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T
he assessment of chronic changes in deceased
donor kidney procurement biopsies contributes to

organ underutilization, but these biopsies have poor
reproducibility and inconsistent associations with post-
transplant outcomes despite the frequency with which
they are used to determine whether donated kidneys
are transplantable.1–3 These limitations have been
attributed to differences in the way these biopsies are
performed and interpreted compared with other kid-
ney biopsies used in clinical practice, including the
frequent use of wedge rather than core sampling tech-
nique, frozen section rather than formalin-fixed
paraffin-embedded processing, and interpretation by
on-call nonrenal pathologists. However, it is unclear
whether it is these factors or sampling variation
inherent to any biopsy that is responsible for the
poor reproducibility of procurement biopsies.4,5

The reproducibility of chronic changes on gold-
standard biopsies is not well understood because
sequential biopsies are not typically performed in
scenarios other than kidney allocation. However, at our
center, deceased donor kidney transplant recipients
with pretransplant donor-specific antibodies undergo
extensive scheduled post-transplant protocol biopsies.
These biopsies are performed without the purported
limitations of procurement biopsies: all are 18-gauge
needle core biopsies, formalin-fixed, paraffin-
embedded, and stained with hematoxylin and eosin,
periodic acid–Schiff, trichrome, and Jones methena-
mine silver stains before being interpreted by
fellowship-trained renal pathologists using Banff
criteria. Of these protocol biopsies, those scheduled for
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post-transplant days 7 and 14 fall closest together in
time. Studying the concordance of these biopsies, be-
tween which the true development of large changes in
chronic scarring is less likely, can help identify
whether the histologic assessment of chronic changes
remains poorly reproducible even under ideal
circumstances.

We identified 69 consecutive kidneys transplanted
at our center (2015–2019) that underwent day 7 and
day 14 protocol biopsies and obtained the reported
glomerulosclerosis, interstitial fibrosis/tubular atrophy
(IFTA), and chronic vascular disease (arteriosclerosis/
arteriolosclerosis). For IFTA values presented in nu-
merical ranges (e.g., 5%–15%), the mean of the range
was included. For vascular disease presented in cate-
gorical ranges (e.g., mild-to-moderate), the higher value
was included. To compare day 7 and day 14 findings,
correlation coefficients were calculated for glomerulo-
sclerosis and IFTA, and Cohen’s k was calculated for
arteriosclerosis and arteriolosclerosis. Given the po-
tential impact of the presence of severe acute tubular
injury or allograft rejection on biopsy reproducibility,
we repeated these assessments after stratifying the
cohort by the presence of each of these findings on
either day 7 or day 14 biopsy. This study was
approved by the Institutional Review Board of
Columbia University Medical Center.

Among the 69 kidneys included in our study, day 7
biopsies sampled a median 17 glomeruli (interquartile
range [IQR]: 14–25, range: 8–47) and day 14 biopsies
sampled a mean 18 glomeruli (IQR: 14–23, range: 8–41).
Median glomerulosclerosis was 5% (IQR: 0%–13%) at
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day 7 and 4% (IQR: 0%–11%) at day 14. Median ab-
solute difference between day 7 and day 14 was only
4% (IQR: 0.1%–7%, range: 0%–32%), with moderate
correlation between both time points (R2 ¼ 0.25;
Figure 1a). Median IFTA was 5% (IQR: 0%–10%) at
day 7 and 10% (IQR: 2%–13%) at day 14, with median
absolute difference 5% (IQR: 0%–10%, range: 0%–
45%), again with moderate correlation (R2 ¼ 0.29;
Figure 1b). Agreement between day 7 and day 14 bi-
opsies was best for arteriosclerosis (concordance 74%,
k ¼ 0.57; Figure 1c) and arteriolosclerosis (concordance
78%, k ¼ 0.60; Figure 1d).

Moderate or severe acute tubular injury was identified
on 23 (33%) day 7 and 15 (22%) day 14 biopsies. Cor-
relation between biopsy results on day 7 and day 14 was
similar when analyzing only the 41 allografts without
moderate/severe acute tubular injury on either biopsy
(glomerulosclerosis R2 ¼ 0.23, arteriosclerosis k ¼ 0.52,
arteriolosclerosis k ¼ 0.54). Analysis for IFTA (R2 ¼ 0.05)
in this subgroup was limited because no day 7 biopsy
and only 2 day 14 biopsies had >15% IFTA. Results
were also similar among the remaining 28 allografts with
moderate/severe acute tubular injury on at least 1 biopsy
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Figure 1. Association between day 7 and day 14 assessments of (a) glo
sclerosis, and (d) arteriolosclerosis in 69 deceased donor kidney transpla
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(glomerulosclerosis R2 ¼ 0.33, IFTA R2 ¼ 0.34, arterio-
sclerosis k ¼ 0.59, arteriolosclerosis k ¼ 0.63).

