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OBJECTIVE

SUBJECTS AND METHODS 

Results

Conclusion

Hepatocellular adenoma (HCA) is a benign hepatic lesion with sometimes severe bleeding complica-
tions, but the risk for bleeding is still ill defined. We aimed to assess risk factors for bleeding in patients 
diagnosed with HCA and during follow-up. 

 

Patients with HCA were prospectively included from January 2008 until July 2012. Case characteristics 
including body-mass-index (BMI) were noted. Patients underwent dynamic MR and/or CT imaging 
at presentation and during follow-up. Lesion characteristics on (follow-up) imaging were noted, and 
bleeding was graded as intratumoral (Grade I), intrahepatic (Grade II), or extrahepatic (Grade III). 
Standard of reference for diagnosis was histopathology, or dynamic MR and/or CT imaging.

In 45 patients included (median age 39 years; 22-60 years, female/male 44:1), a total of 195 lesions 
were evaluated (median size 24mm (10-250mm)). Bleeding was seen in 29 (64%) patients and in 42 
(22%) lesions with a median size of 62mm (10-160mm). Patients with BMI>25 showed an increased 
risk for severe bleeding Grade II&III (12/31 versus 1/11; P=0.010). Lesions >35mm showed more bleed-
ing compared to lesions <35mm. Exophytic lesions showed a higher incidence of bleeding (16/24; 67%: 
P<0.001) compared to intrahepatic (9/82;11%) and subcapsular lesions (17/89;19%). Lesions in segment 
2-3 showed more bleeding compared to lesions in the right liver (11/32 versus 31/163; P=0.049). Lesions 
with peripheral or central arteries were more likely to show bleeding (10/13; P<0.001).

Risk factors for bleeding of HCA include size >35mm, BMI >25, presence of lesional arteries, location in 
the left liver, and exophytic growth.

HIntroduction

Hepatocellular adenoma (HCA) is a benign hepatic lesion 
with a risk of malignant transformation [1] and a risk of 

spontaneous bleeding [1-6]. In a recent systematic re-
view by van Aalten et al [7] it is estimated that the 

overall frequency of bleeding is 27.2% with more 
severe bleeding in 17.5% of patients presenting 

with HCA. Bleeding complications in HCA 
have been associated with tumor size and use 

of oral contraceptives (OC) [8]. Women in 
today’s Western society have been using 

and are still using OC. Bleeding of HCA 
can range from subclinical, minor in-

tratumoral bleeding (Grade I) to ex-
trahepatic bleeding (Grade III) [9] 

with severe abdominal pain and 
hypovolemic shock, requiring 

emergency care. Arterial em-
bolization has become the 

treatment of choice for 
these bleedings in the liv-

er and to date, surgery 
is performed less fre-

quently in an emer-
gency setting [10]. 

Even though 
bleeding can 

be effective-
ly treated, 

it remains a major complication of which the risks are not well defined. 
Diagnosis of HCA is made based on cross sectional imaging of the liver. 
Magnetic resonance (MR) imaging with a liver-specific hepatobiliary con-
trast agent is most sensitive [11]. Characteristics of HCA are contrast en-
hancement during the arterial phase of dynamic imaging, no uptake of contrast 
on hepatobiliary phase [11], intra-tumoral fat and glycogen [12], and hemorrhage 
[13]. Diagnosis is primarily based on imaging and to date, biopsy of the lesion is 
hardly necessary to determine diagnosis. Histopathology is now mainly obtained in 
specimens after resection and in recent years a subclassification of HCA has become 
available [14]. This subclassification could be helpful in risk analysis of malignant trans-
formation of HCA as a possible association of the beta-catenin subtype with malignant 
transformation has been identified. Until this day it remains unclear if these subtypes are 
associated with an increased bleeding tendency of the lesions. 
 Treatment of HCA depends on the clinical status of the patient at time of presentation. 
All patients with a diagnosis of HCA will start with discontinuation of oral contraceptive use. 
In some cases this will result in shrinking or stabilization of growth of the lesion. When the HCA 
does not shrink to less than 5cm, resection is advocated because of the remaining risks of bleeding and 
malignant transformation in this patient group [15]. In patients presenting with massive hemorrhage 
in HCA, an emergency protocol using transarterial embolization (TAE) is initiated. Thus, risk assess-
ment for bleeding has only been based on size of a lesion, which remains marginal to fully estimate the 
risk in the individual patient. With this study we aimed to assess the risk factors for bleeding in HCA 
that can be derived from imaging or clinical parameters. 
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Methods

