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A B S T R A C T

Hepatic complications of oral contraceptive pills and exogenous estrogens include intrahepatic canalicular
cholestasis, neoplasm formation and vascular pathologies. While it remains controversial as to whether estrogen
plays a role in focal nodular hyperplasia, hemangioma or hamartoma, exposure to oral contraceptive pills and
estrogen has a strong association with hepatic adenomas. Four different subgroups of adenomas have been
described: Inflammatory, HNF-1α-mutated, β-catenin-mutated and unclassified. Vascular complications may
include Budd-Chiari syndrome, vascular thrombosis, dilated sinusoids and peliosis.

1. Introduction

Oral contraceptive pills (OCP) are the most commonly used re-
versible means of birth control in women. Studies have shown an as-
sociation between the use of oral contraceptive pills and cholestasis,
hepatic neoplasms, as well as vascular pathologies. Acute intrahepatic
canalicular cholestasis usually develops 2 to 3months after starting
OCPs and resolves after cessation. Patients with OCP-induced choles-
tasis often have a history of idiopathic cholestasis of pregnancy, and
there is an underlying genetic component involving the bile salt export
pump (BSEP) and ATP-binding cassette sub-family B 11 member gene
(ABC B11) [1].

Women have been cautioned to avoid use of oral contraceptive pills
in certain clinical conditions, which may include [2]:

a) Previous personal episode of cholestatic jaundice of pregnancy,
b) Those who have first-degree relatives with cholestasis of pregnancy

or oral contraceptive-induced cholestasis,
c) Current or previous benign or malignant hepatic tumors,
d) Active hepatitis,
e) Diagnosis of familial defects of biliary excretion (Dubin-Johnson

syndrome, Rotor's syndrome), and
f) Individuals with benign intrahepatic recurrent cholestasis.

OCPs have a known association with benign hepatic neoplasms such
as adenomas and may rarely induce malignant transformation. Vascular
complications are often seen with co-existing risk factors such as
Protein C, Protein S deficiency, or Factor V Leiden mutations predis-
posing to venous thrombosis.

Fortuitously, these complications are rare and may be decreasing
due to lower-dose OCPs use compared to decades ago. Nevertheless, it
is important to recognize complications in a timely fashion, to avoid
life-threatening events.
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2. Cholestasis due to OCP

Cholestasis appears to be related to estrogen effects on orphan nu-
clear receptors that modulate bilirubin metabolism, resulting in in-
hibition of bilirubin secretion into the biliary tree [3].

The reported frequency of cholestasis in these patients is 2.5 per
10,000 [4]. Moderate increase in risk, up to 50%, is seen in patients
with a prior history of cholestasis of pregnancy [4]. Clinical presenta-
tion includes mild prodromal symptoms such as anorexia and nausea,
followed by pruritus, which usually develop 2 to 3months after starting
OCPs. Moderately elevated serum alkaline phosphatase is often re-
vealed on laboratory investigation. Progression to chronic cholestasis is
extremely rare, and recovery typically occurs within days to weeks after
cessation of this medication. Hormone replacement therapy (HRT) may
similarly increase bilirubin levels, and monitoring of liver function tests
(LFTs) is advisable. The primary role of imaging in this situation is to
exclude gallbladder stones and other structural causes of obstructive
jaundice. Otherwise, imaging is unremarkable.

2.1. Dubin-Johnson syndrome

Dubin-Johnson syndrome is of autosomal recessive inheritance with
mutation in the ABCC2 gene resulting in defective transport of bilirubin
from the hepatocytes into bile ducts, which consequently leads to a rise
in serum conjugated bilirubin levels. It is often asymptomatic but may
manifest only during pregnancy or with use of oral contraceptives. OCP
use can impair hepatic excretory function and can transform a mild
hyperbilirubinemia into frank jaundice [5]. Typically, imaging is un-
remarkable and shows no cause of obstructive jaundice.

3. Hepatocellular adenoma

Hepatocellular adenomas (HCA) have been traditionally described
as neoplasms that occur in women taking oral contraceptives.
Adenomas are now understood to represent a heterogeneous set of
genetically disparate tumors with different genetic abnormalities and
variable clinical and prognostic features. Lately, the Bordeaux group
recognized a new molecular and pathologic classification of HCA
(Table 1). According to genotypic and phenotypic characteristics and
clinical features, estrogen-induced HCA is broadly divided into four
different subgroups including inflammatory, Hepatocyte Nuclear Factor
(HNF)-1α-mutated, β-catenin-mutated and unclassified [6,7].

The diagnosis of adenoma is usually made on imaging. Biopsy is
usually neither recommended to make a diagnosis of adenoma (unless
imaging is nonconclusive) nor to determine histological subtype [8,9].

3.1. Inflammatory subtype

Inflammatory HCA is the most common subtype of HCA, comprising
40–50% of all adenomas. These are classically seen in young women
with a history of OCP usage (> 90%), in obese patients, and in those
with underlying hepatic steatosis, diabetes mellitus, alcohol abuse and/
or glycogen storage disease (type 1) (GSD). About 10% of inflammatory
HCAs have mutations involving the β-catenin gene [10,11].

Pathogenesis is the result of mutations leading to altered or over-
expressed glycoprotein 130 which activates the JAK-STAT3 pathway,
leading to increased levels of acute phase reactants and this, in turn,
allows inflammatory cell infiltration into the adenoma [12].

Patients present with “systemic inflammatory syndrome” char-
acterized by fever, leukocytosis, and elevated serum CRP levels. These
lesions are associated with increased risk of bleeding (> 30%) and a
risk of malignant transformation (5–10%) [13,14].

Pathological hallmark includes sinusoidal prominence, infiltration
of polymorphous inflammatory cells, scattered areas of peliosis, tor-
tuous and thickened arteries, and diffuse ductal reaction. Lipid within
these types of nodule can be occasionally seen; however, it is less Ta
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widespread compared with HNF-1α HCA.
A subset of atypical focal nodular hyperplasia with prominent tel-

angiectasias or sinusoidal dilatation (telangiectatic focal nodular hy-
perplasia), characterized by the absence of nodular architecture and by
its mild architectural distortion, is now recognized as an inflammatory
adenoma based on molecular genetics and proteomic profiling.

