulosclerosis and IFTA
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Fig. 1 Survival curves for diabetic donor kidneys and recipients. For recipients of an allograft kidney from a diabetic donor, there was no
difference in death-censored graft survival for A all-comers, nor for B diabetic recipients. C Kidney allografts had a non-significant trend to fail
earlier in a diabetic recipient, regardless of whether the donor was diabetic. D When stratified by duration of donor diabetes, recipients of
allograft kidneys from donors with diabetes ≥6 years had significantly shorter death-censored allograft survival.
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with an increase in arteriosclerosis and arteriolar hyalinosis at 1
year, compared with 3-month biopsy. Four recipients were non-
diabetic; repeat biopsies showed a subjectively similar degree of
diffuse mesangial sclerosis, and one developed FSGS on repeat
biopsy at 7 months. Thus, in a short time period, we observed
subjectively stable donor-derived disease that appeared to
increase in some patients over time, unrelated to recipient
diabetes status. Although slow resolution of diabetes-associated
glomerular injury is documented over 5–10 years19 donor-derived
glomerular diabetic changes in our cohort had a year or less of
histologic follow-up, limiting this assessment.

DISCUSSION
In this study, we examined pathology and clinical outcomes for
recipients of allograft kidneys from deceased diabetic donors,
which account for 4.5% of the kidney transplants at our institution.
We found no significant differences in diabetic vs. non-diabetic
DKD graft survival, regardless of recipient diabetes status.
However, when stratified by duration of donor diabetes, we
observed a higher risk of loss in allografts from donors with
diabetes for ≥6 years. Pathologically, the most common lesions

identified in diabetic kidney donors were vascular rather than
glomerular disease, and the degree of arteriolar hyalinosis and
IFTA on both pre-implantation frozen section and early post-
transplant biopsies were pathologic features associated with
allograft loss.
Our finding of similar graft survival between diabetic and non-

diabetic deceased donor kidneys is consistent with large registry-
based studies1,6,8,9, and supports the use of diabetic DKDs.
Although statistically powered to evaluate for confounding clinical
variables, a limitation of registry-based studies is that pathologic
correlation is not available; our findings reveal that the
comparatively similar graft outcome of kidneys from diabetic
donors can be explained, at least in part, by the relatively mild to
moderate increase in chronic injury in kidneys from most diabetic
DKDs. Specifically, kidneys from the majority of our diabetic DKDs
had ≤10% global glomerulosclerosis (in 78%), zero or mild
arteriolar hyalinosis (in 76%), zero or mild arterial intimal sclerosis
(in 64%), and minimal to mild IFTA (in 64%); only a third had
glomerular disease. Corroborating this, generally mild but
occasionally severe injury related to diabetes and hypertension
are documented in autopsy studies and those of non-neoplastic
renal parenchyma from nephrectomies20–22. Greater acceptance

A B
Fig. 2 Histology of diabetic donor kidneys. Post-transplant biopsies in kidney recipients from diabetic donors have frequent vascular
disease. A Arteriolar hyalinosis (upper left, arrow) and glomerulus with mild segmental mesangial expansion (lower right, arrow) (PAS 400×).
B Arteriosclerosis (arrowhead) and arteriolar hyalinosis (arrows), with classic diabetic nodular glomerulosclerosis (Jones 200×).

p<0.05p<0.05

p<0.05p<0.05

Fig. 3 Histograms of pathology findings in diabetic donor kidneys. Compared with non-diabetic controls, post-transplant biopsies of
allografts from donors with diabetes had significantly more global glomerulosclerosis, tubular atrophy and interstitial fibrosis, arteriolar
hyalinosis, and arteriosclerosis.
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of kidneys from DKDs who are older and have comorbidities,
similar to European practice, has been modeled as an effective
intervention for the long kidney waitlist in the US23. This highlights
the role of pathology in identification and risk-stratification of
clinically significant chronic injury, particularly as the transplant
community considers kidney donors with more comorbidities to
address organ shortage and long waitlist.
Donor diabetes ≥6 years was associated with graft loss in our

