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Summary
STUDY AIM: Renal biopsies provide important and deci-
sive information for diagnosis and therapy. Although biop-
sies are considered safe, bleeding complications remain a
concern. We analysed the complication rate after kidney
biopsies in native and transplant kidneys and their asso-
ciation with platelet function analyser bleeding time (PFA
BT) and estimated glomerular filtration rate (eGFR).

METHODS: This single-centre observational study includ-
ed all patients who underwent an ultrasound-guided kid-
ney biopsy at the University Hospital Basel from 2015 to
August 2019. The main objective was to investigate the
association of PFA BT with significant bleeding complica-
tions in kidney biopsies. Significant bleeding was defined
as a haemoglobin decrease of >10 g/l within 48 hours
or the need for transfusion after bleeding, according to
the discretion of the treating physician. The pre-biopsy
assessment included bleeding time using PFA BT, INR,
thrombocyte count, and eGFR.

RESULTS: A total of 819 kidney biopsies—285 native and
534 transplant—were analysed. Complications occurred
in 32 biopsies (3.9%): 18 (6.3%) in native and 14 (2.6%) in
transplant kidneys. Bleeding was the most frequent com-
plication in both groups. Overall, low eGFR (p = 0.01)
and prolonged PFA BT (p = 0.02) were associated with
bleeding complications. In native kidney biopsies, inpa-
tient biopsy was associated with bleeding complications
(p = 0.005), while in transplant kidney biopsies, bleeding
complications were associated with time after transplan-
tation (p <0.001), prolonged PFA BT (p <0.001), and di-
agnostic biopsies (p = 0.01). In the multivariable model,
low eGFR was the only significant factor associated with
bleeding complications (odds ratio 3.57, 95% confidence
interval 1.76-7.23, p <0.001).

CONCLUSIONS: A low eGFR, especially below 30 ml/
min, is associated with increased bleeding risk in native
and transplant kidney biopsies.

Introduction

Renal biopsies provide important and decisive information
for diagnosis and therapy. Ultrasound-guided renal biop-
sies were introduced to clinical practice in the 1990s. They

are generally considered safe but are sometimes associated
with risks such as bleeding complications, haematoma, and
pain [1–14]. The risk profile differs between native and
transplant kidney biopsies [15]. Typically, the risk of pa-
tients developing minor complications, such as bleeding
complications, haematoma, or pain, is low. Major compli-
cations, such as nephrectomy or death, are extremely rare.
Bleeding complications are the primary adverse event af-
ter this procedure [16]. Numerous studies have investigat-
ed the frequency, type, and risk factors of bleeding compli-
cations after native and transplant kidney biopsies [16–17].

To minimise the risk of bleeding complications, patients
typically undergo blood clotting screening tests before un-
dergoing biopsy, one of which is the platelet factor
analyser (PFA). Unfortunately, little is known about its as-
sociation with bleeding complications after renal biopsies
[18].

This observational single-centre study aimed to identify
risk factors for bleeding after native or transplant kidney
biopsy. The associations between different parameters and
bleeding complications were analysed. Specifically, we ex-
amined the association between platelet function analyser
bleeding time (PFA BT), other coagulation parameters, and
renal function (eGFR) with bleeding complications.

Material and methods

The University Hospital Basel is a tertiary care hospital re-
sponsible for medical care in the northwest of Switzerland.
The Clinic for Transplantation, Immunology, and Nephrol-
ogy provides nephrology services for the entire hospital,
including the management of acute kidney injury, acute re-
nal replacement therapy in intensive care units, and chronic
renal replacement therapies in the area. It is also one of the
leading kidney transplant centres in the country. 70–90 kid-
ney transplantations are performed annually, approximate-
ly 40% of which are from living kidney donors. The clinic
oversees all ultrasound-guided kidney biopsies.