3.1.1. Imaging findings
MRI demonstrates T2 intermediate or hyperintense signal with a

characteristic “atoll sign”, which shows a peripheral rim of T2 inter-
mediate or hyperintensity with an isointense center (Fig. 1). The ap-
pearance of the atoll sign is thought to be due to sinusoidal dilatation
within inflammatory HCA [17]. T2 hyperintense peripheral areas may
reflect high water content in these blood-filled regions. These areas

enhance in the venous phase; whereas, the rest of the tumor enhances in
the arterial phase [15].

On gadolinium-enhanced images, inflammatory HCA shows a strong
arterial enhancement that may persist on delayed phases, though is not
always seen (Fig. 2). Also, inflammatory HCA usually appear hy-
pointense to the background liver parenchyma on the hepatobiliary
phase on gadoxetic acid–enhanced MR (Fig. 3). Occasionally, in-
flammatory HCA may also show hyperintensity on the hepatobiliary
phase and thereby mimic the appearance of focal nodular hyperplasia
(Fig. 4). This could be the result of reduced blood flow due to large
cavities and sinusoidal dilatation in inflammatory HCA [10]. In addi-
tion, expression of organic anionic transport protein (OATP1B1 and
OATP1B3) plays an important role in hepatobiliary uptake. Therefore,
signal intensity in hepatobiliary phase can be related to the level of
expression of transporter proteins within each lesion [16]. Glutamine
synthetase immunohistochemistry, introduced only recently as a clin-
ical tool, has been shown to increase pathologist accuracy for separ-
ating these two entities.

3.2. HNF1α-mutated subtype

Hepatocyte nuclear factor 1 alpha (HNF1α)-mutated is the second
most common subtype of adenomas and accounts for 30–35% of all
adenomas. This type is exclusively found in women. Ninety percent of
these women are taking OCPs. This subtype of adenoma can manifest as
multiple lesions in about 50% of cases. Association has been shown
with maturity-onset diabetes of the young (MODY) and familial hepatic
adenomatosis.

Pathogenesis of this subtype of HCA comprises genetic alterations
directly from exogenous estrogens resulting, leading to a nonfunctional
HNF-1α transcription factor, ultimately resulting in intracellular lipid
deposition/steatosis due to a complex mechanism involving suppressed
gluconeogenesis-activated glycolysis, and promotion of fatty acid bio-
synthesis. Defective transport of fatty acids and intracellular deposition
of fat can be attributed to the decreased fatty acid binding protein-1.

Fig. 1. 34-year-old women with hepatic adenoma. The lesion shows peripheral
rim hyperintensity with isointense center relative to liver on T2-weighted image
(A) (arrow), “atoll sign” a characteristic sign of inflammatory subtype.

Fig. 2. 45-year-old asymptomatic women with inflammatory hepatic adenoma. Segment 4a mass (arrow) is hyperintense on fat-saturated T2-weighted sequence (A).
It shows arterial hyperenhancement (B) that persist on venous (C) and equilibrium phases (D).
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3.2.1. Imaging findings
On MR examination, HNF-1α-mutated subtype of HCA frequently

shows microscopic fat deposition as loss of signal intensity on opposed-
phase T1-weighted sequences. Significant signal drop in T1 opposed-
phased imaging for predictive HNF-1α-mutated HCA is reported to be
85% sensitive and 100% specific, with a 100% positive predictive value
and a 94% negative predictive value, respectively [17]. HNF-1α-mu-
tated subtype of HCA shows moderate arterial enhancement that does
not persist during the delayed phase (Fig. 5).

3.3. β-Catenin-mutated subtype

β-Catenin-mutated subtype is the least common subtype, accounting
for 10–15% of all HCAs. This subtype of HCA originates from activating
mutations of the catenin β1 gene (CTNNB1), which leads to unrest-
rained hepatocyte proliferation. β-Catenin has a key role in hepatocyte
development, differentiation, proliferation, and regeneration. Mutation
of β-catenin itself or mutation of cytoplasmic degradation complex
causes sustained activation of β-catenin and excessive nuclear accu-
mulation, which results in autonomous growth of hepatocyte and HCA
formation [18]. Avid, diffuse, and homogeneous glutamine synthetase
(GS) staining has been shown in β-catenin–mutated HCA.

β-Catenin-mutated adenomas are associated with glycogen storage
disease (GSD), familial adenomatous polyposis, and androgen admin-
istration [19]. These also have a greater risk of malignant transforma-
tion to hepatocellular carcinoma (HCC) [20]. Risk of malignant

transformation of HCA to HCC ranges from 4.2% to 13.0% [21].
However, in one study, HCC associated with adenoma was found in
46% of β-catenin-mutated tumors [22].

3.3.1. Imaging findings
β-Catenin-mutated adenomas do not have any particularly specific

MRI imaging features. They may appear homogeneous or hetero-
geneous with lack of intracellular fat and demonstrate a vaguely de-
fined T2-hyperintense scar and ill-defined areas of T2-weighted hy-
perintensity [10]. After administration of intravenous contrast, early
hyperenhancement can be seen, which may (or may not) persist on the
venous and equilibrium-phases. Some lesions can demonstrate
washout, which is non-specific.

Atoll sign is classically described in inflammatory HCA; whereas,
scar in β-catenin mutated subtypes [10,23]. Presence of the atoll sign
with a scar on imaging may differentiate between β-catenin–positive
inflammatory HCA and β-catenin–negative inflammatory HCA [10]. It
is essential to identify β-catenin–positive inflammatory HCA whenever
possible as there is additional chance of malignant transformation of
this subset of β-catenin–positive inflammatory HCA [10].

β-Catenin–mutated HCA may also demonstrate uptake of gadoxetic
acid during hepatobiliary phase and mimic focal nodular hyperplasia
and pose a diagnostic dilemma [24]. Expression of hepatocyte trans-
porters (OATPB1/B3 and MRP3) have been linked with uptake of ga-
doxetic acid [25].

Fig. 3. 61-year old male with typical inflammatory hepatic adenoma (arrows). It appears iso- to slightly hyperintense to liver on T1-weighted image (A) without drop
of signal on opposed-phase T1-weighted image (B) and demonstrates T2-weighted hyperintensity (C). There is homogenous arterial phase enhancement (D) that
persists into the portovenous phase (E). No uptake is seen on hepatobiliary phase (F) with hepatocyte-specific contrast agents (Gadoxetate disodium).
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3.4. Unclassified subtype

Unclassified subtype accounts for approximately 10% of cases and
encompasses all other adenomas, which do not belong to the previously
described categories. They are poorly understood but may become
malignant.

