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a b s t r a c t 

Hepatic adenomas are benign liver tumors typically found in females of reproductive age. 

Though benign, hepatic adenomas are highly vascularized tumors, thus rupture and conse- 

quent hemorrhage present a feared complication. We report a case of a 31-year-old woman 

with hepatic adenoma who underwent preoperative portal vein embolization and subse- 

quently suffered a rupture of her tumor. We postulate that the change in blood flow after 

portal vein embolization, a phenomenon known as the hepatic artery buffer response, may 

have contributed to the tumor rupture, though the possibility that the rupture was purely 

incidental remains. There is currently no prior report of such rupture occurring following 

portal vein embolization, and this case brings to light a potentially fatal complication of a 

generally safely regarded procedure in patients with hepatic adenoma. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Hepatic adenomas (HA) are benign liver neoplasms classically
found primarily in females of reproductive age who have a
history of oral contraceptive use [8] . HA are typically asymp-
tomatic and discovered incidentally, however, as highly vas-
cularized tumors, rupture and subsequent hemorrhage is a
common complication found in approximately 15%-27% of
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patients with HA [8] . Furthermore, malignant transformation
into hepatocellular carcinoma has been found to occur in 4%-
5% of these tumors [8] . The risks of both bleeding and malig-
nant transformation increase with increasing tumor size, thus
surgical resection is recommended for tumors greater than 5
cm [8] , as well as for those with other factors associated with
increased risk of malignant transformation including: male
gender, tumors with cytologic atypia and/or beta-catenin
mutation [3] . 
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Fig. 1 – Axial (a) and coronal (b) contrast-enhanced CT images demonstrate a large, hyperenhancing adenoma in the right 
lobe of the liver. Pre-embolization portal venogram (c) demonstrates decreased portal venous perfusion in the right lobe in 

the region of the hepatic adenoma. Postembolization portal venogram (d) shows redirection of the entire portal venous flow 

to the left hepatic lobe and absent portal venous flow in the embolized right lobe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The baseline liver function and size of the future liver rem-
nant (FLR), is a strong, independent predictor of liver func-
tion following surgical resection and an important considera-
tion prior to surgery [5] . Preoperative portal vein embolization
(PVE) is used to induce hypertrophy of the FLR in cases with
marginal FLR size [5] . PVE is generally a safe procedure, with
0% procedure-related mortality reported by most series and
few side effects [1] . 

Case report 

Here, we report a case of a 31-year-old woman on oral con-
traceptives for 14 years with a large HA who underwent
preoperative PVE complicated with subsequent rupture of her
tumor. For this type of study informed consent is not required.
The patient was diagnosed with highly elevated plasma alka-
line phosphatase level (1340 U/L) at routine medical check-up.
Subsequent ultrasound evaluation demonstrated a 15 cm
right hepatic lobe mass and percutaneous liver biopsy re-
vealed nonbeta-catenin-mutated HA. CT scan demonstrated
a 14.9 × 13.9 × 11.9 cm hypervascular mass replacing almost
the entire right lobe with mass effect on the right portal vein
and IVC ( Fig. 1 a,b). The multidisciplinary tumor board recom-
mended right hepatectomy and preoperative PVE due to the
small size of the FLR left lobe. She underwent embolization
of the anterior and posterior divisions of the right portal
vein from contralateral approach with portal vein access
via a peripheral segment 3 portal vein branch. The PVE was
performed using a total of 4 mL vials of 100 micron hydrogel
microspheres (Embozene, Boston Scientific, Marlborough, MA)
4 mL of 100-300 micron tris-acryl gelatin microspheres (Embo-
spheres, Merit Medical, South Jordan, UT) and 2 mL of 300-500
micron tris-acryl gelatin microspheres followed by coil em-
bolization of the anterior and posterior branches of the right
portal vein with 6, 8, and 10 mm Nester coils (Cook). Postem-
bolization portal venogram showed no portal venous flow and
no parenchymal opacification in the right lobe of the liver and
unrestricted portal venous flow in the left main portal vein
and its branches with brisk parenchymal opacification in the
left lobe and segment 1 ( Fig. 1 c,d). She was discharged home
3 hours after the PVE in stable condition with minimal mid-
abdominal pain at the left portal venous access site. She pre-
sented back to the hospital with intractable vomiting, dizzi-
ness and lethargy 4 hours after discharge. Her hemoglobin
dropped from 12.0 g/dl to 8.7 g/dl. CT scan demonstrated a
large intratumoral hematoma in the right liver adenoma with
multiple foci of active extravasation with subcapsular and
intraperitoneal hemorrhage ( Fig. 2 a-c). The findings were
consistent with adenoma rupture. She received a blood trans-
fusion and underwent emergent visceral arteriogram which
demonstrated multiple small foci of extravasation in the right
lobe adenoma ( Fig. 2 d). Embolization of the posterior division
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Fig. 2 – Axial (a, c) and coronal (b) contrast-enhanced CT images demonstrate large intratumoral hemorrhage with multiple 
foci of active extravasation (black arrows) and intraperitoneal hemorrhage (white arrows). Hepatic artery angiogram (d) 
confirmed foci of arterial extravasation (black arrows). 