Diagnosis of HCA

Lesion characteristics on MR & CT imaging

Assessment of bleeding

Treatment

 This study is part of a prospective study including all consecutive 
patients referred with suspicion on HCA or focal nodular hyperplasia 

(FNH), from January 2008 until July 2012 [11]. For the present study pa-
tients with FNH were ignored and patients with an established diagnosis 

of HCA were included. All patient data were collected in a designated 
database. Standard of reference for diagnosis of adenoma was based on ei-

ther histopathology or imaging studies (MRI Primovist [11] or CT imaging). 
Standard of reference for the presence of bleeding was radiological signs of 

bleeding on MR and/or CT imaging. The institutional Medical Ethics Com-
mittee approved the prospective study and a written informed consent was ob-

tained from all patients. Of patients diagnosed with HCA, case characteristics 
were noted, with special detail for diabetes mellitus and body-mass-index (BMI): 

normal weight 18.5-25, overweight 25-30, obese 30-40, morbidly obese > 40 (or BMI >35 
with additional cardiac, kidney, and/or lung disease). Symptoms at time of presenta-

tion were assessed with a questionnaire: the validated McGill Pain Questionnaire [16] 
and its Dutch translation [17] including the Visual Analogue Scale (VAS) were used to 

assess pain and discomfort. 

Diagnosis of HCA was preferably made by MR imaging of the liver using hepatobiliary Gado-
linium EOB-DTPA contrast (Primovist®, Bayer, Germany (Eovist®). Diagnosis of HCA was 

based on intra-tumoral hemorrhage, fat and/or glycogen, and arterial enhancement of the lesion 
with subsequent loss of signal intensity compared to surrounding liver tissue in the hepatobiliary 

phase [11]. Multiphase CT imaging of the liver was only rendered diagnostic in the presence of an 
arterial enhancing lesion with clear signs of hemorrhage and without suspicion on malignant disease. 
Histopathological samples were obtained by resection and/or liver biopsy from tumoral tissue. Sys-
tematic biopsy was only performed until 2011, as of which time MR imaging with Primovist was prov-
en sensitive for diagnosis of HCA [11]. Morphological characteristics of HCA include: hepatocellu-
lar proliferation without cytonuclear atypia in which solitary arteries are seen and portal tracts are 
lacking, with a well-developed reticulin framework. In addition to standard liver stainings, including 
HE, collagen and CK7, additional immunohistochemical staining was performed for subclassifica-
tion of HCA (14). Diffuse glutamine synthetase (GS) staining is associated with the beta-catenine 
mutated HCA subtype, loss of liver fatty acid binding protein (LFABP) with the ‘steatotic’ HNF1a 
mutated subtype, and finally, diffuse positive C reactive protein (CRP) and/or positive serum amyloid 
A (SAA) staining with the inflammatory subtype. Remaining lesions which did not correspond to the 
mentioned subclassification were scored as unclassifiable when the staining could not be performed 
due to sampling errors or insufficient quality material. 

Liver lesions were evaluated by one abdominal radiologist with over 10 years experience with liver im-
aging, according to the following characteristics: number of lesions (a max of 10 -largest- lesions were 

assessed per patient), segmental location of lesions, depth of the lesion in relation to the liver capsule: 
intrahepatic (lesion more than 1cm distance to the liver capsule); subcapsular (any area of the tumor 
within 1cm distance of the liver capsula); exophytic (any part of the lesion bulging beyond the contours 
of the liver). Enhancement of the lesion after contrast was scored (arterial enhancement is typical for 
HCA). Vascularization of the lesion was scored as follows: no obvious arterial or venous blood sup-
ply; presence of a central feeding artery; presence of a ‘peripheral artery’ surrounding the lesion or 
present in the periphery of the lesion without penetrating to the center. Hepatic steatosis of the liver 
was scored on MR imaging as none, minor, intermediate, or severe on T1w in and out of phase series. 

