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Focal liver lesions (FLL) have been a common reason for consultation faced by gastroenterologists and hepatologists.
The increasing and widespread use of imaging studies has led to an increase in detection of incidental FLL. It

is important to consider not only malignant liver lesions, but also benign solid and cystic liver lesions such as
hemangioma, focal nodular hyperplasia, hepatocellular adenoma, and hepatic cysts, in the differential diagnosis. In
this ACG practice guideline, the authors provide an evidence-based approach to the diagnosis and management of FLL.

Am ] Gastroenterol 2014; 109:1328-1347; d0i:10.1038/ajg.2014.213; published online 19 August 2014

PREAMBLE

The writing group was invited by the Practice Parameters Com-
mittee and the Board of the Trustees of the American College
of Gastroenterology to develop a practice guideline regarding
the suggested diagnostic approaches and management of focal
liver lesions (FLLs). FLLs are solid or cystic masses or areas of
tissue that are identified as an abnormal part of the liver. The
term “lesion” rather than “mass” was chosen because “lesion” is
a term that has a wider application, including solid and cystic
masses. This guideline will be limited to primary liver lesions and
the management approach to FLLs rather than focusing on the
diagnosis and management of metastatic lesions, hepatocellular
carcinoma, or cholangiocarcinoma. For specific reading on these
lesions, the reader is referred to other recent guidelines (1-3).
An evidence-based approach was undertaken to critically review
the available diagnostic tests and treatment options of FLLs. The
following resources were utilized: (i) a formal review and analy-
sis of the published literature using MEDLINE via the OVID
interface up to June 2013 with the search terms “hepatic/liver
mass,” “hepatic/liver tumor;” “hepatic/liver cancer,” “hepatic/liver
lesion,” “hepatocellular adenoma,” “liver adenomatosis,” “hepatic
hemangioma,” “focal nodular hyperplasia,” “nodular regenera-
tive hyperplasia,” “hepatic cyst,” “hepatic cystadenoma,” “hepatic
cystadenocarcinoma,” “polycystic liver disease,” and “hydatid
cyst,” without language restriction; (ii) hand reviews of articles
known to the authors; and (iii) the consensus experiences of the
authors and independent reviewers regarding FLLs. The guide-
line was prepared according to the policies of the American
College of Gastroenterology and with the guidance of the Practice
Parameters Committee. The GRADE system was used to grade
the strength of recommendations and the quality of evidence (4).

Table 1 summarizes the recommendations of this practice
guideline on FLLs.

INTRODUCTION

Because of the widespread clinical use of imaging modalities such as
ultrasonography (US), computed tomography (CT), and magnetic
resonance imaging (MRI), previously unsuspected liver lesions are
increasingly being discovered in otherwise asymptomatic patients.
A recent study indicated that from 1996 to 2010 the use of CT exam-
inations tripled (52/1,000 patients in 1996 to 149/1,000 in 2010,
7.8% annual growth), MRIs quadrupled (17/1,000 to 65/1,000,10%
annual growth); US approximately doubled (134/1,000 to 230/1,000,
3.9% annual growth), and positron emission tomography (PET)
scans increased from 0.24/1,000 patients to 3.6/1,000 patients
(57% annual growth) (5). More importantly, the evaluation of liver
lesions has taken on greater importance because of the increasing
incidence of primary hepatic malignancies, especially hepatocellu-
lar carcinoma (HCC) and cholangiocarcinoma (CCA). Therefore, a
thorough and systematic approach to the management of focal liver
lesions (FLLs) is of utmost importance.

Diagnosis of a liver lesion
The critical components of evaluating an FLL are a detailed history,
physical exam, radiological tests, and pathology. For example, a history
of oral contraceptive use in the absence of underlying liver disease
suggests a diagnosis of hepatocellular adenoma (HCA), whereas
an FLL in the setting of chronic liver disease and portal hypertension
should lead to a high suspicion of a diagnosis of HCC.

A radiological test is the most important aspect in the evaluation of
a liver lesion. Although US is usually the first imaging test obtained
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Diagnosis and Management of FLL

Table 1. Recommendations

The GRADE (Grading of Recommendations Assessment, Development, and Evaluation) system for grading evidence and strength of recommendations

Strength of recommendations
Strong: the desirable effects of an intervention clearly outweigh the undesirable effects or clearly do not.
Weak: the tradeoffs are less certain between the desirable and undesirable effects of an intervention.

Quality of evidence
High: further research is very unlikely to change our confidence in the estimate of effect.
Moderate: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low: any estimate of effect is very uncertain.

Solid FLL

Suspected hepatocellular carcinoma

1. An MRI or triple-phase CT should be obtained in patients with cirrhosis with an ultrasound showing a lesion of >1cm (strong recommendation,
moderate quality of evidence).

2. Patients with chronic liver disease, especially with cirrhosis, who present with a solid FLL are at a very high risk for having HCC and must be con-
sidered to have HCC until otherwise proven (strong recommendation, moderate quality of evidence).

3. A diagnosis of HCC can be made with CT or MRI if the typical characteristics are present: a solid FLL with enhancement in the arterial phase with
washout in the delayed venous phase should be considered to have HCC until otherwise proven (strong recommendation, moderate quality of
evidence).

4. Ifan FLL in a patient with cirrhosis does not have typical characteristics of HCC, then a biopsy should be performed in order to make the diagnosis

(strong recommendation, moderate quality of evidence).
Suspected cholangiocarcinoma
5. MRI or CT should be obtained if CCA is suspected clinically or by ultrasound (strong recommendation, low quality of evidence).
6. A liver biopsy should be obtained to establish the diagnosis of CCA if the patient is nonoperable (strong recommendation, low quality of evidence).
Suspected hepatocellular adenoma

7. Oral contraceptives, hormone-containing IUDs, and anabolic steroids are to be avoided in patients with hepatocellular adenoma (strong recom-
mendation, moderate quality of evidence).

8. Obtaining a biopsy should be reserved for cases in which imaging is inconclusive and biopsy is deemed necessary to make treatment decisions
(strong recommendation, low quality of evidence).

9. Pregnancy is not generally contraindicated in cases of hepatocellular adenoma <5cm and an individualized approach is advocated for these
patients (conditional recommendation, low quality of evidence).

10. In hepatocellular adenoma >5cm, intervention through surgical or nonsurgical modalities is recommended, as there is a risk of rupture and malig-
nancy (conditional recommendation, low quality of evidence).

11. If no therapeutic intervention is pursued, lesions suspected of being hepatocellular adenoma require follow-up CT or MRI at 6- to 12-month
intervals. The duration of monitoring is based on the growth patterns and stability of the lesion over time (conditional recommendation, low quality
of evidence).

Suspected hemangioma

12. An MRI or CT scan should be obtained to confirm a diagnosis of hemangioma (strong recommendation, moderate quality of evidence).
13. Liver biopsy should be avoided if the radiologic features of a hemangioma are present (strong recommendation, low quality of evidence).
14. Pregnancy and the use of oral contraceptives or anabolic steroids are not contraindicated in patients with a hemangioma (conditional recommen-

dation, low quality of evidence).

15. Regardless of the size, no intervention is required for asymptomatic hepatic hemangiomas. Symptomatic patients with impaired quality of life can
be referred for surgical or nonsurgical therapeutic modalities by an experienced team (conditional recommendation, low quality of evidence).

Suspected focal nodular hyperplasia

16. An MRI or CT scan should be obtained to confirm a diagnosis of FNH. A liver biopsy is not routinely indicated to confirm the diagnosis (strong
recommendation, low quality of evidence).

17. Pregnancy and the use of oral contraceptives or anabolic steroids are not contraindicated in patients with FNH (conditional recommendation, low
quality of evidence).
18. Asymptomatic FNH does not require intervention (strong recommendation, moderate quality of evidence).

Table 1 continued on following page
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Table 1. Continued

19. Annual US for 2-3 years is prudent in women diagnosed with FNH who wish to continue OCP use. Individuals with a firm diagnosis of FNH who
are not using OCP do not require follow-up imaging (conditional recommendation, low quality of evidence).

Suspected nodular regenerative hyperplasia

20. Liver biopsy is required to confirm the diagnosis of NRH (strong recommendation, moderate quality of evidence).

21. Pregnancy and the use of oral contraceptives or anabolic steroids are not contraindicated in patients with an NRH (conditional recommendation,
low quality of evidence).

22. Asymptomatic NRH does not require intervention (conditional recommendation, low quality of evidence).

23. Management of NRH is based on diagnosing and managing any underlying predisposing disease processes (strong recommendation, low quality of
evidence).

Cystic

FLL

Suspect simple hepatic cysts

24, A hepatic cyst identified on US with septations, fenestrations, calcifications, irregular walls, or daughter cysts should prompt further evaluation with
a CT or MRI (strong recommendation, low quality of evidence).

25, Asymptomatic simple hepatic cysts should be observed with expectant management (strong recommendation, moderate quality of evidence).

26. Aspiration of asymptomatic, simple hepatic cysts is not recommended (strong recommendation, low quality of evidence).

