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Abstract

Purpose of review—Over the past decade, imaging modalities and serological tests have
emerged as important tools in the evaluation of liver diseases, in many cases supplanting the

use of liver biopsy and histological examination. Nonetheless, the accuracy and diagnostic value of
these methods may not always be conclusive and the assessment of liver histology often remains
the gold standard for diagnostic evaluation. The purpose of this review is to summarize the current
role of liver biopsy in contemporary hepatology practice.

Recent findings—Technical factors were found to influence the diagnostic value of liver biopsy
and histological examination of the liver, including specimen number and size (preferably >3
nonfragmented specimens of >20 mm in length), needle diameter (1.6 mm Menghini), number

of passes (mean 2.5), imaging-guidance, and operator experience. Liver biopsy was demonstrated
to be diagnostically valuable in the evaluation of persistently abnormal liver tests of unclear
cause, with histology pointing to a specific diagnosis in 84% of patients. Although coagulation
abnormalities continue to be an important concern when performing liver biopsy, their influence
on complication risk remains unclear. Implementation of less stringent preprocedural coagulation
thresholds decreased preprocedural transfusions without increasing the bleeding rate. Serious
complications associated with percutaneous liver-biopsy (PLB) and transjugular liver-biopsy are
similar, but pain appears to be more common with PLB.

Summary—Histopathological evaluation continues to be fundamentally important in assessing
hepatic disease, and liver histology remains the most accurate approach to assess fibrosis and
assign prognosis.
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INTRODUCTION

Histological evaluation of liver tissue is a critical element in the evaluation of liver diseases
[1]. Historically, the primary value of liver biopsy was for diagnostic purposes. With the
recognition that certain histologic features — such as the presence of inflammation (i.e. in
autoimmune liver disease) or fibrosis (for many diseases) is important prognostically, liver
biopsy (and histological analysis of the liver; for the purposes of this review, it is implied
that the term ‘liver biopsy’ implies concomitant histological analysis) has become more than
simply a diagnostic tool. However, with improvements in laboratory testing and imaging
techniques, noninvasive assessments have started to emerge, reducing the need for liver
biopsy [2]. Moreover, certain noninvasive tests may be effective for liver disease staging [3].
Nonetheless, histopathologic evaluation of liver disease remains essential in certain clinical
situations [2,4,5].

INDICATIONS FOR LIVER BIOPSY

Currently, experienced clinicians and the American Association for the Study of Liver
Disease (AASLD) consider liver biopsy for establishing diagnosis, evaluation and staging of
underlying liver disease, and directing management based on the underlying histology [1]
(Table 1).

APPROACHES TO LIVER BIOPSY

Different techniques can be used to obtain hepatic tissue, including the following:
percutaneous liver biopsy (PLB), transjugular liver biopsy (TJLB), endoscopic ultrasound-
guided liver biopsy (EUS-LB), and laparoscopic (surgical) biopsy [1,6*]. At the current
time, image-guided liver biopsy is the preferred approach (over palpation or percussion
guided), and is considered the clear approach of choice in patients with prior abdominal
surgery, a liver mass, obesity, or ascites [1]. There are a number of nuances associated with
the different liver biopsy approaches (Table 2), and important differences between PLB and
TJLB (Table 3) [7,8]. A recently published study [6™] suggested that EUS-LB may be
superior to PLB, as EUS-LB can easily sample both right and left lobes, may be done with
more precise localization (and hence fewer sampling error and a lower complication rate),
and has a shorter recovery time. Of note, EUS-LB had a comparable diagnostic yield to
PLB, requires advanced training, and is associated with greater procedural cost than PLB
[6].