3.4.1. Imaging findings
No specific MR imaging patterns or other imaging features have yet

been proposed to definitively characterize these unclassified HCAs [7].

3.5. Recent developments and expanded system of classification

Recently an additional subtype of HCA has been recognized, called
the sonic hedgehog–activated adenoma, which accounts for 4% of all HCA
and previously considered to be unclassified. Sonic hedgehog–activated
hepatocellular adenomas show a fusion of the inhibin-Beta E Subunit
(INHBE) and GLI1 genes [20,26]. Sonic hedgehog genetic pathway
activated adenoma has a higher propensity to bleed (Fig. 6), and
therefore remain clinically important [26].

Additionally, a group of heterogenous adenomas has demonstrated
a high propensity for developing malignant transformation. This group
includes androgen-associated adenomas, pigmented adenomas, and myxoid
adenomas. The pigmented adenomas are characterized by the presence
of heavy lipofuscin deposition; whereas, myxoid adenomas are char-
acterized by abundant myxoid material dissecting through the tumors
[27,28]. Further, it has been suggested that beta-catenin–activation and

pigmentation could be secondary to events along the pathway to ma-
lignant transformation of any histologic subtype [28].

These descriptions do not fit well into the existing schema of clas-
sification. Therefore, an expanded system for classifying hepatic ade-
nomas has been proposed based on identifiable risk factors such as ex-
posure to estrogen, androgens, glycogen storage disease versus no
identifiable risk factors [28]. Based on this classification, estrogen-in-
duced adenomas include HNF-1α mutated (40%), inflammatory (50%),
and unclassified (10%) adenomas (Table 2). Myxoid type of adenomas
has been described as Protein Kinase A–Associated adenomas in this
classification, and exclusively consists of HNF-1α mutated variety.
Beta-catenin–activation and pigmentation can be seen with any of these
subtypes and may represent a risk factor for malignant transformation.

HCA is often treated conservatively; however, surgical intervention
is preferred in larger lesions (> 5 cm) due to an expected higher risk of
malignant transformation. Surveillance MRI after 6months of cessation
of OCPs can decide the next step of management. Regression in size of
HCA may indicate a non-aggressive subtype (Fig. 7). Follow-up should
be performed, initially every 6months, and if the lesion shows no fur-
ther alteration, follow-up can be stopped or repeated yearly until me-
nopause. Adenoma gradually increasing in size on surveillance imaging
may indicate malignant transformation (Fig. 8).

Lesions> 5 cm in size or β-catenin-mutated adenomas with addi-
tional risk factors such as male sex, steroid use, glycogen storage dis-
ease or underlying viral hepatitis, a surgical treatment is clearly re-
commended. Recently, other management options including minimally
invasive techniques like radiofrequency ablation (RFA) and

Fig. 4. a. 47 year-old-women with an atypical inflammatory hepatic adenoma (arrow). It shows heterogeneous signal on T1-weighted image reflecting presence of
hemorrhage or necrosis. There is diffuse hepatic steatosis on the background, which is seen as diffuse drop of liver signal on opposed-phase T1 image (B). However, it
retains contrast in hepatobiliary phase (C) mimicking focal nodular hyperplasia (FNA).
b. A: High power photomicrograph of normal hepatocytes (H and E stain ×20). B: Core biopsy needle in a 38 year-old-women with inflammatory HA. H and E stain
(×20) show hepatocytes that are separated by dilated sinusoids (arrows) with foci of inflammation (arrow heads).

J. Ponnatapura, et al. Magnetic Resonance Imaging 60 (2019) 110–121

114



transcatheter arterial embolization (TAE) are advocated [29].
Management guidelines of HCA are discussed in the flowchart

(Fig. 9).

3.6. Adenomatosis

Adenomatosis is a term coined by Flejou et al. in 1985 [30]. It is a
distinct entity and is defined as presence of multiple (> 10) HCAs
without known risk factors, such as history of steroid use, OCP intake or
underlying GSD. Absence or occlusion of portal vein or presence of

portohepatic venous shunts is seen in these patients [31]. Patient taking
OCPs and presenting with multiple adenomas should not be classified as
having “adenomatosis”.

4. Focal nodular hyperplasia

Focal nodular hyperplasia (FNH) is the 2nd most frequent benign
hepatic neoplasm. FNH is a hyperplastic response to a localized vas-
cular abnormality. It can be considered as a benign congenital ha-
martomatous malformation.

Fig. 5. 27 year-old-women has HNF-1 α-
mutated hepatic adenoma (arrow). The
mass appears isointense to liver on T1WI
(A) with drop of signal on opposed-phase
T1WI (B) reflecting presence of micro-
scopic fat. It demonstrates iso to inter-
mediate signal intensity on T2W se-
quence (C). Contrast enhanced image
show arterial phase enhancement (D),
however, it appears iso to liver on equi-
librium phase (arrow on E).

Fig. 6. 40-year-old women with HA complicated by hemorrhage. The left liver lobe HA appear homogenously hyperintense to liver on T2WI (arrow on A). One year
later, same lesion has significantly increased in size and appears heterogeneous with hypointense areas to liver reflecting hemorrhage (B).

Table 2
Expanded classification of hepatocellular adenoma.

HNF1-alpha inactivated Inflammatory adenomas Unclassified adenomas

Estrogen-related adenomas 40% 50% 10%
Androgen-related adenomas 10% 20% 70%
Glycogen storage disease adenomas – 70% 30%
Adenomas with no identifiable risk 20% 20% 60%
Protein kinase A–associated adenoma 100% – –
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FNH is mostly seen in the same group of patients as HCA, especially
with history of OCP consumption. However, association of FNH and
OCPs remains controversial. In a 9-year study of 216 women, Mathieu
et al. suggested that neither the size nor the number of lesions is in-
fluenced by OCP use [32]. Unlike in HCA, discontinuation of OCPs will
not lead to a reduction in size or number of FNH, based upon their
results.

In 2008, the WHO expert working group stated that women with
FNH could continue to use hormonal contraception, as the advantages
to use outweigh any potential (yet to be established) risks.

