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We discuss the pathology perspective in the manuscript 
titled “The efficacy and safety of endoscopic ultrasound-
guided liver biopsy versus percutaneous liver biopsy in 
patients with chronic liver disease: a retrospective single-
center study” [1]. In this study, the safety and efficacy of liver 
biopsies performed by endoscopic ultrasound (EUS-LB) 
were compared with those performed via the traditional 
percutaneous route at our Medical Center between 
January 2018 and August 2019. The main findings of this 
study were EUS-LB was found to be safe and associated 
with less pain, shorter hospital stay, and high diagnostic 
yield (93%) compared to PC-LB. In this review paper, we 
would like to discuss our published paper and provide an 
in-depth discussion on the pathology perspective of EUS-
LB and its diagnostic yield. 

Global Burden of Chronic Liver Disease

Global burden of liver disease is enormous with 
approximately 2 million deaths per year worldwide 
either secondary to complications of cirrhosis or due to 
viral hepatitis and hepatocellular carcinoma [2]. There 
are varying estimates for individuals with chronic liver 
diseases as many present with cirrhosis or hepatocellular 
carcinoma. Based on a United States epidemiological study 
in the year 2017, liver disease was the 11th leading cause of 
death, with a reported 41,000 deaths annually [3]. Non-
alcoholic fatty liver disease (NAFLD) followed by chronic 
infection from hepatitis C and alcoholic liver diseases 
account for other major causes of chronic liver disease in 
the United States [2,4].

Histological assessment of the liver tissue remains 
the cornerstone for the determination of stage of liver 
fibrosis in patients with chronic liver diseases. Liver 
biopsy is commonly used in clinical settings to aid in the 
diagnosis, prognosis and management of chronic liver 
disease [5]. Although other modalities of assessing liver 
fibrosis using novel biomarkers have been developed, 
they have been found to be inferior compared to the 
gold standard histologic assessment via liver biopsy [6]. 
The shear wave elastography or Vibration-Controlled 
Transient Elastography (Fibroscan), a relatively newer 
modality to assess liver fibrosis, has been found to have 
some drawbacks such as difficultly to perform in obese 
individuals or people with ascites [7]. Fibroscan is yet 
to be validated for the assessment of liver disease in 
certain metabolic conditions such as Wilson’s disease and 
hemochromatosis. Furthermore, Fibroscan is operator 
dependent and has shown reduced sensitivity in patients 
with mild to moderate fibrosis [8]. Most leading societies 
and experts recommend liver biopsy as the gold standard 
diagnostic modality to diagnose and prognosticate liver 
diseases [9,10]. 

Liver biopsy 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. Surgical 
LB (either laparoscopic or open) is yet another way of 
obtaining liver tissue. A newer method of obtaining 
a LB is by EUS-guidance [11]. EUS provides a high-
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resolution image of both lobes of the liver, and a biopsy 
needle can be safely directed into the liver for sampling 
under image guidance [12]. Doppler capability of the 
linear echoendoscope allows intrahepatic vessels to be 
avoided during fine needle aspiration (FNA). Intervening 
structures such as loops of bowel, gallbladder, and the 
pleural space can be easily observed and avoided, 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 concerns about sampling error [13,14]. In 
addition, EUS-LB uses a 19-gauge needle, which is smaller 
than the 16-gauge needles that have traditionally been 
used for transcutaneous LB [11].

Indications for Liver Biopsy 

There are several indications for liver biopsy obtained 
by clinicians and among these are the following: (a) 
evaluation of abnormal liver function tests; (b) grading 
and staging of chronic hepatitis; (c) documentation of 
steatosis and its possible complications; (d) diagnosis of 
neoplasms; (e) establishing a tissue diagnosis of metastatic 
disease; (f) determination of the effects of therapy; (g) 
investigating causes of jaundice or pyrexia of unclear 
etiology; (h) evaluation of liver with the clinical findings 
of ascites and portal hypertension; (i) evaluation of liver 
for adequacy of transplantation; and (j) evaluation of liver 
function dysfunction after kidney, liver or bone marrow 
transplantation [15-17].

In the era of personalized and precision medicine, liver 
biopsy for tumor diagnosis presents the opportunity 
of further genetic and molecular analysis for targeted 
tumoral therapy [18,19]. Further, with the advancement 
of contemporary techniques in immunohistochemical and 
special stains, as well as molecular and genomic methods, 
a wide range of basic and complex clinical questions can 
be answered using liver biopsy material of neoplastic and 
nonneoplastic conditions alike. Moreover, the risk of major 
complications is very low (1%), and only 1%-3% require 
hospitalization for a complication following liver biopsy 
[20,21]. This is even lower when the biopsy is performed 
for evaluation of non-neoplastic / medical liver biopsies 
[22].

