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Preamble

These recommendations provide a data-supported ap-
proach. They are based on the following: (1) formal re-
view and analysis of the recently published world
literature on the topic; (2) American College of Physi-
cians Manual for Assessing Health Practices and De-
signing Practice Guidelines'; (3) guideline policies,
including the AASLD Policy on the Development and
Use of Practice Guidelines and the American Gastro-
enterological Association Policy Statement on Guide-
lines?; and (4) the experience of the authors in the
specified topic.

Intended for use by physicians, these recommenda-
tions suggest preferred approaches to the diagnostic, ther-
apeutic, and preventive aspects of care. They are intended
to be flexible, in contrast to standards of care, which are
inflexible policies to be followed in every case. Specific
recommendations are based on relevant published infor-
mation. To more fully characterize the quality of evidence
supporting recommendations, the Practice Guidelines
Committee of the AASLD requires a Class (reflecting
benefit versus risk) and Level (assessing strength or cer-
tainty) of Evidence to be assigned and reported with each
recommendation (Table 1, adapted from the American
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College of Cardiology and the American Heart Associa-
tion Practice Guidelines3).4

Introduction

Histological assessment of the liver, and thus, liver bi-
opsy, is a cornerstone in the evaluation and management
of patients with liver disease and has long been considered
to be an integral component of the clinician’s diagnostic
armamentarium. Although sensitive and relatively accu-
rate blood tests used to detect and diagnose liver disease
have now become widely available, it is likely that liver
biopsy will remain a valuable diagnostic tool. Although
histological evaluation of the liver has become important
in assessing prognosis and in tailoring treatment, nonin-
vasive techniques (i.e., imaging, blood tests) may replace
use of liver histology in this setting, particularly with re-
gard to assessment of the severity of liver fibrosis.>¢ Sev-
eral techniques may be used to obtain liver tissue; a table
including/defining specific terms has been provided in an
effort to standardize terminology (Table 2). All liver bi-
opsy techniques require specific training so as to ensure
appropriate-sized specimen retrieval and the lowest rate of
complications. Although liver biopsy is often essential in
the management of patients with liver disease, physicians
and patients may find it to be a difficult undertaking
because of the associated risks. The purpose of this prac-
tice guideline is to summarize the current practice of liver
biopsy and make recommendations about its perfor-
mance. This guideline deals exclusively with liver biopsy
as it relates to adult liver disease.

Indications for Liver Biopsy—Overview

Historically, liver biopsy was used almost exclusively as
adiagnostic tool.”# However, as the result not only of new
natural history data and the introduction of many new
therapies for patients with liver disease, liver biopsy and
histological assessment of the liver has now taken on an
important role in clinical management. Therefore, as of
2009, liver biopsy currently has three major roles: (1) for
diagnosis, (2) for assessment of prognosis (disease stag-
ing), and/or (3) to assist in making therapeutic manage-
ment decisions.

Diagnosis. For many diseases, clinical and/or blood-
based tests suffice to establish a diagnosis (typical exam-
ples include hepatitis B [HBV] or hepatitis C virus
[HCV] infection). Nonetheless, liver biopsy is often a
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Table 1. Grading System for Recommendations

Description

Conditions for which there is evidence and/or general agreement that a given diagnostic evaluation, procedure or treatment is beneficial,

Conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of a diagnostic evaluation,

Classification
Class |

useful, and effective
Class Il

procedure, or treatment
Class lla Weight of evidence/opinion is in favor of usefulness/efficacy
Class Ilb Usefulness/efficacy is less well established by evidence/opinion
Class Il

and in some cases may be harmful

Conditions for which there is evidence and/or general agreement that a diagnostic evaluation/procedure/treatment is not useful/effective

Level of Evidence

Description

Level A
Level B
Level C

Data derived from multiple randomized clinical trials or meta-analyses
Data derived from a single randomized trial, or nonrandomized studies
Only consensus opinion of experts, case studies, or standard-of-care

critical component in establishing the diagnosis of many
(other) forms of liver disease. Although histological assess-
ment alone may be able to make a diagnosis on occasion
(i.e., a florid duct lesion in primary biliary cirrhosis
[PBC]), liver histology is typically and most appropriately
considered in conjunction with the full gamut of clinical
and laboratory data. Acute and chronic hepatitis, choles-
tatic disorders, fatty liver disease, vascular diseases, infil-
storage diseases, infectious and
granulomatous diseases, and other disorders may be asso-
ciated with characteristic histological abnormalities that
are helpful in diagnosis.? Liver biopsy is particularly useful
in patients with atypical clinical features. For example,
liver histology can help distinguish between autoimmune
hepatitis (AIH) and nonalcoholic fatty liver disease
(NAFLD) in an obese patient with elevated levels of ala-
nine aminotransferase (ALT), raised immunoglobulin G
concentration (IgG), and/or a positive antinuclear anti-
body (ANA) titer. Liver histology may also be very helpful

in patients with coexisting disorders such as steatosis and

trative or some

Table 2. Liver Biopsy Terminology

Term Definition
Liver biopsy Any type of liver biopsy
Transthoracic The most appropriate biopsy site is guided
palpation/percussion- transcutaneous determined on the basis of

guided clinical examination. Traditionally used in
practice.

The most appropriate biopsy site is determined or
confirmed usually by ultrasound (US) imaging
before the biopsy

The most appropriate biopsy site is determined by
US (or CT) imaging. Image guidance is used in
real-time for tissue procurement

This biopsy is accomplished in almost identical
fashion as above, except that the approach is
subcostal rather than transthoracic

Biopsy is accomplished through a jugular or femoral
venous approach under fluoroscopic guidance

Transthoracic, image-
guided

Transthoracic, real-time
image-guided

Subcostal, real-time
image-guided

Transvenous or
transjugular

HCV or hemochromatosis'®!! or an “overlap” syndrome
of PBC with AIH.!?

It is likely that liver biopsy will always play a role in the
management of the patient with a diagnostic dilemma.
This includes the patient with abnormal liver tests of un-
known etiology (see below) or the patient in whom a
specific liver disease has been considered, but has not yet
been confirmed. Examples include patients with a variety
of possible diseases, including, but not limited to heredi-
tary disorders such as Wilson disease, alpha-1-antitrypsin
disease, glycogen storage diseases, tyrosinemia, Niemann-
Pick disease, amyloidosis, and others.'32¢ Liver histology
may also be helpful diagnostically in patients with appar-
ent systemic diseases in which the liver appears to be in-
volved. Microscopic examination of the liver in patients
with suspected hereditary hemorrhagic telangiectasia is
rarely necessary, and should probably be performed via
the transvenous route, concomitant with measurement of
the portosystemic pressure gradient.!> Liver histology
may provide important diagnostic information in pa-
tients with acute liver failure (ALF).?” For example, liver
biopsy is helpful in making a specific diagnosis in specific
settings (e.g., herpes virus infection, Wilson disease, AIH,
and malignancy),?”-?® which in turn may guide more spe-
cific therapy.

Liver histology in patients with hepatomegaly or ap-
parent diffuse disease may help establish a diagnosis, but
whether it is clinically useful or cost effective is unknown.
Examples of diffuse diseases include amyloidosis,?*-3°
granulomatous hepatitis caused by any of a number of
processes, and a host of other miscellaneous disorders.

Prognosis. A further important use of liver biopsy is in
assessing disease severity, notably fibrosis, which, as a pre-
cursor to cirrhosis, may predict the emergence of compli-
cations of portal hypertension and also liver-related
morbidity and mortality. Evidence in the area of HCV
emphasizes the role of fibrosis assessment in determining
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prognosis. For example, alcohol consumption, increased
hepatic iron concentration, and/or hepatic steatosis, all of
which are associated with more rapid fibrosis progression
in patients with chronic HCV,1031-33 are currently as-
sessed best by histology.?* Further, specific evidence links
fibrosis and prognosis; an example of this logical relation-
ship is that in patients with HCV infection after liver
transplantation, mortality was increased in those with ad-
vanced compared to minimal fibrosis.?> Also, progression
of NAFLD and eventual liver-related mortality appear to
be related to the initial fibrosis stage.3¢ Evidence that fi-
brosis assessment is important in prognosis also exists in
PBC; in a long-term cohort study of 160 patients with
PBC, for every stage increase of fibrosis identified (on a
1-4 point fibrosis scale) on initial liver biopsy, there was a
twofold increase in future complications or death (relative
risk 2.4;95% confidence interval [CI]: 1.6-3.6).37 In cases
of genetic hemochromatosis, survival in patients without
cirthosis is similar to the normal control population,
while mortality in those with advanced fibrosis/cirrhosis is
significantly increased?® and patients with cirrhosis are at
increased risk of hepatocellular cancer (HCC),?® and
should be screened. Liver histology in patients with AIH
may also provide prognostic information; the overall out-
come for those with cirrhosis appears to be poorer than
that for those without cirrhosis.?® Finally, patients with
fibrosis regression may actually be protected from devel-
oping clinical complications.“® Thus, accurate assessment
of liver fibrosis by histological analysis clearly provides
important prognostic information.

Assessment of liver histology may be particularly ben-
eficial in patients with human immunodeficiency virus
and HCV who have persistently normal ALT levels, be-
cause these patients may have significant fibrosis, which
may be of prognostic importance. This allows the clini-
cian to determine the extent of liver fibrosis and, conse-
quently, to assess suitability for treatment.4!

Treatment. Currently, liver biopsy is used more than
ever to develop treatment strategies. As previously empha-
sized, this has evolved because of the many new therapies
available for patients with a variety of liver diseases. Not
only can a treatment plan be instituted in a patient after a
specific diagnosis is made (i.e., steroids in the setting of
AIH), but among those with established liver disease,
treatment may be predicated on the specific histological
lesion. In the latter circumstance, therapy is usually di-
rected at the patient with a more advanced histological
stage. For example, histological analysis of the liver in
patients with HCV provides information about the grade
(degree of inflammation), which in turn presumably re-
flects to what extent the liver disease injury remains on-
going. In patients with chronic HCV-induced liver
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Table 3. Indications for Liver Biopsy

Diagnosis

Multiple parenchymal liver diseases

Abnormal liver tests of unknown etiology

Fever of unknown origin

Focal or diffuse abnormalities on imaging studies
Prognosis—Staging of known parenchymal liver disease
Management—Developing treatment plans based on histologic analysis

For more information on specific liver diseases, see Table 4

disease, treatment is often advocated for those with at least
moderate to severe stages of fibrosis, but may be withheld
when fibrosis is minimal or absent.*? Liver histology is
also commonly used in disease monitoring of patients
with ATH. First, the portal plasma cell score (a measure of
portal-based plasma cell infiltrate) may predict relapse,
and second, liver biopsy is often obtained prior to steroid
dose reduction and/or discontinuation of immunosup-
pressive therapy altogether because the incidence of re-
lapse is substantial in patients with evidence of residual
interface hepatitis.#4 Finally, there is evidence that pa-
tients with PBC with advanced fibrosis at diagnosis may
respond less well to ursodeoxycholic acid than do patients
with minimal or mild fibrosis, thus placing them at risk of
more rapid disease progression and premature death/re-
quirement for liver transplantation.>

For further information on the role of histological
analysis in the management of individual liver diseases,
please see guidelines for HCV,% HBV,4” hemochromato-
sis,®® PBC,% AIH,%4 and Wilson disease.>°

Use of Liver Biopsy in Specific Diseases

The diseases and situations in which liver biopsy may
be indicated are listed in Tables 3 and 4. It is important to
empbhasize that the role of histological analysis of the liver
in the management of patients with liver disease is likely
to evolve over time, particularly as noninvasive modalities
for assessment of fibrosis (and perhaps inflammation) are
positioned more in the mainstream.>¢ Further informa-
tion on the role of liver biopsy and histological analysis in
specific liver diseases is highlighted below and in pub-
lished AASLD guidelines referred to above.4446-49

Abnormal Liver Tests of Unclear Etiology

Liver biopsy has long been regarded as an important
diagnostic adjunct in the evaluation of abnormal liver
tests of unclear etiology—that is, after a thorough history,
physical examination, biochemical, serological, and imag-
ing investigation have failed to elucidate a diagnosis.
Available data indicate that liver histology will, in a pro-
portion of patients, point to a specific diagnosis>! and lead
to a change in patient management.>>>3 In one study,
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Table 4. Use of Liver Biopsy in Clinical Practice
Diagnosis Staging Prognosis Management

Hepatitis B - ++++ +(+) ++

Hepatitis C - ++++ +(+) ++++

Hemochromatosis + ++++ +(+) +

Wilson Disease ++ ++++ + -

Al-AT + +++ +(+) (depends on (+)

whether lung disease
AlH +++ ++++ +(+) ++++
PBC ++ (AMA-negative; ? ++++ +++ ++
overlap syndrome)
PSC ++ (small duct + - (+)
disease; overlap
syndrome?)

