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Abstract

Background and objectives Native kidney biopsies are commonly performed in the diagnosis of acute kidney
diseases and CKD. Because of the invasive nature of the procedure, bleeding-related complications are not
uncommon. The National Institutes of Health, National Institute of Diabetes and Digestive and Kidney
Diseases—sponsored Kidney Precision Medicine Project requires that all participants undergo a kidney biopsy;
therefore, the objective of this analysis was to study complication rates of native kidney biopsies performed using
automated devices under kidney imaging.

Design, setting, participants, & measurements This is a systematic review and meta-analysis of the literature
published from January 1983 to March 2018. The initial PubMed search yielded 1139 manuscripts. Using
predetermined selection criteria, 87 manuscripts were included in the final analysis. A random effects meta-
analysis for proportions was used to obtain combined estimates of complication rates. Freeman-Tukey double-
arcsine transformations were used to stabilize variance as complications were rare.

Results A total of 118,064 biopsies were included in this study. Patient age ranged from 30 to 79 years, and 45% of
patients were women. On the basis of our meta-analysis, pain at the site of biopsy is estimated to occur in 4.3% of
biopsied patients, hematomas are estimated to occur in 11%, macroscopic hematuria is estimated to occur in 3.5%,
bleeding requiring blood transfusions is estimated to occur in 1.6%, and interventions to stop bleeding are
estimated to occur in only 0.3%. Death attributed to native kidney biopsy was a rare event, occurring only in an
estimated 0.06% of all biopsies but only 0.03% of outpatient biopsies. Complication rates were higher in
hospitalized patients and in those with acute kidney disease. The reported complications varied on the basis of

study type and geographic location.

Conclusions Although the native kidney biopsy is an invasive diagnostic procedure, the rates of bleeding
complications are low. Albeit rare, death can occur postbiopsy. Complications are more frequently seen after

kidney biopsies of hospitalized patients with AKI.

CJASN 15: 1595-1602, 2020. doi: https://doi.org/10.2215/CJN.04710420

Introduction
The native kidney biopsy was introduced into clinical
practice in the 1950s, but the technique has evolved
over time. Since the late 1980s, kidney biopsies have
been done with the assistance of automated biopsy
devices and imaging of the kidneys, mostly ultraso-
nography. This evolution of the procedure has there-
fore changed the type and severity of postbiopsy
complications. The primary complications of native
kidney biopsies are related to hemorrhagic events that
can manifest in the form of pain, hematuria, peri-
nephric bleeding that is self-contained as a hematoma,
or active bleeding requiring red blood cell transfu-
sions or interventions to control the bleed. Albeit rare,
the most serious adverse event is death.

The medical literature on complications related to
native kidney biopsies is vast and dates back more

www.cjasn.org Vol 15 November, 2020

than a half century, but it is of limited quality due to
study heterogeneity, variability in the definition of
complications, and reporting bias. Most studies de-
scribed single-center experiences from different re-
gions of the world. From the numerous available
publications, there has been one meta-analysis and
systematic review of 34 studies (9474 biopsies) that
focused on bleeding complications after biopsies that
were performed under kidney imaging with an
automated biopsy device (1).

In the Kidney Precision Medicine Project (KPMP),
protocol kidney biopsies will be performed for re-
search purposes. The overarching goal of the KPMP is
to conceptually change the paradigms of CKD and
acute kidney disease by integrating deep molecular
phenotyping of kidney tissue with patient character-
istics and disease outcomes. Native kidney biopsies
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from such patients will undergo regional and single-cell
interrogation with a variety of techniques, including RNA
sequencing, proteomics, and metabolomics. The current
meta-analysis was undertaken to obtain an estimate of
percutaneous native kidney biopsy complications in order
to provide patients in the KPMP with accurate risk in-
formation during the informed consent process. We did an
intentional and detailed review of the literature describing
the risks and complications associated with native kidney
biopsies. The KPMP Kidney Biopsy Working Group ex-
panded upon the prior meta-analysis by adding relevant
publications from June 2011 to 2017 (1). The focus of this
investigation was again on complication rates of native
kidney biopsies performed using automated devices in
conjunction with kidney imaging for acute kidney dis-
eases and CKD.

Materials and Methods
Search Strategy and Review Process

Our initial literature search captured articles published
from January 1983 to March 2018 and used MEDLINE,
Embase, and the Cochrane Library; it was restricted to
publications in English. The following medical subject
headings terms were used to identify potential papers:
kidney, biopsy/kidney, biopsy/fine needle, biopsy/ad-
verse effects, and biopsy/complication. Each medical sub-
ject heading term was then combined with “biopsy”
and “kidney.”

This search strategy identified 1139 potential papers. The
review of these papers was conducted in three phases. In
the first phase, the papers were randomly divided among
16 reviewers. The title and abstract for each paper were
evaluated by a single reviewer. Papers were eliminated on
the basis of one or more of the following criteria: abstract
only (no accompanying paper); <50 biopsies; non-native
biopsies included and unable to be excluded; pediatric
patients included and unable to be excluded; no image
guidance; no complication data provided; biopsy for
kidney mass; open kidney biopsy; nonkidney biopsy;
review or editorial; patient report; and use of a transjugular
approach. In the first round of review, 936 papers were
eliminated, leaving 203 papers for full-text review. In the
full-text review, the 203 papers were again randomly
divided and evaluated by a single reviewer. The entire
paper was assessed, and the reasons for exclusion (same as
the first round) were recorded in detail for each paper. In
this phase, 88 additional papers were excluded.

For full data abstraction, the remaining 115 papers were
randomly assigned to two reviewers. The reviewers en-
tered general descriptive data from the paper (e.g., country
of origin, number of patients, number of biopsies, number
of sites, study design, average age, percent women), the
procedures (e.g., needle gauge, average number of passes,
duration of monitoring), and the complications reported
from our prespecified list of complications (pain, hemato-
mas, macroscopic hematuria, need for transfusion, need for
interventions to stop bleeding, and death). All extracted
data elements (n=46) were then compared between the two
reviewers by an independent third reviewer. Of 115 papers,
90 had at least one data element for which the two reviewers
disagreed. There were a total of 185 disagreements overall, of

a possible 5290 comparisons. The disagreements were sent
back as queries to the original two reviewers who then
discussed and resolved via consensus. This protocol was not
registered online.