Methods of Obtaining Liver Biopsy

Various modalities have been employed to perform liver 
biopsy procedure. The commonly used techniques include 
(a) percutaneous (CT-or US-guided); (b) transjugular 
route (fluoroscopy guided); (c) endoscopic ultrasound-
guided liver biopsy (EUS-LB); (d) operative wedge biopsy; 
(e) laparoscopic; and (f) Fine-needle aspiration [23]. 

Percutaneous liver biopsy

Percutaneous liver biopsy (PC-LB) dates back to 
early 1900s when palpation/percussion technique was 
commonly employed to perform the biopsy procedure in 
the transthoracic region, but with the advent of imaging 
it is currently performed using an ultrasound-guided 
technique to avoid puncturing adjacent organs such as 
the lungs, gallbladder, kidney, viscera and to reduce 
other complications such as bleeding. The biopsy requires 
training and is performed either by the gastroenterologist, 
hepatologist or the interventional radiologist using the 
imaging modalities such as Ultrasound or Computed 
Tomography to increase the precision and reducing the 
risk of complications [24]. The PC-LB involves placing 
the patient in the supine position with right hand above 
the head on the table to extend the intercostal space. At 
this point, the patient is asked to inhale slightly and then 
maximally exhale and hold his/her breath. The biopsy 
needle is then inserted while simultaneously applying 
steady suction at this point and advancing the needle into 
the liver followed by withdrawal of the needle to obtain the 
specimen.

Transjugular liver biopsy 

Transjugular liver biopsy is another technique of 
obtaining liver tissue. It was first described in the 1964 
and was later brought into clinical practice in in 1967. This 
technique is commonly reserved for patients in whom 
PC-LB is contraindicated (such as those with ascites, 
morbid obesity, and coagulopathy). The procedure can 
also be utilized to evaluate for clinically significant portal 
hypertension through measurement of the hepatic venous 
pressure gradient (HVPG). This technique is thought to 
be associated with less bleeding compared to PC-LB in 
patients with thrombocytopenia and coagulopathy. In 
this technique the radiologists use fluoroscopic guidance 
to approach the liver via the internal jugular vein. The 
specimens are obtained via the same mentioned needles 
above either the Menghini or Tru-Cut needles. This 
technique has been found to have lesser success rates in 
obtaining adequate samples and usually requires multiple 
passes. A major disadvantage of the transjugular liver 
biopsy is that the obtained tissue specimen is usually 
smaller and associated with higher rates of specimen 
fragmentation compared to PC-LB. 

Endoscopic ultrasound-guided liver biopsy 

The more versatile and evolving techniques involve 
endoscopic ultrasound-guided liver biopsy (EUS-LB; 
see Figure 1) which involves the use of echoendoscope 
and color Doppler first described in 1991. In EUS-
LB, the biopsy needle is introduced via a linear array 
echoendoscope through the transgastric/transduodenal 
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route and a real-time endoscopic ultrasound guidance is 
employed to obtain liver tissue. The color Doppler feature 
is used to evaluate for interposed vascular structures, 
avoiding damaging vessels as small as 1 mm in diameter 
in the path of the biopsy needle. Other major advantages 
of EUS-LB include less pain in addition to concomitant 
diagnostic or therapeutic upper endoscopic procedures 
to visualize the esophagus, stomach, and duodenum. 
Both the right lobe and the left lobe of the liver can be 
biopsied with this technique using a 19-gauge or 22-gauge 
fine needle aspiration (FNA; see Figures 2A and 2B). The 
EUS-FNA needles have a stiff needle stylet inside a steel 
or Nitinol needle while the Quick-Core employs Tru-cut 
mechanism to obtain liver tissue. The Quick-Core needles 