All patients who underwent a percutaneous and ultra-
sound-guided renal biopsy at the University Hospital Basel
between January 2015 and August 2019 were included. Pa-
tients who received factor VIII and von Willebrand-fac-
tor substitution before the biopsy were excluded. The pa-
tients were divided into two groups: biopsies of native
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kidneys and biopsies of transplant kidneys. This study was
approved by the ethical commission Nordwest und Zen-
tralschweiz EKNZ (BASEC-ID: 2019-02127). All patients
provided written consent to the biopsy. This study adhered
to the STROBE reporting guidelines [19] and was conduct-
ed in accordance with the Declaration of Helsinki.

Before the biopsy, all patients underwent a laboratory
screening test, including the PFA BT, a test for primary
haemostasis [18]. The platelet function analyser draws a
patient’s blood sample through a disposable test cartridge
with a microscopic aperture in a biologically active mem-
brane. This membrane is coated with either epinephrine
and collagen or ADP and collagen. The closure time (in
seconds) for blood to close the aperture is measured. PFA
EPI (epinephrine and collagen) was measured in all pa-
tients, and if prolonged (>160 seconds), PFA ADP (ADP
and collagen) was measured. PFA ADP values below 120
seconds were considered normal. Alongside PFA BT,
haemoglobin count, INR, thrombocyte count, serum crea-
tinine, and eGFR (calculated using the 2012 CKD EPI for-
mula) [20] were collected. All standard values adhered to
the specifications of the University Hospital Basel. Demo-
graphic and medical data, including sex, age at the biopsy,
outpatient/inpatient status, biopsy date, and – in the trans-
plant group – biopsy type (surveillance or diagnostic) and
time post-transplantation, were extracted from the hospital
clinic information system and anonymously analysed in a
separate database. Internal data validation was performed,
and missing values were added if possible.

All biopsies were with ultrasound guidance under sterile
conditions with a sterile ultrasound transducer and a
16-gauge needle inserted through the transducer. For na-
tive kidney biopsies, patients were in a prone position, and
for transplant kidney biopsies, they were in a supine posi-
tion. Local anaesthesia with lidocaine was applied, and a
scalpel was used to make a 2–3 mm incision. At least two
specimens were taken. Patients remained in a supine posi-
tion for four hours and were discharged if they were symp-
tom-free and no macrohaematuria was observed.

The primary outcome was significant bleeding, defined as
a relevant haemoglobin decrease (>10 g/l within 48 hours
after biopsy) or the need for transfusion after bleeding (at
the discretion of the treating physician) clearly associated
with the biopsy. In addition, secondary outcomes included
the need for hospitalisation due to biopsy within one week
of the procedure and treatment in the ICU within 72 hours
as a consequence of the biopsy. Macrohaematuria, bladder
tamponade biopsy abortion, vomiting, and vasovagal reac-
tion were categorised as other complications.

Statistical analyses

Analyses were performed using JMP® version 16.1; SAS
Institute Inc., Cary, NC, 1989–2023; SPSS version
28.0.1.1; and R (R Core Team 2019. R: A language and en-
vironment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria, URL: https://www.R-
project.org/). All hypothesis testing was two-tailed, and an
alpha level of <0.05 was considered statistically signifi-
cant. Discrete variables are expressed as counts (percent-
ages). Pearson Chi2 or Fisher Exact tests for small sam-
ples were used to compare groups. Continuous variables
are expressed as medians and interquartile ranges [IQRs],