Signs of bleeding on contrast enhanced, CT (cross-sectional imaging) included intra-or peri-lesional, 
irregular hypodense areas, or irregular areas of non-enhancing hyperdense areas on all phases, consist-
ent with a recent bleeding or clot. Contrast extravasation was regarded as an active bleeding. Free 
abdominal fluid, especially when accompanied with a hypotensive episode and/or haemoglobin drop, 
was considered compatible with bleeding into the abdominal cavity. On MR inhomogeneous, none-
enhancing areas of hyper signal intensity on T2 weighted sequences were regarded as bleeding sites. 
On T1w series signal loss on gradient sequences were regarded as a sign of old bleeding (hemosiderin). 
Bleeding was scored as Grade I (intratumoral), Grade II (intrahepatic) or Grade III (extrahepatic: 
rupture into the peritoneal cavity) [9]. Hemorrhagic features in histopathological specimens were not 
taken into account because histopathology in this prospective patient cohort was designed as HCA 
diagnostics and therefore only vital, non-bleeding, and non-necrotic areas were taken for evaluation 
to avoid potential sampling error. Sizes of the lesion and area(s) of bleeding were noted on baseline 
imaging and on follow-up imaging. If no adenomatous tissue was visible in the area of bleeding, the 
bleeding was graded as intrahepatic or extrahepatic. If the patient underwent follow-up imaging, the 
above mentioned factors were re-assessed over time. 

In all patients diagnosed with HCA, oral contraceptives were discontinued as initial treatment. Pa-
tients with lesions smaller than 5cm underwent follow-up of the lesions. Lesions larger than 5cm were 
considered for resection. If patients presented with signs of acute bleeding, a contrast enhanced CT 
scan was performed in an emergency setting. In the absence of signs of intra-abdominal rupture (free 
fluid) and hemodynamic stability, patients were admitted and observed. In case of extensive intra-
hepatic bleed or rupture of the lesion into the abdominal cavity, superselective catheterization of the 
hepatic arterial branches and embolization were was performed (TAE). After emergency TAE no sur-
gery was performed in the acute phase. The patient was re-evaluated after 3-6 months and only if the 
lesion was larger than 5cm (bleeding area excluded) resection was indicated. Arterial embolization in 
this series was performed twice as preventive treatment (before resection of a giant adenoma to dimin-
ish intra-operative blood loss, and in a Jehovah witness in which surgery was contraindicated). 
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Statistical analysis is per patient or per lesion using SPSS 20 (IBM Corporation, Chicago, IL). Descrip-
tive statistics were used to assess study population. Mann Whitney test was used to assess continuous 
factors predictive for outcome. Pearson’s Chi square, Fisher’s exact, and Spearman correlation tests 
were used for categorical data analyses. Multivariate analyses were used to correct the data for influ-
ence of lesion size. Statistical tests were evaluated at 5% level of significance.

Statistical analysis

Results

Bleeding & Imaging Characteristics

A total of 45 patients (median age 39 years; range 22-60 years) with 195 
lesions were evaluated. Histopathological examination was performed 
in 42/45 patients including 73 lesions (57 resection specimens and 16 histo-
logical biopsies of which 4 were performed intra-operatively). In 3 patients 
diagnosis of HCA was based on MR and/or CT findings. Patient character-
istics are summarized in Table 1.
Sixteen of 45 patients (36%) were asymptomatic at presentation and were ana-
lyzed after incidental findings of elevated liver function tests, or lesions were 
findings on imaging for unrelated causes. In 9 of these patients intratumoral Grade 
I bleeding was seen. Table 2 shows bleeding, presentation, and corresponding visual 
analogue scale (VAS). Four of 45 patients presented with minor symptoms of abdomi-
nal discomfort (median VAS 1: 0-2) showing Grade I bleeding in 3/4 patients; 12/45 
patients had chronic abdominal complaints (median VAS 7: 4-7) with Grade I bleeding 
detected in 3, Grade II in 1, and Grade III in 1 patient(s); 14/45 patients had severe pain of 
acute onset (median VAS 8: 8-10) with bleeding in 13/14 patients, extending to Grade II in 
2 and to Grade III in 3 patients. Larger area of bleeding correlated with higher VAS score (P 
= 0.010), corrected for Grade III bleeding in which size of the bleeding could not accurately be 
determined. 

