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Abstract

Endoscopic ultrasound guided liver biopsy (EUS-LB) has emerged as a minimally-
invasive alternative to the traditional (percutaneous or transjugular) liver biopsy
techniques for the diagnosis of liver parenchymal diseases. Potentially, EUS-LB
combines the advantages of percutaneous and transjugular liver biopsy in addressing
focused sampling in addition to measuring portal pressure. Additionally, EUS-LB
facilitates access to both the lobes of the liver which is not considered with the
traditional percutaneous liver biopsy. Multiple studies have compared EUS-LB with
conventional liver biopsy and reported comparable diagnostic yield, increased
acquisition of complete portal tracts, and longer specimen length as compared to the
traditional approaches. EUS-LB is associated with lesser post-procedural pain and
shorter recovery time, while providing lower risk of complications when compared to
traditional liver biopsy. Innovations in needle types, needle sizes and suction
techniques have aimed at further optimizing the EUS-LB technique. This review article
updates current literature with focus on the variations in the technique and equipment
used for EUS-LB, and compares EUS-LB with traditional methods of liver biopsy.
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Core Tip: Edoscopic ultrasound guided liver biopsy (EUS-LB) has emerged as a
minimally invasive alternative to the traditional (percutaneous or transjugular) liver
biopsy techniques for the diagnosis of liver parenchymal diseases. EUS-LB facilitates
access to both the lobes of the liver and allows measurement of portal pressure. EUS-LB
has comparable diagnostic accuracy, increased yield of complete portal tracts, and
longer specimen length compared to the traditional approaches. Innovations in needle
technology and variations in suction have further optimized the EUS-LB technique. This
review article updates current literature comparing EUS-LB to traditional liver biopsy

and advances in this field.




INTRODUCTION

Liver biopsy is helpful in diagnosis of parenchymal pathologies such as alcoholic liver
disease, autoimmune hepatitis, viral hepatitis, metabolic liver diseases (non-alcoholic
fatty liver disease, Alfa-1 Anti-trypsin Deficiency, Wilson disease, hemochromatosis,
Gaucher’s disease, etc.), drug-induced liver injury and infiltrative liver disease (i.e.
malignancy, abscess, sarcoidosis, etc.). Tissue examination also allows for diagnosis of
rare overlapping liver diseases. The liver biopsy has traditionally been obtained via two
routes: percutaneous liver biopsy (PC-LB) and transjugular liver biopsy (T]-LB). In
recent years, endoscopic technique and hardware advancement have led to the rise of
endoscopic ultrasound-guided liver biopsy (EUS-LB). There is changing epidemiology
of liver disease with increased global incidence of non-alcoholic fatty liver disease
(NAFLD) over the last two decades; it has reached to an estimated global prevalence of
25%.! This increased prevalence has led to advancements in lesser or non-invasive
diagnostic tests such as ultrasound-elastography and MRI-proton density fat fraction.2
Although these tests provide greater diagnostic accuracy compared to traditional
peripheral blood laboratory tests, liver biopsy remains the gold standard for diagnosing
focal lesions and parenchymal liver disease.® In this review, we will compare EUS-LB
with traditional liver biopsy and highlight its, advantages and disadvantages in context
of changing epidemiology of liver disease. Further, we will summarize the latest

advancements on EUS-LB, focusing on technique, needle types/size, and suction type.

METHODS OF LIVER BIOPSY

The first mode of acquisition of liver tissue was PC-LB, as it provides the most direct
route to access the liver. Percutaneous needle aspiration biopsies have been performed
since the late 19th century and popularized in the 1930s.# Initial PC-LB techniques used
percussion to guide needle placement; however, modern PC-LB is done under
ultrasound- or fluoroscopic-image guidance.® If hepatomegaly is present, a subcostal
route for PC-LB is preferred; however, a transthoracic approach is employed in the

absence of hepatomegaly. In the early days of PC-LB, interventionists preferred 14