and the Mann-Whitney U test was used to compare groups.
Considering the low event rate, odds ratios were calculated
as a measure of effect with corresponding 95% confidence
intervals. Furthermore, we built a logistic regression mod-
el including possible risk factors for bleeding. Because of
the limited number of bleeding complications and the re-
sulting low events-per-variable ratio, a multivariable mod-
el with three degrees of freedom was selected. To relax the
linearity assumption, eGFR was fitted using restricted cu-
bic splines with 3 knots at the 0.1, 0.5, and 0.9 quantiles.
Because of the low number of events, multivariable analy-
ses were not conducted in the transplant and native kidney
groups. However, the analysis was stratified by the medi-
an eGFR of all patients. No imputation was used to ad-
dress missing values. To assess the correlation between re-
nal function and PFA BT, we calculated a combined PFA
(PFA combined) value. Given the normal ranges for PFA
EPI (84–160 seconds) and PFA ADP (61–121 seconds), we
defined PFA combined as follows: if PFA EPI was within
the normal range, PFA combined was set to the PFA EPI
value; however, if PFA EPI was prolonged (>160 seconds),
PFA combined was calculated as 160 seconds plus the ex-
cess duration of PFA ADP beyond 61 seconds (i.e. 160 sec-
onds + [PFA ADP – 61 seconds]).

Results

Between 2015 and 2019, a total of 819 biopsies were
performed in 571 patients, of which 285 were performed
on native kidneys and 534 on transplant kidneys. Figure
1 shows the patient flowchart and reasons for exclusion.
Table 1 presents the baseline characteristics of both groups.

A total of 3.9% of biopsies (32 out of 819) resulted in at
least one complication, with 45 complications recorded in
total, as patients could have multiple complications from a
single biopsy. Bleeding after biopsy was the most common
complication in both groups. Multiple complications from
a single biopsy were more common in the transplant group.
Furthermore, the transplant group had more severe compli-
cations. The type and frequency of complications are sum-
marised in table 2.

Risk factors for bleeding

To further analyse the differences in bleeding complica-
tions, the distribution and frequencies of various clinical
parameters were compared between biopsies with and
without bleeding. The analysis of the entire study popu-
lation revealed no significant differences in terms of sex,
age, INR value, or platelet count (table 3).

However, renal function was significantly lower in biop-
sies with bleeding complications, corresponding to a high-
er risk of bleeding in patients with low eGFR (table 4).
Additionally, PFA BT was more frequently prolonged in
biopsies with bleeding, indicating that patients with pro-
longed PFA BT are also at an increased risk of bleeding
(see table 4).

In the analysis of the native kidney group, we observed
more bleeding complications in inpatient biopsies than in
outpatient biopsies (11 vs. 2 complications, p = 0.005).
This resulted in a higher risk of bleeding in inpatients
(table 3). However, inpatients also had lower eGFR values.
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When stratifying the analysis by eGFR using a median cut-
off of 43 ml/min/1.73 m2, the point estimates for the as-
sociation between patient setting and bleeding remained
similar. However, the confidence intervals were wide (OR
7.07, 95% CI 0.62–80.88; OR 6.72, 95% CI 0.83–54.46).

In the transplant group, most bleeding events occurred in
the first two weeks after transplantation (median time to
bleeding after kidney transplantation 13 days, IQR 6.5–36
vs. median time to bleeding after kidney transplantation

176.5 days, IQR 90–288, p <0.001), highlighting a greater
risk for bleeding within the first two weeks after transplan-
tation (OR 16.00, 95% CI 4.88–61.49, p <0.001). PFA BT
was more frequently prolonged in biopsies with bleeding,
and the OR for cases with prolonged PFA compared with
normal PFA was 8.34 (95% CI 2.6–28.8, p <0.001). Last-
ly, diagnostic biopsies had a higher risk of bleeding com-
pared to surveillance biopsies and an OR of 5.48 (95% CI
1.46–20.48, p = 0.072) (table 3). However, a lower eGFR

Figure 1: Composition of the study cohort. PFA BT: platelet function analyser bleeding time.

Table 1:
Baseline characteristics, renal function, and coagulation parameters of the study population. Counts or medians and interquartile ranges (IQRs) are shown. PFA groups: normal
bleeding time is defined as either PFA EPI normal or PFA EPI prolonged with PFA ADP normal. Prolonged bleeding time is defined as both PFA EPI and PFA ADP prolonged.

