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The percutaneous renal biopsy (PRB) has been instrumental in
the diagnosis of acute and chronic kidney disease in both the
native and allograft kidney since its inception in 1951 by
Iversen and Brun.1 The first renal biopsies, reported in 1923,
were open surgical procedures.2 Kark andMuehrckemodified
the percutaneous procedure in 1954 by placing the patient in
proneposition, and using an exploratory needle to localize the
kidneyprior to insertion of their biopsy needles.3,4Ultrasound
guidance and automatic core biopsy systems have dramati-
cally improved tissue adequacy and safety of the procedure.
The rate of severe complications leading to patient demise has
decreased from 0.12 to 0.02%.4–6

The primary indications for native PRB is to evaluate
proteinuria, microscopic hematuria, renal manifestations
of systemic disease, and unexplained renal failure.5 The
procedure is useful in diagnosis, prognosis, andmanagement
of nephropathies; however, despite technological advances,
the procedure remains high risk for several reasons. Bleeding
complications are common due to the vascularity of the
kidney and inability to compress the biopsy location due
to a deep retroperitoneal location. Patients with renal dis-
ease often have uremia-associated platelet dysfunction,
hypertension, and inflammatory states which further
increase risk.7–9 An in-depth review of known risk factors
is presented. Accounting for these risk factors will allow

clinicians to better understand and weigh the risks and
benefits of the procedure for each patient.

Types of Complications

Bleeding is the most common complication of PRB. Compli-
cations not related to bleeding are much less frequent, and
include pain, infection, and inadvertent injury to adjacent
organs.10,11

A large meta-analysis conducted by Corapi et al surveyed
9,474 native adult ultrasound-guided renal biopsies per-
formedwith automated biopsy devices. Major complications
included erythrocyte transfusion requirement (0.9%), angio-
graphic intervention (0.6%), nephrectomy (0.01%), bladder
obstruction (0.3%), and death (0.02%). Transient gross hema-
turia (3.5%) was the only minor complication reported.12

Microscopic hematuria occurs in virtually all patients,4 and
isnot considered a complication.Other reported complications
include perinephric hematoma and arteriovenous fistula.13–16

A large retrospective review conducted by Lees et al
examined 2,563 percutaneous renal biopsies performed
over 15 years.17 The rate of major bleeding was 2.2%, with
1.8% of patients requiring transfusion. Angiographic inter-
vention was required in 0.4% of cases, and 0.04% of patients
died.
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Abstract Percutaneous renal biopsy is widely used for diagnosis, prognosis, and management of
nephropathies. Complicationsmay arise after renal biopsy, most commonly in the form
of bleeding. Efforts should be taken to optimize modifiable risk factors such as
hypertension, thrombocytopenia, and coagulopathy prior to the procedure. Unmodifi-
able risk factors such as poor renal function, gender, and underlying histologic
diagnosis may be used to identify high-risk patients. Delayed presentation of bleeding
complications is common, and close clinical follow-up is crucial.
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Timing of Complications

Delayed bleeding complications are common after renal biop-
sies (►Fig. 1). A series of 750 adult patients who underwent
native renal biopsy demonstrated only 67% of complications
were apparent at 8 hours. Ninety-one percent of major com-
plications had presented at 24 hours; the remaining 9% of
major complications were discovered between 48 and
120 hours after the procedure.14 Another more recent series
demonstrated similar results in native and transplant PRB,
with 91% of major complications occurring within 12 hours
after biopsy, and 98.4%within 24 hours.18Based on these data,
it is standard practice at many institutions to monitor native
renal biopsy patients for 24 hours postprocedure.

Postbiopsy renal ultrasound has been studied as a tool to
risk stratify patients. Waldo et al evaluated 162 patients after
native PRB with a 1 hour postbiopsy ultrasound, demonstrat-
ing that the presence of a hematoma 1 hour after biopsy had a
23% positive predictive value (PPV) and a 98% negative pre-

dictive value (NPV) for any major complication. Furthermore,
postbiopsy hematomagreater than 3 cm in size demonstrated
44% PPV and 97% NPV for major complication.19

Risk Factors

Hypertension
Systolic hypertension and diastolic hypertension are impor-
tant risk factors for development of bleeding complications
after PRB.7,8,20,21 Corapi et al’smeta-analysis did not demon-
strate a statistically significant impact of systolic blood
pressure (SBP) on rates of postbiopsy transfusions, but was
not designed to do so. The included studies employed a
heterogeneous approach to percutaneous renal biopsies
with no standardization of variables. Some excluded patients
with SBP greater than 140 mmHg, and therewas no uniform
definition of hypertension.7,12