All 45 patients underwent MR and/or multiphase CT imaging. Bleeding was seen in 29/45 patients 
(64%) and in 42/195 lesions (22%) with a median lesion diameter of 62mm (10-160mm). Patients with 
more than 10 lesions had more often bleeding compared to patients with <10 lesions (8/9 versus 21/36; 
P = 0.041). Most bleeding sites were confined to the lesion, i.e. Grade I (29/42; 69%). In 9 lesions the 
bleeding extended into the surrounding parenchyma (Grade II; 21%), and in 4 lesions the bleeding 
broke through the liver capsule into the peritoneal cavity (Grade III; 10%).
Hepatic steatosis in surrounding liver parenchyma was seen in 17/45 patients on imaging (38%; 3 mi-
nor, 7 intermediate, 7 severe). Of these 17 patients, 1 had normal weight, 5 were overweight, 7 were 
obese, and 4 were morbidly obese. Categorical analyses showed that the presence and degree of he-
patic steatosis in the surrounding liver did not differ between patients with or without bleeding (P = 
0.438), nor did it influence severity of bleeding (P = 0.547). The risk of severe bleeding was increased 
in patients with a BMI of 25 or higher compared to patients with normal weight (12/31 Grade II and III 
bleeding versus 1/11; P = 0.010; Fig. 1.). The highest percentage of severe bleeding, i.e. 63%, was seen in 
patients with morbid obesity.
Risk factors for bleeding of HCA are summarized in Table 3 and Table 4. Median diameter of 195 le-
sions was 24mm (10-250mm), of 42 lesions with signs of bleeding 62mm (10-160mm), and size of the 
lesion minus the area of bleeding was 37mm (0-140mm). With increasing diameter, bleeding was more 
frequent, especially from 35mm and up (Fig. 2A.: 7/129 (5%) lesions smaller than 35mm versus 34/64 
(53%) larger than 35mm; P <0.001). When corrected for the area of bleeding, diameter of tumor tissue 
remained significant for occurrence of bleeding (Fig. 2B.). Lesions in segment 2-3 showed more bleed-
ing compared to lesions located elsewhere (11/32 (34%) versus 31/163 (19%); P = 0.049). 
Severity of bleeding was not different between both groups (P = 0.493). Location of the lesion in rela-

Table 1
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Figure 1

Histopathology & subclassification 

Treatment

tion to liver capsule was significant for bleeding (P < 0.001). Intrahepatic lesions showed bleeding in 
9/82 (11%), subcapsular lesions in17/89 (19%), and exophytic lesions in 16/24 (67%). None of the intra-
hepatic lesions showed extrahepatic bleeding (n = 82). Lesions in the left liver more often showed exo-
phytic growth compared to lesions in the right liver (14/58 versus 10/127; P = 0.002). Corrected for size 
and location in the left or right liver lobe, exophytic growth remained associated with more bleeding 
(P = 0.014). Regarding vascularity of HCA; the majority of lesions (182/195; 92%) showed no obvious 
arterial blood supply or venous vessels. A central artery was visualized in 7 (3.5%) lesions, peripheral 
artery in 5 (2.5%), veins in 3 (1.5%), and a combination of artery and veins in 1 (0.5%) of the lesions. 
In the lesions with no visualization of arterial blood supply (n = 185), the lesions showed signs of 
bleeding in 18% (34/185). However, when lesions did exhibit peripheral or central arteries, the 
lesions were likely to show bleeding in 77% (10/13; P <0.001), with no difference in severity of 
bleeding. 