gauge (G) or 16G needles to provide large, intact tissue samples. In recent years, spring-
loaded 18G and 20G needles have been common.® PC-LB is usually done while the
patient is awake with local anesthesia, but conscious sedation is often used. Common
complications of PC-LB include pain (74%), minor bleeding (30%), and infection at the
biopsy site.”® As the liver capsule is punctured to obtain biopsy, intra-peritoneal
hemorrhage is a severe, albeit rare complication.” Other less<common complications
include pneumothorax and hemothorax if the transthoracic approach is employed (0.1 -
0.9%).7-* Contraindications to PC-LB include significant ascites, large body-habitus, and
severe coagulopathy.® As it has been a long-standing method of biopsy, PC-LB is widely
available. Furthermore, given its short procedure time and the fact that general
anesthesia is not required, PC-LB provides a cost-effective approach to diagnosing liver
diseases. Drawbacks to PC-LB include access to only the right hepatic lobe and a limited
view of surrounding anatomy. Further, if real-time imaging is not used for guidance,

there is an increased risk of serious complications.!”

More recently, T]-LB has been developed to obtain liver samples in patients with
contraindications to PC-LB. In this technique, an interventional radiologist cannulates
the internal jugular vein and accesses one of the hepatic vein under fluoroscopic
guidance. Biopsy of the right hepatic lobe is preferred because of its size and the acute
angulation of the veins with the inferior vena cava.!* This procedure can be performed
in patients with high body mass index, and significant ascites. Additionally, as the liver
capsule is not punctured, it is the preferred method in those wit rofound
coagulopathies. This technique provides the added benefit of assessingE hepatic
venous pressure gradient (HVPG), which is an indirect measure of the absence,
presence and degree of portal hypertension. HVPG measurement will be compared to
EUS-guided measurement of portal pressure in the discussion of future research and
practice below. Complications from TJ-LB include pain, hematoma, hemobilia, arterial
aneurysm, and major hemorrhage.!! In addition to subverting contraindications posed

by the PC-LB, advantages of TJ-LB include lack of capsular puncture and the ability to




obtain a portal pressure gradient measurement.”1011 One of the limitation of TJ-LB is
inability to obtain tissue from a focal lesion, due to limited view of surrounding

structures!?,

Endoscopic ultrasound-guided fine-needle aspiration was first done in 1993 and EUS-
LB was first described by Mathew in 2007.121> EUS-LB poses several advantages over
the traditional LB techniques. Firstly, EUS-LB allows access to both lobes of the liver
(except in patients with Roux-en-Y or gastric by pass anatomy).!? Secondly, like TJ-LB,
EUS-LB enables a practitioner to obtain liver tissue regardless of body habitus or ascites.
The most advantageous aspects of EUS-LB, when compared to PC-LB and TJ-LB, lie in
its real-time multi-dimensional evaluative abilities. Those undergoing workup for liver
disease often require endoscopic evaluation - the advent of EUS-LB posed a solution to
facilitate patients to undergo multiple endoscopic procedures in the same session. With
EUS, a liver biopsy can be performed along with simultaneous evaluation for varices
(esophageal and gastric) and portal pressure measurement. Further, the use of EUS in
close proximity to the liver allows for better visualization of liver lesions for targeted
liver biopsies.! In fact, multiple studies have shown a diagnostic accuracy between 85-
90% for solid liver masses using EUS-guided FNB.1%-% Use of ultrasound-guided
technique also allows practitioners to avoid critical structures during biopsy
procurement. The drawbacks to EUS-LB mirror some of the drawbacks found in PC-LB
and TJ-LB. Although the number of EUS-trained practitioners have grown rapidly over
the past ten years in the United States, this procedure is less widely accessible when
compared to PC-LB.0 Further, unlike TJ-LB, EUS-LB does require capsular puncture
and is not readily performed in patients with severe coagulopathy. Additionally, EUS-

LB does require moderate or deep sedation, as with TJ-LB.