(Cook Medical, United States) are thought to be rigid; as a 
result, mechanical friction limited the use of these needles. 
The newer models include the ProCore fine needle biopsy 
(FNB) (Cook Medical, United States; see Figure 3A) 
designed with a reverse bevel side fenestration to suction 
the tissue into the bevel. The SharkCore FNB needle 
(Medtronic, United States) is the most recent modified 
tip design contacting 6 cutting edge surfaces and an 
opposing bevel to catch tissue as it is sheared off the liver 
[9,11,25,26]. The SharkCore FNB and Acquire FNB needle 
(Boston Scientific, United States) have been shown to yield 
the highest specimen adequacy and is most commonly 
used during the procedure (see Figures 3B and 3C).
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Figure 1: (A) and (B) show cores of liver tissue obtained by EUS-FNB placed in a formalin jar; and (C) shows 
multiple cores of liver tissue obtained by EUS-FNB separated from blood clots. Adapted from Ali  et al. 2020 [1].
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Figure 2: (A) GF-UCT180 Curvilinear Array Olympus Echoendoscope with find needle. (B) Linear echoendoscope 
showing fine needle biopsy of the right lobe of the liver using a SharkCore FNB needle.
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Figure 3: (A) ProCore needle (Cook Medical, United States); (B) Fork-tip SharkCore FNB needle (Medtronic, United 
States); and (C) Franseen-tip needle (Acquire, Boston Scientific, United States).
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Types and Sizes of Needles Utilized to 
Obtain Liver Tissue

Two types of needles are commonly used in performing 
the PC-LB: (a) aspiration/suction type needle (Jamshidi, 
Klatskin and Menghini; see Figure 4), and (b) cutting-type 
needle (Tru-Cut, Vim-Silverman obturator and spring-
loaded devices; see Figure 5). The aspiration/suction type 
needles such as the Menghini needle are mostly used by 
the interventional gastroenterologists. The Menghini 
needle is a semi-automatic device 6-8 cm in length with a 
retaining device in the proximal aspect to collect the liver 
tissue. The needle diameter is 1.4-1.6 mm in size which 
is used to obtain a 1.5 to 2.0 cm length samples with an 
average of 21 portal tracts and 7 terminal hepatic veins per 
specimen [27,28].

The Tru-Cut biopsy needle is a more automatic needle 
employed usually by the interventional radiologist and is a 
modification of the Vim-Silverman obturator and cannula. 
The automatic spring-loaded needles automatically trigger 
a rapid firing side-notch mechanism which is usually 
performed after the needle is advanced into the liver 
parenchyma. The device is able to obtain a specimen 1 mm 
in diameter and 1-2 cm in length [28]. Tru-Cut needles 
are superior to Menghini needles for diagnosis advanced 
fibrosis as the average length of the tissue specimen 
obtained is greater. 

A widely quoted study using an open porcine model 
that assessed the impact of needle size on hemorrhage 
and specimen volume showed that large-caliber needles 
caused greater blood loss than smaller-caliber needles 
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Menghini
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110 mm x 1.7 mm

Figure 4: Aspiration/suction needles used for liver biopsy.
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Figure 5: Cutting-type needles used for liver biopsy.
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[29]. A recent ultrasound-guided liver biopsy study by 
Tublin et al. reported no difference in safety profile, rate of 
procedural complications and perception of pain as noted 
at 1-, 3-, and 24-hour post procedure using 18-gauge and 
16-gauge core liver biopsies. The findings argue against the 
general perception of most practitioners that large-gauge 
needles are associated with greater risk of hemorrhage and 
are associated with increased pain. Some studies reported 
that the use of large-caliber needles were more efficient 
and potentially safer because fewer passes were needed 
to obtain equal volumes of tissue in open porcine model 
that assessed the impact of needle size on hemorrhage 
and specimen volume [30]. Further, the follow-up clinical 
studies attempting to address the impact of needle size 
on complication rates are rather difficult secondary 
to nonrandomized and retrospective study designs, 
widely varying operator experience, biopsy indications, 
techniques, needle types, and patient populations [31,32].

Adequate Interpretation of the Liver 
Biopsy

The biopsy obtained using any of the above techniques 
is considered adequate when the pathologist is able to 
make a detailed interpretation. The tissue obtained by the 
biopsy must be intact and should adequately demonstrate 
the architecture of the liver over several portal tracts. 
Pathologists prefer a liver tissue sample that is several 
centimeters in length with multiple portal tracts and 
hepatic veins embedded in a contiguous liver tissue; this 
allows the pathologist to grade and stage fibrosis in patients 
with chronic liver diseases with confidence [33,34]. 
Various scoring systems have been developed over the 
years to help grading (by assessing necroinflammation) 
and staging (by identifying the extent of fibrosis) of chronic 
liver disease. Recommendations on the size of the biopsy 
varies among different societies and scorning systems as 
the right amount of tissue varies among intra- and inter-
observer assessment of the tissue [35,36].