Statistical Methods

We conducted a meta-analysis of proportions on the
basis of a random effects model (2). This model divides the
heterogeneity into two components: the between-study
variance due to the true variation among different studies,
and the within-study variance due to sampling error. The
between-study variance is denoted by 72. We tested the null
hypothesis Hy : 7=0 using Cochran Q and a chi-squared
test to determine P values. Heterogeneity was quantified by
the I’statistic, which is the percentage of total variation
across studies that is due to heterogeneity rather than
chance (3). We estimated the random effects model using
the restricted maximum likelihood (4) for all complications
except death. Because of the number of zero proportions,
we used the Freeman-Tukey double-arcsine transforma-
tion (5) to avoid bias and stabilize the variance for the
estimated effect sizes (6). We used back transformation (7)
to find the estimated proportion for the total effect estimate.
Because of the rarity of death, the random effects model
was unable to provide a stable estimate for the true
proportion of death. Thus, we used a B-binomial model
to model the number of deaths using a binomial distribu-
tion and the underlying proportion of deaths with a
B-distribution (8). We did not report any heterogeneity
statistics for this approach as it was not comparable with
the other analyses. This is because we do not calculate a
value for 72 in this approach. Outlier studies were iden-
tified on the basis of visual inspection of forest plots and
absolute residuals more than two. Influential studies were
identified on the basis of leave-one-out analysis. We
conducted subgroup analysis for all complications except
death. We assumed common between-study variance for
subgroups and used an omnibus test to examine if there
was a significant difference between subgroup estimates.
All analyses were conducted using R version 3.6.1 with the
Meta, Metafor, and Forestplot packages.

Results

After extensive review of the English literature and
application of the selection process described in Figure 1, 87
papers were used for this meta-analysis. These studies were
published between 1983 and March 2018 and included
182,546 kidney biopsies. The largest study comprised
118,064 biopsies, and the smallest had 50 biopsies. Most
of these investigations described clinical cohorts, but seven
were randomized controlled trials. The average age of the
patients included in each study ranged from 30 to 79 years,
and 45% were women. The details of the reported studies
are given in Supplemental Table 1.

The biopsy complications of interest were pain, kidney
hematoma, macroscopic hematuria, red blood cell trans-
fusion, need for surgical/radiologic intervention to control
bleeding from the kidney, and death. Not all of these
domains were specifically examined in each investigation.
There was significant heterogeneity between studies in the
various domains (Table 1). Heterogeneity for all of the
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Initial publications identified through
database search N=1139. Titles and
abstracts were reviewed for these.

Complications of Native Kidney Biopsies, Poggio et al. 1597

936 excluded due to one or more criteria

(see exclusion list below)

Full text review of 203 papers

7

115 papers Included for data
abstraction

Exclusions (not mutually exclusive) N=88
Abstract only 32

<50 biopsies 12
Non-native biopsy 21
Pediatric patients 13

No image guidance 8
No complications data 7
Biopsy for mass 5

Open biopsy 3

Not about kidney bx 3
Review or editorial 3
Case report 6
Transjugular 4

Mainly transplant 2
Unable to find article 7
Duplicate 1

N=28 excluded in final abstraction phase

v

N=87 papers included in meta-
analysis

Transplant biopsy 12

Subjects under 14 yrs included 12

Liver biopsies Included 1

No complications data 1

Can'’t separate complications data 1
Complication data does not match # subjects 1

Figure 1. | This flow chart describes the number of papers reviewed at each of the three rounds of review. At each stage, papers were excluded
fromfurther review on the basis of one or more of the exclusion criteria. The final meta-analysis was conducted on the basis of data from 87 papers.

bx, biopsy.

complication domains is visually depicted through forest
plots of the proportion of events found in each study
contributing to that domain (Supplemental Figures 1-6).
The proportion of patients who experienced one or more
of these biopsy complications is summarized in Table 1. For
each complication domain except death, a more detailed
examination of occurrence stratified by geographical re-
gion, biopsy vintage, and biopsy needle gauge is given in
Tables 2 and 3. The overall incidence of complications was
low, especially for the serious adverse events of interven-
tions to stop bleeding and death. These interventions and
red blood cell transfusions occurred significantly less
frequently in Asia than the United States or Europe, and

Europe had a lower incidence of macroscopic hematuria
than the United States and Asia. There were more pain
events when a smaller needle (18 versus 16 gauge) was
used, but this analysis included <1500 biopsies. There was
also a numerical trend toward more hematomas and
transfusions with the smaller needle, but statistical signif-
icance was not reached.

The most serious complication, death, was highly influ-
enced by one study (8). This study investigated over
100,000 patients and recorded 2125 deaths. All of the other
studies together reported only 15 deaths in 42,066 biopsies.
Unlike any of the other studies, the investigation of Al Turk
et al. (8) interrogated a nationwide inpatient database to

Table 1. Summary of kidney biopsy complications

All Studies Influential Studies Excluded

Complication Domain

Proportion 95% Confidence Interval B, % Proportion 95% Confidence Interval 2, %
Pain 0.043 0.02 to 0.07 94
Hematoma 0.11 0.07 to 0.15 99 0.088 0.06 to 0.12 98
Hematuria 0.035 0.03 to 0.04 99
Transfusion 0.016 0.01 to 0.02 99 0.014 0.01 to 0.02 88
Intervention 0.003 0.00 to 0.01 73
Death 0.0006 0.00 to 0.00 0.0003 0.00 to 0.00



simeone
Evidenzia

simeone
Evidenzia

simeone
Evidenzia

http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04710420/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04710420/-/DCSupplemental

