
Vol:.(1234567890)

Digestive Diseases and Sciences (2022) 67:3366–3394
https://doi.org/10.1007/s10620-021-07089-w

1 3

ORIGINAL ARTICLE

Incidence of Complications from Percutaneous Biopsy in Chronic Liver 
Disease: A Systematic Review and Meta‑Analysis

Helena B. Thomaides‑Brears1   · Naim Alkhouri2 · Daniela Allende3,4 · Mukesh Harisinghani5 · Mazen Noureddin6 · 
Nancy S. Reau7 · Marika French1 · Carlos Pantoja8 · Sofia Mouchti1 · Donna R. H. Cryer4

Received: 24 December 2020 / Accepted: 31 May 2021 / Published online: 15 June 2021 
© The Author(s) 2021

Abstract
Background  Approaches to liver biopsy have changed over the past decade in patients with chronic liver disease.
Aims  We conducted a systematic review and meta-analysis on the incidence of all complications and technical failure associ-
ated with percutaneous liver biopsy.
Methods  We systematically searched PubMed and the Cochrane Library for cohort studies reporting on complications 
resulting from liver biopsy published between 2010 and 2020. Studies on participants of any age and sex, who underwent 
any percutaneous biopsy for non-focal liver disease, were selected. All events except mild pain, minor hematoma, vasova-
gal episodes, fever and fistula were defined as major complications. Random-effect model meta-analyses with and without 
covariates were performed, to examine the effect of publication year, patient characteristics, outcome collection, and biopsy 
type on incidences.
Results  We identified 30 studies reporting on complications resulting from percutaneous liver biopsy procedures (n = 64,356). 
Incidence of major complications was 2.44% (95% CI 0.85, 6.75), with mortality at 0.01% (95% CI 0.00, 0.11), hospitaliza-
tion at 0.65% (95% CI 0.38, 1.11), major bleeding at 0.48% (95% CI 0.22, 1.06), and moderate/severe pain at 0.34% (95% 
CI 0.08, 1.37). Minor complications at 9.53% (95% CI 3.68, 22.5) were mainly pain at 12.9% (95% CI 5.34, 27.9). Technical 
failure was high at 0.91% (95% CI 0.27, 3.00). Decreasing patient age significantly increased incidence of hospitalization 
and major bleeding (P < 0.0001). Hospitalization incidence also significantly increased with disease severity.
Conclusions  Incidence of major (2.4%) and minor (9.5%) complications, and technical failure (0.91%) in percutaneous liver 
biopsies continues.
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Introduction

Biopsy is considered the diagnostic reference for assessment 
of liver tissue in chronic liver disease. As outlined in 2009 
by the American Association for the Study of Liver Disease 
[1] and confirmed by the British Society of Gastroenterology 
[2], percutaneous biopsy is the most commonly performed 
procedure [3], with transjugular biopsies performed in 
patients more vulnerable to complications, and endoscopic 
biopsies emerging as a safe alternative. The use of imaging 
to guide needle positioning or to assist the procedure, by 
identifying ascites for example, has largely superseded blind 

procedures in most cases, particularly in pediatric patients 
[4]. Digitization of slides and the first steps in automation of 
histological reads have also been reported [5]. Not all facili-
ties have ultrasound (US), computer tomography (CT) or 
digitization, however, and real-world practice varies widely 
based on local guidelines.

Assessment of diffuse disease represents the most fre-
quent biopsy indication, including for monitoring patients 
in drug efficacy trials. Over 2000 biopsies on average are 
performed per Phase 3 trial [6], as drug trial endpoints and 
for cohort enrichment, and this translates to > 50,000 biop-
sies just in current active trials for fatty liver disease where 
no therapeutics have yet been licensed. For such disease 
a histological sample representative of the whole liver is 
required, but biopsy is subject to variability in sampling and 
interpretation [7–9].
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Liver biopsy is invasive and is associated with potential 
clinical complications. These influence payer and healthcare 
costs so accurate estimates of complications are required to 
inform clinical guidelines. Clear contemporary incidences 
of such complications are lacking, however. Even now the 
quoted incidence of biopsy-related death, 0.01% [2], is 
based on a multi-center retrospective report in Italy [10] 
from over 30 years ago. Similarly, reported incidence of 
major bleeding varies widely, from 0% to 5.3%, while pain 
incidence has been rarely reported on, but can reach 84% 
[11]. Very recently a scoping review on percutaneous biopsy 
has highlighted age, inpatient status, and coagulation profile 
as potential factors contributing to bleeding complications, 
which were estimated to be < 2% [3]. In contrast a meta-
analysis of US-guided percutaneous liver biopsy for diffuse 
and focal disease reported 0.00% as the pooled incidence of 
bleeding. However, neither report fully examined all other 
complications [12].

Here our primary aim was to comprehensively evaluate 
recent incidence of every major and minor complication 
in real-world biopsy practice for chronic, non-focal liver 
disease. We aimed to standardize differences in reporting 
and examine the impact of risk factors on the incidence 
of complications. Due to their overwhelming prevalence, 
we focused on percutaneous liver biopsy procedures. The 
specific questions we sought to address were: (1) what are 
the current incidences of all reported complications, (2) are 
complications influenced by patient characteristics, biopsy 
procedure, and other study confounders, and (3) what is the 
technical failure rate of the procedure.

Methods

This systematic review was conducted and reported in 
accordance with the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) statement [13].

Literature Search

We used free text terms for “liver” and “biopsy” and “com-
plications” or “bleeding” to search the following electronic 
databases for abstracts published between January 2010 
to April 2020: PubMed (including MEDLINE), Cochrane 
Library, ClinicalTrials.gov, WHO ICTRP including ISRCTN 
and EU Clinical Trials Register. The search results were 
combined into a Mendeley database to facilitate reference 
management. The bibliographic section of selected review 
articles, including both systematic and narrative articles on 
the topic, was manually searched for additional relevant arti-
cles (grey literature). The last search was performed on 4th 
April 2020.

Study Selection, Outcome and Covariate Definitions

Studies were included in this review if they met the fol-
lowing criteria:

•	 Study design: prospective or retrospective human 
cohort studies including randomized control trials 
(RCTs).

•	 Population: pediatric (infant to 18 years) and/or adult 
(≥ 18 years) patients with diffuse liver disease, includ-
ing post-transplant and up to 25% focal disease.

•	 Exposure: any percutaneous liver biopsy (including 
US-guided, US-assisted, CT-guided, percussion-guided 
or plugged).

•	 Outcomes: within 3-months from biopsy, clearly 
reported counts for hospitalization, major and minor 
complications and technical failure.

Hospitalization events were study author defined seri-
ous adverse events and/or non-routine hospitalization 
events explicitly described, including transfusion. Major 
complications were defined by type of clinical event even 
if not associated with new or additional hospitalization or 
transfusion. Instead, the hospitalization category was used 
for events associated with new or additional hospitaliza-
tion. Major complications comprised death, transfusion, 
major hematoma (subcapsular, intramuscular, intrahepatic, 
variceal), hemoperitoneum, hemothorax, hemobilia, organ 
injury, biliary event, pneumothorax, sepsis, moderate or 
severe pain (requiring follow-up, opiate analgesic or hos-
pitalization, or ≥ 4 on VAS scale). To address and include 
studies where major bleeding incidence was described 
without further specification of clinical diagnosis, the 
major bleeding category was introduced to include these 
bleeding events, as well as the specified major bleeding 
complications listed above (subcapsular hematoma, intra-
muscular hematoma, intrahepatic hematoma, variceal 
hematoma, hemoperitoneum, hemothorax, hemobilia).

Minor complications were mild pain (self-resolving, "at 
biopsy site" or < 4 on VAS scale), other hematoma (local-
ized at biopsy site, transthoracic, cervical), vasovagal epi-
sodes, fever, arteriovenous fistula. Technical failure was 
defined as an inability to attain a histological sample or 
achieve histological assessment.

To assess patient characteristics that may influence 
complication incidence studies with ≥ 25% patients with 
either ascites, transplants or cirrhosis were identified to 
create the covariate category of disease severity. Study 
covariates considered in the analysis were: publica-
tion year, cohort age (pediatric vs adult vs mixed age), 
severity of disease (chronic vs post-transplant vs cirrho-
sis vs ascites), outcome collection method (solicited vs 
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spontaneous), biopsy procedure (percutaneous without or 
with US-guidance). In qualitative analysis, higher risk of 
bleeding was defined as ≥ INR 1.5 and/or platelet count 
below 50,000/ml, although these are poor guides to bleed-
ing tendency in those with cirrhosis [14].

We restricted inclusion to English language articles. We 
excluded studies reporting on biopsy in cohorts with hemat-
opoietic stem cell transplant, sphincterotomy, transcatheter 
embolization or > 25% focal disease. We excluded studies 
reporting on transjugular, endoscopic biopsies or biopsies 
under direct visualization; although if clearly defined out-
comes on percutaneous biopsies were included in the same 
article, the percutaneous subgroup was included as a sepa-
rate study. If more than one study was reported by the same 
institute, only the most comprehensive was included.

Data Extraction and Risk of Bias Assessment

The following information was extracted from included stud-
ies independently by 2 co-authors and conflicts resolved by 
discussion: study design, participant characteristics, biopsy 
procedure details, outcomes reported, timing and method 
of follow-up, and outcome results. Study risk of bias was 
assessed through use of the QUIPS (QUality In Prognosis 
Studies) tool [15], modified based on the Newcastle–Ottawa 
scale criteria [16], and taking into account the current guid-
ance on meta-analysis of cohort studies [17], to suit the 
requirements of this review (Supplementary Table 1). The 
modified tool has six domains: study population; study 
attrition; study procedure; study confounders; outcome 
measurement; and outcome reporting. For each domain, the 
adequacy of reporting by a study was assessed as “yes risk 
of bias,” “partial,” or “no risk of bias,” by two co-authors. 
Based on domain assessments by two co-authors and fol-
lowing any conflict resolution, studies were assigned to the 
following overall categories of risk of bias:

•	 Low risk of bias: describes studies for which all domains 
had no risk;

•	 Moderate risk of bias: describes studies for which one or 
more domains are scored as “partial” or one domain is 
scored as “yes risk of bias”;

•	 High risk of bias: describes studies for which more than 
one domain is scored as “yes risk of bias.”

The rating of the overall quality of the evidence from this 
review was undertaken in consideration of current guidance 
on the GRADE (Grading of Recommendations, Assessment, 
Development and Evaluations) approach [18]. Sensitivity 
analysis was also carried out by separate meta-analysis of 
percutaneous biopsy complications in single-center studies 
and from all pediatric only studies.

Statistical Analysis

Data were analyzed in accordance with the Cochrane Hand-
book for Systematic Reviews of Interventions [17].

Only 4 studies reported on all complications, so for each 
analysis we included the subset with complete cases in the 
outcome and fitted random effects meta-analysis models 
to the data to derive pooled incidences and 95% CI and 
sampling from a minimum of 6 studies. We assumed the 
incidence followed a binomial-normal distribution with a 
random intercept, as recommended for proportion-based 
analysis with low counts of events resulting in random dis-
persion of data based on the sample size [19]. Studies with 
no events were problematic and did not allow the calculation 
of study sampling variances. To address this, zero events 
were replaced with 0.5, also increasing the total sample size 
by 1. Statistical heterogeneity between studies was assessed 
using the likelihood ratio test [20] and Cochrane I2 statistic 
cut-offs, with 50% to 90% potentially representing substan-
tial heterogeneity and 75% to 100% representing consider-
able heterogeneity [17].