Alcohol +(+) +++ ++ (+)

NAFLD/NASH +++ +++ +(+) (+)

HCC ++ (depends on size) - - ++++

Other focal lesions ++ - - ++

Infiltrative ++++ +(+) (+) +(+)

DILI ++ + + +

Acute liver failure +(+) - - ++ (depends on
diagnosis)

Post-OLT ++++ +++ +(+) +++

Abbreviations: A1-AT, alphal-anti-trypsin disease; AlH, autoimmune hepatitis; AMA, antimitochondrial antibody; DILI, drug-induced liver injury; HCC, hepatocellular
carcinoma; NAFLD/NASH, nonalcoholic fatty liver disease/nonalcoholic steatohepatitis; OLT, orthotopic liver transplantation; PBC, primary biliary cirrhosis; PSC, primary

sclerosing cholangitis.

histological findings were examined in 354 patients who
underwent liver biopsy to investigate abnormal liver tests;
64% of biopsies revealed an element consistent with
NAFLD, while other diagnoses included cryptogenic
hepatitis, drug-induced liver injury, primary and second-
ary biliary cirrhosis, AIH, alcohol-related liver disease,
primary sclerosing cholangitis (PSC), hemochromatosis,
and amyloid and glycogen storage disease.>> Only 6% of
patients had a normal liver biopsy, whereas 26% were
found to have some degree of fibrosis and 6% of patients
had cirrhosis. Patient management was modified in 18%
of patients after liver biopsy, and three families were en-
tered into a screening program for heritable liver disease.>
Thus, it was concluded that the finding of abnormal liver
tests in the absence of diagnostic serology may indicate
significant liver disease and histological analysis provides
meaningful information. Conversely, in another study,
asymptomatic adult patients with persistent (= 6
months) liver test abnormalities were examined (patients
with a strong suspicion for a specific liver disease were
excluded).>? In this study of 36 patients, a presumptive
diagnosis and a preliminary management plan were doc-
umented before liver biopsy; prebiopsy diagnoses in-
cluded nonalcoholic steatohepatitis (NASH; 24 patients),
AIH (3 patients), PBC (2 patients), PSC (2 patients), and
others (5 patients). Histological findings after liver biopsy
changed the diagnosis in only 14% of cases. Thus, al-
though the liver biopsy appeared to help confirm the di-
agnosis, biopsy findings infrequently altered the

suspected prebiopsy diagnosis, and even more rarely al-
tered management.> Liver histology may also be helpful
in the establishment of an unsuspected diagnosis, such as
alcoholic liver disease.>#>5 Particularly in the setting of
abnormal liver tests of unclear etiology, the risks and ben-
efits of a liver biopsy should be carefully weighed, and the
decision to perform a liver biopsy must be individualized.

Cryptogenic Cirrhosis

Cryptogenic cirrhosis or cirrhosis of unknown etiology
is found to be the assigned diagnosis in 3%-30% of pa-
tients with cirrhosis.>®57 Cryptogenic cirrhosis has several
putative causes including NASH, silent or “burnt out”
AIH, occult viral infection, and covert alcoholism. Based
on well-documented serial biopsy reports demonstrating
progression of prior histological NASH to cirrhosis with-
out any continuing definitive evidence of NASH8-6° and
based on extensive epidemiological data, NASH is con-
sidered one of the leading causes of cryptogenic cirrhosis

61-63 although autoimmune

in many western countries,
disease appears to be a more common underlying disease
in some parts of Europe.®4%5 Classification schemes for
cryptogenic cirrhosis have been proposed on the basis of
the clinical setting and on so-called residual histological
findings such as foci of autoimmune-like inflammatory
infiltrates versus NASH-like foci of steatosis, cellular bal-
looning, and glycogenated nuclei.®¢” Indeed, a recent

serial biopsy study of patients with cirrhosis who had an-
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tecedent biopsies revealing NASH support the use of
these parameters as markers for prior NASH.¢8

Liver Transplantation

Assessment of liver histology following orthotopic liver
transplantation is an essential component of management
in this patient population. It is often important to make a
specific diagnosis in the setting of liver test abnormalities
early after transplantation to investigate allograft rejec-
tion, preservation or reperfusion injury, drug-induced
liver injury, (usually recurrent) viral infection, or bile duct
injury. Liver biopsy is also often helpful in the setting of
late allograft dysfunction,® including to investigate the
possibility of recurrence of the original disease.”® Some
liver transplant programs perform liver biopsy on a pro-
tocol basis after transplantation (e.g., annually), even in
those patients with normal liver tests, although compel-
ling evidence to support this approach is lacking. In con-
trast, there is good evidence suggesting that fibrosis
progression may be predicted by using liver histology in
patients following transplantation.?>7! In one study, liver
histology obtained at 1 year after transplantation in pa-
tients with HCV infection allowed identification of pa-
tients with rapid fibrosis progression (donor age > 55
years was associated with rapid fibrosis progression and
development of cirrhosis).”! In another study, patients
with more advanced fibrosis stages had a greater likeli-
hood of clinical decompensation than those with minimal
or no fibrosis.3>

In addition, histological assessment appears to be crit-
ical in evaluation of the donor liver immediately before it
is transplanted. Macrovesicular steatosis, (occult) fibrosis,
and inflammation have all been associated with poorer
graft function after liver transplantation, especially in
older recipients and those with chronic HCV liver disease.
Some experts have recommended that donor livers with
suspicious clinical histories be evaluated by sampling at
least two sites.”? Importantly, while liver ultrasound has
high specificity for exclusion of steatosis in apparently
normal livers, both its sensitivity and negative predictive
value are very low, thus limiting its utility in the diagnosis
of a fatty liver.”?

Liver biopsy and evaluation of hepatic histology in
evaluation of healthy living related donors is controver-
sial.747¢ In a study of 144 donor candidates who under-
went liver biopsy as part of the pretransplant donor
evaluation, 31 (21%) had at least one histological finding
precluding liver donation (21 had steatosis and 10 had
other diseases, including non—A-D hepatitis in six cases,
diffuse granulomartosis in two, schistosomiasis in one, and
cryptogenic fibrosis in one).”4 Another study found that
approximately half of presumably healthy donors had ab-
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normal pathology results, including nearly one-third of
patients with fatty changes.”® Thus, some experts believe
that preoperative liver biopsy is a necessary component of
the evaluation of potential living donors.”47¢

Focal Disease and Mass Lesions

The use of liver biopsy for evaluation of focal liver
disease (i.e., a lesion detected by imaging) is highly vari-
able and difficult. Evaluation of focal liver disease is fur-
ther complicated because lesions may be cystic, solid, or
vascular (or combinations thereof) and because there is
considerable overlap in the appearance between benign
and malignant lesions. Further, use of liver biopsy almost
always depends on the specific clinical scenario. For ex-
ample, evaluation of mass lesions requires consideration
of whether the patient has no known underlying liver
disease or whether the patient has a known parenchymal
liver process. Both categories of patient may require con-
sideration of liver biopsy in establishing the correct diag-
nosis. Initially, cross-sectional imaging may confirm that
the liver has an abnormal contour consistent with cirrho-
sis, and may demonstrate other features of portal venous
hypertension such as splenomegaly and intra-abdominal
varices. Moreover, the liver may be enlarged because of
the presence of the lesion(s).

In patients with underlying liver disease, especially cir-
rhosis, the overriding concern is with HCC. This diagno-
sis can be made in patients with a typical lesion (usually >
2 cm in size, with a typical vascular pattern seen with
dynamic imaging techniques).”” In patients with smaller
lesions, the use of liver biopsy (typically fine-needle aspi-
ration biopsy) is controversial.”®7° Arguments against bi-
opsy sampling include: (1) sampling error may leave the
diagnosis in doubt; (2) HCC recurrence rates after liver
transplantation were significantly higher among patients
with tumors larger than 3 c¢m, pathological tumor-node-
metastasis (pTNM) I-III stage, Child class B or C cirrho-
sis, and alpha-fetoprotein >200 ng/mL who underwent
biopsy;®° and (3) there appears to be a small, but finite risk
of tumor seeding of the needle track through which the
biopsy was procured (see below under contraindica-
tions).81-83 Conversely, the presence of HCC significantly
alters the priority for liver transplantation, leading to the
need to avoid false positive imaging studies; thus, histo-
logical confirmation may facilitate management by re-
moving doubt. Uncertainty regarding these issues
underlies the reported wide practice variation.8485

For specific recommendations about liver biopsy in
patients with suspected HCC, see the AASLD practice
guideline review on this subject.”” Part of the controversy
about liver biopsy in patients with suspected HCC derives
from previous limitations in therapeutic options and the
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Table 5. Hepatic Mass Lesions
Benign
Cysts
Hemangioma
Adenoma

Liver abscess (amebic or pyogenic)

Focal nodular hyperplasia

Fatty infiltration

Rare primary liver neoplasms
Malignant

Hepatocellular cancer

Cholangiocarcinoma

Metastatic

Rare primary liver neoplasms

Rare primary bile duct neoplasms

lack of predictive utility of simple histological character-
istics such as the degree of differentiation.8¢ This area is
likely to change as new treatment modalities emerge (e.g.,
radioactive beads and anticancer biological agents) in con-
junction with a better understanding of HCC biology,
which might predict response.

Another mass lesion that may develop in the setting of
underlying liver disease is cholangiocarcinoma. Although
isolated lesions may occur in otherwise normal livers, this
lesion typically arises in the presence of chronic biliary
tract disease, e.g., PSC or a choledochal cyst. It usually
presents as a solitary lesion either involving the biliary
hilum or within the hepatic parenchyma. The decision to
biopsy such a lesion, assuming it is solitary, may be gov-
erned by whether surgical resection is considered feasible.
If not, or the possibility of liver transplantation arises,
then the lesion should be biopsied under image guidance.
Any enlarged porta hepatis or other upper abdominal
lymph nodes may be biopsied at the same time. It may not
be possible to distinguish rare primary hepatic tumors
from a more common primary lesion or a solitary metas-
tasis solely on the basis of cross-sectional imaging and
tumor markers, in which case image-guided biopsy is also
necessary to confirm the diagnosis.

The gastroenterologist and hepatologist, whether
working in the community or in an academic setting, may
anticipate referral of patients whose principal problem is
the recent discovery of one or more focal hepatic lesions in
the absence of underlying parenchymal/structural liver
disease. This may arise after an imaging test due to specific
symptoms or signs, or perhaps after imaging undertaken
for reasons that may have nothing to do with the hepatic
lesions. Patients who do not have parenchymal liver dis-
ease and in whom a focal hepatic lesion(s) is discovered
will often have one of the abnormalities highlighted in
Table 5. Virtually any of these lesions may be single or
multiple, although overall, most are solitary.
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Generally, the most common lesions identified in pa-
tients without underlying liver disease include benign he-
patic lesions, most often solitary, but on occasion
muldple. For the most part, these should have sufficient
distinguishing characteristics on high-quality cross-sec-
tional imaging modalities such that liver biopsy is unnec-
essary. For example, a hemangioma has characteristic
bright appearances on the T2-weighted magnetic reso-
nance imaging and often displays dynamic enhancement
with contrasted computed tomography (CT) imaging.
Likewise, focal nodular hyperplasia is typically solitary
and has a “central scar” of low attenuation. Alternatively,
where hepatic adenomata are multiple and appear hyper-
vascular on the arterial phase of triple contrast CT imag-
ing, concern may arise for metastases from, e.g., thyroid
cancer, thus making biopsy of one or more lesions man-
datory. Pyogenic liver abscesses may be associated with air
produced by gas-forming bacteria.®”

Apparent metastatic lesion(s) without an obvious pri-
mary site may be hypoechoic either hyperattenuating or
hypoattenuating (typically they are of low attenuation) on
CT imaging, and should be biopsied under image guid-
ance to confirm the diagnosis. If there is any doubt as to
whether the patient has underlying parenchymal disease,
then biopsy specimens should also be taken from site(s)
distant from the lesion(s) also.

The approach to patients with mass lesions will vary
depending on the patient’s overall clinical picture. Table
6 summarizes some of the more common liver lesions,
and their imaging appearances. Because imaging plays a
critical role in evaluating essentially all liver mass lesions,
it is imperative that they be managed in close association
with an experienced imaging expert.

