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Global Glomerulosclerosis in Kidney Biopsies With
Differing Amounts of Cortex: A Clinical-Pathologic

Correlation Study

Robert S. Niznik, Camden L. Lopez, Walter K. Kremers, Aleksandar Denic, Sanjeev Sethi,
Mark D. Stegall, Joshua J. Augustine, and Andrew D. Rule

Rationale & Objective: The number of glomeruli is
often used to determine the adequacy of a kidney
biopsy (eg, at least 10 glomeruli). It is often
assumed that biopsy specimens with limited
amounts of cortex are too imprecise for detection
of focal pathology.

Study Design:
(cross-sectional).

Clinical-pathologic  correlation

Setting & Participants: Living kidney donors who
underwent a needle core biopsy of their kidney at
the time of donation.

Exposure: The amount of cortex biopsied as
determined by either the number of glomeruli or
area of cortex on histology.

Outcome: The percentage of globally sclerotic
glomeruli, density of interstitial fibrosis foci, and
severity of arteriosclerosis were determined.

Analytical approach: A beta-binomial model
assessed how the mean percentage of globally
sclerotic glomeruli and patient variability in
percentage of globally sclerotic glomeruli differed
with the number of glomeruli on the biopsy
specimen. Additional models assessed the
association of interstitial fibrosis and arteriosclerosis
with number of glomeruli.

Results: There were 2,915 kidney donors stud-
ied. Fewer glomeruli on the biopsy specimen
associated with higher mean percentage of
globally sclerotic glomeruli and higher patient
variability in percentage of globally sclerotic
glomeruli. Smaller cortical volume on imaging
correlated with both less cortex on biopsy and
higher percentage of globally sclerotic glomeruli.
Based on a statistical simulation, the probability
of patient percentage of globally sclerotic glo-
meruli 2 10% if the biopsy percentage of globally
sclerotic glomeruli is 210% (positive predictive
value) was 45% with 1 to 9 glomeruli versus 31%
with 10 or more glomeruli; the negative predictive
value was 91% versus 98%. Fewer glomeruli also
associated with more interstitial fibrosis and
arteriosclerosis.

Limitations: The study was limited to living kidney
donors. Patient variability in percentage of globally
sclerotic glomeruli was based on a statistical
model because multiple biopsy specimens per
patient were not available.

Conclusions: The amount of cortex on a needle
core biopsy is not completely random. Chronic
changes from loss of cortex contribute to low
amounts of cortex on a kidney biopsy specimen.

Kidney Medicine

L))

Check for
updates

Complete author and article
information provided before
references.

Correspondence to
A.D. Rule (rule.andrew@
mayo.edu)

Kidney Med. 1(4):153-161.
Published online July 12,
2019.

doi: 10.1016/
J-xkme.2019.05.004

© 2019 The Authors.
Published by Elsevier Inc.
on behalf of the National
Kidney Foundation, Inc. This
is an open access article
under the CC BY-NC-ND
license (http://
creativecommons.org/
licenses/by-nc-nd/4.0/).