FNH with sinusoidal dilatation and FNH with cytological atypia are
two subtypes of FNH. On pathology FNHs > 5 cm in diameter often
show a central scar composed of fibrous connective tissue, cholangio-
cellular proliferation, and vascular deformity. Hemorrhage and necrosis
occur within the lesion, unlike HCA. No malignant degeneration has
been observed [14,33]. As mentioned earlier, telangiectatic focal nod-
ular hyperplasia (FNH) is now recognized as an inflammatory adenoma.

4.1. Imaging findings

On MR imaging, classic FNH appears as isointense lesion on T2-
weighted images and iso to slightly hypointense on T1-weighted
images. On contrast-enhanced sequences, they show homogeneous ar-
terial enhancement compared to background liver parenchyma. FNH
appears isointense (apart from the scar) to the liver parenchyma during
the equilibrium phase. A characteristic scar, when present, appears as a
hyperintense stellate area on T2-weighted images and is hypointense on
fat saturated T1-weighted images during the arterial and portal-venous
phases, but which demonstrates slight or gradual hyperintensity during
the equilibrium phase (Fig. 10).

After Gd-BOPTA and Gd-EOB-DTPA administration, FNH is iso-
intense or slightly hyperintense to the surrounding liver parenchyma on
delayed and hepatobiliary phase [34].

This unique feature differentiates them from HCAs, which display
hypointensity of the solid, non-hemorrhagic components of the lesions
(apart from the inflammatory subtype). The diagnostic accuracy of
gadoxetic acid–enhanced MR imaging to differentiate HCA vs. FNH is
presumed high but given the heterogenous behavior of the in-
flammatory subtype of FNH, it might be overestimated, and the topic
needs further supporting studies [35–37].

Heterogeneity and hyperintensity on T1-weighted images, lack of
central scar, strong hyperintensity on T2-weighted images, and persis-
tent contrast enhancement on delayed images have been described with
telangiectatic focal nodular hyperplasia, which is now described as a
variant of inflammatory HCA [38].

Table 3 shows the differences between hepatocellular adenoma and
focal nodular hyperplasia.

5. Hemangioma

Liver hemangiomas are the most common benign liver lesions. On
cut section they show large, well-defined blood-filled spaces lined by a
single layer of endothelium and separated by fibrous septae [39]. They
are usually found incidentally on imaging and are often asymptomatic
[40].

The natural history of hepatic hemangiomas is not well understood.
A study by Conter et al. showed use of OCPs could lead to enlargement
of pre-existing hemangiomas or recurrence after resection, although
this is controversial. However, there is no published data to support
that OCPs cause formation of hemangiomas [41]. A case-control study
by Gemer et al., of 40 women with hemangiomas and 109 controls
concluded that liver hemangiomas were not associated with use of
OCPs or influenced by menstrual or reproductive hormones [42].
Therefore currently, there is no clear association between OCPs and
hepatic hemangioma formation.

6. Hamartomas

In 1974, O'Sullivan et al. described three cases of liver hamartomas
in patients on OCPs, but later thought them more likely to represent
adenomas [43]. The following year, in 1975, Christopherson et al. de-
scribed three cases of liver hamartomas while evaluating hepatic tu-
mors in women on OCPs [44]. Goldfarb et al. performed a literature
review in 1976 regarding the association of OCP use with benign he-
patic neoplasia, but found a lack of consistency in histologic criteria for
diagnosis [45]. All case reports of liver hamartomas in patients on OCPs
have been dated back to timeworn literature and are not currently
considered to have causative association.

7. Hepatocellular carcinoma (HCC)

Ninety percent of primary liver cancers are hepatocellular carci-
nomas. The main risk factors for developing primary liver cancer in-
clude chronic infection with hepatitis B or C virus, alcohol consump-
tion, and exposure to aflatoxin B1 [46]. The risk of developing HCC in
women taking OCPs is very low and remains speculative.

In 2015 Ning An performed a dose–response meta-analysis of ob-
servational studies to quantitatively summarize the existing evidence
regarding association between OCPs and liver cancer. It summarized
the evidence of fourteen case–control and 3 cohort studies and con-
cluded that OCP use does not have a significant positive effect on the
risk of liver cancer [46]. Similarly, Waetjen et al. study showed no
support for a measurable effect of OCPs in primary HCC based on data
from the USA, Sweden, and Japan.

An Armed Forces Institute of Pathology review of 128 cases of HCC
by Goodman et al. reported no convincing association of HCC devel-
opment in women with history of OCP use [47]. Conversely, a study by
Yu et al. demonstrated that use of OCPs for> 5 years was linked to an

Fig. 7. 28-year-old female with known hepatic
adenoma, follow up after cessation of OCP. (A)
T1-weighted GRE arterial phase image shows a
7.5 cm lesion (arrow) with heterogeneous ar-
terial enhancement. The lesion is isointense in
the venous and equilibrium phases (not shown).
Biopsy revealed adenoma. (B) T1-weighted GRE
arterial phase image obtained six months after
stopping OCP use shows reduction of the ade-
noma to 5 cm (arrow).
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Fig. 8. a: 31-year-old man with known glycogen storage disease Type-1a undergoing surveillance liver imaging for known adenomas. Index images of two hepatic
lesions with an interval of 6months. (A) Fat-suppressed T1W fat post-contrast image acquired in Nov 2014. (B) Fat-suppressed T1W fat post-contrast image obtained
in May 2014. The anterior lesion (single arrow) shows interval decrease in size on follow-up imaging; whereas, the posterior lesion (double arrows) is slightly
increased in size. Biopsy was performed based on this finding (see next slide).
b: (A) In low-power magnification (hematoxylin and eosin stain), there is moderate steatosis with many ballooned cells, some containing Mallory–Denk bodies. (B) In
low-power magnification (hematoxylin and eosin stain), there are increased unpaired arteries (arrows). (C) In low-power magnification, there is focal Glypican-3
staining of the tumor cells. (D) In higher magnification, a reticulin stain shows focal loss of the reticulin framework. Findings are diagnostic of and diagnosis of
malignant transformation was confirmed.
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increased risk of HCC in women, independent of seropositive viral he-
patitis status. Given discrepant results in the literature as described
above, more research in this area may be warranted in the future.