study; similar impact on allograft survival dictated by duration of
donor diabetes was reported in two large studies, including by
Mohan et al.9 studying nearly 2000 diabetic standard criteria
donors from the UNOS database. Using the USRDS database to
examine outcomes for 2300 recipients of diabetic DKD6, Ahmad
et al. found that long-term graft survival from diabetic DKDs was
statistically significantly inferior to kidneys from non-diabetic
donors, but that the absolute difference was clinically small
(hazard ratio 1.11), particularly considering waitlist-associated
mortality rates1. However, when stratified by duration of diabetes,
the hazard ratio increased: kidneys from donors with diabetes for
>5 years conferred a 22% increased risk of graft failure; death-
censored graft failure was increased 33% for those from donors
with diabetes duration 6–10 years6. Recipient mortality was
increased by 27% in recipients of DKDs with donor diabetes >10
years, although death-censored graft survival was not6. Cohen
et al.8 observed an increased risk of mortality and all-cause graft
loss in recipients of diabetic vs. non-diabetic DKDs, but this was
dependent on recipient diabetes status, and the potential impact
of duration of donor diabetes is not described.
Procurement frozen section biopsies are performed in approxi-

mately 50% of deceased donor kidneys and 85% of extended
criteria donors, and “biopsy findings” is the most commonly
reported reason for discard (37%)13,16,17. Global glomerulosclerosis
≥20% has been the histologic factor most associated with organ
discard17, but this variable does not reliably predict graft
outcome24,25. Despite their common use in the US, the role of
procurement biopsies and their ability to predict post-transplant
outcomes is controversial; studies have shown significant limita-
tions including inconsistent findings between different areas of the

kidney, between needle core vs. wedge biopsies, and limited inter-
observer reliability or association with graft outcome12–17,24,26,27.
Frozen wedge biopsies may over-estimate subcapsular scarring,
but often have a more tissue and glomeruli than core biopsies28,29,
whereas core biopsies may be better for detection of arterio-
sclerosis18. The degree of global glomerulosclerosis is often
reproducible among pathologists14,27, but not consistent if taken
from different areas of the kidney13,28. Degree of IFTA and vascular
disease are more consistent from different section of the
kidney12,13; reproducibility among pathologists varies by study24,
and may be low for arteriolar hyalinosis27. Most donor kidney
frozen biopsies are interpreted by an on-call surgical pathologist,
and some studies have suggested a tendency to over-call chronic
injury14 and advocated for specific training in interpretation of
donor kidney frozens14,27. However, poor reproducibility has been
documented even for experts for some lesions27. Taken together,
these inconsistencies can limit the utility of using frozen section
diagnosis to predict graft outcome.
To this body of work, our study adds that pre-implantation

frozen biopsies from diabetic DKDs have a discrepancy rates
similar to those reported for other DKDs12,13,24. Major frozen
discrepancies were from patients with diabetes duration >10
years, highlighting the importance of this detail during frozen
section evaluation. Glomerular disease is difficult to identify on
frozen section, but arteriolar hyalinosis is a hallmark of diabetes-
related renal injury. Hyalinosis and degree of IFTA can be
identified on pre-implantation frozen and are associated with
graft outcomes, but other reported variables including global
glomerulosclerosis and arteriosclerosis were not. Furthermore, we
identified significant differences between pre-implantation per-
manent sections and early post-transplant biopsies, supporting
previous reports that sampling plays a significant role in
pathologic grading of lesions12,13.
Our findings complement the limited published data focusing

on pathology and outcomes of diabetic donor kidneys. Similar to
our study, in a cohort of post-perfusion and subsequent for-
indication biopsies, Khan et al.10 describe mild mesangial sclerosis
by light microscopy in only 5/26 (19%) of diabetic DKD

Table 1. Compared with a non-diabetic cohort, arteriolar hyalinosis was the most useful indicator of donor diabetes.