With a kidney biopsy, the intention is to obtain an
adequate amount of cortex for diagnostic purposes
without damaging the kidney. The use of needle core bi-
opsies helps ensure minimal damage and allows for a less
invasive percutaneous approach. However, small amounts
of cortex are sometimes obtained with needle core biopsies
due to the tissue specimen being too deep (sampling
medulla) or too superficial (sampling perirenal fat). An
assessment is often made as to whether enough cortex was
sampled for meaningful interpretation of the biopsy
findings. The adequacy of a kidney biopsy is often deter-
mined by the number of glomeruli (per section or overall)
rather than area of cortex because the number of glomeruli
is simpler to measure. However, there can be 7-fold
variation in glomerular density on a biopsy section' such
that number of glomeruli is an imperfect surrogate for the
amount of cortex. Further, pathologists tend to underre-
port the number of glomeruli on a biopsy specimen.”
The amount of cortex needed to have an adequate
tissue biopsy is unclear. For truly diffuse diseases, any
amount of cortex biopsied should be adequate for
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detecting the pathology. However, many kidney diseases
have focal pathology, especially during the early stages
of the disease. Thus, having an adequate amount of
cortex biopsied to detect focal pathology is of significant
concern. The Banff criteria for classifying biopsy find-
ings in kidney transplant recipients required at least 7
glomeruli for a specimen to be “adequate” in 1993° and
was updated to require 10 glomeruli in 1997, in part
due to concerns for missing a potential rejection. Stan-
dardized criteria for chronic changes on biopsy,
including arteriosclerosis, glomerulosclerosis, and
interstitial fibrosis/tubular atrophy, were recently pro-
posed for kidney biopsies, and 10 glomeruli were also
required for the biopsy sample to be adequate.’
Although a repeat biopsy can be performed if the
number of glomeruli is inadequate, this exposes the
patient to the risks and costs of another invasive pro-
cedure. It is often assumed that the amount of cortex
obtained from a needle core biopsy specimen is influ-
enced by biopsy technique but is otherwise random.
However, it is important to know whether there is a
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relationship between the amount of cortex biopsied and
the presence of pathology on the biopsy specimen.

The objective of our study was to determine whether
inferences regarding chronic changes can be made from
biopsy specimens with small amounts of cortex. To do
this, we accounted for: (1) the increase in sampling
variability inherent with a small tissue biopsy and (2) a
possible relationship between the amount of cortex on the
biopsy specimen and underlying chronic changes. We
performed this study using a large number of kidney bi-
opsies from living kidney donors, in which mild chronic
changes are generally attributed to nephrosclerosis.”’

METHODS

Study Population

The Aging Kidney Anatomy study® was performed under
institutional review board (IRB #10-004644) approval
with a waiver of informed consent (analyses only used data
available from routine clinical care). Living kidney donors
underwent a core-needle biopsy of the donated kidney
cortex at the time of transplantation surgery at Mayo Clinic
Minnesota, Mayo Clinic Arizona, or Cleveland Clinic Ohio
between 2000 and 2015. These implantation biopsies are
obtained as part of routine clinical care in transplantation
programs that monitor the allograft with kidney biopsies at
regular intervals.

All kidney donors underwent a thorough evaluation
before donation with a prescheduled battery of tests. The
inclusion and exclusion criteria for kidney donation vary
by site and era but generally included 24-hour urine
albumin excretion <30 mg and measured glomerular
filtration rate normal for age.”” Mild hypertension in
older donors and moderate obesity (body mass index of
30-35 kg/m?) were allowed. Patients with diabetes or
cardiovascular disease were excluded from donation.
Hypertension was defined as blood pressure > 140/
90 mm Hg or use of hypertensive medication to lower
blood pressure.

Amount of Cortex Biopsied

An intraoperative needle core biopsy of the renal cortex
was performed at the time of transplantation surgery. The
tissue specimen was fixed in formalin and embedded in
paraffin. Unstained sections from the tissue block were
sent to the Mayo Clinic in Minnesota from the other sites
for staining. Two consecutive sections (2- to 3-um thick-
ness) from the biopsy core were stained, one with periodic
acid—Schiff and one with Masson trichrome, and then
scanned into high-resolution digital images (Aperio XT
digital scanner; Leica Biosystems).

The amount of cortex on these biopsy sections was
quantified using 2 different approaches: area of cortex
and number of glomeruli. Area of cortex was delineated
as the region of the tissue section that contained
glomeruli. The number of glomeruli was counted as the
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total number of glomerular profiles (nonsclerotic and
globally sclerotic glomeruli [GSGs]). Nonsclerotic
glomeruli on the section edge (ie, those bisected by the
biopsy needle) were counted as half a glomerulus.'’
Figure 1 shows examples of how the amount of cortex
can vary substantially when determined by area of cortex
versus by number of glomeruli. The area of medulla and
presence of capsule were further delineated on each
biopsy image.