Recommendations

1. Liver biopsy should be considered in patients in
whom diagnosis is in question, and when knowledge of
a specific diagnosis is likely to alter the management
plan (Class I, Level B).

2. Liver histology is an important adjunct in the
management of patients with known liver disease,
particularly in situations where (prognostic) informa-
tion about fibrosis stage may guide subsequent treat-
ment; the decision to perform liver biopsy in these
situations should be closely tied to consideration of the

risks and benefits of the procedure (Class 1, Level B).

Technical Issues, Contraindications, and
Complications

Preparation for Liver Biopsy. The general approach
to liver biopsy has changed substantially over the past
10-20 years. Currently, liver biopsy is typically under-
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Table 6. Mass Lesions

Type of Lesion Radiographic Appearance*

Clinical Features

Simple cyst Thin walled with homogenous low-density interior on CT imaging Very common, often incidental

Hemangiomat Vascular enhancement is often prominent (periphery of the lesion may be The commonest benign hepatic neoplasm
prominent) on contrasted CT imaging

FNH Contrast-enhanced CT reveals intense arterial phase enhancement and the Commonest in young women
lesion becomes isoattenuating to liver and difficult to detect in portal
venous phase. A central scar typically shows little enhancement in the
arterial phase

Adenoma Well-circumscribed, hyperechoic mass on ultrasound. Contrast-enhanced CT Commonest in young women (associated with oral
shows transient intense enhancement in the arterial phase, followed by contraceptives); may be difficult to distinguish
rapid washout of contrast in portal venous phase from hepatocellular carcinoma

Focal fat Nonspherical shape, absence of mass effect, and a low density on contrast

enhanced CT
Hepatocellular
carcinoma
Cholangiocarcinoma

hypoattenuating in portal venous phase
Solid appearing, with no vascular enhancement

Metastasis
Liver abscess

water density
Hydatic cysts

On contrast-enhanced CT, tumor enhances in arterial phase and becomes

Solid appearing, with variable but typically minimal vascular enhancement
Air suggests anaerobic bacteria. Amebic cysts often have a hypodense,

May have daughter cysts within a thick-walled main cavity

Almost always occurs in the setting of cirrhosis

Almost always occurs in the setting of biliary
disease

Clinical scenario often consistent with a primary
tumor at another site

Classic clinical scenario includes fever

Patients are usually from an area in which the
disease is endemic

*Features may be variable for many lesions.

tSome other hypervascular tumors include neuroendocrine/islet cell tumor, carcinoid, renal cell carcinoma, and melanoma.

taken on an outpatient or “same day” basis. Most often,
the patient will have been seen in the clinic or office
within the preceding month where a discussion about the
indications for, benefits, and risks of liver biopsy will have
occurred.

Because it is well-appreciated that many patients un-
dergoing liver biopsy experience significant anxiety about
the procedure, the following practical points should also
be discussed before the procedure: (1) by whom and
where the biopsy will be performed, (2) whether sedation
of any sort may be taken prior to the procedure, or will be
available immediately beforehand, (3) what degree of pain
may be anticipated during and after the procedure, and
the measures available that might help minimize and/or
attenuate it, (4) when the patient may return to their usual
level of activity, and to work outside the home if applica-
ble, and (5) when the result will be known, and by what
means this information will be communicated to the pa-
tient. Being clear and precise about these pragmatic issues
are important to facilitate performance of the procedure
and instill in the patient a sense of confidence. Written
informed consent, including risks, benefits, and alterna-
tives, should be obtained prior to liver biopsy.

Recommendations

3. Prior to performance of liver biopsy, patients
should be educated about their liver disease and about
investigations other than liver biopsy (if any) that may

also provide diagnostic and prognostic information
(Class I, Level C).

4. Prior to performance of liver biopsy, patients
must be carefully informed about the procedure itself
including alternatives (as above), risks, benefits, and
limitations; written informed consent should be 0b-

tained (Class I, Level C).

Prebiopsy Testing

Common practice includes measurement of the com-
plete blood count, including platelet count, prothrombin
time (PT)/international normalized ratio (INR), in some
institutions the activated partial thromboplastin time,
and/or cutaneous bleeding time at a suitable juncture
prior to the biopsy. Some experts recommend having a
specimen of blood typed, so that blood could be made
available at short notice in case of bleeding. Patients with
previously documented abnormalities in laboratory tests
may require these to be repeated closer to the time of
biopsy; the time frame will vary depending on the specific
clinical scenario and local policies. However, as high-
lighted below, the utility of these tests in predicting bleed-
ing risk is uncertain and generally not supported by the
available literature.88-°1 Moreover, the prevalence of more
complex hemostatic defects in patients undergoing bi-
opsy, such as hyperfibrinolysis, which are undetectable by
tests, is unknown, although
10%-15% of hospitalized patients with cirrhosis appear
to have this particular problem.?>4 Hyperfibrinolysis
should be suspected when there is late (hours) postproce-
dure bleeding, consistent with initial clot formation and

conventional some
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premature clot dissolution thereafter. Additional studies
are needed to assess the preprocedure utility of more
global measures of hemostasis such as thromboelastogra-
phy; this test assesses indices of hyperfibrinolysis and
platelet function. Additionally, imaging reports should be
reviewed to ensure that (1) no focal lesion exists in the
right hepatic lobe, e.g., hemangioma; and (2) that biliary
dilation is not present. Either of these conditions might
give rise to an otherwise unsuspected (and avoidable)
complication.

Prebiopsy and Peribiopsy Preparation and
Management

Experts vary in their preference as to whether patients
should be fasting prior to biopsy, and data to shed light on
the best approach are not available. There is anecdotal
evidence that a light snack 2-4 hours before transthoracic
liver biopsy may help avoid a vasovagal response during or
shortly after the procedure. Some experts ask patients to
consume a light fatty breakfast so as to encourage gallblad-
der contraction (and thus presumably reduce the likeli-
hood of gallbladder perforation). On the other hand,
others have raised the possibility that postprandial hyper-
emia may increase portal blood flow, and could theoreti-
cally increase the risk of bleeding. Further, the nonfasting
state may create difficulties in the event of a major com-
plication.

Nearly all recommendations regarding periprocedure
restrictions lack definitive evidence because few recom-
mendations (other than patient positioning immediately
after biopsy; see below) have actually undergone compar-
ative study. However, a number of practices have become
established by convention. Usual daily activities may be
undertaken up until the day preceding liver biopsy. Fol-
lowing the procedure, patients are encouraged to rest qui-
etly, particularly if they received sedation and/or opiate
analgesia afterward. Many physicians recommend that
patients who live more than 1 hour traveling distance by
car from the center remain close by that evening, in case of
potential late complication. However, in the absence of
an evident complication or significant pain that necessi-
tates use of potent analgesia, there should be no restriction
upon return to work the following day. Patients are dis-
couraged from lifting weights greater than 10-15 pounds,
for a minimum of 24 hours, because this may increase
intra-abdominal pressure and in theory could facilitate
bleeding from the puncture site.

Management of Medications

An important issue surrounds management of anti-

platelet (i.e., aspirin, ticlodipine, clopidogrel, IIb/IIIa re-
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ceptor antagonists, nonsteroidal anti-inflammatory
drugs) and/or anticoagulant drugs (i.c., warfarin) before
and after the time of liver biopsy. Little data are available
with which to guide management about the timing of
discontinuation of (or even the need to discontinue) these
medications. Indeed, data from other areas in which in-
vasive procedures are performed (i.e., prostate, kidney,
breast, gastrointestinal tract) are limited and variable, but
the general consensus is that these medications should be
discontinued from several to 10 days prior to the proce-
dure.?>%7 It should also be emphasized that the liver is
intrinsically different from these other organs (e.g., it is
highly vascular), and thus extrapolation of data about bi-
opsy risk at other sites may not be appropriate. Data esti-
mating the risk of bleeding in patients treated with newer
antiplatelet agents (adenosine diphosphate receptor an-
tagonists, IIb/I1]a receptor antagonists) are inadequate to
make firm recommendations. It is generally recom-
mended that warfarin should be discontinued at least 5
days before the scheduled procedure; the decision to ob-
tain a preprocedure PT should be individualized.®”-98 It is
also recognized that antiplatelet and/or anticoagulant
drugs are important for certain patients (e.g., an elderly
patient with atrial fibrillation in the setting of diminished
left ventricular function). Therefore, management of spe-
cific drugs should be handled on a case-by-case basis, and
in all patients, the risk of discontinuing these medications
must be weighed against the (potential) risk of bleeding
during/after liver biopsy. In each case, the pros and cons
of medication discontinuation versus the need for assess-
ment of liver histology should be weighed carefully. The
patient should take other prescribed drugs (e.g., antihy-
pertensive, immunosuppressive therapy, etc.) the morn-
ing of the procedure with the aid of a few sips of water.

Data addressing the use of intravenous or subcutane-
ous heparin or heparin-like compounds in the peribiopsy
period are lacking. However, these compounds are gener-
ally short-acting and should be able to be stopped in a
shorter period of time than warfarin or antiplatelet med-
ications, the latter of which is generally long-acting.

Many patients with diabetes mellitus undergo liver bi-
opsy. For these patients, it is recommended that the pa-
tient continue antidiabetic therapy, whether insulin or
other agents. Oral agents are generally not an issue but
doses of insulin may have to be adjusted in the peribiopsy,
particularly if the patient is made NPO (that is, nothing
peroral) prior to the biopsy.

Unfortunately, few data are available with which to
address the subject of when patients may restart medica-
tions that have been stopped prior to liver biopsy, partic-
ularly those that may be associated with an increased risk
of bleeding. In general, the risk of bleeding after liver
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biopsy is greatest within the first several hours after the
procedure (see also below) and decreases with time after
biopsy. However, reports of delayed bleeding®®-1%° suggest
that clot dissolution at the biopsy site may occur.

Recommendations

5. Antiplatelet medications should be discontinued
several to 10 days before liver biopsy, although there is
uncertainty surrounding the need for their discontin-
uation. Management of specific compounds should be
handled on a case-by-case basis, taking into account
their clinical indications, as well as the potential
bleeding risk associated with their use in the setting of
liver biopsy (Class 1, Level C).

6. Anticoagulant medications should be discontin-
ued prior to liver biopsy. Warfarin should generally
be discontinued at least 5 days prior to liver biopsy.
Heparin and related products should be discontinued
12-24 hours prior to biopsy. In all patients, the risk of
discontinuing anticoagulant medications must be
weighed against the (potential) risk of bleeding dur-
ing/after liver biopsy (Class I, Level C).

7. Antiplatelet therapy may be restarted 48-72
hours after liver biopsy (Class I, Level C).

8. Warfarin may be restarted the day following
liver biopsy (Class 1, Level C).

The Liver Biopsy Procedure—Technique and
Process

The liver biopsy should be performed in a dedicated
area, with adequate space for the operator(s), assistants,
emergency equipment if necessary, or for family members
during recovery. Use of oral or intravenous anxiolytic
therapy or conscious sedation is variable; available data
indicate that it is safe when used.'102 If such medica-
tions are or may be utilized, then any substantial oral
intake should be avoided prior to the procedure. Routine
placement of an intravenous cannula prior to the proce-
dure is practiced in many facilities as a precaution should
there be significant pain and/or bleeding after the proce-
dure, but the cost/risk benefit of this approach is un-
known.

Liver Biopsy Methods

1. Percutaneous Biopsy. This method may be under-
taken in one of three ways, namely palpation/percussion-
guided, image-guided, and real-time image-guided.
(Table 2).

A palpation/percussion-guided  transthoracic ap-
proach, after infiltration of local anesthesia, is the classic
percutaneous method (see also below). Although the sub-
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costal approach has been performed in patients with hep-
atomegaly that extends well below the right costal
margin,'® it is not recommended in routine practice
without image guidance.

2. Transvenous (Transjugular or Transfemoral)
Biopsy. A number of specific situations warrant consid-
eration of this approach. Patients with clinically demon-
strable ascites; a known or suspected hemostatic defect; a
small, hard, cirrhotic liver;'% morbid obesity with a dif-
ficult-to-identify flank site; or those in whom free and
wedged hepatic vein pressure measurements are addition-
ally being sought (see below) should be considered candi-
dates to undergo liver biopsy by the transvenous route.
The technique has been well described in the literature
and should be considered standard.'%519 Expense and
availability of local expertise are also important variables
when considering transvenous biopsy.