Contraindications for both PLB and TJLB include infected hepatic tissue and significant
extrahepatic biliary tract obstruction. Other contraindications exist for PLB, in particular,
PLB should not be performed in an uncooperative patient. Vascular lesions (such as
hemangioma) and hydatid cysts are considered to be relative contraindications to liver
biopsy, though the evidence suggesting that biopsy of a hydatid cyst is dangerous is limited.
TJLB is generally preferred over PLB in patients with coagulopathy, although the risk of
bleeding among patients undergoing TJLB is likely to be similar to those undergoing PLB
[9"]. In terms of overall complications of TILB and PLB, only pain was more likely to
occur in patients undergoing PLB, after matching for disease severity [9"]. It is probably not
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necessary to consider one liver biopsy approach to be superior to the other — rather their use
should be individualized based on patient specific details.

In terms of obtaining liver tissue, adequate specimen size is crucial for accurate histological
interpretation and limiting the possibility of sampling error. A typical liver biopsy samples
approximately one fifty-thousandth of the liver volume [4]. It has been shown that more
reliable histological interpretation is made when at least three nonfragmented specimens of
sufficient size are obtained [10]. It was hypothesized that biopsy specimens measuring at
least 10 mm usually reflect the grade and stage of liver fibrosis (e.g. chronic hepatitis C)
reliably, and that longer specimens only do slightly improve the diagnostic accuracy [11].
However, it was suggested that for a PLB specimen to be accurately diagnostic, it has to

be greater than 15 mm in length with more than five complete portal tracts (CPTs) [4,12].
These criteria has been modified to greater than 20 mm in length with more than 11 CPTs to
accurately establish the diagnosis, especially in the era where more detailed evaluation of the
fibrotic hepatic tissue is needed [1,11,13]. It has been reported that liver biopsy specimens
of at least 10 mm in length reliably reflect the grade of necroinflammatory activity and the
stage of fibrosis, and that a little improvement in diagnostic accuracy is obtained with longer
specimens [11]. Another study suggested that the size of the biopsy needle influences the
number of portal tracts, concluding that 1.6 mm Menghini needles proved better specimens
with higher number of CPTs as compared with 1.4 mm Menghini needles [14]. The quality
of specimen obtained from ultrasound-guided versus nonultrasound-guided liver biopsy

was evaluated in a systematic review [15], where 5392 specimens from ultrasound-guided
procedures were compared with 1369 specimens from blind biopsy procedures. Ultrasound-
guided biopsy specimens were longer than those obtained blindly (20.5 vs. 14.4 mm; P

= 0.021). Nevertheless, ultrasound-guided biopsy specimens did not contain significantly
more CPTs than specimens from non-ultrasound-guided biopsy procedures (8.3 vs. 5.3;
P=0.13) [15]. TILB typically utilizes a smaller gauge needle than PLB, and is thus
generally considered to provide inferior specimens as the tissue obtained is often smaller
and more prone to fragmentation [4]. Studies comparing PLB to TJLB have shown that

PLB more frequently yields a diagnostic specimen than TILB, nevertheless, both methods
were associated with a high success rate and a low incidence of complications, even in
patients with coagulopathy [16]. Interestingly, a prospective comparative study demonstrated
that TILB is less painful, and therefore, better tolerated than PLB [7]. Another comparative
study [8] evaluated the role of TILB vs. plugged-PLB in patients with contraindications to
ordinary PLB; in 329 patients, TILB and plugged-PLB were similar in terms of quality of
tissue samples [8]. In pediatric patients with liver disease, the safety of PLB vs. TILB was
comparable, even in the setting of coagulopathy [17]. A systematic review of PLB and TJLB
showed that 1389 TJLB specimens were evaluated (mean, 2.5 passes per patient); the mean
+ SD length was 13.5 £ 4.5 mm (13 of 15 studies), and the mean = SD SD number of CPTs
was 6.8 + 2.3 [15]. The review suggested that recent improvements in TILB techniques offer
the possibility of safely obtaining ideal liver biopsy samples with a reduced likelihood of
complications.
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LIVER BIOPSY COMPLICATIONS

Despite being considered to be well tolerated when performed by experienced operators, a
small proportion of liver biopsies result in complications (Table 4) [4,18-21]. As might be
expected, major complications are much less common than minor complications.