Chronic Changes on the Biopsy Specimen

The chronic changes studied on the biopsy specimen were
limited to those based on completely objective measure-
ments.'' This included percentage of GSGs (%GSGs),
interstitial fibrosis/tubular atrophy foci density, presence
of any arteriosclerosis, and severity of arteriosclerosis. The
%GSGs was calculated from the number of GSG profiles
divided by the number of glomeruli profiles (averaged
across both sections). The number of interstitial fibrosis/
tubular atrophy foci in the cortex was counted from the
number of distinct contiguous regions of interstitial
fibrosis/tubular atrophy surrounded by normal paren-
chyma. The number of interstitial fibrosis/tubular atrophy
foci in a given area of cortex also aligns well with the study
goal of focal pathology detection, as described previously.”
The number of interstitial fibrosis/tubular atrophy foci
was chosen because the percentage of interstitial fibrosis/
tubular atrophy is minimal and difficult to meaningfully
estimate by visual inspection in a healthy population (97%
have <5% interstitial fibrosis/tubular atrophy).” The
number of interstitial fibrosis/tubular atrophy foci per area
of cortex has been shown to correlate with older age,
hypertension, reduced cortical volume, and kidney surface
roughness.” In biopsy specimens with an artery (most
orthogonal artery used), we traced the luminal boundary
and intimal media boundary in the Masson
trichrome—stained image. The severity of arteriosclerosis
was determined by the percentage of luminal stenosis (area
of intima divided by the total area of intima and area of
lumen), as previously reported (Fig 2).°""

Figure 1. An example of disagreement between number of
glomeruli and area of cortex in quantifying the amount of cortex
biopsied. Biopsy specimens with: (A) 10 glomerular profiles in
4 mm? of cortex and (B) 20 glomerular profiles in 4 mm? of cor-
tex. Cortical area outlined in green, nonsclerotic glomeruli out-
lined in red, and a globally sclerotic glomerulus outlined in
magenta.
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Intima to media boundary area — intimal to luminal boundary area

% Luminal stenosis = 100 x

Intima to media boundary area

Potential Determinants of the Amount of Cortex
Biopsied

Clinical, biopsy, and imaging characteristics were also
evaluated for a possible association with the amount of
cortex biopsied. Clinical characteristics studied were age and
hypertension because these are risk factors for chronic
changes in living kidney donors.” The biopsy character-
istics studied were presence of capsule (reflecting a super-
ficial biopsy) and medullary area (reflecting a deeper
biopsy). The volume of cortex of the donated kidney was
calculated from angiographic-phase computed tomography
images obtained as part of the predonation evaluation and
converted into 3-dimensional object maps.'” Kidney surface
roughness was scored based on the involved proportion of
the 3-dimensional object map of the donated kidney: 0, no
roughness; 1, roughness up to 25%; 2, roughness of 26% to
50%; and 3, roughness >50%.°

Statistical Analysis

The relationship between %GSGs and amount of cortex
biopsied was investigated using a statistical model based
on the beta-binomial distribution. A linear regression
model would fit the data poorly because the distribution
of biopsy %GSGs is distinctly non-normal, with a mean
that potentially has a nonlinear relationship with amount
of cortex (due to being bounded by 0% and 100%) and
a variance that strongly depends on the amount of cor-
tex. A logistic regression model with number of GSGs
as the outcome variable would address those problems
but would assume that the probability for a glomerulus
to be globally sclerotic is the same for all patients who
have the same predictor values, when we expect the
probability to vary from patient to patient. The beta-

binomial model allows for such patient variability
(Item S1).