Shidham et al retrospectively reviewed 645 native renal
biopsies and found systolic hypertension, diastolic

Fig. 1 A 51-year-old woman with nephrotic proteinuria and acute kidney injury on chronic kidney disease who was sent for native renal biopsy.
Risk factors at the time of biopsy included inpatient status, elevated creatinine, anemia, thrombocytopenia, hypertension (controlled on
medications), and mildly elevated INR. A 17-gauge coaxial biopsy cannula was placed. Biopsy was cancelled by the referring service mid-
procedure, and no cores were taken. (a) Coronal noncontrast CT 10 days after aborted biopsy for acute hemoglobin drop demonstrates large
right renal subcapsular hematoma (arrowheads). (b) CT angiography confirms pseudoaneurysm (arrowhead) and active extravasation (arrow). (c)
Digital subtraction right renal arteriogram demonstrates focal intrarenal arterial vasospasm. No pseudoaneurysm or extravasation is visualized.
(d) Digital subtraction inferior pole accessory renal arteriogram demonstrates active extravasation (arrow). (e) Digital subtraction angiography
following coil and microvascular plug embolization of the accessory right renal artery. No further extravasation is present. The patient died from
respiratory failure and acute blood loss anemia the following day.
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hypertension, and elevated mean arterial pressure (MAP) to
all be significant risk factors for bleeding complications.8 SBP
greater than 160 mm Hg carried a 10.7% risk of major
bleeding complication, compared with 5.3% risk if SBP was
less than 160 mmHg. Diastolic blood pressure (DBP) greater
than 100 mmHg andMAP greater than 120 mmHg similarly
carried greater than twice the risk of bleeding complications.

A recent retrospective study by Kriegshauser et al showed
that patients with SBP greater than 140 mm Hg and DBP
greater than 90 mm Hg experienced major bleeding com-
plications 10 times more frequently than their nonhyper-
tensive counterparts. When analyzed further, patients with
SBP greater than 170 mmHgwere found to experiencemajor
complications 23 times more frequently, and patients with a
SBP between 141 and 170 mm Hg 7 times more frequently.
Patients with DBP greater than 90 mmHgwere also found to
experience major complications seven times as frequently.7

These results are in line with other, more recent studies,
although themagnitude of the resulted odds ratio (OR) in SBP
greater than 170 mm Hg is unique to this study.6,22

The effect of immediate prebiopsy reduction of blood
pressure in hypertensive patients to a normotensive level
has not been studied. Some authors have suggested that
increased risk of postbiopsy hemorrhage could be related to
limited ability of arterioles to contract as a result of arteriolar
hyalinosis.8,9 Many large biopsy reviews exclude hyperten-
sive patients, or do not standardize periprocedural blood
pressure management. Though further investigation is
needed in this area, periprocedural blood pressure manage-
ment is standard of practice at our institution with goal of
less than 140/90 mm Hg.

Kidney Function
Poor kidney function has been associated with an increased
riskofmajor complications in several studies.6,12,15,23Korbet
et al found almost a twofold increase in rates of postbiopsy
transfusion for patients with a serum creatinine greater than
3.5 mg/dL.6 Themeta-analysis of Corapi et al demonstrated a
higher risk for postbiopsy transfusion in patients with a
serum creatinine greater than 2 mg/dL (2.1 vs. 0.4%,
p ¼ 0.02).12 In a large Chinese biopsy series by Xu et al
examining 3,577 native PRBs, each 1 mL/minute/1.73 m2

increase in glomerular filtration rate (GFR) was associated
with a 4% decrease of severe bleeding risk.15 Whittier et al
also demonstrated an increased riskof bothminor andmajor
complications in patients with higher serum creatinine
values (3.5 vs. 2.2 mg/dL).23

Thrombocytopenia and Platelet Dysfunction
The studies that have been conducted to determine if recent
antiplatelet therapy prior to PRB is a risk factor for post-
biopsy complications have been retrospective in nature, and
no consensus regarding their periprocedural use has been
reached.17 Current Society of Interventional Radiology (SIR)
recommendations are to hold aspirin and clopidogrel for
5 days prior to procedures with significant bleeding risk.24 It
is well known that patients with chronic renal disease have
significant cardiovascular morbidity, and patients at risk for

coronary artery disease have demonstrated a 3-fold increase
ofmajor adverse cardiac events after cessation of aspirin, and
an 89-fold increase in patients with intracoronary
stents.17,25 Additionally, these patients may have stents or
grafts with a high risk of thrombosis that necessitates con-
tinuous antiplatelet therapy.

