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Key Points
c Patients with obesity did not have any larger hematocrit drop after kidney biopsy compared with those without

obesity.
c Patients with obesity had fewer glomeruli sampled from kidney biopsy compared with those without obesity.
c For patients with obesity, kidney biopsy is a safe procedure but may have lower diagnostic adequacy.
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Introduction
Patients with obesity are at higher risk of developing
kidney disease.1 Although often assumed to be due to
metabolic comorbidities or obesity-related glomerul-
opathy, recent studies indicate that kidney disease
among patients with obesity is more heterogeneous
and a kidney biopsy can often lead to changes in
management.2 However, obesity is considered a rela-
tive contraindication to percutaneous kidney biopsy
because of the technical challenges.3,4 While complica-
tion rates after kidney biopsy in the general population
in both acute kidney disease and CKD have been well-
examined,5-7 there is no study directly comparing com-
plication rates in patients with obesity with those
without obesity. To better support clinical decision
making when caring for patients with obesity and
kidney disease, further data are needed on the actual
risk of biopsy in these patients. Moreover, it is also
possible that diagnostic yield is lower in obese indi-
viduals because of poor visualization of the kidneys.
We therefore sought to examine postbiopsy procedure-
related outcomes of safety and adequacy in patients
with obesity.

Methods
In two biopsy-based cohorts at Yale University and

Johns Hopkins University that enroll patients under-
going clinically indicated kidney biopsies, we tested
the independent association of class II or higher obesity
(defined as body mass index [BMI]$35 kg/m2) with
the safety outcome of drop in hematocrit after a kidney
biopsy in linear regression analyses controlling for
prebiopsy risk factors for bleeding including platelet
count, international normalized ratio (INR), BUN,
and biopsy needle gauge. We also tested the ade-
quacy outcome of the number of glomeruli available

for diagnosis. Detailed methods are presented in the
supplement. Patients included in the biopsy cohorts
provided informed consent, and the study was ap-
proved by the Institutional Review Boards of Yale
University and Johns Hopkins University.

Results
Of the 337 patients at Yale, 76 (23%) had BMI

$35 kg/m2 and 261 (77%) had BMI,35 kg/m2. Par-
ticipants with obesity were more likely to be female
and have hypertension (Table 1). However, there
were no significant differences in prebiopsy risk fac-
tors for bleeding including hematocrit, INR, platelet
count, or use of anticoagulant medications between
the two groups. Participants with obesity were more
likely to be biopsied using a narrower 18-gauge nee-
dle rather than 16-gauge needle (48 [66%] versus 113
[45%], P50.002), required computerized tomography
rather than ultrasound guidance for biopsy (35 [47%]
versus 75 [29%], P50.004), and had longer procedure
times (65 versus 58 minutes, P50.04). Use of 18-G
needles was associated with lesser drop in hematocrit
compared with 16G needles (22.3 [interquartile range
{IQR} 21.0 to 24.1] versus 23.0 [IQR 21.4 to 24.7],
P 5 0.01; data not shown), and computed tomog-
raphy (CT)–guided biopsies had longer procedure
times than ultrasound-guided (69 [58–84] versus 52
[36–70], P 5 0.0001). Participants with obesity experi-
enced a lesser absolute drop in hematocrit from pre-
biopsy to postbiopsy in both univariable analysis
(22.1 [95% confidence interval {95% CI} 20.7 to
23.8] versus 23.0 [95% CI21.4 to 24.6]%, P 5 0.02;
Figure 1, model 1; Table 1) and lesser drop in hematocrit
relative to prebiopsy level (26.1 [95% CI22.6 to 212.0]
versus29.5 [95%CI24.7 to215.0]%,P5 0.02). Obesity
was associated with a lesser drop in hematocrit in
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linear regression analysis controlling for prebiopsy INR,
platelet count, and BUN (20.92 [95% CI21.73 to 20.11]%;
Figure 1, model 2), but not after further controlling for
needle gauge (20.80 [95% CI21.60 to 0.01]%; Figure 1,
model 3). There were no significant differences between
obese and nonobese participants in the presence of hema-
toma, need for transfusions, need for interventions, pain,
escalation in care, or death after biopsy (Table 1). In the
JHU biopsy cohort (N578, 12 with obesity), where all
biopsies were performed using 18-gauge needles, obese
participants had similar hematocrit drop as nonobese
(0.40 [95% CI21.26 to 2.05]%; Figure 1, model 1, second
row). Meta-analysis of the two cohorts found no associ-
ation between obesity with hematocrit drop (20.48 [95%
CI21.74 to 0.78]%, Figure 1, all models, third row). Sen-
sitivity analyses using two alternate definitions of obesity
as obesity class I or higher (BMI.30 kg/m2) and obesity
class III or higher (BMI.40 kg/m2) showed similarly
null association of obesity with hematocrit drop. Similar

results were noted after additionally controlling for anti-
coagulant and antiplatelet medication use. Biopsy sam-
ples from participants with obesity in the Yale cohort had
fewer glomeruli sampled (8 [IQR 5.0–13.5] versus 11 [IQR
7.0–16.0] glomeruli, P50.003) and showed a trend toward
being more likely to be deemed insufficient for diagnosis
by pathologists’ report (3.9% of patients with “inade-
quate” biopsies versus 0.8%, P50.08). The association of
obesity with fewer glomeruli sampled remained signifi-
cant after controlling for needle gauge and procedure time
(22.5, [95% CI24.4 to 20.5]).