Forest plots were plotted to show the fitted random-effects 
model. Funnel plots of sample size by log odds were plotted 
to investigate the presence of publication bias or the effect 
of small study size by visual inspection [19].

The mixed effects model with study level covariates 
accounted for at least part of the heterogeneity in true effects 
and were explored for systematic differences between the 
studies. All study level covariates were transformed to the 
mean. This analysis was restricted to those outcomes with 
meaningful funnel plots. The aggregated influence of study 
level covariates on pooled incidences was tested via the Q 
Moderator-test (QM-test), while the influence of each covar-
iate was also tested individually. Significance threshold of 
P-value tests was set at 0.05, though true significance for 
covariate influence was set to < 0.001.

All data analyses were conducted using R studio version 
4.0.0.

Results

Study Selection and Quality Assessment

We screened a total of 5,973 studies and selected a total of 
140 studies for full text evaluation. Following review of the 
full study articles, a total of 30 studies (28 articles), repre-
senting 64,356 percutaneous biopsies, were judged to meet 
the inclusion criteria for this systematic review and meta-
analysis. The most common reasons for exclusion were the 
absence of biopsy complication numbers (n = 52) or studies 
that were qualitative reviews (n = 28) (Fig. 1, Supplementary 
Table 2). We excluded one study reporting on biopsy under 
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direct visualization, one study reporting on multiple proce-
dure types without distinction, 3 studies with endoscopic and 
4 studies on transjugular biopsies, as these studies were too 
few to enable valid meta-analysis. We also excluded studies 
for which full articles not available (n = 10), if they were not 
in English (n = 4), they duplicated other studies (n = 5) or 
were out for scope (n = 5).

The QUIPS (QUality In Prognosis Studies) tool [15], 
modified based on the Newcastle–Ottawa scale criteria [16] 
and current guidance on cohort studies [17], were used to 
evaluate the quality of the studies. Most studies (17) were 
high quality, with 12 deemed to be of moderate quality and 
1 judged to be of low quality (Supplementary Table 3).

Study and Cohort Characteristics

Most studies were retrospective (20/30, all except 
[21–29]). Most were single-center accounts, with 3 being 

multi-center studies that nevertheless represented the 
majority of samples (56,058 of 64,356 biopsies; Table 1). 
The overall study period represented was 1998–2017, with 
Asia–Pacific represented by 5 studies, Europe by 12, USA 
by 8 and Asia Minor by 5 studies.

Eighteen of 30 studies were performed exclusively 
on adults, while 4 were mixed age but mainly in adults. 
Eight studies were on pediatric patients and almost all 
utilized sedation (7/8). In contrast, sedation was reported 
in only 3 of 18 studies with adult-only patients. The major-
ity of studies (18/30) were on less severe disease, while 
10 included investigation of transplants (Supplementary 
Table 5). Half of the studies (15/30) utilized US to guide 
the percutaneous biopsy procedure.

Fig. 1   PRISMA diagram summarizing study selection process



3370	 Digestive Diseases and Sciences (2022) 67:3366–3394

1 3

Ta
bl

e 
1  

C
ha

ra
ct

er
ist

ic
s o

f s
el

ec
te

d 
stu

di
es

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

A
ta

r (
20

10
), 

Is
ra

el
; 

Si
ng

le
 c

en
te

r [
38

]
Re

tro
sp

ec
tiv

e 
re

vi
ew

; 
20

00
–2

00
6;

 C
on

-
se

cu
tiv

e 
pa

tie
nt

s

PL
P:

 P
ed

ia
tri

c 
as

ci
te

s 
9.

9%
, l

iv
er

 c
irr

ho
si

s 
6.

1%
, a

nd
 li

ve
r 

tra
ns

pl
an

ts
 5

3.
7%

PL
P:

 m
ea

n 
ag

e 
46

 y
ea

rs
 (1

0 
ye

ar
s, 

79
 y

ea
rs

); 
11

%
 

pe
di

at
ric

; 5
9%

 m
al

e

Tr
an

sj
ug

ul
ar

 (T
JL

B
) 

or
 p

lu
gg

ed
-p

er
cu

ta
-

ne
ou

s (
PL

P)

PL
B

: p
la

te
le

ts
 6

0,
00

0-
 

10
0,

00
0/

m
L-

 o
r I

N
R

 
1.

4–
2,

 o
r p

ed
ia

tri
c 

as
ci

te
s. 

Lo
ca

l a
ne

st
he

si
a 

in
 a

du
lts

 b
ut

 se
da

tio
n 

in
 

pe
di

at
ric

. E
xp

er
ie

nc
ed

 
in

te
rv

en
tio

na
l r

ad
io

lo
gi

st

A
E,

 d
ea

th
s, 

SA
E

A
t h

os
pi

ta
l 1

2 
h 

or
 

24
 h

 a
nd

 d
is

ch
ar

ge
d 

if 
no

 sy
m

pt
om

s. 
D

is
-

ch
ar

ge
 in

fo
rm

at
io

n 
an

d 
2-

w
ee

k 
bi

op
sy

 
re

su
lt 

co
ns

ul
ta

tio
n.

 
[s

po
nt

an
eo

us
]

B
as

u 
(2

01
2)

, U
SA

; 
Si

ng
le

 c
en

te
r [

21
]

R
an

do
m

iz
ed

, p
ro

-
sp

ec
tiv

e 
bl

in
de

d;
 

N
ot

 re
po

rte
d

C
hr

on
ic

 li
ve

r d
is

ea
se

 
w

ith
 th

ro
m

bo
cy

to
-

pe
ni

a.
 V

ira
l: 

72
.5

%
; 

A
lc

oh
ol

ic
 C

irr
ho

-
si

s:
 1

5%
; N

A
SH

: 
5%

; P
B

C
: 9

%
. 

M
od

e 
fib

ro
si

s F
4

M
ea

n 
ag

e 
56

 y
ea

rs
; 

66
.7

%
 m

al
e

Pe
rc

ut
an

eo
us

M
ea

n 
pl

at
el

et
s 7

0,
00

0/
m

L;
 

M
ea

n 
M

EL
D

 sc
or

e 
20

; 
Se

da
tio

n 
an

d 
ex

pe
rie

nc
e 

no
t r

ep
or

te
d

H
em

at
om

a 
on

ly
; 

m
et

ic
ul

ou
s s

id
e-

eff
ec

ts
 o

f e
ac

h 
tre

at
m

en
t g

ro
up

4 
w

ee
k 

po
st-

bi
op

sy
 

[s
po

nt
an

eo
us

]

C
os

ta
 (2

01
9)

, P
or

tu
-

ga
l; 

Si
ng

le
 c

en
te

r 
[2

9]

Pr
os

pe
ct

iv
e 

RC
T;

 
20

14
–2

01
7;

 R
an

-
do

m
ly

 se
le

ct
ed

Pe
rs

ist
en

t l
iv

er
 

ab
no

rm
al

iti
es

 
23

.3
%

; N
A

FL
D

 
28

.9
%

; V
ira

l 2
4.

4%
, 

A
IL

D
 1

5.
7%

; M
et

a-
bo

lic
 4

.4
%

; O
th

er
 

3.
3%

M
ea

n 
ag

e 
50

 y
ea

rs
; 

54
%

 m
al

e
Pe

rc
ut

an
eo

us
 p

re
-

ce
de

d 
by

 U
S 

ex
am

In
cl

ud
ed

: p
la

te
le

t c
ou

nt
 

ov
er

 5
0,

00
0/

μL
, 

IN
R

 <
 1.

5.
 A

nt
ip

la
te

le
t 

(c
lo

pi
do

gr
el

/ti
cl

op
i-

di
ne

) a
nd

 a
nt

ic
oa

gu
la

nt
 

ag
en

ts
 w

er
e 

su
sp

en
de

d 
or

 re
ve

rte
d.

 C
on

sc
io

us
 

se
da

tio
n 

(m
id

az
ol

am
 

an
d 

m
ep

er
id

in
e 

25
 m

g)
 

an
d 

lo
ca

l a
ne

st
he

tic
 

m
ed

ic
at

io
n 

(5
 m

l o
f 1

%
 

lid
oc

ai
ne

). 
R

an
do

m
iz

ed
 

fo
r 3

 re
co

ve
ry

 p
os

iti
on

s. 
Ex

pe
rie

nc
e 

no
t r

ep
or

te
d

A
E,

 d
ea

th
s, 

SA
E

4 
h 

ob
se

rv
at

io
n 

pe
rio

d 
fo

r s
ol

ic
ite

d 
ad

ve
rs

e 
ev

en
ts

. E
le

ct
ro

ni
c 

re
co

rd
 e

va
lu

at
io

n 
7 

da
ys

 p
os

t-b
io

ps
y.

 
[s

ol
ic

ite
d]

El
-S

ha
br

aw
i (

20
12

), 
Eg

yp
t; 

Si
ng

le
 

ce
nt

er
 [2

8]

Pr
os

pe
ct

iv
e;

 N
ot

 
re

co
rd

ed
; N

ot
 

re
co

rd
ed

95
%

 h
ep

at
om

eg
al

y,
 

40
%

 sp
le

no
m

eg
al

y,
 

20
%

 ja
un

di
ce

20
%

 <
 1 

ye
ar

s;
 6

0%
 

1–
6 

ye
ar

s;
 2

0%
 

6–
14

 y
ea

rs
 . 

M
al

e/
fe

m
al

e 
no

t r
ep

or
te

d

B
lin

d,
 U

S-
as

si
ste

d,
 

pe
rc

ut
an

eo
us

In
cl

ud
ed

: p
at

ie
nt

s w
ith

 
PT

 <
 3 

s w
ith

/w
ith

ou
t 

co
rr

ec
tio

n 
by

 v
ita

m
in

 K
 

an
d 

pl
at

el
et

s >
 70

,0
00

/
μL

. S
ed

at
io

n 
in

 8
5%

 o
f 

pa
tie

nt
s;

 lo
ca

l a
ne

st
he

-
si

a 
in

 1
00

%
 o

f p
at

ie
nt

s. 
Ex

pe
rie

nc
e 

no
t r

ep
or

te
d

A
E,

 d
ea

th
s, 

SA
E

V
ita

l s
ig

ns
 re

co
rd

ed
 

ho
ur

ly
 fo

r t
he

 fi
rs

t 
4 

h,
 tw

o 
ho

ur
ly

 fo
r 

th
e 

fo
llo

w
in

g 
4 

h 
an

d 
th

en
 a

t 2
4 

h 
af

te
r t

he
 p

ro
ce

du
re

. 
U

S 
at

 2
4 

h 
po

st-
pr

oc
ed

ur
e.

 In
 th

os
e 

w
ith

 ir
rit

ab
ili

ty
 o

r 
pa

in
, C

X
R

 ru
le

 o
ut

 
th

e 
po

ss
ib

ili
ty

 o
f 

sm
al

l p
ne

um
ot

ho
ra

x.
 