Hematoxylin and eosin (H&E) is the primary stain 
utilized in reviewing liver biopsy microscopy. However, 
minor structural changes are difficult to assess in sections 
stained with H&E alone, and thus, might indeed get missed 
altogether. Examination of a liver tissue with special 
stains are therefore often essential [37]. Although, the 
special stains routinely performed in addition to H&E vary 
according to the pathologists’ preference and individual 
laboratories, the minimum advised would include: (a) 
reticulin as reliable connective tissue stain such with its 
silver preparation to accurately assess the structural 
changes; (b) trichrome to reveal fibrosis and other 
structural changes not easily seen in a reticulin stained 
section; (c) periodic acid–Schiff with and without diastase 
digestion (PASD and PAS) to assess bile-duct basement 

membranes, activated macrophages and a rather crude but 
practical method to screen for α1-antitrypsin deficiency; 
and (d) iron for screening for iron storage diseases as well 
as to evaluate for bile, lipofuscin and other pigments [38-
41].

Optimal biopsy length and width

It is noteworthy that several studies differ in their 
suggestion regarding biopsy specimen length ranging 
from 10 to 40 mm. Much of the supportive evidence is 
based on an exhaustive systematic review article pooling 
data from thirty-two relevant studies [42]. However, 
comparisons between and/or within these studies can be 
challenging given the widely varying study designs, patient 
populations, needle types and gauges, biopsy techniques, 
and criteria used for sample adequacy.

Colloredo et al. studied 161 liver biopsies from patients 
with chronic hepatitis. They recommended a sample 
larger than or equal to 20 mm was considered necessary 
for accurate evaluation [34]. In their study, they reported 
that the reduction in length led to an underestimation of 
grade and stage [34]. The shorter the specimen, the higher 
the rate of mild grades and mild fibrosis. Conversely, cases 
staged as severe both in terms of grading and staging 
decreased considerably among the shorter specimens 
[34]. Further, they also noted that reducing the diameter 
to 1 mm always resulted in a significant underestimation 
of both grade and stage, regardless of length [34]; so 
estimates of inflammatory activity and fibrosis based on 
liver biopsies of this size should be considered with great 
caution [23,34,43].

Another study by Bedossa et al. [44] was in agreement 
with the above study that liver disease staging differed 
on the same biopsy in two different sizes: 25 mm and 15 
mm and thus, stating that larger fragments allowed for 
biopsy assessment with better accuracy. On the other 
hand, Schiano et al. analyzed 100 biopsies and did not 
find a significant difference in the stage of fibrosis when 
evaluating different sizes of the same liver specimen.

The guidelines regarding the width of the liver biopsy 
sample also differ. Colloredo et al. reported that thin 
needle biopsies (TNB) are rather inadequate and 
recommended biopsy sample size of ≥ 1.4 mm for accurate 
assessment [34]. Another study by Petz et al. came to the 
opposite conclusion, i.e., TNB were adequate for grading 
and staging chronic hepatitis [45]. On the other hand, 
an interventional radiology based study by Tublin et. al. 
noted no difference in adequacy or the mean number of 
portal tracts retrieved (14 vs 13) between core sizes [30].

Although more studies are needed to determine the liver 
biopsy specimen length and width, a perfect study to 
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address this question is not feasible. Because, ideally, one 
would have to compare both TNB and long needle biopsies 
(LNB) in tandem biopsy set up. It is also noteworthy to 
mention that Colloredo et al., read a series of LNB, which 
were at least 3 cm long and 1.4 mm wide. Subsequently, 
these same biopsies were re-read after being made shorter 
and/or thinner by covering the slide with opaque paper to 
decrease the length or viewing the slide through a modified 
micrometer eyepiece to decrease the width. However, it is 
rather difficult to accurately simulate the TNB using LNB 
sample since the tissue from most LNB presents a curved 
profile on the slide. A reasonable possibility in this regard 
would be to employ deep learning-based algorithms on 
whole slide imaging of the LNB specimen to subtract the 
outer rim of a LNB until it reached the proportion of a TNB 
and compare the readings. Further, addressing the inter-
observer and intra-observer variabilities with a number 
of pathologists with and without expertise in liver disease 
diagnosis, and kappa statistics evaluation of results that 
were lacking in the above studies would be preferable.