Several studies have examined the use of antiplatelet
medications in the periprocedural period. Corapi et al’s
meta-analysis showed no difference in transfusion rate
based on whether aspirin was held.12 Another large series
by Lees et al showed no significant increase in major com-
plications based on whether aspirin or clopidogrel was
held.17 Baffour et al studied the effects of antiplatelet therapy
on major complications in renal allograft biopsies and ana-
lyzed results based on amount of time antiplatelet therapy
had been discontinued (0–3 vs. 4–7 vs. 8–10 days) and also
found no statistically significant increase in major bleeding
complications. There was, however, a sixfold increase in
major complications seen in patients who had taken
325 mg of aspirin within 3 days of biopsy (OR, 6.3; 95% CI,
1.27–31.3).26Mackinnon et al also suggested no difference in
major complication rate with aspirin continuation.27 Pieper
et al examined the effects of recent clopidogrel use in 69
patients on major complications after percutaneous core
biopsy, with a mean time of clopidogrel abstinence before
biopsy being 2.9 days � 1.9 days and found no major com-
plications after PRB.28 However, one major limitation of
these studies is the low absolute number of major complica-
tions in each study. Though this remains controversial, these
studies support periprocedural continuation of aspirin in
patients who are at high cardiovascular risk.

While antiplatelet therapy is controversial, thrombocy-
topenia has been established as an independent risk factor
for postbiopsy hemorrhagic complications. SIR recommen-
dations for periprocedural management of coagulation sta-
tus recommends transfusing patientswith platelets less than
50,000/µL.24 No studies have systematically evaluated PRBs
performed in patients less than this threshold, and most
series excluded patients with platelet counts less than
100,000/µL.10 Nevertheless, two studies have demonstrated
an increased risk for major complication after PRB: Xu et al
observed a sixfold increased rate of major complications and
Torres Muñoz et al demonstrated a seven times increased
risk of major complications in patients with baseline platelet
counts � 120,000/µL.15,22

Platelet function is as important as platelet count. Uremia
is known to cause platelet dysfunction with elevated BUN
levels greater than 60 mg/dL, increasing the risk of major
complications postbiopsy by up to nine times.22 Desmopres-
sin (DDAVP) is a synthetic antidiuretic hormone analog, and
has been shown to improve hemostasis by increasing avail-
able von Willebrand factor and factor VIII levels, and
decreases bleeding time in uremic patients.29–31 Manno
et al conducted a prospective randomized placebo-con-
trolled trial evaluating desmopressin as a means of reducing
bleeding complications in renal biopsy patients. The study
was conducted in normotensive patients with normal crea-
tinine levels. Preprocedural desmopressin administration
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significantly reduced bleeding complications and hematoma
size when compared with placebo.29

Coagulopathy
Coagulopathy should be reversed prior to PRB. To our knowl-
edge, no studies have specifically examined PRB in the
coagulopathic patient. Coagulopathy is uniformly recognized
as a risk factor for major complications, and current SIR
guidelines recommend correction of intrinsic and extrinsic
pathway derangements prior to undergoing PRB. INR should
be <1.5 and heparin should be held or reversed for aPTT
values >1.5 times control. Novel anticoagulants should be
held according to guidelines.24

Gender
Several studies have suggested women are at an increased
riskofmajor complications related to PRB.23,32,33Manno et al
demonstrated that womenwere twice as likely to encounter
a major complication after PRB compared with men.32 In a
study of hospitalized patients, women were found to have
between an eight- to ninefold chance of encountering amajor
complication.33 The reason for this increased risk is
unknown, but is postulated that it may be due to women
having lower GFRs for the same serum creatinine in men,
higher rates of anemia, and smaller kidney size with higher
potential of deep penetration of the biopsy needle.12,23

Age
Kidney disease is common in the elderly (>60 years of age).10

Older age at the time of biopsy did not demonstrate a
statistically significant increase inmajor complications post-
biopsy in large reported series.7,12,14–16 However, older
patients who were biopsied in an emergent setting had an
increased risk of major complications.17