3. Surgical/Laparoscopic Biopsy. In many circum-
stances, a surgical or laparoscopic approach is utilized be-
cause the liver is noted to be abnormal in appearance prior
to planned surgery or at the time of surgery. Biopsy in this
situation is performed either with typical needle devices or
by wedge resection. Notably, the latter has been criticized
as producing overestimates of fibrosis due to its proximity
to the capsule. Laparoscopic liver biopsy allows adequate
tissue sampling under direct vision, with direct (and im-
mediate) control of bleeding. It is generally performed by
those with special expertise, typically under general anes-
thesia. It should be noted that creation of a pneumoperi-
toneum (with nitrous oxide) is highly reliable and allows
the use of conscious sedation and performance of the
procedure in specialized areas within an endoscopy unit.
Most studies that have compared laparoscopic biopsy to
transthoracic percutaneous biopsy have demonstrated
greater accuracy in diagnosing cirrhosis with the former
approach, probably because of the added benefit of peri-
toneal inspection.'7-1%> Complications of this method
include general anesthesia, local abdominal wall or intra-
peritoneal trauma, and bleeding. Expense and the re-
quirement for special expertise have limited its use.

New laparascopic techniques may facilitate laparo-
scopic liver biopsy, and could theoretically be performed
safely at low cost. An exciting possibility is that techniques
extending from natural orifice transluminal endoscopic
surgery (NOTES) could be used to perform liver biopsy.
In one study, transgastric flexible endoscopic peritoneos-
copy allowed systematic visualization of the liver with
subsequent liver biopsy (and adequate tissue samples for
histologic examination) in a small number of obese pa-
tients for whom percutaneous biopsy would have been
technically difficult or associated with unacceptably high
risk of complication.!'?
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4. Plugged Biopsy. The plugged biopsy has been pro-
posed as being potentially safer than standard percutane-
ous biopsy among certain patients (i.c., those believed to
be at high risk for bleeding such as those with coagulopa-
thy and/or thrombocytopenia or a small cirrhotic liv-
er).'"" The plugged biopsy is a modification of the
percutaneous method in which the biopsy track is
plugged with collagen or thrombin (or other materials) as
the cutting needle is removed from a sheath, while the
breath is still being held."'? In one study, the approach
was both well-tolerated and safe.!'? In another study, this
technique was compared to transjugular liver biopsy
among patients with prolonged PT and reduced platelet
counts.''¥ The plugged-percutaneous liver biopsy tech-
nique was quicker and yielded specimens of significantly
longer length than the transjugular approach, but was
complicated by hemorrhage that required blood transfu-
sion in 2 of 56 (3.5%) of plugged biopsy patients, com-
pared with 0 of 44 (0%) undergoing transvenous
biopsy.1!4

Liver Biopsy Devices

Liver biopsy devices originated in the late 1800s, and pro-
liferated in the early 20th Century.® The liver biopsy devices
used most widely today for diagnosis and management of
patients with parenchymal liver disease are the core-aspira-
tion needles (Menghini, Jamshidi, or Klatskin-style) and
sheathed cutting needles (either manual or spring-loaded,
often referred to as a “Trucut-style” in reference to one of the
earliest cutting devices). Newer automated versions of this
latter type have recently emerged, allowing variable pitch and
specimen length. The cutting needle devices generally pass
into the liver parenchyma using a troughed needle before an
outer sheath or hood slides over this to secure a core of tissue.
This is especially helpful among patients with suspected or
established cirrhosis because it limits the tendency for the
specimen to shatter or fragment. In general, cutting needles
have been shown to produce more reliable specimens in ad-
vanced fibrosis, although studies so far have not included the
newer variable pitch automated core device (see below).!!>

The caliber of (most) current cutting needles is about 16
gauge (1.6 mm) and the trough length is usually 1.6-1.8 cm,
thereby limiting the overall dimensions of the specimen that
may be retrieved, and thus the number of portal tracts that
may be available for analysis (see below). Conversely, the
traditional core-aspiration technique relies on suction gener-
ated via a syringe in conjunction with a flat or a beveled
(Menghini or Klatskin) needle tip to procure a core of liver
tissue. The pressure of suction may cause some specimens,
particularly those from cirrhotic livers, to fragment more
easily and should be an important consideration in the
choice of device. Newer automated core needle devices have
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recently emerged; these utilize a tiny inflection of the cannula
at its tip, which serves to trap the specimen and obviates the
need for suction. Thus, longer cores may be obtained with-
out fragmentation.

Liver Biopsy Procedure

Standard transthoracic percutaneous liver biopsy is
performed with the patient placed supine in a comfortable
position, The right arm and hand should be placed gently
behind the head, also in a comfortable, neutral, position.
Selective use of sedative medications during liver biopsy
may alleviate anxiety!'® and appear to reduce postproce-
dure pain''7; their use should be considered to be a matter
of local preference and expertise.

The skin is prepped and draped, then anesthetized
with a local anesthetic agent, typically lidocaine, 1%. The
area from the skin to the peritoneum is also anethestized
using care to advance only above the appropriate rib (in-
tercostal arteries generally run below the rib so that inter-
costal arterial injury can be avoided by inserting the
needle over the cephalad rather than the caudad aspect of
the rib) and ensuring that anesthesia is not injected into a
vascular structure (typically the anesthesia plunger is
withdrawn slightly to see that blood does not return, be-
fore injection of local anesthetic). Pain with insertion of
the biopsy needle indicates inadequate local anesthesia.

The liver capsule itself may be anesthetized using a
small, 23-gauge or 25-gauge “finding” needle, but
whether this practice is beneficial in the absence of real-
time image guidance is unknown (because it is unlikely
that the specific portion of the liver anesthetized would
subsequently be biopsied). If used, application of the local
anesthetic is facilitated by observing the patient’s respira-
tory cycle and instilling the agent during a brief breath-
hold. Care should then be taken to perform the biopsy at
the same point in the respiratory cycle (usually at a full but
not forced expiration) to insure piercing the peritoneum
and liver capsule at exactly the same point as application
of the local anesthetic agent previously administered.

It is well recognized that the liver physically moves during
breathing. Further, because there is concern that the liver
may be lacerated if it is moving, breath-holding is often ad-
vocated and used during the actual passage of the biopsy
needle in the routine transthoracic approach.!'® It is believed
to both reduce the risk of capsule laceration and to facilitate
biopsy at the site of local (liver) anesthetic if used. Although
many techniques have been utilized (i.e., performing biopsy
at the end of deep expiration, during simple breath-holding,
etc.) and some perform liver biopsy without formal breath-
holding,'** no study has addressed the use of a breath-hold or
which technique is best.
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Once the liver biopsy has been accomplished, the pa-
tient then rests quietly and is carefully observed by expe-
rienced nursing staff. Immediately after the biopsy, vital
signs are typically obtained at least every 15 minutes for
the first hour, and every 30 minutes during the second
hour. The patient is often placed in the right lateral decu-
bitus position (presumably to allow the liver to rest
against the lateral abdominal wall and thereby limit bleed-
ing), although this is largely performed as a result of long-
standing clinical practice. In a study of 90 patients
randomized to the right lateral decubitus position, the
supine position, or the right lateral decubitus position (30
patients in each group) followed by the supine position, it
was found that patients turned to the right lateral decub-
itus position had greater pain (mean visual analog scale
score of 26.5 of 100, compared with 14.2 [P = 0.026]
and 12.1 [P = 0.009] for combined and supine groups,
respectively), without a difference in more severe compli-
cations.''” Thus, the need for postbiopsy repositioning on
the right side is questionable. It is recommended that
patients simply recover in a quiet, comfortable, setting.

The risk of bleeding is greatest initially after liver bi-
opsy; thus, it is recommended that patients be observed
carefully over the first several hours after biopsy. Although
the optimal length of observation after the liver biopsy has
not been firmly established, it appears that an observation
period of 2-3 hours is most appropriate. However, in one
study involving 3214 subjects undergoing standard out-
patient liver biopsies, the recovery time was gradually de-
creased from 6 hours to 1 hour. The complication rate did
not appear to vary with different observation times, with
the majority of the complications occurred during the
first observation hour.'?° In another study of 500 patients
referred by gastroenterologists for US-guided liver biopsy
using an 18-gauge needle, patients were placed in the
right lateral recumbent position after biopsy and observed
for 1 hour in the US department after the biopsy was
performed; 496 patients were discharged after 1 hour ob-
servation, without complication.'?! Three patients were
observed for a further hour due to pain and one patient
was admitted because of bleeding. Prolonged observation
times appear to be unnecessary after liver biopsy. It should
be emphasized that studies of complications after liver
biopsy are generally underpowered because of the rarity of
the outcome event (i.e., serious complication).

Recommendations

9. Performance of liver biopsy requires an adequate
sized and dedicated physical space suitable for focused
physician effort as well as safe patient recovery (Class
I, Level C).
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10. The use of sedation, preferably light sedation, is
safe and does not lead to increased procedural risk
(Class IIb, Level B).

11. Vital signs must be frequently monitored (at
least every 15 minutes for the first hour) after liver
biopsy (Class I, Level C).

12. The recommended observation time after bi-
opsy is between 2 to 4 hours and will vary depending
on local expertise and practice (Class I, Level B).

Ultrasound Guidance (See Also Below Under Ra-
diological Considerations). Ultrasound guidance helps
direct the liver biopsy needle away from the gallbladder,
large vascular structures, colon, and lung, and thus has the
potential to reduce complication rate. Nonetheless, there
is controversy about the use of US. It has been used either
in real-time or via a prebiopsy marking technique where
the patient subsequently has liver biopsy performed at the
marked site. In a study of 631 patients comparing real-
time guided US biopsy performed by radiologists to bi-
opsies performed by gastroenterologists/hepatologists
after marking, real-time imaging did not appear to offer a
significant advantage in terms of complications over im-
mediate prebiopsy marking.!2?

The potential benefit of US was highlighted in a large
randomized controlled, but unblinded, trial in which
both major complications requiring hospitalization and
minor complications such as pain following biopsy were
fewer in patients who had US marking of the biopsy site
compared to those who had standard, percussion-palpa-
tion guided biopsies (the rate of major complications in
the two groups was 0.5% versus 2.2%, P < 0.05).123
Conversely, a retrospective study showed that in biopsies
performed with US guidance in the radiology depart-
ment, the risk of major hemorrhage was similar to nation-
ally published figures.’>% In a prospective study of 166
patients with HCV, US-guided biopsies performed in the
radiology department were associated with significantly
less pain (36.4% versus 47.3%; P < 0.0001) than stan-
dard percussion-palpation guided Trucut biopsies, al-
though the use of US was found to be slightly more
expensive than Trucut biopsy.'?> Cost-effectiveness anal-
yses have suggested that routine US guidance in clinical
practice may reduce the cost of liver biopsy (although as
would be expected, this depends on the cost of US).126:127
Finally, it was found that US assessment of the liver im-
mediately preceding biopsy led to a change in the location
of the biopsy site in 13% of patients.’?® Nonetheless, use
of US, whether marking or in real-time, for routine liver
biopsy is variable, and in the United States, US has not
gained widespread acceptance.!?13% The recent intro-
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Table 7. Contraindications to Percutaneous Liver Biopsy

Absolute
Uncooperative patient
Severe coagulopathy
Infection of the hepatic bed
Extrahepatic biliary obstruction
Relative
Ascites
Morbid obesity
Possible vascular lesions
Amyloidosis
Hydatid disease

duction of relatively inexpensive, portable US machines
with excellent image quality may change this trend.

Recommendations (see also recommendations 24
and 34)

13. Ultrasound guidance with marking of the op-
timal biopsy site performed immediately preceding
biopsy, by the individual performing the biopsy, is
preferved, though not mandatory, because it likely

reduces the risk of complications from liver biopsy
(Class I, Level B).

Contraindications

Specifying contraindications to liver biopsy is fraught
with difficulty given the scarcity of data in this area. Ad-
ditionally, many of the older studies may not be applica-
ble to practice in the modern era. It should also be
emphasized that contraindications will vary depending on
the physician operator and available local expertise. For
this reason, most of the listed contraindications are con-
sidered to be relative (Table 7). In daily clinical practice,
the considerations that are often of the greatest concern to
the care provider include an uncooperative patient, one in
whom there is increased potential for bleeding, and the
morbidly obese patient. Important specific potential con-
traindications are highlighted below.