[s
ol

ic
ite

d]



3371Digestive Diseases and Sciences (2022) 67:3366–3394	

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

Fi
lin

ge
ri 

(2
01

6)
, 

Ita
ly

; S
in

gl
e 

ce
nt

er
 

[3
9]

Re
tro

sp
ec

tiv
e;

 
20

04
–2

01
4;

 N
ot

 
re

po
rte

d

64
%

 o
rth

ot
op

ic
 li

ve
r 

tra
ns

pl
an

ts
 (O

LT
). 

Re
m

ai
ni

ng
 3

6%
: 

82
.8

%
 v

ira
l; 

13
.5

%
 

A
SH

; 2
.4

%
 N

A
SH

; 
1.

1%
 A

IH
; 0

.8
%

 
bi

lia
ry

; 0
.3

%
 m

et
as

-
ta

si
s

M
ea

n 
ag

e 
42

–5
2 

ye
ar

s;
 7

0%
 m

al
e

Pe
rc

us
si

on
-g

ui
de

d 
pe

rc
ut

an
eo

us
 (4

.9
%

 
w

ith
 U

S-
gu

id
an

ce
)

In
cl

ud
ed

: p
la

te
le

t c
ou

nt
 

ov
er

 4
0,

00
0/

μL
, I

N
R

 <
 2,

 
H

gb
 .8

.0
 g

/d
L.

 A
nt

ic
o-

ag
ul

an
ts

 d
is

co
nt

in
ue

d 
3 

da
ys

 b
ef

or
e 

bi
op

sy
. 

Lo
ca

l a
ne

st
he

si
a 

(R
ov

ic
av

ai
ne

). 
Ex

pe
ri-

en
ce

 n
ot

 re
po

rte
d

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
rin

g 
fo

r 4
–6

 
h 

th
en

 d
is

ch
ar

ge
 in

 
th

e 
ab

se
nc

e 
of

 c
om

-
pl

ic
at

io
ns

. [
sp

on
ta

-
ne

ou
s]

H
al

l (
20

17
), 

U
K

; 
Si

ng
le

 c
en

te
r [

40
]

Re
tro

sp
ec

tiv
e 

re
vi

ew
; 

20
14

–2
01

6;
 

Se
le

ct
ed

 b
as

ed
 

on
 av

ai
la

bi
lit

y 
of

 
hi

sto
lo

gy
 d

at
a

Fo
ca

l d
is

ea
se

 
ex

cl
ud

ed
. N

on
-

al
co

ho
lic

 a
nd

 a
lc

o-
ho

lic
 li

ve
r d

is
ea

se
, 

vi
ra

l h
ep

at
iti

s, 
au

to
-

im
m

un
e 

he
pa

tit
is

, 
ch

ol
an

gi
op

at
hy

 a
nd

 
m

et
ab

ol
ic

/g
en

et
ic

 
fa

ct
or

s i
nc

lu
di

ng
 

he
m

oc
hr

om
at

os
is

M
ed

ia
n 

ag
e 

43
 y

ea
rs

; 
52

%
 m

al
e

Pe
rc

ut
an

eo
us

C
oa

gu
la

tio
n 

cr
ite

ria
 a

nd
 

se
da

tio
n 

no
t r

ep
or

te
d.

 
Ex

pe
rie

nc
ed

 in
te

rv
en

-
tio

na
l c

on
su

lta
nt

 ra
di

ol
o-

gi
sts

A
E,

 d
ea

th
s, 

SA
E

Re
bi

op
sy

/d
ia

gn
os

is
 

w
ith

in
 3

 m
on

th
s. 

Se
pa

ra
te

 a
ud

it 
to

 re
co

rd
 p

ai
n 

or
 

va
so

va
ga

l e
pi

so
de

s 
w

ith
in

 2
 h

 o
f b

io
ps

y 
fo

r 3
6%

 b
io

ps
ie

s. 
[s

po
nt

an
eo

us
]

H
u 

(2
01

0)
, T

ai
w

an
; 

Si
ng

le
 c

en
te

r [
41

]
Pr

os
pe

ct
iv

e,
 ra

n-
do

m
iz

ed
; 2

00
6–

20
09

; N
ot

 re
po

rte
d

N
o 

fo
ca

l d
is

ea
se

N
ot

 re
po

rte
d

Pe
rc

ut
an

eo
us

, T
ru

-
cu

t b
io

ps
y 

(T
C

B
) 

or
 c

o-
ax

ia
l b

io
ps

y 
(C

A
B

)

Pl
at

el
et

s >
 50

*1
0^

9/
L.

 
Se

da
tio

n 
an

d 
ex

pe
rie

nc
e 

no
t r

ep
or

te
d

B
le

ed
in

g,
 p

ai
n,

 
de

at
hs

U
S 

an
d 

pa
in

 sc
or

e 
at

 
24

 h
 p

os
t-b

io
ps

y.
 

[s
ol

ic
ite

d]

K
im

 (2
01

7)
, K

or
ea

; 
Si

ng
le

 c
en

te
r [

42
]

Re
tro

sp
ec

tiv
e;

 2
00

7–
20

13
; C

on
se

cu
tiv

e 
pa

tie
nt

s

Su
sp

ec
te

d 
re

je
ct

io
n 

of
 li

vi
ng

 d
on

or
 li

ve
r 

tra
ns

pl
an

ts

50
 y

ea
rs

 (r
an

ge
 4

–6
8 

ye
ar

s)
; 7

8%
 m

al
e

Pl
ug

ge
d 

pe
rc

ut
an

e-
ou

s w
ith

 U
S-

gu
id

an
ce

IN
R

 <
 2 

w
ith

 v
ita

m
in

 K
 

ad
m

in
ist

ra
tio

n,
 so

m
e 

bi
op

si
es

 p
ro

ce
ed

ed
 w

ith
 

ca
ut

io
n 

de
sp

ite
 b

ei
ng

 o
ut

 
of

 ra
ng

e,
 u

si
ng

 N
-b

ut
yl

 
cy

an
oa

cr
yl

at
e.

 S
ed

at
io

n 
no

t r
ep

or
te

d.
 In

te
rv

en
-

tio
na

l r
ad

io
lo

gi
sts

 w
ith

 
m

or
e 

th
an

 1
2 

ye
ar

s o
f 

ex
pe

rie
nc

e

A
E,

 d
ea

th
s, 

SA
E

O
bs

er
va

tio
n 

fo
r 1

 h
 

an
d 

im
ag

in
g 

no
t 

ro
ut

in
el

y 
pe

rfo
rm

ed
 

w
ith

ou
t c

lin
ic

al
 

si
gn

s. 
M

ed
ic

al
 re

co
rd

 
re

vi
ew

. [
sp

on
ta

ne
-

ou
s]



3372	 Digestive Diseases and Sciences (2022) 67:3366–3394

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

M
og

ah
ed

 (2
01

6)
, 

Eg
yp

t; 
Si

ng
le

 
ce

nt
er

 [4
3]

RC
T;

 2
01

3;
 S

ch
ed

-
ul

ed
 c

as
es

36
.4

%
 n

eo
na

ta
l 

he
pa

tit
is

 3
6.

4%
, 

26
.3

%
 b

ili
ar

y 
at

re
si

a,
 2

1.
2%

 
ch

ro
ni

c 
he

pa
tit

is
, 

4.
04

%
 g

ly
co

ge
n 

sto
ra

ge
 d

is
ea

se
;, 

4.
04

%
 p

au
ci

ty
 

of
 in

tra
lo

bu
la

r 
bi

le
 d

uc
ts

, 2
.0

2%
 

co
ng

en
ita

l h
ep

at
ic

 
fib

ro
si

s

M
ed

ia
n 

ag
e 

2.
5 

m
on

th
s (

ra
ng

e 
18

 
da

ys
–1

2 
ye

ar
s)

. 
61

%
 m

al
e

Pe
rc

us
si

on
-g

ui
de

d 
pe

rc
ut

an
eo

us
 w

ith
/

w
ith

ou
t U

S-
as

si
s-

ta
nc

e

Pr
ot

hr
om

bi
n 

tim
e 

w
ith

in
 

3 
s, 

pl
at

el
et

 >
 80

,0
00

/μ
L,

 
H

gb
 >

 7 
g/

dL
. S

ed
at

io
n 

on
 a

ll 
pa

tie
nt

s (
m

id
a-

zo
la

m
 o

r k
et

am
in

e)
. 

Ex
pe

rie
nc

e 
no

t r
ep

or
te

d

A
E,

 d
ea

th
s, 

SA
E

A
ss

es
sm

en
t o

f a
t 

30
 m

in
, 6

0 
m

in
, 

90
 m

in
, 2

 h
, 3

 h
, 4

 h
 

an
d 

6 
h 

po
st-

pr
oc

e-
du

re
. U

S 
at

 6
 a

nd
 

48
 h

. [
so

lic
ite

d]

M
ue

lle
r (

20
12

), 
G

er
m

an
y;

 S
in

gl
e 

ce
nt

er
 [2

5]

Pr
os

pe
ct

iv
e;

 
19

99
–2

00
9;

 N
ot

 
re

po
rte

d

V
ira

l 3
0%

; A
ut

oi
m

-
m

un
e 

3.
8%

, 0
.0

4%
 

tra
ns

pl
an

ts
; 1

0%
 

H
C

C
; 5

6.
5%

 N
A

SH

M
ea

n 
ag

e 
53

 y
ea

rs
; 

45
%

 m
al

e
U

S-
gu

id
ed

 o
r 

as
si

ste
d 

pe
rc

ut
an

e-
ou

s (
fin

e 
ne

ed
le

 
as

pi
ra

tio
n 

cy
to

lo
gy

, 
0.

3%
, o

r c
ut

tin
g 

bi
op

sy
, 2

8.
9%

, o
r 

as
pi

ra
tio

n 
w

ith
 

M
en

gh
in

i, 
70

.8
%

)

In
cl

ud
ed

: p
la

te
-

le
ts

 ≥
 70

,0
00

/μ
l, 

Q
ui

ck
’s

 
te

st 
va

lu
e ≥

 70
%

, 
PT

T 
<

 50
 s;

 so
m

e 
de

vi
a-

tio
ns

 re
po

rte
d.

 N
o 

us
e 

of
 

an
ti-

co
ag

ul
an

ts
. S

ed
at

io
n 

no
t r

ep
or

te
d.

 3
9%

 p
er

-
fo

rm
ed

 b
y 

ex
pe

rie
nc

ed
 

(>
 15

0 
liv

er
 b

io
ps

ie
s)

 
an

d 
61

%
 b

y 
in

ex
pe

ri-
en

ce
d 

cl
in

ic
ia

ns

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
re

d 
fo

r 4
 h

 w
ith

 
U

S 
fo

r a
ll 

bu
t fi

ne
 

ne
ed

le
 a

sp
ira

tio
n 

cy
to

lo
gy

. [
so

lic
ite

d]

Pr
oc

op
et

 (2
01

2)
, 

Ro
m

an
ia

; S
in

gl
e 

ce
nt

er
 [4

4]

Pr
os

pe
ct

iv
e 

no
t r

an
d-

om
iz

ed
; U

nd
efi

ne
d 

6-
m

on
th

 p
er

io
d;

 
N

ot
 re

po
rte

d

PL
B

: C
irr

ho
si

s 1
2%

, 
16

%
 A

SH
; 2

1.
3%

 
vi

ra
l; 

62
.7

%
 o

th
er

s

PL
B

: M
ea

n 
ag

e 
53

 
ye

ar
s;

 3
9%

 m
al

e
Tr

an
sj

ug
ul

ar
 (T

JL
B

) 
an

d 
pe

rc
ut

an
eo

us
 

pr
ec

ed
ed

 b
y 

U
S 

ex
am

 (P
LB

)

H
em

od
yn

am
ic

 c
rit

er
ia

 n
ot

 
de

fin
ed

. L
oc

al
 a

ne
st

he
si

a 
fo

r a
ll 

bi
op

si
es

. 8
8%

 p
er

-
fo

rm
ed

 b
y 

ex
pe

rie
nc

ed
 

(>
 15

0 
liv

er
 b

io
ps

ie
s)

 o
r 

12
%

 b
y 

in
ex

pe
rie

nc
ed

 
cl

in
ic

ia
ns

A
E,

 d
ea

th
s, 

SA
E.