Biopsy Needle
Biopsy needle choice has been shown to impact major
complication rate. The most commonly used automated
needle sizes during PRB are 14-, 16-, or 18-gauge.10 Larger
needle gauge has been shown to have increased major
complication rate.12,19 Whittier et al demonstrated an
equivalent diagnostic accuracy of 14- and 16-gauge needles,
implying a larger needle is not necessary.23 A smaller gauge
needle may lead to an increased pass count, though no
correlation with pass count and increased complications
has been identified.12,15 Constantin et al compared 16-gauge
end-cut needles with 14-gauge side-cut needles, and found
no difference in diagnostic yield with fewer major complica-
tion in the 16-gauge group. Of interest, the 16-gauge end-cut
needle required fewer passes than the larger side-cut nee-
dle.34 Additionally, Hergesell et al demonstrated that even
with an 18-gauge needle, 99% of samples were adequate for
pathologic diagnosis.35 These studies demonstrate that the
use of smaller needles may decrease the risk of major
complications postbiopsy. In our practice, 18-gauge BioPince
needles are used for renal biopsies (Argon Medical Devices,
Frisco, TX), as they yield full-thickness core specimens, as
opposed to comparable side-cut devices. Two passes are

typically required to acquire an adequate number of
glomeruli.

Regarding coaxial and non-coaxial technique, Babaei Jan-
daghi et al compared 18-gauge coaxial and non-coaxial
needles. Coaxial technique was found to have significantly
shorter procedural time, fewer rates of complications (all
minor), and increased number of obtained glomerular
profiles.36

Histologic Diagnosis
Underlying pathology in the kidney impacts risk of biopsy-
related complications. Fisi et al presented a series of 353
patients, and have demonstrated significant differences in
complication rates based on underlying pathology. Patholo-
gies such as diabetic nephropathy and acute tubular necrosis
have relatively low risk for bleeding complications, while
patients with thin basement membrane syndrome have six
times higher than average risk. Vasculitis, rapidly progressive
glomerulonephritis, and acute interstitial nephritis have
twice the risk of arteriovenous fistulae, while atherosclerosis
is actually protective against development of fistulae.37

Biopsy results may be useful in identifying patients at risk
for delayed complications.

Special Populations

Elective versus Emergent
PRB is utilized in emergent situations where diagnosis
cannot be made by laboratory tests alone. The emergent
nature of a PRB is a risk factor for major complications
postbiopsy. It is thought that these patients are at an
increased risk of major complication because the acuity of
their illness and urgency for obtaining the biopsy may
preclude the ordering provider from fully correcting coagu-
lopathies or adequately lowering blood pressure.12

Lees et al demonstrated an increased risk for bleeding in
emergent versus elective PRB (3.4 vs. 1.1%). The patients
requiring emergent renal biopsy were also older, with worse
renal function and higher degree of proteinuria.17 This is
expected given increased rates of major complications with
poor renal function. Interestingly, complications were dis-
covered later in the emergent and hospitalized population,
with 14% of complications discovered after 24 hours.23

Moledina et al studied 159 hospitalized patients with AKI
over the course of 2 years, comparing rates of complications
between these patients andnonhospitalized patients from the
prospective Yale University biopsy cohort. The hospitalized
cohort hadahighermajor complication rate,with 8% requiring
a blood transfusion and 2% requiring angiographic interven-
tion.33 Additionally, postbiopsy blood transfusions weremore
frequent in hospitalized women, intensive care unit patients,
patients with higher BUN (>60 mg/dL), lower baseline hemo-
globin (<10 g/dL,), lower platelets (<112,000/µL), or had a
16-gauge needle as opposed to an 18-gauge needle used
during the procedure.33 Similarly, Korbet et al found increased
serum creatinine, decreased hemoglobin level, female gender,
and increased SBP all to be predictive for complications in the
setting of AKI.38
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These findings are not simply the result of increased
surveillance in the inpatient setting. These studies demon-
strate that even among an increasingly surveilled group,
patients with the above risk factors still demonstrated the
need for more transfusions.

Renal Allografts
Renal transplant patients undergo PRB for two general
reasons. Routine “protocol” biopsies are performed for early
detection of allograft rejection. PRB are also performed for
“cause” when specific clinical signs of rejection or allograft
dysfunction is present (►Fig. 2).39 Risk of complications vary
based on indication for allograft biopsy.