There is great controversy about the importance of technical factors and the risk of

liver biopsy complications; these include the number of passes, needle size, ultrasound
guidance, and operator experience. A 10-year retrospective analysis [22] evaluated biopsy
complications in relation to number of liver passes. Overall, 102 (5.6%) complications were
observed, pain was reported in 74% of this group and bleeding was reported in 33%. Having
two biopsy passes did not appear to be associated with an increased risk of complications
compared with one biopsy pass, whereas having three or more biopsy passes was associated
with increased risk. In a literature review of 34 studies, needle size (cutting biopsy vs. fine
needle aspiration, £< 0.001) and the presence of a patent track on postbiopsy ultrasound (P
< 0.001) were associated with posthiopsy bleeding [23"]. However, in this study, the number
of needle passes was not a risk factor of bleeding [23"]. In a study of different needles

sizes in more than 15 000 biopsies, there was no significant difference in bleeding rate
associated with needle gauge (P =0.88) [24]. Operator experience has also been postulated
to be an important factor associated with complication rate. Several studies have reported
that the rate of complications after liver biopsy diminished significantly when the procedure
was carried out by experienced hepatologists [25]. In contrast, it was also been reported

that the risk of complications is not increased when performed by inexperienced compared
with experienced operators [18]. However, this finding may be biased, given that the 20%
of the HALT-C biopsies not performed by experienced hepatologists were supervised by
experienced faculty. Moreover, the HALT-C trial excluded patients with advanced liver
disease (Child Pugh =7), a PC < 50 000/ul, or serum creatinine greater than 1.5 mg/dl,
which all might have influenced the risk of complications [18]. Finally, similar postbiopsy
complications rates have been reported for gastroenterologists and interventional radiologists
[26].

PAIN AFTER LIVER BIOPSY

Pain after performance of a liver biopsy is generally accepted to result from injury to the
liver capsule, as the capsule is innervated, whereas the hepatic parenchyma is not. The
capsule clearly responds to stretch, and thus pain should be considered symptomatic of
stretching of the capsule — typically by a hematoma. Overall, pain is the most commonly
reported complication. Despite being the most common complication, severe pain (defined
as that requiring re-evaluation) occurred in 78 (2.3%) of 3357 biopsies performed in one
study between 1978 and 2015 [27].

A study graded the intensity of pain expected before the procedure compared with the pain
experienced during the procedure, and evaluated the correlation between biopsy-induced
pain and the patient’s emotional status [28]. In this study, a visual analogue scale (VAS)
was used before and after the procedure to grade the degree of pain expected, and the
degree of the pain experienced, respectively. The mean VAS score for expected pain before
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the procedure was 60+/-20 and for the pain experienced during the procedure was 22+/
-16 (P<0.0001). Hence, the authors concluded that informing and educating patients
about the procedure and their disease is likely to diminish expected pain [28]. It has been
demonstrated in the literature that prophylactic tramadol and lorazepam was well tolerated
and reduced pain. Available literature suggests that light sedation is well tolerated and does
not increase procedural risk [1].

RISK OF HEMORRHAGE

Hemorrhage is the most common major complication after liver biopsy. Although bleeding
of any kind has been reported to occur in up to 11% of patients [23"], major bleeding

and transient hypotension have been reported much less commonly — in 1-2% of patients
undergoing PLB [23"]. Intraperitoneal hematoma requiring blood transfusion has been
reported to occur in 0.5% of liver biopsies [19]. Interestingly, the use of image guidance
for liver biopsy appears to reduce the rate of overall complications, including bleeding [1].

The exact mechanism(s) underlying an increased risk of bleeding is not entirely clear [19].
Female sex has been suggested to be associated with higher risk of bleeding [19]. Cirrhosis
is risk factor for fatal bleeding after liver biopsy [4]. Furthermore, in a study of 2740 liver
biopsies performed at 10 study sites between 2000 and 2006, showed that 0.5% of chronic
hepatitis C patients with advanced fibrosis experienced potentially serious bleeding after
liver biopsy; and that the risk increased significantly in patients with platelet count 60000/ml
or less [18]. Whether focal hepatic lesions are a risk factor for aggressive bleeding following
biopsy remains controversial [19]. In addition, it was recognized that the higher the number
of the liver capsule punctures, the greater the risk of hemorrhage (>1-4) [19]. Other factors
associated with increased risk of bleeding in liver biopsy included advanced age, ascites,
bleeding disorders, amyloidosis, renal failure, and blind technique [23"]. Furthermore, it has
been suggested that the larger the gauge of needle, the higher the rate of complications [29].