 
O

nl
y 

pa
in

 sp
ec

ifi
ed

 
fro

m
 m

in
or

 c
om

pl
i-

ca
tio

ns
, t

ho
ug

h 
al

l 
re

po
rte

d

A
fte

r t
he

 p
ro

ce
du

re
, 

pa
tie

nt
s w

er
e 

m
on

i-
to

re
d 

fo
r a

n 
ad

di
-

tio
na

l 2
 h

. A
nx

ie
ty

 
as

se
ss

ed
 1

 d
ay

 b
ef

or
e 

an
d 

1 
da

y 
af

te
r p

ro
-

ce
du

re
. [

so
lic

ite
d]

Sa
gn

el
li 

(2
01

2)
, I

ta
ly

; 
15

 h
ep

at
ol

og
y 

ce
nt

-
er

s [
24

]

Pr
os

pe
ct

iv
e;

 2
00

5;
 

N
ot

 re
po

rte
d

84
.4

%
 V

ira
l; 

16
.6

%
 

ot
he

r c
hr

on
ic

 li
ve

r 
di

se
as

e

M
ea

n 
ag

e 
48

 y
ea

rs
; 

62
%

 m
al

es
; M

ea
n 

B
M

I 2
2 

kg
/m

2

U
S-

gu
id

ed
 o

r 
as

si
ste

d 
pe

rc
ut

an
e-

ou
s

In
cl

ud
ed

: ≥
 75

,0
00

 m
m

3  
fo

r p
la

te
le

ts
, ≥

 50
%

 P
ro

-
th

ro
m

bi
n.

 N
o 

se
da

tio
n 

da
ta

 re
co

rd
ed

. C
lin

ic
ia

ns
 

w
ith

 m
or

e 
th

an
 5

00
 li

ve
r 

bi
op

si
es

 in
 th

e 
pr

ev
io

us
 

10
 y

ea
rs

A
E,

 d
ea

th
s, 

SA
E

M
ed

ic
al

 re
co

rd
s w

ith
in

 
4 

da
ys

. [
sp

on
ta

ne
-

ou
s]



3373Digestive Diseases and Sciences (2022) 67:3366–3394	

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

Sa
nd

ra
se

ga
ra

n 
(2

01
6)

, U
SA

; S
in

-
gl

e 
ce

nt
er

 [4
5]

Re
tro

sp
ec

tiv
e 

re
vi

ew
; 

20
08

–2
01

4;
 a

ll 
co

m
pl

et
e 

da
ta

ba
se

 
re

co
rd

s

35
.9

%
 v

ira
l; 

25
%

 
N

A
SH

; 1
3.

4%
 

A
SH

; 3
4.

5%
 o

th
er

 
no

n-
fo

ca
l d

is
ea

se

M
ea

n 
ag

e 
51

 y
ea

rs
 

(r
an

ge
 1

4–
85

 
ye

ar
s)

; 5
0%

 m
al

e

Pe
rc

ut
an

eo
us

M
ea

n 
IN

R
 1

.3
3–

1.
5 

an
d 

pl
at

el
et

s 1
56

–
20

9*
10

^9
/L

 su
gg

es
t 

fe
w

 p
at

ie
nt

s w
ith

 se
ve

re
 

co
ag

ul
op

at
hy

. S
ed

a-
tio

n 
an

d 
ex

pe
rie

nc
e 

no
t 

re
po

rte
d

D
ea

th
 a

nd
 sp

ec
ifi

c 
m

aj
or

 b
le

ed
in

g 
ev

en
ts

 (a
cu

te
 

he
m

op
er

ito
ne

um
, 

dr
op

 in
 h

em
at

oc
rit

 
re

qu
iri

ng
 tr

an
sf

u-
si

on
 o

r e
m

bo
liz

a-
tio

n)

El
ec

tro
ni

c 
m

ed
i-

ca
l r

ec
or

ds
 fo

r t
he

 
pe

rio
d 

of
 2

 w
ee

ks
 

pr
io

r t
o 

bi
op

sy
 to

 
4 

w
ee

ks
 a

fte
r b

io
ps

y.
 

A
ls

o 
re

co
rd

s f
ro

m
 

1 
m

on
th

-p
os

t b
io

ps
y 

cl
in

ic
. [

sp
on

ta
ne

ou
s]

Se
eff

 (2
01

0)
, U

SA
; 

10
 h

ep
at

ol
og

y 
ce

nt
-

er
s [

46
]

Re
tro

sp
ec

tiv
e;

 
20

00
–2

00
6;

C
om

pe
ns

at
ed

 c
hr

on
ic

 
he

pa
tit

is
 C

 a
nd

 
no

nr
es

po
ns

e 
to

 
pr

io
r t

re
at

m
en

t w
ith

 
in

te
rfe

ro
n 

w
ith

 o
r 

w
ith

ou
t r

ib
av

iri
n.

 
39

.9
%

 c
irr

ho
si

s;
 

41
.0

%
 v

ar
ic

es

M
ea

n 
ag

e 
52

 y
ea

rs
; 

72
%

 m
al

e;
 M

ea
n 

B
M

I 3
0 

kg
/m

2

Pe
rc

ut
an

eo
us

In
cl

ud
ed

: p
la

te
le

t 
co

un
ts

 ≥
 50

,0
00

/m
m

3.
 

M
ea

n 
IN

R
 1

.1
. N

o 
N

SA
ID

 o
r a

sp
iri

n 
7 

da
ys

 
be

fo
re

 b
io

ps
y.

 A
ll 

w
ith

 
lo

ca
l a

ne
st

he
si

a.
 6

0%
 

ha
d 

co
ns

ci
ou

s s
ed

at
io

n 
w

ith
 sh

or
t-a

ct
in

g 
be

n-
zo

di
az

ep
in

es
. H

ep
at

ol
o-

gi
sts

, w
ith

 2
0%

 b
io

ps
ie

s 
pe

rfo
rm

ed
 b

y 
su

pe
rv

is
ed

 
ga

str
oe

nt
er

ol
og

y 
or

 
he

pa
to

lo
gy

 fe
llo

w
s

A
E,

 d
ea

th
s, 

SA
E

Sa
m

e 
da

y 
di

sc
ha

rg
e 

w
ith

 c
lo

se
 m

on
ito

r-
in

g 
in

 2
0%

. C
lin

ic
 

w
ith

in
 3

 m
on

th
s 

of
 b

io
ps

y.
 M

ed
ic

al
 

re
co

rd
 re

vi
ew

 fo
r 

co
m

pl
ic

at
io

ns
 w

ith
in

 
30

-d
ay

s o
f b

io
ps

y.
 

[s
po

nt
an

eo
us

]

W
es

t (
20

10
), 

U
K

; 
M

ul
ti-

ce
nt

er
 [4

7]
Re

tro
sp

ec
tiv

e 
re

vi
ew

; 
19

98
–2

00
5;

 N
ot

 
re

po
rte

d

16
.9

%
 a

bn
or

m
al

 
LF

T;
 5

6.
6%

 li
ve

r 
di

se
as

e;
 2

6.
4%

 
ot

he
r (

no
t c

an
ce

r)

18
 y

ea
rs

 o
r o

ld
er

. 
A

ge
/g

en
de

r n
ot

 
re

po
rte

d 
cl

ea
rly

El
ec

tiv
e,

 fi
rs

t, 
pe

rc
ut

an
eo

us
 li

ve
r 

bi
op

sy

N
ot

 re
po

rte
d

M
aj

or
 b

le
ed

in
g,

 
de

at
hs

M
ed

ic
al

 re
co

rd
 re

vi
ew

 
of

 p
ro

ce
du

re
 c

od
es

 
oc

cu
rr

in
g 

w
ith

in
 

7 
da

ys
 o

f b
io

ps
y.

 
[s

po
nt

an
eo

us
]

A
tw

el
l (

20
10

), 
U

SA
; 

Si
ng

le
 c

en
te

r [
48

]
Re

tro
sp

ec
tiv

e 
re

vi
ew

; 
20

02
–2

00
8

O
nl

y 
pa

re
nc

hy
m

al
 

di
se

as
e,

 in
cl

ud
ed

 
bo

th
 tr

an
sp

la
nt

s 
an

d 
na

tiv
e 

liv
er

s 
bu

t n
um

be
rs

 n
ot

 
re

po
rte

d

M
ea

n 
ag

e 
56

 y
ea

rs
 

(r
an

ge
 1

5d
 to

 9
6 

ye
ar

s w
ith

 1
8 

ye
ar

s 
SD

); 
55

%
 M

al
e

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
In

cl
ud

ed
: p

la
te

le
t c

ou
nt

 
ov

er
 5

0*
10

^9
/L

, i
nt

er
na

-
tio

na
l n

or
m

al
iz

ed
 ra

tio
 

(I
N

R
) <

 1.
6.

 M
in

or
ity

 o
f 

pa
tie

nt
s h

ad
 ta

ke
n 

Pl
av

ix
 

pr
eb

io
ps

y.
 A

sp
iri

n 
no

t 
ex

cl
ud

ed
. S

ed
at

io
n 

an
d 

ex
pe

rie
nc

e 
no

t r
ep

or
te

d

O
nl

y 
gr

ad
e 

3 
he

m
or

-
rh

ag
e 

(a
n 

ev
en

t f
or

 
w

hi
ch

 a
 tr

an
sf

u-
si

on
, a

n 
in

te
rv

en
-

tio
na

l r
ad

io
lo

gy
 

pr
oc

ed
ur

e,
 o

r a
n 

op
er

at
iv

e 
in

te
rv

en
-

tio
n 

is
 in

di
ca

te
d)

 &
 

de
at

hs
. [

N
C

I, 
20

06
]

Ph
on

e 
ca

ll 
at

 1
, 2

 o
r 

3 
da

ys
 a

fte
r b

io
ps

y 
an

d 
se

co
nd

 re
vi

ew
 a

t 
3 

m
on

th
s f

or
 d

el
ay

ed
 

co
m

pl
ic

at
io

ns
. 

[s
ol

ic
ite

d]



3374	 Digestive Diseases and Sciences (2022) 67:3366–3394

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

B
ilr

ei
ro

 (2
01

7)
, 

Po
rtu

ga
l; 

Si
ng

le
 

ce
nt

er
 [4

9]

Re
tro

sp
ec

tiv
e 

re
vi

ew
; 

20
11

–2
01

6;
 C

on
-

se
cu

tiv
e 

pa
tie

nt
s

55
.7

%
 tr

an
sp

la
nt

s;
 

N
at

iv
e 

liv
er

 
in

di
ca

tio
ns

: 2
5.

7%
 

el
ev

at
ed

 L
FT

; 
5.

