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Abstract
Objective  To review the incidence of significant bleeding complications after ultrasound-guided percutaneous core native 
renal biopsies at a single center using a standardized technique.
Materials and methods  A retrospective review of ultrasound (US)-guided percutaneous native renal core biopsies done at 
our institution from September 2005 to December 2015 was performed. Demographic and clinical data were collected at 
the time of biopsy, with additional clinical information recorded 24 h and 3 months after the biopsy. Bleeding complications 
were defined using the Common Terminology Criteria for Adverse Events (CTCAE, version 4.0) created by the National 
Institutes of Health.
Results  2204 US-guided native renal core biopsies were performed during the study period, with 37 hemorrhages (1.64%) 
that were CTCAE grade 3 or higher. The rate of inadequate sampling as reported by pathology was extremely low (1.1%). 
Factors demonstrating a significant association with bleeding risk included estimated glomerular filtration rate (eGFR), 
specifically when the eGFR was less than 60 (p = 0.025), platelet count (p = 0.002), including a statistically significant 
decreased risk of bleeding with a platelet count greater than 100 (109/L) (p = <0.001), and performing four or more needle 
passes (p = 0.012). While female gender was also associated with an increased bleeding risk (p = 0.05), there was a significant 
association between females with a BMI ≥ 25 and a decreased bleeding risk (0.034). No statistically significant association 
between post-biopsy hemorrhage and aspirin use within 10 days prior to biopsy or a prior diagnosis of amyloidosis was 
demonstrated.
Conclusion  US-guided native renal biopsy is a safe procedure with a low rate of significant bleeding complications and a 
high tissue adequacy rate using an 18-gage spring-loaded biopsy device. Factors associated with increased bleeding risk 
include female gender, lower platelet counts, decreased eGFR and performing four or more needle passes, which has not been 
reported previously. Interestingly, females with a BMI ≥ to 25 demonstrated a decreased bleeding risk, and aspirin (81 mg or 
325 mg) within 10 days of the procedure did not demonstrate a significant effect. While not shown in this current study, the 
relationship of very recent aspirin therapy with bleeding is yet to be defined. Similarly, the statistically significant decreased 
risk of bleeding complications in overweight or obese females requires further investigation.
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Introduction

Percutaneous image-guided native renal biopsy is an impor-
tant diagnostic tool in the work-up of renal parenchymal 
disease [1]. While advancements in imaging and biopsy 
instruments have improved procedure safety, acquiring tis-
sue remains an invasive procedure, with risks including pain, 
bleeding, infection, or even death [2].

The most common complication of renal biopsy is hemor-
rhage, which is likely the result of multiple factors including 
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the innate vascularity and non-compressible location of 
the kidney, the need for multiple needle passes to ensure 
an adequate tissue sample, and patient comorbidities such 
as obesity, liver dysfunction, and diabetes [3]. Post-biopsy 
bleeding can be further categorized into major and minor 
complications, with major complications requiring treat-
ments such as blood transfusion, endovascular intervention, 
or nephrectomy. The incidence of major complications var-
ies throughout literature, with reports ranging from 0.1 to 
7.4% [4].

Certain risk factors have been associated with an 
increased risk of post-biopsy hemorrhage, including patient 
gender, age, serum creatinine, bleeding diathesis, hyperten-
sion, biopsy needle size, and number of needle passes [2, 
5–7]. While bleeding risk associated with an underlying 
histologic diagnosis such as amyloidosis has been studied 
previously, the largest single-institution study was limited 
to 101 patients [8]. Similarly, significant obesity related 
risk has yet to be elucidated. The purpose of this study was 
to retrospectively evaluate the incidence of major bleeding 
complications following image-guided native renal biopsy at 
a single institution, and identify factors that may be associ-
ated with such post-biopsy hemorrhage.

Methods

Patient population

Approval for this HIPAA-compliant retrospective study 
was obtained from our institutional review board (IRB). 
Informed consent was waived by the IRB.

