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Abbreviations
!

CPT complete portal triads
CT computed tomography
ERCP endoscopic retrograde cholangiopan-

creatography
EUS endoscopic ultrasound
FNA fine needle aspiration
H&E hematoxylin and eosin
HCV hepatitis C virus
INR international normalized ratio
LB liver biopsy
MRCP magnetic resonance cholangiopancrea-

tograpy
NAFLD nonalcoholic fatty liver disease
NASH nonalcoholic steatohepatitis

Introduction
!

Liver biopsy (LB) has historically been performed
percutaneously without image guidance, also
known as “blind biopsy”. In the past several years,
there has been more reliance on image guidance
to direct the needle into the liver to limit the risk
of complications [1]. The percutaneous route is
typically directed by ultrasound or computed to-
mography (CT), and a transjugular fluoroscopy-
guided approach is used if the percutaneous route
is not safe because of coagulopathy or ascites, or if
measurement of portal pressure is required [2].
Surgical LB (either laparoscopic or open) is yet an-
other way of obtaining liver tissue.
A newer method of obtaining a LB is by endo-
scopic ultrasound (EUS)-guidance [3–7]. EUS
provides a high resolution image of both lobes of
the liver, and a biopsy needle can be safely direct-
ed into the liver for sampling under image gui-
dance. Doppler capability of the linear echoendo-
scope allows intrahepatic vessels to be avoided
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Background and aims: Endoscopic ultrasound-
guided (EUS) liver biopsy (LB) is proposed as a
newer method that offers several advantages
over existing techniques for sampling liver tissue.
This study evaluated the diagnostic yield of EUS-
LB as the primary outcome measure. In addition,
the safety of the technique in a large patient co-
hort was assessed.
Patients and methods: Patients undergoing EUS
for evaluation of elevated liver enzymes or hepa-
tic disease were included in this prospective, non-
randomized, multicenter study. EUS-LB was per-
formed with EUS-fine needle aspiration (FNA;
19-gauge needle). Tissue was formalin-fixed and
stained with hematoxylin and eosin, and tri-
chrome. Using a microscope micrometer, speci-
men length was measured and the number of
complete portal triads (CPTs) were counted. The
main outcome measure was to assess the diag-

nostic yield of EUS-LB, and tomonitor for any pro-
cedure-related complications.
Results: Patients (110; median age, 53 years; 62
women) underwent EUS-LB at eight centers. The
indication was abnormal liver enzymes in 96 pa-
tients. LB specimens sufficient for pathological
diagnosis were obtained in 108 of 110 patients
(98%). The overall tissue yield from 110 patients
was a median aggregate length of 38mm (range,
0–203), with median of 14 CPTs (range, 0–68).
There was no statistical difference in the yield be-
tween bilobar, left lobe only, or right lobe only
biopsies. There was one complication (0.9%)
where self-limited bleeding occurred in a coagu-
lopathic and thrombocytopenic patient. This
complication was managed conservatively.
Conclusions: EUS-guided LB was a safe technique
that yields tissue adequate for diagnosis among
98% of patients evaluated.



during FNA. Intervening structures such as loops of bowel, gall-
bladder, and the pleural space can be easily observed and avoid-
ed, further lowering the risk of complications. Another potential
advantage of EUS-LB is that it easily and safely allows biopsy of
both left and right lobes of the liver, potentially addressing con-
cerns about sampling error. In addition, EUS-LB uses a 19-gauge
needle, which is smaller than the 16-gauge needles that have tra-
ditionally been used for transcutaneous LB [1], and this may pro-
vide an additional measure of safety.
Many studies that have used a 19-gauge Tru-cut biopsy or FNA
needle to acquire liver tissue have obtained specimens adequate
for histologic diagnosis [3–7]. In the most recently reported se-
ries, a 19-gauge FNA needle was used in 22 patients and yielded
adequate tissue for histological analysis in 20 (91%) of them and
there were no complications [6]. Aside from these few reports,
there has not been a larger study on the effectiveness and safety
of EUS-LB. This report describes the results of a multicenter ex-
perience with the yield and safety of EUS-LB.