The impact of either an elevated international normalized ratio (INR) or low platelet count
on the risk of bleeding after liver biopsy is still controversial. The HALT-C trial identified

a relationship between the platelet count and bleeding risk; the risk of bleeding was 0.2%
when the platelet count exceeded 150,000/ml, 0.6-0.7% with a platelet count between
150,000 and 61,000/ml, and 5.3% with a platelet count 60,000/ml or less [18]. Similarly,

in another study, an INR greater than 1.5 appeared to correlate with an increased risk of
posthiopsy bleeding [24]. However, in a retrospective review of 1846 PLBs, it was reported
that an INR 2.0 or less and platelet count at least 25 000 ml did not increase the rate of
hemorrhagic complications [30™]. Further it found that using these cutoffs resulted in a
significant reduction in the use of preprocedural fresh frozen plasma and platelet transfusion.
A literature review published by O’Connor et a/. [31] suggested changing parameters for
interventions to an INR of 2.0 and platelets of 25 000 uL. Current AASLD guidelines
recommend considering treatment when the platelet count is less than 50 000-60 000 uL [1].
It has been suggested that data do not exist to support a specific cutoff for INR as a valid
indicator of bleeding risk in cirrhosis patients. Current Society of Interventional Radiology
(SIR) guidelines suggest that for the general population, INR should be 1.5-1.8 or less,
whereas for patients with chronic liver disease INR should be less than 2.5 [32,33""].
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Another highly controversial topic surrounds when to re-start anticoagulation or antiplatelet
therapy after liver biopsy. Although data addressing this issue are lacking. It has been
suggested that anticoagulant therapy should be avoided for some period of time after

PLB [34]. Intravenous heparin should be resumed first, and warfarin added subsequently.
Time intervals are not well defined. Limited data are emerging to suggest that single-agent
antiplatelet medication is likely to be well tolerated in patients undergoing liver biopsy. For
example, the incidence of bleeding complications in patients who had taken aspirin within
10 days of solid organ biopsy in 15 181 patients was 0.6% (18 of 3195), and it did not differ
significantly when compared with patients who had not taken aspirin (0.4%; 52 of 11 986; P
= 0.34) [24]. The incidence of bleeding among patients undergoing liver biopsy was 0.5%,
which is consistent with the incidence of bleeding in patients who are not on antiplatelet
therapy prior to liver biopsy procedure [19].

MISCELLANEOUS COMPLICATIONS

The literature indicates that PLB carries a minimal risk of tumor seeding (0.76%) [1,35],
with risk being slightly higher among patients with hepatocellular carcinoma (HCC) (3%).
Other minor and less commonly seen complications include: bacterial translocation and
transient bacteremia 9.6—-14%, biliary peritonitis (primarily seen in patients with extrahepatic
obstruction), organ injury (pneumothorax: 0.0078% and hemothorax: 0.063%) [36], and less
commonly perforation of an intra-abdominal organ [37].

HOSPITALIZATION FOLLOWING LIVER BIOPSY

Approximately 1% of patients require hospitalization for complications after a liver biopsy
[38]. The median direct cost of a hospitalization for complications was $4579 (range $1164—
29 641) [20]. Pain and bleeding induced hemodynamic instability are the most common
indications for hospital admission following liver biopsy [4,20]. Postbiopsy follow-up

for potential complications remains a great concern for the physicians. Interestingly, the
majority of severe bleeding occurs within 2—4 h postbiopsy [1]. Hence, the recommended
observation time after biopsy is between 2 and 4 h [1]. Nevertheless, a review of 3806

liver biopsies of noncirrhotic patients reported that 12 patients (0.32%) suffered hemorrhagic
complications 4-12 h after the biopsy [39]. Similarly, it was reported that 60% of liver
biopsy complications develop within the first 2 h, whereas 90% develop within 24 h [19].