Subclassification of HCA in biopsy and resection specimens showed inflammatory HCA 
in 31/76 lesions (41%; 19 patients), steatotic HCA in 7/76 (9%; 6 patients) and 35/76 (46%) 
lesions were unclassifiable either because of sampling error, insufficient material or ab-
sence of typical immunohistochemical staining. No lesions were identified with the 
beta-catenin subtype. None of the patients with multiple resected or biopsied HCA 
had more than 1 subtype present in the liver (Supplement Table I). Patients with 
inflammatory HCA had a higher BMI compared to the BMI of patients with stea-
totic HCA (P = .021). Bleeding occurred in all HCA subtypes. When evaluating 
severity of bleeding, there were no differences between the subtypes.

Treatment is summarized in Supplement Table II. Nine patients presented 
at the emergency department with severe bleeding. Seven patients under-
went emergency selective arterial embolization (TAE) because of active 
bleeding. Two patients were hemodynamically stable on admission 
and did not need emergency intervention. Preventive TAE was per-
formed in a patient who is a Jehovah witness and in a patient prior 
to resection of a giant HCA (250mm). Elective surgery was per-
formed in 29/45 (64%) patients, of whom 15 underwent resection 
of a single lesion or multiple lesions without further follow-up 
(Supplement Table I). Median follow-up of the remaining 30 
patients was 14 months (1-48 months) with a total of 171 le-
sions. Either, patients did not want to undergo surgery of 
lesions larger than 5cm, or the follow-up was of the unre-
sected lesions smaller than 5cm. 

Table 2

tHe HoRizontAl Axis 
sHows tHe cAtegoRies of 

Bmi. on tHe veRticAl Axis 
tHe count of lesions PeR 

Bmi cAtegoRy ARe sHown. 
tHe gRey BARs ARe lesions witH 

gRAde i intRAtumoRAl Bleeding, 
tHe dotted BARs gRAde ii intRA-

HePAtic Bleeding, And tHe stRiPed 
BARs tHe lesions witH gRAde iii ex-

tRAHePAtic Bleeding. PAtients witH A 
Bmi of 25 oR moRe moRe seveRe gRAde 

ii And iii Bleeding comPARed to PA-
tients witH noRmAl Bmi (P = 0.010).
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** coRRected lesion size = mediAn size (mm) of tHe lesion minus tHe AReA of Bleeding.

Table   3

A:    tHe HoRizontAl Axis sHows tHe cAtegoRicAl size of 
tHe lesions; n = 195, mediAn size of 24mm (RAnge 5-250mm). 
on tHe veRticAl Axis tHe count of lesions PeR size cAtego-
Ry ARe sHown. tHe wHite BARs ARe lesions witHout Bleed-
ing; tHe stRiPed BARs RePResent tHe lesions witH Bleeding. 
As is sHown in tHe figuRe Bleeding occuRs even in smAll le-
sions. HoweveR, lesions witH Bleeding HAve A mediAn size 
of 62mm (10-160) (P < 0.001). wHen lesions ARe lARgeR tHAn 
35mm, Bleeding occuRs moRe often.

Figure 2

B:   sHows tHe sAme vAlues Plotted As figuRe (A) witH le-
sionAl size coRRected foR size of Bleeding AReA. mediAn size 
of lesion witHout Bleeding wAs 20mm (10-250mm) And tHe 
42 lesions witH Bleeding (coRRected foR tHe AReA of Bleed-
ing) HAd A mediAn size of 37mm (5-140mm)(P= 0.002).

Table 4
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Fifty percent of all included women had been pregnant at least once before diagnosis of HCA was 
made (21/44). One patient presented with bleeding of HCA during the 17th week of her first preg-
nancy, classified as extrahepatic (Grade 3) on CT imaging. Successful TAE was performed and the 
patient gave birth to a healthy child in the 34th week. This premature birth was due to onset of severe 
diabetes during the pregnancy. All 45 patients were advised to discontinue OC. Thirteen patients had 
already discontinued OC for other reasons than diagnosis of HCA before presenting at the outpatient 
clinic, with a median discontinuation of 70 months. The group of patients that did not undergo second 
radiological evaluation before resection was excluded for analysis of size reduction after discontinu-
ation of OC. The remaining 21 patients with 122 lesions had a median (radiological) follow-up of 15 
months. Median decrease in size was 25% in 15 months (n = 122). In patients with multiple lesions, the 
lesions often exhibited the same changes during follow-up: in 18 patients size of more than 1 lesion de-
creased with remaining lesions stable, 6 patients showed stability in size of all lesions, 1 patient showed 
increase in size of 3 lesions with 1 lesion remaining stable in size, and in only 3 patients the lesions all 
behaved differently (increase, decrease and no change in size). There were no significant differences 
in size reduction (or size increase) during follow-up in patients who had discontinued OC before 
presentation compared to patients who discontinued OC at time of presentation (P = 0.438). Patients 
who used OC at time of presentation had no more signs of bleeding compared to the group who had 
discontinued OC at least 3 months before presentation at our clinic (P = 0.620).