METHODS OF LIVER BIOPSY — COMPARISONS

Recovery times and Complications




With the advent of multiple modalities for obtaining liver biopsies, recent studies have
comparatively evaluated these approaches. The comparison between each of the three
liver biopsy methods is summarized in Table 1. With regards to length of recovery,
EUS-LB patients (n = 30) experienced a shorter post-procedural monitoring time (3 h)
when compared to those (n = 60) undergoing PC-LB (4.2 h, P = 0.004).7 A recent study
done in 2021 showed the mean recovery time for those undergoing EUS-LB was 90
minutes s 141.3 minutes (P = 0.004) for T]-LB.'® The most common minor complication
in each of the three modes of liver biopsy is pain. In a 2020 study, EUS-LB had
significantly less pain scores when compared to PC-LB (0/10 for EUS-LB wvs 3.5 for PC-
LB, P = 0.0009).17 When comparing pain in EUS-LB and TJ-LB patients, one 2019 study
found a significantly higher incidence of post-procedural pain in TJ-LB patients
compared to EUS-LB patients, 8% vs 0% (P < 0.0001), respectively.’ Adverse events
with regard to liver biopsy include, but are not limited to, severe hemorrhage,
hemobilia, abdominal wall injury, and intraperitoneal injury. Although no studies have
directly compared adverse event rates between the three liver biopsy modalities,
adverse event rates appear to be similar across each modality - EUS-LB: 1% - 2.3%, PC-
LB: 0.9% - 3.1%, TJ-LB: 0.56%-6.5%.15-22

Specimen adequacy

Regarding histological adequacy of liver biopsy samples, the American Association for
the Study of Liver Diseases recommends a tissue length of between 2-3 centimeters with
greater-than-or-equal-to 11 complete portal tracts (CPT).2* Systematic reviews have
shown a total specimen length for PC-LB to be 17.7mm (+ 5.5mm), T]-LB: 13.5mm (+
45mm), and EUS-LB 36.9mm (+ 6.2mm).202 CPT numbers in these same studies
revealed an aggregate CPT for PC-LB of 7.7 (¥ 3.4), TJ-LB: 6.8 (+ 2.3), and EUS-LB: 9.0 (£
3.1).2% A recent 2021 study compared each liver biopsy technique head-to-head and
found that EUS-LB (2 = 53) had a significantly greater mean aggregate length
(22.95mm) compared to PC-LB (1 = 20) (14.5mm) (P = 0.03) and TJ-LB (n = 20) (14.6mm)
(P = 0.02).8 Further, both EUS-LB and TJ-LB provided a greater number of CPTs when




compared to PC-LB: EUS-LB (19.36), TJ-LB (20.2), PC-LB (9.1) (EUS-LB s PC-LB: P <
0.0001, [EUS-LB os TJ-LB P = 1)1

TECHNIQUE OF EUS-GUIDERLIVER BIOPSY

Since the inception of EUS-LB in 2007 with a Tru-Cut core biopsy needle (QuickCore,
Cook Medical, Winston Salem, NC), multiple studies have aimed at optimizing EUS-LB
technique.’® These changes coincided with procedural upgrades and improvements in
needle technology. Incorporating these advancements into EUS-LB comes with
technical (skills and training) and logical challenges (cost and availability). However,

the essential technique of EUS-LB remains unchanged.

General Technique

Patients undergoing EUS-LB are either moderately sedated with short-acting
benzodiazepines and opiates or deeply sedated with propofol, per the availability of
dedicated anesthetists. The patients are prone positioned and a linear array echo-
endoscope is inserted for endo-sonography. Once the area of interest is identified, the
stylet is removed, and a needle primed (with heparin or saline) or unprimed (air) is
inserted.510 Per endoscopist and center preference, the needle should be attached either
to a wet suction (saline or heparin) or a dry suction (air). Before needle puncture, color
Doppler should be used to ensure there are no vascular structures in the trajectory of
the needle. Suction should be applied via a syringe once adequate liver parenchymal
penetration is achieved (depending on the needle selection). Figure 1 shows the
echoendoscopic image of a needle passing through into the left hepatic lobe. In 1 pass,
actuations or fanning back-and-forth motions can be done with continued suction to
allow for improved tissue acquisition.?> Multiple such passes can be done overall to
increase tissue acquisition. After each pass, the needle should be removed from the
echo-endoscope and the tissue should be stored in formalin solution directly for