Patients and methods
Consecutive patients who underwent EUS-LB at the participating
centers were included in our prospective, non-randomized, mul-
ticenter study. Each participating center had Institutional Review
Board approval to participate in this study. Inclusion criteriawere
patients who had undergone extensive previous serological and/
or cross sectional imaging which were non-diagnostic for their
underlying presentation, leading to a decision for subsequent
EUS to evaluate for elevated liver enzymes or hepatic parenchy-
mal disease. Consent from the patient was obtained for a possible
EUS-LB or endoscopic retrograde cholangiopancreatography, if
needed, to be done at the time of the EUS – a decision based on
the EUS findings. If EUS evaluation of the liver, hepatobiliary tree,
gallbladder (if present), ampullary area, and pancreas was non-
diagnostic, a decision was made to proceed with the EUS-LB. If
EUS showed a biliary obstruction, then in the same session endo-
scopic retrograde cholangiopancreatography, was performed to
treat the obstruction and EUS-LB was not performed. Exclusion
criteria included malignant liver disease, thrombocytopenia (pla-
telets, <50,000), or coagulopathy (international normalized ratio
[INR] >1.5), use of antiplatelet agents within 5 days of the proce-
dure, inability to provide informed consent, or pregnant status.
Patient demographics, procedure information, diagnostic yield,
specimen adequacy, and complication rates were recorded. Pa-

tients were contacted at 1–2 days and 30 days post-procedure
to check for procedure-related complications.

FNA technique
EUS examination was performed in the left lateral decubitus po-
sition with a linear echoendoscope (GF-UC140P, Olympus Amer-
ica, Center Valley, PA, United States). All patients underwent deep
sedation with propofol administered by a staff anesthesiologist
and/or nurse anesthetist. Pre-procedure antibiotics were not giv-
en. The biopsy was performed using a 19-gauge EUS-FNA needle
(19G Expect or 19G Expect Flexible, Boston Scientific, Marlbor-
ough, MA, United States). This was done with or without a stylet
as per the endoscopist’s preference. Almost all endoscopists pre-
ferred to use full suction for the needle aspiration. The left lobe of
the liver was accessed with the echoendoscope in the proximal
stomach, distal to the gastroesophageal junction. The right lobe
of the liver was accessed with the echoendoscope positioned in
the duodenal bulb and torqued counter clockwise, beyond the
view of the portal vein and the gallbladder (if present). Doppler
was used to identify an area of hepatic parenchyma in the ex-
pected trajectory of the needle that was free of blood vessels or
bile ducts (●" Fig.1). After initial puncture, 7–10 back-and-forth
motions of the needle were made per pass using the “fanning”
technique to maximize tissue sampling. This technique is well
described for EUS-FNA, and involves changing the trajectory of
the needle with each back-and-forth movement. One or two pas-
ses were made in the left lobe depending on the endoscopist’s
preference or assessment of tissue yield after the first pass. Right
lobe FNA, when performed, was per endoscopist’s preference,
using the same technique. After completion of the EUS-LB, the
patient was observed in the endoscopic recovery unit for 1–3
hours, depending on the endoscopist’s preference, and dis-
charged if no immediate complications were noted.

Specimen handling
After completion of one biopsy pass, tissue was expressed from
the needle with the stylet directly into formalin without addi-
tional tissue handling. The contents of the formalin container
were inspected for visible tissue cores (●" Fig.2a). Tissue proces-
sing was as routinely performed at the surgical pathology labora-
tory. The surgical pathology technician poured the contents of
the formalin container into a petri dish (●" Fig.2b). Visible pieces
of liver tissue were identified, removed with forceps (●" Fig.2c),
placed in lens paper (●" Fig.2d), and submitted in a histology cas-

Fig.1 EUS-LB using fine needle aspiration (19-gauge needle). a The left lobe of the liver. b The right lobe of the liver.
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sette for processing. The liver tissue was distinguished from
blood clots by its color. All the remaining tissue/clot was submitt-
ed in additional cassette(s). The tissue was fixed and embedded
in paraffin; 4µm sections were made with a microtome and glass
slides were prepared. The slides were stained for histologic eval-
uation (typically, hematoxylin and eosin [H&E], reticulin, and tri-
chrome, with Periodic acid–Schiff–diastase and iron stain as
needed in selected patients).