1598 CJASN

Table 2. Pain, hematoma, and macroscopic hematuria complications stratified by region, year, and needle gauge
Suberou Papers, Pain or Biopsies, Estimate 95% P Modifier Test:
group n Hematoma, n n Confidence Interval % P Value
Pain
America 3 10 1440 0.0110 [0.00 to 0.06] 76.5
Asia 7 118 1485 0.0596 [0.02 to 0.11] 94.6
Europe 8 66 1488 0.0455 [0.02 to 0.09] 88.3 0.24
Pre-2000 6 57 763 0.0728 [0.03 to 0.13] 84.1
2000-2009 6 115 1938 0.0427 [0.01 to 0.09] 96.2
2010-2018 6 22 1712 0.0212 [0.00 to 0.06] 85.3 0.21
16 Gauge 3 13 612 0.0230 [0.00 to 0.08] 85.6
18 Gauge 3 106 812 0.1274 [0.06 to 0.22] 93.7 0.02
Overall 18 194 4413 0.0429 [0.02 to 0.07] 93.8
Hematoma
America 15 428 5012 0.0947 [0.03 to 0.18] 95.7
Asia 19 1136 6658 0.1319 [0.07 to 0.22] 99.3
Europe 26 877 15,989 0.0924 [0.04 to 0.16] 98.6 0.67
Pre-2000 12 257 2053 0.1249 [0.04 to 0.24] 97 .4
2000-2009 16 765 5639 0.1060 [0.04 to 0.20] 99.3
2010-2018 34 1419 19,967 0.0980 [0.05 to 0.16] 98.9 0.88
16 Gauge 23 420 8423 0.0574 [0.02 to 0.11] 95.9
18 Gauge 9 534 1728 0.1614 [0.07 to 0.29] 99.1 0.06
Overall 62 2441 27,659 0.1050 [0.07 to 0.15] 98.9
Macroscopic
hematuria
America 14 15,466 122,779 0.0481 [0.03 to 0.07] 97.3
Asia 25 280 7321 0.0397 [0.03 to 0.05] 84.4
Europe 25 722 27,511 0.0244 [0.02 to 0.04] 93.5 0.05
Pre-2000 14 138 2389 0.0518 [0.03 to 0.07] 43.5
2000-2009 16 449 9543 0.0318 [0.02 to 0.05] 94.1
2010-2018 34 15,881 145,679 0.0305 [0.02 to 0.04] 99.3 0.10
16 Gauge 22 232 8614 0.0249 [0.01 to 0.04] 88.9
18 Gauge 9 78 1659 0.0351 [0.02 to 0.06] 68.5 0.37
Overall 64 16,468 157,611 0.0347 [0.03 to 0.04] 98.8

identify patients who had a kidney biopsy at some point
during their hospitalization. Deaths occurred during the
hospitalizations and could not necessarily be attributed to
the kidney biopsy. Excluding the study of Al Turk et al. (8)

decreased the meta-analyzed estimated proportions of
death from 0.0006 to 0.0003. Similarly, the need for blood
transfusion postbiopsy was influenced by the study by Al
Turk et al. (8), but removing that study did not change the

Table 3. Transfusion and surgical/radiologic intervention complications stratified by region, year, and needle gauge
Papers, Transfusion or Biopsies s P Modifier Test:
Subgroup / X ’ Estimate Confidence o )
n Intervention, n n % P Value
Interval
Transfusion
America 15 31,029 123,864 0.0460 [0.03 to 0.07] 99.5
Asia 23 195 22,141 0.0075 [0.00 to 0.02] 85.9
Europe 21 187 16,800 0.0103 [0.00 to 0.02] 65.0 <0.001
Pre-2000 7 33 1231 0.0172 [0.00 to 0.04] 69.0
2000-2009 17 119 6759 0.0108 [0.00 to 0.02] 81.3
2010-2018 35 31,259 154,815 0.0187 [0.01 to 0.03] 99.8 0.49
16 Gauge 21 219 10,711 0.0574 [0.02 to 0.11] 95.9
18 Gauge 9 31 2777 0.1614 [0.07 to 0.29] 99.1 0.06
Overall 59 31411 162,805 0.0160 [0.01 to 0.02] 99.8
Surgical/radiologic
intervention
America 19 216 124,630 0.0047 [0.00 to 0.01] 80.3
Asia 23 43 21,897 0.0006 [0.00 to 0.00] 59.5
Europe 24 74 17,467 0.0052 [0.00 to 0.01] 62.8 0.04
Pre-2000 9 9 1645 0.0033 [0.00 to 0.01] 0.0
2000-2009 17 34 6654 0.0029 [0.00 to 0.01] 35.2
2010-2018 40 290 155,695 0.0036 [0.00 to 0.01] 77.6 0.80
16 Gauge 24 55 10,799 0.0024 [0.00 to 0.01] 39.8
18 Gauge 11 12 2994 0.0005 [0.00 to 0.00] 23.7 0.28
Overall 66 333 163,994 0.0033 [0.00 to 0.01] 72.8
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proportion of transfusions needed or study heterogeneity
much (Table 1).

Another common complication of kidney biopsy was
perinephric hematoma. Two studies were identified as
influential for hematoma occurrence, each finding hema-
tomas in over 80% of the cohort (9,10). Excluding these
studies only decreased the proportion of hematomas from
11% to 8.8% (from one in nine to one in 11) and had little
effect on study heterogeneity (Table 1). In both of these
studies, kidney imaging was done postbiopsy to prospec-
tively assess for hematomas as opposed to waiting for a
clinical indication to do postbiopsy imaging. Most hema-
tomas were small (<2 cm). Several other studies reported
relatively high hematoma rates (>30%), and postbiopsy
imaging was also done routinely in these studies.

Discussion

This analysis was done to obtain an estimate of percu-
taneous native kidney biopsy complications in order to
provide patients undergoing research biopsies for the
KPMP with accurate risk information during the informed
consent process. We determined the occurrence of adverse
events using six biopsy complication domains of impor-
tance to patients and clinicians. Theé most severe adverse
event was death, with an incidence of 0.008% (one in
12,500), followed by an intervention to stop bleeding with
an incidence of 0.3% (one in 333). The need for a red blood
cell transfusion was 1.6% (one in 62.5). Gross hematuria
developed in 3.5% of patients (one in 29), and pain
developed in 4.3% of patients (one in 23). The incidence
of perinephric hematoma was 11% (one in nine).

These risk estimates were on the basis of available data
largely from retrospective reports of patient series for
biopsies performed for clinical indications. As such, the
overall data quality was modest, and the studies were not
large. Although the ranges of patients and kidney biopsies
assessed were wide, the median number of patients per
study was 210. There were no studies that were both
prospective and designed specifically to identify compli-
cation rates. Additionally, many of the studies did not
assess the full range of biopsy complication domains
considered important for the KPMP. Although several
biopsy complications were readily quantified, such as
death, interventions to stop bleeding, red blood cell
transfusions, and presence of macroscopic hematuria, the
postbiopsy observation period was highly variable; there-
fore, events could have been missed, and rules for attri-
bution to the biopsy procedure were not in place. Pain and
hematoma were more difficult to assess. Pain is subjective,
and no uniform pain assessment standard was applied in
the few studies that reported pain. Similarly, there was no
uniform approach to the identification or measurement of
perinephric hematomas. These issues produced significant
heterogeneity between studies, at least in part due to
reporting bias. Because of this heterogeneity, we suggest
that it is reasonable to use the upper limit of the confidence
intervals provided for each complication domain (Table 1)
to provide patients with the most conservative esti-
mate of risk.