Discussion
Our results show that participants with obesity did not

have more adverse safety outcomes after kidney biopsy. In
fact, in the Yale cohort, class II obesity was associated with a
lesser drop in hematocrit after biopsy, a finding that was
robust even when controlling for prebiopsy risk factors for

Table 1. Demographics, patient characteristics, and prebiopsy risk factors from Yale biopsy study

Characteristics BMI$35 kg/m2 (N576) BMI,35 kg/m2 (N5261) P Value

Demographics
Age, years 53.7 (43.4, 63.8) 58.3 (46.3, 67.2) 0.07
BMI, kg/m2 39.2 (36.6, 44.1) 27.2 (23.9, 30.1) ,0.001*
Female 46 (60.5%) 106 (40.8%) 0.002*
Diabetes 31 (41.3%) 87 (33.5%) 0.21
Hypertension 64 (84.2%) 182 (69.7%) 0.01*
AKI 55 (72.4%) 201 (77.0%) 0.40
CKD 51 (75.0%) 162 (64.0%) 0.09
Creatinine at biopsy, mg/dl 2.3 (1.6, 4.7) 2.8 (1.6, 4.2) 0.58

Prebiopsy risk factors
Hematocrit, % 31.7 (27.1, 37.0) 31.2 (27.0, 36.0) 0.86
Platelet count, 3109/L 234 (178, 296) 223 (169, 283) 0.29
INR 1.0 (0.9, 1.1) 1.0 (0.9, 1.2) 0.16
BUN, mg/dl 33.0 (24.0, 55.0) 38.0 (27.0, 60.0) 0.29
AC medication 19 (25%) 69 (26%) 0.80
Antiplatelet medication 4 (6%) 17 (7%) 0.79
CT-guided biopsy (versus ultrasound-

guided)
35 (47%) 75 (29%) 0.004*

Performed by fellow (versus attending) 30 (39%) 118 (47%) 0.26
18-gauge needle used (versus 16-gauge) 48 (66%) 113 (45%) 0.002*
Procedure time (minutes) 65 (52, 78) 58 (41, 75) 0.04*

Postbiopsy complication
Absolute drop in hematocrit, % 22.1 (20.7, 23.8) 23.0 (21.4, 24.6) 0.02*
Relative drop in hematocrit, % of

prebiopsy hematocrit
26.1 (22.6, 212.0) 29.5 (24.7, 215.0) 0.02*

Hematoma detected after biopsy 6 (7.9%) 22 (8.5%) 1.00
Received transfusion as result of biopsy 2 (2.6%) 11 (4.2%) 0.74
Required intervention due to bleeding

after biopsy
0 (0.0%) 4 (1.5%) 0.58

Significant pain after biopsy 3 (3.9%) 19 (7.3%) 0.43
Required escalation of care after biopsy 3 (3.9%) 13 (5.0%) 1.00
Death within 30 daysa 0 (0.0%) 4 (1.5%) 0.58

Adequacy of kidney biopsy
Number of glomeruli sampled 8.0 (5.0, 13.5) 11.0 (7.0, 16.0) 0.003*
Biopsy sample inadequate 3 (3.9%) 2 (0.8%) 0.08*

Data presented as median (25th percentile, 75th percentile) or n (%). Chi-square test or Fisher exact test for categorical and Wilcoxon
rank-sum test for continuous variables. BMI, body mass index; INR, international normalized ratio; CT, computed tomography; AC
medication, received anticoagulation medication 7 days before the biopsy.
aNo death resulted from biopsy-related complications.
*P,0.05.
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bleeding but dissipated after adjusting for needle gauge.
Meanwhile, in the JHU cohort, where all biopsies were per-
formed using 18-gauge needles, there was no significant
difference in hematocrit drop. Thus, the lesser drop in he-
matocrit among obese participants in the Yale cohort may be
due tomore conservative technical approaches to the biopsy in
this group, including use of smaller gauge needles. This sug-
gests that obesity by itself should not be considered a barrier to
kidney biopsy due to safety concerns. However, obese partic-
ipants had fewer glomeruli sampled and showed a trend
toward a greater likelihood of their biopsy being deemed
inadequate for diagnosis. Obese participants also had longer
procedure times perhaps reflecting the technical challenges of
the procedure in obese patients and greater use of CT-guided
biopsies in this population. The association of obesity with
fewer glomeruli sampled persisted even after controlling for
needle gauge and procedure time, indicating that technical
challenges may explain the lower kidney biopsy adequacy in
obese individuals. Our findings indicate that kidney biopsy
procedure in obese patients does not pose a greater bleeding

risk than in nonobese patients but may be associated with a
greater likelihood of obtaining fewer glomeruli for establishing
the histological diagnosis. These findings can help clinicians
make informed decisions and guide potential biopsy-eligible
patients with obesity on the safety and adequacy of biopsy.
Strengths of our study include a large sample size and external
validation. Limitations include selection bias, such as only
selecting obese patients at low risk of complications for a
biopsy; however, we did not notice any significant differences
in known prebiopsy risk factors for biopsy-related bleeding.
Our findings provide information to guide clinical decision
making when considering kidney biopsy procedures for
patients with obesity.
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