Acute antibody-mediated, cellular, or borderline
cellular rejection was seen in 15 (23%) day 7 biopsies
(13 antibody-mediated, 1 Banff 1A cellular, 1 border-
line cellular) and 35 (49%) day 14 biopsies (13
antibody-mediated, 9 Banff 1A–2A, 13 borderline).
Among 31 allografts with no rejection on either biopsy,
we observed glomerulosclerosis (R2 ¼ 0.32, IFTA R2 ¼
0.46), arteriosclerosis (k ¼ 0.50), and arteriolosclerosis
(k ¼ 0.60) between day 7 and day 14. Among those
with rejection on at least 1 biopsy, there was lower
correlation between assessments of glomerulosclerosis
(R2 ¼ 0.23) and IFTA (R2 ¼ 0.16), but the superior
agreement for arteriosclerosis (k ¼ 0.62) and arterio-
losclerosis (k ¼ 0.60) persisted.

Given that kidney biopsies are typically not per-
formed without cause or in close temporal succession,
protocol biopsies performed 1 week apart at our center
are uniquely suited to assess whether reproducibility
of chronic changes on procurement biopsies might be
optimized by using improved sampling and processing
techniques. These data suggest that sequential allograft
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biopsies performed, processed, and interpreted using
ideal technique yield modestly differing assessment of
chronic changes, with agreement that is particularly
strong for vascular disease compared with published re-
ports of sequential procurement biopsy reproducibility.
In comparison, we previously reported inferior concor-
dance/k values of 44%/0.12, 71%/0.12, and 59%/0.17 for
categorized glomerulosclerosis, IFTA, and vascular dis-
ease for sequential deceased donor kidney procurement
biopsies.2 Together, these findings indicate that updating
procurement biopsy techniques to best practices and
relying on pathologists with kidney pathology expertise
can potentially modestly increase the reproducibility—
and therefore the utility—of their findings.

Understanding the mechanisms contributing to the
superior reproducibility of these biopsy findings
compared with procurement biopsy findings is an
important step needed to improve the utility of pro-
curement biopsies in the evaluation of deceased donor
kidneys. Additional study of which of the differences
between the way these biopsies are obtained, prepared,
and interpreted contribute to differences in reproduc-
ibility may include the use of prospective trials of
different biopsy sampling and processing techniques as
well as blinded review by different types of patholo-
gists, given mixed results from previous retrospective
analyses about the roles of factors such as pathologist
training and sampling technique.4,6,7 In addition, un-
like simpler potential changes such as standardizing
tissue sampling technique, the implementation of tissue
preparation techniques used for other kidney biopsies
may not be practical to incorporate in a time-limited
setting of organ allocation. In particular, the time
required for traditional formalin fixation may limit the
feasibility of replacing frozen section processing,
although alternative techniques such as rapid formalin
fixation or microwave fixation might be considered.8,9

Similarly, the feasibility of restricting procurement
biopsy interpretation to specific types of pathologists
may be practically limited by availability and cost.

However, we observed large differences between
day 7 and day 14 histology in a minority of cases even
though pathologists evaluating day 14 biopsies were
aware of the day 7 biopsy and the reported findings.
This would be expected to result in a bias toward
increased agreement between the reported results—a
bias that is also present when sequential procurement
biopsies are analyzed. Therefore, it is possible that the
true reproducibility of these biopsies is actually lower
than what we found. Given these considerations, it
seems unlikely that even improving procurement bi-
opsy technique to reflect best practices will yield his-
tologic evaluations during the allocation process that
clinicians can fully rely on to make organ utilization
Kidney International Reports (2022) 7, 889–891
decisions. This finding is also relevant for the care of
post-transplant patients, whose providers should note
that the degree of fibrosis seen in a clinical biopsy may
be subject to a sampling bias and should be interpreted
within the larger clinical context. While factors such as
inflammation may contribute to these variations, cli-
nicians utilizing biopsy results should continue to take
the potential for sampling error into account even
when using ideal biopsy technique.
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