Quantification of tissue yields
Using a microscopemicrometer, specimen lengths (both cumula-
tive length and longest piece) were measured and number of
complete portal triads (CPTs) counted. This was done primarily
on trichrome-stained slides, which highlight the portal triads, al-
though H&E-stained slides were analyzed if trichrome was not
available. In some patients, whole slide scans were made with a
digitizing scanner (ScanScope CS, Aperio Technologies, Inc. Vista,
California, United States) and specific slide viewing software
(Aperio Image Scope Viewer, version 11.2.0.780) was used for
the quantitative analysis. With this software, an internal digital
measurement function allows for precise quantification of liver
core lengths (●" Fig.3a). A dedicated gastrointestinal pathologist
was blinded to the clinical information and reviewed the speci-
mens.

Study definitions
Complications of EUS-LB were defined as any deviation from the
expected post-procedure clinical course, and were prospectively
assessed by post-procedure phone calls at 1–2 days and 30 days
after the procedure. Complications included bleeding, perfora-
tion, pneumothorax, bile leak, or infections [8]. Sedation-related
complications were also documented. A bleeding complication
was defined as symptomatic blood loss requiring further investi-
gation, transfusion, or admission to hospital. Diagnostic yieldwas
defined as a sufficient amount of liver tissue on the slide to allow
the pathologist to make a diagnostic interpretation.

Statistical analysis
The study data were collected on an Excel spreadsheet and de-
scriptive statistics were utilized to represent continuous and ca-
tegorical variables, whereby results were expressed as medians
with ranges. Multiple comparisons between the aggregate tissue
length and CPT yield from bilobar, left lobe only, and right lobe
only biopsies were carried out using the Mann-Whitney-Wilcox-
on test. A P-value of <0.05was considered statistically significant.

Main outcome measures
Main outcomes measures were to assess the biopsy specimen for
diagnostic adequacy and procedural complications.

Fig.2 Tissue was expressed into the formalin container. a Visible core. bMore bloody specimens; the contents of the container were poured into a petri dish.
c The formalin-fixed pieces of liver tissue, distinguished from blood clot, were removed with forceps. d Next, the tissue was wrapped in lens paper and placed
into a histology cassette for standard processing; the blood clot was also submitted. Usually, all material was processed in a single cassette.
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Results
!

Between November 2011 and September 2013, one hundred and
ten patients (62 women; median age, 53 years [range, 9–87]) un-
derwent EUS-LB at the eight participating centers. Themost com-
mon indication for performing EUS-LB was persistent unex-
plained elevation in serum transaminases (n=96), followed by
evaluation of hepatic parenchyma for suspected underlying liver
disease (n=14).
Biopsies of both the left and the right lobe in the same patient
were performed in 68 (62%) of 110 patients, left lobe only biop-
sies were done in 34 (31%) patients, and right lobe only biopsies
were done in 8 (7%) patients. Two patients with Roux-en-Y gas-
tric bypass had successful left lobe only biopsies because of their
altered anatomy and the inability to access the right lobe. The
overall yield from 110 patients was a median aggregate tissue
length of 38mm (range, 0–203), with a median of 14 CPTs
(range, 0–68). The individual yields of bilobar, left lobe only, and
right lobe only biopsies are summarized in●" Table1. There was
no statistical difference in the aggregate tissue length (left vs.
right, P=0.44; bilobar vs. right, P=0.99; bilobar vs. left, P=0.06)
the number of CPTs (left vs. right, P=0.58; bilobar vs. right, P=
0.65; bilobar vs. left, P=0.12) yielded by any of these accessmeth-
ods.
Three patients who underwent bilobar biopsies had no tissue
yield from one of the lobes (two patients with no tissue from
right lobe and one patient with no tissue from left lobe), but
they were analyzed as bilobar biopsies because there was ade-
quate liver tissue available for histological analysis from the other
lobe. There was one patient who underwent a left lobe only biop-
sy where adequate tissue was not obtained for histopathological
analysis, and one patient who underwent a bilobar biopsy that
yielded 23mm aggregate tissue but only 5 CPTs, which was in-
adequate for establishing a histopathological diagnosis. The re-
maining 108 (98%) of 110 patients yielded specimens sufficient