Uncooperative Patients. When performing percuta-
neous liver biopsy, it is essential that the patient be coop-
erative (in particular with positioning and breath
holding). A theoretical concern is that if the patient inad-
vertently moves when the biopsy needle is in the liver,
then a tear or laceration may occur (which would in turn
greatly increase the risk of bleeding). In patients who are
felt to require liver biopsy, but who may have difficulty
cooperating, the care provider should consider biopsy by
the transvenous route, when moderate to deep sedation
may be given, or biopsy under general anesthesia. As high-
lighted above, the use of sedative medications during liver
biopsy may help with anxiety''¢ and pain!'” and are not
believed to either increase or reduce the risk of major
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complications. However, they must not be used simply to
make an uncooperative patient “more” cooperative.

Ascites. Little data are available with which to guide
the clinician in the practice of liver biopsy in patients with
ascites. From a practical standpoint, it is likely that the
liver is likely difficult to “hit” via the standard intercostal
approach in patients with moderate or massive ascites.
Whether the risk of bleeding in patients with ascites is
increased is unclear. One study suggested that CT-guided
or US-guided biopsy in patients with ascites was not as-
sociated with an increased risk of bleeding.3! Options for
liver biopsy in patients with ascites include total therapeu-
tic paracentesis performed immediately prior to palpa-
tion/percussion-guided  transcutaneous  biopsy  or
transvenous or laparoscopic biopsy (the latter may also
require therapeutic paracentesis, which can be accom-
plished during the laparoscopy).13!

Mass Lesions. Although there has been concern about
the safety of liver biopsy for some mass lesions, most ex-
perts consider biopsy of most liver mass lesions to be a safe
and effective means to provide important clinical infor-
mation. Mass lesions are often biopsied to clarify diagno-
sis, typically by radiology experts using a real-time
imaging technique (see below). Such lesions may be cys-
tic, solid, or vascular. Mass lesions are most often biopsied
after visualization of the abnormality during an imaging
examination. Most experts prefer that core samples rather
than aspirates be obtained if a diagnosis of neoplasia is
being entertained. In general, fine-needle aspiration pro-
vides cytology, which typically has less diagnostic value
than an adequate core biopsy.

Although liver biopsy in patients with mass lesions is
generally safe, several important caveats must be consid-
ered. First, biopsy of known vascular lesions should gen-
erally be avoided,'?? although image-guided biopsy of
potential vascular lesions may be safer because a needle
path can be selected whereby normal (or nontumorous)
parenchyma can be interposed between the liver capsule
and the lesion (see also below). Biopsy of potentially ma-
lignant lesions should be undertaken with care because it
is believed that tumor vessels are more likely to bleed.!3?
When US with color Doppler is used to guide the biopsy,
larger tumor and liver vessels can also be identified and
avoided. Biopsy of malignant lesions is associated with a
risk of tumor spread usually along the biopsy track.8!-83
Although potentially a devastating complication, espe-
cially in transplant candidates where immunosuppression
may predispose to seeded tumor growth, this risk is almost
certainly overstated in earlier literature. For example, in a
more recent retrospective study of patients undergoing
image-guided biopsy of a lesion suspicious for HCC,
HCC was diagnosed by biopsy in 74 (63%) of 118 cases,
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and an additional 10 were found to have HCC on follow-
up; no patient developed evidence of tumor spread along
the needle track.'®> Another study estimated the risk of
tumor seeding to be 0.13%.'34 Moreover, the risk appears
to be decreased with use of a coaxial approach (i.e., utiliz-
ing a 17-gauge introducer and an 18-gauge biopsy needle
introduced along a coaxial plane).'3> Uncertainties re-
garding these issues underlie the widespread variation in
practice.

Biopsy and/or aspiration of infectious lesions is gener-
ally safe. It has been suggested that the presence of an
echinococcal cyst (hydatid disease) (Table 7) represents
an absolute contraindication to biopsy because it is
known that piercing of an echinococcal cyst may be asso-
ciated with fatal anaphylaxis. However, available data sug-
gest that careful aspiration of these lesions with 19-gauge
to 22-gauge needles is relatively safe.'® Nevertheless, if
suspected, some consideration and preparation for possi-
ble anaphylaxis is warranted.

Impaired Hemostasis. 1n the United States, it is stan-
dard practice to modify the approach to liver biopsy based
on the level of platelets and/or coagulation parameters.
Standard percutaneous liver biopsy is often withheld in
patients with a PT-INR above 1.5. However, it is critical
to emphasize that the relationship of coagulation profiles
to the risk of bleeding in patients with chronic as well as
acute liver disease is uncertain. In a study of 200 consec-
utive patients who had liver biopsy performed at laparos-
copy using a 1.8-mm-diameter Menghini needle, “liver
bleeding time”, i.e., the time to spontaneous cessation of
surface bleeding as measured by direct laparoscopic obser-
vation, did not correlate with abnormalities in the PT,
platelet count, or whole-blood clot time.'3” The average
liver bleeding time was 4 minutes and 37 seconds * 3
minutes and 48 seconds (standard deviation) and in 10
patients with liver bleeding time of longer than 12 min-
utes, peripherally derived clotting indices were not differ-
ent from those of other patients.'?” The authors
concluded that the PT, platelet count, and whole-blood
clotting time are unreliable predictors of the risk of bleed-
ing after liver biopsy and, hence, are of limited value in
determining contraindications to this procedure.'?” In
addition, it is not truly understood whether impaired
platelet function or coagulopathy due to clotting factor
abnormalities are important in predicting risk of bleeding
after liver biopsy. It has been suggested that platelet func-
tion or performance (see below) may be more relevant to
bleeding risk than are derivatives of the PT.'38 Finally, the
lack of reproducibility of the conventional INR between
different laboratories in patients with liver disease is in-
consistent with having a set cutoff for this number.'?°

Platelets. Thrombocytopenia, or the presence of dys-
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functional platelets, is also commonly considered to be a
relative contraindication to biopsy. Platelet level is a par-
ticularly important (and common) issue because patients
with presumed liver disease may have cirrhosis, portal
hypertension, splenomegaly, and platelet sequestration.
The presence of advanced liver disease or cirrhosis may
also play a role in function. One study demonstrated that
patients with a platelet count below 60,000/mL were
more likely to bleed than those with higher counts'4%;
bleeding occurred in 3 of 13 patients whose platelet
counts at the time of biopsy were 60,000/mL or less,
compared to no bleeding in 74 patients with higher plate-
let counts (P = 0.003). However, this study was limited
by the small sample size, and definitive data proving in-
creased risk at low platelet counts are lacking. Further, an
absolute platelet count threshold does not take into ac-
count platelet function. Use of bleeding time to ascertain
platelet function has varied in clinical practice, and
whether it predicts the risk of bleeding remains uncer-
tain.'4142 Nonetheless, new data has suggested an opti-
mal platelet level in patients with advanced liver disease;
in vitro platelet-related thrombin production (an indirect
measure of platelet function) was adequate in patients
with cirrhosis having platelet levels of at least 56,000,'3%
raising the possibility that such a level could serve as a
target for the preprocedure platelet count. However, in
vivo data proving this concept is not as yet available. As-
pirin, nonsteroidal anti-inflammatory drugs, renal dys-
function, or other systemic diseases all appear to influence
platelet function, but how they influence the complica-
tion rate for liver biopsy remains an open question.
Doubts about platelet function, for example in chronic
renal failure patients or those who failed to discontinue
aspirin within a prescribed timeframe (see above) are
probably best resolved by actually measuring platelet
function with tests such as the thromboelastogram. In a
case-control study of patients with HCV with (case) or
without (control) renal failure on dialysis, the risk of
bleeding was similar in both groups, without the use of
adjuncts such as desmopressin (DDAVP), although the
study may have been underpowered.!43

Conventional Coagulation Parameters. Given that
clinically significant hyperfibrinolysis is estimated to oc-
cur in 10%-15% of chronic liver disease patients (and it is
not detectable by conventional tests)8%-93-94144 a5 well as
the fact that patients with chronic liver disease typically
have abnormalities in measured laboratory coagulation
tests, it is not surprising that there is great concern about
the risk of postprocedure bleeding in these patients. How-
ever, it is relatively well established that the degree of
bleeding from the liver puncture site is not necessarily
increased in the setting of mildly abnormal blood coagu-
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lation parameters in patients with chronic liver dis-
ease.!37:145146 In contrast, a retrospective survey of
experience with liver biopsy practices in the United King-
dom including 1500 patients indicated that clinically im-
portant bleeding was more common if the INR was
greater than 1.5 than if it was between 1.3 and 1.5.'47
However, a recent systematic review of 25 studies address-
ing bleeding risk in a variety of conditions, including
three studies of patients undergoing liver biopsy, failed to
demonstrate a clear relationship between bleeding risk
and conventional tests of coagulation.®® An important
consideration is that the commonly used PT-INR is de-
rived from coumadin-treated reference ranges and thus
lacks applicability to liver disease where there are abnor-
malities in both the procoagulant and anticoagulant sys-
tem.®? As a practical point of reference, a history of
spontaneous mucosal bleeding or marked bruising is im-
portant because it may indicate the presence of hyperfi-
brinolysis or a true bleeding diathesis.

It should be emphasized that although alterations in
hematological parameters are important when consider-
ing the risk associated with liver biopsy, strict cutoffs for
PT-INR may not be appropriate in light of the risks asso-
ciated with plasma infusion. It is often assumed that an
abnormal increase in the PT-INR correlates with an in-
creased risk of bleeding and that correcting the abnormal
PT-INR with plasma replacement therapy or agents such
as recombinant activated factor VII will reduce or elimi-
nate the risk of bleeding. However, the available data do
not appear to support these assumptions, particularly in
patients with mild coagulopathy defined as an INR of less
than 2.0. (see Segal and Dzik,%® Stanworth et al.,'48 Ab-
del-Wahab et al.,’* Triulzi,'>° and Jeffers et al.’>! for
review). In aggregate, it is not clear whether prolongation
of the INR in chronic liver disease, while of prognostic
significance, actually represents a net bleeding diathesis or
not. Thus, better tests are needed to more accurately de-
fine the net bleeding risk in these patients. A new measure
of coagulation in liver disease has recently been intro-
duced, the “INR;vgr”; It recalculates the International
Sensitivity Index from a reference point of patients with
liver disease rather than coumadin-treated patients as has
been the convention.'>2154 Whether this test will provide
a reliable measure of bleeding risk remains to be deter-
mined, and further studies are clearly needed to assess the
full spectrum of potential abnormalities including platelet
function and hyperfibrinolysis. Furthermore, this test is
not currently available in clinical practice. A history of
easy bruising and/or spontaneous bleeding (such as nose
bleeds), which has itself been understudied, should none-
theless warrant consideration of further investigation for
an occult bleeding diathesis.
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Therefore, a large randomized controlled trial of
plasma replacement therapy in patients undergoing inva-
sive procedures appears to be warranted, and was initi-
ated. This trial, begun by the National Institutes of
Health Transfusion Medicine/Hemostasis Clinical Trials
Network!®> and coined the Study of Hemostasis in Inva-
sive Procedures (SHIP) was intended to include 1300
patients with preprocedure INR of 1.3 to 1.9 undergoing
invasive hepatic procedures at 16 sites. Adult or pediatric
patients were to be randomly assigned to: plasma infusion
of 10 mL/kg body weight just before the procedure or no
treatment, and bleeding was to be assessed by a postpro-
cedure US and/or changes in hemoglobin level or the
need for transfusion.'>® Unfortunately, although this im-
portant study was expected to address the question of
whether “correction” of coagulopathy with blood prod-
ucts is beneficial prior to performing liver biopsy, slow
enrollment led to its closure.

Several conditions are more definitively associated with
enhanced risk of bleeding and therefore warrant addi-
tional caution. These include patients with factor VIII
(FVIII) or IX (FIX) deficiency, von Willebrand’s disease
and other hereditary bleeding disorders,'5¢15% and those
with sickle cell anemia.'®® Patients with known underly-
ing coagulopathy requiring liver biopsy represent a chal-
lenge, but it should be emphasized that liver biopsy
(percutaneous or transvenous) can be performed in these
patients (with definitive factor replacement). Nonethe-
less, the risk-benefit ratio must be carefully considered on
a case-by-case basis.

Other. Reports of complications such as “fracture” of
the liver or massive hemorrhage in patients with amyloid-
osis have raised concern about liver biopsy in these pa-
tients.?>3° However, there are not enough good data
available to make specific recommendations and thus, pa-
tients should be handled on an individual basis.

Recommendations

14. Percutaneous liver biopsy with or without im-
age guidance is appropriate only in cooperative pa-
tients, and this technique should not be utilized in
uncooperative patients (Class I, Level C).

