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Hepatic subcapsular hemangioma with perilesional

enhancement: MRI features*
Hemangioma hepático subcapsular com realce perilesional: achados de RM

Young Hoon Kim1, Sang Soo Shin2, Lauren M. B. Burke3, Chang Hee Lee4, Young Mi Ku5,

Busakorn Vachiranubhap6, Richard C. Semelka7

OBJECTIVE: To describe the MR imaging features of hepatic hemangioma with perilesional enhancement.
MATERIALS AND METHODS: A search was performed of the MRI section database to identify all cases of
hepatic hemangioma with perilesional enhancement between March 2008 and July 2009. All patients
underwent MR examinations including precontrast T1- and T2-weighted images and postgadolinium dynamic
images. On MR images, characteristics of the hemangioma and perilesional enhancement were evaluated.
RESULTS: Seven hemangiomas in seven patients (five men, two women; age range, 41–69 years; mean,
57 years) were included in this study. Lesion size ranged from 7 to 20 mm (mean, 12.4 mm). On hepatic
arterial dominant phase, all seven hemangiomas exhibited wedge-shaped perilesional enhancement which
faded on two minutes postgadolinium images. Four of these lesions demonstrated adjacent capsular
enhancement. CONCLUSION: All hepatic hemangiomas with perilesional enhancement were < 2 cm capsule-
based lesions. This location suggests that these hemangiomas may conscript capsular vessels to account
for the perilesional enhancement.
Keywords: Liver; Liver hemangioma; Liver perfusion; Liver contrast enhancement.

OBJETIVO: Descrever os achados de imagem de RM no hemangioma hepático com realce perilesional.
MATERIAIS E MÉTODOS: Realizou-se uma pesquisa no banco de dados da unidade de RM para identificar
todos os casos de hemangioma hepático com realce perilesional entre março de 2008 e julho de 2009. Todos
os pacientes foram submetidos a RM pré-contraste em imagens ponderadas em T1 e T2 e em imagens dinâ-
micas após injeção de gadolínio. Características do hemangioma e do realce perilesional foram avaliadas nas
imagens de RM. RESULTADOS: Sete hemangiomas em sete pacientes (cinco homens, duas mulheres; faixa
etária entre 41–69 anos; média de 57 anos) foram incluídos no presente estudo. O tamanho das lesões variou
de 7 a 20 mm (média de 12,4 mm). Na fase dominante arterial hepática, todos os sete hemangiomas mos-
traram realce perilesional cuneiforme que se atenuou nas imagens dois minutos após injeção de gadolínio.
Quatro dessas lesões demonstraram realce capsular adjacente. CONCLUSÃO: Todos os hemangiomas he-
páticos com realce perilesional eram lesões capsulares medindo menos que 2 cm. Tal localização sugere que
esses hemangiomas podem recrutar vasos capsulares responsáveis pelo realce perilesional.
Unitermos: Fígado; Hemangioma hepático; Perfusão hepática; Realce hepático com contraste.
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patic hemangiomas(5–10). Because dynamic
gadolinium-enhanced MR imaging is
widely accepted as a standard practice in
abdominal MR imaging, perilesional en-
hancement adjacent to tumor may be fre-
quently encountered.

Perilesional enhancement has been ex-
plained by various mechanisms(2,4,11,12). Ac-
cording to results from histopathologic cor-
relation(4), peritumoral cellular infiltrates
are observed in the area of perilesional en-
hancement, and local humoral agents that
induce luxury perfusion have been postu-
lated as an ancillary feature. Prior authors
have described this finding in hemangio-
mas concluding that it may originate from
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INTRODUCTION

Perilesional enhancement surrounding
focal hepatic lesions on dynamic contrast-
material enhanced images acquired imme-
diately after the injection of contrast mate-
rial has been reported primarily for malig-
nant hepatic lesions such as metastases,
hepatocellular carcinoma, and lymphoma,
but has also been observed consistently in
bacterial abscesses(1–6). Perilesional en-
hancement has also been observed in he-
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arterioportal shunt via a transtumoral
route(5,6,8–10). We performed our study in
order to determine if there were specific
features of hemangiomas with perilesional
enhancement, from which a hemodynamic
explanation may be better formulated.

MATERIALS AND METHODS

Patients

Our institutional review board approved
this retrospective study and requirement for
informed consent was waived. For this
study, one radiologist performed a retro-
spective search of the database of abdomi-
nal MRI studies at our institution between
March 2008 and July 2009 using the key-
words “liver hemangioma”.

