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Abstract
Background and aims There is limited literature on endoscopic ultrasound-guided liver biopsy (EUS-LB), a new method 
of obtaining liver biopsy (LB).
Methods We conducted a retrospective study of the efficacy and safety of EUS-LB compared to percutaneous liver biopsy 
(PC-LB) in patients with chronic liver disease at our center between January 2018 and August 2019.
Results Thirty patients underwent EUS-LB and 60 patients underwent PC-LB were identified (median follow-up post-LB 
was 8 days; interquartile range (IQR), 3–5 days). The median number of portal tracts was significantly higher in the PC-LB 
group (13 vs. 5; P < 0.0001). A histologic diagnosis was established in 93% of the EUS-LB group, compared to 100% in the 
PC-LB group (P = 0.841). Patients in EUS-LB group had significantly shorter hospital stay (median time of hospital stay 
was 3 vs. 4.2 h in the EUS-LB vs. PC-LB group, respectively; P = 0.004) and reported less pain compared to PC-LB group 
(median pain score was 0 vs. 3.5; P = 0.0009). EUS-LB were performed using a 19-gauge (n = 27) or 22-gauge (n = 3); there 
was a tendency towards higher number of portal tracts in the 22- vs. the 19-gauge needle group (6 vs. 5; P = 0.501). No 
patient in either group had significant adverse events such as bleeding or death.
Conclusion EUS-LB is safe and is associated with less pain, shorter hospital stay, and high diagnostic yield (93%) compared 
to PC-LB. Randomized trials are needed to standardize the utility of EUS-LB.
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LB  Liver biopsy
NAFLD  Non-alcoholic fatty liver disease
NASH  Non-alcoholic steatohepatitis
NAS  NAFLD activity score
PBC  Primary biliary cholangitis
PC-LB  Percutaneous-guided liver biopsy
PFIC  Progressive familial intrahepatic 

cholestasis
VCTE  Vibration-controlled transient 

elastography

Introduction

Liver biopsy is crucial to the diagnosis, management, and 
prognosis of many patients with liver diseases. Many non-
invasive methods such as Vibration-Controlled Transient 
Elastography (VCTE) are marvelous advancements in the 
assessment of fibrosis in patients with chronic liver disease. 
However, these methods are not as sensitive or specific as 
biopsy of hepatic tissue [1, 2]. Furthermore, noninvasive 
methods can be limited in determining the etiology of end-
stage liver disease (ESLD) or be limited in certain popu-
lations such as those with increased body habitus. With 
increasing incidence of non-alcoholic fatty liver disease 
(NAFLD), non-alcoholic steatohepatitis (NASH), and other 
disorders that lead to chronic liver disease and ESLD, the 
need for liver histology is expected to rise in the future [3].

Traditionally, there are three ways to obtain hepatic tissue 
samples. In 1883, Paul Ehrlich performed the first docu-
mented liver biopsy using the percutaneous method, where 
he percussed the right lobe of the liver and pierced the skin 
with a large needle to obtain a core sample [4]. Today, per-
cutaneous liver biopsy (PC-LB) is performed using ultra-
sound guidance for marking and guidance to avoid compli-
cations such as pneumothorax or puncturing other organs 
such as gallbladder or bowels in needle path [3, 5]. Tran-
sjugular liver biopsy was performed in the late 1900s where 
the biopsy needle is entered into the liver via hepatic vein 
and then the tissue is obtained. Transjugular liver biopsy is 
advantageous in patients with coagulopathy or significant 
ascites which makes the percutaneous approach impractical 
[5–7]. The newest method of acquisition of liver tissue is 
endoscopic ultrasound-guided liver biopsy (EUS-LB) which 
has only been established as an alternative method in the 
past few years. Endoscopic ultrasound-guided fine needle 
aspiration or biopsy (EUS-FNA/FNB) is performed using 
the curved linear-array echoendoscope using various nee-
dles. EUS imaging of the liver is currently limited to the 
left lobe, the proximal right lobe, the hilum, and part of the 
intrahepatic biliary tract. In EUS-LB, the biopsy needle is 
entered endoscopically via transgastric/transduodenal route 
and real-time endoscopic ultrasound guidance is employed 

during the procedure.[5, 6, 8–10]. EUS is also equipped with 
Ultrasound Doppler to interrogate for vascular flow signals 
in needle path.