for definitive pathological diagnosis (●" Table2). There were only
five patients where the tissue yield was less than 6 CPTs with ag-
gregate length less than 15 mm; the value used as a reference
standard in recent studies [4–6]. However, we were able to ob-
tain a histological diagnosis in samples from four, but not from
the one of the five patients because of the complete lack of tissue
on that biopsy. Representative microscopic images from several
patients demonstrate the general size of the liver tissue obtained
and some of the pathology encountered (●" Fig.3b– f).
The overall complication rate from EUS-LB noted in our study
was 1/110 (0.9%). The single complication occurred in a coagulo-
pathic and thrombocytopenic patient (platelets, 64,000; INR,
1.42), evaluated for abnormal transaminases. Post-procedural
abdominal pain was observed, which required evaluation with
CT scan that showed a pericapsular hematoma. Angiogram was
subsequently performed but did not show any active bleeding,
thus angioembolization was not required. This patient was even-
tually found to have disseminated intravascular coagulation. No
other complications were reported in any patient.

Fig.3 Precise quantification of liver core lengths. a Digital measurements. b Representative photomicrographs showing liver tissue mixed with blood clot
obtained from patients from this series. c Duodenal mucosa with right lobe EUS-LB; d Autoimmune hepatitis under high power view. e Steatohepatitis. f Non-
caseating granulomatous hepatitis.

Table 1 Quantified yields from endoscopic ultrasound liver biopsies.

Patients Median tissue length,

mm (range)

Median CPTs

(range)

Both lobes 68 40 (9–148) 17 (65)

Left only 34 32 (0–203) 13 (0–68)

Right only 8 49 (8 –113) 14 (6–34)

CPTs, complete portal triads.
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Discussion
!

There are several potential advantages of EUS-LB, which can be
performed in an outpatient setting and offers the comfort of se-
dation and analgesia, thereby reducing pain and anxiety. Multi-
ple sites can be sampled, which can provide a more accurate re-
presentation of liver histology. It has been recognized that sam-
pling error can lead to diagnostic inaccuracy of a biopsy from a
single site [9]. The left hepatic lobe is more easily accessed for
biopsy by EUS than by CT or percutaneous ultrasound-guided
needle biopsy, because of the larger surface area which can be
scanned by EUS for an optimal biopsy site. Another potential ad-
vantage is its safety because the area of liver being sampled can
be interrogated in “real-time” under ultrasound guidance, and
intervening vessels and organs can be avoided. In addition, be-
cause the patient is sedated for the EUS procedure, the LB is less
uncomfortable than a percutaneous un-sedated approach.
In a patent who is already undergoing an esophagogastroduode-
noscopy or EUS for their respective indication, EUS-LB can be per-
formed with little additional time and risk. This approach can
spare the patient the additional discomfort and expense of a sec-
ond dedicated LB procedure. Equipment costs for the EUS-LB in-
clude only the FNA needle, which is similar to or less expensive
than the cost of needles for the transjugular or percutaneous ap-
proach. More tissue accessed with the EUS-FNA fanning tech-
nique than with the single pass percutaneous technique. How-
ever, the cost of the endoscopic procedure makes up a significant
part of the expense of EUS-LB. Thus, it seems this approach is best
for patients requiring LB who are already undergoing an upper
endoscopy and/or EUS exam or who require sedation for a LB.
Although magnetic resonance cholangiopancreatography
(MRCP) and EUS are comparable in their diagnostic utility for
evaluation of hepatobiliary diseases, the need for use of contrast
and the inability to provide a histological diagnosis are limita-
tions of MRCP. Moreover, if MRCP is found to be negative for bili-
ary obstruction, there would be a subsequent need for liver his-
tology, which requires a separate procedure with added cost.
Thus, the workup of all our study patients was initiated as a diag-