9%
 fo

ca
l; 

5.
9%

 
W

ils
on

’s
; 1

3.
9%

 
A

IH
; 9

%
 V

ira
l; 

M
et

ab
ol

ic
: 5

.9
%

; 
O

th
er

 3
3%

M
ed

ia
n 

ag
e 

9 
ye

ar
s (

ra
ng

e 
1 

m
on

th
s–

18
 y

ea
rs

); 
53

%
 m

al
e

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
In

cl
ud

ed
: p

la
te

le
t c

ou
nt

 
ov

er
 5

0,
00

0/
μL

, 
in

te
rn

at
io

na
l n

or
m

al
-

iz
ed

 ra
tio

 (I
N

R
) <

 1.
5.

 
Se

ve
ra

l p
ro

ce
du

re
s w

er
e,

 
ho

w
ev

er
, p

er
fo

rm
ed

 in
 

pa
tie

nt
s w

ith
 h

ig
he

r I
N

R
 

an
d 

lo
w

er
 p

la
te

le
t c

ou
nt

s 
(lo

w
es

t p
la

te
le

t c
ou

nt
: 2

9 
G

/L
; h

ig
he

st 
IN

R
: 1

.7
). 

98
%

 g
en

er
al

 a
ne

st
he

si
a;

 
2%

 lo
ca

l a
ne

st
he

si
a.

 
Ex

pe
rie

nc
e 

no
t r

ep
or

te
d

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
re

d 
fo

r a
t 

le
as

t 6
 h

 a
fte

r t
he

 
pr

oc
ed

ur
e,

 in
cl

ud
in

g 
as

se
ss

m
en

t e
ve

ry
 

30
 m

in
 fo

r h
em

o-
dy

na
m

ic
 st

at
us

. I
n 

ca
se

s o
f s

ym
pt

om
s, 

or
 a

n 
im

m
ed

ia
te

 
id

en
tifi

ed
 c

om
pl

ic
a-

tio
n,

 a
 c

on
tro

l u
ltr

a-
so

un
d 

ev
al

ua
tio

n 
w

as
 

pe
rfo

rm
ed

 a
fte

r t
he

 
fir

st 
6 

h 
an

d 
m

on
ito

r-
in

g 
ex

te
nd

ed
 fo

r 1
2 

to
 2

4 
h.

 [s
ol

ic
ite

d]
Fa

rr
in

gt
on

 (2
01

2)
, 

U
K

; S
in

gl
e 

ce
nt

er
 

[2
7]

Pr
os

pe
ct

iv
e 

re
se

ar
ch

 
tri

al
; 2

00
4–

20
10

; 
N

ot
 re

po
rte

d

N
A

FL
D

/N
A

SH
 

(4
0%

), 
H

C
V

 (2
6%

), 
A

IH
/P

SC
/P

B
C

 
(1

4%
), 

A
LD

 (1
4%

). 
14

.5
%

 p
at

ie
nt

s h
ad

 
es

ta
bl

is
he

d 
ci

r-
rh

os
is

M
ea

n 
ag

e 
51

 y
ea

rs
; 

56
.9

%
 m

al
e

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
In

cl
ud

ed
: p

la
te

le
t 

co
un

t >
 80

,0
00

/μ
L 

an
d 

IN
R

 <
 1.

3.
 L

oc
al

 a
ne

s-
th

et
ic

 (l
id

oc
ai

ne
). 

Pe
r-

fo
rm

an
ce

 o
f 4

5 
bi

op
si

es
 

un
de

r d
ire

ct
 su

pe
rv

is
io

n 
be

fo
re

 in
de

pe
nd

en
t p

er
-

fo
rm

an
ce

, i
n 

pr
es

en
ce

 o
f 

co
ns

ul
ta

nt
 ra

di
ol

og
ist

A
E,

 d
ea

th
s, 

SA
E

N
ot

 re
po

rte
d:

 im
m

ed
i-

at
e 

an
d 

ov
er

ni
gh

t 
eff

ec
ts

 d
es

cr
ib

ed
. 

[s
po

nt
an

eo
us

]

M
ah

ad
ev

a 
(2

01
5)

, 
M

al
ay

si
a;

 S
in

gl
e 

ce
nt

er
 [2

6]

Pr
os

pe
ct

iv
e 

tri
al

; 
20

09
–2

01
0;

 C
on

-
se

cu
tiv

e 
pa

tie
nt

s

77
.1

%
 N

A
FL

D
; V

ira
l 

22
.0

%
M

ea
n 

ag
e 

50
 y

ea
rs

; 
56

%
 m

al
e;

 M
ed

ia
n 

B
M

I 2
8 

kg
/m

2

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
In

cl
ud

ed
 if

 p
la

te
-

le
ts

 >
 15

0*
10

^9
/L

. L
oc

al
 

an
es

th
es

ia
 (l

ig
no

ca
in

e)
. 

Pe
rfo

rm
ed

 ∼
50

 b
io

ps
ie

s 
be

fo
re

 th
is

 st
ud

y

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
re

d 
at

 6
 h

 fo
r 

si
gn

s o
f p

ai
n 

or
 

bl
ee

di
ng

. 1
 w

ee
k 

fo
llo

w
-u

p 
ph

on
e 

ca
ll.

 
Fo

llo
w

-u
p 

cl
in

ic
 2

 
w

ee
k 

po
st-

bi
op

sy
. 

[s
ol

ic
ite

d]



3375Digestive Diseases and Sciences (2022) 67:3366–3394	

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

M
at

os
 (2

01
2)

, P
or

tu
-

ga
l; 

Si
ng

le
 c

en
te

r 
[5

0]

Re
tro

sp
ec

tiv
e 

stu
dy

; 
19

99
–2

01
0;

73
.9

%
 o

rth
ot

op
ic

 
liv

er
 tr

an
sp

la
nt

; 
22

.8
%

 su
sp

ec
te

d 
ch

ro
ni

c 
liv

er
 

di
se

as
es

 [b
ili

ar
y 

at
re

si
a 

(4
2.

7%
), 

m
et

ab
ol

ic
 d

is
-

ea
se

s (
20

.5
%

), 
al

ph
a1

-a
nt

itr
yp

si
n 

de
fic

ie
nc

y 
(1

4.
5%

), 
ac

ut
e 

liv
er

 fa
ilu

re
 

(1
0.

3%
), 

vi
ra

l h
ep

a-
tit

is
 (4

.3
%

), 
au

to
im

-
m

un
e 

(4
.3

%
), 

ot
he

r 
ca

us
es

 (3
.4

%
)]

; 
3.

3%
) f

oc
al

 le
si

on
s

M
ea

n 
ag

e 
8 

ye
ar

s (
1 

m
on

th
s–

17
 y

ea
rs

)
U

S-
gu

id
ed

 p
er

cu
ta

-
ne

ou
s

In
cl

ud
ed

: I
N

R
 <

 1.
5 

an
d 

pl
at

el
et

 
co

un
t >

 50
*1

0^
9/

L.
7.

2%
 

re
ce

iv
ed

 tr
an

sf
us

io
n/

pl
as

m
a/

rF
ac

to
r V

II
 to

 
op

tim
iz

e 
co

ag
ul

at
io

n 
pr

ofi
le

. G
en

er
al

 a
ne

s-
th

es
ia

. E
xp

er
ie

nc
e 

no
t 

re
po

rte
d

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
re

d 
at

 6
 h

 fo
r 

si
gn

s o
f p

ai
n 

or
 

bl
ee

di
ng

. F
ol

lo
w

ed
 

up
 w

ith
 U

S 
an

d 
ex

te
nd

ed
 o

bs
er

va
tio

n 
to

 2
4 

h 
if 

cl
in

ic
al

 
si

gn
s. 

[s
ol

ic
ite

d]

N
od

ar
se

-P
er

ez
 

(2
01

6)
, C

ub
a;

 S
in

-
gl

e 
ce

nt
er

 [5
1]

RC
T;

 2
01

1–
20

12
; 

N
ot

 re
po

rte
d

El
ev

at
ed

 L
FT

 (3
1%

), 
V

ira
l (

28
%

), 
C

ho
le

st
as

is
 (8

%
), 

M
et

as
ta

si
s (

8%
)

M
ea

n 
ag

e 
48

–5
0 

ye
ar

s;
 4

4%
 

m
al

e

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
In

cl
ud

ed
: p

la
te

-
le

ts
 ≥

 70
,0

00
, Q

ui
ck

’s
 

te
st 

va
lu

e ≥
 50

%
. H

gb
 

l >
 8 

g/
dL

. L
oc

al
 a

ne
s-

th
es

ia
 (l

id
oc

ai
ne

 2
%

). 
Ex

pe
rie

nc
e 

no
t r

ep
or

te
d

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
re

d 
fo

r 1
–4

 h
, 

w
ith

 2
4 

h 
fo

llo
w

-u
p 

ph
on

e 
ca

ll.
 [s

ol
ic

-
ite

d]

Pa
n 

(2
01

5)
, N

ew
 

Ze
al

an
d,

 S
in

gl
e 

ce
nt

er
 [5

2]

RC
T;

 2
00

9–
20

11
; 

C
on

se
cu

tiv
e 

pa
tie

nt
s

61
.2

%
 V

ira
l; 

39
%

 
ot

he
r (

no
n-

fo
ca

l)
M

ea
n 

ag
e 

42
–5

2 
ye

ar
s;

 7
0%

 
m

al
e;

 M
ea

n 
B

M
I 

28
 k

g/
m

2

U
S-

gu
id

ed
, 

pe
rc

us
si

on
-a

ss
ist

ed
 

pe
rc

ut
an

eo
us

In
cl

ud
ed

: I
N

R
 <

 1.
5 

an
d 

pl
at

el
et

 
co

un
t >

 50
*1

0^
9/

L.
 

Lo
ca

l a
ne

st
he

si
a 

(1
%

 
xy

lo
ca

in
e 

co
nt

ai
ni

ng
 

1:
10

0,
00

0 
ad

re
na

lin
e)

. 
A

ll 
pa

tie
nt

s m
et

oc
lo

-
pr

am
id

e:
 p

la
ce

bo
 w

ith
 

sa
lin

e 
vs

 w
ith

 p
et

hi
di

ne
. 