27. Symptomatic simple hepatic cysts may be managed with laparoscopic deroofing rather than aspiration and sclerotherapy, dictated based on avail-

ability of local expertise (conditional recommendation, low quality of evidence).
Suspected biliary cystadenoma or cystadenocarcinoma

28. Routine fluid aspiration is not recommended when BCA is suspected because of limited sensitivity and the risk of malignant dissemination (strong
recommendation, low quality of evidence).

29. Imaging characteristics suggestive of BC or BCA, such as internal septations, fenestrations, calcifications, or irregular walls, should lead to referral
for surgical excision (strong recommendation, low quality of evidence).

30. Complete surgical excision, by an experienced team, is recommended if BC or BCA is suspected (strong recommendation, low quality of evidence)
Suspected polycystic liver disease

31. Routine medical therapy with mammalian target of rapamycin inhibitors or somatostatin analogs is not recommended (strong recommendation, low
quality of evidence).

32. Aspiration, deroofing, resection of a dominant cyst(s) can be performed based on the patient’s clinical presentation and underlying hepatic reserve
(conditional recommendation, low quality of evidence).

33. Liver transplantation with or without kidney transplantation can be considered in patients with refractory symptoms and significant cyst burden
(conditional recommendation, low quality of evidence).

Suspected hydatid cysts
34, MRI is preferred over CT for concomitant evaluation of the biliary tree and cystic contents (conditional recommendation, low quality of evidence).

35. Monotherapy with antihelminthic drugs is not recommended in symptomatic patients who are surgical or percutaneous treatment candidates
(strong recommendation, moderate quality of evidence).

36. Adjunctive therapy with antihelminthic therapy is recommended in patients undergoing PAIR or surgery, and in those with peritoneal rupture or
biliary rupture (strong recommendation, low quality of evidence).

37. Percutaneous treatment with PAIR is recommended for patients with active hydatid cysts who are not surgical candidates, who decline surgery, or
who relapse after surgery (strong recommendation, low quality of evidence).

38. Surgery, either laparoscopic or open, based on available expertise, is recommended in complicated hydatid cysts with multiple vesicles, daughter
cysts, fistulas, rupture, hemorrhage, or secondary infection (strong recommendation, low quality of evidence).

BC, biliary cystadenoma; BCA, biliary cystadenocarcinoma; CCA, cholangiocarcinoma; CT, computed tomography; FLL, focal liver lesion; FNH, focal nodular hyper-
plasia; HCC, hepatocellular carcinoma; IUD, intrauterine device; MRI, magnetic resonance imaging; NRH, nodular regenerative hyperplasia; OCP, oral contraceptive;
PAIR, puncture, aspiration, injection, and reaspiration; US, ultrasonography.

because of its safety and low cost, it lacks the performance charac-
teristics that CT and MRI have to diagnose and characterize hepatic
lesions (6). Contrast-enhanced US is an emerging modality that has
some utility but is not widely available in the United States. Therefore,
we will focus our attention on CT and MRI scans in this guideline.

The American Journal of GASTROENTEROLOGY

In the context of HCC and liver transplantation, a recent
consensus conference addressed the importance of standardiz-
ing the technical specifications for CT and MRI in the diagnosis
of HCC (7). Although this report focused on the specifications
for diagnosing HCC, the technical aspects for CT or MRI can
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also be applied to the evaluation of FLLs as shown in Table 2.
The most important aspect is the need for a late arterial phase, a
portal venous phase, and a delayed venous phase. In the context
of a CT scan, this is referred to as a “triple-phase” study, distinct
from a standard abdominal CT that includes only a portal venous
phase and a delayed phase. A technically appropriate CT or MRI
will give the clinician information about the characteristics of the
liver lesion, its location and relationship to anatomical structures
(such as the gallbladder and hepatic vasculature), and, in the case
of malignancy, allow staging of the tumor.

Pathological examination is another important aspect in the
evaluation of an FLL. The evolution of CT and MRI technology
has improved their diagnostic capability to often permit mak-
ing an accurate diagnosis without the requirement for a liver
biopsy. In fact, HCC can be diagnosed with >290% accuracy
with imaging alone when a lesion is 2 cm, thus obviating the
need for liver biopsy in nearly all cases under the right clinical
circumstances (8). However, if the diagnosis cannot be reliably
made radiologically, a biopsy should be performed. Pathologi-
cal examination is extremely accurate in making a diagnosis
in a patient with an FLL. A well-sampled biopsy specimen has
greater diagnostic accuracy and provides more tissue for ancil-
lary testing (i.e., immunohistochemistry) when compared with
fine-needle aspiration (9). A consensus conference on pathol-
ogy for hepatobiliary malignancies also recommended core
biopsies over fine-needle aspiration as it allows for the assess-
ment of both architectural and cytological features (10).

MALIGNANT LIVER LESIONS

Hepatocellular carcinoma

Epidemiology of hepatocellular carcinoma. HCC is the third
most common tumor worldwide and the second leading cause of
cancer-related deaths (11). The incidence of HCC has been rising
in the United States to 8 per 100,000, with chronic hepatitis C virus
infection as the main driving force behind this increase (12). The
age-specific incidence rate of HCC starts increasing in the mid
40s, with those under 60 years of age having the largest increase in
incidence, suggesting that this increasing incidence will continue
for another 10 to 20 years (13). The overall 5-year survival of pa-
tients with HCC is ~15%, indicating its generally poor prognosis.
However, 40% of patients who are diagnosed with disease local-
ized to the liver have improved 5-year survival rates of 30% (12).
This indicates that early detection and accurate diagnosis of HCC
localized to the liver may improve overall outcomes.

Risk factors for HCC

In Japan, Europe, and the United States, approximately ~60% of
HCC cases are attributed to hepatitis C virus infection, whereas
20% are attributed to hepatitis B virus (HBV) infection and
another 20% to cryptogenic and alcoholic liver disease (14). In
high HBV prevalence areas such as East Asia, China, and Africa,
up to 8% of the population is chronically infected with HBV
because of high rates of vertical (mother-to-child) or horizontal
(child-to-child) transmission, resulting in nearly 80% of patients

© 2014 by the American College of Gastroenterology
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with HCC having underlying chronic HBV infection. The broad
traits of the epidemiology of HCC can be traced to the prevalence
of these hepatotropic viral infections.

Cirrhosis is the most important risk factor for HCC. More than
80% of the cases of HCC occur in the setting of cirrhosis. The risk
for HCC in individuals with HBV increases from asymptomatic
inactive carriers and those with chronic hepatitis without cirrho-
sis, all with an incidence <1 per 100 person-years, to 2.2-4.3 per
100 person-years in cirrhotics (15). Importantly, ~20% of patients
with HCC in the setting of HBV infection present without evi-
dence of cirrhosis. Risk factors for the development of HBV-
associated HCC include viral factors such as a high degree of
viral replication, viral genotype, as well as the use of alcohol and
tobacco (16,17). The risk for HCC among patients with chronic
hepatitis C virus infection occurs almost exclusively in the setting
of cirrhosis. In the United States and Europe, the incidence rate is
2-3% per year for hepatitis C virus cirrhotics, whereas it is <1%
for patients with chronic hepatitis C without cirrhosis (18,19).
Among patients with cirrhosis, alcohol, tobacco, obesity, diabetes,
older age, and male gender are associated with an increase in the
risk for the development of HCC (20-23).

Diagnosis of HCC

The diagnosis of HCC based on imaging can be challenging
because of the imaging characteristics of a background of liver
cirrhosis. Therefore, CT or MRI should be performed using
the technical specifications indicated in Table 2. A CT or MRI
should be performed in cirrhotics with an ultrasound show-
ing a lesion of >1cm, an elevated or rising o.-fetoprotein in the
absence of a liver lesion on US, or when there is a clinical sus-
picion for the presence of HCC. The choice of MRI versus CT
is controversial despite several studies comparing the perform-
ance characteristics of one versus the other with explant exami-
nation as the gold standard (24). These studies have shown that
dynamic MRI has a slightly better performance than CT for
the diagnosis of HCC. However, these studies were limited by
potential biases such as a high percentage of patients being eval-
uated for liver transplantation, lack of blinding of the reader,
and limiting generalizability to smaller or nontransplant-asso-
ciated centers (25-29). Therefore, one should utilize the locally
available expertise, whether MRI or CT. An essential character-
istic of HCC is that it is an arterially hypervascular tumor (30).
However, only using hypervascularity on the arterial phase as
the sole criterion for the diagnosis of HCC has poor specificity
and has led to reports of liver transplantations being performed
for a radiologic diagnosis of HCC with an absence of HCC on
explant examination (31,32). During the portal venous phase
of a patient with HCC, the previously arterially enhanced mass
lacks contrast and appears hypodense compared with the rest
of the liver that is now enhanced in the portal venous phase,
a term labeled “washout” These characteristic findings of arte-
rial hyperenhancement with “washout” in the portal venous or
delayed phase are highly specific and sensitive for a diagnosis of
HCC (33). These criteria have been validated and accepted in
the guidelines for the diagnosis of HCC (34).
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It has been estimated that ~85% of patients with HCC have
arterial enhancement and washout (35,36). In those who do not
have these characteristic features on radiological examination, a
directed biopsy of the mass may be needed in order to confirm a
diagnosis of HCC. This strategy of biopsying atypical lesions on
imaging has been validated (37). In this study by Forner et al. (37),
the first biopsy was positive in 42/60 (70%) patients with HCC, and
subsequent follow-up biopsies led to the diagnosis in the rest of the
patients. The decision to proceed with a directed biopsy must be
made weighing the risk of tumor seeding and potential bleeding
versus the impact of the results on the patient’s treatment options
and prognosis. The use of the coaxial biopsy technique, in which
the actual needle is introduced percutaneously into the tumor
inside a sheath, can mitigate this risk of tumor seeding by insulat-
ing the needle inside the sheath (38).