The beta-binomial model describes the number of GSGs
on biopsy as following a binomial distribution according
to the individual patient’s probability for a glomerulus to
be globally sclerotic, which we call “patient %GSGs,” and
the number of glomeruli on biopsy. The model assumes
that individual patient %GSGs follows a beta distribution
with parameters for the mean (p) and variability (¢). For
our analysis, we allow both p and ¢ to depend on
measured variables (eg, number of glomeruli and patient
age) using a vector generalized linear model.'” Standard
statistical theory allows us to fit the model based on the
observed counts of GSGs in the biopsy specimens in a
manner that accounts for the greater sampling variability
among biopsy specimens with fewer glomeruli. Both the
mean and variability of the distribution are reported on a
scale of 0% to 100%. By the nature of the beta-binomial
model, the mean of the biopsy %GSGs is equal to y, the
mean of the patient %GSGs. The parameter ¢ accounts for
variance between patients; it takes the value 0% if all pa-
tients have the same patient %GSG of p and takes the value
100% if all patients have patient %GSGs equal to either 0%
or 100%. To identify potential mechanisms linking %GSGs
to amount of cortex biopsied, we assessed the Spearman
rank correlation of clinical factors, imaging factors, and
biopsy factors with amount of cortex.

Further analyses used our beta-binomial model to
investigate how detection of long-term changes compares
between biopsy specimens with fewer versus more
glomeruli. Scoring systems have used biopsy %

GSGs = 10% to distinguish at least mild glomerulosclerosis
Thus,

from none or minimal. "’ we calculated the

Figure 2. Arteriosclerosis was assessed by percentage of luminal stenosis of the most orthogonal artery if present: (A) 0% and (B)

54% luminal stenosis.
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probability of patient %GSGs = 10% if the biopsy %GSGs
was =10% (positive predictive value), based on the fitted
beta-binomial model (ie, based on a statistical simulation
because the gold standard of sectioning the entire kidney is
not possible). We also calculated the probability of patient
%GSGs < 10% if the biopsy %GSGs were <10% (negative
predictive value), the probability that biopsy %GSGs
was 210% if the patient %GSGs was =10% (sensitivity),
and the probability that biopsy %GSGs was <10% if the
patient %GSGs was <10% (specificity; see Item S1).

The density of interstitial fibrosis/tubular atrophy foci
and its dependence on the amount of cortex was analyzed
using a generalized linear model based on the negative
binomial distribution. The probability of having any
arteriosclerosis (provided that an artery was present in the
biopsy) and its dependence on the amount of cortex was
analyzed using logistic regression. Severity of arterioscle-
rosis and its dependence on the amount of cortex were
analyzed using linear regression.

RESULTS

Study Sample

There were 2,915 kidney donors with implantation biopsies
studied (1,917, Mayo Clinic Rochester; 578, Mayo Clinic
Arizona; and 420, Cleveland Clinic Ohio). Clinical, imaging,
and biopsy characteristics are shown in Table 1. Overall, only
35% of biopsies had at least 1 GSG. The mean and 95th
percentile for biopsy %GSGs were 3.7% and 17.2%.

Glomerulosclerosis Associated With Less Cortex
Biopsied

There was an increase in mean %GSGs with less cortex as
determined either by number of glomeruli or area of
cortex (Table 2). These associations remained significant
in subgroup analysis requiring at least 10 glomeruli (or
4 mm? or cortex) to be present and in analysis limited to
biopsy specimens that were only cortex or to specimens
that contained both cortex and medulla. An increase in
variability of patient %GSGs was evident with less cortex
by either number of glomeruli or area of cortex
(Table 2). In subgroup analyses, the association between
variability of patient %GSGs and area of cortex remained
significant but was no longer significant between %GSGs
and number of glomeruli. Table 3 and Figure 3 show
that mean %GSGs and 95th percentiles for both biopsy %
GSGs and patient %GSGs increased with less cortex on
biopsy.

