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Abstract
Background 

Hepatocellular adenomas (HCA) are benign liver tumors at risk of hemorrhage. 

The influence of pregnancy on HCA growth and potential bleeding remains unclear. 

This study investigates HCA-associated behavior and bleeding complications during or 

shortly after pregnancy. 

Methods

(I) Single center retrospective cohort study of HCA during and after pregnancy. (II) 

Systematic literature review. 

Results

The retrospective study included 11 patients, of which 4 with HCA ≥5 cm. In only 

two patients HCA showed growth during pregnancy. In this local cohort, no HCA-

related hemorrhages occurred during median follow-up of 34 months (interquartile 

range 19-58 months). The systematic review yielded 33 studies, totaling 90 patients 

with 99 pregnancies. Of 73 pregnancies without prior HCA-related intervention, 39 

HCA remained stable (53.4%), 11 regressed (15.1%), and 23 (31.5%) progressed. 

Fifteen HCA-related hemorrhages occurred in HCA measuring 6.5-17.0 cm. Eight 

patients experienced bleeding during pregnancy, two during labor and five postpartum.

Discussion

Although hemorrhage of HCA during or shortly after pregnancy is rare and only 

reported in HCA ≥6.5 cm, it can be fatal. Pregnancy in women with HCA, regardless 

of size, warrant a close surveillance strategy. Observational studies on behavior and 

management of HCA ≥5 cm during and immediately after pregnancy are needed. 
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Introduction

Hepatocellular adenomas (HCA) are rare, benign liver tumors. HCA can be 

complicated by bleeding (15-20%) and malignant transformation (4-5%). These 

complications are related to tumor diameter, and typically occur in HCA ≥5 cm.1–6 HCA 

growth can be stimulated by estrogen, either of endogenous (i.e. from adipose tissue) or 

exogenous origin.1,6–8 Consequently, obesity or weight loss and chronic use or cessation of 

oral contraceptive pills (OCP) can either lead to HCA stimulation or regression.7,9,10 

HCA are classified into subtypes, diagnosed through either immunohistochemistry 

or molecular analyses with specific morphological and etiological features, clinical 

characteristics, and behaviors.2,6 Inflammatory HCA (I-HCA; 40-55% of HCA), 

hepatocyte nuclear factor 1a (HNF1A) inactivated HCA (H-HCA; 30-40% of HCA) 

rarely bleed or show malignant transformation, beta-catenin activated HCA (b-HCA; 

10%) are at risk for malignant transformation to hepatocellular carcinoma (HCC). 

Importantly, half of b-HCA are hybrid b-catenin/inflammatory HCA (b-IHCA).6 

Finally, sonic hedgehog and roof plate spondin-2 HCA have been identified, the 

former being prone for hemorrhage.6,11 U-HCA is diagnosed if analyses cannot identify 

any subtype. Pregnancy-associated estrogen increase may lead to HCA growth and 

potentially (lethal) hemorrhage.12 Risk of gestational HCA hemorrhage, however, is 

largely unknown. Consequently, diagnostic strategy, follow-up, and management of 

HCA during pregnancy, remain controversial, especially in HCA ≥5 cm.

Current guidelines provide limited recommendations regarding diagnostics, 

treatment, or mode of delivery on HCA diagnosed prior to or during pregnancy.13–16 

We reviewed our records to evaluate the behavior, complications, and outcome of HCA 

during gestation and puerperium at our center. Subsequently, a literature review was 

performed to compare our data with the current literature.

Methods 

This study consists of two sections: (1) a single center retrospective study; and (2) a 

systematic review of the current literature. This study was approved by the local medical 

ethical committee (METc2020/064-UMCG/RR2020000071).
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Retrospective analysis of HCA during pregnancy and puerperium

Electronic patient files of patients with HCA diagnosed prior to or during pregnancy 

during January 2010-December 2020 were retrospectively investigated. HCA size and 

number were extracted from radiology reports. HCA size on either cross-sectional 

imaging or ultrasound (US) was reported during diagnosis, latest observation before 

pregnancy, latest observation during pregnancy, and last observation. If no recorded 

measurement during pregnancy was available, measurements up to two weeks post-

partum were used. Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 

were applied.17 Paraphrased criteria are: “complete regression” defined by disappearance 

of all tumors, “regression” defined by ≥30% regression, “growth” defined by ≥20% 

increase in diameter, and “stable” defined by neither sufficient growth for being classified 

as “growth” nor sufficient regression for “regression”. Extraction of all measurements 

was supervised by a radiologist (R.J.D.H.). Lastly, HCA related complications, invasive 

treatments, methods of delivery, and duration of follow-up were extracted.

Statistical analyses

Continuous variables were described using the median with interquartile range 

(IQR) or range, whereas nominal and ordinal variables were described using totals, 

frequencies, and percentages. The statistical analyses were performed using IBM SPSS 

statistics v23.0 (SPSS Inc., Chicago, IL, USA).