There are advantages and disadvantages to each of these 
methods in obtaining liver tissue and additional data are 
emerging for the safety and efficacy of EUS-LB. For PC-LB, 
a significant advantage is the wide-spread availability of the 
procedure compared to the more complex EUS-LB. The 
procedure is generally performed through the transthoracic 
route by palpation/percussion-guided or imaging-guided. A 
larger suction or cutting needle can be employed in PC-LB 
which practically may allow for a large core tissue and 
increase diagnostic yield. The right lobe is more frequently 
accessed by this technique and the use of oral or intrave-
nous anxiolytic therapy or conscious sedation is variable. 
Some disadvantages of PC-LB are pain and apprehension 
in patients, since the procedure requires minimal or no 
sedation [3, 5, 6, 11, 12]. Theoretically, there is a higher 
risk of puncturing a blood vessel with PC-LB, especially 
in obese patients. In contrast, EUS provides ability to view 
both lobes of the liver and avoid blood vessels as small as 
1 mm in length [13]. Other known advantages of EUS-LB 
include less apprehension in patients due to use of sedation 
or monitored anesthesia care, and theoretically less pain due 
to avoidance of somatic nervous system [3, 6, 10, 14]. If 
patients need a concomitant diagnostic or therapeutic upper 
endoscopic procedure, then EUS-LB is deemed to be more 
cost-effective than other approaches [15]. A disadvantage of 
EUS-LB is the complexity of the procedure correlating to 
reduced availability and need of experienced endosonogra-
pher. To contribute to the current literature, we conducted 
a retrospective study to evaluate the safety and diagnostic 
yield of EUS-LB versus PC-LB at a single academic institu-
tion. Our institution represents a suitable setting to conduct 
this study, since we perform hundreds of liver biopsies annu-
ally at our institution, and the senior author (G.M.H.) main-
tains a prospective database of all patients who underwent 
EUS-LB. We hypothesize that EUS-LB is as efficacious as 
PC-LB in obtaining an adequate liver sample and may be 
better tolerated due to reduced pain and apprehension.

Materials and methods

Study design

This study was approved by the University of Missouri-
Columbia Institutional Review Board (IRB # 2014436), 
and has been conducted in accordance with the institu-
tional research ethics committee and the ethical standards 
as laid down in the Declaration of Helsinki. A database 
of all patients who underwent EUS-LB is prospectively 
maintained by the senior author (G.M.H). We conducted a 
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retrospective analysis of the efficacy and safety of EUS-LB 
compared to PC-LB (ratio of 1:2) at the University of Mis-
souri School of Medicine-Columbia Hospital between Janu-
ary 2018 and August 2019. Eligible patients were referred 
for EUS-LB or PC-LB by hepatologists and gastroenter-
ologists from University of Missouri School of Medicine-
Columbia outpatient clinics. Each patient was evaluated 
clinically and the need for liver biopsy was determined by 
the physician based on physical examination, labs, imaging, 
and the patient meeting appropriate criteria for liver biopsy. 
Patients were informed of the risks and benefits of both 
procedures and the choice between EUS-LB versus PC-LB 
was ultimately decided by the patient and the referring 
provider. Impaired hemostasis [being on potent antiplate-
lets and/or anticoagulants; and/or international normalized 
ratio (INR) > 1.5] are considered contraindications for liver 
biopsy at our institution, based on the experts’ opinion [3]. 
These minimal coagulation parameters are applied to both 
the EUS-LB and the PC-LB approaches at our institution.

Data collection

A comprehensive database of all liver biopsies, including 
both EUS-LB and PC-LB, is well maintained by the Pathol-
ogy Department at the University of Missouri School of 
Medicine-Columbia. EUS-LB slides were re-examined by 
the gastrointestinal and liver pathologist (D.S.R) to confirm 
the diagnosis and determine adequacy of sample, fragmenta-
tion of the sample, the number of portal tracts, core biopsy 
length, and core biopsy number. Remaining information was 
collected by other co-authors of the study from patients’ 
charts including, patient demographics, complications and 
readmission rates, length of hospital stay, pain scores, and 
opiate use. For each readmission, the reason(s) for read-
mission to the hospital, investigations, outcomes, and vital 
status at the time of discharge were recorded. The length 
of hospital was defined as the time period (hours) between 
admission to the interventional radiology (if the procedure is 
to be performed by an interventional radiologist) or endos-
copy suite (if the procedure is to be performed by an inter-
ventional gastroenterologist) and discharge from the facility.