Optimal number of portal tracts

The number of well-formed portal tracts (PT) in the liver 
biopsy specimen is important for adequate interpretation 
of liver biopsy. However, attention should be drawn to 
the fact that the vast majority of clinical trials in chronic 
hepatitis did not mention the number of portal tracts 
represented in the biopsy. Some studies have suggested a 
minimum of 4 to 6 PT per liver tissue biopsy are required 
to be considered acceptable [27,34,45], whereas others 
suggested at least 11 PT for making a meaningful evaluation 
of chronic hepatitis. Interestingly, studies also noted that 
number of complete PT beyond which no significant 
changes were observed in the severity of grade and stage 
was in the range of 11 to 15 [5,46-48]. In a study by Coral et 
al., a correlation between PT and size of fragment has been 
reported [48]. However, they suggested that less than 11 
PT may still be suitable for assessment of adequate staging 
in chronic hepatitis and more than 5 PT did not adversely 
influence the staging [48]. Further, a systematic review by 
Cholongitas et al. evaluating the quality of liver biopsies 
demonstrated that the mean PT among the 32 included 
studies (total number of biopsies of 10,027) was 7.5. Thus, 
having a cut off of 11 PT as minimal for adequacy can be 
practically difficult to achieve [42].

Despite the disaccord regarding the number of PT, 
majority of the authors agree that the smallest number 
of portal tract had greatest impact on scoring for portal 
inflammation and fibrosis, presumably because the most 
inflamed or fibrotic portal tracts could be excluded from 
the sample. Another crucial remark noted by others is 
that the number of complete PT plays an important part 
in histological scoring in grading and staging chronic 

liver disease [49]. In the study by Ali et al. the Median 
(interquartile range) number of portal tracts obtained 
by EUS-guided liver biopsy were 5 (5-8) and histological 
diagnosis was established in 93% of cases [1]. Other recent 
studies showed variability of the Median complete PT 
ranging from 2 to 26 [50-56].

Limitations of Liver Biopsy 

One of the limitations of liver biopsy interpretation 
by pathologist is sampling variability since a standard 
specimen represents only about 0.0002% of the whole 
liver [57]. In order to minimize sampling error, it is 
essential that the sample be representative of the whole 
liver for limiting the risk of inappropriate results biopsy. 
However, the optimal biopsy specimen size remains rather 
controversial. 

The intuitive response regarding the liver biopsy sample 
size, by most pathologists, including hepatopathologists, 
is likely to be “the more the better”. However, pathologists 
are usually aware of clinical constraints. While several 
studies have focused on the relevance of intra- and inter-
observer variability in estimating the grade and stage 
of chronic hepatitis in liver biopsies [58,59], there has 
been a substantial lack of studies focusing on the impact 
of biopsy size variation on diagnostic assessment from 
pathologists’ perspective. The studies on this issue are 
mostly outdated and might not use the current and relevant 
semi-quantitative scoring systems utilized in grading and 
staging chronic liver diseases [60-64].

Conclusion Remarks

Liver biopsy is a diagnostic method widely used for 
staging of chronic hepatitis despite the emergence of 
novel noninvasive methods. EUS-guided liver biopsy has 
emerged as a new modality in evaluation of chronic liver 
disease/portal hypertension and obtaining a liver tissue for 
grading and staging of liver disease. However, liver biopsy 
is not devoid of some limitations. One of its limitations is 
sampling variability. In order to minimize sampling error, 
biopsy needs to be representative of the whole liver. The 
practical implications of these observations are important 
because the grading and staging of severity of liver disease 
is one of the parameters used for making therapeutic 
decision and thus, a number of patients whose biopsies 
were small may have been precluded from treatment 
because they were considered at low risk of progression 
[5,23].

EUS-guided liver biopsy is capable of providing the 
pathologist with adequate liver sample to reach a 
histopathologic diagnosis. In order to make the clinician 
aware of the limitations of histological interpretation, 
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specimen size and the number of complete portal tracts 
should be clearly indicated in the histological report which 
in turn, can facilitate future research studies to address 
the questions of optimal biopsy sampling. Although, 
histopathologic diagnosis, grading, and staging of chronic 
liver disease are an inexact science and are sensitive 
to sampling issues, liver biopsy can still stand out as a 
crucial way of obtaining a significant amount of reliable 
information about the liver despite the availability of 
noninvasive methods. With increasing incidence of fatty 
liver disease and other disorders that lead to chronic liver 
disease and its consequent complications, the need for 
liver histology as part of the patients’ care is expected to 
rise in the future.
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