Pe
rfo

rm
ed

 b
ot

h 
by

 th
e 

co
ns

ul
ta

nt
 a

nd
 a

dv
an

ce
d 

tra
in

ee
 in

 g
as

tro
en

te
ro

l-
og

y

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
re

d 
fo

r 4
 h

 w
ith

 
ad

di
tio

na
l p

ai
n 

ev
al

-
ua

tio
ns

. F
ol

lo
w

ed
 u

p 
w

ith
 p

ho
ne

 c
al

l a
t 

24
 h

. [
so

lic
ite

d]



3376	 Digestive Diseases and Sciences (2022) 67:3366–3394

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

Se
zg

in
 (2

01
7)

, T
ur

-
ke

y;
 S

in
gl

e 
ce

nt
er

 
[2

3]

Pr
os

pe
ct

iv
e;

 2
01

7;
 

C
on

se
cu

tiv
e 

pa
tie

nt
s

C
hr

on
ic

 d
is

ea
se

 
de

ta
ils

 n
ot

 re
po

rte
d

M
ea

n 
ag

e 
42

 y
ea

rs
; 

70
%

 m
al

e
U

S-
gu

id
ed

 p
er

cu
ta

-
ne

ou
s

N
ot

 re
po

rte
d

A
E,

 d
ea

th
s, 

SA
E

Pa
tie

nt
 q

ue
sti

on
na

ire
 

2 
h 

be
fo

re
 b

io
ps

y 
an

d 
m

on
ito

rin
g 

fo
r 

4 
h 

be
fo

re
 h

os
pi

ta
l 

di
sc

ha
rg

e.
 2

4 
h 

as
se

ss
m

en
t w

ith
 U

S 
an

d 
pa

tie
nt

 q
ue

sti
on

-
na

ire
. [

so
lic

ite
d]

Sh
or

t (
20

13
), 

U
SA

; 
Si

ng
le

 c
en

te
r [

36
]

Re
tro

sp
ec

tiv
e;

 
20

08
–2

01
1;

 A
ll 

pa
tie

nt
s w

ith
 in

cl
u-

si
on

 c
rit

er
ia

31
%

 tr
an

sp
la

nt
; 8

%
 

po
rta

l h
yp

er
te

ns
io

n;
 

11
.7

%
 m

al
ig

na
nc

y

M
ed

ia
n 

ag
e 

7 
ye

ar
s 

(1
 w

ee
k–

22
 y

ea
rs

); 
51

%
 m

al
es

U
S-

gu
id

ed
 o

r C
T-

gu
id

ed
 p

er
cu

ta
ne

-
ou

s

In
cl

ud
ed

: m
ed

ia
n 

IN
R

 
of

 1
.1

 (r
an

ge
 0

.9
–3

.5
). 

97
.2

%
 h

ad
 a

n 
IN

R
. S

ed
a-

tio
n 

an
d 

ex
pe

rie
nc

e 
no

t 
re

po
rte

d

SA
E,

 d
ea

th
s

Fo
llo

w
-u

p 
un

til
 9

6 
h 

po
st-

bi
op

sy
 o

r t
im

e 
of

 d
is

ch
ar

ge
. [

sp
on

-
ta

ne
ou

s]

So
rn

sa
kr

in
 (2

01
0)

, 
G

er
m

an
y;

 S
in

gl
e 

ce
nt

er
 [5

3]

Re
tro

sp
ec

tiv
e;

 2
00

5–
20

08
; C

on
se

cu
tiv

e 
pa

tie
nt

s

10
0%

 tr
an

sp
la

nt
s. 

41
.8

%
 b

ili
ar

y 
at

re
si

a;
 1

0.
4%

 a
cu

te
 

liv
er

 fa
ilu

re
, 1

0.
4%

 
A

la
gi

lle
 sy

nd
ro

m
e,

 
9.

0%
 c

ho
le

st
as

is
, 

6.
0%

 c
irr

ho
si

s, 
3.

0%
 A

IH
, 3

.0
%

 
PS

C

M
ed

ia
n 

ag
e 

8 
ye

ar
s (

ra
ng

e 
6 

 
m

on
th

s–
18

 y
ea

rs
); 

50
%

 m
al

e

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
N

or
m

al
 p

la
sm

a 
co

ag
ul

a-
tio

n.
 S

ed
at

io
n 

w
ith

 
m

id
az

ol
am

 o
r k

et
am

in
e.

 
Ex

pe
rie

nc
ed

 p
ed

ia
tri

c 
ra

di
ol

og
ist

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
rin

g 
fo

r 2
 h

. 
Fo

llo
w

-u
p 

at
 2

4 
h.

 
[s

ol
ic

ite
d]

Tu
bl

in
 (2

01
8)

, U
SA

; 
Si

ng
le

 c
en

te
r [

22
]

Pr
os

pe
ct

iv
e;

 2
01

3–
20

14
; S

eq
ue

nt
ia

lly
 

ra
nd

om
iz

ed

32
%

 tr
an

sp
la

nt
s;

 4
2%

 
vi

ra
l; 

6.
0%

 N
A

SH
; 

5.
3%

 A
IH

; 2
.7

%
 

PB
C

M
ea

n 
ag

e 
54

 y
ea

rs
; 

24
%

 m
al

e
U

S-
gu

id
ed

 p
er

cu
ta

-
ne

ou
s

C
or

re
ct

ed
 IN

R
 ≤

 1.
5 

an
d 

pl
at

el
et

 
co

un
t >

 50
 ×

 10
^9

/L
. 

Lo
ca

l a
ne

st
he

si
a 

(2
%

 
lid

oc
ai

ne
). 

Im
ag

in
g 

ph
ys

ic
ia

n 
as

si
st

an
ts

 
w

ith
 2

 a
nd

 1
4 

ye
ar

s o
f 

in
te

rv
en

tio
n 

ex
pe

rie
nc

e 
in

 ta
nd

em
 w

ith
 a

bd
om

i-
na

l i
m

ag
in

g 
fe

llo
w

s o
r 

at
te

nd
in

g 
ra

di
ol

og
ist

s

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
rin

g 
fo

r 4
 h

 
or

 u
nt

il 
di

sc
ha

rg
e.

 
Fo

llo
w

-u
p 

ca
ll 

at
 

24
 h

. [
so

lic
ite

d]



3377Digestive Diseases and Sciences (2022) 67:3366–3394	

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

), 
C

ou
nt

ry
St

ud
y 

de
si

gn
 

Ti
m

e 
pe

rio
d

Sa
m

pl
in

g 
fr

am
ea

Po
pu

la
tio

n 
di

ag
no

si
sb

Po
pu

la
tio

n 
de

m
og

ra
ph

ic
sc

B
io

ps
y 

ty
pe

C
on

fo
un

de
rs

: 
C

oa
gu

la
tio

n 
cr

ite
ria

 
Pr

oc
ed

ur
al

 se
da

tio
n

Ex
pe

rie
nc

e

O
ut

co
m

es
 re

po
rte

d
Fo

llo
w

-u
p 

de
ta

ils

V
ija

ya
ra

gh
av

an
 

(2
01

5)
, U

SA
; S

in
-

gl
e 

ce
nt

er
 [5

4]

Re
tro

sp
ec

tiv
e;

 
20

07
–2

01
0;

 N
ot

 
re

po
rte

d

61
%

 v
ira

l; 
10

%
 

el
ev

at
ed

 L
FT

, 6
%

 
N

A
SH

, 6
%

 c
irr

ho
-

si
s, 

4%
 tr

an
sp

la
nt

s

A
ge

 ra
ng

e 
19

–8
1 

ye
ar

s. 
64

%
 

m
al

e

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
IN

R
 ≤

 1.
5 

an
d 

pl
at

el
et

 
co

un
t >

 50
*1

0^
9/

L 
w

ith
in

 3
0 

da
ys

 p
re

-
bi

op
sy

. C
on

sc
io

us
 

se
da

tio
n 

(m
id

az
ol

am
 a

nd
 

fe
nt

an
yl

). 
R

ad
io

lo
gi

sts
, 

al
l o

f w
ho

m
 w

er
e 

ei
th

er
 

fe
llo

w
sh

ip
 tr

ai
ne

d 
in

 
ab

do
m

in
al

 im
ag

in
g 

an
d 

in
te

rv
en

tio
n 

or
 h

ad
 a

t 
le

as
t 1

0 
ye

ar
s o

f e
xp

er
i-

en
ce

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
rin

g 
fo

r 4
 h

 
w

ith
 fu

rth
er

 o
ve

r-
ni

gh
t o

bs
er

va
tio

n 
if 

cl
in

ic
al

 si
gn

s o
r 

sy
m

pt
om

s. 
M

ed
ic

al
 

re
co

rd
 re

vi
ew

 fo
r 

ev
en

ts
 w

ith
in

 1
5 

da
ys

 
of

 b
io

ps
y.

 [s
po

nt
an

e-
ou

s]

W
es

th
ei

m
 (2

01
3)

, 
N

or
w

ay
; S

in
gl

e 
ce

nt
er

 [5
5]

Re
tro

sp
ec

tiv
e;

 2
00

0–
20

11
; C

on
se

cu
tiv

e 
pa

tie
nt

s

36
.7

%
 tr

an
sp

la
nt

s;
 

10
%

 fo
ca

l l
es

io
ns

 
10

%
; 2

9%
 A

bn
or

-
m

al
 L

FT
 2

9%
; 1

3%
 

ch
ol

es
ta

si
s

M
ed

ia
n 

ag
e 

5 
ye

ar
s (

ra
ng

e 
22

 
da

ys
–1

8 
ye

ar
s)

. N
ot

 
re

po
rte

d

U
S-

gu
id

ed
 p

er
cu

ta
-

ne
ou

s
In

cl
ud

ed
: p

la
te

-
le

ts
 ≥

 70
,0

00
/μ

l, 
IN

R
 <

  =
 1.

7 
w

ith
 h

em
o-

dy
na

m
ic

 c
or

re
ct

io
n 

pr
e-

bi
op

sy
. G

en
er

al
 a

nd
 lo

ca
l 

an
es

th
es

ia
. O

pe
ra

to
rs

 
w

ho
 h

ad
 n

ot
 p

er
fo

rm
ed

 
pe

di
at

ric
 li

ve
r b

io
ps

ie
s 

pr
ev

io
us

ly
 w

er
e 

su
pe

r-
vi

se
d 

by
 a

n 
ex

pe
rie

nc
ed

 
co

lle
ag

ue
 d

ur
in

g 
th

e 
fir

st 
pr

oc
ed

ur
es

A
E,

 d
ea

th
s, 

SA
E

M
on

ito
rin

g 
cl

os
el

y 
w

ith
in

 2
 h

 a
nd

 e
ve

ry
 

4 
h 

ov
er

ni
gh

t w
he

n 
U

S 
pe

rfo
rm

ed
. 

[s
ol

ic
ite

d]

a  R
C

T 
is

 a
 ra

nd
om

iz
ed

 c
on

tro
l t

ria
l

b  C
oh

or
t c

ha
ra

ct
er

ist
ic

s d
efi

ne
d 

pr
e-

bi
op

sy
 u

nl
es

s i
nd

ic
at

ed
. L

FT
: l

iv
er

 fu
nc

tio
n 

te
sts

; H
ep

C
: h

ep
at

iti
s C

; N
A

SH
: n

on
-a

lc
oh

ol
ic

 st
ea

to
he

pa
tit

is
; A

SH
: a

lc
oh

ol
ic

 st
ea

to
he

pa
tit

is
; P

B
C

: p
rim

ar
y 

bi
l-

ia
ry

 c
ho

la
ng

iti
s;

 P
SC

: p
rim

ar
y 

sc
le

ro
si

ng
 c

ho
la

ng
iti

s;
 H

C
C

: h
ep

at
oc

el
lu

la
r c

ar
ci

no
m

a;
 A

IH
: a

ut
oi

m
m

un
e 

he
pa

tit
is

c  B
M

I r
ep

re
se

nt
s b

od
y 

m
as

s i
nd

ex



3378	 Digestive Diseases and Sciences (2022) 67:3366–3394

1 3

Major Complications

The pooled incidence of major complications for percutane-
ous biopsies was 2.44% (95% CI 0.85, 6.75) (Table 2; Figs, 
2, 3, 4, 5, 6, 7, 8). Mortality occurred at 0.01% (95% CI 
0.00, 0.11), major bleeding at 0.48% (95% CI 0.22, 1.06) 
and moderate or severe pain at 0.34% (95% CI 0.08, 1.37). 
Incidence of non-routine hospitalization was 0.65% (95% 
CI 0.38, 1.11). Other specific complications occurred rarely, 
ranging from 0% (95% CI 0.00, 0.79) for biliary events and 
0.11% (95% CI 0.02, 0.53) for major hematomas (subcapsu-
lar, intramuscular, intrahepatic or variceal).