EUS‑LB technique

All the EUS-LB procedures at the University of Missouri 
School of Medicine-Columbia were performed by a single 
advanced therapeutic endoscopist (G.M.H), who performs 
hundreds of EUS procedures and other advanced therapeu-
tic endoscopy procedures annually. After patient enters the 
endoscopy lab, a timeout is conducted prior to initiation of 
the procedure. Monitored anesthesia care is administered 
with propofol by an anesthesiologist or a certified registered 
nurse anesthetist. Vitals and hemodynamics are continuously 

monitored. The linear-array echoendoscope (GF-UCT180, 
Olympus America, Center Valley, PA, United States) was 
used for EUS-LB. All EUS-LB were performed using a 19- 
or 22-gauge Fork-tip SharkCore biopsy needle (Medtronic, 
Massachusetts, United States). The size of the needle used 
for the liver biopsy was recorded at each time in the proce-
dure report. The 19-gauge needle is frequently used at our 
institution, because it has shown superiority over 22-gauge 
needle [16, 17]. The needle is prepped using ‘wet suction’ 
technique where needle stylet is removed and flushed with 
heparin prior to attaching a vacuum syringe and maximal 
suction was applied via a syringe. The echoendoscope is 
inserted under direct visualization and endoscopic ultra-
sound was performed to assess for any other pathology 
and evaluate for liver lesions. The site of the liver biopsy is 
determined using EUS guidance. Either right or left lobe of 
the liver was chosen for puncture. Color Doppler study was 
used to evaluate for any significant flow signals in needle 
path to avoid puncture of major blood vessels or adjacent 
biliary ducts. The right or left lobe of the liver is punctured 
either through transduodenal or transgastric approach, and 
suction syringe is applied (Fig. 1). Two to three deep actua-
tions were performed per pass. A total of two passes were 
performed. The suction syringe is turned off and the nee-
dle is withdrawn from the liver. The stylet is inserted into 
the needle catheter to displace any liver tissue into the cell 
block container followed by flushing the needle with saline. 
The endoscopist separates tissue from any visualized clot-
ted blood, and the biopsy sample is sent for histopathologic 
assessment (Fig. 2). At our institution, patients are moni-
tored for 60 min post-procedure with intermittent vital signs’ 
checks. Patients are advised to avoid heavy lifting or strenu-
ous activity for 72 h post-procedure. Patients were called 
on the following day to inquire about their overall wellbe-
ing, and specifically about signs and symptoms of potential 
adverse events.

PC‑LB technique

The PC-LB procedures were performed partly by the inter-
ventional radiology service and partly by the gastroenterol-
ogy service. Patient is positioned in a supine manner with 
appropriate monitoring of vitals and hemodynamics in 
place. Preliminary ultrasound scan is performed to locate 
the site of hepatic parenchyma and avoid any blood ves-
sels or bile ducts. A timeout is conducted prior to every 
procedure. The skin is appropriately prepped and draped to 
ensure asepsis followed by injection of a local anesthetic at 
the injection site. Patient is instructed to exhale when needle 
is inserted into liver parenchyma under ultrasound guidance 
to minimize the risk of perforation to the pleural cavity. For 
the procedure, an 18-gauge CorVocet needle (Meritmedi-
cal, Sought Jordan, Utah, United States) is typically used by 
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intervention radiology or 15-gauge Jamshidi needle (Care-
Fusion, Vernon Hills, Illinois, United States) if performed 
by the interventional gastroenterologist. A post-procedure 
scan is performed to ensure that there is no internal bleeding 
after the liver biopsy. At our institution, patients are typi-
cally monitored for 4 h post-procedure with regular vital 
checks. Patients are advised to avoid heavy lifting or strenu-
ous activity for 72 h post-procedure. All patients were con-
tacted the next day of procedure to assess if any adverse 
events encountered.