Using an internal, prospectively maintained departmen-
tal biopsy database, subjects who had undergone a native 
renal parenchymal biopsy under computed tomographic 
(CT) or ultrasound (US) guidance between September 1, 
2005 and December 29, 2015 were identified. Subjects who 
received multiple biopsies on the same day (N = 3 subjects, 
6 biopsies), subjects who did not grant research authoriza-
tion approval (N = 106, 4.3%), and those who were under 
18 (N = 84) were excluded. The primary outcome of interest 
was the presence of a bleeding complication (CTCAE grade 
3 or higher) within 3 months post-biopsy. Biopsies where the 
primary outcome was unknown were also excluded (N = 16), 
where the imaging methodology was atypical for this prac-
tice (CT vs US, N = 36), and those where a needle size other 
than 18 gage was used (N = 12) were also excluded, leaving 
a total of 2204 biopsies.

Procedural details

For each procedure, written informed consent was obtained. 
Local anesthesia was provided with 1% lidocaine. Moderate 

sedation with fentanyl and midazolam was used in some 
cases (N = 373, 16.9%). Ultrasound-guided biopsies were 
performed without an introducer, most often using an 
18-gage Bard Monopty Device (Bard Biopsy Systems, 
Tempe, AZ). Each kidney sample was evaluated immedi-
ately following retrieval for adequate glomeruli with light 
microscopy by a trained radiology nurse, procedural assis-
tant, or radiologist. Onsite sample evaluation by a nephrolo-
gist or pathologist was not routinely performed. Per protocol, 
two adequate core samples were obtained during the biopsy 
procedure.

Immediately following biopsy, the kidney was imaged 
with the respective imaging modality to assess for hemor-
rhage. Patients with developing hematomas were observed in 
the procedural suite. If additional findings such as hemody-
namic instability or significant pain were present, urgent CT 
imaging was obtained to better assess the extent of bleeding 
with frequent referral for angiography and potential embo-
lization. Following stabilization, these patients were admit-
ted to the hospital for further management. The remaining 
patients without such hematomas were observed for 6 h prior 
to dismissal. Neither routine follow-up imaging nor blood 
work was performed in these patients.

At the time of biopsy, patients were asked to provide a 
telephone number so a dedicated radiology registered nurse 
could contact them post-procedurally to inquire about pos-
sible complications. Telephone follow-up was attempted 
on post-procedural day 1, and if contact was unsuccessful, 
again on days 2 and 3. A standardized questionnaire was 
administered to the patient and any patients reporting wor-
risome symptoms such as significant pain, lightheadedness, 
or marked hematuria were advised to report to the closest 
emergency department. In addition to this direct post-proce-
dure communication, a simultaneous review of the electronic 
medical record was performed. A second nursing review of 
the medical record was performed 3 months post-procedure 
to capture any significant complications occurring during 
this time, i.e., subsequent hospital admissions related to 
angiography, transfusions, hematuria, or pain control. Post-
biopsy bleeding complications were defined using the Com-
mon Terminology Criteria for Adverse Events (CTCAE) 
version 4.0, created by the National Institutes of Health [9]. 
A major adverse bleeding event was characterized by meet-
ing or exceeding a grade 3 complication, which includes the 
need for hospitalization, transfusion, interventional radiol-
ogy procedure, or an operative intervention.

Additional information extracted from the database 
included patient characteristics (gender, age, BMI), specific 
laboratory data [platelet concentration, creatinine, esti-
mated glomerular filtration rate (eGFR)], aspirin use (both 
81 and 325 mg doses), biopsy needle gage, number of nee-
dle passes, and tissue sample adequacy (based on the final 
pathology report).



2318	 Abdominal Radiology (2019) 44:2316–2322

1 3

Potential risk factors of interest included age, gender, 
BMI, blood pressure [systolic (SBP) and diastolic (DBP) 
separately], platelet count, blood urea nitrogen (BUN), 
creatinine, eGFR (calculated using the MDRD equation), 
whether the procedure was performed by staff or trainee, 
previous diagnosis of amyloidosis based on chart review, 
aspirin use (either 81 mg or 325 mg) within 10 days prior 
to biopsy, imaging type used during procedure (US or CT), 
and number of needle passes (cores samples) taken during 
the procedure.