The indications for the MR examination
were: further evaluation of a focal lesion in
the liver found at other imaging studies (n
= 4), and work-up for metastases in patients
with primary malignancy in organs other
than liver (n = 3). None of the patients had
prior liver resection or hepatic intervention.
Follow-up imaging (range 6–74 months,
mean 27.8) was performed in four patients
and the lesion was stable in size in all cases.
The remaining three patients did not un-
dergo follow-up imaging studies; there was
no clinical suspicion of hepatic malignancy
on follow-up.

Clinical information including the un-
derlying disease, the clinical indication to
perform MRI, history regarding liver resec-
tion or hepatic intervention, clinical diag-
nosis and follow-up were obtained from the
institutional computer information system
(CIS).

MRI technique

All MRI examinations were performed
on 1.5 T (Vision, Symphony or Avanto;
Siemens Medical System, Malvern, PA,

USA) (n = 3) or 3 T (Trio; Siemens Medi-
cal System) (n = 4) MRI systems using a
phased-array torso coil. In all patients, stan-
dard upper abdominal protocol, including
pre- and postgadolinium sequences, was
performed. Intravenous gadobenate dime-
glumine (Multihance; Braco Diagnostics,
Milan, Italy) or gadodiamide (Omniscan;
General Electric Healthcare, Oakville,
Ontario, Canada) was administrated by a
power injector (Medrad Pittsburgh, PA,
USA) as a bolus of 0.1 mmol/kg or 0.05
mmol/kg (Multihance) gadolinium chelate
at 2 ml/second followed by a bolus 20 ml
of saline flush in all patients. Dynamic
postgadolinium images were obtained on
the hepatic arterial dominant phase after 18
seconds from the start of the gadolinium
injection. The portal venous and interstitial
phases were also acquired after 45–60 and
90–120 seconds from the start of the gado-
linium injection, respectively. The param-
eters used for MRI on 1.5 T system were
as follows: 2D gradient-echo (GE) pre- and
postcontrast, axial plane, in-phase and out-
of-phase, TR = 142–200 msec, TE = 4.4
msec/2.4 msec, flip angle = 80°, section
thickness = 8–9 mm, matrix size = 128 ×
256, and acquisition time = 19–21 seconds;
3D GE pre- and post contrast, axial plane,
fat saturation, TR = 4.03–4.3 msec, TE =
1.6–1.7 msec, flip angle = 10°, section thick-
ness = 3.5 mm, matrix size = 144 × 320, and
acquisition time = 19 seconds; and breath
holding T2-weighted half-Fourier RARE,
axial, fat saturation, TR = 1500–1690 msec,
TE = 91–92 msec, flip angle = 180°, echo
train length = 156, section thickness = 7–8
mm, matrix size = 192 × 256, and acqui-
sition time = 18–20 seconds. For patients
examined on 3T system, the parameters
were as follows: 3D GE pre- and post-
contrast, axial plane, fat saturation, TR =
3.2–3.49 msec, TE = 1.26–1.31 msec, flip

angle = 13°, section thickness = 3 mm,
matrix size = 256 × 256, and acquisition
time = 19 seconds.

Image analysis

T2-weighted, pre-contrast T1-weighted
MR images and dynamic postgadolinium
images were retrospectively reviewed by
two expert radiologists by consensus, who
were blinded to clinical history and the
original MR interpretation, but aware of the
study purpose.

On MR images, a lesion was diagnosed
as a hemangioma based on the combination
of: i) well defined and ii) moderately hyper-
intense on T2-weighted images, iii) en-
hanced in a peripheral nodular or immedi-
ate homogeneous pattern on hepatic arterial
dominant phase, and iv) centripetal filling-
in or persistent homogenous pattern on equi-
librium phase(5,6,8–10,13–16). Perilesional en-
hancement was defined as a wedge-shaped
or irregularly-shaped area of transient en-
hancement adjacent to hemangioma that
was demonstrated on hepatic arterial domi-
nant phase images(5,8–10,16,17). Lesion loca-
tion and lesion size were also determined.

RESULTS

Seven patients (five men, two women;
age range, 41–69 years; mean, 57 years)
were identified with hemangiomas that ex-
hibited perilesional enhancement. A total of
13 hemangiomas were observed in these
seven patients; one hemangioma with
perilesional enhancement per patient with
the remaining hemangiomas without
perilesional enhancement. All 7 hemangio-
mas with perilesional enhancement (100%)
were subcapsular in location.

MR imaging findings of the hemangio-
mas with perilesional enhancement are
summarized in Table 1.

Table 1 MR imaging findings of subcapsular hemangioma with perilesional enhancement.