The most frequent complication of the percutaneous
native kidney biopsy seems to be a postbiopsy perinephric

Complications of Native Kidney Biopsies, Poggio et al. 1599

hematoma. Although the overall incidence of hematoma
was 11%, this was derived from a mixture of studies that
routinely imaged the kidney after biopsy to look for
bleeding and studies that only imaged the kidney if there
was a clinical indication, such as pain or a fall in hemoglo-
bin. We speculate that if hematomas are specifically sought
by imaging the kidney postbiopsy, they will be found often.
However, many hematomas will be small and of arguable
clinical significance. In many of the reviewed papers, the
size of the hematoma was not reported, so size of a clinically
relevant hematoma is unclear.

A particularly difficult complication to assess was pain
related to the kidney biopsy. Only 18 papers attempted to
quantify pain, and only 194 pain events were reported in
nearly 4400 biopsies. No standard method of assessing pain
was used across studies, and an accepted amount of pain
after an uncomplicated kidney biopsy has not been de-
termined. Therefore, the pain domain is the least accurately
evaluated complication. The development of a standard-
ized pain assessment is needed.

Death and need for red blood cell transfusion were
highly influenced by one study that interrogated the US
Nationwide Inpatient Sample database between 2008 and
2012 (9). All included patients (n1=118,064) were identified
by the International Classification of Disease code for
percutaneous native kidney biopsy. In general, these
patients may have been sicker than typical patients having
elective outpatient diagnostic kidney biopsies. For exam-
ple, only 27% of these patients had a diagnosis of GN on the
basis of administrative codes. Notably, two thirds of the
patients had AKI, and 15% had a pathologic diagnosis of
acute tubular necrosis. Administrative codes were also
used to identify complications. Mortality in this cohort was
1.8%, but it was twice as high (2%) in patients admitted to
the hospital nonelectively compared with electively
(0.99%). Red blood cell transfusions were administered
to a quarter of the patients. These complication rates are
greater than those reported in other studies of native
kidney biopsy. The findings may be explained by the acuity
of illness for many of the hospitalized patients, including
the presence of comorbidities such as coagulopathies or BP
instability, and inability to accurately attribute complica-
tions to the biopsy itself as opposed to other conditions
occurring during hospitalization. These results are similar
to those from a recent investigation that examined native
kidney biopsy complications in patients with acute kidney
disease that was mainly AKI (11). Mortality was 3% in this
cohort, but none of the deaths were directly attributed to
the kidney biopsy. Red blood cell transfusions were re-
quired in 8% of patients, and 2% needed an intervention to
stop bleeding; these adverse events were biopsy compli-
cations. These higher complication rates may more accu-
rately reflect risk of performing native kidney biopsies in
patients with AKT in the KPMP who are often hospitalized
with significant comorbidities, as opposed to those un-
dergoing elective, outpatient kidney biopsies.

Difficulty arises when analyzing the mortality end point
due to the rarity of the event. The paper by Al Turk et al. (8),
which has a much higher death rate then all of the other
studies where death was reported, caused issues in the
initial analysis (9). Furthermore, with many studies report-
ing zero deaths, the preferred analysis that uses random
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effects could not be used. Instead, we fit a B-binomial
model, a method that has been shown to be useful in
the setting of meta-analysis of proportions for very
rare outcomes (8).

Since performing this systematic analysis, four addi-
tional investigations of complications in adults undergo-
ing a native kidney biopsy have been published (12-15).
Death was examined in three studies and occurred in one
of 17,125 biopsies, less than the one in 1667 we found in
our meta-analysis (12,14,15). The need for blood trans-
fusion postbiopsy was variable. The rate was below 0.5%
in an all-outpatient cohort (12), but it was 4.3% in a mixed
outpatient-inpatient cohort and 5.7% in an all-inpatient
cohort (13,15). Importantly, the mixed cohort observed a
57% transfusion rate among inpatients who needed an
urgent kidney biopsy (15). The all-inpatient cohort data
were obtained from the Nationwide Inpatient Sample
database using diagnostic codes and included 35,183
biopsies (13). Most biopsies (70%) were done for AKI, and
28% of the patients had diabetes. The meta-analysis
found an overall need for blood transfusion in 1.6% of
patients, but when stratified by region, transfusions were
needed in 4.6% of patients from America, perhaps
reflecting a large number of inpatient biopsies. This
estimate may be more relevant when discussing biopsy
complications with potential research subjects who are
inpatients. Finally, the need for angiography or surgical
intervention to control bleeding was 0.6% or less in all
four studies, a bit higher than the meta-analysis rate of
0.3%. A meta-analysis of 23 investigations of kidney
biopsy complications in pediatric patients also demon-
strated a low incidence of major bleeding events (16).
Blood transfusions were required in 0.6% of patients, and
an intervention to control bleeding was needed in 1.2%
of patients.

Relevant to the underlying question of whether an extra
research core of kidney tissue can be safely obtained during
native kidney biopsy, the Transformative Research in
Diabetic Neproplathy (TRIDENT) study recently reported
its initial biopsy experience (17). The TRIDENT is exam-
ining the molecular pathology of diabetic kidney disease.
In the first 160 biopsies, 11 patients (7%) had complications,
including three patients who needed a blood transfusion,
three patients who had gross hematuria, and seven patients
who had large (>5-cm) hematomas. Importantly, no pa-
tient required an invasive procedure to control bleeding,
and there were no deaths.

This analysis did not find an advantage of using an 18-
gauge biopsy needle over a 16-gauge needle for any of the
complication domains; however, we cannot exclude the
possibility that the 18-gauge needles were used for a
specific indication in these observational studies. None-
theless, this suggests that a 16-gauge biopsy needle may
be safely used to comfortably obtain enough tissue for
histologic diagnosis and research purposes.

This large meta-analysis of all published literature re-
lated to native kidney biopsies is limited to some extent by
the heterogeneity of the available literature, but its strength
relies in the comprehensive approach taken by the KPMP to
evaluate all complication domains that are clinically rele-
vant. By systematically reviewing and evaluating all
reported complications, especially from recent single-center

experiences in the United States and abroad, the presented
estimates most likely reflect current practice by minimizing
single-center biases.