Other studies have shown that the salient features of HCC in pa-
tients using OCPs are different, in that the HCC usually develops in a
non-cirrhotic liver, does not infiltrate surrounding tissues and rarely
metastasizes [48]. Patients often present with fewer symptoms and
lower alpha-fetoprotein levels; however, they also commonly present
with hemoperitoneum due to increased vascularity and intraperitoneal
rupture [48]. Survival rate is usually higher in these patients.

8. Budd-Chiari syndrome and venous thrombosis

Budd-Chiari syndrome (BCS) is defined as obstructed hepatic ve-
nous outflow due to occlusion of the hepatic veins or inferior vena cava.
In western societies, BCS is caused mainly by thrombosis of hepatic
veins.

OCPs have been linked with an increased incidence of hepatic vein
thrombosis (Budd-Chiari syndrome) as well as portal vein thrombosis. It

often occurs with an underlying hypercoagulable state including mye-
loproliferative disorder, acquired abnormalities of coagulation such as
lupus or anti-cardiolipin antibodies, as well as due to inherited ab-
normalities including protein C and S deficiency or abnormalities of
clotting factors V and II [49,50]. In addition, BCS has also been im-
plicated in the development of HCA [28].

A study by Valla et al. indicated that the risk of hepatic thrombosis
significantly increases in women having recently used oral contra-
ceptives as compared with non-users [51]. Hepatic venous thrombosis
could be sequela of drug-induced hepatocellular injury and genetic
predisposition.

BCS could be classified as fulminant (few days), acute (≈1month),
subacute (≈3months) and chronic syndromes. Fulminant and acute
forms present with diffuse hepatic necrosis, whereas subacute form
manifests with minimal necrosis. Chronic form presents with develop-
ment of portal hypertension and congestive cirrhosis [52]. Primary BCS
is linked with venous lesions (phlebitis, thrombosis or fibrosis) [53]. On
the other hand, veno-occlusive disease has classically been identified a
separate entity but causes similar physiological changes and hepatic

Fig. 9. Algorithm for the management guidelines of HA. (HA: hepatic adenoma, RFA: radio frequency ablation, TA: trans arterial embolization).

Fig. 10. 29 year-old-women on OCPs had focal liver lesion consistent with FNH (arrow). Left liver lobe mass appears isointense to liver on T2 (A) and T1-weighted
images (B). Note slightly hyperintense central scar on T2W image (arrowhead) (A). Post contrast images with hepatic-specific contrast, the lesion show arterial phase
enhancement (C), and appear isointense to liver on venous phase (D) and retains contrast on delayed hepatobiliary phase (E). The central scar appears hypointense on
precontract T1W (B) and post contrast images (C–D). However, it shows enhancement (arrowhead) on a follow up Gadobenate Dimeglumine MR performed 6months
later.

J. Ponnatapura, et al. Magnetic Resonance Imaging 60 (2019) 110–121

118



outflow blockage. It often occurs due to endothelial injury caused by
toxins and leads to microvascular occlusion masquerading most clinical
and laboratory findings of primary BCS [53].

8.1. Imaging findings

Imaging may identify presence of IVC or hepatic venous thrombosis
in acute phase. After intravenous contrast administration, the liver
parenchyma demonstrates early central and delayed peripheral

Table 3
Focal nodular hyperplasia vs. hepatocellular adenoma.

Focal nodular hyperplasia Hepatocellular adenoma

Occurrence 2nd most common benign hepatic tumor 3rd most common benign hepatic tumor
Pathology Hyperplastic response to a localized vascular abnormality Heterogeneous set of genetically disparate tumors with

different genetic abnormalities
Epidemiology Female predominance (M:F= 1:8), commonly seen in 3rd–4th decades of life. Women of childbearing age group, strongly linked to OCP

consumption
Multiplicity 10–20% 20–30%
Clinical features Generally asymptomatic, normal liver function test Pain, altered liver function test
Histology - Fibrous septa and cellular areas of hepatic proliferation

- Central fibrous scar which consists of fibrous connective tissue, cholangiocellular
proliferation, and malformed vessels
- Hemorrhage and necrosis are exceptional within the lesion

- Inflammatory infiltrates
- Sinusoidal dilatation
- Dystrophic arteries
- Tumor steatosis
- Microadenoma
- Less intralesional hemorrhage
- Cytological atypia
- Cholestasis
- Hemorrhage outside the lesion into liver parenchyma

Malignant transformation No malignant transformation Associated with malignant transformation
T1W Isointense on T1W images, no microscopic fat Signal drop on T1-opposed phase (microscopic fat), especially

in HNF-1
α-Mutated subtype

T2W Isointense to slightly hypointense Intermediate to hyperintense
T1W Gd post contrast:

- Arterial
- Venous
- Delayed/equilibrium

- Homogeneous arterial enhancement
- Isointense on equilibrium phase

Strong arterial enhancement that persist on delayed phase

Hepatobiliary phase post
Gd-EOB-DTPA

Isointense or slightly hyperintense to the background liver parenchyma Hypointense to the background liver parenchyma

Fig. 11. 43-year-old-women with Budd-Chiari syndrome. The liver demonstrates inhomogeneous T2W signal intensity (A) and diffuse enlargement. There is caudate
lobe hypertrophy. Straight demarcation between normal and abnormal liver parenchyma (arrows) (A) indicates underlying perfusional abnormality. Scattered
regenerative nodules (arrowheads) are seen (A–B), which demonstrate hyperenhancement during arterial phase (B) and appear isointense to liver parenchyma on
equilibrium phase (C).

Fig. 12. 51-year-old asymptomatic male with peliosis hepatis (arrows). Multiple peripherally situated tiny hyperintense nodules on T2WI (A) that appear hy-
pointense to liver on arterial phase (B) and demonstrate fill-in enhancement on later post-contrast phases.
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enhancement (flip-flop pattern). MRI findings may vary and demon-
strate hepatomegaly, inhomogeneous parenchymal signal intensity,
caudate lobe enlargement, regenerative nodules and ascites (Fig. 11).
Chronic BCS presents with atrophic veins as well as intraparenchymal
venous collaterals [52].

9. Dilated sinusoids and peliosis hepatis

The first report of generalized peliosis hepatis as a complication of
long-term use of oral contraceptives was made by Van Erpecum et al. in
1988 [54]. Peliosis hepatis is a rare, acquired vascular disorder char-
acterized by randomly distributed blood cysts communicating with
hepatic sinusoids. The pathogenesis of peliosis hepatis is unclear but
possibly includes hepatocellular necrosis and injury to the sinusoidal
endothelium [55].