Characteristic Overall, n = 819 Native, n = 285 Transplant, n = 534

Female sex, n (%) 324 (40%) 109 (38%) 215 (40%)

Age (years) 56 (45– 65) 57 (42– 68) 55 (46–63)

Biopsy days posttransplant (days) N/A 175 (89– 279)

Surveillance N/A 337 (64)Biopsy type

Diagnostic N/A 192 (36)

Outpatient 163 (57) N/ASetting

Inpatient 122 (43) N/A

eGFR 43 (26– 61) 39 (19– 72) 44 (30–58)

>30 577 (70) 175 (61) 402 (75)

Renal function (ml/min/1.73 m2) at biopsy

eGFR groups

<30 242 (30) 110 (39) 132 (25)

Thrombocyte count (×109/l) 236 (190– 286) 249 (203– 303) 226 (187– 274)

≥150 × 109/l 739 (90) 260 (91) 479 (90)Thrombocyte groups

<150 × 109/l 80 (9.8) 25 (8.8) 55 (10)

Normal bleeding time 685 (84) 233 (82) 452 (85)

Coagulation parameters at biopsy

PFA Groups (sec)

Prolonged bleeding time 134 (16) 52 (18) 82 (15)

eGFR: estimated glomerular filtration rate; EPI: epinephrin and collagen; PFA: platelet function analyser; N/A: not assessed
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was observed in patients within two weeks of kidney trans-
plantation (10.0 ml/min/1.73 m2, IQR 7.0–20.2 versus 47.5
ml/min/1.73 m2, IQR 34.8–61.0, p <0.001) in patients with
prolonged PFA BT (33.0 ml/min/1.73 m2, IQR 13.5–50.8
versus 46 ml/min/1.73 m2, IQR 31–59.2, p <0.001) and
in those undergoing a diagnostic biopsy (28.0 ml/min/1.73
m2, IQR 12.0–40.0 versus 51 ml/min/1.73 m2, IQR
41.0–63.0, p <0.001). In a stratified analysis, among pa-
tients with an eGFR above 43 ml/min/1.73 m2, the as-
sociation between biopsy timing and bleeding complica-
tions had an OR of 0.13 (95% CI 1.94×10–40–9.28×1037).

The association between diagnostic biopsies and bleeding
complications had an OR of <0.006 (95% CI
4.62×10–30–7.07×1024).

Association of PFA bleeding time

Median eGFR in patients with prolonged PFA BT was
lower (29 ml/min/1.73 m2, IQR 9–51) than in patients
with normal PFA BT (45 ml/min/1.73 m2, IQR 29–62, p
<0.001). Correspondingly, in patients with an eGFR of <30
ml/min/1.73 m2, 28.5% had both PFA EPI and ADP BT
prolonged. In patients with eGFR ≥30 ml/min, 11.3% had

Table 2:
Complications after kidney biopsies. Counts and percentages are indicated.

Complications Overall, n = 819 Native, n = 285 Transplant, n =534

Biopsies with any complications 32 (3.9) 18 (6.3) 14 (2.6)

Bleeding 25 (3.1) 13 (4.6) 12 (2.2)Primary outcome

Need for transfusion 2 (0.4)

Need for hospitalisation 4 (0.7)Secondary outcome

Need for ICU stay 3 (0.6)

Other complications* 11 (1.3) 5 (1.8) 6 (1.1)

Total complications** 45 18 27

* Other complications: biopsy abortion, macrohematuria, haematoma, bladder tamponade, vomiting, and vasovagal reaction** More than one complication can occur after biopsy.

Table 3:
Comparison of clinical and laboratory parameters between patients with bleeding complications and those without, stratified by native and transplant kidney biopsies.Counts and
percentages or medians and interquartile ranges (IQRs) are presented.