Other Chronic Changes Associated With Amount of
Cortex Biopsied

Similar to findings with %GSGs, the density of interstitial
fibrosis/tubular atrophy, presence of arteriosclerosis (any
luminal stenosis), and severity of arteriosclerosis (per-
centage of luminal stenosis) increased with less cortex
biopsied (Table 4). The association with interstitial
fibrosis/tubular atrophy was stronger with less area of
cortex than with fewer number of glomeruli (similar to
the finding seen with %GSGs). The presence of

Table 1. Clinical, Imaging, and Biopsy Characteristics of 2,915 Living Kidney Donors by %GSGs on Biopsy

Characteristics by %GSG Group

0%-<10% (n = 2,527)

10%-<25% (n = 310) 225% (n =78)

Clinical
Age,y 43+12
Male sex 1,042 (41%)
Race
White 2,140 (85%)
Black 80 (3.2%)
Other 79 (3.1%)
Unknown 228 (9.1%)
Hypertension 212 (8.0%)
Measured GFR 105 £ 21
CT of biopsied kidney
Cortical volume, cm? 103 £ 21
Surface roughness score 11+£141
Biopsy
Cortical area, mm? 6.4+3.3
No. of glomeruli 18+ 11

516 (20%)
209 (8.3%)

<10 glomeruli
Capsule present

Medulla area, mm? 0.79£1.70
IF/TA present 552 (22%)
No. of IF/TA foci 0.37 £0.90

Artery present 2,191 (87%)
Percentage luminal stenosis, % 33% * 21%

50+ 11 55+ 11
117 (38%) 28 (36%)
261 (84%) 66 (85%)

7 (2.3%) 5 (6.4%)
10 (3.2%) 0 (0.0%)
32 (10%) 7 (9.0%)
45 (15%) 17 (22%)
100 + 21 100 + 21
100 + 22 97 +19
1.4+1.1 1.4+1.1
5.5+ 2.4 3.8+ 2.1
15+ 7.7 95+ 75
93 (30%) 52 (67%)
24 (7.7%) 4 (5.1%)
0.95 +2.10 1.38 + 2.41
153 (49%) 49 (63%)
0.97+1.35 1.55 + 1.86
257 (83%) 58 (74%)

39% + 21% 44% * 21%

Note: Values given as mean * standard deviation or number (percent).

Abbreviations: CT, computed tomography; GFR, glomerular filtration rate; GSGs, globally sclerotic glomeruli; IF/TA, interstitial fibrosis/tubular atrophy.
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Table 2. Estimation of Mean %GSG and Patient Variability in %GSGs by Amount of Cortex Biopsied (per SD)

Mean %GSGs P Variability in Patient %GSGs P

By No. of Glomeruli

Percentage change per 11 more glomeruli
Overall (n =2,915) -15% (-20% to =10%) <0.001 -19% (-31% to —-4.3%) 0.01
=10 glomeruli (n = 2,254) -11% (-17% to —4.6%) 0.001 -12% (-27% to 4.3%) 0.1
Only cortex (n=2,101) -14% (-20% to —7.2%) <0.001 -14% (-29% to 4.3%) 0.1
Cortex and medulla (n = 814) -17% (-26% to —6.1%) 0.003 -25% (-45% to 2.1%) 0.07

By Area of Cortex

Percentage change per 3.2 mm?

more cortex area
Overall (n =2,915) -18% (-23% to —13%) <0.001 -38% (-49% to —25%) <0.001
2 4 mm? cortex (n = 2,200) -15% (-21% to —8.8%) <0.001 -38% (-51% to —-21%) <0.001
Only cortex (n=2,101) -18% (-24% to —11%) <0.001 -37% (-51% to —20%) <0.001
Cortex and medulla (n = 814) -17% (-26% to —8.1%) <0.001 -38% (-56% to —13%) 0.006

Note: Values given as percentage (95% confidence interval).
Abbreviations: GSGs, globally sclerotic glomeruli; SD, standard deviation.

arteriosclerosis was more strongly associated with less
cortex on biopsy, whereas severity of arteriosclerosis was
more strongly associated with fewer glomeruli on biopsy.