Systematic review on HCA during pregnancy and puerperium 

A systematic literature search was performed by two investigators using pre-specified 

search terms within the electronic bibliographic databases of MEDLINE, EMBASE, 

and Web of Science, from inception with the latest search on July 10th 2020. Manual 

reference checks of accepted papers in recent reviews and included papers were 

performed to supplement the electronic searches. The review protocol was registered 

at the International Prospective Register of Systematic Reviews; CRD42020181650.18 

Literature search and screening, and data extraction and appraisal were performed in 

duplicate by M.P.D.H. & C.S.S.
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Literature screening

Case reports, case series, and cohort studies from English-language journals were 

included if they reported on HCA during pregnancy. Reports with missing HCA size 

were included to reduce publication bias. Bibliographic filters were applied for exclusion 

of conference abstracts, non-English articles, systematic reviews, and animal studies. 

Duplicates were excluded manually. Two investigators first independently screened 

titles and abstracts, and thereafter full texts. Duplicate removal and article screening 

was performed using the web based, open-access software CADIMA.19 No blinding 

strategies were employed. A third investigator (V.E.M.) resolved discrepancies.

Data extraction and critical appraisal

The retrospective study adhered to Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) guidelines.20 The design, conduct, and reporting of 

the review were according to Meta-analysis Of Observational Studies in Epidemiology 

(MOOSE) guidelines.21 Data were independently extracted in duplicate from included 

articles in a standardized form. Surgical interventions and HCA size were quoted if 

explicit reporting of resected hepatic segments or absolute HCA size was missing. 

Data were presented on a per pregnancy base. Individual patients from cohort studies 

were pooled together with case reports and case series if sufficient information was 

provided and reported separately if not. Separately reported cases were excluded from 

data synthesis but included in the discussion of data. Two independent investigators 

appraised levels of evidence using the Oxford Centre for Evidence-based Medicine Level 

of Evidence (OCEBM) scale, the Newcastle-Ottawa Scale (NOS), and the Enhancing 

the Quality and Transparency of Health Research Network consensus-based Clinical 

Case Reporting (EQUATOR-CARE) guidelines.22–25

Definitions

HCA size behavior in the included studies was extracted and categorized into growing, 

stable, or regressing. RECISTv1.1 definitions were applied if possible.17 Extraction of all 

measurements was supervised by a radiologist (R.J.D.H.).
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Results

Retrospective analysis of HCA during pregnancy and puerperium

From a total cohort of 332 HCA patients, 11 patients were identified with HCA 

diagnosed either prior to or during pregnancy (Table 1). All patients had a history 

of OCP use. Median (IQR) age of diagnosis was 26 years (25-30). Two patients were 

diagnosed with hepatic adenomatosis (i.e. ≥10 HCA). Five HCA with subtype analysis 

on histopathology were diagnosed as I-HCA, and one I-HCA was diagnosed on contrast-

enhanced magnetic resonance imaging (CE-MRI). Other patients had a median (IQR) 

of 2 HCA (1-3). Median (IQR) size at diagnosis was 27 mm (24-63), and prior to 

pregnancy 28 mm (14-63). Four out of 11 patients had HCA >5 cm (36.4%). Two 

HCA grew during pregnancy; both HCA <5 cm. All HCA among the four patients 

with HCA >5 cm showed stable behavior during pregnancy. Postpartum, 6 HCA were 

stable, and 5 regressed (complete regression in two patients). There were 2 Cesarean 

sections (CS), 1 due to HCA size (67 mm), and 1 because of fetal breech position. No 

HCA induced hemorrhages were observed during the median (IQR) follow-up period 

of 34 months (19-58). No (minimally) invasive treatments for HCA were performed 

prior to or during pregnancy. No relation was observed between HCA behavior after 

pre-pregnancy OCP cessation and HCA behavior during or after pregnancy. 

Systematic review of the literature on HCA during pregnancy and puerperium

Quantity and quality of included evidence

Among 311 unique articles identified in the search, 33 fell within the scope of the 

study (Figure 1). Twenty-eight case reports and case series were included.12,26–53 Five 

cohort studies were included.3,12,54–56 All included cohort studies scored ≥6on the NOS 

and provided OCEBM level three evidence. None of the included case series adhered to 

CARE guidelines. Data from 28 case reports or series and one cohort study were pooled, 

resulting in 90 patients during 99 pregnancies (Table 2).12,26–53 OCP status was reported 

in most studies (79%).26,28,30,42–45,52 Four cohort studies reported insufficient information 

on patient characteristics, HCA size, and HCA behavior for reporting and pooling of 

individual patients.3,54–56 One case report and one cohort study reported on hepatocyte 
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nuclear factor 1a maturity onset diabetes of the young (HNF1A-MODY)-associated 

HCA.40,55 One cohort study described glycogen storage disease (GSD)-associated 

HCA.56 

Figure 1. Flowchart of systematic literature search. 
Abbreviations: HCA, hepatocellular adenoma.
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Results from pooled data

Response to gestation and puerperium of non-bleeding HCA

Ninety patients during 99 pregnancies with non-bleeding HCA were pooled (Table 2). 