Patients with bleeding, n = 25 Patient without bleeding, n = 794 p-Value

Native kidney biopsies n = 13 n = 272

Female sex 6 (46.2) 103 (38.2) 0.75

Age (years) 60 (51–76) 56.5 (41–67) 0.28

INR 1.1 (1.1–1.2) 1.1 (1–1.1) 0.06

Thrombocyte count (×109/l) 282 (251–420) 248 (200.8–299) 0.015

Coagulation parameters

PFA (sec) prolonged 3 (23.1) 49 (18) 0.92

eGFR (ml/min/1.73 m2) 17 (10–30) 39 (20–72.2) 0.01

Outpatient 2 (15.4) 161 (59.2) 0.005Setting

Inpatient 11 (84.6) 111 (40.8)

Transplant kidney biopsies n = 12 n = 522

Female sex 6 (50) 209 (40) 0.69

Age (years) 57 (51–61) 55 (45.2–63) 0.79

INR 1.1 (1.0–1.1) 1.1 (1.0–1.1) 0.57

Thrombocyte count (×109/l) 204.5 (108.8–263.8) 226.5 (188–273.8) 0.23

Coagulation parameters

PFA (s) prolonged 7 (58.3) 75 (14.4) <0.001

eGFR (ml/min/1.73 m2) 11 (7–25.8) 44 (29–58) <0.001

Hospitalisation 4 (33.3) 0 (0) <0.001

Diagnostic 9 (75) 183 (35.4) 0.01Type of biopsy

Surveillance 3 (25) 334 (64.6)

Time post-transplant (days) 13 (6.5–36) 176.5 (90–288) <0.001

eGFR: estimated glomerular filtration rate; PFA: platelet function analyser.

Table 4:
Univariate and multivariate logistic regression model for all biopsies. The variables outpatient setting and time post-transplant were calculated in the native and transplant group
respectively. Odds ratio (ORs) with 95% CIs are shown.

Label Univariable OR (95%CI) p-Value Multivariable OR (95% CI) p-Value

Female sex 1.43 (0.63–3.18) 0.38

Age (years) 1.02 (0.99–1.05) 0.19

INR 6.17 (0.10–167.48) 0.32

Thrombocyte count (×109/l) 1.00 (1.00–1.01) 0.07

PFA prolonged (s) 3.60 (1.53–8.12) 0.002 1.99 (0.83–4.79) 0.124

eGFR* (ml/min/1.73 m2) 3.96 (1.99–7.90) 0.001 3.57 (1.76–7.23) <0.001

Native group: inpatient 7.98 (1.73–36.69) 0.008

Transplant group: 2 weeks post-transplant 16.00 (4.88–61.49) <0.001

eGFR: estimated glomerular filtration rate; PFA: platelet function analyser.

* OR for a decrease from an eGFR of 61–26.
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both PFA EPI and ADP BT prolonged. Figure 2 depicts the
number of bleeding complications in relation to eGFR and
PFA BT. The median platelet count was also significantly
lower in patients with a prolonged PFA BT (median 216 ×
109/l vs. 238 × 109/l, p = 0.004). All patients with a platelet
count of ≤75 × 109 /l showed prolonged PFA EPI and ADP
BT. In addition, the correlation between renal function and
INR was significant (median 1.1 vs. 1.0, p <0.001).

However, in the second model, which included the in-
teraction term between eGFR and PFA values, we found
a significant interaction, with an interaction p-value of
0.029. While lower eGFR was generally associated with
increased bleeding risk (p <0.0001), this effect was more
pronounced in patients with prolonged PFA BT. By con-
trast, in patients with higher eGFR, prolonged PFA BT was
not significantly associated with bleeding risk (table 5).