Treatment of HCC

Excellent treatment options exist for HCC, especially if localized
to the liver. A detailed review of the treatment for HCC is beyond
the scope of this guideline but has been reviewed recently (1). It is
important to note that hepatic resection, liver transplantation (in
carefully selected individuals), and radiofrequency ablation have
a 5-year survival of >50% and are considered curative (39,40).
Treatments not considered curative are transarterial chemoem-
bolization, radioembolization, and systemic chemotherapy such
as with sorafenib (41,42).

Recommendations

1. An MRI or triple-phase CT should be obtained in patients
with cirrhosis with an ultrasound showing a lesion of
>1cm (strong recommendation, moderate quality of evi-
dence).

2. Patients with chronicliver disease, especially with cirrhosis, who
present with a solid FLL are at a very high risk for having HCC
and must be considered to have HCC until otherwise proven
(strong recommendation, moderate quality of evidence).

3. A diagnosis of HCC can be made with CT or MRI if the
typical characteristics are present: a solid FLL with enhance-
ment in the arterial phase with washout in the delayed venous
phase should be considered to have HCC until otherwise
proven (strong recommendation, moderate quality of evi-
dence).

4. If an FLL in a patient with cirrhosis does not have typical
characteristics of HCC, then a biopsy should be performed in
order to make the diagnosis (strong recommendation, moder-
ate quality of evidence).

CHOLANGIOCARCINOMA

Epidemiology of CCA

CCA can be divided further into intrahepatic CCA (ICCA) or
extrahepatic CCA. This guideline will focus on ICCA as a possible
diagnosis for an FLL. The incidence of ICCA has been shown to
be increasing in Japan, United Kingdom, and the United States,
the latter with an incidence of 0.85 per 100,000 in 2005 (43). The
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1-year survival for ICCA remains low at 27.6% and the 5-year
survival is <10% because of the diagnosis often being made at
advanced stages.

Risk factors for CCA

Identifying risk factors for CCA is more challenging than for
HCC because for most cases the cause is unknown. In the United
States, patients with primary sclerosing cholangitis (PSC) have
a risk of developing CCA at ~1.5% per year after diagnosis (44).
Among patients with PSC who progress to CCA, ~30% are diag-
nosed with CCA within 2 years after the initial diagnosis of PSC.
Given these risk factors, CCA should be strongly suspected in
patients with PSC who present with an FLL. Furthermore, CCA is
also associated with smoking and alcohol use (45). Other impor-
tant risk factors in the development of CCA are older age (>65
years of age), liver fluke infestation, Caroli’s disease, choledochal
cyst, bile duct adenoma, chronic intrahepatic stones, chemical
agents (such as vinyl chloride), and cirrhosis (45). The current
evidence does not support routine screening for CCA in patients
with underlying PSC, despite the increased incidence of CCA in
this population.

Diagnosis of CCA

Patients with ICCA may present with nonspecific symptoms
including abdominal pain, diminished appetite, weight loss,
malaise, and night sweats. Laboratory tests are usually nonspe-
cific. CT and MRI can greatly assist in the diagnosis of CCA.
ICCA takes up contrast agent progressively during the arterial
and venous phases of studies—especially if the lesion is >2cm,
because of its extensive desmoplastic reaction. Other associ-
ated findings may include hepatic capsular retraction, vascular
encasement that may lead to lobar atrophy, and dilatation of
peripheral bile ducts. ICCA may be difficult to differentiate
from a metastatic lesion (especially a metastasis from a foregut
adenocarcinoma) by imaging and histology (45). A diagnosis
of CCA cannot be confidently made with radiological imaging
alone. If surgery is indicated for a patient with an FLL sus-
pected of having underlying primary hepatic malignancy, a
diagnostic biopsy may not be required because its results will
not change the management strategy and may lead to seeding
(2). In all other cases, a biopsy specimen should be obtained to
confirm the diagnosis if CCA is suspected. Either CT or MRI
is appropriate for the evaluation of tumor size, the presence of
satellite lesions, the status of vascular structures, and for volu-
metric assessment of potential liver remnants, as these find-
ings can be used to plan further treatment. Multidetector CT
may be more accurate than MRI for predicting resectability,
with an accuracy of 85% to 100%, and may be better for iden-
tifying extrahepatic metastases (46). The utility of PET in the
diagnosis of CCA is limited and PET should not be used rou-
tinely; PET detects ICCA with sensitivity values ranging from
18% (for infiltrating types) to >80% (for mass-forming types)
(47). Carbohydrate antigen 19-9 is a serum marker that can be
measured to identify patients with ICCA, with 62% sensitivity
and 63% specificity (48).
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Table 2. Technical considerations for dynamic contrast-enhanced MRI and dynamic contrast-enhanced computerized tomography of the

liver
Feature Specification

Dynamic contrast-enhanced MR/

Scanner 1.5-T or greater main magnetic field strength

Coil type Phased array multichannel torso coil

Gradient types Current-generation high-speed gradients (providing sufficient coverage)
Injector Dual-chamber power injector recommended

Contrast injection rate 2-3ml/s of gadolinium chelate

Minimum sequences

Precontrast and dynamic post-gadolinium

T1-weighted gradient echo sequence (3D preferable), T2 (with and without FAT SAT), and T1w in- and out-of-phase

imaging

Mandatory dynamic sequences

(i) Arterial phase. Artery fully enhanced, beginning contrast enhancement of portal vein

(i) Portal venous phase. Portal vein enhanced, peak liver parenchymal enhancement, beginning contrast enhancement
of hepatic veins (35-55s after the initiation of a late arterial phase scan)
(iii) Delayed phase. >120s after the initial injection of contrast

Slice thickness

Breath holding
Dynamic contrast-enhanced computerized tomography of the liver

Scanner type Multidetector row scanner
Detector type Minimum of 8 detector rows
Reconstructed slice thickness
Injector

Contrast injection rate
1.5ml/kg of body weight

Mandatory dynamic phases on
contrast-enhanced MDCT
of hepatic veins

5mm for dynamic series, 8mm for other imaging

Maximum length of series requiring breath hold should be ~20s with a minimum matrix of 128 _ 256

Minimum reconstructed slice thickness of 5mm
Power injector, preferably a dual-chamber injector with a saline flush

Not less than 3ml/s of contrast, 4-6 ml/s better with at least 300 mg I/ml or a higher concentration for a dose of

(i) Late arterial phase. Artery fully enhanced, beginning contrast enhancement of portal vein.
(i) Portal venous phase. Portal vein enhanced, peak liver parenchymal enhancement, beginning contrast enhancement

(iii) Delayed phase. Variable appearance, >120s after the initial injection of contrast

FAT SAT, fat saturation; MDCT, multidetector computed tomography; MRI, magnetic resonance imaging.

Adapted from Pomfret et al. (7).

Treatment of CCA

When surgical resection can be offered for ICCA, the median
survival time is 36 months, with a recurrence rate of 62.2%
after a median of 26 months of follow-up (49). However, even
in centers with expertise, <30% of all patients undergo curative
resections (50). Liver transplantation is contraindicated in ICCA
because of its poor results. For inoperable tumors, combination
chemotherapy with gemcitabine plus cisplatin is the standard
therapy (51).

Recommendations

5. MRI or CT should be obtained if CCA is suspected clinically
or by ultrasound (strong recommendation, low quality of
evidence).

6. A liver biopsy should be obtained to establish the diagnosis of
CCA if the patient is nonoperable (strong recommendation,
low quality of evidence).

© 2014 by the American College of Gastroenterology

BENIGN LIVER LESIONS

Hepatocellular adenoma

Hepatocellular adenoma is a benign neoplasm that arises de novo
and may potentially have several risk factors. In select cases it may
be stimulated by a metabolic or hormonal abnormality in the indi-
vidual (52). Hepatocellular adenoma is rare with 0.007-0.012%
of the population developing these lesions (53,54).

Risk factors for hepatocellular adenoma

In support of a causal relationship between the development of
hepatocellular adenomas and hormonal abnormalities, a marked
increase in hepatocellular adenomas has been noted in women
taking oral contraceptive (OCP) therapy. The incidence of these
lesions in women not taking OCPs is 1-1.3 per million, whereas
in those taking OCPs the frequency has been higher at 34 per 1
million (55). Strengthening this causal relationship, hepatocellular
adenomas tend to regress after the discontinuation of OCP therapy
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(56,57). Along with OCP use, anabolic androgen steroids have also
been associated with the development of hepatocellular adenomas
(58,59). Males taking androgens are not the only individuals at risk
from hormonal abnormalities. Males and females with high levels
of endogenous androgens or estrogens are also at risk of develop-
ing hepatocellular adenomas (60).