nostic EUS and EUS-LB was performed as needed. This eliminated
the need for a separate procedure for tissue acquisition and
thereby reduced the cost to the patient.
Among patients who have had a Roux-en-Y gastric bypass, EUS-
LB can still be successfully performed with a transgastric ap-
proach via the gastric pouch to accurately target the left hepatic
lobe. This was done in three of the patients in our series with
good diagnostic yield. Among patients who may be living donor
candidates, the specific lobe for donation can be targeted by EUS-
LB for pre-transplant histological evaluation.
Several of the initial reports of EUS-LB utilized a spring loaded
19-gauge core needle (Quick Core, CookMedical, Winston-Salem,
North Carolina, United States) [3–5]. In the hands of these inves-
tigators, tissue yields were satisfactory but there was a wide
range of specimen adequacy (19–100%). This device has been
associated with several technical difficulties that could reflect
negatively on tissue adequacy. The ability to use a regular 19-
gauge EUS needle in 22 patients with no complications and to ob-
tain adequate liver specimens was first described by Stavropou-
los et al [6]. They sampled only the left lobe, but did use multiple
passes of the needle with suction to obtain tissue, which served
as the basis of our protocol as well. This preliminary finding led to
the current multicenter study to see if the results from a single
center, single endoscopist study could be generalizable.
We found that the EUS-LB technique was successful and safe for
obtaining adequate liver biopsy specimens. The single patient
who experienced clinical bleeding that was observed in this se-
ries occurred in a patient with thrombocytopenia and ongoing
coagulopathy that was later identified as disseminated intravas-
cular coagulation. This patient may have encountered bleeding
irrespective of the technique adopted to sample the liver. Al-
though our study included five patients with cirrhosis, none of
the patients had ascites, thus we cannot comment on the safety
of EUS-LB in the presence of ascites. We believe that the EUS-LB
technique may not be appropriate for patients with coagulopathy
or thrombocytopenia and in whom there is need for portal pres-
sure measurement with liver biopsy.
Adequacy of a LB specimen remains a qualitative assessment by
the pathologist. Standards for quantitative adequacy have been
established by the American Association for the Study of Liver
Diseases [1] and these quantitative parameters include length of
specimen and the yield of CPTs that can be identified in the speci-
men. Current published studies on EUS-LB have used 6 CPT’s or a
mean length of 15mm as criteria for sample adequacy [4–6].
However these parameters are based on results of prior studies
using a large-bore percutaneous needle. Thus, it is not clear how
generalizable these results may be. A recent study of ten patients
showed that EUS-LB using a 19-gauge FNA needle had 100% diag-
nostic yield with an average of 9.2 CPTs and average core length
of 14.4mm [10]. However, we believe that diagnostic yield should
be based on the ability of a pathologist to successfully render a
diagnosis on the material provided, because a diagnosis was suc-
cessfully rendered for our patients with low CPTs (<6) and core
lengths (<15mm), whereas one patient with 23mm tissue length
had a non-diagnostic sample.
The indications for the use of LB appear to be increasing. Recent-
ly, there has been recognition that nonalcoholic fatty liver disease
(NAFLD) can lead to liver damage such as nonalcoholic steatohe-
patitis (NASH) and cirrhosis. NASH is an increasingly common
cause of liver failure needing liver transplantation with higher
liver-related mortality than simple steatosis [11]. Many hepatol-
ogists are recommending early biopsy in patients with NAFLD to

Table 2 Diagnoses obtained from the EUS-LB.

Diagnosis Patients

Nonalcoholic fatty liver disease
Nonalcoholic steatohepatitis (NASH)
Steatosis without NASH

52
30
22

Viral hepatitis
Chronic
Acute

11
1

Drug induced liver injury 9

Non-specific cholestasis 8

Non-specific mild inflammation 5

Normal liver 3

Autoimmune hepatitis 3

Granulomatous hepatitis 3

Insufficient sample 2

Acute cholangitis 2

Iron overload 2

Pericholangitis 1

Acute alcoholic hepatitis with cirrhosis 1

Cirrhosis from HCV and NASH 4

Post orthotopic liver transplant,
no acute rejection 1

NASH, nonalcoholic steatohepatitis; HCV, hepatitis C virus.
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stage the degree of hepatic fibrosis and to help with decisions re-
garding starting therapy. In the future, as additional therapies be-
come available for NASH, the need for and use of LB will undoubt-
edly increase. The EUS-LB approach may be cost effective in pa-
tients with NAFLD who are being considered for liver biopsy and
who are also in need of EUS for other non-hepatic indications.
This multicenter study confirmed that EUS-LB is a safe procedure
and yields tissue adequate for histologic diagnosis. The technique
can be useful for patients undergoing EUS for evaluation of
elevated liver enzymes or hepatic disease. Comparative studies
to evaluate tissue yields with other LB techniques and with mat-
ched subjects may be useful to further define the role of EUS in
patients undergoing LB.
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