Besides patients 76 and 88, and five out of 48 patients in a cohort study, all had a history 

of OCP use (92%).12,29,51 HCA was diagnosed prior to pregnancy in 67 patients with 74 

pregnancies (75%). HCA was diagnosed during pregnancy in 18 patients, including 11 in 

the third trimester and two during labor. HCA was diagnosed postpartum in five patients. 

HCA behavior without prior intervention was observed during 73 pregnancies. 

HCA were ultimately treated in four of these pregnancies (Tables 2, 3, 4; patients 2, 

70, 72 and one of patients 14-61). Untreated HCA remained stable in 39 (53.4%) 

pregnancies. Eleven HCA demonstrated spontaneous regression (15.1%). Twenty-

three HCA demonstrated growth (31.5%), seven exceeding 5 cm in size (patients 1, 

6-1, 6-2, 9-1, 71, and two of patients 14-61). HCA in patient 71 demonstrated the 

most remarkable growth, progressing from 5 to 12 cm.39 Postpartum HCA behavior 

was observed in 18 pregnancies and showed growth on one occasion (patient 1).The 

remainder of HCA demonstrated either stability or regression.

Fifty-one of the 99 studied pregnancies (patients 14-61) were derived from a 

prospective cohort study focusing solely on HCA <5 cm.12 This observational study 

investigated 48 women during 51 pregnancies with HCA evaluations by US at 14 (±3), 

20, 26, 32, and 38 weeks of gestation, and 6-12 weeks postpartum. It was the only study 

applying RECISTv1.1 criteria. Median (IQR) HCA size was 2.3 cm (1.9-3.9) prior 

to pregnancy. The cohort included 2 H-HCA, 16 I-HCA, 12 U-HCA, and 18 HCA 

without subtype determination. There were no HCA-related indications for Cesarean 

section. HCA demonstrated growth in 13 pregnancies (25%), exclusively during the 

second and third trimester. No bleedings were reported. 

HCA induced bleeding during pregnancy and puerperium 

Fifteen HCA bleeding episodes were reported in HCA sized 6.5-17 cm (Table 3). 

Eight bleedings occurred during pregnancy, two during labor, and five postpartum. 

In all 15 patients the bleeding episode was the presenting symptom of their HCA. 

Seven out of eight HCA-related hemorrhages during pregnancy occurred in the third 
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trimester. The two bleeding cases occurred during labor in HCA measuring “⅓ to ½ 

of right hepatic lobe”.34,35 HCA subtype could not be related to bleeding. Only one 

bleeding I-HCA was observed (case 79).42 Four out of five HCA induced postpartum 

bleedings occurred during the first two weeks after delivery. 

Three patients deceased before any intervention could be performed. Bleeding 

treatment was successful in 10 out of 12 remaining cases (Table 3). Four patients 

underwent primary gauze packing with secondary segment resection (n=2) or secondary 

liver transplantation (n=1), one patient deceased prior to secondary surgery. Other 

interventions were primary segment resection (n=6), transarterial embolization (TAE) 

(n=1), and mattress sutures (n=1). Although the hemorrhage incidence was low in 

pooled pregnancies, mortality was reported. Fatal outcome was observed in five out of 

15 mothers and five out of 15 fetuses, including one abortion in the second trimester. 

Three pregnancies had fatal outcome for both mother and fetus.

Outcome of invasive interventions during pregnancy

Three reports described percutaneous HCA biopsy during pregnancy. Two were 

safely performed during 12 weeks of gestation (Table 4; patients 69 & 85).37,48 One 

biopsy (Table 4; patient 3) in a 3.4 cm HCA at 32 weeks of gestation was complicated 

by severe hepatic hemorrhage.28 Treatment consisted of emergency laparotomy with CS, 

and hepatic gauze packing. Shortly after, second look laparotomy was performed with 

simultaneous HCA resection, followed by short intensive care unit admittance. Both 

mother and the newborn survived.

Seventeen patients underwent HCA-related invasive procedures prior to, during, or after 

pregnancy during 18 pregnancies (Table 4). Seven pregnancies featured prior treatment: 3 

patients with TAE (one with successive percutaneous electroporation), three with hepatic 

resection, and one with percutaneous radiofrequency ablation (RFA). Six patients underwent 

hepatic surgery during pregnancy, five of whom during the second trimester. Indications 

for surgery were HCA size ≥5 cm in four patients and HCA growth in two. Postpartum 

interventions were performed in two patients. Right lobectomy was performed in patient 84 

due to postpartum abdominal pain.45 TAE was performed in patient 90 resulting in necrosis 

and infected hematoma with residual HCA, necessitating partial hepatectomy.53 Patients 84 