Statistical analysis

Simple descriptive statistics were calculated for each biopsy 
and described as counts and percentages for categorical vari-
ables and medians with 25th and 75th percentiles for con-
tinuous variables. To test for risk factors’ associations with 
bleeding complications, generalized estimating equations 
logistic regression models were used (Hardin and Hilbe, 
2003; Liang and Zeger, 1986); generalized estimating equa-
tions are an extension of generalized linear models which 
account for correlated measurements within individuals. 
Due to multicollinearity among creatinine, BUN, and eGFR 
values, only one was included in the multivariable modeling; 
eGFR was selected as it had the fewest missing values. Sub-
set analyses were performed within gender. These analy-
ses used logistic regression, and Firth’s method was used 
to address the cases where quasi-complete separation was 
observed. Due to the small number of bleeds within each 
subset, only univariable models were fit for these subsets.

All tests were 2-tailed with statistical significance defined 
as P < 0.05. Statistical analyses were performed using SAS 
(version 9.3; Cary, NC).

Results

The final cohort included 2204 US-guided native renal biop-
sies in 2130 unique patients. The overall bleeding complica-
tion rate (CTCAE grade 3 or higher) was 1.64% (Table 1), 
with most complications occurring within 24 h of biopsy 
(N = 33/37; 89.2%). Of the patients with significant bleed-
ing complications (N = 37), all were hospitalized. Table 2 
categorizes the reason for admission; 37.8% of admitted 
patients underwent renal artery angiogram (N = 14), with 

50.0% of those requiring concurrent embolization (N = 7). 
Additionally, 21 of the 37 patients required at least one blood 
transfusion. Only 1.1% (N= 24/2204) of tissue samples sub-
mitted to pathology were deemed inadequate for diagnosis 
(Table 3).  

Demographic, clinical, and procedural characteristics 
are shown in Table 4. Descriptive statistics are presented 
as median and interquartile range (IQR) or counts and per-
centages. Due to skewness, creatinine and platelet counts 
were natural log (ln)-transformed prior to model inclusion; 
however, untransformed values are presented in the table to 
aid in interpretability. Our practice typically uses a threshold 
platelet count of 50 (109/L) and given the small number of 
biopsies performed below this threshold (N = 7/1998, 0.4%) 
and the absence of any significant post-biopsy bleeding 
events in this category, a platelet threshold of 100 (109/L) 
was chosen to construct a dichotomous platelet count model. 

Unadjusted and adjusted GEE models are shown in 
Tables 5, 6, 7. Based on previous literature, all multivari-
able models were adjusted for age and gender. In the final 
multivariable model, four or more passes taken [OR 2.97 
(95% CI 1.26–7), p = 0.012], eGFR < 60 [OR 9.43 (95% CI 
1.32–67.2), p = 0.025], and female gender [OR 5.14 (95% 
CI 1.47–18), p = 0.05] were associated with increased risk 
of bleeding. Increased platelet count was associated with 
decreased risk of bleeding [OR 0.341 (95% CI 0.172–0.678), 
p = 0.002] and there was a significant interaction between 
gender and BMI, with females with high BMI (≥ 25) show-
ing a significant decrease in bleeding risk [OR 0.183 (95% 
CI 0.0382–0.878), p = 0.034], whereas males with high BMI 

Table 1   Overall bleeding complication (CTCAE grade 3 or higher) 
rates per procedural event

Overall N = 2204

Major bleeding complications 37 (1.64%)
No Complication 2167 (98.3%)

Table 2   Characterization of major bleeding complication (CTCAE 
grade 3 or higher) with rates per major bleeding event as well as for 
all procedural events

All listed events required hospitalization. ‘Other’ includes admissions 
for pain control, hemodynamic, or laboratory monitoring

Complication Event N = 37, Overall N = 2204

Angiogram 14 (37.83%, 0.62%)
Embolization 7 (18.92%, 0.31%)
Hematuria 6 (16.22%, 0.27%)
Other 17 (46.95%, 0.75%)
Transfusion 21 (56.76%, 0.93%)