In conclusion, this meta-analysis has considered the best
available data to guide clinicians and patients to make an
informed decision regarding the safety of a kidney biopsy.
Overall, the data suggest the percutaneous native kidney
biopsy, when done for diagnostic and prognostic purposes,
is usually very safe and, by extension, is expected to be
correspondingly safe in the setting of biopsies being done
electively for research purposes, such as the KPMP. How-
ever, patients who are hospitalized may be at higher risk for
complications than patients undergoing an elective out-
patient biopsy.
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Supplemental Figure 1. Overall pain forest plot.
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Supplemental Figure 2. Overall hematoma forest plot.
Supplemental Figure 3. Overall macroscopic hematuria forest plot.
Supplemental Figure 4. Overall erythrocyte transfusion forest plot.
Supplemental Figure 5. Overall surgical /IR intervention forest plot.
Supplemental Figure 6. Overall death forest plot.
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Supplemental Figure 2. Overall Hematoma Forest Plot
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Supplemental Figure 3. Overall Macroscopic Hematuria Forest Plot
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Supplemental Figure 4. Overall Erythrocyte Transfusion Forest Plot

Study Tranfusions Biopsies Proportion 95% C.I.
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Supplemental Figure 5. Overall Surgical/IR Intervention Forest Plot

Study Interventions Biopsies Proportion 95% C.I.
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Supplemental Figure 6. Overall Death Forest Plot

Study Deaths Eiopsies Proportion Lower Bound Upper Bound

Al Turk_2018 2125 118084 0.01800 0.01724 0.01878

Altindal_2015 1 280 0003245 0.00000 0.01020 —_——
Arora_2012 4] 50 000000 0.00000 0.00874 =
Azhar_2005 a 200 0.00000 0.00000 0.00218 —
Bataille_2012 i} 535 0.00:000 0.00000 0.00082 [ J
Carrington_2011 i} 182 0.00:000 0.00000 0.00228 -—
Castoldi_1203 i} 230 0.00000 0.00000 0.00180 —
Chen_2012 4] 219 0.00000 0.00000 0.00200 -—
Chikamatsy_2017 4] 252 0.00000 0.00000 0.00174 —
Chunduri_215 4] 137 000000 0.00000 0.00320 —
Cluzel_2000 a 400 0.00000 0.00000 0.00110 |
Cozens_1292 a 154 0.00000 0.00000 0.00234 —
Cui_2018 i} 86 0.00:000 0.00000 0.00508 —_—
DiPakma_Z010 i} 110 0.00:000 0.00000 0.0038E -
Doyle_1004 i} 155 0.00000 0.00000 0.002332 —

Eiro, M_2005 4] 204 0.00000 0.00000 0.00111 -
Elahi_2017 4] 75 0.00000 0.00000 0.005%2 -—
Esposita_2013 a 337 0.00000 0.00000 0.00130 -
Fisi_2012 a 353 0.00000 0.00000 0.00124 [
Gesualdo_2005 a 11 0.00000 0.00000 0.00388 —
Granata_2011 i} 581 0.00:000 0.00000 0.00078 [ 3
Guermrero—-Ramos_2014 i} 180 0.00:000 0.00000 0.00243 =
Helenius_1833 i} 57 0.00000 0.00000 0.00767 —_—
Hojs_2004 4] 144 0.00000 0.00000 0.00304 —
lisam_2010 4] 56 0.00000 0.00000 0.00721 —
Ishikawa_2008 a 7 0.00000 0.00000 0.00138 -—
Jordan_2014 1 215 0.00485 0.00000 0.01375 —_————
Joseph_2010 a 17 0.00000 0.00000 0.00258 —
Kitterer_2015 i} 205 0.00:000 0.00000 0.00214 -—
Korbet_2014 1 1085 0.00005 0.00000 0.00230 -—
Kriegshauser_2015 i} 203 0.00000 0.00000 0.00150 -—
Lees_2017 1 2563 0.00032 0.00000 0.00115 -
Lin_2006 4] 230 0.00000 0.00000 0.00132 [ &
Mackinnon_2008 a 1120 0.00000 0.00000 0.00038 [ ]
Mai_2013 a 234 0.00000 0.00000 0.00047 m
Manno_2004 a 162 0.00000 0.00000 0.00270 —
Manno_2011 i} 471 0.00:000 0.00000 0.00083 [
Margaryan_2010 o 146 0.00000 0.00000 0.00300 -—
Marwszh_1896 i} 204 0.00000 0.00000 0.00111 [
Mauer_2002 4] 285 0.00000 0.00000 0.00154 —
Maya_2008 a 100 0.00000 0.00000 0.00438 —
McMshon_2012 a 105 0.00000 0.00000 0.00417 —
Mendelssohn_1885 i} 305 0.00:000 0.00000 0.00144 -—
Mishra_2011 a fi:] 0.00000 0.00000 0.00508 —
Miura_1934 i} 52 0.00:000 0.00000 0.002841 —_—
Munib_20M7 o 120 0.00000 0.00000 0.00265 —
Madium_2012 o 22 0.00000 0.00000 0.00527 —
MNyman_1897 4] 188 0.00000 0.00000 0.00261 -—
Ori_2002 a 5 0.00000 0.00000 0.00515 -—
Faivansalo_1054 a 0 0.00000 0.00000 0.00825 —
Pincon_2010 i} 150 0.00:000 0.00000 0.00282 —
Frasad_2015 a 233 0.00000 0.00000 0.00020 .
Preda_2003 i} 170 0.00:000 0.00000 0.00258 —
Rao_2018 o 07 0.00000 0.00000 0.00142 -—
Richards_1904 o 276 0.00000 0.00000 0.00150 -—
Roccatello_2017 4] 482 0.00000 0.00000 0.00025 | 3
Rollino_1894 a 2m 0.00000 0.00000 0.00218 —
Rollino_2014 a 131 0.00000 0.00000 0.00334 —
Sakaci_2015 i} T8 0.00:000 0.00000 0.00561 —_—
Sakhujs_1200 i} 150 0.00:000 0.00000 0.00282 —
Sethi_2013 i} 100 0.00:000 0.00000 0.00438 —_—
Shah_1203 o 100 0.00000 0.00000 0.00428 —
Shidam_2005 o 545 0.00000 0.00000 0.00062 [
Seares_2008 4] 280 0.00000 0.00000 0.00152 -—
Sosa—Barrios_2017 a 175 0.00000 0.00000 0.00250 —
Tabatabai_2008 a 1116 0.00000 0.00000 0.00038 [ ]
Tan_2017 i} 400 0.00:000 0.00000 0.00110 [ o
Tanaka_ 2017 i} 452 0.00:000 0.00000 0.00025 [
Tang_2002 i} 141 0.00:000 0.00000 0.00311 —
Tikkakoski_1904 o 0 0.00000 0.00000 0.00432 —
Tores—Munoz_2011 o 623 0.00000 0.00000 0.00070 [ 3
Tung_1982 4] 104 000000 0.00000 0.00421 —
Wiang_2015 a 1885 0.00000 0.00000 0.00022 .
Werner_2007 a v 0.00000 0.00000 0.00568 -
Whittier_2004 2 T50 0.00267 0.00000 0.00833 —
“famaroto_ 2015 a 15181 0.00052 0.00021 0.0009E u
“famg_2015 i} 288 0.00:000 0.00000 0.00152 —
Yesudas_2010 o 85 0.00000 0.00000 0.00872 —
Zhang_2011 4] 280 000000 0.00000 0.00155 -
Summary 0.00060 0.00026 0.00138 '

a

oo



Supplemental References

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

Al Turk AA, Estiverne C, Agrawal PR, Michaud JM. Trends and outcomes of the use of
percutaneous native kidney biopsy in the United States: 5-year data analysis of the Nationwide
Inpatient Sample. Clin Kidney J. 2018;11(3):330-336.