Chapter 4

92

and 90 account for the observed intervention-related complications: a subphrenic abscess, 

and an infected hematoma; both were treated by percutaneous drainage.45,53 

Safety of vaginal delivery

Ninety-five deliveries were observed in 99 pregnancies. Two pregnancies had fatal 

outcome for the mother and unborn child due to hemorrhage, and two pregnancies 

were aborted (one spontaneous). Of full-term pregnancies, 73 (77%) resulted in vaginal 

delivery (Table 5). There were 19 CS for varying indications, with among them eight 

emergency procedures. Fourteen patients with HCA ≥5 cm delivered vaginally. Hepatic 

hemorrhage during labor occurred twice (patients 66 & 67), resulting in maternal and 

fetal death in the latter patient.34,35 HCA size of these two patients spanned “⅓ to ½ of 

the right liver lobe”. Method of delivery was unreported in three pregnancies.30,50

Results from non-pooled data

One single center retrospective study reported surgical interventions and outcomes 

in 122 HCA patients.3 The report included nine patients with HCA during pregnancy 

and observed “moderate progression” without reporting actual size. 

Another retrospective cohort study on hepatic adenomatosis reported 29 out of 36 

included females (81%) with pregnancy prior to HCA diagnosis.54 Four patients became 

pregnant after HCA diagnosis. In one patient, HCA progression was observed after 

pregnancy. Information on HCA size during pregnancy was not reported. One patient 

presented with uncontrollable and ultimately lethal hemorrhage in an undiagnosed 15 

cm-sized HCA during pregnancy (pregnancy stage and comorbidities were unreported). 

One patient underwent resection of the largest HCA prior to pregnancy. HCA size, 

surgical outcomes, and behavior of remnant HCA were missing. It included six HNF1A 

germline mutated patients but did not report on pregnancies in this subgroup.

HCA due to metabolic disease

Two studies reported solely on metabolic disease associated HCA. A retros-pective 

study on 24 HNF1A-MODY patients with hepatic adenomatosis reported on fourteen 

pregnancies in eight women without bleeding complications.55 Three patients had 
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imaging available: stable disease was observed twice, and regression once. HCA size 

was not reported. One patient experienced pre-pregnancy hemorrhage (and regression 

thereafter) in a 7 cm HCA following ovarian stimulation.

The other report described 32 GSD type I patients during pregnancy and included 

four HCA cases.56 Two patients showed increase in HCA size or number and one patient 

had stable disease. Clinical course and HCA size of the latter patient was not reported. 

There were no HCA-related complications.

Discussion

This study aimed to evaluate HCA behavior, bleeding complications, mode of 

delivery, and outcomes of invasive treatment during pregnancy and puerperium. It 

concerned both a retrospective cohort study and a systematic review. The retrospective 

study included 11 patients, of whom 4 had HCA ≥5 cm. In two patients, HCA growth 

was observed during pregnancy; both in HCA <5 cm. All HCA with available subtype 

identification were diagnosed as I-HCA. No complications occurred during pregnancy, 

puerperium, or postpartum follow-up. 

A systematic review was performed to compare our data with the current literature, 

especially regarding HCA size and bleeding risk association, including 29 studies. 

Ninety patients (99 pregnancies) in whom HCA were diagnosed before, during, or after 

pregnancy were reported. HCA remained stable in 39/73 treatment-naive pregnancies 

(53.4%). Eleven HCA demonstrated spontaneous regression (15.1%). Twenty-three 

HCA demonstrated growth (31.5%), seven exceeding >5 cm diameter. Fifteen cases of 

HCA–associated hemorrhage were included, none occurred in the first trimester and all 

HCA measuring ≥6.5 cm.33,34,36,43,44,46,49,52 Eight HCA bled during gestation, seven in 

the third trimester. The remaining seven bleeding cases occurred during labor (n=2) or 

postpartum (n=5). 

Prior studies have observed HCA regression, especially in large HCA, after OCP cessation 

or weight loss due to estrogen level reduction.7,9 Strong regression after estrogen level 

reduction might arguably predict HCA behavior during pregnancy. Yet, this relationship 

was neither observed in the systematic review, nor in the retrospective study.12,29 
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The current manuscript concerns the second systematic review on HCA during 

or after pregnancy. The other review focused on focal nodular hyperplasia, hepatic 

hemangiomas, HCA, and HCC during and after pregnancy, including literature up to 

2004.26 The authors identified 26 reports on HCA and added one local case, totaling 

27 pregnancies. The study already reported six postpartum bleeding HCA – yet this 

potentially hazardous period remains underexposed in clinical practice.13 Postpartum 