VALUE OF LIVER BIOPSY IN THE DIFFERENTIAL DIAGNOSIS OF LIVER

DISEASE

Liver biopsy remains the most specific test to assess the nature and severity of different
liver diseases. Histological evaluation of the liver is used primarily now in three settings as
follows: evaluation of abnormally elevated liver enzymes, evaluation and staging of hepatic
fibrosis, and evaluation of radiologically undiagnosed focal liver masses.
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LIVER BIOPSY IN THE EVALUATION OF ABNORMAL LIVER FUNCTION

TESTS

Abnormal liver tests are common in the US population (at approximately 8%) and are even
more common in patients who present to general internal medicine clinic [40"]. Further

in one study, abnormal liver tests in the general population could not be explained by
obvious disorders, such as alcohol consumption, viral hepatitis, or hemochromatosis [41].
Therefore, liver biopsy is often performed in asymptomatic patients with unexplained liver
test elevations.

In a prospective assessment of the value of liver biopsy in the evaluation of abnormal

liver function tests (LFTs), the most common explanation was nonalcoholic steatohepatitis
(NASH) followed by drug-induced liver injury [42]. In another study, including 401 patients
presenting for unexplained LFTs abnormalities, chronic hepatitis (defined as progressive
inflammatory process characterized by lymphocytic inflammation and fibrosis) was the most
common histological diagnosis (115/401, 29%), and viral hepatitis C was the most common
clinical contributor (48/401, 12%). Liver biopsy showed normal histology in 54 patients
(13%) and failed to establish the diagnosis in 12 patients (3%). Hence, it was concluded

that liver biopsy for evaluation of unexplained liver tests identified a cause for the liver
disease in 84% of patients [43"]. In an effort to determine whether prebiopsy laboratory
variables are able to predict biopsy results, liver tests (elevated by =2 upper limit normal) for
each diagnosis were compared to evaluate their sensitivity, specificity, positive and negative
values. Unfortunately, none of the obtained values of different specific liver tests were
predictive of an underlying histological or clinical diagnosis.

In patients with normal or almost normal histology, it is often unclear as to whether or

not histological findings are clinically meaningful. In a study evaluating diagnoses after an
‘almost normal liver biopsy” including primarily patients with simply abnormal liver tests, it
was reported that a diagnosis was eventually made in 72% of patients (70/97) after a median
follow-up of 4.3 years [44]. The most likely diagnoses included the following: systemic
autoimmune inflammatory condition (18%), vascular/ischemic disease (13%), metabolic
syndrome (11%), and drug reactions (8%). On the other hand, in a study of 81 patients with
elevated liver enzymes and a histologically normal liver, 70 of whom were followed up for
8 years, 52 patients (70%) had no features of clinical progression, whereas the diagnosis of
fatty liver disease (whether alcoholic or nonalcoholic) or autoimmune hepatitis (3 patients
only) was made in 20% of patients [45]. The majority of the patients did not develop
evidence of chronic liver disease during the follow-up period. Additionally, a recent review
concluded that for the nearly normal liver biopsy in an asymptomatic patient with elevated
transaminase levels, patients are unlikely to develop any liver disease [46].

LIVER BIOPSY IN EVALUATION OF FIBROSIS/CIRRHOSIS

Liver histology plays an integral role in evaluating the severity of fibrosis/cirrhosis. This

is critical as the severity of fibrosis has been well established as a prognostic indicator for
a variety of liver diseases [47]. There is an extensive body of evidence examining hepatic
histological examination for fibrosis and comparing histology to noninvasive approaches;
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review of this literature is beyond the scope of this review. In brief, while a number of
advances have been made in noninvasive assessment techniques (with a variety of blood
tests, and imaging modalities), and despite the limitations of liver biopsy (especially with
potential sampling error), liver biopsy and histological evaluation of the liver are still
considered a gold standard.