Individuals with glycogen storage disease (GSD) Ia and III are
also at an increased risk for hepatocellular adenomas. There isa 2:1
male to female ratio in GSD patients who develop hepatocellular
adenomas. In addition, patients >25 years of age with GSD have
a dramatic increase in the incidence of hepatocellular adenomas
(61). The majority of GSD la-related cases are of the inflamma-
tory hepatocellular adenoma subtype (62). Managing hepatocel-
lular adenomas in patients with GSD requires treatment strategies
unique to this population. Tumor size has been shown to decrease
as a result of continuous nocturnal feeding (63). Despite higher
morbidity in GSD patients, surgical resection to prevent tumor
progression is a feasible intermediate step until definitive treat-
ment with liver transplantation can be achieved (64).

Obesity and features of the metabolic syndrome such as diabe-
tes mellitus, insulin resistance, hypertension, and dyslipidemia
are becoming increasingly recognized in the United States and
Europe as risk factors for hepatocellular adenomas (65,66). Obes-
ity and metabolic syndrome are frequently observed in patients
with hepatocellular adenomas. In addition to promoting the
development of hepatic lesions, obesity and metabolic syndrome
are also postulated to increase the risk of hepatocellular adeno-
mas progression (65). Obese patients who use OCP are likely at
an increased risk for hepatocellular adenomas, as studies reveal
that 70-95% of obese patients who develop these lesions have a
history of OCP use (65,66). Although OCP use in combination
with metabolic syndrome places women at a greater risk than
men for the development of hepatocellular adenomas, the preva-
lence of transformation of hepatocellular adenomas to HCC is 10
times more likely in males, with metabolic syndrome the most
frequently associated condition for this transformation (67).

Clinical variants of hepatocellular adenoma

Liver adenomatosis. Multiple adenomas, defined as between >3
and 210 lesions, are collectively referred to as liver adenomato-
sis (68,69). These multiple lesions have identical clinical, histo-
logical, and radiographic features as hepatocellular adenomas
and are managed in the same manner (52). There is accumulating
evidence that the phenotype of hepatic adenomas has changed
over the past few years. The lesions encountered in those with the
metabolic syndrome tend to be multiple and may have associated
hemangioma and focal nodular hyperplasia (FNH) lesions. Their
precise pathogenesis is unclear. Of interest, preliminary retro-
spective analysis has noted stability or regression of these lesions
with weight loss (65).

Telangiectatic hepatocellular adenoma

Previously known as telangiectatic focal nodular hyperplasia,
telangiectatic hepatocellular adenoma (THCA) has recently been
reclassified as a subcategory of inflammatory hepatocellular
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adenoma. The aggressive management of THCA as compared
with the conservative management of FNH and the resemblance
of hepatocellular adenomas to THCA at the molecular level pro-
pelled the shift in classification (52). OCP use, hormonal therapy,
and obesity are frequently associated with the development of
THCA (70-72). In addition, up to 40% of patients with THCA
typically present concomitantly with another benign liver lesion
(70,72). THCA should be managed as aggressively as hepatocellu-
lar adenomas as they are likely to be symptomatic, prone to hem-
orrhage, and may contain focal areas of necrosis (71,72). The high
likelihood of hemorrhage combined with an unknown potential
of transformation to HCC makes surgery the recommended treat-
ment (52,72).

Diagnostic characteristics of hepatocellular adenoma

The multiple variants of hepatocellular adenomas are typically
symptomatic, with incidental discovery occurring in only 15-25%
of cases (55,73). Although CT can be used to diagnose hepatocel-
lular adenomas, recent findings suggest that not only can MRI be
used to diagnose hepatocellular adenomas, but it can also iden-
tify the subtypes of hepatocellular adenomas based on the imag-
ing patterns, obviating the need for biopsy to distinguish these
subtypes (52,74). MRI enhanced with gadobenate dimeglumine
or gadoxetate disodium can be very effective in differentiating
hepatocellular adenomas from FNH and other lesions, as shown
in Table 3 (52,75).

Liver biopsy can aid in identifying the subtype of hepatocellu-
lar adenomas as each category has specific genetic and molecular
markers. However, the vascular nature of hepatic lesions cou-
pled with their propensity to hemorrhage can make biopsy risky.
Thus, biopsy should be reserved for cases in which imaging
is inconclusive and the results will have an impact on treatment
decisions (52).

Hepatocellular adenoma and pregnancy

Hepatocellular adenomas have been known to increase in size
during pregnancy (52). The infrequency of these lesions has hin-
dered an evidence-based algorithm for the evaluation and man-
agement of hepatocellular adenomas in pregnant women. Instead
of advocating contraindication to pregnancy in all cases of hepa-
tocellular adenomas, an individualized approach is advocated
in which pregnancy is not discouraged when lesions are <5cm
(76). A study being conducted in the Netherlands will evaluate
this approach and further elucidate management strategies for
pregnant women with hepatocellular adenomas (77).

Management of hepatocellular adenoma

The management of hepatocellular adenomas requires treat-
ment strategies that are more aggressive than that for most other
benign hepatic lesions because of the potential for hepatocellu-
lar adenomas to hemorrhage or progress to HCC (52). Hemor-
rhage has been reported in 11-29% of hepatocellular adenomas
cases, with nearly all instances of spontaneous rupture occur-
ring in lesions >5cm (78-80). Thus, resection should be con-
sidered when hepatocellular adenomas are found to be >5cm.
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Nonsurgical modalities such as embolization can be pursued
as an alternative to resection in high surgical risk patients or in
patients with lesions in anatomically challenging locations. In
cases where hemorrhage does occur, conservative management
using blood products is a temporary approach to achieve hemo-
dynamic stability and avoid emergent liver resection (81). Pack-
ing the liver, performing an emergency hepatectomy, embolizing
the hepatic artery, or even liver transplantation can be used to
control hemorrhage (81,82). Hepatocellular adenomas of the
-catenin subtype should be considered for early referral for
resection as malignant transformation occurs most frequently
in this subtype, occurring in up to 5-10% of cases (52,78,83,84).

Hepatocellular adenomas <5cm can be managed conserva-
tively as these lesions are rarely observed to rupture or undergo
malignant transformation (85). Nevertheless, some hepatocellular
adenomas have been reported to increase in size despite the dis-
continuation of OCP or anabolic steroids, and the development of
HCC has been reported despite regression in size (86-88). Thus,
follow-up imaging should be conducted once every 6 months for
at least 2 years to establish any growth patterns and monitor for
malignant transformation. Annual imaging can be performed
after this period based on the growth patterns and stability of the
lesion (89).

Recommendations

7. Oral contraceptives, hormone-containing intrauterine
devices, and anabolic steroids are to be avoided in patients
with hepatocellular adenoma (strong recommendation, mod-
erate quality of evidence).

8. Obtaining a biopsy should be reserved for cases in which
imaging is inconclusive and biopsy is deemed necessary to
make treatment decisions (strong recommendation, low qual-
ity of evidence).

9. Pregnancy is not generally contraindicated in cases of hepa-
tocellular adenoma <5cm and an individualized approach is
advocated for these patients (conditional recommendation,
low quality of evidence).

10. In hepatocellular adenomas =5 cm, intervention through sur-

gical or nonsurgical modalities is recommended, as there is
a risk of rupture and malignancy (conditional recommenda-
tion, low quality of evidence).

11. If no therapeutic intervention is pursued, lesions suspected
of being hepatocellular adenoma require follow-up CT or
MRI at 6- to 12-month intervals. The duration of monitor-
ing is based on the growth patterns and stability of the lesion
over time (conditional recommendation, low quality of
evidence).

HEPATIC HEMANGIOMA

Hepatichemangiomasarebenign vascular liverlesions of unknown
etiology that are thought to arise from congenital hamartomas.
Alternatively, hepatic hemangiomas could result from dilation
of existing blood vessels in tissues that developed normally. The
observed increase in the size of the lesions is thought to result
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from progressive ectasia rather than hyperplasia or hypertrophy
(52). Hepatic hemangiomas are the most common benign hepatic
tumors with a prevalence of 0.4-20% identified during autopsy
(53,90). The actual frequency of clinically relevant cases is more
likely 0.7-1.5%, as indicated by US studies (91,92).

There is no causal link between hepatic hemangiomas and preg-
nancy or OCP use. However, hepatic hemangiomas are found
earlier, are larger, and are more often found in women than in
men, with a 5 to 1 female to male preponderance (93,94). These
observations, combined with reports that these lesions grew
in size during pregnancy and OCP use, suggested that female
sex hormones may have a role in their pathogenesis (52,95,96).
However, no direct causal link between OCP use and hepatic
hemangioma was found in a case-control study (97). Thus, the
relationship between hormonal involvement and the develop-
ment of hemangioma is unsubstantiated and is not a precondi-
tion for development, as hemangiomas are also observed in men,
in women with no history of OCP use, and in postmenopausal
women (52).