Table 3   Overall tissue adequacy rates as characterized by pathology 
per procedural event

Tissue adequacy Overall (N = 2204)

Good/adequate 1789 (81.2%)
Limited 332 (15.1%)
Inadequate 24 (1.1%)
Missing 59 (2.7%)



2319Abdominal Radiology (2019) 44:2316–2322	

1 3

showed a non-significant increase in bleeding risk (OR 1.24 
(95% CI 0.343–4.49), p = 0.13], after adjustment for eGFR, 
platelet count, age, gender, and number of passes taken.

Among subjects who had blood pressure data available 
(N = 584), there were 7 complications observed. Although 
there was a higher incidence of bleeding complications 
among hypertensive subjects (hypertensive 5/219, 2.28% 
vs. non-hypertensive 2/365, 0.54%), statistical significance 
could not be concluded due to the low number of events.

Discussion

Native renal biopsy is an important tool for accurate diag-
nosis and treatment of renal parenchymal disease; however, 
they are not without risk. A recent meta-analysis performed 
by Corapi et al. in 2015 [6] reviewed 34 studies regarding 
complications of native kidney biopsies, with the largest 

Table 4   Demographics, clinical, and procedural characteristics of 
patient cohort

Overall (N = 2204)

Gender
 F 927 (42.1%)
 M 1277 (57.9%)

Age
 Median (IQR) 59 (45, 69)

BMI (kg/m2)
 N-missing 64
 Median (IQR) 28.5 (24.9, 33.2)

BMI category
 N-missing 64
 Underweight (< 18.5 (kg/m2)) 37 (1.7%)
 Normal (18.5–24.9 (kg/m2)) 512 (23.9%)
 Overweight (>=25(kg/m2) 704 (32.9%)
 Obese (>=30(kg/m2)) 887 (41.4%)

Aspirin use within 10 days
 No 1523 (69.1%)
 Yes 681 (30.9%)

Aspirin use category
 None 1523 (69.1%)
 81 mg 531 (24.1%)
 325 mg 152 (6.8%)

Hypertensive
 N-missing 1653
 No 377 (62.9%)
 Yes 222 (37.1%)

SBP
 N-miss 1618
 Median (IQR) 141.5 (128, 156)

DBP
 N-miss 1620
 Median (IQR) 80 (71, 91)

Previous amyloid diagnosis
 No 1738 (78.9%)
 Yes 466 (21.1%)

IV sedation
 No 1831 (83.1%)
 Yes 373 (16.9%)

Operator skill level
 N-missing 30 (1.4%)
 Staff radiologist 1659 (75.3%)
 Resident/trainee 515 (23.4%)

Number of passes
 Median (IQR) 3 (2, 3)

4 + passes
 1–3 1975 (89.6%)
 4+ 229 (10.4%)

Platelets (109/L)
 N-missing 6
 Median (IQR) 235.5 (182, 297)

BMI body mass index, SBP systolic blood pressure, DBP diastolic 
blood pressure, CT computerized tomography, US ultrasound, INR 
international normalized ratio, BUN blood urea nitrogen, Egfr esti-
mated glomerular filtration rate, KDOQI Kidney disease outcomes 
quality initiative

Table 4   (continued)

Overall (N = 2204)

Platelet threshold 100 (109/L)
 N-missing 6
 < 100 97 (4.4%)
 100+ 1881 (85.6%)

INR
 N-missing 10
 Median (IQR) 1.0 (0.9, 1.1)

Creatinine
 N-missing 628
 Median (IQR) 2.1 (1.3, 3.4)

BUN
 N-missing 658
 Median (IQR) 34 (21.0, 50.0)