Altindal M, Yildirim T, Turkmen E, et al. Safety of Percutaneous Ultrasound-Guided Kidney
Biopsy in Patients with AA Amyloidosis. Nephron. 2015;131(1):17-22.

Arora K, Punia RS, D'Cruz S. Comparison of diagnostic quality of kidney biopsy obtained using
16G and 18G needles in patients with diffuse renal disease. Saudi Journal of Kidney Diseases &
Transplantation. 2012;23(1):88-92.

Azhar A, Anwar N, Zeb A, Ullah A. Renal biopsy: An effective and safe diagnostic procedure.
Journal of Postgraduate Medical Institute. 2006;20(1):78-81.

Bataille S, Jourde N, Daniel L, et al. Comparative safety and efficiency of five percutaneous
kidney biopsy approaches of native kidneys: a multicenter study. American Journal of
Nephrology. 2012;35(5):387-393.

Branger B, Oules R, Balducchi JP, Fourcade J, Bourgeois JM. Ultrasonically continuously guided
renal biopsy. Uremia Investigation. 1985;9(2):297-303.

Carrington CP, Williams A, Griffiths DF, Riley SG, Donovan KL. Adult day-case renal biopsy: a
single-centre experience. Nephrology Dialysis Transplantation. 2011;26(5):1559-1563.

Castoldi MC, Del Moro RM, D'Urbano ML, et al. Sonography after renal biopsy: assessment of its
role in 230 consecutive cases. Abdominal Imaging. 1994;19(1):72-77.

Chen TK, Estrella MM, Fine DM. Predictors of kidney biopsy complication among patients with
systemic lupus erythematosus. Lupus. 2012;21(8):848-854.

Chikamatsu Y, Matsuda K, Takeuchi Y, et al. Quantification of bleeding volume using computed
tomography and clinical complications after percutaneous renal biopsy. Clinical Kidney Journal.
2017;10(1):9-15.

Chunduri S, Whittier WL, Korbet SM. Adequacy and complication rates with 14- vs. 16-gauge
automated needles in percutaneous renal biopsy of native kidneys. Seminars in Dialysis.
2015;28(2):E11-14.

Cluzel P, Martinez F, Bellin MF, et al. Transjugular versus percutaneous renal biopsy for the
diagnosis of parenchymal disease: comparison of sampling effectiveness and complications.
Radiology. 2000;215(3):689-693.

Cozens NJ, Murchison JT, Allan PL, Winney RJ. Conventional 15 G needle technique for renal
biopsy compared with ultrasound-guided spring-loaded 18 G needle biopsy. British Journal of
Radiology. 1992;65(775):594-597.

Cui S, Heller HT, Waikar SS, McMahon GM. Needle Size and the Risk of Kidney Biopsy Bleeding
Complications. KI Reports. 2016;1(4):324-326.

Di Palma AM, d'Apollo AM, Vendemia F, Stallone G, Infante B, Gesualdo L. Kidney biopsy in the
elderly. Journal of Nephrology. 2010;23 Suppl 15:555-60.

Doyle AJ, Gregory MC, Terreros DA. Percutaneous native renal biopsy: comparison of a 1.2-mm
spring-driven system with a traditional 2-mm hand-driven system. American Journal of Kidney
Diseases. 1994;23(4):498-503.

Eiro M, Katoh T, Watanabe T. Risk factors for bleeding complications in percutaneous renal
biopsy. Clinical & Experimental Nephrology. 2005;9(1):40-45.

Elahi I, Fazal EM, Abbasi T, Magbool S. Frequency of haemorrhagic complications of renal
biopsy. Pakistan Journal of Medical and Health Sciences. 2017;11(1):375-377.

Esposito V, Mazzon G, Baiardi P, et al. Safety and adequacy of percutaneous kidney biopsy
performed by nephrology trainees. BMC Nephrology. 2018;19(1):14.



20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fisi V, Mazak I, Degrell P, et al. Histological diagnosis determines complications of percutaneous
renal biopsy: a single-center experience in 353 patients. Kidney & Blood Pressure Research.
2012;35(1):26-34.

Gesualdo L, Cormio L, Stallone G, et al. Percutaneous ultrasound-guided renal biopsy in supine
antero-lateral position: a new approach for obese and non-obese patients. Nephrology Dialysis
Transplantation. 2008;23(3):971-976.

Granata A, Floccari F, Ferrantelli A, et al. Does systematic preliminar colour Doppler study
reduce kidney biopsy complication incidence? International Journal of Nephrology.
2011;2011:419093.

Guerrero-Ramos F, Villacampa-Auba F, Jimenez-Alcaide E, et al. Renal biopsy with 16G needle: a
safety study. Actas Urologicas Espanolas. 2014;38(9):584-588.

Helenius H, Laasonen L, Forslund T, Kock B, Kuhlback B, Edgren J. Ultrasonic scanning after
percutaneous renal biopsy. Scandinavian Journal of Urology & Nephrology. 1983;17(2):213-216.
Hojs R. Kidney biopsy and power Doppler imaging. Clinical Nephrology. 2004;62(5):351-354.
Islam N, Fulop T, Zsom L, et al. Do platelet function analyzer-100 testing results correlate with
bleeding events after percutaneous renal biopsy? Clinical Nephrology. 2010;73(3):229-237.
Ishikawa E, Nomura S, Hamaguchi T, et al. Ultrasonography as a predictor of overt bleeding after
renal biopsy. Clinical & Experimental Nephrology. 2009;13(4):325-331.

Jordan N, Chaib A, Sangle S, et al. Association of thrombotic microangiopathy and intimal
hyperplasia with bleeding post-renal biopsy in antiphospholipid antibody-positive patients.
Arthritis care & research. 2014;66(5):725-731.

Joseph AJ, Compton SP, Holmes LH, et al. Utility of percutaneous renal biopsy in chronic kidney
disease. Nephrology. 2010;15(5):544-548.