Age/Sex

47/Female

69/Female

62/Male

41/Male

62/Male

56/Male

62/Male

Location

VII

VI

VI

V

VII

VI

VII

Size

(mm)

16

10

7

14

20

10

10

Pattern of enhancement of

hemangioma on anteroposterior

Peripheral nodular

Homogeneous

Homogeneous

Homogeneous

Peripheral nodular

Homogeneous

Homogeneous

Pattern of perilesional

enhancement

Subsegmental

Wedge shape

Wedge shape

Wedge shape

Subsegmental

Wedge shape

Wedge shape

Early visualization of portal

branch on arterial phase

Present

Present

Absent

Absent

Present

Absent

Absent

Capsular

enhancement

Negative

Negative

Positive

Positive

Negative

Positive

Positive
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All seven lesions were located in the
right lobe of the liver and the mean lesion
size was 12.4 mm (range, 7–20 mm). On
T2-weighted images, all hemangiomas
demonstrated well-defined round (n = 3) or
lobular (n = 4) margins with moderately
high signal intensity. Five of the seven he-
mangiomas (71%) exhibited rapid and ho-
mogeneous lesional enhancement accom-
panied by a wedge-shaped area of in-
creased perilesional enhancement on arte-

rial dominant phase images (Figure 1). The
remaining two hemangiomas (29%)
showed peripheral nodular lesional en-
hancement accompanied by a wedge-
shaped area of increased perilesional en-
hancement (Figure 2). In six of the seven
lesions (86%), the perilesional enhance-
ment became isointense to adjacent he-
patic parenchyma on portal venous im-
ages. The remaining lesion became iso-
intense on equilibrium phase images.

Within the perilesional parenchymal en-
hancement, early visualization of portal
branches was noted in three cases (see Fig-
ure 2). Two of these three had a subseg-
mental perilesional enhancement. The four
lesions without early visualization of the
portal vein branch showed an increased
enhancement of the hepatic capsule imme-
diately adjacent to the hemangioma and
the underlying region of perilesional en-
hancement (see Figure 1).

Figure 2. Transverse post-gado-

linium fat-suppressed 3D-gradi-

ent echo (TR = 3.45 msec, TE

= 1.26 msec, flip angle = 80°)

at 3 T in hepatic arterial domi-

nant (A) and equilibrium (B)

phases. On hepatic arterial

dominant phase, hemangioma

with nodular enhancement is

seen in segment VI (arrow

head, A and B). This lesion ac-

companies the subsegmental

parenchymal enhancement ad-

jacent to hemangioma with

early opacification of portal

branches (arrow, A). The paren-

chymal enhancement becomes

isointense in equilibrium phase.
A B

Figure 1. Transverse T2-weighted half-Fourier RARE image (TR

= 2000 msec, TE = 95 msec, flip angle = 150°) (A) and post-

gadolinium fat-suppressed 3D-gradient echo (TR = 3.45

msec, TE = 1.26 msec, flip angle = 80°) at 3 T in hepatic

arterial dominant (B) and equilibrium (C) phases. Small rap-

idly enhancing hemangioma with high signal intensity on T2-

weighted image is seen in segment VI (arrow head, A-C). This

lesion demonstrates small wedge-shaped perilesional en-

hancement (arrow head, B) and linear capsular enhancement

connecting to parenchymal enhancement (arrow, B). These

changes become isointense on equilibrium phase (C).

A B

C
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DISCUSSION

In our study, all hemangiomas that ex-
hibited increased perilesional enhancement
were small and located in a subcapsular
location. Five of these hemangiomas dem-
onstrated a rapid and homogeneous en-
hancement on arterial dominant phase im-
ages (type 1 enhancement) and two showed
peripheral nodular enhancement (type 2
enhancement)(14). Although most heman-
giomas demonstrate peripheral nodular
enhancement, some small (< 2 cm in diam-
eter) hemangiomas can show rapid, strong,
and homogeneous enhancement on hepatic
arterial dominant phase(14,15,18). According
to a previous report(19), the enhancement
pattern of a hemangioma may correlate
with the collective size of vascular spaces
of hemangioma; hemangiomas with slow
fill-in may have relatively large vascular
spaces, and tumor with rapid enhancement
may have small diameter vascular spaces.

Based on our findings, the rapidity of
intratumoral enhancement of hemangioma
appears associated with the presence of
transient perilesional enhancement, with
transient perilesional enhancement most
frequently shown in rapidly enhancing he-
mangiomas. In previous reports(6,8–10,17),
perilesional enhancement has been re-
garded as an arterioportal shunt via trans-
tumoral route. In the case of rapidly en-
hancing hemangiomas, a large arterial in-
flow, rapid tumoral enhancement, and con-
sequent larger and rapid hepatic draining
flow may be responsible for the production
of the arterioportal shunt(6,9,10).