Diagnostic characteristics of hepatic hemangioma

Hepatic hemangiomas can be found in all age groups, although
they are typically discovered in those between the ages of 30
and 50 years. Most of these lesions are asymptomatic and are
discovered incidentally during imaging studies (52). Hemangi-
omas occur with symptoms in ~11-14% of all hepatic heman-
gioma cases (98,99). The most common presentations are right
upper quadrant pain or a mass felt in the epigastrium. Both are
likely secondary to pressure or displacement of adjacent ana-
tomical structures by the lesions. Other common symptoms
include severe pain, nausea, dyspepsia, early satiety, vomit-
ing, weight gain, and hepatomegaly (52). In rare cases, giant
hemangiomas may cause consumptive coagulopathy known
as Kasabach-Merritt syndrome that manifests as thrombocy-
topenia, disseminated intravascular coagulation, and systemic
bleeding (100).

CT, MR, and US studies are reliable in establishing a diagno-
sis of hepatic hemangioma as this lesion displays unique features
upon imaging with peripheral nodular enhancement and progres-
sive centripetal fill-in, as outlined in Table 3. MRI is preferred
in cases where the lesion is <3 cm or found close to the heart or
intrahepatic vessels (52). Contrast-enhanced US, if available, can
increase both the sensitivity and specificity of US and is effective in
diagnosing hepatic hemangioma (101).

Spontaneous bleeding of hemangiomas is rare. However, owing
to its highly vascular nature, biopsy should be avoided because of
the risk of potential bleeding. Furthermore, the high sensitivity and
specificity of radiologic studies in the diagnosis of hepatic heman-
gioma obviates the need for a biopsy. In cases of smaller lesions
where there is uncertainty in the diagnosis, a follow-up imaging
study may be more prudent than a biopsy (52).

Management of hepatic hemangioma

The majority of hemangiomas are asymptomatic and remain
stable over time (102). Thus, preventing rare complications with
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Table 3. Imaging characteristics of solid liver lesions

Lesion us CT
HCA Heterogeneous; hyperechoic if Well demarcated with periph-
steatotic but anechoic center if eral enhancement; homogenous
hemorrhage more often than heterogeneous;
hypodense if steatotic, hyperdense
if hemorrhagic
THCA Variable appearance Hypo- to isoattenuating
Hemangioma Hyperechoic with well-defined rim  Discontinuous peripheral nodular
and with few intranodular vessels enhancement isoattenuating to
aorta with progressive centripetal
fill-in
FNH Generally isoechoic Central scar. Arterial phase shows
homogenous hyperdense lesion;
returns to precontrast density
during portal phase that is hypo-
or isodense
NRH Isoechoic/hyperechoic Nonenhancing nodules, some-

times hypodense, with variable
sizes (most sub-centimeter)

MRI

HNF1o: signal lost on chemical shift; moderate arterial enhance-
ment without persistent enhancement during delayed phase
IHCA: markedly hyperintense on T2 with stronger signal
peripherally; persistent enhancement in delayed phase
B-Catenin: inflammatory subtype has same appearance as

IHCA; noninflammatory is heterogeneous with no signal dropout
on chemical shift, isointense of T1 and T2 with strong arterial
enhancement and delayed washout

T1: heterogeneous and well-defined iso- to hyperintense mass.
Strongly hyperintense with persistent contrast enhancement in
delayed phase

T1: hypointense; discontinuous peripheral enhancement with
centripetal fill-in
T2: hyperintense relative to spleen

T1: isointense or slightly hypointense. Gadolinium produces early
enhancement with central scar enhancement during delayed
phase

T2: slightly hyperintense or isointense

T1: hyperintense
T2: varied intensity (hypo/iso/hyperintense)

CT, computed tomography; FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; HNF 1o, hepatocyte nuclear factor-1o; IHCA, inflammatory hepatocellular

adenoma; MRI, magnetic resonance imaging; NRH, nodular regenerative hyperplasia; THCA, telangiectatic hepatocellular adenoma; US, ultrasonography.

Adapted from Shaked et al. (52).

surgical intervention is not needed, and instead a conservative
approach is advocated. Surgical intervention can be considered
in cases where the lesion grows very large (>10cm) or the patient
begins to report symptomatic compression or recurrent pain
(52,103). Follow-up imaging is not required in cases of classical
hemangioma.

Recommendations

12. An MRI or CT scan should be obtained to confirm a diag-
nosis of hemangioma (strong recommendation, moderate
quality of evidence).

13. Liver biopsy should be avoided if the radiologic features of a
hemangioma are present (strong recommendation, low qual-
ity of evidence).

14. Pregnancy and the use of oral contraceptives or anabolic ster-
oids are not contraindicated in patients with a hemangioma
(conditional recommendation, low quality of evidence).

15. Regardless of the size, no intervention is required for asymp-
tomatic hepatic hemangiomas. Symptomatic patients with
impaired quality of life can be referred for surgical or non-
surgical therapeutic modalities by an experienced team (con-
ditional recommendation, low quality of evidence).

FOCAL NODULAR HYPERPLASIA
FNH is the second most common hepatic lesion and is found at
autopsy with a prevalence of 0.3-3% (53,90). Clinically relevant
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cases of FNH are rare with a reported prevalence in US studies
of 0.03% (54). The development of focal nodular hyperplasia is
caused by an injury to the portal tract resulting in the formation
and enlargement of arterial to venous shunts (104). This in turn
causes hyperperfusion in local arteries resulting in oxidative stress
that triggers a response from hepatic stellate cells to produce the
central scar typically seen in cases of FNH (52,105).

Diagnostic characteristics of FNH
Although 20-40% of cases of FNH may present with symptoms,
most are discovered incidentally (106,107). Up to 20% of cases are
associated with a concomitant diagnosis of hepatic hemangioma
(108). In addition, other hypervascular tumors such as hepato-
cellular adenomas and HCC have been observed concurrently
with FNH, and this supports the notion that FNH may develop in
the background of vascular malformations (52,109,110). FNH is
noted primarily in women in their 40s and 50s (111,112). Female
sex hormones were suspected to have a role in FNH development
as not only is the prevalence higher in women but also women
tend to develop larger and earlier lesions compared with men.
However, changing OCP use over time has not led to alterations
in the prevalence of FNH, and pregnancy has not been associated
with an increase in tumor size, making this association less likely
(113,114).

Identification of classic FNH by way of its “spoke-wheel”
central scar on cross-sectional imaging is relatively straightforward
(Table 3). Ambiguous cases that cannot exclude hepatocellular
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adenomas must be differentiated accurately as FNH or hepatocel-
lular adenomas as their management differs significantly (52). The
diagnostic accuracy of MRI for FNH has improved because of the
improvement in hepatobiliary contrast agents, such as gadobenate
dimeglumine (115,116). In addition, adherence to the technical
specifications of triphasic and multisection spiral CT (Table 2) has
been reported to accurately diagnose FNH (117,118). Improve-
ments in imaging have been made with the use of contrast-
enhanced US that has been shown to be similarly accurate as MRI
and CT in identifying FNH, but its use in the United States has
been limited (119). In cases where FNH cannot be distinguished
from hepatocellular adenomas, immunohistochemical analysis
performed on biopsy specimens can discriminate FNH from hepa-
tocellular adenomas with good performance characteristics (120).

Management of FNH

Most cases of FNH are asymptomatic and stable over time (121).
In addition, the occurrence of HCC and spontaneous rupture are
rare (122-124). Thus, a conservative approach should be taken
when managing FNH. However, further evaluation of sympto-
matic lesions in which a diagnosis of FNH cannot be firmly estab-
lished is recommended. Although partial hepatic resection is the
most common intervention, embolization and radiofrequency
ablation have more recently been utilized as they are associated
with fewer complications and lower morbidity (125-127). Fol-
low-up annual US for 2-3 years is prudent in women diagnosed
with FNH who wish to continue OCP use. Individuals with a firm
diagnosis of FNH who are not using OCP do not require follow-
up imaging.

Recommendations

16. An MRI or CT scan should be obtained to confirm a diag-
nosis of FNH. A liver biopsy is not routinely indicated to
confirm the diagnosis (strong recommendation, low quality
of evidence).

17. Pregnancy and the use of oral contraceptives or anabolic
steroids are not contraindicated in patients with FNH
(conditional recommendation, low quality of evidence).

18. Asymptomatic FNH does not require intervention (strong
recommendation, moderate quality of evidence).

19. Annual US for 2-3 years is prudent in women diagnosed
with FNH who wish to continue OCP use. Individuals
with a firm diagnosis of FNH who are not using OCP do not
require follow-up imaging (conditional recommendation,
low quality of evidence).

NODULAR REGENERATIVE HYPERPLASIA

Nodular regenerative hyperplasia (NRH) is the transformation
of normal hepatic parenchyma into small regenerative nodules.
NRH is believed to be a secondary consequence of altered blood
flow in which obstructive portal venopathy, due to thrombosis or
phlebitis, causes ischemia. This, in turn, leads to hyperplasia of
hepatic acini to maintain adequate blood flow to compensate for
atrophied hepatocytes. This process forms nodules that are sepa-
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rated by atrophic areas with little to no fibrosis (52). NRH has a
prevalence of over 5.3% in individuals >80 years old (128). The
general population presents with NRH at a lower frequency of
2.1-2.6%. No apparent relationship is found between NRH and
gender. A number of conditions do seem to be associated with
NRH, including immunological and hematological disorders, car-
diac and pulmonary disorders, several drugs and toxins, neopla-
sias, and organ transplantation (128,129).