Khajehdehi P, Junaid SM, Salinas-Madrigal L, Schmitz PG, Bastani B. Percutaneous renal biopsy in
the 1990s: safety, value, and implications for early hospital discharge. American Journal of
Kidney Diseases. 1999;34(1):92-97.

Kitterer D, Gurzing K, Segerer S, et al. Diagnostic impact of percutaneous renal biopsy. Clinical
Nephrology. 2015;84(6):311-322.

Kohli HS, Jairam A, Bhat A, et al. Safety of kidney biopsy in elderly: a prospective study.
International Urology & Nephrology. 2006;38(3-4):815-820.

Korbet SM, Volpini KC, Whittier WL. Percutaneous renal biopsy of native kidneys: a single-center
experience of 1,055 biopsies. American Journal of Nephrology. 2014;39(2):153-162.
Kriegshauser JS, Patel MD, Young SW, Chen F, Eversman WG, Chang YH. Risk of bleeding after
native renal biopsy as a function of preprocedural systolic and diastolic blood pressure. Journal
of Vascular & Interventional Radiology. 2015;26(2):206-212.

Lees JS, McQuarrie EP, Mordi N, Geddes CC, Fox JG, Mackinnon B. Risk factors for bleeding
complications after nephrologist-performed native renal biopsy. Clinical Kidney Journal.
2017;10(4):573-577.

Lin WC, Yang Y, Wen YK, Chang CC. Outpatient versus inpatient renal biopsy: a retrospective
study. Clinical Nephrology. 2006;66(1):17-24.

Lubomirova M, Tzocheva T, Hristova M, Bogov B. Complications of automated spring fired
biopsy gun technique. A retrospective analysis of 230 cases. Hippokratia. 2014;18(1):40-43.
Mackinnon B, Fraser E, Simpson K, Fox JG, Geddes C. Is it necessary to stop antiplatelet agents
before a native renal biopsy? Nephrology Dialysis Transplantation. 2008;23(11):3566-3570.

Mai J, Yong J, Dixson H, et al. Is bigger better? A retrospective analysis of native renal biopsies
with 16 Gauge versus 18 Gauge automatic needles. Nephrology. 2013;18(7):525-530.
Maixnerova D, Jancova E, Skibova J, et al. Nationwide biopsy survey of renal diseases in the
Czech Republic during the years 1994-2011. Journal of Nephrology. 2015;28(1):39-49.



41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Manno C, Bonifati C, Torres DD, Campobasso N, Schena FP. Desmopressin acetate in
percutaneous ultrasound-guided kidney biopsy: a randomized controlled trial. American Journal
of Kidney Diseases. 2011;57(6):850-855.

Manno C, Strippoli GF, Arnesano L, et al. Predictors of bleeding complications in percutaneous
ultrasound-guided renal biopsy. Kidney International. 2004;66(4):1570-1577.

Margaryan A, Perazella MA, Mahnensmith RL, Abu-Alfa AK. Experience with outpatient
computed tomographic-guided renal biopsy. Clinical Nephrology. 2010;74(6):440-445.

Marwah DS, Korbet SM. Timing of complications in percutaneous renal biopsy: what is the
optimal period of observation? American Journal of Kidney Diseases. 1996;28(1):47-52.

Mauer M, Zinman B, Gardiner R, et al. ACE-l and ARBs in early diabetic nephropathy. Journal of
the Renin-Angiotensin-Aldosterone System. 2002;3(4):262-269.

Maya ID, Allon M. Percutaneous renal biopsy: outpatient observation without hospitalization is
safe. Seminars in Dialysis. 2009;22(4):458-461.

McMahon GM, McGovern ME, Bijol V, et al. Development of an outpatient native kidney biopsy
service in low-risk patients: a multidisciplinary approach. American Journal of Nephrology.
2012;35(4):321-326.

Mendelssohn DC, Cole EH. Outcomes of percutaneous kidney biopsy, including those of solitary
native kidneys. American Journal of Kidney Diseases. 1995;26(4):580-585.

Mishra A, Tarsin R, Elhabbash B, et al. Percutaneous ultrasound-guided renal biopsy. Saudi
Journal of Kidney Diseases & Transplantation. 2011;22(4):746-750.

Miura H, Tazoe N, Hara M, Kuwahara K, Itoh J, Nakayama M. Ultrasonographic assessment of
perirenal hematoma after percutaneous renal biopsy in adult patients. Nippon Jinzo Gakkai Shi
Japanese Journal of Nephrology. 1984;26(3):337-342.

Munib S, Mahmood MBR, Fazli S, Uddin N. Percutaneous renal biopsy in adults: Experience of a
single center. Rawal Medical Journal. 2017;42(1):34-39.

Nadium WK, Abdelwahab HH, Ibrahim MA, Shigidi MM. Histological pattern of primary
glomerular diseases among adult Sudanese patients: A single center experience. Indian Journal
of Nephrology. 2013;23(3):176-179.

Nyman RS, Cappelen-Smith J, al Suhaibani H, Alfurayh O, Shakweer W, Akhtar M. Yield and
complications in percutaneous renal biopsy. A comparison between ultrasound-guided gun-
biopsy and manual techniques in native and transplant kidneys. Acta Radiologica.
1997;38(3):431-436.

Ori Y, Neuman H, Chagnac A, et al. Using the automated biopsy gun with real-time ultrasound
for native renal biopsy. Israel Medical Association Journal: Imaj. 2002;4(9):698-701.

Paivansalo M, Jarvi J, Suramo |. Occurrence of hematoma after renal biopsy: systematic follow-
up study by sonography. Clinical Nephrology. 1984;21(5):302-303.

Pendon-Ruiz de Mier MV, Espinosa-Hernandez M, Rodelo-Haad C, et al. Prospective study of the
complications associated with percutaneous renal biopsy of native kidneys: experience in a
centre. Nefrologia. 2014;34(3):383-387.

Pincon E, Rioux-Leclercq N, Frouget T, Le Pogamp P, Vigneau C. Renal biopsies after 70 years of
age: a retrospective longitudinal study from 2000 to 2007 on 150 patients in Western France.
Archives of Gerontology & Geriatrics. 2010;51(3):e120-124.

Prasad N, Kumar S, Manjunath R, et al. Real-time ultrasound-guided percutaneous renal biopsy
with needle guide by nephrologists decreases post-biopsy complications. Clinical Kidney Journal.
2015;8(2):151-156.