Calculated eGFR
 N-missing 595
 Median (IQR) 29.0 (17.0, 51.0)

eGFR (KDOQI stage)
 N-missing 595
 < 15 323 (20.1%)
 15–29 498 (31.0%)
 30–59 468 (29.1%)
 ≥ 60 320 (19.9%)

eGFR < 60
 N-missing 595
 < 60 1289 (80.1%)
 60+ 320 (19.9%)
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single-center study by Mackinnon et al. comprising 1,120 
patients. Therefore, this retrospective review is the largest 
known single-institution study evaluating risks associated 
with significant hemorrhage, with rates similar to those 
previously reported 0.1–7.4% [4]. Likewise, multiple stud-
ies have evaluated the diagnostic adequacy of percutaneous 
native renal biopsy comparing different sized needles, with 
several reporting an inferior yield with 18 gage needles [10, 
16]. This study evaluated biopsies using 18 gage spring-
loaded devices exclusively, with only a 1.1% rate of sample 
inadequacy.

One patient factor significantly associated with bleeding 
complications was female gender (p = 0.05). This has been 
described previously, with hypotheses including smaller kid-
ney size compared to men, resulting in deeper needle pen-
etration into the renal medulla [5, 6, 11]. In our final model, 
however, females with a BMI ≥ to 25 demonstrated a statisti-
cally significant decrease in major bleeding complications 
(OR 0.183, p = 0.034). This would seem counterintuitive, 
as obesity has been shown to be an increased risk factor in 
multiple studies [4, 12] likely secondary to poor sonographic 
visualization, longer needle path, and inadequate patient 
positioning due to discomfort or associated respiratory dif-
ficulties. Interestingly, a more recent publication by Lees 
et al. retrospectively reviewed 1045 ultrasound-guided native 
renal biopsies with available BMI data and demonstrated 
declining rates of complications with increasing BMI, near-
ing statistical significance [13]. This study would support 
those findings that, at least in female patients, obesity may 
be associated with a decreased bleeding risk, although this 
requires further investigation.

Laboratory markers significantly associated with 
increased risk of bleeding complications included lower 
platelet concentrations and low estimated glomerular filtra-
tion rates. Specifically, for every 10 unit increase in eGFR 
or a platelet count greater than 100 (109/L), a statistically 
significant reduction of bleeding risk was observed. Both 
observations have been well reported in literature [6, 7, 14, 
15], and currently our practice uses a platelet threshold of 
50 (109/L). The single technical factor associated with an 
increase bleeding risk was four or more needle passes, which 
contradicts prior analyses [5, 6, 16] but is intuitive as each 
pass requires traumatic entry through the renal capsule into 
the parenchyma.

The use of aspirin (81 mg or 325 mg) within 10 days 
of native renal biopsy procedure was not statistically sig-
nificant, which is consistent with current literature [17, 18]. 
Further study regarding specific duration of abstinence is 
needed to determine if a window of risk exists. Specifically, 

Table 5   Association of risk factors with bleeding complications in 
unadjusted estimating equations logistic regression models

OR (95% CI) Odds Ratio (95% Confidence Interval), BMI Body Mass 
Index, INR International Normalized Ratio, BUN Blood Urea Nitro-
gen, eGFR estimated Glomerular Filtration Rate, KDOQI Kidney 
Disease Outcomes Quality Initiative

Variable Level OR (95% CI) p value

4 + passes 2.43 (1.1–5.37) 0.029
Age (/10 years) 1.01 (0.831–1.22) 0.935
Aspirin use (325 mg) 0.778 (0.186–3.26) 0.732
Aspirin use (any) 0.612 (0.279–1.35) 0.222
BMI ≥ 25 0.424 (0.218–0.824) 0.011
BUN 1.01 (0.996–1.02) 0.197
Calculated eGFR 0.973 (0.957–0.988) <0.001
Calculated eGFR (/10 units) 0.758 (0.646–0.89) <0.001
eGFR < 60 8.65 (1.18–63.4) 0.034
Female gender 1.83 (0.948–3.52) 0.072
INR tertile 2 0.835 (0.42–1.66) 0.856