While not a major complication, incidence of techni-
cal failure during biopsy procedures has significant con-
sequences for both patient and clinician. Technical failure 
occurred at 0.91% (95% CI of 0.27, 3.00), based either on 
the failure to attain a histological sample at all or a sam-
ple without sufficient quality for scoring (Fig. 9). Potential 
publication bias was investigated with funnel plots (Sup-
plementary Figs. 1–2) and identified the absence of bias for 
hospitalization, major complications, moderate/severe pain 
and technical failure.

Table 2   Incidence of major complications, minor complications and technical failure

a In bold are significant P values, indicating significant heterogeneity between studies
b A: adults; M: mixed age group; P: pediatric patients
c Subcapsular, intramuscular, intrahepatic, variceal hematoma
d Hematoma at biopsy site, transthoracic, cervical hematoma
e Arteriovenous fistula, fever, other (not pain or vasovagal episodes)

Event Pooled incidence (95% CI) I2 (%) tau Heterogeneity P 
value (LRT-
test)a

Included 
studies

Total events/
Total biop-
sies

By population ageb

Total events/total biopsies

Major complications
Biliary events 0.00% (0.00, 0.79) 81 2.69 0.7079 27 4/9341 A: 0/7443; M: 0/306; P: 4/1682
Death 0.01% (0.00, 0.11) 76 2.06 0.5157 29 12/64214 A: 9/60390; M: 0/2142; 

P:3/1682
Hemobilia 0.01% (0.00, 0.54) 38 1.02 0.9997 25 3/8797 A: 3/7137; M: 0/306; P: 0/1354
Sepsis 0.02% (0.00, 0.51) 24 0.77 0.9768 24 2/8608 A; 1/7159; M: 0/306; P: 1/1143
Hemothorax 0.03% (0.01, 0.10) 0 0.00 0.9995 26 3/9125 A: 2/7137; M: 0/306; P: 1/1682
Organ perforation 0.03% (0.01, 0.10) 0 0.00 0.9999 26 3/9013 A: 2/7353; M: 0/306; P: 1/1354
Pneumothorax 0.04% (0.02, 0.11) 0 0.00 0.9999 27 4/9341 A: 4/7353; M; 0/306; P: 0/1682
Hemoperitoneum 0.06% (0.01, 0.39) 84 2.05 0.0002 26 27/9125 A: 15/7137; M: 0/306; P: 

12/1682
Transfusion 0.08% (0.02, 0.41) 80 1.96  < 0.0001 25 20/8057 A: 7/6582; M 0/306; P: 

13/1169
Major hematomac 0.11% (0.02, 0.53) 90 2.33  < 0.0001 25 39/8797 A: 14/7137; M: 0/306; P: 

25/1354
Moderate/severe pain 0.34% (0.08, 1.37) 96 2.41  < 0.0001 21 132/8346 A: 112/7012; P: 20/1334
Major bleeding 0.48% (0.22, 1.06) 94 1.58  < 0.0001 30 356/64356 A: 293/60390; M: 14/2284; P: 

49/1682
Hospitalization 0.65% (0.38, 1.11) 86 1.01  < 0.0001 30 361/64356 A: 318/60390; M: 14/2284; P: 

29/1682
All major complications 2.44% (0.85, 6.75) 97 1.86  < 0.0001 15 184/6013 A: 153/5831; P: 31/182
Technical failure 0.91% (0.27, 3.00) 97 2.17  < 0.0001 17 166/6801 A: 90/4893; M: 5/306; P: 

71/1602
Minor complications
Vasovagal episodes 0.15% (0.03, 0.66) 89 2.28  < 0.0001 23 34/7781 A: 33/6432; M: 0/306; P: 

1/1043
Other hematomad 0.19% (0.03, 1.14) 97 2.55  < 0.0001 15 80/7177 A: 10/5925; P: 70/1252
Other minor eventse 0.27% (0.07, 1.03) 94 2.51  < 0.0001 23 65/8265 A: 29/6277; M:1/306; P: 

35/1682
Mild pain 12.9% (5.34, 27.9) 99 2.10 0.7079 19 704/7247 A: 645/6241; P: 59/1006
All minor events 9.53% (3.68, 22.5) 99 1.69  < 0.0001 11 424/6242 A: 381/5649; P: 43/593
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Fig. 2   Forest plots showing pooled incidence (as %) for hospitalization (a) and all major complications (b)
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Fig. 3   Forest plots showing pooled incidence (as %) for major bleeding (a) and moderate/severe pain (b)
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Fig. 4   Forest plots showing pooled incidence (as %) for major hematoma (a) and hemoperitoneum (b)
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Fig. 5   Forest plots showing pooled incidence (as %) for death (a) and transfusion (b)
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Fig. 6   Forest plots showing pooled incidence (as %) for hemobilia (a) and hemothorax (b)



3384	 Digestive Diseases and Sciences (2022) 67:3366–3394

1 3

Fig. 7   Forest plots showing pooled incidence (as %) for pneumothorax (a) and biliary events (b)
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Fig. 8   Forest plots showing pooled incidence (as %) for sepsis (a) and organ perforation (b)
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Minor Complications

Minor complication incidence was 9.53% (95% CI 3.68, 
22.5). Mild pain was the most frequent minor complication 
[12.9% (95% CI 5.34, 27.9), Table 2; Figs. 9, 10 and 11]. 
Potential publication bias was identified for all minor com-
plications (Supplementary Fig. 3).

Impact of Patient Age and Disease Severity 
on Complication Incidence

Fitting mixed effects models based on study-level covariates 
reduced the heterogeneity across studies for most complica-
tions, with substantial or complete reduction for hospitali-
zation, major bleeding, transfusion, major hematoma and 
technical failure (Table 3).

Decreasing population age significantly increased the 
incidence of major bleeding complications, with odds 
increasing fourfold in studies including pediatric patients 
or 16-fold in pediatric only reports (P values < 0.0001; 
Tables 3 and 4). Similarly, for hospitalization, incidence was 
by twofold higher in studies including pediatric patients and 
3.8-fold higher in pediatric only cohorts. This was corrobo-
rated by the frequency of all events reported in pediatric 
studies which was by far higher than in adult only studies 
(Table 2). Incidence of complications in the subset of pediat-
ric only studies confirms this, with hospitalization incidence 
at 1.41% (0.57, 3.47) and major bleeding at 2.15% (0.68, 
6.57) (Supplementary Table 4). In addition, hospitalization 
incidence was also impacted by the severity of the underly-
ing disease, so that odds of hospitalization increased 1.25-
fold in studies with mainly post-transplant patients, 1.56-fold 
in patients with ascites and 1.95-fold in cirrhotic patients 
(Tables 3 and 4).

No significant impact was observed as a result of US-
guidance in the biopsy (biopsy type was below the 0.001 
significance threshold in Tables 3 and 4), perhaps because 
many studies used US, even if only to assist ahead of the 
biopsy rather guide during biopsy. The year of publication 
impacted incidence reported for hospitalization, technical 
failure, mild pain and minor complications (Tables 3 and 
4). Technical failure was impacted by the method of com-
plication recording, so that odds of technical failure reduced 
by ninefold in studies were recording of complications was 
solicited rather than spontaneously reported by the patient 
(Tables 3 and 4).

Other Confounders

While we extracted data for additional confounders (BMI, 
higher risk of bleeding and sedation, operator experience), 
these parameters were insufficiently reported on (4/30, 

26/30, 19/30 and 16/30 studies, respectively) for full quan-
titative analysis (Supplementary Table 5). Nevertheless, a 
trend was seen such that hospitalization occurred more fre-
quently in cohorts with higher bleeding risk and potential 
coagulopathy (77/9094 with healthy INR or platelets versus 
26/1873 with poor coagulation profile). This same trend 
was also observed for major bleeding, with more frequent 
events in studies including patients with higher bleeding risk 
(79/9094 versus 19/1873). In contrast, hospitalization inci-
dence appeared similar whether sedation was included or 
not (53/4955 with sedation versus 20/2064 with only local 
anesthetic), but major bleeding was more frequent with seda-
tion (60/4955 versus 10/2064).

Sensitivity Analysis

Almost all studies were single-center studies thus poten-
tially increasing the overall risk of bias, even though they 
tended to be smaller studies. In separate meta-analysis of 
complications from single-center studies (27/30 studies 
representing 8298 biopsies, Supplementary Table 6), most 
incidences remained very close to the original analysis that 
included multi-center studies. However, the incidences of 
major complications [3.04% (95% CI 0.97, 9.11)], technical 
failure [1.83% (95% CI 0.76, 4.33)], mild pain [16.6% (95% 
CI 6.97, 34.7)], other minor events [0.37% (95% CI 0.10, 
1.42)] and all minor complications [13.1% (95% CI 4.82, 
31.1)] were higher in the single-center analysis due to lack 
of relevant event reporting in the multi-center studies.

Quality of Evidence

Based on the GRADE approach [18], we found the qual-
ity of evidence for cohort age as a prognostic predictor of 
biopsy complications to be high and for disease severity to 
be moderate. The quality of evidence for death, hemoperito-
neum, hemobilia, hemothorax, organ perforation, pneumo-
thorax, sepsis and biliary complications were all judged to 
be low due to the sparse number of events or small number 
of reporting studies. Technical failure lacked consistency 
in sampling methods across studies. Major bleeding, hema-
toma, major complications and hospitalization were judged 
to have high quality evidence due to the frequency of report-
ing and the removal of potential bias following inclusion of 
cohort characteristics in the analysis. Sedation during biopsy 
was least reported and was considered the main source of 
potential bias.
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Fig. 9   Forest plots showing pooled incidence (as %) for all minor complications (a) and technical failure (b)
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Fig. 10   Forest plot showing pooled incidence (as %) for mild pain (a) and vasovagal episodes (b)
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Fig. 11   Forest plot showing pooled incidence (as %) for other minor complications (a) and other hematoma (b)
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Table 3   Impact of publication year, population age, disease severity, outcome collection (solicited or spontaneous) and biopsy type (percutane-
ous with or without US-guidance) on incidence of complications

a In bold are significant P values and highlighted in italics are those below the 0.001 significance threshold
b After covariate adjustment
c Subcapsular, intramuscular, intrahepatic, variceal hematoma
d Hematoma at biopsy site, transthoracic, cervical hematoma
e Arteriovenous fistula, fever, other (not pain or vasovagal episodes)

Event P valuea Origi-
nal I2 
(%)

Residual 
I2 (%)b

QM-test 
of covari-
ates

Publication 
year

Population 
age

Disease sever-
ity

Outcome col-
lection

Biopsy type Residual 
heterogeneity 
(LRT-test)