Fig. 3 – Photographs show the resected right liver lobe specimen (a) and the bisected right lobe of the liver with exposed 

adenoma (b). Low power (20 ×) view of hematoxylin and eosin staining of the resected right liver lobe specimen 

demonstrates embolization beads in a portal microvessel (c). Axial contrast-enhanced CT image 4 months after right lobe 
resection demonstrates enlarged left liver lobe (d). 
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of the right hepatic artery was performed with 2 mL of 500-
700 micron tris-acryl gelatin microspheres and 2 mL of 900
micron tris-acryl gelatin microspheres. Postembolization an-
giogram demonstrated no evidence of extravasation. She was
discharged home 5 days after the embolization; her extended
hospitalization was due to severe abdominal pain and leuko-
cytosis. Subsequent follow-up in 5 weeks revealed adequate
hypertrophy of the FLR and she underwent successful right
hepatectomy 2 months after the PVE ( Fig. 3 a-c). Follow-up 4
months after the liver resection revealed normal liver func-
tion and CT scan showed enlarged left liver lobe ( Fig. 3 d). She
is completely asymptomatic 6 months after the hepatectomy.

Discussion 

There is no existing literature regarding rupture of HA fol-
lowing PVE. A plausible cause of the rupture is the dramatic
change in blood flow after PVE. It has been shown that changes
in portal venous flow affect the flow in the hepatic artery, a
phenomenon known as the hepatic artery buffer response [4] .
The mediator of hepatic artery buffer response is adenosine,
a potent vasodilator of the hepatic artery secreted into the
space of Mall by hepatocytes that is typically constantly being
washed away by portal venous flow. After PVE, due to the
cessation of portal venous flow, adenosine accumulates and
induces vasodilation of the hepatic artery, thus increasing
hepatic arterial flow in the embolized lobe. This immediate
increase in hepatic artery blood flow following PVE has been
demonstrated both in experimental animal models and also
clinically [ 2 ,4 ,6 ,7 ]. Hepatic tumors are almost exclusively
supplied by the hepatic artery, and hypervascular tumors,
like the large HA in this case, are known to syphon blood flow
from surrounding normal liver parenchyma. It is therefore
possible that the significantly increased arterial blood flow
following PVE contributed to the rupture of the HA in our
patient. However, PVE has been performed extensively to
make HA resection possible without a reported complication
of rupture. Therefore, besides the blood flow changes, other
factors, like the large size of the tumor and possibly inherent
abnormal tumoral vascularity could also have contributed to
the tumor rupture in this patient. It is also possible that the
rupture was completely incidental. Nonetheless, this case
may suggest that for large, hypervascular tumors transarterial
embolization prior to PVE may be warranted to reduce the
risk of rupture. 
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