Variable Sensitivity (%) Specificity (%) Positive predictive
value (%)

Negative predictive
value (%)

p value

≥moderate arteriolar hyalinosis 33 100 100 87 <0.001

≥mild arteriolar hyalinosis 54 96 76 90 <0.001

≥moderate arteriosclerosis 58 94 70 91 <0.001

≥moderate tubular atrophy and
interstitial fibrosis

42 93 56 88 <0.001

≥10% global glomerulosclerosis 18 93 33 85 0.123

Fig. 4 Frozen to permanent section correlates of kidneys from diabetic donors. On frozen section, A glomeruli have diffuse mesangial
expansion with subtle nodularity (H&E 200×) and B arteriolar hyalinosis may be focal or difficult to discern from surrounding tubules (H&E
400×). C Permanent sections from the same case have readily apparent severe arteriolar hyalinosis and nodular mesangial sclerosis (200×).
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post-perfusion biopsies; vascular disease was more common, with
arterionephrosclerosis described in 40%, and IFTA in 15%.
Compared with this study, we utilized both surveillance and for-
cause biopsies, and observed a similar degree of glomerular
disease in 32% of patients, with 17% having mesangial sclerosis,
and nodular glomerulosclerosis seen in one additional donor. In
addition, we observed FSGS without characteristic mesangial
sclerosis in 8% of diabetic donors. Rather than relying on
characteristic mesangial sclerosis as the hallmark of diabetes,
our study suggests that arteriolar hyalinosis is a better marker of
diabetes-related renal parenchymal injury in diabetic patients. We
also document the prognostic importance of arteriolar hyalinosis
and IFTA in diabetic donor graft outcomes. Arteriolar hyalinosis is
multifactorial and likely also related to hypertension in these
patients. Its presence has been correlated with graft outcome in
other studies30.
Although we did not observe significant improvement in

histologic findings in either diabetic or non-diabetic recipients,
the biopsy follow-up in this subgroup was limited in duration (<1
year). Studies have demonstrated the potential for improvement
in characteristic glomerular structural changes, including degree
of basement membrane thickening and mesangial matrix
expanison31, often after years of euglycemia19, but that may not
be apparent at 1 year32. Additional evaluation over time or with
electron microscopy may prove informative in future studies of
diabetic DKDs, particularly those with mild glomerular disease.
Weaknesses in this study include small sample size, low rate of

allograft failure, and single-institution retrospective design. Given
the small sample size, we performed univariate rather than
multivariable analyses, and could not control for potential clinical
or pathologic confounders, including hypertension. Coexistant
hypertension is common in patients with type II diabetes; our
study and previous investigations of diabetic kidney donors10,11

have shown that vascular disease is the most common
morphologic finding. We did not control for the presence or
severity of hypertension in either diabetic or non-diabetic cohorts,
and whether some features are due to diabetes or other
comorbidities like hypertension is uncertain. However, the
association between duration of donor diabetes and allograft loss
is in line with registry-based studies summarized above, which are
powered to examine numerous clinical variables that we could not
control for, and provide external support for our findings. The
potential additive effects of diabetes in the recipient and donor,
and the mechanisms by which these influence graft survival, are
not addressed in this study. Although diabetic DKDs may be
included in other studies of pre-implantation and post-perfusion
kidney biopsies, there are few studies that have examined
histologic findings in kidneys from diabetic donors10,11. The
comparative paucity of pathology data on diabetic DKDs is likely
related to the historically low rate of use of kidneys from diabetic
donors (3.5–6.4% of DKDs in published studies), and how or if this
information is available to, or recorded by, the interpreting
pathologist. Kidney transplant patients may also receive follow-up
care at various centers, and complete donor information may not
be readily available to the pathologist at the time of post-
transplant kidney biopsy in the recipient. Thus, our study benefits
from the integration of institutional pathologic and registry-based
(UNOS) data from pre-implantation frozen sections to post-
implantation 3-month biopsies, our institutional practice of
surveillance biopsies in the first year of transplant, and additional
short-term histologic follow-up.
In conclusion, there were no significant differences in graft

survival for recipients of diabetic vs. non-diabetic kidney donors,
but duration of donors’ diabetes for ≥6 years is associated with a
higher risk of allograft loss. Pathologically, the most common
lesions identified in diabetic kidney donors are vascular rather
than glomerular disease. Pre-implantation frozen section discre-
pancies were more common in long-standing donor diabetes, but

the degree of arteriolar hyalinosis and IFTA identified on frozen
section as well as early post-transplant biopsies accurately
prognosticated graft loss.

DATA AVAILABILITY
The datasets used during the current study are available from the corresponding
author on reasonable request.
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