Hospitaliza-
tion

 < .0001  < .0001  <0.0001 0.0007 0.0033 0.0833 0.0004 86 0

Moderate/
severe pain

0.1555 0.1154 0.2451 0.3362 0.5547 0.0311  < .0001 96 87

Major bleed-
ing

 < .0001 0.4799  < .0001 0.5294 0.1175 0.0892  < .0001 94 57

Transfusion 0.0306 0.7782 0.0016 0.9402 0.9512 0.1267 0.0561 80 41
Major 

hematomac
0.0780 0.2823 0.0191 0.7475 0.7131 0.2789  < .0001 90 70

Other 
hematomad

0.0177 0.7460 0.0586 0.8184 0.2373 0.6478  < .0001 97 85

All major 
events

0.2273 0.1469 0.2198 0.3229 0.4015 0.8049  < .0001 97 88

Technical 
failure

 < .0001  < .0001 0.0015 0.0230  < .0001 0.1278  < .0001 97 58

Mild pain 0.0002  < .0001 0.7771 0.6829 0.7900 0.1901  < .0001 99 96
Vasovagal 

episodes
0.1625 0.3345 0.1185 0.6103 0.9617 0.2523 < .0001 89 75

Other minor 
eventse

0.0027 0.9610 0.0160 0.9305 0.0382 0.0207  < .0001 94 77

All minor  < .0001 0.0002 0.0769 0.8692 0.1990 0.0613  < .0001 99 90

Table 4   Estimates of odds with 95% CI showing potential contribution of individual covariates on the incidence on complications

a In bold are those with significant P values and highlighted in italics are those below the 0.001 significance threshold
b Subcapsular, intramuscular, intrahepatic, variceal hematoma
c Hematoma at biopsy site, transthoracic, cervical hematoma
d Arteriovenous fistula, fever, other (not pain or vasovagal episodes)

Event Odds estimate (95% CI) by covariatea

Publication year Population age Disease severity Outcome collection Biopsy type

Hospitalization 1.15 (1.08, 1.22) 2.22 (1.62, 3.04) 1.25 (1.10, 1.43) 0.47 (0.28, 0.78) 0.62 (0.36, 1.07)
Moderate/severe pain 1.47 (0.92, 2.35) 0.42 (0.10, 1.83) 2.01 (0.49, 8.24) 0.51 (0.06, 4.80) 11.5 (1.25, 105)
Major bleeding 1.07 (0.91, 1.25) 4.00 (2.36, 6.77) 0.85 (0.51, 1.43) 0.48 (0.19, 1.21) 0.48 (0.21, 1.13)
Transfusion 0.96 (0.68, 1.35) 5.35 (1.89, 15.2) 0.96 (0.33, 2.84) 0.94 (0.12, 7.63) 0.22 (0.04, 1.55)
Major hematomab 1.22 (0.86, 1.73) 3.52 (1.23, 10.0) 1.23 (0.36, 4.30) 1.63 (0.13, 21.4) 0.36 (0.06, 2.33)
Other hematomac 1.08 (0.69, 1.71) 3.59 (0.96, 13.4) 1.21 (0.25, 5.80) 10.3 (0.22, 490) 0.52 (0.04, 8.75)
All major events 1.31 (0.92, 1.88) 2.15 (0.64, 7.23) 1.93 (0.53, 7.02) 3.71 (0.18, 78.9) 0.75 (0.08, 7.78)
Technical failure 1.77 (1.43, 2.18) 2.82 (1.49, 5.32) 0.38 (0.16, 0.88) 0.07 (0.03, 0.19) 2.37 (0.79, 7.19)
Mild pain 1.78 (1.34, 2.37) 0.89 (0.39, 2.04) 1.22 (0.48, 3.12) 1.29 (0.21, 8.10) 2.51 (0.64, 9.86)
Vasovagal episodes 1.21 (0.83, 1.76) 0.29 (0.06, 1.39) 0.70 (0.18, 2.79) 1.07 (0.09, 13.6) 3.61 (0.41, 32.3)
Other minor eventsd 1.00 (0.74, 1.35) 3.47 (1.27, 9.51) 0.94 (0.21, 4.30) 14.5 (1.16, 180) 0.08 (0.01, 0.67)
All minor 1.97 (1.39, 2.80) 2.2 (0.92, 5.23) 0.95 (0.46, 1.93) 0.37 (0.08, 1.72) 3.43 (0.95, 12.5)
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Discussion

This systematic review and meta-analysis describe accurate, 
contemporary incidences for all complications reported to 
result from percutaneous liver biopsy, in 16 individual clini-
cal categories. Additionally, incidences of hospitalization 
and technical failure have for the first time been provided 
following meta-analysis rather than based on local, single-
center reports. These incidences provide current standard-
ized figures for assessment of the impact that continued 
inclusion of liver biopsy in clinical care has on diagnosis, 
staging and monitoring of chronic liver disease. At 24 major 
complications per 1000 patients and 90 minor complications 
per 1000 patients, these current incidences on the most com-
monly performed biopsy procedure are substantial.

Our updated analysis has confirmed that death incidence 
is 0.01%. This represents 12 reported deaths in 64,356 
biopsy procedures, and concurs with original reports from 
1986 [10]. Additionally, hemoperitoneum, hemobilia, hemo-
thorax, organ perforation, pneumothorax, sepsis and biliary 
complications continue to be rare [3, 12]. The updated inci-
dence of major bleeding at 0.48% (95% CI 0.22, 1.06) is in 
line with a 2019 scoping review for US-guided percutaneous 
biopsies quoting a range between 0.1% and 4.6% [3]. Inci-
dence of major hematoma reported in our work is substantial 
[0.11% (95% CI 0.02, 0.53)], as is that of minor hematoma 
[0.19% (95% CI 0.03, 1.14)]. Reporting of minor hematoma 
was absent in many of the articles in our review (reported in 
17/39 studies) and ultrasound follow-up of biopsied patients 
was not standard procedure in most studies. Thus, the inci-
dence of hematoma is likely to be higher than presented 
here and changes to practice to standardize follow-up are 
advocated.

Both major (0.48%) and minor (0.19%) bleeding in our 
study occurred more frequently than either major bleeding 
(0.00%) or minor bleeding (0.00%) in a meta-analysis of 
US-assisted percutaneous biopsies with a wider study period 
(1978–2017) [12]. That work included studies of focal dis-
ease patients (24/51 cited articles), where sampling occurs 
during surgery and is targeted to the tumor area. Just over 
half of the included articles in that meta-analysis were pub-
lished before 2010 (26/51) and studies without US were 
for the main absent, thus limiting overlap with this work. 
We found no evidence in our analysis that US assistance 
significantly reduced complication rates, precluding that as 
the explanation of differences in incidence. Instead, there 
was a fundamental limitation in the earlier work [12] which 
was that no adjustment of sample size or study selection 
was made to account for gaps in reporting, thus giving rise 
to negligible complication incidences. In contrast, in the 
present work major bleeding included specific, clinically 
defined bleeding events and study selection was adjusted 

by complication category. This was to reduce subjectivity 
resulting from differences in local hospital guidelines and 
reporting, as our qualitative review revealed that classifi-
cation of major, mild and “non-significant” events varied 
widely between studies, and details of clinical follow-up for 
complications were infrequently reported.

We also report higher values for pain (0.34% for moder-
ate/severe pain and for 12.9% mild pain) compared to the 
0.00% incidence in that earlier meta-analysis [12] for the 
reasons stated above regarding scope and methodology. 
While frequent, pain was reported in only 21 of 30 studies 
included in our work and its incidence varied most between 
studies. Additionally, sedation and/or analgesia was not suf-
ficiently reported for quantitative assessment of its impact 
on patient pain. Several studies introduced the VAS scale 
and ensured consideration of this complication by solicited 
questionnaires. Pain is difficult to assess objectively and 
is potentially affected by recall bias and the frequency of 
follow-up [30]; nevertheless, to the patient this complication 
is a key consideration and would affect the interaction with 
the clinician. Improvements in clinical recording of pain and 
prospective studies investigating in detail the quality, nature 
and duration of pain are required to enable fully informed 
patient consent.

Technical failure at 0.91% can indirectly affect biopsy 
complications, as well as patient diagnosis and disease moni-
toring [31]. Here we found that studies in which reporting of 
complications from the patient were solicited by the clinical 
team, had lower odds of technical failures, and we speculate 
that this was indicative of exceptional care for patient well-
being. In our review, sample adequacy was inconsistently 
reported across studies (5–10 portal tracks, 12–18 mm, num-
ber of fragments) and needle passes varied (2–6) or were 
infrequently reported so firm conclusions as to causes cannot 
be drawn. Nevertheless, the incidence reported here is much 
lower than that reported in a meta-analysis of endoscopic 
US-guided biopsies (10% with inadequate specimen) [32].

Until this work, there was weak evidence to support 
that age, coagulation status and comorbidities impact the 
incidence of percutaneous liver biopsy complications [3]. 
On fuller analysis we find that incidence of hospitalization 
(defined by additional, non-routine care including severe 
adverse events) and major bleeding increased most dramati-
cally in pediatric patients. The same conclusion was drawn 
when the few transjugular and endoscopic biopsy stud-
ies identified during this systematic review were included 
(Thomaides-Brears unpublished). In addition, increased 
odds of hospitalization were observed in patients with more 
advanced disease. Thus, patients with cirrhosis are 4 times 
more likely to be hospitalized after biopsy, compared to 
patients with earlier stage disease such as NAFLD. While 
not investigated in this work, complications also arise in 
non-liver disease indications where liver biopsies are the 
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diagnostic method, with transfusions reported in 25–30% 
during pre-recovery or pre-surgery biopsy in liver trans-
plant donors [33]. In percutaneous liver biopsy to pre-empt 
liver damage in pediatric hematopoietic stem cell transplant 
patients, 17% exhibited mild pain and/or minor hematoma 
[34]. These findings advocate avoidance of liver biopsy as 
a recurring event, although incidences reported here are 
lower than for renal biopsies, in which hematomas occur 
in 11% and mild pain in 4.3% of patients [35]. While others 
have found that sedation increased bleeding due to resulting 
hypoxia and lower hematocrit [36], there was insufficient 
reporting for us to draw significant conclusions, though there 
was a trend towards this.

The limitations of this study include the residual hetero-
geneity in incidences between studies that reduce the quality 
of the evidence for some events, particularly for rare events 
such as death and transfusion, and to which reporting bias 
is a key contributor. Unaccounted risk factors that might 
explain these limitations are differences in needle type and 
size, and technical expertise for all procedures, which were 
too variable to accurately include in this meta-analysis. 
Other differences between procedures such as plugged or 
blind biopsies could also account for the heterogeneity. Nev-
ertheless, inclusion of cohort age, disease severity, outcome 
collection details and publication year as covariates in our 
analyses removed heterogeneity completely for the incidence 
of hospitalization and reduced the level of heterogeneity for 
major bleeding and hematoma. Future applications of this 
work could include the derivation of a risk score to predict 
the probability of biopsy complications that takes account 
of cohort characteristics as prognostic factors. Addition 
of BMI, a risk factor for fatty liver disease outcomes [37] 
would be a very relevant risk factor.

In conclusion, this study provides current incidences 
for complications resulting from percutaneous liver biopsy 
procedures performed for patients with chronic liver dis-
ease; 2.4% for major and 9.5% for minor complications. We 
believe this data will inform future decisions in clinical care 
for such patients and highlight the need for more clearly 
defined formal indications with both non-invasive techniques 
and liver biopsies as part of diagnostic algorithms. These 
data should be included in future health economic analy-
ses aiming to inform clinical guidelines and reduce adverse 
patient outcomes.
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