Pregnancy & Oral contraceptive use

Supplement Table I

Supplement Table II

vAs, lesion size, And Bleeding AReA 
ARe exPRessed As mediAn (RAnge). size is 

in millimetRe. 
* intRAHePAtic Bleeding AReA.
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DDiscussion The risk of severe bleeding remains a worrisome burden for the 
patient and a reason for the treating physician to advise resection 

for lesions larger than 5cm. A better risk stratification could result 
in improvement of patient care with more selective treatment. In this 

prospective study of a large cohort of patients with HCA, radiological 
signs of bleeding were found in 64% of patients and in 22% of lesions. 

Bleeding, even in emergency cases, can be treated successfully by non-sur-
gical means. 

 This study shows that bleeding is frequent and the following risk factors 
were identified with regard to patient characteristics: Patients who are over-

weight or obese have a higher risk of severe Grade II and III bleeding compared 
to patients with normal weight. Evaluation of CT and MR imaging revealed the 

following lesion characteristics as risk factors: Size of the lesion, as bleeding was 
more common in lesions of 35mm or larger. Lesions located in segment 2-3, or exo-

phytic lesions protruding from the contours of the liver, were more likely to bleed. Even 
though only 12 out of 195 lesions showed visible arterial vascularization, if this was the 

case, the chance of bleeding increased dramatically from 18 to 83%. This finding will have 
to be confirmed by other (larger) studies. All of these findings have direct implications for 

management as patients presenting with HCA larger than 35mm, with peripheral or central 
arteries, located in the left lateral liver segments, with an exophytic growth, or patients with 
concomitant obesity carry a higher risk of bleeding. These patients should be informed about 
the risk of bleeding and (preventive) treatment options. The five risk factors for bleeding iden-
tified in this study provide the basis to predict bleeding in patients diagnosed with HCA. 
 Some reassuring data were also revealed in this study. Most of bleeding was Grade 
I and thus confined within the lesion (69%) and only a small percentage of bleeding broke 
through the liver capsule into the peritoneal cavity (9%). This was less than reported in previ-
ous studies that estimated overall intrapertitoneal rupture in 17.5% of patients [7]. Because all 
lesions were radiologically evaluated in the present study, even small intratumoral bleeding 
sites were found in incidental lesions, explaining the high number of Grade I bleeding and 
relatively small percentage of severe Grade III bleeding. The size of the bleeding area cor-
related with increasing VAS score. Based on clinical presentation of the patient and dynamic 
imaging, an adequate risk assessment for (life-threatening) bleeding can be made. Acute rup-
ture of bleeding HCA might require emergency resuscitation of the patient. Selective tran-
sarterial embolization is first treatment in these patients and to date is available in most large 
medical centers with state-of-the-art interventional radiology. In case of semi-acute bleeding, 
for example large intratumoral (Grade I) or intrahepatic (Grade II) bleeding without hemo-
dynamic instability, TAE can be performed to prevent further bleeding. In our experience, 