15. Uncooperative patients who require liver bi-
opsy should undergo the procedure under general an-
esthesia or via the transvenous route (Class I, Level
o).

16. In patients with clinically evident ascites re-
quiring a liver biopsy, a transvenous approach is
generally recommended, although percutaneous biopsy
(after removal of ascites) or laparoscopic biopsy are
acceptable alternatives (Class I, Level C).
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Table 8. Factors that May Influence Complication Risk with
Liver Biopsy

Patient cooperation

Coagulation status

Operator experience

Use of image guidance

Type of technique (percutaneous/transvenous)
Number of needle passes

Needle diameter

Type of needle

17. Patients who require liver biopsy and who have
a large vascular lesion identified on imaging should
undergo the procedure using real-time image guidance
(Class I, Level C).

18. The decision to perform liver biopsy in the
setting of abnormal laboratory parameters of hemo-
stasis should continue to be reached as the result of
local practice(s) and consideration of the risks and
benefits of liver biopsy because there is no specific
PT-INR and/or platelet count cutoff at or above which
potentially adverse bleeding can be reliably predicted
(Class I, Level C).

Complications

Rational assessment of overall risk in liver biopsy is
hampered by the wide variation in the existing literature.
Available studies have reported on patients with diffuse
parenchymal disease and patients with focal cancer, mak-
ing it difficult to understand the risk of complications for
patients undergoing liver biopsy for the indication of as-
sessment of global hepatic histology. This is especially
true of the larger, retrospective survey studies. Many vari-
ables may potentially be important in determining the
overall risk of a complication (Table 8), although few
quantitative data are available and the highlighted factors
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are largely based on clinical experience and small case
series.

Pain. Pain is the most common complication of per-
cutaneous liver biopsy, occurring in up to 84% of pa-
tients, including those with relatively mild discomfort.!°?
Pain may be more common in those with a history of
narcotic dependence but does not appear to be related to
approach (i.e., subcostal versus intercostal).’61-162 Inter-
estingly, patients expect the pain associated with standard
percutaneous liver biopsy to be greater than it really is
(especially women).163 When present, pain can usually be
managed with small amounts of narcotics, typically co-
deine. Moderate to severe pain is seen in only a small
proportion of patients and should raise the possibility of a
complication such as bleeding or gall bladder puncture.1¢4
The mechanism of pain following percutaneous biopsy is
most likely a result of bleeding or perhaps bile extravasa-
tion from the liver puncture wound, with subsequent cap-
sular swelling, although the exact mechanism for this pain
remains uncertain.'! A decision about when to investi-
gate with imaging and/or to hospitalize the patient for
observation due to pain should be made on a case-by-case
basis. When pain is severe enough to require hospitaliza-
tion, radiological evaluation is usually warranted. In this
regard, some experts prefer US, whereas others regard
abdominal CT (with contrast) to be more definitive.

Bleeding. The most important complication of liver
biopsy is bleeding, which when severe occurs intraperito-
neally.105:16 Severe bleeding is defined clinically (her-
alded by a change in vital signs with radiographic evidence
of intraperitoneal bleeding) and requires hospitalization,
the likelihood of transfusion, or even radiological inter-
vention or surgery. Such bleeding has been estimated to
occur in between 1 in 2500 to 1 in 10,000 biopsies after
an intercostal percutaneous approach for diffuse, nonfo-

Table 9. Complications (Bleeding and Death) After Liver Biopsy

Mild (%) (No Moderate-Severe (%) Mortality

Author Year N Bx Blood Tx) (Transfusion or Intervention) (%) Needle Type
Knauer 1978 175 P 0 0.5 0 Cut
Perrault 1978 1000 P 5.9 5.3 0 Mix
Piccinino 1986 68,276 P N/A 0.2 0.009 Mix
McGill 1990 9212 P N/A 0.24 0.11 Mix
Janes 1993 405 P 3.2 0.49 0 Cut*
Stone 1996 168 P 2.3 1.7 0.5 Cut
Cadranel 2000 2084 P 3 0.05 0 15G; asp
Firpi 2006 3214 P 18 0.06 0.06 15G; asp
Pawa (non-ESRD) 2007 241 P 0.4 1.2 0.4 14-18G; cut
Pawa (ESRD) 2007 78 P 1.2 0 0 14-18G; cut
Huang 2007 3806 P N/A 0.32 18G
Myers 2008 4275 P N/A 0.75 0.14 Mix

Abbreviations: N, number; Bx, biopsy; P, percutaneous; Tx, transfusion; asp, aspiration; ESRD, end-stage renal disease; G, gauge.

were with cutting needle.

*A total of 92% of the procedures
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cal, liver disease (Table 9).103,120,124,132,164-169 The inci-
dence in this setting does not appear to have changed over
the past several decades (Table 9).103:120,124.132,164-169 | egg
severe bleeding, defined as that sufficient to cause pain or
reduced blood pressure or tachycardia, but not requiring
transfusion or intervention, occurs in approximately 1 in
500 biopsies.!03:120:124.132,164,165.167-170 Severe bleeding is
usually clinically evident within 2-4 hours, but late hem-
orrhage can occur even up to one week after biopsy.'”!
Premature clot dissolution due to liver disease—associated
hyperfibrinolysis has been proposed to play a role in some
patients, especially in those with delayed bleeding, al-
though this has not been extensively studied.®®

Based on laparoscopic observations, some degree of
bleeding occurs after all percutaneous liver biopsies; intra-
hepatic and perihepatic bleeding is also detectable by
ultrasonography in 18%-20% of patients after percutane-
ous biopsy.'2%172 Because severe hemorrhage is usually
arterial, US guidance would not be expected to identify
small arteries and does not appear to significantly reduce
the risk thereof (although it reduces the risk of lung or
gallbladder puncture).'?4 Other factors that are variably
reported to be related to the risk of bleeding include op-
erator experience,'0>173-175 needle diameter,'7¢ and the
number of passes taken.'0>132 Whether cutting needles
(for example Trucut and automated variants) have a dif-
ferent risk than aspiration needles (i.e., Menghini or Jam-
shidi) is unknown, although some retrospective data
suggests that cutting needles may be associated with
slightly greater risk.1¢5:177

As emphasized above, accurate prediction of bleeding
based on coagulation indices is problematic (see also
above); the available data suggest a poor relationship be-
tween bleeding and common laboratory tests (such as
platelets, PT-INR, etc.).!37-145-147.178 Ag 3 result, there is
wide variation in “acceptable” prebiopsy coagulation pa-
rameters before biopsy.!”? Whether the use of prophylac-
tic blood products alters the risk of bleeding is currently
unknown. Further, because of the conventional measures
of coagulation correlate poorly with risk of bleeding, rec-
ommendations regarding correction of coagulation indi-
ces is limited and tempered by the risk of blood product
exposure. Methods to limit bleeding, such as tract plug-
ging, are attractive because of a theoretically improved
ability to prevent bleeding, but definitive data on this
point are lacking.

Transvenous liver biopsy (typically with a jugular ap-
proach) is often recommended in patients with a known
or suspected bleeding diathesis because it is commonly
perceived to be safer. However, critical review of the ex-
isting literature suggests that the risk of bleeding (presum-
ably due to capsular hemorrhage) appears to be

HEPATOLOGY, March 2009

approximately similar to that associated with standard
percutaneous biopsy,35:105:114.159.180 perhaps related to the
risk of capsular piercing with subsequent hemorrhage. In
a recent systematic review, minor and major complica-
tions were reported in 6.5% and 0.6%, respectively, of
7649 patients after transvenous biopsy.'8® However, it
should be emphasized that much of the data comparing
transvenous to percutaneous liver biopsy is retrospective
and likely subject to substantial selection bias (i.e., it is
highly likely that patients suspected to be at risk of bleed-
ing would be referred for transvenous rather than percu-
taneous biopsy).

Certain types of patients may be at greater risk of bleed-
ing, such as those with chronic renal failure or those with
underlying coagulopathy due to congenital abnormalities
in coagulation parameters (such as hemophilia), or even
those with cirrhosis who may have acquired abnormalities
in coagulation parameters (see also above). Use of
DDAVP immediately before liver biopsy (0.3 ug/kg body
weight) in patients with renal failure undergoing invasive
procedures has received considerable attention;!8!-183
however, whether the risk of bleeding in patients with
chronic renal failure is significantly increased or whether
use of DDAVP reduces any risk has not been proven. In
patients on chronic renal replacement therapy, dialysis is
often performed prior to liver biopsy. The relative safety
of percutaneous biopsy without use of DDAVP in pa-
tients with end-stage renal disease who were on dialysis
was recently reported.!43

Although little controlled data are available, clinical
experience and smaller studies on the use of recombinant
activated factor VII in patients with hemophilia suggest
that many different surgical procedures can be success-
fully performed without the life-threatening bleeding
complications that would be anticipated without hemo-
static treatment. Indeed, it appears that liver biopsy can be
safely performed in patients with hemophilia and other
congenital bleeding disorders, provided correction of the
bleeding diathesis is undertaken prior to the biopsy.'45:157-
159,178,184

Death. Mortality after liver biopsy is usually related to
hemorrhage. It is very uncommon after percutaneous bi-
opsy, but precise figures vary widely in the literature (Ta-
ble 9)‘103,120,124,132,164,165,167,169 Death due to bleeding
may also be greater after biopsy of malignant lesions than
in patients with diffuse parenchymal disease.'®® The most
commonly quoted mortality rate is less than or equal to 1
in 10,000 liver biopsies. Mortality after transvenous bi-
opsy was 0.09% (9 in 10,000) in a recent report of 7649
transvenous biopsies but, again, may reflect the selection
of higher risk patients for this intervention. '8

Miscellaneous. A number of other complications
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have been reported after liver biopsy.'¥” These include
pneumothorax, hemothorax, perforation of any of several
viscous organs, bile peritonitis, infection (bacteremia, ab-
scess, sepsis), hemobilia, neuralgia, and rare complica-
tions such as ventricular arrhythmia with transvenous
biopsy.'8° Infectious complications appear to be increased
in post-transplant patients who underwent choledochoje-
junostomy at liver transplantation.'®> Pneumothorax is
critical to recognize immediately after biopsy (reduced
breath sounds, typical radiographic findings), because it
can lead to immediate catastrophic outcomes if not
promptly recognized and treated.

Management of Complications. The most critical as-
pect about management of complications such as bleed-
ing, pneumothorax, and visceral perforation is to
recognize that one of these problems has occurred. Suspi-
cion of a potential complication should be high when the
patient complains of pain that is out of proportion to the
clinical events that surrounded the biopsy, when heart
rate and/or blood pressure trends suggest blood loss, or
when there is any evidence of extremis. All complications
are handled supportively. Bleeding is most often managed
expectantly (with placement of large-caliber intravenous
catheters, volume resuscitation, and blood transfusion as
necessary), although angiographic embolization or sur-
gery is indicated in patients with evidence of ongoing
blood loss. As with symptomatic bleeding, pneumothorax
may be self-limited but may require more aggressive in-
tervention depending on the severity of symptoms. Vis-
ceral perforation is usually also managed expectantly. In
most situations, observation is all that is required, al-
though surgical intervention may be needed in the case of
gallbladder puncture and persistent bile leak, or in the
case of secondary peritonitis.

Recommendations

19. Those performing liver biopsy must be cogni-
zant of multiple potential complications (including
death) that may occur after liver biopsy and discuss
these appropriately with their patients beforehand
(Class I, Level C).

20. Platelet transfusion should be considered when
levels are less than 50,000-60,000/mL (this applies
whether one is attempting biopsy transcutaneously or
transvenously) (Class I, Level C).

21. The use of prophylactic or rescue strategies such
as plasma, fibrinolysis inhibitors, or recombinant fac-
tors should be considered in specific situations, al-
though their effectiveness remains to be established
(Class Ila, Level C).

22. In patients with renal failure or on hemodial-
ysis, desmopressin (DDAVP) may be considered, al-
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though its use appears to be unnecessary in patients on
stable dialysis regimens (Class Ila, Level B).

23. Patients on chronic hemodialysis should be well
dialyzed prior to liver biopsy, and heparin should be
avoided if at all possible (Class I, Level C).