Clinical predictors for bleeding complications

In the multivariable logistic regression model, which in-
cluded renal function and PFA BT, lower renal function
was an independent risk factor for bleeding (Table 4). Fig-
ure 3 depicts a dose–response plot showing the relationship
between eGFR, PFA BT, and the predicted OR for bleed-
ing. PFA BT was not associated with bleeding when ad-
justed for eGFR values (Table 4). The model showed a
significant interaction between eGFR and PFA BT. Corre-
spondingly, among 46 patients with a prolonged PFA BT
and an eGFR above 43 ml/min/1.73 m2, only one patient
experienced a bleeding complication, whereas nine out of
79 patients with an eGFR below 43 ml/min/1.73 m2 had a
bleeding complication.

Discussion

Complications after kidney biopsy are rare, but they can be
painful, costly, and dangerous in some cases. The current
analysis evaluated risk factors and predictors of complica-

Figure 1: Correlation between estimated glomerular filtration rate (eGFR) and combined PFA BT values in biopsies with and without bleeding.
A spline function with a 95% confidence interval is shown in blue. BT: bleeding time; PFA: platelet function analyser; Epi: epinephrine and col-
lagen

Table 5:
Multivariable logistic regression model for all biopsies, including the interaction term between platelet function analyser (PFA) prolonged and estimated glomerular filtration rate
(eGFR) values. Odds ratios (ORs) with 95% CIs are shown. eGFR was modelled using restricted cubic splines.

Label Multivariable OR (95% CI) p-Value

PFA prolonged (s) 8.90 (2.46–32.19) 0.01

eGFR* (ml/min/1.73 m2) 4.30 (2.09–8.82) <0.001

Interaction eGFR* PFA prolonged 0.028

* OR for decrease from an eGFR of 61–26.
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tions, with a focus on bleeding time. The study revealed
four major findings.

First, this study shows that kidney biopsies are generally
safe procedures, with rare occurrences of bleeding com-
plications. Bleeding complications are the most common
complication associated with kidney biopsy. This study
suggests that impaired eGFR and prolonged PFA BT, es-
pecially in patients with impaired kidney function, are
strongly associated with bleeding complications. In addi-
tion, a short time elapsed after kidney transplantation in-
creases the risk of bleeding following an allograft biopsy.
Furthermore, for native kidney biopsies, inpatients are at
a higher risk of bleeding than outpatients. However, these
associations are partly explained by a lower eGFR in the
exposed group.

In our analysis, kidney biopsies carried a risk of at least
one complication in 6.3% of native and 2.6% of transplant
kidneys. These rates are lower than those reported in pre-
vious studies; however, they are similar to findings from a
recent single-centre study from Zurich [21], confirming the
safety of the procedure. The complication rate for native
kidney biopsies was higher than for transplant biopsies.
Additionally, we observed a greater frequency and severi-
ty of complications after transplant biopsies. These results
are consistent with many, but not all, previous studies [15].
The variability between results may be attributed to sever-
al factors, including different definitions of complications;
variation in coagulation testing, biopsy technique, and ma-
terials; physician experience; and the extent and duration
of impaired kidney function.

Bleeding emerged as the predominant complication, with a
risk of 4.6% in native kidneys and 2.2% in transplant kid-
neys. The literature shows varying data on bleeding com-
plications [16], often categorised into those that require
treatment and those that do not [1, 2, 5, 8, 17]. Previ-
ous studies have reported a 19% average risk of bleeding
without treatment for native kidney biopsies, with 2% re-
quiring treatment. Transplant biopsies, on average, show a
14.5% risk without treatment and 1.5% requiring treatment

[1–17]. By contrast, the bleeding rates in our study were
notably lower, possibly due to our strict definition (i.e. a
haemoglobin drop >10 g/l within 48 hours). Prior studies
often define bleeding based on descriptive criteria, irre-
spective of clinical significance or haemoglobin drop [2].
The variability in bleeding complications may also stem
from the conditions during kidney biopsies, as discussed
earlier. Conversely, blood transfusion rates after bleeding
complications are consistently low across studies, except
in three instances [4, 16, 18], in which transfusion needs
were less than 2%, likely due to strict indications and doc-
umentation.