preservation.®® This gross tissue can be analyzed for adequacy and should guide the
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decision if more passes are required. Following the procedure, patients can be

discharged after 1-2 h observation in the recovery unit.

Accessing liver parenchyma requires identification of endoscopic gastric landmarks.
The left lobe of liver adjoins the gastroesophageal jungtion can be accessed through the
gastroesophageal junction in the proximal stomach.ﬁe right lobe of the liver can be
accessed thr the duodenal bulb.2® Among patients with altered anatomy, EUS-LB is
limited. For Roux-en-Y gastric bypass patients, only left liver lobe biopsy is feasible

through the transgastric approach.10

Suction

Suction can be appligshin a wet or dry fashion. In dry suction, an empty 10cc or 20cc
syringe is applied to maintain suction after passing the needle into the liver
parenchyma. In wet suction, the needle lumen is primed with fluid, causing negative
pressure at the needle tip. As outlined above, wet suction utilizes either saline or
heparin. A 2018 study compared wet heparin suction technique with dry suction
technique. The study showed significantly increased aggregate specimen length (wet:
49.2mm, dry: 23.9mm, P = 0.003) and number of CPTs (7.0 vs. 4.0, P = 0.01) for wet
suction compared to dry suction techniques¥. With wet suction, the sample is
suspended in a column of fluid —leading to reduced shearing forces as it is not in
contact with the needle wall. This likely leads to increased CPTs and intact specimen
length for wet suction technique. To our knowledge, no studies directly comparing wet
suction with saline vs heparin have been performed.

In contrast, specimens can be obtained without applying suction wia stylet, in a “slow-
pull” technique. A 2020 meta-analysis showed that FNB with a slow-pull technique
provided similar total specimen length (44.3 mm vs 53.9 mm, P = 0.40) when compared
to suction application; however, the slow-pull technique provided improved CPT than

suction (30 vs. 14.6, P < 0.001).% Authors hypothesize that this stems from reduced




fragmentation of the tissue specimen as it is subjected to an environment of less

negative pressure with the slow-pull technique.

Needle Pass / Actuation
Needle pass refers to the number of times a needle is introduced into the liver
parenchyma through puncture of the liver capsule, while actuation refers to the number
of back-and-forth motions are made in a specified needle pass. Through our literature
review, it appears the 1-pass 1-actuation technique is the most common mode of EUS-
LB acquisition.2® There are few studies that have been done comparing needle pass
and needle actuation with regards to pain, adverse events, and specimen quality. A
1 study showed that EUS-LB using a 1-pass, 3-actuation technique (n = 40) provided
g:ger liver cores with more CPTs than a 1-to-1 technique (1 = 40), with an equivalent
safety profile: CPT (24.5 vs. 17.25, P < 0.008), aggregate specimen length (12.85cm vs
6.89cm P < 0.001)%.

Needle Selection: Size

When considering needle selection, an EUS-LB practitioner must take needle size and
type into account. With regards to needle size, multiple studies have been done to
determine the optimal needle size for EUS-LB. In the early days of EUS-LB, large 14G -
16G spring-loaded cutting needles were used; however, these needles had wvaried
diagnostic yields ranging from 29% - 100%.3%* As time progressed, researchers found
that smaller-gauge needles provided better results than their 14G - 16G counterparts. In
a 2017 study, 18G percutaneous, 19G FNA, 19G FNB, and 22G FNB needles were
compared on human cadaveric tissue to test for tissue adequacy. The study showed that
a 19G needle provided a significantly greater number of CPTs when compared to its
22G and 18G counterparts (6.2 vs. 3.5 vs. 3.2, respectively, P < 0.001 for both
comparisons).® In a similar study in 2019 on fresh bovine liver, 19G and 20G fork-tip

needles yielded similar CPTs and total specimen length; however, both the 19G and




20G fork-tip needles significantly outperformed their 22G fork-tip counterpart in terms

of CPTs and specimen length.3?