an additional effect of TAE is the relief of pain, as presumably, the local pressure in the liver 
is reduced by occlusion of the bleeding vessel(s). Most patients with Grade I bleeds do not 
experience great discomfort, and do not need treatment. The role of TAE in the prevention of 
bleeding in HCA, especially in lesions with increased risk for bleeding, is up for debate. In our 
view, preventive TAE is of potential value in patients who present with 2 or more of the above 
mentioned risk factors, patients who are unfit for surgery, or in patients who have increased 
surgical risks such as a Jehovah witness refusing blood transfusion. 
 Another important point of debate is pregnancy. The hormonal changes during preg-
nancy allegedly increase the risk of the lesion to bleed; this could not be proven in our study 
albeit that only 3 women became pregnant during our study. We did find that half of the 
women had been pregnant at least once in the time before they presented with HCA, and one 
of these patients had severe bleeding complaints requiring emergency care. The main dilemma 
when dealing with this topic is not only the life of the patient, but also of her unborn child 
[18]. Even if risk of bleeding were not increased during pregnancy, the possible consequences 
for the child make it hard not to take preventive measures. Therefore, further study into the 
risk of bleeding during pregnancy is needed before those worries can rationally be acted upon 
or silenced [19]. 
 Subclassification of HCA [14] revealed what has been shown in previous studies that 
patients with inflammatory HCA more often have a high BMI and hepatic steatosis consist-
ent with the metabolic syndrome [20, 21]. In this study no beta-catenin mutated HCA were 
found and therefore, no comments can be made about the risk of bleeding in this subtype. The 
relative high number of unclassifiable HCA in our cohort is explainable by a number of spec-
imens that only provided morphological diagnosis of HCA without immunohistochemical 
subclassification. This was mainly due to bleeding artefacts which compromised subclassifica-
tion and insufficient material in the paraffin blocks for additional immunohistochemical stain-
ings, especially in cases for which only biopsies were available. Between the cases in which 
subclassification could be made, there was no difference between the subtypes in frequency 
and severity of bleeding. 
 During a median radiological follow-up of 15 months, one re-bleed occurred and one 
new bleeding, both Grade I. Of all 122 lesions that were included in this follow-up a tendency 
to decrease in size was seen of 25% after correction for absorption of the area of bleeding. Fur-
thermore, in patients with multiple lesions, follow-up showed similar behavior of the lesions 
within one patient. Only in 3 patients did the lesions show both increase and decrease in lesion 
size. The exact mechanism of both increase and decrease in size of HCA with time is uncer-
tain. The use of oral contraceptives has been correlated with growth of HCA and possibly, the 
risk of bleeding [7, 8]. All patients discontinued oral contraceptives at first presentation, or 
had discontinued OC well before presentation. Interestingly, in some patients the lesion con-
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CConclusions

tinued to decrease in size even after discontinuation of OC years earlier, in some patients no 
change was seen after discontinuation, and in some patients the lesions increased in size even 
when OC was discontinued years ago. As described by Kapp et al [22], no hard evidence for the 
role of OC was found in literature for either growth or decrease in size of HCA lesions. Our 
data also not provide a convincing answer to whether OCs have a vital influence on HCA. We 
still advise patients to discontinue OC use and to consider alternative contraceptives among 

which a (local) hormonal intra uterine device. However, if this results in increased gyneco-
logical discomfort we support restart of OC if one or none of the above mentioned risk 

factors are present and the patient participates in a strict follow-up regime for the next 2 
years to see if the lesion(s) changes in size or aspect. Thusfar, we included 3 patients in 

such a regime and the lesions hardly changed in size, nor did bleeding occur. 
    This study has some limitations. The study was derived from a prospective 

database of consecutive patients with HCA and focal nodular hyperplasia (FNH). 
Therefore, bleeding was not prospectively scored on histopathology, as histopa-

thology was designed to confirm the diagnosis of HCA and therefore only vital, 
non-bleeding, and non-necrotic areas were sampled in most instances. There-

fore histopathology may have underestimated the frequency of especially 
small bleedings. Radiological signs of bleeding were used as endpoints for 

grading of bleeding and not the clinical severity of the bleeding. Howev-
er, with this approach we found many (small) subclinical bleeding sites. 

These findings will show on imaging and by including these lesions 
a better estimation and prediction of risk factors could be assessed. 

Finally, only one radiologist evaluated imaging and no analysis be-
tween observers was performed. 

Risk factors for bleeding of HCA include size >35mm, 
BMI of more than 25, radiological presence of central 

or peripheral arteries, location in the left lateral liver 
segments, and exophytic growth.

Supplement Table III
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