HCA bleeding might result from HCA regression and necrosis by postpartum declining 

estrogen levels. Larger HCA might regress and necrotize more extensively causing HCA 

membrane rupture, yet not all postpartum bleeding HCA showed necrosis.32 

Accurate HCA diagnosis is vital for optimal management. HCA are diagnosed best 

non-invasively through CE-MRI (sensitivity 92-97% and specificity 91-100%).57–

60 Pregnancy, however, is still considered a contraindication for CE-MRI by most 

radiologists because fetal exposure to contrast agents may potentially lead to various 

skin conditions, stillbirth, and neonatal death.61 MR exposure itself during the first 

trimester may be safe but many clinical practice guidelines remain restrictive and await 

further evidence. Hence, gestational liver tumor diagnosis can be performed through 

unenhanced MRI in the second or third trimester and thereafter monitored by US 

(or MRI). Gold standard remains histopathology, although biopsy-associated hepatic 

hemorrhage may occur (patient 3). Biopsies should therefore only be performed in 

selected cases with severe treatment implications, and only during early gestation.

Multiple invasive treatment strategies were applied. Elective, uncomplicated, hepatic 

resections were performed up to the second trimester.27,28,37,38,42,51 No minimally invasive 

strategy was identified as superior due to limited observations. Three patients were 

treated by US-guided RFA: two during pregnancy (patients 2 & 75) and one prior to the 

second pregnancy (patient 9-2).27,29 TAE proved less effective with more complications. 

These observations are anecdotal and cannot be extrapolated to definite conclusions. 

Previous series have demonstrated effectiveness and safety for TAE and RFA in HCA 

patients.62,63

Several risk factors for symptomatic HCA bleeding, have been identified including 

diameter ≥5 cm, exophytic growth, hemorrhage observed on imaging, presence of central 

or peripheral arteries on imaging, sonic hedgehog subtype, and hepatic parenchymal 
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steatosis >30%.6,64 Especially H-HCA are less likely to bleed.6 We suggest not to include 

HCA subtype into treatment consideration, as this would implicate invasive (biopsy) 

as well as non-invasive (CE-MRI) diagnostics with its accompanying risk of gestational 

complications. However, HCA treatment may be considered in selected cases in which 

one or more risk factors are present. Drafting of a strict treatment algorithm is warranted 

but unfortunately not feasible with the currently available data. Nevertheless, several 

recommendations can be made. 

(1) Management and surveillance of HCA in pregnancy should always be 

individualized and performed by a multidisciplinary team.13 A well-performed 

observational cohort study by Gaspersz et al. prospectively followed 51 pregnancies 

with HCA <5 cm (median HCA size 2.3 cm) without bleeding complications.12 In the 

current literature review, hemorrhage was only observed in women with HCA ≥6.5 cm 

in size. Although a reasonable estimate of the true risk of HCA hemorrhage in relation 

to size during pregnancy remains unknown, it seems safe to apply a watchful waiting 

strategy to women with HCA up to 5-6.5 cm. Close surveillance with US every 6 weeks 

should be mandatory, however, for any pregnant woman with HCA, regardless of size.

(2) Treatment of bleeding HCA during pregnancy should be decided by bleeding 

severity and gestational term. TAE may be preferred over surgery in minor, intra-

tumoral bleedings during the first or second trimester. Surgery, however, is indicated 

when intra-abdominal, and especially third trimester, bleeding occurs. Fetal monitoring 

during surgery is essential, and an obstetrician/gynecologist should be on standby for 

emergency delivery when signs of fetal or patient (circulatory) distress are observed. 

Pre-emptive treatment, for example by TAE or surgery, may be considered in women 

who wish to become pregnant in case of large HCA (e.g. size ≥6,5-10cm) but only after 

evaluating HCA size/behavior for at least six months after OCP cessation and lifestyle 

changes/weight loss. Management and surveillance should always be individualized and 

performed by a multidisciplinary team.

(3) If high diagnostic suspicion for malignancy arises, unenhanced MRI may be 

performed from the second trimester onwards. Postpartum confirmation by CE-MRI 

or biopsy of equivocal tumors is recommended. 
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(4) Pre-emptive (minimally) invasive treatment of HCA during pregnancy cannot be 

recommended due to potential risks of teratogenic effects of (anesthesia accompanying) 

surgery or TAE-associated radiation, and risk of surgery induced (premature) labor 

without strong evidence for any benefit. 

The systematic review is limited by a publication bias of included studies 

and patients. Substantial underreporting of HCA patients with successful and 

uncomplicated pregnancies is most likely. Another potential limitation is the inclusion 

of only retrospective studies, except one report.12 The quality of included retrospective 

studies was appraised as moderate to high. The information on HCA behavior only 

warranted limited conclusions as exact HCA size was only systematically analyzed in 

the prospective study.12 None of the included case reports adhered to CARE guidelines, 

however, all patients were sufficiently described for data pooling.