More recent in vive studies have confirmed the superiority of 19G needles when
compared to 22G needles. A recent (2021) study showed that 19G Franseen tip needle
performed better than a 22G Franseen tip needle in terms of specimen adequacy (19G:
81.5%, 22G: 66.7%, I’ < 0.01).* The researchers posit that the 22G samples had greater
fragmentation, leading to reduced intact specimen length and CPT, reducing
histological adequacy. The advantage of 19G compared to 22G needle was also shown
in core needles, where 19G core needles had a greater CPT (8.8 vs 3, P < 0.0001), longer
core length (2.5cm vs. 1.1cm, P < 0.0001), and a higher rate of pathological diagnostic
samples (85% vs. 10%, P < 0.0001) when compared to 22G core needles.®

Needle Selection: Tip and Design

As noted earlier, large spring-loaded cutting needles were initially used to perform
EUS-LB. As EUS-LB grew, practitioners noted that fine-needle biopsy (FNB) needles
may provide better samples in the endoscopic setting. In 2015, DelWVitt et al, showed that
a 19G FNB histology needle performed better than a 19G spring-loaded cutting needle
and provided longer specimens (19.4mm vs. 4.3mm, P = 0.0001), greater CPTs (10.4 vs.
1.3, P = 0.0004), and a higher percent of diagnostic histology (85% vs. 57%, P = 0.006).3¢

Holding needle gauge constant, Franseen needle types have shown to be superior than
their counterparts in recent studies. A 2019 study showed that a 19G Franseen needle
provided lengthier specimens when compared to a 19G FNA needle for in vivo EUS-LB
(2.09cm vs. 1.47cm, P < 0.001), more CPTs (42.6 vs 18.1, P < 0.001), and similar pain
scores.”” In the late portion of the last decade, EUS-LB has been most commonly
performed with either Franseen or Fork-Tip biopsy needles. Multiple studies have
compared the effectiveness with regards to specimen quality and adverse events

between these two needles. A 2020 study showed a similar adverse event and




abdominal pain profile between the use of 19G Franseen and fork-tip needles.? The
Franseen needle, however, had a significantly greater total specimen length when
compared to the fork-tip needle (3.1ecm vs 2.7cm, P = 0.01) and greater total CPTs (24.0
vs 19.55, P < 0.01).* The Franseen tip has also shown equal-to-superior diagnostic yield
when compared to fork-tip, with one study showing nonsignificant-difference in
histological adequacy rates but an increased number of CPTs (14.4 vs. 9.5, P < 0.001)
and another study showing a higher diagnostic yield of 97.2% for Franseen tip
compared to 79.4% for fork-tip (P < 0.001).3839

FUTURE RESEARCH AND PRACTICE

Portal pressure gradient

In trained hands it has become possible to obtain accurate measures of portal pressure
gradients by various approaches.?® The measure of the portal pressure gradient is
primarily gdone through the transjugular approach. Although described as the gold
standard, g&l hepatic venous pressure gradient (HVPG) is actually an indirect measure
of portal pressure calculated by subtracting the free hepatic venous pressure from the
wedge hepatic venous pressure! In contrast, EUS-guided measurement of portal
pressure is a direct measurement of sinusoidal pressure rather than an estimate, and
may prove to be more accurate* To obtain EUS-guided measurement of portal
pressure, endoscopists first puncture the hepatic vein via a transgastric transhepatic
approach, with the needle hooked up to a digital manometer via non-compressible
tubing.# Once obtaining hepatic vein pressure averages, endoscopists then turn their
attention to the portal vein, which is accessed in a transgastri(Hanshepatic approach
usually at the umbilical portion of the portal vein. Once the portal vein pressure is
obtained, the portal pressure gradient is calculated by subtracting the mean portal vein