However, oral contraceptives do not cause sinusoidal endothelial
cell injury, in contrast to other agents such as azathioprine, 6-thio-
guanine and oxaliplatin. Hence, the mechanism by which oral contra-
ceptives lead to peliosis hepatis remains uncertain. The lesions show
regression after interruption of usage with incomplete response, in
some cases progressing to cirrhosis [54].

On gross inspection, the liver has a Swiss cheese pattern with
multiple blood-filled cystic spaces. Two pathological types have been
described:

- The parenchymal type is characterized by hemorrhagic par-
enchymal necrosis with blood cavities neither lined by sinusoids/
fibrosis.

- The phlebectatic type is based on aneurysmal dilatation of central
vein with cavities lined by endothelium and fibrosis [56].

Peliosis secondary to OCP use shows profound sinusoidal dilatation
with venous lakes [57]. The varied clinical manifestations range from
incidental to abnormality in liver enzymes, massive hepatomegaly, liver
failure, and life threatening hemoperitoneum [58–60].

Chronic use of OCPs has been associated with sinusoidal dilatation,
as seen on liver biopsies. Cessation of OCPs has been shown to regress
the severity of peliosis. Patients may present with abdominal pain due
to hepatomegaly. Hepatic arteriography shows stretched and atte-
nuated branches of the hepatic arteries with a patchy parenchymal
pattern of enhancement.

9.1. Imaging findings

The radiological presentation can be focal to diffuse with varying
appearances depending on the size and presence of hemorrhage [61].
On MRI, the lesions have low signal intensity on T1-weighted images
and hyperintensity on T2-weighted images [63,62]. There is delayed
and slow but intense enhancement on contrast-enhanced T1-weighted
images (Fig. 12). They are predominately hypointense on hepatobiliary
phase with some lesions retaining contrast, indicative of cholestasis
[63]. On angiography, lesions show contrast accumulation on the late
arterial phase which persists in the portal venous phase [62].

10. Summary

Use of OCPs is associated with an increased risk of certain liver
diseases and neoplasms. Recognizing these entities and understanding
the potential influence of OCPs is important for successful diagnosis and
management. Certain hepatic tumors such as hepatocellular adenoma
and tumor-like lesions including peliosis hepatis have a proven asso-
ciation with long-term use of OCPs. Increased incidence of hepatic vein
and portal vein thrombosis are often linked with an underlying hy-
percoagulable state. Association of FNH, hepatocellular carcinoma,
hemangiomas and hamartomas with OCPs has randomly been described
in the literature but is not clearly established. Further research is

needed, particularly with lower dose OCPs, to determine their ultimate
effect on patient health.

Acknowledgment

We sincerely acknowledge the contribution rendered by David
Childs, MD (Associate Professor, Radiology, Wake Forest University and
Baptist Medical Center, Winston-Salem, NC).

References

[1] Dixon PH, Wadsworth CA, Chambers J, Donnelly J, Cooley S, Buckley R, et al. A
comprehensive analysis of common genetic variation around six candidate loci for
intrahepatic cholestasis of pregnancy. Am J Gastroenterol 2014;109(1):76–84.

[2] Lindberg MC. Hepatobiliary complications of oral contraceptives. J Gen Intern Med
1992;7(2):199–209.

[3] Boyer JL. Bile formation and secretion. Compr Physiol 2013;3(3):1035–78.
[4] DiMarino AJ. Sleisenger and Fordtran's gastrointestinal and liver disease review and

assessment. Saunders Elsevier; 2010.
[5] Cohen L, Lewis C, Arias IM. Pregnancy, oral contraceptives, and chronic familial

jaundice with predominantly conjugated hyperbilirubinemia (Dubin-Johnson syn-
drome). Gastroenterology 1972;62(6):1182–90.

[6] Bioulac-Sage P, Laumonier H, Couchy G, Le Bail B, Sa Cunha A, Rullier A, et al.
Hepatocellular adenoma management and phenotypic classification: the Bordeaux
experience. Hepatology 2009;50(2):481–9.

[7] Bioulac-Sage P, Balabaud C, Zucman-Rossi J. Subtype classification of hepatocel-
lular adenoma. Dig Surg 2010;27(1):39–45.

[8] European Association for the Study of the L. EASL clinical practice guidelines on the
management of benign liver tumours. J Hepatol 2016;65(2):386–98.

[9] Marrero JA, Ahn J, Rajender Reddy K, Americal College of G. ACG clinical guide-
line: the diagnosis and management of focal liver lesions. Am J Gastroenterol
2014;109(9):1328–47. [quiz 48].

[10] van Aalten SM, Thomeer MG, Terkivatan T, Dwarkasing RS, Verheij J, de Man RA,
et al. Hepatocellular adenomas: correlation of MR imaging findings with pathologic
subtype classification. Radiology 2011;261(1):172–81.

[11] Grazioli L, Federle MP, Brancatelli G, Ichikawa T, Olivetti L, Blachar A. Hepatic
adenomas: imaging and pathologic findings. 2001;21(4):877–92.

[12] Vijay A, Elaffandi A, Khalaf H. Hepatocellular adenoma: an update. World J Hepatol
2015;7(25):2603–9.

[13] Paradis V, Champault A, Ronot M, Deschamps L, Valla D-C, Vidaud D, et al.
Telangiectatic adenoma: an entity associated with increased body mass index and
inflammation. 2007;46(1):140–6.

[14] Grazioli L, Olivetti L, Mazza G, Bondioni MP. MR imaging of hepatocellular ade-
nomas and differential diagnosis dilemma. Int J Hepatol 2013;2013:374170.

[15] Lewin M, Handra-Luca A, Arrivé L, Wendum D, Paradis V, Bridel E, et al. Liver
adenomatosis: classification of MR imaging features and comparison with patho-
logic findings. 2006;241(2):433–40.

[16] Agarwal S, Fuentes-Orrego JM, Arnason T, Misdraji J, Jhaveri KS, Harisinghani M,
et al. Inflammatory hepatocellular adenomas can mimic focal nodular hyperplasia
on gadoxetic acid-enhanced MRI. AJR Am J Roentgenol 2014;203(4):W408–14.