Accuracy of Detecting Glomerulosclerosis From a
Tissue Biopsy

Based on the statistical model, the probability of patient %
GSGs = 10% if the biopsy %GSGs was =10% (positive pre-
dictive value) in persons with 1 to 9 glomeruli was 45%
compared to 31% in persons with 10 or more glomeruli.
Likewise, when comparing biopsy %GSGs = 10% with 1 to
9 glomeruli with those with 10 or more glomeruli, negative
predictive value was 91% compared to 98%, sensitivity was
59% compared to 63%, and specificity was 86% compared
to 92%, respectively.

Potential Pathways for Nephrosclerosis to
Associate With Less Cortex on Biopsy

We assessed clinical, biopsy, and imaging characteristics
for their correlation with biopsy %GSGs and area of cortex
(Table 5). Older age and less cortical volume on computed
tomography were characteristics that correlated with
higher biopsy %GSGs and less area of cortex on biopsy.
Other clinical and imaging factors (hypertension and
kidney surface roughness) correlated with higher biopsy %
GSGs but did not correlate with less area of cortex. Lower
glomerular filtration rate correlated with higher biopsy %
GSGs, but not after age adjustment as previously reported.”
Biopsy depth factors (absence of capsule and presence of
medulla) correlated with less area of cortex but did not
correlate with biopsy %GSGs.

Table 3. Mean, Patient Variability, and 95th Percentiles for %GSGs by Different Amounts of Cortex Biopsied

Amount of Mean Variability in Patient 95th Biopsied 95th
Cortex Biopsied n %GSGs Patient %GSGs Percentile Percentile
No. of glomeruli
1-4 198 5.1% 11.5% 20.9% 33.3%
5-9 463 5.1% 7.6% 17.7% 25.0%
10-14 592 3.7% 41% 11.4% 18.2%
15-19 570 3.5% 3.9% 10.8% 15.8%
20-24 462 3.1% 3.2% 9.4% 13.6%
25-29 267 3.1% 4.8% 10.8% 13.8%
230 363 2.6% 3.2% 8.5% 10.3%
Area of cortex, mm?
<2 199 5.6% 11.5% 221% 37.5%
22-<4 516 4.7% 6.8% 16.1% 25.0%
24-<6 766 3.6% 4.7% 11.8% 16.7%
>6-<8 747 3.3% 4.5% 11.0% 15.0%
28-<10 420 3.2% 3.4% 9.7% 13.3%
210-<12 138 2.3% 1.6% 6.0% 9.1%
212 129 2.2% 1.1% 5.2% 7.8%

Note: P values for trends shown in Table 2.
Abbreviations: GSGs, globally sclerotic glomeruli; SD, standard deviation.
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Figure 3. Mean percentage of globally sclerotic glomeruli (%GSGs) and 95th percentiles for patient %GSGs and biopsy %GSGs
by: (A) number of glomeruli (continuous) and (B) area of cortex (continuous). The mean and 95th percentiles for %GSGs increased
with less cortex. Measurement error (as reflected in the difference between biopsy and patient 95th percentiles) also increased with

less cortex.

DISCUSSION

Less cortex on biopsy was associated with the presence of
more chronic changes. This included more globally scle-
rotic glomeruli, more interstitial fibrosis/tubular atrophy,
and more arteriosclerosis. This was unexpected because it
is generally assumed that biopsies with limited cortex
should still have on average the same amount of chronic
changes as biopsies with more cortex. In this healthy
population, chronic changes occur primarily with older
age and hypertension.” These chronic changes result in
loss of nephrons and loss of cortical volume.”'” Loss of
cortical volume from chronic changes may increase the
propensity to undersample cortex with a needle biopsy.
Thus, disregarding biopsy specimens for an inadequate
amount of sampled cortex fails to take into account that
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underlying pathology (specifically chronic changes) may
contribute to the presence of limited cortex on the biopsy
specimen.