Preda A, Van Dijk LC, Van Oostaijen JA, Pattynama PM. Complication rate and diagnostic yield of
515 consecutive ultrasound-guided biopsies of renal allografts and native kidneys using a 14-
gauge Biopty gun. European Radiology. 2003;13(3):527-530.



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Rao NS, Chandra A. Needle guides enhance tissue adequacy and safety of ultrasound-guided
renal biopsies. Kidney Research and Clinical Practice. 2018;37(1):41-48.

Richards NT, Darby S, Howie AJ, Adu D, Michael J. Knowledge of renal histology alters patient
management in over 40% of cases. Nephrology Dialysis Transplantation. 1994;9(9):1255-1259.
Roccatello D, Sciascia S, Rossi D, et al. Safety of outpatient percutaneous native renal biopsy in
patients with systemic autoimmune diseases: Results from a monocentric cohort. Annals of the
Rheumatic Diseases. 2017;76 (Supplement 2):1410.

Rollino C, Garofalo G, Roccatello D, et al. Colour-coded Doppler sonography in monitoring native
kidney biopsies. Nephrology Dialysis Transplantation. 1994;9(9):1260-1263.

Rollino C, Ferro M, Beltrame G, et al. Renal biopsy in patients over 75: 131 cases. Clinical
Nephrology. 2014;82(4):225-230.

Rychlik I, Jancova E, Tesar V, et al. The Czech registry of renal biopsies. Occurrence of renal
diseases in the years 1994-2000. Nephrology Dialysis Transplantation. 2004;19(12):3040-3049.
Sakaci T, Sahutoglu T, Ahbap E, et al. Analysis of renal biopsies in geriatric patients: Single center
experience. Nephrology Dialysis Transplantation. 2015;3):iii415.

Sakhuja V, Singh N, Bhalla AK, Pereira BJ, Malik N, Chugh KS. Ultrasonographic localization for
renal biopsy. Journal of the Association of Physicians of India. 1990;38(6):393-395.

Sethi |, Brier M, Dwyer A. Predicting post renal biopsy complications. Seminars in Dialysis.
2013;26(5):633-635.

Shah RP, Vathsala A, Chiang GS, Chin YM, Woo KT. The impact of percutaneous renal biopsies on
clinical management. Annals of the Academy of Medicine, Singapore. 1993;22(6):908-911.
Shidham GB, Siddiqi N, Beres JA, et al. Clinical risk factors associated with bleeding after native
kidney biopsy. Nephrology. 2005;10(3):305-310.

Soares SM, Fervenza FC, Lager DJ, Gertz MA, Cosio FG, Leung N. Bleeding complications after
transcutaneous kidney biopsy in patients with systemic amyloidosis: single-center experience in
101 patients. American Journal of Kidney Diseases. 2008;52(6):1079-1083.

Sosa-Barrios RH, Burguera V, Rodriguez-Mendiola N, et al. Arteriovenous fistulae after renal
biopsy: diagnosis and outcomes using Doppler ultrasound assessment. BMC Nephrology.
2017;18(1):365.

Tabatabai S, Sperati CJ, Atta MG, et al. Predictors of complication after percutaneous
ultrasound-guided kidney biopsy in HIV-infected individuals: possible role of hepatitis C and HIV
co-infection. Clinical Journal of The American Society of Nephrology: CJASN. 2009;4(11):1766-
1773.

Tan X, Chen G, Liu Y, et al. Serum D-dimer is a potential predictor for thromboembolism
complications in patients with renal biopsy. Scientific Reports. 2017;7(1):4836.

Tanaka K, Kitagawa M, Onishi A, et al. Arterial Stiffness is an Independent Risk Factor for Anemia
After Percutaneous Native Kidney Biopsy. Kidney & Blood Pressure Research. 2017;42(2):284-
293.

Tang S, Li JH, Lui SL, Chan TM, Cheng IK, Lai KN. Free-hand, ultrasound-guided percutaneous
renal biopsy: experience from a single operator. European Journal of Radiology. 2002;41(1):65-
69.

Tikkakoski T, Waahtera K, Makarainen H, et al. Diffuse renal disease. Diagnosis by ultrasound-
guided cutting needle biopsy. Acta Radiologica. 1994;35(1):15-18.

Tondel C, Vikse BE, Bostad L, Svarstad E. Safety and complications of percutaneous kidney
biopsies in 715 children and 8573 adults in Norway 1988-2010. Clinical Journal of The American
Society of Nephrology: CJASN. 2012;7(10):1591-1597.



79.

80.

81.

82.

83.

84.

85.

86.

87.

Torres Munoz A, Valdez-Ortiz R, Gonzalez-Parra C, Espinoza-Davila E, Morales-Buenrostro LE,
Correa-Rotter R. Percutaneous renal biopsy of native kidneys: efficiency, safety and risk factors
associated with major complications. Archives of Medical Science. 2011;7(5):823-831.

Tung KT, Downes MO, O'Donnell PJ. Renal biopsy in diffuse renal disease--experience with a 14-
gauge automated biopsy gun. Clinical Radiology. 1992;46(2):111-113.

Wang C, Yang Y, Jin L, et al. Evaluating renal biopsy-associated hemorrhage complications by the
equation and providing an early intervention: a single-center experience. Journal of Nephrology.
2015;28(6):691-700.

Werner M, Osadchy A, Plotkin E, Berheim J, Rathaus V. Increased detection of early vascular
abnormalities after renal biopsies by color Doppler sonography. Journal of Ultrasound in
Medicine. 2007;26(9):1221-1226.

Whittier WL, Korbet SM. Timing of complications in percutaneous renal biopsy. Journal of the
American Society of Nephrology. 2004;15(1):142-147.

Yamamoto H, Hashimoto H, Nakamura M, Horiguchi H, Yasunaga H. Relationship between
hospital volume and hemorrhagic complication after percutaneous renal biopsy: results from
the Japanese diagnosis procedure combination database. Clinical & Experimental Nephrology.
2015;19(2):271-277.

Yang F, Li B, Cui W, et al. A clinicopathological study of renal biopsies from 288 elderly patients:
analysis based on 4,185 cases. International Urology & Nephrology. 2015;47(2):327-333.
Yesudas SS, Georgy NK, Manickam S, et al. Percutaneous real-time ultrasound-guided renal
biopsy performed solely by nephrologists: A case series. Indian Journal of Nephrology.
2010;20(3):137-141.

Zhang PP, Ge YC, Li SJ, Xie HL, Li LS, Liu ZH. Renal biopsy in type 2 diabetes: timing of
complications and evaluating of safety in Chinese patients. Nephrology. 2011;16(1):100-105.