Concluding, most pregnancies with HCA did not demonstrate HCA-related 

bleeding complications, and hemorrhage was only observed in HCA ≥6.5 cm. Current 

guidelines provide limited recommendations for pregnant HCA patients.13–16 Pregnant 

HCA patients should be referred to centers with sufficient experience on complex 

hepatobiliary pathology, (radiological) intervention facilities, and adequate supportive 

care infrastructure. Close surveillance and adequate diagnostic and treatment escalation 

decided by a multidisciplinary team is recommended. The current findings warrant a 

prospective observational cohort study on behavior and treatment strategies of HCA ≥5 

cm during gestation and puerperium.



Behavior and Complications of Hepatocellular Adenoma During Pregnancy  
and Puerperium: A Retrospective Study and Systematic Review

97   

4

References

1.	 Edmondson HA, Henderson B, Benton B. Liver-Cell Adenomas Associated with Use of Oral 
Contraceptives. New England Journal of Medicine. 1976;294:470–472. 

2.	 Nault JC, Bioulac-Sage P, Zucman-Rossi J. Hepatocellular benign tumors-from molecular classification 
to personalized clinical care. Gastroenterology. 2013;144:888–902. 

3.	 Dokmak S, Paradis V, Vilgrain V, et al. A single-center surgical experience of 122 patients with single 
and multiple hepatocellular adenomas. Gastroenterology. 2009;137:1698–1705. 

4.	 van Aalten SM, de Man RA, IJzermans JNM, Terkivatan T. Systematic review of haemorrhage and 
rupture of hepatocellular adenomas. British Journal of Surgery. 2012;99:911–916. 

5.	 Stoot JHMB, Coelen RJS, de Jong MC, Dejong CHC. Malignant transformation of hepatocellular 
adenomas into hepatocellular carcinomas: a systematic review including more than 1600 adenoma 
cases. HPB. 2010;12:509–22. 

6.	 Nault JC, Couchy G, Balabaud C, et al. Molecular Classification of Hepatocellular Adenoma 
Associates  With Risk Factors, Bleeding, and Malignant Transformation. Gastroenterology. 
2017;152:880–894. 

7.	 Dokmak S, Belghiti J. Will weight loss become a future treatment of hepatocellular adenoma in obese 
patients? Liver International. 2015;35:2228–2232. 

8.	 Rooks JB, Ory HW, Ishak KG, et al. Epidemiology of hepatocellular adenoma. The role of oral 
contraceptive use. JAMA. 1979;242:644–648. 

9.	 Haring MPD, Gouw ASH, de Haas RJ, Cuperus FJC, de Jong KP, de Meijer VE. The effect of oral 
contraceptive pill cessation on hepatocellular adenoma diameter: A retrospective cohort study. Liver 
International. 2019;39:905–913. 

10.	 Klompenhouwer AJ, Alblas M, van Rosmalen BV, et al. Development and Validation of a Model to 
Predict Regression of Large Size Hepatocellular Adenoma. American Journal of Gastroenterology. 
2019;114:1292–1298. 

11.	 Longerich T, Endris V, Neumann O, et al. RSPO2 gene rearrangement: a powerful driver of β-catenin 
activation in liver tumours. Gut. 2019;68:1287–1296. 

12.	 Gaspersz MP, Klompenhouwer AJ, Bröker MEE, et al. Growth of hepatocellular adenoma during 
pregnancy: A prospective study. Journal of Hepatology. 2020;72:119–124. 

13.	 Colombo M, Forner A, IJzermans J, et al. EASL Clinical Practice Guidelines on the management of 
benign liver tumours. Journal of Hepatology. 2016;65:386–398. 

14.	 Tran TT, Ahn J, Reau NS. ACG clinical guideline: Liver disease and pregnancy. American Journal of 
Gastroenterology. 2016;111:176–194. 

15.	 Strauss E, Ferreira A de SP, França AVC, et al. Diagnóstico e tratamento de nódulos hepáticos 
benignos: Recomendações da Sociedade Brasileira de Hepatologia. Arquivos de Gastroenterologia. 
2015;52:47–54. 



Chapter 4

98

16.	 Marrero JA, Ahn J, Reddy RK. ACG clinical guideline: the diagnosis and management of focal liver 
lesions. American Journal of Gastroenterology. 2014;109:1328–1347. 

17.	 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours: Revised 
RECIST guideline (version 1.1). European Journal of Cancer. 2009;45:228–247. 

18.	 Haring MPD, Spijkerboer CS, Cuperus FJC, Duiker EW, de Haas RJ, de Meijer VE. Systematic 
review of behavior and complications of hepatocellular adenoma during pregnancy and puerperium. 
PROSPERO. 2020;CRD42020181650. https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42020181650. Accessed July 5, 2020.

19.	 Julius Kühn-Institut. CADIMA. 2017. https://www.cadima.info/index.php. Accessed January 23, 
2020

20.	 Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE): Explanation and Elaboration. Annals of Internal Medicine. 
2007;147:W. 

21.	 Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in epidemiology: a 
proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. 
JAMA. 2000;283:2008–12. 

22.	 Gagnier JJ, Kienle G, Altman DG, et al. The CARE guidelines: Consensus-based clinical case report 
guideline development. Journal of Clinical Epidemiology. 2014;67:46–51. 