We observed additional features of
these hemangiomas; non-visualization of a
portal branch in the enhancing area, and
associated increased hepatic capsular en-
hancement (4 of the 7 hemangiomas). Al-
though it has been reported that small por-
tal branches may not be opacified in many
cases of arterioportal shunt(8,9), associated
increased capsular enhancement, to our
knowledge, has not been previously re-
ported. The hepatic capsular enhancement
has been reported in various conditions
resulting in perihepatitis such as Fitz-
Hugh-Curtis syndrome, perforated chole-
cystitis, perforated hepatic abscess and
peritoneal carcinomatosis(20,21). In Fitz-
Hugh-Curtis syndrome, capsular enhance-

ment on early-phase images may represent
increased perfusion at the affected hepatic
capsule, whereas delayed enhancement
may reflect early capsular fibrosis(21). In our
cases, no patient had pre-existing condi-
tions such as perihepatitis or demonstrated
any specific symptoms such as right upper
quadrant pain and tenderness. The capsu-
lar enhancement adjacent to hemangioma
may reflect the increased blood flow in
capsule-based vessels related to early en-
hancing hemangioma on hepatic arterial
dominant phase.

The subcapsular location of the liver
may have a more complex vascular supply
compared to other region of the liver. Small
capsular arteries can directly communicate
with peripheral intrahepatic arteries and
capsular veins can penetrate the liver cap-
sule and directly drain into a peripheral
portal branch(22,23). Thus, distinctive perfu-
sion features of the subcapsular hepatic
parenchyma may result from differing vas-
cular supply, including rapid drainage of
the subcapsular venous flow into sinusoids
of the adjacent hepatic parenchyma(22,23).
The subcapsular location and increased
adjacent capsular enhancement adjacent to
small subcapsular hemangiomas may sug-
gest that these subcapsular hemangiomas
with perilesional enhancement may be
conscribing or siphoning capsule-based
vessels. It has previously been described
that perilesional parenchymal enhancement
may result from siphoning flow by hyper-
vascular tumor from surrounding liver pa-
renchyma(12). We postulate a similar mecha-
nism for hemangiomas with perilesional
enhancement, but with the major difference
being the subcapsular site. The prior stud-
ies that have described hemangiomas with
perilesional enhancement have also illus-
trated these hemangiomas are subcapsular,
suggesting that our findings are consistent
with the literatures(5,6,8–10).

In our study, two hemangiomas demon-
strated subsegmental parenchymal en-
hancement with early visualization of a
portal branch on hepatic arterial dominant
phase and one patient demonstrated wedge
shaped parenchymal enhancement with
early visualization of portal branch. The
early appearance of a portal vein branch in
these three hemangiomas may be reflective
of arterioportal shunt(6,8–10,17). Therefore, in

a few of our cases, there may be two
explanatations for perilesional enhance-
ment in hemangiomas, siphoning of cap-
sule vessels, and arterioportal shunt.

Our study has some limitations. First,
none of the cases have histopathologic
proof. It would be interesting to see if these
hemangiomas had a specific cell type, such
as capillary type. We suggest this because
their small size and frequent initial homo-
geneous enhancement are not a common
appearance for hemangiomas. In clinical
practice, the diagnosis of hemangioma is
usually established on the basis of MR
imaging features and it is ethically not jus-
tified to obtain histologic proof(14,24). In our
study, four of seven lesions showed no
change over more than six months follow-
up confirming benign behavior. Second,
owing to the retrospective nature, the study
was to subject to selection bias. Third, our
explanation for transient perilesional en-
hancement adjacent to hemangioma is
solely based on MR imaging findings. We
postulated that the conscripted vessels were
capsule-based rather than hepatic in origin
for two reasons: i) all of these lesions with
perilesional enhancement were capsule-
based, and ii) in a few of our cases promi-
nent enhancement of the adjacent capsule
was also evident. Although hepatic angiog-
raphy could provide more detailed and ex-
act information about hemodynamic
change, it would not be ethical or practical
to perform an invasive procedure in pa-
tients with a benign hepatic lesion. Addi-
tionally, we did not determine the total
number of hemangiomas over the study
time period and hence, cannot calculate the
prevalence of hemangiomas with perile-
sional enhancement. However, we postu-
late that approximately 1% of hemangio-
mas demonstrate this appearance.

In summary, in our series, all hemangio-
mas with perilesional enhancement were
small and capsule-based suggesting that
these lesions conscript capsule-based ves-
sels.
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