Diagnostic characteristics of NRH

NRH is most commonly discovered incidentally. Symptomatic
cases are rare and most often present with features of portal
hypertension, such as ascites, splenomegaly, hepatomegaly, and
esophageal varices (128-130). Imaging studies are insufficient in
establishing a definitive diagnosis of NRH. The lesions are roun-
tinely too small to observe radiographically and, when visualized,
too dificult to distinguish from the regenerating nodules of cirrho-
sis (131). The definitive method for establishing a conclusive diag-
nosis of NRH is biopsy. Although NRH shares common features
with micronodular cirrhosis, three histological criteria—nodules
of regenerative hepatocytes separated by atrophic parenchyma,
absence of fibrous septa between nodules, and curvilinear com-
pression of the central lobule—can be used to distinguish NRH
from cirrhosis (132-134). There are no reliabe tumor markers
known to be useful for diagnosing NRH.

Management of NRH

Treating NRH requires addressing the underlying etiological con-
dition. The B-blocker prophylaxis and/or endoscopic therapy for
esophageal varices, pharmacologic therapy of ascites, and tran-
sjugular intrahepatic portosystemic shunts are possible forms
of treatment when NRH is complicated by portal hypertension
(135). Although very rare, NRH can lead to liver failure that may
require treatment with liver transplantation (136). As NRH is
commonly associated with other underlying disease processes,
follow-up care requires determining and managing the underly-
ing disease. There are no absolute contraindications to pregnancy
or the use of OCPs.

Recommendations

20. Liver biopsy is required to confirm the diagnosis of NRH
(strong recommendation, moderate quality of evidence).

21. Pregnancy and the use of oral contraceptives or anabolic
steroids are not contraindicated in patients with an NRH
(conditional recommendation, low quality of evidence).

22.  Asymptomatic NRH does not require intervention (condi-
tional recommendation, low quality of evidence).

23. Management of NRH is based on diagnosing and managing
any underlying predisposing disease processes (strong recom-
mendation, low quality of evidence).

HEPATIC CYSTS
Hepatic cysts typically present for evaluation upon being found
incidentally on imaging studies. Early laparotomy series reported
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Table 4. Imaging characteristics of cystic liver lesions
Lesion us CT

Simple hepatic cysts
(SHCs)

Anechoic, homogeneous,
fluid filled. Smooth margins

contrast

Biliary cystadenomas (BCs)  Irregular walls, internal septa-

tions forming loculi

Polycystic liver disease
(PCLD)

Multiple hepatic cysts, similar
in characteristics to SHC US
findings

Hydatid cysts (HCs) May appear similar to SHC.
Progress to develop thick,
calcified walls, hyperechoic/
hypoechoic contents. Daugh-

ter cysts in periphery.

CT, computed tomography; MRI, magnetic resonance imaging; US, ultrasonography.

a prevalence of 0.2 to 1% (137). US series have reported a 3-5%
prevalence in the population, whereas CT series have reported the
prevalence to be as high as 15-18% (138-142). Given the increased
use of cross-sectional imaging, hepatic cysts are an increasingly
common finding that has led to a growing awareness of their
existence. Table 4 outlines the imaging characteristics of common
cystic FLLs. Although the natural history of simple hepatic cysts
has not been well elucidated, they are not thought to be premalig-
nant precursors to the development of biliary cystadenomas (BCs)
or biliary cystadenocarcinomas (BCAs). Optimal management of
incidentally found hepatic cysts is not clear because of the lack of
rigorous clinical studies. Nevertheless, it has been observed that
the vast majority of hepatic cysts are predominantly benign, and
in the absence of characteristic features suggestive of BC, BCA,
polycystic liver disease (PCLD), or hydatid cysts they can be man-
aged expectantly. The presence of multiple cysts (>20), large cysts
(>4-5cm), septations, calcifications, fenestrations, loculations,
heterogeneity, daughter cysts, or symptoms on presentation are
not characteristic of simple hepatic cysts and should prompt fur-
ther diagnostic evaluation. Suspected biliary cystadenomas and
BCAs should be completely resected. The management of PCLD
and hydatid cysts is variable, based on the clinical presentation,
the size, location, and number of lesions, as well as the experience
of the managing team.

Simple hepatic cysts

Simple hepatic cysts are postulated to be congenital exclusions
of hyperplastic bile duct rests that lack a communication with
biliary ducts (93,143). They are composed of an outer layer of
fibrous tissue and are lined by a cuboidal, columnar epithelium
that continually produces cystic fluid (137). Simple hepatic cysts
are usually <1cm and can grow up to 30cm (144,145). Simple
hepatic cysts are uncommon before the age of 40 years and have
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Well-demarcated, water-attenuated,
smooth lesion without an internal
structure. No enhancement with

Heterogeneous septations, internal
septations, irregular papillary growths,
thickened cyst walls

Multiple hepatic cysts, similar in char-
acteristics to SHC CT findings

Hypodense lesion with hypervascular
pericyst wall, distinct endocyst wall.
Calcified walls and septa easily detect-
ed. Daughter cysts seen peripherally
within mother cyst.

MRI

Well-defined, homogeneous lesion. No enhancement
with contrast.

T1: hypointense signal intensity

T2: hyperintense signal intensity

May appear heterogeneous.
T1: Hypointense signal intensity
T2: Hyperintense signal intensity

Multiple hepatic cysts, similar in characteristics to
SHC MRI findings

T1: Hypointense signal intensity of cyst contents.
T2: Hyperintense signal intensity of cyst contents.
Hypointense rim on T2.

Daughter cysts seen peripherally within mother cyst.
Collapse parasitic membranes seen as floating linear
structures within cyst.

a female predilection of 1:4 (146,147). However, there is no clear
correlation with oral contraceptive use or pregnancy. They are
usually asymptomatic and discovered incidentally, although
larger lesions may present with abdominal pain, epigastric
fullness, or early satiety. Infrequently, internal hemorrhage,
infection, or rapid enlargement can lead to symptoms and pres-
entation for clinical evaluation. Thus, the presence of symptoms
or a rapid increase in size on follow-up imaging should lead
to consideration of alternative diagnosis such as biliary cyst-
adenoma (BC) or BCA (148,149).

Diagnostic characteristics of simple hepatic cysts

Ultrasound typically reveals an anechoic, homogenous, fluid-
filled lesion with smooth margins. CT shows a well-demarcated,
water-attenuated, smooth lesion without an internal structure,
and no enhancement with contrast. Similarly, MRI shows a
well-defined, homogeneous lesion with low signal intensity
on T1 weighting, and high intensity on T2, without contrast
enhancement. The differential diagnosis includes BCA, PCLD,
hydatid cysts, cystic metastases from primary cystic tumors,
and cystic necrosis of large solid neoplasms. Cysts that have
internal septations, fenestrations, calcifications, irregular walls,
or daughter cysts on US should be evaluated with CT or MRI
for features of BCA or hydatid cysts. Aspiration of fluid con-
tents is not needed to diagnose simple hepatic cysts and is not
recommended. However, if done, the findings should show
normal fluid carbohydrate antigen 19-9 levels and negative
testing for cytology.

Management of simple hepatic cysts

There is a paucity of randomized controlled trials and a lack of
long-term follow-up outcome data comparing treatment methods
for simple hepatic cysts. These limitations make it difficult to
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make evidence-based recommendations with strong support
from the literature. Nevertheless, several basic dictums are found
in the literature that require strong consideration. First, inciden-
tally identified asymptomatic cysts do not need follow-up or treat-
ment (150). Second, hepatic cysts that are symptomatic because
of hemorrhage, rupture, infection, or growth merit intervention.
Simple aspiration is not recommended as it leads to universal
recurrence. Beyond these basic statements, and once a decision
has been made to intervene on a simple hepatic cyst, no defini-
tive, evidence-based recommendations can be made regarding
the optimal mode of intervention.

Treatment modality may be determined by the operative can-
didacy of the patient. Open surgical cyst fenestration, also known
as deroofing or marsupialization, which leaves the cysts open to
drain into the peritoneal cavity, has been reported to be success-
ful in up to 90% of cases (151-156). Patients who are not surgical
operative candidates or who decline surgery can be managed with
radiologic cyst aspiration and sclerotherapy with alcohol or other
sclerosants (157). Although this approach is associated with a high
recurrence rate, it may be appropriate for patients who are not sur-
gical candidates (158-160). Laparoscopic approaches to fenestra-
tion were reported beginning in the 1990s, and have been quickly
adopted, where available, as the standard approach compared
with open laparotomy, because of reported success rates matching
open approaches along with reductions in morbidity and length
of hospital stay. Laparoscopic deroofing may be the preferred
therapeutic strategy where available (157,161-163). Regardless of
the approach, the decision to pursue surgical intervention is often
driven by the uncertainty of the underlying diagnosis of simple
hepatic cysts, and the inability to unequivocally exclude malig-
nancy without a histological evaluation (164). Thus, an important
factor in selecting surgical intervention is that it allows histologi-
cal examination of the cyst to exclude biliary cystadenomas and
biliary cystadenocarcinomas. Nevertheless, it is imperative to
complete a thorough evaluation for alternative causes of the
patient’s complaints before proceeding with invasive interven-
tions to avoid diagnostic dilemma and therapeutic frustration
of persistence of symptoms despite treatment directed toward
the ostensibly symptomatic hepatic cyst. Overall, comparison
studies between aspiration, fenestration, and laparoscopic versus
open approaches have been limited by heterogeneous methods,
variable outcomes reported, small number of patients reported,
short follow-up times, and single-center experiences (153). Once
intervention has been deemed necessary, the mode of treatment
should be dictated by the local availability of surgical and radio-
logic expertise and patient preference on an individual basis.