Morgan et al retrospectively analyzed 2,514 allograft
renal biopsies. Overall major complication rate was 1.9%,
and included hospitalization, transfusion, operative explora-
tion, and angiographic intervention. Risk factors for major
complications were significantly higher in the “cause” group
than in the “protocol” group (2.7 vs. 0.33%). Additional risk
factors included increasing age, BUN, lower platelet counts,
and patients who had received deceased donor allografts.39

Redfield et al studied 3,738 renal allograft PRBs per-
formed with an 18-gauge automated needle. The rates of
severe and life-threatening complications were found to be
0.21 and 0.19%, respectively, with the majority of serious
complications presenting after 4 hours postprocedure. PRB
within 1 weekof transplant increased riskof complication by
an astounding 311%.40

Whittier et al directly compared complication rates and
complication risk factors in native PRB (n ¼ 767) and allo-
graft “cause” PRB (n ¼ 938) from within the same patient
cohort. Compared with the native PRB cohort, allograft PRB
cohort had a higher SBP, serumcreatinine, and lower baseline
hemoglobin. Although they appeared sicker, the renal allo-
graft patients had a lower rate of major complications. This
difference may be related to differences in technique
between native and allograft biopsies.23 Of note, direct
manual pressure can be applied to an allograft kidney due
to its location, potentially tamponading a hemorrhage that
otherwise would continue unabated in the retroperitoneum.

Pregnancy
Pregnant patientswith unexplained renal failure, symptomatic
nephrotic syndrome, lupus nephritis, or those with possible
preeclampsiamay undergo renal biopsy for confirmatory diag-
nosis.10,41 Increased renalbloodflowandanatomical distortion
duetoagraviduterusmay inherentlyplacepregnantpatientsat
increased risk for complications after PRB. A systematic review
by Piccoli et al reported that PRB changedmanagement in 66%
of pregnant patients with a 2% major complication rate (blood
transfusions) observed in 197 biopsies.42

Obesity
The prevalence of worldwide obesity has doubled and obe-
sity-related health problems now affect more than 2 billion
people. Over the past two and a half decades, there has been a

Fig. 2 Bleeding postbiopsy in a renal allograft. Biopsy was taken 2 weeks after living related transplantation to evaluate for rejection. Risk
factors at the time of biopsy included systolic and diastolic hypertension (150/96 mm Hg), aspirin therapy, and elevated blood urea nitrogen
(50 mg/dL). (a) Ultrasound-guided biopsy of the lower pole of the renal allograft. Three passes were required to obtain two 18-gauge cores.
(b) Grayscale and color Doppler ultrasound demonstrates 2.4 cm renal hilar pseudoaneurysm (arrowheads) 1 year after biopsy. (c) Spectral
Doppler ultrasound shows arterialized waveform within the transplant renal vein consistent with arteriovenous shunt. (d) Carbon dioxide
arteriogram confirms transplant renal pseudoaneurysm (arrowhead) and arteriovenous fistula. Transplant renal artery (arrow), early filling
of transplant renal vein (curved arrow). (e) Successful coil embolization with no filling of the pseudoaneurysm or arteriovenous shunting.
(f) Postembolization surveillance ultrasound with no detectable color signal within the coiled pseudoaneurysm (arrowheads).
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relative increase of 28.3% in the rate of global mortality
related to high BMI.43With the rise of global obesity, the rate
of obese patients requiring a PRB has also increased. Ultra-
sound visualization of kidneys can be technically difficult in
obese patients. Interestingly, studies evaluating the rates of
major complications in obese patients have shown no sig-
nificantly increased risk of major complications in obese
patients after PRB compared with nonobese patients.17,22

Further study of this specific population is needed to fully
determine if obesity is a significant risk factor.

Conclusion

Percutaneous renal biopsy is a crucial tool for diagnosis and
management of the patient with renal dysfunction. Prepro-
cedural management of hypertension and coagulopathy
decreases bleeding complications. Patients who are acutely
ill and those with poor renal function are at increased risk.
Selection of a smaller gauge biopsy needle decreases risk
with little effect on biopsy yield.12,19,35 Monitoring native
renal biopsy patients 24 hours postprocedure is warranted
given the high risk of delayed bleeding complications.

Conflicts of Interest
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