Radiological Considerations

Image-guidance for liver biopsy is considered the stan-
dard approach in patients with specific lesions identified
by imaging (see above) and its use for marking the liver is
emerging as an important part of the more common per-
cussion-palpation procedure in patients with diffuse pa-
renchymal disease (i.e., hepatitis C or NASH). Its use for
the specific purpose of marking the liver biopsy site has
been limited by the following issues: (1) precedent, which
favors palpation-percussion guidance; (2) expense, which
may be substantial; and (3) insufficient training for the
provider who is performing the biopsy, which further has
not been well standardized. It may be used in real-time or
as an adjunct to verify the position of the liver in the
setting of palpation-percussion guidance.

Image-guidance for liver biopsy (either marking or in
real-time) should be considered in patients with known
lesions and in those with previous intra-abdominal sur-
gery who may have adhesions, allowing avoidance of vas-
cular or other structures in the latter situation. It may be
especially useful in specific situations, including: (1) pa-
tients with small livers that are difficult to percuss; (2)
patients who are obese, making it difficult to identify the
liver by physical examination; or (3) patients with clini-
cally demonstrable ascites. Either CT or ultrasonography
may be used for guidance, although US is preferred be-
cause it allows real-time needle visualization, avoids expo-
sure to ionizing radiation, and is both quicker and less
expensive.'8¢ The use of CT for image guidance is usually
reserved for patients with a thick layer of subcutaneous fat
through which US may have difficulty penetrating, typi-
cally patients who are morbidly obese or when there is
marked ascites; this may vary depending on local exper-
tise. Real-time guidance is not only helpful for inserting
the biopsy needle through the liver capsule into a nonva-
scular portion of liver parenchyma but also useful for
precise infiltration of the liver capsule with an anesthetic
agent. For biopsy performed under real-time imaging
guidance, direct infiltration of the anesthetic to an area
just beneath the liver capsule may be facilitated by making
a small, visible “bleb”. One useful technique is to include
a few tiny gas bubbles in the needle during capsular anes-
thesia, thereby leaving an echogenic footprint or target for
subsequent biopsy needle placement.

Technical aspects of performing image-guided biopsies
are critical to their success and include the following: (1)



1034 ROCKEY ET AL.

choice of a biopsy site where there is adequate paren-
chyma without major visible vascular structures, fissures,
or the gallbladder; (2) use of a biopsy site where the he-
patic parenchyma is easily visualized without requiring
extreme inspiratory or expiratory breathing maneuvers;
and (3) performing the biopsy at a point where the hepatic
capsule has been perforated, using tactile or imaging evi-
dence or both, prior to triggering the spring-loaded cut-
ting needle. It is important to emphasize that small
arteries which are the likely source of significant postbi-
opsy hemorrhage rarely can be accurately visualized by US
(and thus avoided). Therefore, caution and careful post-
procedure monitoring remain essential after image-
guided biopsy, as with other liver biopsy techniques.

Although right lobe biopsy is the usual biopsy site in
patients with diffuse disease, the choice of where to biopsy
the liver using imaging guidance varies according to the
operator. On one hand, some (typically radiologists) pre-
fer the left hepatic lobe because it is readily accessible
using an anterior epigastric subcostal approach.'s” If the
left lobe is small and subcostal, the patient may be re-
quired to suspend respiration during deep inspiration in
order to position the liver in a more caudal location. This
may be difficult in situations in which moderate (con-
scious) sedation is used. Moreover, the subcostal ap-
proach may require steep needle angulation. On the other
hand, most operators prefer the right hepatic lobe because
it is large and readily accessible using either a subcostal or
an intercostal approach. The subcostal approach avoids
the lung but may require steep needle angulation and/or
deep inspiration in patients with relatively small livers;
this technique may be difficult during conscious sedation.
Although a gentle breath hold facilitates anesthetic appli-
cation and avoids capsule laceration, the intercostal ap-
proach does not usually require an extreme breath hold.
This approach is associated with a small risk of intercostal
artery puncture, which can be minimized by inserting the
needle over the cephalad rather than the caudad aspect of
the rib. Although the intercostal approach is typically
closer to the costophrenic sulci, the lung can be easily
avoided because it is readily visible as an echogenic struc-
ture on US.

The vast majority of liver biopsies performed in the
United States have not used image guidance, and there
remain questions concerning cost and adequacy of train-
ing. Nonetheless, use of real-time US guidance as part of
the liver biopsy has distinct advantages. One is the ability
to target a region of liver parenchyma that is not suscep-
tible to respiratory variations. That is, as long as the pa-
tient is advised against holding respiration in either deep
inspiration or deep expiration, needle placement within
the liver should be stationary. A further potential advan-
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tage of image guidance is the ability to insure that the
needle tip has perforated the hepatic capsule prior to trig-
gering the spring-loaded cutting needle. This can be de-
termined not only by watching the needle under real-time
US guidance but also by feeling a subtle “popping” sen-
sation as the needle transgresses the fibrous capsule. Fail-
ure to penetrate the capsule may result in an inadequate
specimen, even though the device has functioned appro-
priately. A further potential advantage of image guidance
is that it may facilitate development of familiarity of not
only important anatomy, but of the procedure in general
among trainees. It may also provide a greater level of
comfort among patients and support staff alike. Alterna-
tively, it could be associated with a false sense of security.
Finally, the image-guided approach could improve the
quality of specimens obtained and may reduce the com-
plication rate (see above for discussion of US marking and
liver biopsy).

Recommendations

24. Image-guided liver biopsy is recommended in
certain clinical situations including in patients with
known intrabepatic lesions (real-time imaging is
strongly preferred) and in those with previous intra-
abdominal surgery who may have adhesions. Image-
guided liver biopsy should also be considered in the
Jollowing situations: patients with small livers that
are difficult to percuss, obese patients, and patients
with clinically evident ascites (Class I, Level C).

Pathological Considerations

Specimen Size and Quality. In order to justify the
inherent risk in the procedure, it is essential that the re-
sulting liver biopsy specimen be adequate so as to allow
detailed interpretation. This almost always means that the
biopsy should be of large enough size to view a represen-
tative amount of parenchyma and number of portal tracts
(an adequate number of portal tracts has been proposed to
be greater than 11'8%18%); the number of portal tracts is
proportional to biopsy size.!® It should also be recog-
nized that literature assessing biopsy length has focused
on size after formalin fixation, and that formalin fixation
results in biopsy shrinkage. In one study that examined 61
Trucut biopsy (obtained with a 16-gauge needle) speci-
mens from patients with various types of liver disease,
there was shrinkage of biopsies from 19.6 * 3.5 mm
(measured immediately before formalin fixation) com-
pared to 18.3 * 2.9 mm (measured after fixation, before
paraffin embedding).!°! Although in occasional instances
even a very small biopsy specimen may be large enough to
establish a diagnosis (so long as key lesions of the disease
process are present), it must be emphasized that in nearly
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Fig. 1. Specimens of liver biopsies obtained with various sized needles and differing techniques. All five biopsies shown in this figure were
submitted for grading and staging of chronic hepatitis C. However, only (A) and (B) are felt to provide enough tissue for adequate histologic analysis.
(A) Shown is a biopsy specimen 2.7 cm in length obtained with two passes of a 16-gauge cutting needle. (B) Shown is a biopsy specimen 4.8 ¢cm
in length obtained with three passes of an 18-gauge cutting needle. (C) Shown is a fragmented biopsy, 1.1 cm in total specimen length, obtained
with a 16-gauge suction needle. (D) Shown is a biopsy specimen 0.5 cm in length obtained with an 18-gauge needle. (E) Shown is a biopsy specimen

1.5 c¢m in length obtained with a 20-gauge needle.

all liver diseases, parenchymal abnormalities are irregu-
larly distributed, and sampling variability is almost inev-
itable. For example, with a single pass, even when more
than 1.5 cm of tissue was obtained (see below for discus-
sion of biopsy size) steatohepatitis could not be distin-
guished from simple steatosis in 14% of cases.'??

Sampling error is minimized by obtaining biopsies
from different lobes; although this approach is rarely un-
dertaken in daily clinical practice provided an adequate
specimen is obtained from a single site, it may be helpful
in certain diagnostic dilemmas. Thus, the most practical
way to minimize sampling error is to obtain a biopsy
specimen of sufficient size. In turn, it is essential to recog-
nize that the size of the sample is proportional to the size
of needle used for sampling; therefore, 16 gauge (or
wider) needles appear to be essential to obtain an appro-
priate specimen, except when sampling focal neoplastic
lesions, in which case more narrow gauge cores may suf-
fice. For example, in one study, both grade and stage of
viral hepatitis were significantly underestimated with
1-mm-diameter (18 gauge) samples, regardless of their
length.188

Optimal biopsy length is the subject of intense debate,
because an accurate diagnosis of some diseases can be
made with short samples. This issue is also confounded by
the observation that there may be shrinkage after formalin
fixation, and that biopsy length reported by the hepatolo-
gist at the bedside is often reported on the unfixed speci-
men, whereas the pathologist reports the size of the fixed
specimen. Studies in patients with viral hepatitis have
shown that grading and staging accuracy is reduced in
biopsies less than 2.0 or 2.5 cm in length.!88193.194 [n
group of 161 liver biopsies from patients with chronic
hepatitis B and C virus liver disease, reduced biopsy

length led to an increase in the number of cases with grade
levels as follows: 49.7% in those with a 3 cm or greater
core, 60.2% in those with =< 1.5 cm core, and 86.6% in =
1 cm long specimens (differences, 2 << 0.001).188 Simi-
larly, cases staged as having mild fibrosis significantly in-
creased in shorter specimens: 59% in those with a 3 cm or
greater core, 68.3% = 1.5 cm core, and 80.1% in = 1 cm
long specimens (differences, 2 < 0.001).

Although a 1.5 cm biopsy specimen may be adequate
for assessing many liver diseases,'® short specimens may
result in difficulties in patients with cirrhosis. Such short
specimens may lead to a failure to recognize cirrhosis in up
t0 20% of cases.'?>19¢ To assess for the presence of cirrho-
sis, cutting needles are superior to suction-type nee-
dles.115.197

Thus, long and wide (an ideal size is 3 cm long after
formalin fixation obtained with a 16 gauge needle) biop-
sies are desirable (this may also help justify the risk-benefit
of the procedure despite the possibility that the risk asso-
ciated with use of a larger needle may be theoretically
greater) and if cirrhosis is suspected, a cutting needle
rather than a suction needle should be used (Fig. 1).
Whereas biopsies performed with narrower gauge needles
(i.e., smaller than 18 gauge) are often adequate to estab-
lish a diagnosis of malignancy, it should be kept in mind
that for diagnosis, grading, and staging of non-neoplastic,
diffuse parenchymal liver disease, use of a thin biopsy
needle may lead to error in up to two-thirds of patients.'
With transvenous biopsy, it has been suggested that 3
cores be obtained with the typical 19-gauge needles to
minimize sampling error.'%?

Tissue Allocation. Depending on the clinical situa-
tion, liver tissue obtained by biopsy may be required for
several purposes. As a result, allocation of tissue at the
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bedside must be optimized. Most of the specimen should
be fixed in 10% neutral buffered formalin or other fixative
preferred by the local laboratory, because this will usually
allow the full range of stains, both routine histochemical
(hematoxylin & eosin and Masson trichrome) and immu-
nohistochemical. If less than 2 cm of tissue is obtained,
then it should be recognized that taking part of the spec-
imen for uses other than routine histology might compro-
mise standard light microscopic interpretation of the
specimen in some situations (i.e., leading to misdiagnosis
or mis-grading or mis-staging).

If Wilson disease is strongly suspected, then a quanti-
tative analysis of tissue copper content may be of great
value, so part of the specimen may be needed for quanti-
tative copper analysis, even if the biopsy is not large. How-
ever, it should be noted that evaluation of copper content
is possible in formalin-fixed tissues (including from par-
affin-embedded tissue blocks). If iron overload is sus-
pected, staining for iron on routinely processed tissue has
similar diagnostic efficacy as the more highly regarded
quantitative assays.20%-20! As with quantitative copper as-
sessment, tissue from the paraffin-embedded tissue block
may also be used to measure iron.?°?

Electron microscopy is of limited use in diagnosis, with
the exception being in research and in some metabolic
diseases; if required, a small (1-2 mm) piece of the biopsy
may be fixed in glutaraldehyde and processed for electron
microscopy. Similarly, a small piece of the biopsy may also
be frozen in embedding medium for frozen sections to
demonstrate tissue components, such as lipids and por-
phyrins that will not survive processing in aqueous and
organic solvents, or for immunostaining to demonstrate
labile antigens that may be destroyed by tissue fixation. A
portion of the tissue may be used for culture if bacterial,
mycobacterial, or fungal infection is suspected. Tissue
may also be flash (or “snap”) frozen for other molecular
studies or research investigations, provided that the
amount left for standard microscopic analysis is of suffi-
cient size so as to allow adequate interpretation. There-
fore, procurement of an appropriate specimen is critical
both for routine diagnosis and for a number of potentially
important ancillary studies.