pressure from the mean hepatic vein pressure.*! These readings are usually obtained

with a small-gauge (25G) FNA needle. 4




Since the HVPG can be obtained without performing a liver biopsy, it is a very safe
procedure when performed alone, mainly imparting the risk associated with right
internal jugular access.*'! Therefore, it is essential to ensure that EUS-guided
measurement of portal pressure is performed with specific indications to ensure
safety. For example, patients with splenomegaly may benefit from EUS-LB and EUS-
guided measurement of portal pressure to confirm whether cirrhosis and portal
hypertension are the underlying causes of splenomegaly. However, if a patient has
esophageal or gastric varices, it can be safely assumed that the portal pressure is 10
mmHg or higher and the patient has clinically significant portal hypertension.¥ That
information should be used to determine whether EUS-guided measurement of portal

pressure is warranted at the time of the procedure.

Concomitant EUS-LB with other endoscapic procedures

EUS-LB provides an exciting new method for liver tissue acquisition. A novel
application is for special patient populations such as liver transplant recipients (LTRs).
Laboratory abnormalities in liver transplant patients often requires an extensive
workup including imaging, liver biopsy, and ERCP. Combining EUS-LB with ERCP can
potentially provide a “one-stop-shop” for evaluation in this patient population. This
will hopefully reduce the time, cost, and healthcare resources needed to accurately
diagnose and treat post-transplant liver function abnormalities. Our group at Ohio State
University, has recently submitted a case series of 12 consecutive LTRs with abnormal
liver function tests (Han S, Jalil S, Groce JR, Krishna SG, Lara L, Lee P, Limkemann A,
Papachristou GI, Mumtaz K. Feasibility of Single-Session EUS-guided Liver Biopsy and
ERCP in Liver Transplant Recipients with Abnormal Liver Function Tests), who
underwent concomitant EUS-LB and ERCP. In this case series, tissue adequacy was
obtained in 100% of patients with the most common diagnoses including anastomotic
stricture (75%) and T-cell mediated rejection (66.7%). Seven (58.3%) patients had dual
diagnoses of T-cell mediated rejection and anastomotic stricture. There were no 30-day

adverse events. Authors concluded that single-session EUS-guided LB and ERCP for




the evaluation of elevated liver function tests in LTRs appears to be safe and feasible,
but larger studies are needed to verify these findings.

Similarly, a recent study published by Hajifathalian ef al on concomitant EUS-LB and
portal pressure gradient measurement reported 24 (100%) and 23 (96%) patients had
successful poghgsystemic gradient (PSG) measurement and EUS-liver biopsy,
respectively.* Analysis revealed a significant association between both PSG and liver
stiffness measured on transient elastography (P = 0.01) and FIB-4 score (P = 0.02). There
was no significant correlation between the fibrosis stage on histology and measured
PSG (P = 0.56).42

Lastly, EUS-LB has been discussed anecdotally as a more effective option in pediatric
population, as it may reduce patient anxiety when compared to PC-LB or TJ-LB -

although, to our knowled ge, formal studies in pediatric populations are yet to be done.

CONCLUSION

Overall, EUS-LB provides unique advantages when compared to its counterparts:
ability to evaluate the GI tract and pancreato-biliary system, while obtaining access to
both lobes of the liver. It also has proven to produce more histologically/pathologically
complete samples than PC-LB and TJ-LB. EUS-LB appears to be a safe, diagnostic
modality for obtaining liver tissue. Concomitant EUS-LB, EUS portal pressure gradient
measurement and other endoscopic procedure (simple endoscopy and ERCP) is another

emerging area in the field of endo-hepatology.
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