Pathological assessment

Liver biopsies were placed in 10% buffered formalin. For 
each liver biopsy, hematoxylin and eosin; Masson’s tri-
chrome; reticulin; iron; periodic acid-Schiff (PAS); and PAS 
with diastase stains were performed when applicable. For 
NASH, biopsies were graded and staged using the Clinical 
Research Network (CRN), non-alcoholic fatty liver disease 
(NAFLD), activity score (NAS), and fibrosis staging system 

[18]. All liver biopsies were read by a gastrointestinal and 
liver pathologist (D.S.R.).

Quality of the liver biopsy

For the purposes of this study, we used the core biopsy 
numbers, core biopsy length, and number of portal tracts, 
as objective measures of the quality of the liver biopsy 
samples. We also used the direct subjective assessment of 
the interpreting pathologist whether the biopsy samples are 
“adequate” or “fragmented” and if pathologist was able to 
reach a diagnosis.

Pain assessment

All patients were monitored and assessed for pain, using 
the pain numeric rating scale (NRS), on which patients rate 
their pain from 0 “no pain” to 10 “worse possible pain” [19].

Statistical analysis

Continuous data were expressed as median (Q2) and inter-
quartile range (IQR; [Q1–Q3]), and categorical data were 
expressed as frequency and percentage. Chi-square test, 
Fisher’s exact test, and the Wilcoxon rank-sum test were 
used to compare between the EUS-LB and the PC-LB 
groups. Linear regression was used to examine the relation-
ship between the age, core biopsy numbers, core length, and 
the number of portal tracts. A P value < 0.05 was considered 
statistically significant. Statistical analyses were conducted 
using STATA v12.1 (StataCorp LP, College Station, TX, 
USA), and graphs were constructed using the Prism v7 
GraphPad Software (La Jolla, California, USA).

Results

Characteristics of the entire study population

A total of 90 patients (EUS-LB, n = 30; and PC-LB, n = 60) 
were included in the study. Their median age was 53 years 
(IQR, 45–59 years) at the time of LB, and 63% (57/90) 
were female. The indications for liver biopsy were staging 
of viral hepatitis, NAFLD, autoimmune, and metabolic liver 
diseases (n = 48), elevated liver transaminases (n = 27), and 
evaluation of suspected NASH on imaging studies (n = 15).

Characteristics of endoscopic ultrasound‑guided 
liver biopsy group

During the study period, a total of 30 patients had under-
gone EUS-LB (Table 1). Their median age was 54 years 
(IQR, 46–63 years) at the time of the liver biopsy, and 63% 

Fig. 1  a Linear echoendoscope showing the right lobe of the liver. b 
Linear echoendoscope showing fine needle biopsy of the right lobe of 
the liver using 19-gauge fork-tip needle
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(19/30) were female. Indications for liver biopsy were ele-
vated liver transaminases (n = 17), evaluation of suspected 
NASH (n = 8), and staging of fibrosis (n = 5).

The 19-gauge SharkCore needle was used in 90% (27/30) 
of cases. The number of portal tracts tended to be higher in 
the 22-gauge needle group compared to the 19-gauge needle 
group (median, 6 vs. 5; P = 0.501).

Comparison between the endoscopic 
ultrasound‑guided liver biopsy 
versus the percutaneous liver biopsy group

We compared the safety and efficacy of EUS-LB to PC-LB in 
an age- and gender-matched group (1:2 ratio study design). 
Table 2 and Fig. 3 outline the comparison between the two 
groups. The median age of the two groups was comparable. 
There were significantly more patients who undergone EUS-
LB for evaluation of elevated liver transaminases (57% vs. 
17%, respectively; P < 0.0001) and suspected NASH (27% 
vs. 12%, respectively; P < 0.0001) compared to PC-LB. In 
contrast, there were significantly more patients in the PC-LB 
group who underwent LB for staging of fibrosis (72% vs. 
17%, respectively; P < 0.0001). The median LB core length 
tended to be longer in the PC-LB group compared to the 

EUS-LB group (31 vs. 25 mm; P = 0.517). The median num-
ber portal tract per LB sample was significantly higher in 
the PC-LB group compared to the EUS-LB group (13 vs. 
5 portal tracts; P < 0.0001). There were significantly less 
fragmented liver biopsy samples in the PC-LB group com-
pared to the EUS-LB group (10% (6/60) vs. 40% (12/30); 
P = 0.005).