Tissue Processing. Processing of the tissue and prep-
aration of microscopic sections involve a number of tech-
nical issues that are beyond the scope of this guideline.
Microscopic sections obtained must be stained for evalu-
ation with hematoxylin & eosin or a similar stain, such as
hematoxylin-phloxine-safranin, and then supplemented
with other stains tailored to the individual case require-
ments. A stain for connective tissue is essential to assess
hepatic fibrosis. Masson trichrome is used most often in
the United States, but many others are available (i.e., such
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as reticulin or sirius red, the latter of which has recently
been used in computer-assisted morphometric quantifi-
cation of fibrosis).

Other usefule techniques include stains for copper in
chronic cholestatic disorders as well as in Wilson disease,
stains for iron in iron overload and the periodic acid—
Schiff stain after diastase digestion to identify the globules
characteristic of alpha-1-antitrypsin deficiency. Numer-
ous antibodies are available for the immunohistochemical
identification of specific antigens in tissue, but while use-
ful for research, few of these have validated diagnostic
applications. HBV staining for core and/or surface anti-
gen may have clinical application in certain situations;
immunohistochemical stains for ubiquitin can identify
Mallory bodies more accurately in steatohepatitis and
stains for alpha-1-antitrypsin can confirm the diagnosis of
alpha-1-antitypsin deficiency. Some stains, such as alpha-
fetoprotein and hepatocytes paraffin-1 (HepPar-1) are
also useful for classification of tumors such as HCC, al-
though the clinical significance, i.e., correlation of specific
staining pattern(s) with therapeutic response and out-
come has not been adequately investigated.

Specimen Interpretation. Of similar importance to
adequate specimen size is the necessity that a pathologist
experienced in liver disease interpret the biopsy, ideally in
partnership with the clinician who performed the biopsy
and/or whom is caring for the patient. In the absence of
this interaction, diagnostic errors (including clinically
meaningful ones) by nonspecialist pathologists have been
reported in more than 25% of patients evaluated at an
academic center.203204 Liberal use of second opinions
from specialist liver pathologists is also recommended.203-205

Assessment of disease severity with liver histology is
supported by an extensive body of literature.2°¢ Complex
scoring systems, such as the Knodell scoring system?°7 and
its revised form, the Ishak scoring system,?°® have been
devised for grading and staging of chronic viral hepatitis,
and there is now a similar score for steatohepatitis.?*
However, these are not highly reproducible and are only
appropriate for statistical analysis of (large) cohorts of
patients in clinical trials. For individual patients, it is best
to use simple grading and staging systems with three to
four categories such as that of International Association
for Study of the Liver (IASL),>'° Batts-Ludwig,?'! or
Metavir?'2 (Table 10). The IASL system, which uses ver-
bal diagnoses rather than numbers, leaves much less room
for ambiguity and is therefore preferable. Although sim-
plified systems appear to be the best overall, certain clin-
ical situations, in which the staging of incomplete
cirrhosis or Ishak stage 5 may be frequent or perisinusoi-
dal fibrosis, such as with NASH, may lend themselves to
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Table 10. Comparability of Terms in Three Simple Systems
for Histologic Grading and Staging of Chronic Hepatitis:
IASL, Metavir, and Batts-Ludwig*

IASL Metavir Batts-Ludwig

Grade (Activity, Inflammation)

Minimal chronic hepatitis Al Grade 1

Mild chronic hepatitis Al Grade 2

Moderate chronic hepatitis A2 Grade 3

Severe chronic A3 Grade 4
Stage (Fibrosis)

Mild—Portal fibrosis F1 Stage 1

Moderate—Periportal fibrosis

or portal-portal septa F1 Stage 2

Severe—Bridging fibrosis

(few) F2 Stage 3

Severe—Bridging fibrosis

(many) F3 Stage 3

Cirrhosis F4 Stage 4

*See references cited in text.

the more complex systems. This is an area in which better
data would allow more precise algorithms.

Recommendations

25. Because diagnosis, grading, and staging of non-
neoplastic, diffuse parenchymal liver disease is depen-
dent on an adequate sized biopsy, a biopsy of at least
2-3 cm in length and 16-gauge in caliber is recom-
mended (Class I, Level C).

26. It is recommended that if applicable, the pres-
ence of fewer than 11 complete portal tracts be noted
in the pathology report, with recognition that diagno-
sis, grading, and staging may be incorrect due to an
insufficient sample size (Class I, Level C).

27. If cirrhosis is suspected, a cutting rather than a
suction needle is recommended (Class I, Level B).

28. In clinical practice, use of a simple (e.g., Meta-
vir or Batts-Ludwig) rather than complex (e.g., Ishak)
scoring system is recommended (Class I, Level C).

Pitfalls of Liver Biopsy—Sampling Error

Although liver biopsy clearly provides important diag-
nostic and prognostic information and helps define treat-
ment plans, it must be recognized that liver biopsy may be
associated with sampling variability. For example, in a
study of 124 patients with chronic HCV infection who
underwent laparoscopy-guided left and right lobe liver
biopsies,'?° 33% of cases had discordant results by at least
one histologic stage (modified Scheuer system). A smaller,
but substantial proportion of biopsies were discordant by
at least two stages. Similarly, a single liver biopsy speci-
men may fail to distinguish steatohepatitis from simple
steatosis and may mis-stage the disease by one or less
frequently two stages if the specimen is much smaller than
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2 cm.'2 Thus, although even small biopsy specimens may
be sufficient for diagnostic purposes in certain situations,
the possibility that sampling variability exists must be rec-
ognized, so that the absence of key findings does not nec-
essarily rule out a suspected diagnosis. Indeed, sampling
variability appears to be one of the major limitations of
liver biopsy.

Noninvasive Alternatives to Liver Biopsy

Given the invasive nature of liver biopsy, a great deal of
effort has been directed toward developing noninvasive
methods of evaluating liver disease (a review of the mul-
tiple noninvasive approaches is beyond the scope of this
guideline; for review, please see Rockey and Bissell®). In
brief, many different serum tests have been studied, and
several are commercially available; however, at this time,
they are primarily useful for detecting advanced fibrosis or
for excluding minimal or no fibrosis.> They are not quan-
titative and are insufficiently precise for assessing disease
progression or the effect of therapy. Novel imaging tech-
niques, such as measuring the elasticity of the liver using
transient elastography, may assess fibrosis more direct-
ly.213 However, the use of such techniques in routine clin-
ical practice has not been well defined.® A wide variety of
other imaging techniques may become available, includ-
ing magnetic resonance spectroscopy, but require further
investigation. Given the invasive nature of liver biopsy,
and the need for simple and noninvasive methods to assess
hepatic fibrosis and/or architecture, it is likely that such
tests will continue to emerge and will likely be utilized
more widely in clinical practice.

Recommendations

29. Liver biopsy is currently a fundamentally im-
portant tool in the management of patients with liver
disease, important for diagnosis as well as staging of
liver disease and its use is recommended until clearly
superior methodologies are developed and validated
(Class IIB, Level C).

Training for Liver Biopsy

In the absence of specific data assessing training re-
quirements, it is the opinion of these authors that specific
training in percutaneous liver biopsy is required before its
performance by new operators. Current specific require-
ments for training in liver biopsy are based entirely on
empirical evidence and experience accrued over the
roughly six decades since introduction of the procedure
into common practice. Indeed, the number of biopsies
required to become adequately trained is unknown. Per-
haps the most critical element of liver biopsy training is

the need for a skilled preceptor. The AASLD’s Training
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and Workforce Committee has recommended that the
minimum number of procedures required to achieve
training proficiency in standard transthoracic percutane-
ous liver biopsy is 40 (supervised) biopsies; this number is
consistent with the requirement for accreditation for ad-
vanced training in Hepatology (see the Gastrointestinal
Core Curriculum on the American Gastroenterological
Association website). The number to become an expert
will vary depending on the skill of the operator, the edu-
cator, and specifics of the training setting. The educator is
expected to have performed more than several hundred
liver biopsies so as to have observed or experienced most
potential complications. Although percussion-palpation
guidance is a standard established by many years of pre-
cedent, available data indicates that US guidance may
reduce the risk of complications.'?”:214 Therefore, train-
ing in US should also be developed as part of the required
training for percutaneous liver biopsy.

Use of image guidance, whether to mark the liver for
subsequent biopsy or in real-time, requires specific expe-
rience, which to a large extent has already emerged in
gastrointestinal-hepatology units (via the widespread use
of endoscopic US and the increasingly common use of
small portable US devices in liver/endoscopy units). The
level of training required by radiologists to become expert
at liver biopsy is also unknown. Appropriate training in
image-guidance to identify the liver and mark the skin for
subsequent biopsy involves the following aspects: (1) a
general knowledge about US device itself and, because the
ability to obtain an adequate image is critical, (2) famil-
iarity with the sonographic appearance of the liver, intra-
hepatic vessels and bile ducts, and perihepatic structures,
such as the lung, heart, gallbladder, right kidney, and
bowel. Use of prebiopsy image guidance and marking
compared to real-time imaging does not appear to influ-
ence outcomes.'?? In most instances, use of US to confirm
a site is the most practical application of image-guidance
technology; greater experience by a broader group of prac-
tioners, including hepatologists, is needed in this area.

Recommendations

30. Specific training for liver biopsy is essential and
is recommended for those who perform it (Class I,
Level C).

31. Liver biopsy should be taught to trainees by
experts, highly experienced in the practice of liver
biopsy and management of its potential complications
(Class I, Level C).

32. Although the number of biopsies required to
become adequately trained is unknown, it is recom-
mended that operators perform at least 40 biopsies
(Class I, Level C).
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33. Training in percutaneous liver biopsy should
include specific training in ultrasound interpretation
of fundamental liver anatomy and other landmarks
(Class I, Level C).

34. Image-guided liver biopsy should be taught to
trainees by experts who themselves have adequate
training and experience with the technique (Class I,
Level C).

Suggestions for Future Research

The use of liver biopsy to obtain tissue for histological
interpretation is a long-standing pillar of the practice and
science of hepatology and remains a standard for diagno-
sis and treatment to which numerous other tests are held.
Much has been learned about the pitfalls of sampling
error and the need to obtain adequate samples so as to
minimize this error and about which approaches and de-
vices are most likely to produce good results in different
patients. The recent introduction of even more reliable
needle devices will undoubtedly further enhance this area.
In terms of safety and comfort, it appears that some sort of
image assistance (usually US) improves certain outcomes,
particularly in the hands of less experienced operators.
This technology, long available in radiology units and
increasingly available in liver/endoscopy units, may also
reduce the time needed to become proficient in biopsy
but likely does not reduce the rate of postprocedure bleed-
ing which, although infrequent, requires careful vigilance.

Nonetheless, many questions about liver biopsy re-
main and the entire area requires much more research.
For example, it is not clear which biopsy devices or tech-
niques are best, or the degree to which coagulation abnor-
malities influence the risk of bleeding complications.
With regard to this latter point, assessment of bleeding
risk by conventional coagulation indices remains murky
at best and is in need of the following research: (1) Which
tests are most applicable to predict the risk of bleeding?
(2) How will specific results translate into preventive
strategies? (3) Will implementation of such strategies af-
fect outcomes? Clearly, we need to understand whether
correction of an abnormal coagulation test or platelet level
leads to a reduced risk of bleeding (and in particular,
relative to the risk and costs of agent administration). Use
of plasma or other procoagulants in a preventive strategy
to correct a prolonged PT-INR is the most problematic of
these issues. In addition, future study is required to de-
velop effective noninvasive alternatives to liver biopsy.
Finally, data in the area of training are required, not only
to understand how many biopsies are required for profi-
ciency, but also to determine ways to effectively dissemi-
nate knowledge of the procedure from current experts to
trainees.
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Specific suggested areas for future research are as fol-
lows:

e Evaluation of platelet and coagulation abnormalities
and risk of liver biopsy complications.

e Study of the risk of bleeding after liver biopsy in
patients taking or having stopped antiplatelet and/or an-
ticoagulant medications.

o Study to better characterize the potential benefits of
real-time image-guided liver biopsy in clinical practice.

e Examination of the utility of specific histology scor-
ing systems in specific diseases in clinical practice.

e Investigation of training requirements.

® The development of effective, noninvasive alterna-
tives to liver biopsy.
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