23.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of 
nonrandomized studies in meta-analyses. European Journal of Epidemiology. 2010;25:603–605. 

24.	 Wells G, Shea B, O’Connel D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of 
nonrandomised studies in meta-analyses. http://www.ohri.ca/programs/clinical_epidemiology/oxford.
asp. Accessed January 23, 2020.

25.	 OCEBM Levels of Evidence Working Group. The Oxford Levels of Evidence 2. Oxford Centre for 
Evidence-Based Medicine. 2011. https://www.cebm.net/index.aspx?o=5653.

26.	 Cobey FC, Salem RR. A review of liver masses in pregnancy and a proposed algorithm for their 
diagnosis and management. American Journal of Surgery. 2004;187:181–191. 

27.	 Fujita S, Kushihata F, Herrmann GE, et al. Combined hepatic resection and radiofrequency ablation 
for multiple hepatic adenomas. Journal of Gastroenterology and Hepatology. 2006;21:1351–1354. 

28.	 Wilson CH, Manas DM, French JJ. Laparoscopic Liver Resection for Hepatic Adenoma in Pregnancy. 
Journal of Clinical Gastroenterology. 2011;45:828–833. 

29.	 Noels JE, van Aalten SM, van Der Windt DJ, et al. Management of hepatocellular adenoma during 
pregnancy. Journal of Hepatology. 2011;54:553–558. 

30.	 Klompenhouwer AJ, de Man RA, Thomeer MG, IJzermans JN. Management and outcome of 
hepatocellular adenoma with massive bleeding at presentation. World Journal of Gastroenterology. 
2017;23:4579. 



Behavior and Complications of Hepatocellular Adenoma During Pregnancy  
and Puerperium: A Retrospective Study and Systematic Review

99   

4

31.	 Antoniades K, Brooks CE. Hemoperitoneum from liver cell adenoma in a patient on oral contraceptives. 
Surgery. 1975;77:137–9. 

32.	 Lansing PB, McQuitty JT, Bradburn DM. Benign liver tumors: what is their relationship to oral 
contraceptives? American Surgeon. 1976;42:744–60. 

33.	 Hibbard LT. Spontaneous rupture of the liver in pregnancy: A report of eight cases. American Journal 
of Obstetrics and Gynecology. 1976;126:334–338. 

34.	 Kent DR, Nissen ED, Nissen SE. Liver Tumors and Oral Contraceptives. International Journal of 
Gynecology & Obstetrics. 1977;15:137–142. 

35.	 Kent DR, Nissen ED, Nissen SE, Ziehm DJ. Effect of pregnancy on liver tumor associated with oral 
contraceptives. Obstetrics and Gynecology. 1978;51:148–151. 

36.	 Monks PL, Fryar BG, Biggs WW. Spontaneous Rupture of a Hepatic Adenoma in Pregnancy with 
Survival of Mother and Fetus. Australian and New Zealand Journal of Obstetrics and Gynaecology. 
1986;26:155–157. 

37.	 Terkivatan T, de Wilt JH, de Man RA, IJzermans JN. Management of hepatocellular adenoma during 
pregnancy. Liver. 2000;20:186–187. 

38.	 Jabbour N, Brenner M, Gagandeep S, et al. Major hepatobiliary surgery during pregnancy: safety and 
timing. American surgeon. 2005;71:354–358. 

39.	 Santambrogio R, Marconi AM, Ceretti AP, Costa M, Rossi G, Opocher E. Liver Transplantation for 
Spontaneous Intrapartum Rupture of a Hepatic Adenoma. Obstetrics and Gynecology. 2009;113:508–
510. 

40.	 Jeannot E, Lacape G, Gin H, et al. Double heterozygous germline HNF1A mutations in a patient with 
liver adenomatosis. Diabetes Care. 2012;35:e35. 

41.	 Scheffer HJ, Melenhorst MCAM, van Tilborg AAJM, et al. Percutaneous Irreversible Electroporation 
of a Large Centrally Located Hepatocellular Adenoma in a Woman with a Pregnancy Wish. 
CardioVascular and Interventional Radiology. 2015;38:1031–1035. 

42.	 Gryspeerdt F, Aerts R. Laparoscopic liver resection for hemorrhagic hepatocellular adenoma in a 
pregnant patient. Acta Chirurgica Belgica. 2018;118:322–325. 

43.	 Sanford B, Hoeppner C, Ju T, Theisen BK, Buabbud A, Estroff JM. Multidisciplinary management 
of the pregnant patient in haemorrhagic shock secondary to an undiagnosed ruptured liver adenoma. 
BMJ Case Reports. 2020;13:e231995. 

44.	 Baird JN, Hawley RG. Spontaneous rupture of the liver during pregnancy. Report of a case. Journal of 
Reproductive Medicine. 1971;6:198–200. 