Patients in the EUS-LB group had significantly shorter 
hospital stay post-procedure, compared to those in the 
PC-LB group (median, 3 vs. 4.2 h; P = 0.004). Patients in 
the EUS-LB group had significantly less pain on the pain 
scale (median, 0 vs. 3.5; P = 0.0009) and significantly less 
frequency of use of opiates post-procedure (7% vs. 48%; 
P < 0.0001). Furthermore, histological diagnosis was estab-
lished in 93% of the EUS-LB group, compared to 100% of 
the PC-LB group (P = 0.84).

Linear regression analysis

We carried out simple and multiple regression analyses to 
investigate the relationship between age at the time of the 
liver biopsy and the core biopsy length, core biopsy num-
bers, and the number of portal tracts. The scatter slope 
showed a strong positive linear correlation between the 

Fig. 2  a and b Multiple cores 
of liver tissue obtained by 
EUS-FNB placed in a formalin 
jar. c Multiple cores of liver 
tissue obtained by EUS-FNB 
separated from blood clots
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core LB length and the number of portal tracts in the entire 
sample (Fig. 4a) and in the PC-LB group (Fig. 4b); there 
was a positive, but weak, correlation between the core LB 
length and the number of portal tracts in the EUS-LB group 
(Fig. 4c).

A multiple regression analysis was run to predict the 
number of portal tracts from the core biopsy number, core 
biopsy length, and the type of liver biopsy (PC vs. EUS). 
All three variables added statistically significantly to the 
prediction of number of portal tracts [core biopsy number, 
P = 0.037; core biopsy length, P < 0.0001; and type of liver 
biopsy, P < 0.0001; F (3, 72)  = 18.44; R2 = 0.44].

Additionally, we sought to determine if there was a relation-
ship between the following variables in the EUS-LB group: 
age at the time of liver biopsy; core LB length; and the number 
of portal tracts. A linear regression showed a statistically sig-
nificant negative relationship between age at the time of EUS-
LB and the number of portal tracts (F (1, 23) = 7.4; P = 0.012; 
R2 = 0.245; predicted number of portal tracts = – 0.1382 * 
age + 12.26; Fig. 4d). Because of this unexpected nature of 
relationship between age and the number of portal tracts in 
the EUS-LB group, we sought to examine the relationship 
between age and the number of portal tracts in the PC-LB 
group. Interestingly, there was a negative linear relationship 

between the two variables; however, it was not statistically 
significant (Fig. 4e).

Adverse events

We continued follow-up of the patients after LB for a median 
of 8 days (IQR, 3–5 days). Only one patient in the EUS-LB 
group was readmitted 2 days following the procedure for 
abdominal pain. Thorough investigations including cross-sec-
tional imaging revealed no evidence of intraabdominal hemor-
rhage or iatrogenic trauma of the intrathoracic/intraabdominal 
organs. The patient was discharged home on the following 
day; he was called 24 h and 48 h after discharge and reported 
resolution of pain. No patient in the PC-LB was readmitted. 
No patient in either group experienced any significant adverse 
events such as bleeding, puncture of other organ, or death post-
procedure or when called on the following day.

Discussion

In this retrospective comparative single-center study, we 
found that the safety of EUS-LB is comparable to the safety 
of PC-LB. Moreover, EUS-LB was associated with shorter 
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hospital stay, less frequency of reported pain, and, as a 
result, less use of opiates. Although PC-LB was associated 
with higher core biopsy numbers, longer core biopsy speci-
mens, and less frequency of fragmented liver tissue samples, 
EUS-LB had a diagnostic yield with respect to ascertain-
ment of the histological diagnosis of 93%, which is compa-
rable to that of the PC-LB group.

Over the last decade, EUS-LB has been increasingly 
used as a tool for obtaining liver tissue samples for 

histological assessment. Since January 2018, we main-
tained a prospective database of patients who underwent 
EUS-LB. To better understand the safety and efficacy of 
EUS-LB, we compared the EUS-LB group with an age- 
and gender-matched group of patients who underwent 
PC-LB (1:2 study design ratio). With respect to efficacy, 
we chose core biopsy numbers, core biopsy length, number 
of portal tracts, and the subjective pathologists’ assess-
ment whether liver biopsy was adequate and/or fragmented 
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as measurements of the quality of liver biopsies, since 
these parameters are frequently taken into account by 
pathologists who are specialized in liver biopsy interpre-
tation [20].