Our third finding pertains to the factors associated with
bleeding complications. We observed a significant associ-
ation between low eGFR and the risk of bleeding. Analysis
using restricted cubic splines revealed no linear association
between eGFR and bleeding complications. However, the
risk of bleeding was elevated only in patients with a low
eGFR (e.g. <30 ml/min/1.73 m2). These findings are con-
sistent with those of previous studies [4, 13]. Although a
prolonged PFA BT was associated with an increased risk
of bleeding in transplant kidney biopsies, this association
could be explained by a lower eGFR and was not observed
in patients with an eGFR above 43 ml/min/1.73 m2. In the
overall cohort, we found a significant interaction between
PFA BT and eGFR, with PFA BT showing a significant as-
sociation with bleeding risk only in the model that includ-
ed the interaction term. This suggests that PFA BT values
are particularly associated with bleeding complications in
patients with impaired renal function. We also observed a
significant interaction between PFA BT and eGFR, which
attenuates the direct relationship between prolonged PFA
BT in patients with low eGFR. This finding may be ex-
plained by CKD-related thrombocytopathy [22].

Thrombocyte count correlated poorly with bleeding com-
plications, but a thrombocyte count of <150,000/l was sig-
nificantly associated with an increased risk of pathological
PFA BT. Furthermore, PFA BT was consistently patholog-
ic when the thrombocyte count was below 75 × 109/l. By

Figure 3: Restricted cubic spline plot of the association between the risk of bleeding and estimated glomerular filtration rate (eGFR) values (A)
and combined platelet function analyser bleeding time (PFA BT) values (B). As a reference, an eGFR value of 30 ml/min/1.73 m2 and a PFA
value of 139 were used. The dotted line represents an odds ratio of 1. The grey area represents the 95% confidence interval.
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contrast, INR showed no correlation with bleeding risk.
However, this finding should be interpreted with caution,
as no patients in this analysis had prolonged INR.

Our analysis showed that the timing of bleeding compli-
cations in transplant kidneys is crucial, as most complica-
tions occurred within the first 14 days after kidney trans-
plantation. This observation can be attributed to several
factors. (1) Delayed graft function: 132 newly transplant-
ed patients (24.7%) had an eGFR of less than 30 ml/min at
the time of biopsy, representing a significant risk of bleed-
ing. Our analysis also showed that the increased risk of
bleeding within 14 days after transplantation was primari-
ly due to the lower eGFR in these patients. (2) Incomplete
scarring of the graft area, which results in the absence of
a protective capsule that could tamponade bleeding. This
mechanism is absent in freshly transplanted kidneys. (3)
Most complications occurred in diagnostic biopsies, typi-
cally performed in patients with acute impairment of kid-
ney function or other signs of pathology, which further
increases the risk of bleeding in vulnerable patients. There-
fore, it is crucial to carefully consider the necessity and
timing of diagnostic biopsies to minimise the risk of com-
plications.

The main strength of this study is its focus on precisely de-
fined bleeding complications, allowing us to assume that
all bleeding events after biopsies were captured. Further-
more, complete patient data were collected, with no miss-
ing values. All biopsies were performed according to the
same guidelines throughout the study period.

This study has several limitations. Firstly, the single-centre
observational design limits the generalisability of our find-
ings. The observational design may have resulted in
missed undocumented complications, potentially underes-
timating complication rates. However, given our focus on
significant bleeding as the primary endpoint, this is less
likely. Secondly, due to the subjective nature of pain,
which is experienced individually, pain could not be in-
cluded, possibly leading to an underestimation of overall
complications. Thirdly, the analysis was constrained by
the low number of bleeding events, preventing regression
analysis within the transplant and native kidney biopsy
subgroups.

A low eGFR, especially below 30 ml/min, is associated
with an increased risk of bleeding complications in both
native and transplant kidney biopsies. PFA BT values may
be particularly relevant in patients with impaired kidney
function.
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