[17] Laumonier H, Bioulac-Sage P, Laurent C, Zucman-Rossi J, Balabaud C, Trillaud H.
Hepatocellular adenomas: magnetic resonance imaging features as a function of
molecular pathological classification. Hepatology 2008;48(3):808–18.

[18] Bioulac-Sage P, Blanc JF, Rebouissou S, Balabaud C, Zucman-Rossi J. Genotype
phenotype classification of hepatocellular adenoma. World J Gastroenterol
2007;13(19):2649–54.

[19] Baheti AD, Yeh MM, O'Malley R, Lalwani N. Malignant transformation of hepatic
adenoma in glycogen storage disease type-1a: report of an exceptional case diag-
nosed on surveillance imaging. J Clin Imaging Sci 2015;5:47.

[20] Garcia-Buitrago MT. Beta-catenin staining of hepatocellular adenomas.
Gastroenterol Hepatol (N Y) 2017;13(12):740–3.

[21] Stoot JHMB, Coelen RJS, De Jong MC, Dejong CHC. Malignant transformation of
hepatocellular adenomas into hepatocellular carcinomas: a systematic review in-
cluding more than 1600 adenoma cases. HPB Off J Int Hepato Pancreato Biliary
Assoc 2010;12(8):509–22.

[22] Farges O, Dokmak S. Malignant transformation of liver adenoma: an analysis of the
literature. Dig Surg 2010;27(1):32–8.

[23] Ba-Ssalamah A, Antunes C, Feier D, Bastati N, Hodge JC, Stift J, et al. Morphologic
and molecular features of hepatocellular adenoma with gadoxetic acid–enhanced
MR imaging. 2015;277(1):104–13.

[24] Yoneda N, Matsui O, Kitao A, Kozaka K, Gabata T, Sasaki M, et al. Beta-catenin-
activated hepatocellular adenoma showing hyperintensity on hepatobiliary-phase
gadoxetic-enhanced magnetic resonance imaging and overexpression of OATP8.
Jpn J Radiol 2012;30(9):777–82.

[25] Ba-Ssalamah A, Antunes C, Feier D, Bastati N, Hodge JC, Stift J, et al. Morphologic
and molecular features of hepatocellular adenoma with gadoxetic acid-enhanced
MR imaging. Radiology 2015;277(1):104–13.

[26] Nault JC, Couchy G, Balabaud C, Morcrette G, Caruso S, Blanc JF, et al. Molecular
classification of hepatocellular adenoma associates with risk factors, bleeding, and
malignant transformation. Gastroenterology 2017;152(4):880–94. [e6].

[27] Mounajjed T, Yasir S, Aleff PA, Torbenson MS. Pigmented hepatocellular adenomas
have a high risk of atypia and malignancy. Mod Pathol 2015;28(9):1265–74.

J. Ponnatapura, et al. Magnetic Resonance Imaging 60 (2019) 110–121

120

http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0005
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0005
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0005
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0010
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0010
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0015
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0020
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0020
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0025
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0025
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0025
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0030
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0030
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0030
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0035
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0035
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0040
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0040
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0045
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0045
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0045
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0050
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0050
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0050
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0055
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0055
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0060
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0060
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0065
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0065
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0065
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0070
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0070
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0080
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0080
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0080
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0085
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0085
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0085
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0090
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0090
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0090
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0095
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0095
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0095
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0100
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0100
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0100
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0105
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0105
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0110
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0110
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0110
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0110
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0115
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0115
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0120
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0120
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0120
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0125
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0125
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0125
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0125
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0130
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0130
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0130
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0140
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0140
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0140
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0145
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0145


[28] Torbenson M. Hepatic adenomas. Surg Pathol Clin 2018;11(2):351–66.
[29] Fodor M, Primavesi F, Braunwarth E, Cardini B, Resch T, Bale R, et al. Indications

for liver surgery in benign tumours. Eur Surg 2018;50(3):125–31.
[30] Flejou JF, Barge J, Menu Y, Degott C, Bismuth H, Potet F, et al. Liver adenomatosis.

An entity distinct from liver adenoma? Gastroenterology 1985;89(5):1132–8.
[31] Grazioli L, Federle MP, Ichikawa T, Balzano E, Nalesnik M, Madariaga J. Liver

adenomatosis: clinical, histopathologic, and imaging findings in 15 patients.
2000;216(2):395–402.

[32] Mathieu D, Kobeiter H, Maison P, Rahmouni A, Cherqui D, Zafrani ES, et al. Oral
contraceptive use and focal nodular hyperplasia of the liver. Gastroenterology
2000;118(3):560–4.

[33] Maillette de Buy Wenniger L, Terpstra V, Beuers U. Focal nodular hyperplasia and
hepatic adenoma: epidemiology and pathology. Dig Surg 2010;27(1):24–31.

[34] Frydrychowicz A, Lubner MG, Brown JJ, Merkle EM, Nagle SK, Rofsky NM, et al.
Hepatobiliary MR imaging with gadolinium-based contrast agents. J Magn Reson
Imaging JMRI 2012;35(3):492–511.

[35] McInnes MDF, Hibbert RM, Inácio JR, Schieda N. Focal nodular hyperplasia and
hepatocellular adenoma: accuracy of gadoxetic acid–enhanced MR imaging—a
systematic review. 2015;277(2):413–23.

[36] Glockner JF, Lee CU, Mounajjed T. Inflammatory hepatic adenomas: characteriza-
tion with hepatobiliary MRI contrast agents. Magn Reson Imaging 2018;47:103–10.

[37] Guo Y, Li W, Xie Z, Zhang Y, Fang Y, Cai W, et al. Diagnostic value of Gd-EOB-
DTPA-MRI for hepatocellular adenoma: a meta-analysis. J Cancer
2017;8(7):1301–10.

[38] Attal P, Vilgrain V, Brancatelli G, Paradis V, Terris B, Belghiti J, et al. Telangiectatic
focal nodular hyperplasia: US, CT, and MR imaging findings with histopathologic
correlation in 13 cases. 2003;228(2):465–72.

[39] Venkatesh SK, Chandan V, Roberts LR. Liver masses: a clinical, radiologic, and
pathologic perspective. Clin Gastroenterol Hepatol Off Clin Pract J Am
Gastroenterol Assoc 2014;12(9):1414–29.