There are no randomized clinical trials comparing the 
safety and efficacy of EUS-LB to that of PC-LB [6]. The 
safety and diagnostic yield of EUS-LB has been reported 
by several groups, with a diagnostic yield of up to 100% 
[8]. We observed a diagnostic yield of 93% in the EUS-LB 
group in our study. Analysis of our data using linear regres-
sion revealed a statistically significant positive relationship 
between the core biopsy numbers, core biopsy length, and 
the number of portal tracts obtained per liver biopsy sam-
ple; the positive linear relationship between the core liver 
biopsy length and number of portal tracts has been previ-
ously reported [21]. These data suggest that these parameters 

might be of clinical and diagnostic significance when using 
the EUS as a tool for assessment of the liver parenchyma.

Our data show that the number of portal tracts in liver 
biopsies obtained by EUS is inversely related to the patients’ 
age. We initially thought this relationship pertains only to 
liver biopsies obtained by EUS. This led us to examine 
the nature of the relationship between age of patients and 
number of portal tracts in the PC-LB group. Interestingly, 
although not statistically significant, we found a negative 
linear relationship between the age of patients and the num-
ber of portal tracts in the PC-LB group. It is unclear why 
older patients in our study had fewer portal tracts compared 
to younger patients. This could be due to technical difficul-
ties in obtaining the liver tissue sample in the older popula-
tion; age-related increased fibrosis which could theoretically 
result in less intact portal tracts; or age-related loss of portal 

Table 1  Liver biopsy data 
on patients who underwent 
EUS-LB from January 2018 to 
August 2019 (n = 30)

CHC chronic hepatitis C, GH granulomatous hepatitis, EH eosinophilic hepatitis, FLD fatty liver disease, 
NASH non-alcoholic steatohepatitis, PBC primary biliary cholangitis, PFIC progressive familial intrahe-
patic cholestasis

Case # Age Needle gauge Core length 
(mm)

n portal tracts Fibrosis 
stage

Histological diagnosis

1 63 19 30 5 4 CHC
2 56 19 43 1 3 NASH
3 39 22 80 6 1 NASH
4 37 19 25 9 1 FLD
5 33 19 68 9 0 GH
6 64 19 15 6 0 FLD
7 46 19 37 5 0 FLD
8 53 19 16 8 0 FLD
9 51 19 27 5 2 PBC
10 53 19 20 6 2 PFIC
11 48 19 19 5 1 FLD
12 54 22 33 5 0 NASH
13 52 19 25 5 1 NASH
14 46 19 26 6 0 CHC
15 39 22 45 8 2 NASH
16 54 19 23 4 2 CHC
17 32 19 25 9 1 NASH
18 72 19 24 4 1 NASH
19 62 19 25 1 0 EH
20 65 19 25 5 2 NASH
21 55 19 20 6 3 NASH
22 48 19 15 5 3 NASH
23 63 19 25 4 4 NASH
24 55 19 21 8 2 CHC
25 48 19 28 6 1 NASH
26 70 19 55 42 4 NASH
27 59 19 21 5 2 NASH
28 54 19 24 10 4 NASH
29 64 19 20 6 2 Hemochromatosis
30 33 19 22 5 3 NASH
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tracts. These potential reasons are speculative at this time; 
however, we believe that these factors should be carefully 
considered when designing future randomized clinical trials 
assessing the utility of EUS-LB and when performing EUS-
LB in clinical practice.