Whereas measurement error will increase with less
cortex sampled, we found that both mean %GSGs and
variability in patient %GSGs also increased with less cortex
biopsied. The reason why is not entirely clear. Lower
cortical volume on computed tomography weakly corre-
lated with both greater mean %GSGs and less cortex on
biopsy. Thus, loss of kidney cortex from chronic changes
may lead to undersampling of the cortex by the biopsy
needle. However, because these correlations were weak,
other factors likely link more %GSGs to less cortex on
biopsy. Needle core biopsy specimens are known to be
somewhat elastic and it is possible that biopsy specimens

Kidney Med Vol 1 | Iss 4 | July/August 2019
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Table 4. Estimation of Density of IF/TA Foci, Presence of
Arteriosclerosis (any luminal stenosis by intimal thickening),
and Severity of Arteriosclerosis (percentage luminal stenosis)
by Amount of Cortex Biopsied (per SD)

Per Increase SD in
Amount of Cortex P

Nephrosclerosis
Finding
By No. of Glomeruli

Change per 11 more
glomeruli

IF/TA foci density -12% (—18% to —4.5%) 0.003
Any luminal stenosis 0.95 (0.85 to 1.06) 0.3
Percentage luminal -2.4 (-3.1 to -1.6) <0.001
stenosis

By Area of Cortex

Change per 3.2 mm?
more cortex
IF/TA foci density -25% (-31% to —19%) <0.001
Any luminal stenosis 0.85 (0.77 to 0.95) 0.003
Percentage luminal -0.73 (-1.5 to —0.01) 0.05

stenosis

Note: Values given as percentage (95% ClI) or odds ratio (95% CI).
Abbreviations: Cl, confidence interval; IF/TA, interstitial fibrosis/tubular atrophy;
SD, standard deviation.

with chronic changes are stretched when the needle tip
hits a “scarred region,” resulting in undersampling cortex.
Specimens with chronic changes may also be more fragile,
resulting in tissue fragments being lost during the pro-
cessing. The increase in variability in patient %GSGs
(rather than just an increase in mean %GSGs) suggests that
there is more inherent biological heterogeneity when less
cortex is biopsied. This is consistent with some biopsy
specimens having limited amounts of cortex due to tech-
nique (such as going too deep and biopsying medulla),
whereas other biopsy specimens have limited amounts of
cortex due to the glomerulosclerosis itself and associated
pathology  (interstitial ~fibrosis/tubular atrophy and
arteriosclerosis).

Using a statistical model to characterize the relationship
between biopsy %GSGs and patient %GSGs, we evaluated the
validity of the 10-glomeruli threshold that has been advocated

for the minimum number of glomeruli needed for assessing
chronic changes in an allograft or native kidney biopsy
specimen.”” Biopsy specimens with fewer glomeruli are
expected to be less precise for estimating kidney pathology.
However, we found that biopsies with fewer than 10
glomeruli had an even higher positive predictive value for
detecting patient %GSGs = 10% than biopsies with 10 or
more glomeruli.

There are 2 reasons that can explain this finding. First,
biopsy specimens with less cortex were more likely to occur
in patients who have higher %GSGs. Second, numerically,
having fewer glomeruli requires the minimum threshold that
is 210% to be much higher. For example, with 5 glomeruli,
20% (1/5) is the minimum abnormal threshold, whereas
with 35 glomeruli, 11% (4/35) is the minimum abnormal
threshold. A biopsy with fewer than 10 glomeruli had alower
negative predictive value for patient %GSGs = 10%. This
finding is consistent with biopsy specimens having less cortex
to be more likely to come from kidneys with underlying
chronic changes, even if the chronic changes were not evident
on the limited biopsy specimen.