Recommendations

24. A hepatic cyst identified on US with septations, fenestra-
tions, calcifications, irregular walls, or daughter cysts should
prompt further evaluation with CT or MRI (strong recom-
mendation, low quality of evidence).

25. Asymptomatic simple hepatic cysts should be observed with
expectant management (strong recommendation, moderate
quality of evidence).
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26. Aspiration of asymptomatic, simple hepatic cysts is not
recommended (strong recommendation, low quality of evi-
dence).

27. Symptomatic simple hepatic cysts may be managed with
laparoscopic deroofing rather than aspiration and sclerother-
apy, dictated based on availability of local expertise (condi-
tional recommendation, low quality of evidence).

BILIARY CYSTADENOMAS AND BILIARY
CYSTADENOCARCINOMAS

Biliary cystadenomas are congenitally derived, aberrant bile
duct remnants composed of three layers of tissue. Early patho-
physiologic suppositions regarding an origin from heterotopic
ovarian tissue have been disproven by recent immunohisto-
chemistry and electron microscopy studies (165). The outer
layer of thick collagen and mixed connective tissue surrounds
a middle layer of mesenchymal smooth muscle cells and
fibroblasts, and an inner lining of cuboidal/columnar epithe-
lium that typically secretes mucin (134). Grossly, BCs have a
heterogeneous interior with septations forming multiple loc-
ulations filled with mucinous (95%) or serous (5%) material
(144). Some BCs have papillary projections that form thick,
compact septa (166-169).

Biliary cystadenomas are reported to constitute up to 1-5%
of total hepatic cysts, and up to 10% of cysts >4cm (161). There
are no known associations with the use of oral contraceptives,
although the 1:4 female predilection suggests a possible hormonal
involvement (170). Although rare, BC is the most common form
of a primary hepatic cystic neoplasm. Biliary cystadenomas are
thought to be precursors to the development of BCA, although it
is difficult to predict progression or clearly identify characteristics
that herald such progression (144,166,170,171). Although symp-
toms are rare, they are often correlated with the increasing size of
the lesions leading to mass effect and abdominal discomfort, nau-
sea, early satiety, or anorexia (155,170). Smaller BCs are typically
discovered incidentally on imaging. The presence of calcifications
along with mixed solid and cystic components on imaging as well
as constitutional symptoms has been reported to be associated
with BCA.

Diagnostic characteristics of biliary cystadenomas

US typically shows irregular walls and internal septations forming
loculi. US is most sensitive in identifying these internal septations.
If a complex cyst is found on US, cross-sectional imaging with CT
and MRI should be obtained. CT and MRI can help confirm the
findings of heterogeneous septations, irregular papillary growths,
and thickened cyst walls (172,173). The cysts are typically hyper-
intense on T2 weighting, although because of mucinous content
they may appear heterogeneous (174). Aspiration and biopsy is not
recommended for focusing the differential because it has limited
sensitivity and can disseminate malignancy if there is underlying
BCA (175,176). Although imaging can suggest the possibility of
BC or BCA, surgical resection is ultimately necessary to confirm
and treat the suspected BC or BCA.
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Management of biliary cystadenomas

If BC or BCA is suspected on imaging, referral for surgical con-
sultation should be made. Full surgical excision of any suspected
BC is recommended given the high risk of recurrence, diffi-
culty in preoperative differentiation and exclusion, and possible
risk of progression to BCA if only partial excision is performed
(169,177-179). Because of the presence of pseudocapsules, enu-
cleation may be a feasible alternative (180). There is a dearth of
trials comparing laparoscopy versus open laparotomy in manag-
ing BC or BCAs. Although data are limited, where available, the
laparoscopic approach has gradually replaced open laparotomy as
the modality of choice in surgical intervention for BC and BCA
based on reported reductions in surgical morbidity and complica-
tions. Preference should be given for referral to an experienced
surgical team given the challenges of both open and laparoscopic
approaches to BC and BCA excision (152,181). If the patient is
not a surgical candidate, monitoring with repeat imaging should
be performed.

Recommendations

28. Routine fluid aspiration is not recommended when BCA
is suspected because of limited sensitivity and the risk of
malignant dissemination (strong recommendation, low
quality of evidence).

29. Imaging characteristics suggestive of BC or BCA, such as
internal septations, fenestrations, calcifications, or irregular
walls, should lead to referral for surgical excision (strong
recommendation, low quality of evidence).

30. Complete surgical excision, by an experienced team, is
recommended if BC or BCA is suspected (strong recommen-
dation, low quality of evidence).

POLYCYSTIC LIVER DISEASE

PCLD is thought to be a part of a clinical spectrum of cilio-
pathies including congenital hepatic fibrosis, choledochal cysts,
microhamartomas, and Caroli’s disease that are associated with
mutations that impair cholangiocyte ciliary function. PCLD is
characterized by the presence of extensive hepatic cysts that are
microscopically similar to simple hepatic cysts but more numer-
ous (usually >20) and larger (182). Descriptions of the various
types of PCLD are beyond the scope of this guideline, but can be
summarized as three main types. The most common is autosomal
dominant polycystic kidney disease with PCLD. The majority of
these patients have renal failure from renal cysts, and 60% have
phenotypic expression of multiple hepatic cysts (183,184). Auto-
somal dominant PCLD has a more benign prognosis compared
with polycystic kidney disease and is mainly asymptomatic (185).
The rarest is autosomal recessive polycystic kidney disease that
has a high infant mortality and in which hepatic cysts are not a
prominent feature.

Diagnostic characteristics of PCLD

PCLD is rare with autopsy series reporting 0.13% and US studies
reporting 0.9% prevalence (141,186). There is a female predilec-
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tion and a noted increase in the size of hepatic cysts and symp-
toms with age. Pregnancy and female hormones are also thought
to be risk factors for an increase in the size and number of hepatic
cysts (147). PCLD tends to be asymptomatic until the size and
number of cysts increase to a critical level. Patients are typically
more likely to have hepatomegaly and symptoms from mass
effect, such as abdominal bloating, pain, fullness, and shortness of
breath, when the cyst to hepatic parenchyma ratio becomes > 1.
Patients may also present with complications such as traumatic
rupture, infection, bleeding, extrinsic compression of the biliary
tree or gastrointestinal tract, and compression of the inferior vena
cava (187). In advanced cases, patients may develop portal hyper-
tension with relatively preserved hepatic synthetic function (188).
The diagnosis of PCLD is supported by the presence of multiple
hepatic cysts on US, CT, or MRIL. CT or MRI may provide addi-
tional information to exclude other disease processes and to eval-
uate for the presence of concomitant renal cysts.

Management of PCLD

Treatment of PCLD is guided by the presence of symptoms that
are often directly related to the volume of the liver rather than to
specific cysts. Therefore, treatment should be focused on decom-
pressing the liver or reducing the cyst volume as much and as
safely as possible. Some recent interest in medical therapy has
been stirred by reports of the use of somatostatin analogs and
mammalian target of rapamycin inhibitors (189-195). However,
despite these promising reports, their use outside of clinical stud-
ies cannot be recommended at this point because of uncertainty
regarding their long-term efficacy, safety, as well as optimal dos-
ing and duration of treatment.

The data defining the optimal management choice for PCLD
between aspiration, fenestration, resection, and transplantation as
well as between laparoscopic versus open approaches are limited to
small-scale clinical series or case reports. Thus, treatment should
be guided by the principle of selecting the least invasive procedure
that provides the most effective treatment response and improve-
ment in the quality of life. Aspiration of a large, single cyst or a
small number of large cysts may be appropriate, although asso-
ciated with high recurrence rates. Deroofing or fenestration can
provide a less transient response, although it is still associated with
a 30-70% recurrence. Growth of multiple hepatic cysts stretches
and distorts the anatomy, making it difficult to recognize and avoid
damage to bile ducts and vasculature during surgical intervention.
Complications such as ascites, hemorrhage, bile leakage, and pleu-
ral effusion can occur from such inadvertent damage (162,182,196).
In addition to these complications, hepatic resection also carries
the risk of hepatic insufficiency if an inadequate hepatic remnant
is left. Moreover, resection and surgical treatment can cause adhe-
sions that may complicate possible future procedures such as liver
transplantation. Thus, treatment must be tailored to the individual
presentation, cyst size and location, vascular patency, and hepatic
reserve (197,198). Despite the challenges of these surgical interven-
tions, the laparoscopic approach has been widely adopted, where
available (151,152). Finally, liver transplantation with or without
concomitant kidney transplantation has been reported for very
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symptomatic patients with hepatic failure and/or poor quality of
life (162,199-202). Outcomes have been reported to be compara-
ble or superior to other indications for liver transplantation, with
1-year survival of 90% and 5-year survival of 70-80% (203,204).
Nevertheless, strong recommendations cannot be made because of
the overall limitations of the currently available data.