Although not powered enough due to the small-sample 
size of our study, an interesting and unexpected finding is 
the tendency towards a higher number of portal tracts in the 
EUS-LB group of patients who underwent the procedure 
using a 22-gauge compared to the 19-gauge EUS needle. 
The reported data on diagnostic yield of liver tissue sam-
ples using different needle sizes/calibers are conflicting. 
One would assume that sampling the liver tissue using larger 
caliber needles would yield higher numbers of portal tracts, 
as previously demonstrated by Mok et al. [9]. However, at 
least one study published recently by Bazerbachi et al. using 
the 22-gauge needle reported a higher number of portal 
tracts in comparison with earlier studies using the 19-gauge 
needle [22]. There are at a few plausible theories that could 
be proposed, none of which can be confirmed at this time. 
One plausible explanation is the nature of the liver disease 
being sampled. We noted all three patients in the EUS-LB 
group in our study who underwent the procedure using the 
22-gauge needle had NASH, which is the same patient popu-
lation studied by Bazerbachi et al. [22]. The EUS allows 
visualization of the areas that are “fatty” in the liver, thus 
guiding to the representative areas in the liver. Another plau-
sible explanation is the length of the specimen. In our study, 

further sub-analysis of the EUS-LB group revealed that the 
median length of specimen was higher in the 22-gauge vs. 
the 19-gauge (45 mm vs. 25 mm, respectively). Thus, it is 
reasonable to hypothesize that length of specimen is directly 
proportional to the number of portal tracts. This hypothesis 
deserves further testing in future clinical studies.

The retrospective nature and the small-sample size are 
important limitations to this study. Patients included in 
this study were not consecutively enrolled due to the ret-
rospective nature of the study. The purpose of consecu-
tive screening combined with enrollment of patients is to 
assure that representative patients who fulfill all inclusion 
criteria are enrolled and to avoid active selection to gain 
a reliable assessment of the different diagnostic/therapeu-
tic methods and apply to clinical practice [23]. Further-
more, in the EUS-LB group, all patients chose to undergo 
the endoscopic approach, likely because they preferred a 
procedure that is tolerable and associated with less pain 
and anxiety. However, we acknowledge that patients in the 
EUS-LB group may have been influenced by the referring 
physician’s preference of the endoscopic over the percuta-
neous approach, which could have led to introducing selec-
tion bias. Standardization and optimization of the liver 
tissue sampling using EUS-guided approach are lacking. 
An important limitation to our study is that needles with 
varying calibers have been used in the PC-LB approach 
(18-gauge and 15-gauge), depending on the specializa-
tion of the performer; however, it has been consistently 

Table 2  Baseline features at 
the time of liver biopsy in 90 
patients who underwent liver 
biopsy between January 2018 
and August 2019

a Data are expressed as median (IQR) [Q2: Q1 − Q3]
b Pain severity scale ranges from 0 to 10, where 0 is no pain and 10 is intolerable pain

Variable EUS-guided liver 
biopsy (n = 30)

PC-guided liver 
biopsy (n = 60)

P value

Demographics
 Agea 54 (46–63) 53 (45–59) 0.694
 Gender, male:female 11:19 22:38 1

Indications for LB
 Fibrosis staging, n (%) 5 (17%) 43 (72%) < 0.0001
 Elevated liver enzymes, n (%) 17 (57%) 10 (17%)
 Evaluation of suspected NASH, n (%) 8 (27%) 7 (12%)

Liver biopsy properties
 Core length (mm)a 25 (21–33) 31 (20–42) 0.517
 Core  numbersa 5 (5–6) 3 (3–4) 0.001
 Portal tract  numbersa 5 (5–8) 13 (8–21) < 0.0001
 Fragmented LB sample, yes, n (%) 12/30 (40%) 6/60 (10%) 0.005
 Histological diagnosis established, yes, n (%) 28 (93%) 60 (100%) 0.84

Others
 Hospital stay,  hoursa 3 (2.6–3.9) 4.2 (3–5.9) 0.004
 Pain  severitya,b 0 (0–3) 3.5 (2–7) 0.0009
 Opiate use, yes, n (%) 2 (7%) 29 (48%) < 0.0001
 Readmission, yes, n (%) 1 (3%) 0 0.303
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reported that the choice of the type and caliber of the LB 
needle depends largely on the local preference [20, 24–30]. 
Investigators should carefully consider the type and caliber 
of the LB needle when designing future clinical trials com-
paring the two approaches, accounting for patient factors 
such as body habitus, weight, suspected nature of liver 
disease, etc.