[40] Coumbaras M, Wendum D, Monnier-Cholley L, Dahan H, Tubiana JM, Arrivé L. CT
and MR imaging features of pathologically proven atypical giant hemangiomas of
the liver. Am J Roentgenol 2002;179(6):1457–63.

[41] Conter RL, Longmire Jr. WP. Recurrent hepatic hemangiomas. Possible association
with estrogen therapy. Ann Surg 1988;207(2):115–9.

[42] Gemer O, Moscovici O, Ben-Horin CLD, Linov L, Peled R, Segal S. Oral contra-
ceptives and liver hemangioma: a case-control study. 2004;83(12):1199–201.

[43] O'Sullivan JP, Wilding RP. Liver hamartomas in patients on oral contraceptives. Br
Med J 1974;3(5922):7–10.

[44] Christopherson WM, Mays ET, Barrows GH. Liver tumors in women on contra-
ceptive steroids. Obstet Gynecol 1975;46(2):221–3.

[45] Goldfarb S. Sex hormones and hepatic neoplasia. Cancer Res 1976;36(7 Part
2):2584.

[46] An N. Oral contraceptives use and liver cancer risk: a dose-response meta-analysis
of observational studies. Medicine 2015;94(43):e1619-e.

[47] Goodman ZD, Ishak KG. Hepatocellular carcinoma in women: probable lack of
etiologic association with oral contraceptive steroids. 1982;2(4):440S–4S.

[48] Gaddikeri S, McNeeley MF, Wang CL, Bhargava P, Dighe MK, Yeh MM, et al.
Hepatocellular carcinoma in the noncirrhotic liver. AJR Am J Roentgenol
2014;203(1):W34–47.

[49] Martens P, Nevens F. Budd-Chiari syndrome. United Eur Gastroenterol J
2015;3(6):489–500.

[50] Minnema MC, Janssen HLA, Niermeijer P, Man RAd. Budd-Chiari syndrome: com-
bination of genetic defects and the use of oral contraceptives leading to hy-
percoagulability. J Hepatol 2000;33(3):509–12.

[51] Valla D-C, Condat B. Portal vein thrombosis in adults: pathophysiology, patho-
genesis and management. J Hepatol 2000;32(5):865–71.

[52] Ferral H, Behrens G, Lopera J. Budd-Chiari syndrome. Am J Roentgenol
2012;199(4):737–45.

[53] Valla DC. Budd–Chiari syndrome and veno-occlusive disease/sinusoidal obstruction
syndrome. Gut 2008;57(10):1469.

[54] van Erpecum KJ, Janssens AR, Kreuning J, Ruiter DJ, Kroon HM, Grond AJ.
Generalized peliosis hepatis and cirrhosis after long-term use of oral contraceptives.
Am J Gastroenterol 1988;83(5):572–5.

[55] Wanless IR, Huang W-Y. 12 - vascular disorders. In: Burt AD, Portmann BC, Ferrell
LD, editors. MacSween's pathology of the liver. 6th ed.Edinburgh: Churchill
Livingstone; 2012. p. 601–43.

[56] Tsokos M, Erbersdobler A. Pathology of peliosis. Forensic Sci Int
2005;149(1):25–33.

[57] Stine JG, Chalasani N. Chronic liver injury induced by drugs: a systematic review.
2015;35(11):2343–53.

[58] Kootte AMM, Siegel AM, Koorenhof M. Generalised peliosis hepatis mimicking
metastases after long-term use of oral contraceptives. Neth J Med 2015;73(1):41–3.

[59] Kim SB, Kim DK, Byun SJ, Park JH, Choi JY, Park YN, et al. Peliosis hepatis pre-
senting with massive hepatomegaly in a patient with idiopathic thrombocytopenic
purpura. Clin Mol Hepatol 2015;21(4):387–92.

[60] Crocetti D, Palmieri A, Pedullà G, Pasta V, D'Orazi V, Grazi GL. Peliosis hepatis:
personal experience and literature review. World J Gastroenterol
2015;21(46):13188–94.

[61] Hong G-S, Kim KW, An J, Shim JH, Kim J, Yu ES. Focal type of peliosis hepatis. Clin
Mol Hepatol 2015;21(4):398–401.

[62] Iannaccone R, Federle MP, Brancatelli G, Matsui O, Fishman EK, Narra VR, et al.
Peliosis hepatis: spectrum of imaging findings. Am J Roentgenol
2006;187(1):W43–52.

[63] Pierce D, Davis C, Bloomston P, Shah Z. Unique MR findings in a case series of two
symptomatic patients with peliosis hepatis. Open J Radiol 2014(4):79–84.

J. Ponnatapura, et al. Magnetic Resonance Imaging 60 (2019) 110–121

121

http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0150
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0155
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0155
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0160
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0160
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0165
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0165
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0165
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0170
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0170
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0170
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0175
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0175
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0180
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0180
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0180
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0185
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0185
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0185
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0190
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0190
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0195
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0195
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0195
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0200
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0200
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0200
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0205
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0205
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0205
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0210
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0210
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0210
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0215
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0215
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0220
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0220
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0225
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0225
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0230
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0230
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0235
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0235
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0240
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0240
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0245
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0245
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0250
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0250
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0250
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0255
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0255
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0260
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0260
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0260
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0265
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0265
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0270
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0270
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0275
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0275
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0280
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0280
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0280
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0285
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0285
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0285
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0290
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0290
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0295
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0295
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0300
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0300
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0305
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0305
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0305
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0310
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0310
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0310
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0315
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0315
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0320
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0320
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0320
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0325
http://refhub.elsevier.com/S0730-725X(18)30583-6/rf0325

	Hepatic complications of oral contraceptive pills and estrogen on MRI: Controversies and update - Adenoma and beyond
	Introduction
	Cholestasis due to OCP
	Dubin-Johnson syndrome

	Hepatocellular adenoma
	Inflammatory subtype
	Imaging findings

	HNF1α-mutated subtype
	Imaging findings

	β-Catenin-mutated subtype
	Imaging findings

	Unclassified subtype
	Imaging findings

	Recent developments and expanded system of classification
	Adenomatosis

	Focal nodular hyperplasia
	Imaging findings

	Hemangioma
	Hamartomas
	Hepatocellular carcinoma (HCC)
	Budd-Chiari syndrome and venous thrombosis
	Imaging findings

	Dilated sinusoids and peliosis hepatis
	Imaging findings

	Summary
	Acknowledgment
	References