3 0.81 (0.269–2.44) 0.856
Ln(Creatinine) 1.61 (1.09–2.38) 0.016
Ln(platelet count) 0.36 (0.185–0.703) 0.003
Platelets ≥ 100 (109/L) 0.227 (0.093–0.56) 0.001
Previous Amyloid Diagnosis 1.23 (0.572–2.63) 0.6
Sedation 1.84 (0.884–3.84) 0.103
Operator skill (trainee vs 

staff)
1.24 (0.596–2.59) 0.56

Table 6   Association of risk factors with bleeding complications in 
general estimating equations logistic regression models

Models have been adjusted for age and female gender. Odds ratio and 
95% confidence interval = OR (95% CI)

Variable OR (95%CI) p value

Age (/10 years) 0.909 (0.75–1.11) 0.348
Female 4.2 (1.19–14.9) 0.123
4 + passes 2.93 (1.26–6.85) 0.649
BMI ≥ 25 1.19 (0.33–4.31) 0.125
eGFR < 60 10.0 (01.41–71.7) 0.003
Platelets ≥ 100 (109L)) 0.297 (0.145–0.607) < 0.001

Table 7   Association of risk factors with bleeding complications in 
final multivariable general estimating equations logistic regression 
model

Odds ratio and 95% confidence interval = OR (95% CI)

Variable OR(95% CI) p value

Female 5.14 (1.47–18.0) 0.05
Age (/10 years) 0.916 (0.751–1.12) 0.381
BMI ≥ 25 1.24 (0.343–4.49) 0.13
BMI ≥ 25 & female 0.183 (0.0382–0.678) 0.034
4 + passes 2.97 (1.26–7.00) 0.012
eGFR < 60 9.43 (1.32–67.2) 0.025
Ln (platelet count) 0.341 (0.172–0.678) 0.002



2321Abdominal Radiology (2019) 44:2316–2322	

1 3

there may be a 3–4 day period following aspirin cessation 
where risk is elevated [18, 19]. Such information will be 
particularly valuable given additional impact of uremia on 
platelet function.

Historically, amyloidosis had been associated with 
increased bleeding risk secondary to vascular fragility [12, 
20]. However, the subset of patients with a prior diagnosis 
of amyloidosis in the current study did not demonstrate an 
increased risk of post-biopsy hemorrhage in either the unad-
justed or adjusted models. Soares et al. published results in 
2008 which also failed to demonstrate an increased bleeding 
risk following renal biopsy in 101 patients with amyloidosis 
[8], and our current study adds to this with 471 patients with 
such disease.

One aim of the current study was to determine if there was 
a significant association between hypertension and bleeding 
risk. Unfortunately, of the 584 subjects with peri-procedural 
blood pressure recordings, there were only 7 complications 
observed and due to this low incidence, a significant associa-
tion could not be established. It will be important to study 
potential associations between elevated blood pressure and 
native renal biopsies if they exist, as there is contradicting 
evidence in literature [5, 7, 12, 21]. In general, our practice 
typically suspends biopsies if patients present with a systolic 
blood pressure greater than 160 or a diastolic blood pressure 
greater than 100.

There are several limitations to this study, which include 
retrospective design and associated potential biases. Post-
biopsy complications grade 3 or higher were considered a 
major adverse event, which excludes potentially clinically 
important complications such as outpatient management of 
significant hematuria requiring bladder catheterization. The 
overall low number of complications limited the potential 
statistical models that could be adequately fit to the data. 
Similarly, the presence of peri-procedural hypertension is 
a potential cofounder as it was unable to be included in the 
regression model due to a high number of missing values 
(> 75%).

Conclusion

In conclusion, US-guided renal parenchymal biopsy is 
a safe procedure with a low risk of major post-biopsy 
hemorrhage and a high sample adequacy rate. Factors 
associated with increased risk of significant hemorrhage 
included lower platelet count, declining renal function, 
and, contrary to prior analyses, obtaining four or more 
biopsy samples. Female gender was associated with an 
increased bleeding risk, although interestingly, females 
with a BMI ≥ to 25 demonstrated a statistically signifi-
cant decrease in bleeding risk. The identification of such 

important risk factors will be helpful in mitigating future 
procedural risks and patient education, as well as potential 
avenues of future research.
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