In clinical practice, there is often uncertainty with the
interpretation of findings on biopsy specimens with
limited cortex. Pathologists are less likely to agree on bi-
opsy findings in biopsy specimens with limited cortex.'”
Prior reports have assessed how often a biopsy specimen
is ‘nondiagnostic’ in various settings.'” >’ However these
studies did not specifically assess the detection of focal
chronic changes with amount of cortex. Even if a biopsy
specimen with limited cortex is nondiagnostic for a spe-
cific disease, it can still be informative regarding the
presence of chronic changes. Chronic changes are prog-
nostically important for the risk for progressive chronic
kidney disease,”’ even in biopsy specimens with fewer
than 10 glomeruli.””

In light of these findings, chronic changes in a biopsy
specimen with limited amounts of cortex should not be
dismissed as being spurious or attributed to an inadequate
sample that just happened to be a region of an isolated
focal scar. Rather, chronic changes detected on the limited

Table 5. Spearman’s Correlation of Clinical, Imaging, and Biopsy Characteristics With %GSGs and Area of Cortex on Biopsy

Correlation With %GSGs on Biopsy

Correlation With Area of Cortex on Biopsy

Characteristic rs (95% CI) P rs (95% CI) P
Clinical
Age 0.28 (0.25 to 0.32) <0.001 -0.05 (-0.08 to —0.01) 0.01
GFR® -0.14 (-0.18 to —0.10) <0.001 -0.03 (-0.06 to 0.01) 0.2
Hypertension 0.15 (0.12 to 0.19) <0.001 0.01 (-0.03 to 0.04) 0.7
CT scan object map of the biopsied kidney
Volume of cortex -0.08 (-0.12 to —0.04) <0.001 0.06 (0.02 to 0.10) <0.001
Surface roughness 0.10 (0.06 to 0.13) <0.001 -0.02 (-0.05 to 0.02) 0.4
Kidney biopsy depth
Presence of capsule 0.03 (-0.01 to 0.06) 0.16 0.15 (0.11 to 0.19) <0.001
Area of medulla -0.08 (-0.07 to 0.01) 0.1 -0.34 (-0.38 to -0.31) <0.001

Abbreviations: Cl, confidence interval; CT, computed toography; GFR, glomerular filtration rate; GSGs, globally sclerotic glomeruli.
2GFR did not correlate with %GSGs after age adjustment: rs = =0.03 (95% Cl, —0.06 to 0.005; P = 0.11).
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biopsy specimen are similarly reflective of chronic changes
in the entire kidney, as would chronic changes on a biopsy
specimen with more cortex. However, if chronic changes
are not seen in a biopsy specimen with limited amounts of
cortex, there should be less certainty that this is repre-
sentative of the entire kidney than a biopsy specimen with
more cortex.”’

A limitation of these findings is that the study popu-
lation was living kidney donors, which is a fairly ho-
mogenous population with limited chronic changes on
biopsy. Patients who undergo kidney biopsies for clinical
indications are much more heterogeneous with more
severe chronic changes on biopsy specimens. This cur-
rent study provides “proof of principal” that underlying
chronic pathology correlates with “inadequate amounts
of cortex,” and further study is warranted in more
diseased populations. Another limitation is that the pa-
tient %GSGs was statistically modeled with only a single
biopsy per patient rather than multiple within-patient
kidney biopsies.

A strength of our approach is that the beta-binomial
model accounts for the impact of biopsy size on sample
variability. Biopsy specimens obtained during surgery
were advantageous in this study for ensuring that the
amount of tissue obtained was not biased by patient size
factors such as obesity, but this may also limit the gener-
alizability of the findings to percutaneous biopsies.

What is an adequate amount of cortex on kidney biopsy
specimens to detect chronic changes? The answer appears to
be that focal chronic changes detected on a limited tissue
sample (such as <10 glomeruli) are just as relevant as those
detected on larger tissue samples of cortex, and biopsies
with limited cortex should not be ignored or discarded. This
is in part because chronic changes are more common when
tissue biopsy samples yield smaller amounts of cortex.
However, when chronic changes are not detected on a
limited tissue sample, there should be a higher level of
suspicion that focal chronic changes were missed.
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