45.	 Motsay GJ, Gamble WG. Clinical experience with hepatic adenomas. Surgery, Gynecology & 
Obstetrics. 1972;134:415–8. 

46.	 Stenwig AE, Solgaard T. Ruptured benign hepatoma associated with an oral contraceptive. A case 
report. Virchows Archiv A Pathological Anatomy and Histology. 1975;367:337–343. 



Chapter 4

100

47.	 Hayes D, Lamki H, Hunter IWE. Hepatic-cell adenoma presenting with intraperitoneal haemorrhage 
in the puerperium. BMJ. 1977;2:1394. 

48.	 Stock RJ, Labudovich M, Ducatman B. Asymptomatic first-trimester liver cell adenoma: diagnosis 
by fine-needle aspiration cytology with cytochemical and ultrastructural study. Obstetrics and 
Gynecology. 1985;66:287–90. 

49.	 Tsang V, Halliday AW, Collier N, Benjamin IS, Blumgart LH. Hepatic cell adenoma: Spontaneous 
rupture during pregnancy. Digestive Surgery. 1989;6:86–87. 

50.	 Al-Otaibi L, Whitman GJ, Chew FS. Hepatocellular adenoma. American Journal of Roentgenology. 
1995;165:14–26. 

51.	 Hill MA, Albert T, Zieske A, Levine EA. Successful resection of multifocal hepatic adenoma during 
pregnancy. Southern Medical Journal. 1997;90:357–61. 

52.	 Stoot JHMB, van Roosmalen J, Terpstra OT, Schaapherder AFM. Life-Threatening Hemorrhage from 
Adenomas in the Liver during Pregnancy. Digestive Surgery. 2006;23:155–155. 

53.	 Bernstein J, Spitzer Y, Reddy S, Mazur A. Hepatic adenoma during pregnancy and anesthetic 
management. International Journal of Obstetric Anesthesia. 2019;39:137–140. 

54.	 Barbier L, Nault JC, Dujardin F, et al. Natural history of liver adenomatosis: A long-term observational 
study. Journal of Hepatology. 2019;71:1184–1192. 

55.	 Haddouche A, Bellanne‐Chantelot C, Rod A, et al. Liver adenomatosis in patients with hepatocyte 
nuclear factor‐1 alpha maturity onset diabetes of the young ( HNF1A ‐MODY): Clinical, radiological 
and pathological characteristics in a French series. Journal of Diabetes. 2020;12:48–57. 

56.	 Sechi A, Deroma L, Lapolla A, et al. Fertility and pregnancy in women affected by glycogen 
storage disease type I, results of a multicenter Italian study. Journal of Inherited Metabolic Disease. 
2013;36:83–89. 

57.	 Grazioli L, Morana G, Kirchin MA, Schneider G. Accurate differentiation of focal nodular hyperplasia 
from hepatic adenoma at gadobenate dimeglumine-enhanced MR imaging: Prospective study. 
Radiology. 2005;236:166–177. 

58.	 Grazioli L, Bondioni MP, Haradome H, et al. Hepatocellular adenoma and focal nodular hyperplasia: 
Value of gadoxetic acid-enhanced MR imaging in differential diagnosis. Radiology. 2012;262:520–
529. 

59.	 Suh CH, Kim KW, Kim GY, Shin YM, Kim PN, Park SH. The diagnostic value of Gd-EOB-DTPA-
MRI for the diagnosis of focal nodular hyperplasia: a systematic review and meta-analysis. European 
Radiology. 2015;25:950–960. 

60.	 Bröker MEE, Taimr P, de Vries M, et al. Performance of Contrast-Enhanced Sonography Versus MRI 
With a Liver-Specific Contrast Agent for Diagnosis of Hepatocellular Adenoma and Focal Nodular 
Hyperplasia. American Journal of Roentgenology. 2020;214:81–89. 

61.	 Ray JG, Vermeulen MJ, Bharatha A, Montanera WJ, Park AL. Association Between MRI Exposure 
During Pregnancy and Fetal and Childhood Outcomes. JAMA. 2016;316:952. 



Behavior and Complications of Hepatocellular Adenoma During Pregnancy  
and Puerperium: A Retrospective Study and Systematic Review

101   

4

62.	 van Rosmalen BV, Klompenhouwer AJ, de Graeff JJ, et al. Safety and efficacy of transarterial 
embolization of hepatocellular adenomas. British Journal of Surgery. 2019;106:1362–1371. 

63.	 Mironov O, Jaberi A, Beecroft R, Kachura JR. Retrospective single-arm cohort study of patients 
with hepatocellular adenomas treated with percutaneous thermal ablation. CardioVascular and 
Interventional Radiology. 2018;41:935–941. 

64.	 Bieze M, Phoa SSKS, Verheij J, van Lienden KP, van Gulik TM. Risk factors for bleeding in 
hepatocellular adenoma. British Journal of Surgery. 2014;101:847–855. 




	Chapter 4