We used the number of portal tracts per sample as one of 
the parameters for assessment of the quality of liver speci-
mens in our study. The median number of portal tracts was 
significantly lower in the EUS-LB compared to the PC-LB 
group (5 vs. 13); and this has the potential drawback of 
inadequate assessment of the liver parenchyma, and thus 
potentially missing important histological findings. While 
the median number of portal tracts in our study is lower 
than the number of portal tracts proposed by the Ameri-
can Association for the Study of Liver Diseases position 
paper on liver biopsy (11 portal tracts) [3], it is worth noting 
that this recommendation is based on weak evidence (level 
C). Although it is generally agreed on that the higher the 
number of portal tracts, the higher the diagnostic yield of a 
liver tissue sample, in several occasions, even small biopsy 
specimens may be large enough to establish a diagnosis. A 
recently published meta-analysis of nine EUS-LB studies 
by Mohan et al. [31] reported an overall diagnostic yield 
of 93.9%; the median number of portal tracts in the studies 
included ranged from 2 to 32. We relied on the pathologist’s 
ability to interpret and reach a final histopathologic diagno-
sis in this study, aided by the parameters and requirements 
for adequate liver specimens, given that there are no data 
available to define the adequacy of liver tissue obtained by 
EUS-guided biopsy needles. Fragmentation of liver tissue 
occurs in high rates, up to 72% of the EUS-obtained liver 
tissue samples, which could have a negative impact on the 
overall quality of EUS-LB [8]. Moreover, we acknowledge 
that the staging of fibrosis may have been underestimated in 
EUS-LB group due to the shorter core LB length, less num-
ber of portal tracts, or both, compared to the PC-LB; a 2003 
prospective study showed that core LB length can influence 
the staging of chronic viral hepatitis [32]. Nevertheless, our 
findings are concordant with the current literature, and add 
to the impression that EUS-LB is safe with a high diagnostic 
yield. Our finding that a tendency towards higher numbers of 
portal tracts in the 22-gauge vs. the 19-gauge needle group 
should be interpreted with caution, because the sample size 
of those who underwent EUS-LB using the 22-gauge needle 
was too small to allow for an adequately powered subgroup 
analyses.

Although our study found less number of portal tracts in 
the EUS-LB group in comparison to the PC-LB group, we 
believe that this can be modified and improved by increas-
ing the number of passes and/or actuations. Furthermore, 
EUS-LB allows to easily access and biopsy both hepatic 

lobes, and thus decreasing the possibility of underesti-
mating diseases characterized by patchy involvement of 
the liver.

Even though the primary aim of this study was to assess 
the safety and efficacy of EUS-LB, we acknowledge that a 
cost-effectiveness analysis comparing the two approaches 
is crucial. The use of EUS-LB may seem to be associated 
with increased cost in comparison to PC-LB, because not 
only it requires an interventional endosonographer, but 
also deep sedation and anesthesiological assistance, which 
are not needed for PC-LB. However, per our hospital pro-
tocol, patients who undergo PC-LB are generally admitted 
for 4 h of observation post-procedure with frequent moni-
toring of vital signs in comparison to 1 h of observation 
in patients who undergo EUS-LB which could add more 
costs to PC-LB.

Our findings may not apply to different populations, 
since nearly two-third of the study subjects were females, 
and more than 90% were Caucasians. Furthermore, the 
excellent diagnostic yield of EUS-LB in our study may be 
due to selection and/or referral bias. Moreover, EUS-LB 
requires the availability of endosonographers experienced 
in the performance of EUS-LB. All of our EUS-LB were 
performed by a single experienced therapeutic endoscopist 
(G.M.H), and thus, the finding may not be generalized to 
less-experienced or multiple endosonographers.

In summary, our study results show that compared to 
PC-LB, EUS-LB can be safely used in evaluating patients 
with abnormal liver chemistries and/or for staging chronic 
liver disease, and is as effective as PC-LB in terms of 
establishing a histological diagnosis. The main advantage 
of EUS-LB over PC-LB appears to be the reduction of 
post-procedural pain and anxiety for the patient. Until 
large-scale randomized comparative clinical trials are 
needed, EUS-LB should not replace PC-LB, but should 
be considered as an alternative in the evaluation of patients 
with chronic liver disease. Furthermore, although EUS-LB 
was associated with shorter hospital stay, cost-effective-
ness analysis studies are needed to estimate the overall 
healthcare costs of both procedures to help the patients and 
their healthcare providers decide on optimum methods of 
evaluation of liver disease.
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