Another evolving area for assessment of fibrosis is in assessing fibrosis regression. The
underlying process incorporates the switch in the inflammatory media, elimination or
regression of activated hepatic stellate cells, and degradation of extracellular matrix [47].
Extensive data, in a number of different liver diseases, indicate that fibrosis regresses —
typically when the underlying cause of liver disease is treated [48]. For an instance, a recent
review on fibrosis reversal after hepatitis C virus elimination concluded that not only fibrosis
but also cirrhosis (to some extent), undergo reversion/reversal following successful hepatitis
C virus eradication [49"]. Similarly, there is growing evidence that antiviral treatment of
hepatitis B virus is associated with hepatic fibrosis reversal [50,51].

LIVER BIOPSY IN EVALUATION OF FOCAL HEPATIC MASSES

Multiphasic — cross-sectional imaging with contrast [computerized tomography (CT) and
MRI] are currently the standard method for evaluation of focal hepatic lesions on the

basis of the tumor vasculature and other radiological features. In the majority of patients,
particularly those with hepatocellular carcinoma, a specific diagnosis of the liver mass

can be established and hence liver biopsy is not commonly needed [5]. For lesions

not having typical imaging features of hepatocellular cancer, liver biopsy is most often
appropriate. For example, the international consensus group for hepatobiliary malignancies
has recommended liver biopsy for evaluation of such lesions [52]. In a study of liver
biopsies performed for patients with radiologically atypical HCC, the authors reported that
the first biopsy was positive in 43/60 (70%) of patients for HCC and that the follow-up
biopsies established the diagnosis in the rest of the patients [53]. A retrospective analysis
of patients who underwent endoscopic ultrasound-guided fine needle biopsy (EUS-FNB) for
the pathological diagnosis of hepatic solid masses found that the sensitivity and specificity
of EUS-FNB were 89.7 and 100%, respectively [54].

CONCLUSION

Liver biopsy continues to be a highly reliable and valuable test for diagnostic evaluation of
liver disease. It is particularly helpful in patients with unexplained elevation of liver tests,
for grading/staging of fibrosis before and after treatment, and evaluation of radiologically
undiagnosed liver masses. Liver biopsy should be considered to be well tolerated whenever
performed by a skilled operator and the patient is closely monitored after the procedure.
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KEY POINTS

Liver biopsy and visualization of liver histology remains an important
element in the clinical assessment and management for patients with liver
disease.

Liver biopsy and histologic assessment of the liver is used now for diagnostic
purposes, to stage the severity of disease (especially fibrosis), and to
investigate liver mass lesions.

Advances in noninvasive assessment of fibrosis have curtailed the need for
liver biopsy, particularly in patients in two specific categories — very early or
advanced disease.

Although invasive in nature, liver biopsy should be considered well tolerated
when performed by an experienced operator, and informing and educating
patients about the procedure may diminish the magnitude of the most
common complication (pain).

Despite the currently available literature, many questions still require further
research (e.g. risks associated with coagulopathy, thrombocytopenia, and
when to re-start anticoagulation or antiplatelet therapy following liver biopsy,
for example).
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Table 4.
Complications of liver biopsy
Complication Incidence
Pain (right upper quadrant) 0.05-84%
Severe pain (pain requiring re-evaluation) up to 2.3%
Hemorrhagic complications (bleeding of any kind) 11%
Major bleeding and transient hypotension 1-2%
Intraperitoneal hematoma requiring blood transfusion 0.5%
Hemobilia 0.18-0.49%
Hemothorax 0.063%
Tumor seeding 0.76%
Tumor seeding in patients with HCC up to 3%
Bacterial translocation and transient bacteremia 9.6-14%
Pneumothorax 0.0078%
Mortality 0.001-0.2%

The frequencies given are estimates based on the literature reviewed in the text. HCC, hepatocellular carcinoma.
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