Recommendations

31. Routine medical therapy with mammalian target of rapamy-
cin inhibitors or somatostatin analogs is not recommended
(strong recommendation, low quality of evidence).

32. Aspiration, deroofing, resection of a dominant cyst can be
performed based on the patient’s clinical presentation and
underlying hepatic reserve (conditional recommendation,
low quality of evidence).

33. Liver transplantation with or without kidney transplantation
can be considered in patients with refractory symptoms and
significant cyst burden (conditional recommendation, low
quality of evidence).

HYDATID CYSTS

Hydatid cysts, or cystic echinococcosis, are most common in
patients from sheep-grazing areas such as the Mediterranean,
South America, Australia, and East Africa. Hydatid cysts are due
to Echinococcus granulosus infection in which humans serve as
accidental intermediate hosts when they eat food contaminated
with echinococcus eggs or eat organ meat from infected animals
such as sheep or cows. The eggs hatch in the human host small
intestine and penetrate into the vasculature and then into the
liver and lungs. The cysts become visible in the liver at 3 to 4
weeks and grow into a mature cyst that has a germinal layer sur-
rounding a fluid-filled central hydatid cavity. The cysts develop
an ectocyst or pericyst in response to the compressive forces
of the host’s liver parenchyma. The cyst can have high pressure
from fluid production that can lead to rupture after trauma or
operative manipulation.

Most small cysts, <5cm, are asymptomatic. Larger cysts can
elicit an inflammatory reaction and may lead to abdominal pain.
An acute presentation with pain should lead to consideration of
rupture or secondary infection of the cyst. The incidental rupture
or iatrogenic puncture of the cyst with spillage of its antigenic
contents can lead to a severe allergic reaction, leading to ascites,
peritonitis, and shock. Rarely, the cysts can extrude into the biliary
tree, leading to jaundice and cholangitis.

Diagnostic characteristics of hydatid cysts

On US, small hydatid cysts may appear similar to simple hepatic
cysts as a unilocular collection. With progression, the lesions may
develop a thick, often calcified wall and daughter cysts in the
periphery of the main cyst. A classification system has been pro-
posed by the World Health Organization (WHO) Informal Work-
ing Group on Echinococcosis in an attempt to classify hydatid
cysts based on US findings correlated to their activity and natural
history. This has superseded the Gharbi classification (205). How-
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ever, the interobserver variability in classifying the stage as well as
uncertainty regarding the natural history of hydatid cysts has led
to limitations in the utilization of these classification systems in
routine clinical practice. CT and MRI can provide more precise
information on the cyst morphology and presence of daughter
cysts and should be obtained if hydatid cysts are suspected (206).
MRI is preferred for presurgical evaluation to look for cystobiliary
communication and evaluate cystic content characteristics.

Management of hydatid cysts

Treatment of hydatid cysts depends on the size, location, and
symptoms of the cysts as well as the availability of clinical expertise
and patient preferences (207). The evidence level is low regarding
treatment modality comparisons in terms of efficacy and safety.
Asymptomatic, inactive, calcified hydatid cysts can be managed
expectantly. Chemotherapy alone with antihelminthic drugs such
as albendazole and mebendazole for symptomatic hydatid cysts is
generally not utilized unless the patient is not a candidate for pri-
mary percutaneous or surgical treatment, has multiorgan dissem-
ination, or declines other intervention. A systematic review that
reported that >40% of hydatid cysts remain active or reactivate
after 2 years of monotherapy with chemotherapy has dampened
enthusiasm for the approach of expectant management (208).
Chemotherapy as an adjunct treatment to other modalities is rec-
ommended before and after percutaneous treatment or surgery to
prevent relapse (209,210). Nevertheless, strong recommendations
regarding the timing of treatment initiation and conclusion, exact
duration of treatment, and optimal dosing regimens cannot be
made on the basis of currently available data. Traditionally, expert
opinion has recommended that chemotherapy be started before
the procedure and at least 1 month to 6 months afterward (211).

PAIR (puncture, aspiration, injection, and reaspiration) is a per-
cutaneous treatment alternative to surgery (211-215). Two rand-
omized controlled trials and a meta-analysis based on these trials
reported that PAIR with adjunct antihelminthic chemotherapy is
as effective as open surgical drainage with fewer complications and
lower cost (212,216,217). PAIR is recommended for patients with
active hydatid cysts >5cm who are not candidates for or decline
surgery, or who relapse after surgery. PAIR is not recommended
in patients with biliary fistulas or communications with the biliary
tree because of the risk of biliary sclerosis. PAIR is also contrain-
dicated in patients with inaccessible cysts, or with complicated,
multivesiculated cysts, because they may not respond favorably
as compared with simple hepatic cysts (218,219). A recent review
of studies on hydatid cyst-associated anaphylaxis found that the
risk of lethal anaphylaxis related to percutaneous treatment was
extremely rare at 0.03% of reported procedures (220).

Surgical treatment, either radical pericystectomy or conservative
deroofing, has been reserved for complicated cysts that have fistu-
las, multiple daughter vesicles, rupture, hemorrhage, or second-
ary infection. Surgery also remains an option when percutaneous
treatment such as PAIR is not available. Laparoscopic approaches
have been reported to be effective, but quality data on compari-
son with open surgical approaches or PAIR are highly limited
(214,221-223). Overall, the majority of studies are heterogeneous
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Figure 1. Approach to FLLs. CCA, cholangiocarcinoma; CT, computed tomography; FLL, focal liver lesion; FNH, focal nodular hyperplasia; HCA, hepato-
cellular adenoma; HCC, hepatocellular carcinoma; H/O, history of; MRI, magnetic resonance imaging.

small series, retrospective reports with overlapping patients, limit-
ing the quality of the evidence on which to make strong recom-
mendations on management (224,225).

Recommendations

34. MRIis preferred over CT for concomitant evaluation of the
biliary tree and cystic contents (conditional recommenda-
tion, low quality of evidence).

35.  Monotherapy with antihelminthic drugs is not recommended
in symptomatic patients who are surgical or percutaneous
treatment candidates (strong recommendation, moderate
quality of evidence).

36. Adjunctive therapy with antihelminthic therapy is recom-
mended in patients undergoing PAIR or surgery, and in
those with peritoneal rupture or biliary rupture (strong
recommendation, low quality of evidence).

37. Percutaneous treatment with PAIR is recommended for
patients with active, hydatid cysts who are not surgical
candidates, who decline surgery, or who relapse after surgery
(strong recommendation, low quality of evidence).

38. Surgery, either laparoscopic or open, based on available
expertise, is recommended in complicated hydatid cysts with
multiple vesicles, daughter cysts, fistulas, rupture, hemor-
rhage, or secondary infection (strong recommendation, low
quality of evidence).

CONCLUSION

Imaging modalities for the evaluation of the abdomen are being
increasingly utilized, leading to a proliferation in the detection
of FLLs. Further technical advances in cross-sectional imaging
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have led to identification of ever-smaller FLLs. FLLs frequently
pose a diagnostic challenge for clinicians. FLLs of the liver may
arise from hepatocytes, biliary epithelium, mesenchymal tissue,
or metastases from extrahepatic tumors. Although most inci-
dentally noted FLLs are benign, it may be difficult to differenti-
ate benign lesions from those that are malignant amid the broad
differential of FLLs. Furthermore, it is important to remember
that some noncancerous lesions such as hepatocellular adeno-
mas and biliary cystadenomas have malignant potential. These
lesions may not necessarily present with symptoms attributable
to the lesion and are frequently not associated with underlying
liver disease. Thus, the clinical circumstance in which an FLL
is identified, such as the patient’s age, gender, use of oral con-
traceptives, history of chronic liver disease, and recent travel,
may provide vital clues to the etiology. The presence of underly-
ing chronic liver disease, either suspected or proven by clinical
and/or laboratory features, as well as the time of detection of the
lesion, provides important insight to the nature and relevance
of the lesion. For example, an FLL in a patient with hepatitis
B or C infection, particularly when associated with features of
chronic liver disease or cirrhosis, should lead to a high suspicion
for HCC. In addition, the size of the liver lesion is extremely
important in guiding the evaluation. Lesions <1cm are com-
monly benign incidental findings.

Radiologically, cystic lesions can be readily differentiated
from a solid lesion. In addition, certain solid FLLs such as FNH
and hemangiomas can often precisely be diagnosed by a quality
imaging modality alone. In many benign lesions such as heman-
giomas and hepatocellular adenomas, liver biopsy carries a high
risk of bleeding and is not of any additional value to the radio-
logic diagnosis. A reasonable approach to the diagnosis, follow-up,
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and management of liver masses based on the knowledge of
their presentation, associated clinical and laboratory features,
natural history, and available treatment options is outlined in

Figure 1. Although malignancy is often the concern with liver

masses, most FLLs presenting as “incidentalomas” are benign and
require patient reassurance and monitoring.
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