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PURPOSE

We aimed to investigate the efficacy and safety of preopera-
tive selective intra-arterial embolization (PSIAE) in the surgical
treatment of large liver hemangiomas.

METHODS

Data of 22 patients who underwent resection of large liver
hemangiomas were retrospectively analyzed. PSIAE was per-
formed in cases having a high risk of severe blood loss during
surgery (n=11), while it was not applied in cases with a low
risk of blood loss (n=11).

RESULTS

A total of 19 enucleations and six anatomic resections were
performed. Operative time, intraoperative bleeding amount,
Pringle period, and blood transfusion were comparable be-
tween the two groups (P > 0.05, for all). The perioperative
serum aspartate transaminase level was not different be-
tween groups (P = 1.000). Perioperative total bilirubin levels
were significantly increased in the PSIAE group (P = 0.041).
Postoperative hospital stay was longer in the PSIAE group.
Surgical complications were comparable between groups
(P=0.476).

CONCLUSION

Patients who underwent PSIAE due to a high risk of severe
blood loss during resection of large liver hemangiomas had
comparable operative success as patients with a low risk of
blood loss who were operated without PSIAE. Hence, PSIAE
can be used for the control of intraoperative blood loss, espe-
cially in surgically difficult cases.
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epatic hemangiomas are the most common benign tumors of the

liver. The incidence in autopsy series ranges from 0.4% to 7.3%

(1). According to epidemiologic studies, estimated prevalence is
5% to 20% in the general population (2, 3). Most hepatic hemangiomas
are less than 1 cm in diameter, and are usually followed without treat-
ment in the absence of symptoms or complications. However, when
they are large (>4 cm), patients may suffer from abdominal discomfort
or pain caused by capsular stretch and experience early satiety from gas-
tric compression. Additionally, spontaneous or traumatic rupture of a
hemangioma is a mortal complication. In patients with large hemangi-
omas, consumptive coagulopathy with low platelet count and hypofi-
brinogenemia (Kasabach-Merritt syndrome) is also an important clinical
problem.

Management of patients with large hemangiomas of the liver has been
controversial. Operative bleeding during enucleation or resection of a
large liver hemangioma is an important cause of morbidity and mortal-
ity (4). However, preoperative embolization of large hemangiomas can
reduce operative bleeding related with the hepatic arterial supply. Selec-
tive embolization through the left or right hepatic arteries is thought
to reduce morbidity compared with nonselective embolization of the
proper hepatic artery or ligation of the common hepatic artery (5).

In the present study, the effect of preoperative selective intra-arterial
embolization (PSIAE) of large hemangiomas on operative bleeding was
evaluated retrospectively. Preoperative variables, complications, and the
hospital course of patients were compared with the control group.

Methods

Between January 2007 and December 2013, a total of 165 patients
underwent liver resection in our Department of Surgery. According to
our clinical policy, large hemangioma is not a common indication for
liver resection (6, 7). In that period, 74 patients with hemangioma were
referred to our center. Forty-four of these patients had large liver heman-
giomas.

Twenty-two patients with large liver hemangiomas were followed
without surgical treatment, because their symptoms were found unrelat-
ed with hemangioma and were diagnosed with chronic gastritis (n=12),
cholelithiasis (n=8), and gastroesophageal reflux disease (n=2). Fifteen
of the 22 patients were followed by abdominal computed tomography
(CT) annually. The remaining seven patients were lost to follow-up. We
followed large hemangiomas by CT annually in the first year after di-
agnosis. If the size of hemangioma was stable, further control points
were three years after diagnosis and every five years thereafter. Medi-



an follow-up was 44.5 months (13-79
months). During the follow-up period
only one patient presented with spon-
taneous rupture of hemangioma.

The remaining 22 patients with
symptoms related to the presence of
large liver hemangiomas underwent
surgery (with PSIAE [n=11] or with-
out PSIAE [n=11]) establishing the two
study groups of this paper. All patients
were symptomatic, with one or more
symptoms related to their disease. The
most common symptoms were abdom-
inal pain, nausea, vomiting, and early
satiety. On physical examination, sev-
en patients had hepatomegaly and five
patients had tenderness on the right
upper quadrant of the abdomen. Liver
enzymes were found in normal range
preoperatively. Anemia was noticed in
only one patient. All patients had an
abdominal CT examination, except
three patients in whom hemangiomas
were detected by magnetic resonance
imaging (MRI).

Data of patients who underwent
surgical treatment were prospectively
recorded and retrospectively analyzed.
Medical records, diagnostic methods,
laboratory examinations, and patient
follow-up were evaluated. Hemangio-
mas were diagnosed at our institution
through abdominal CT, MRI, or ultra-
sonography (Fig. 1). Percutaneous bi-
opsy of the tumor was not performed
before operation. The size and location
of hemangiomas were estimated on
the basis of surgical specimens and ra-
diologic studies. Liver hemangiomas =
5 c¢m in diameter are defined as large
(4). Perioperative morbidity and mor-
tality included complications or death
during the hospital stay or within 30
days of operation. Perioperative mor-
bidity was categorized according to
Dindo’s classification (8).

Follow-up protocol for the patients
who underwent surgical treatment was
the same as the follow-up of patients
without surgical treatment. They were
followed with CT imaging in the first
year after operation, and further con-
trols were performed three years after
diagnosis and every five years thereafter.

Selection criteria for preoperative
embolization

Patients underwent surgical treat-
ment with preoperative embolization
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Figure 1. CT image shows a cavernous hemangioma in segments IVB, V, and VI. The largest

diameter of the lesion was 13 cm.

Figure 2. a, b. Selective angiography of the celiac trunk before intra-arterial embolization (a)
demonstrates the feeders of the hemangioma. Panel (b) shows successful occlusion of the
feeders.

(PSIAE group, n=11) or without preop-
erative embolization (non-PSIAE group,
n=11). The selection of patients for PSI-
AE depended on the location of heman-
gioma and expected operative difficulty.
Centrally located liver hemangiomas,
hemangiomas located close to the hepa-
to-caval junction, hemangiomas locat-
ed in caudate lobe and hemangiomas
closely related with hepatic veins or
portal structures are associated with sig-
nificant bleeding risk and operative dif-
ficulty. The procedure related risks were
shared with patients, informed consent

was obtained and only approved pa-
tients were included in the PSIAE group.
Additional surgery was required in one
patient in the PSIAE group: cholecystec-
tomy was added to the procedure due
to localization of the hemangioma (seg-
ments IVB-V-VI). Additional surgery in
this patient was inevitable, therefore, it
is not considered as a reason for exclu-
sion from the study.

Embolization procedure
After routine preoperative laboratory
studies, endovascular procedures were
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performed with application of premed-
ication including H1 and H2 blockers,
antiemetics and narcotics. Under se-
dation and local anesthesia, a 5 F in-
troducer sheath was inserted into a
common femoral artery (mostly right)
using the Seldinger technique. Prior
to embolization, a diagnostic study
including a nonselective aortography
through a 4-5 F pig-tail catheter, selec-
tive angiographies of the celiac trunk
and superior mesenteric artery with 4-5
F diagnostic catheters were obtained
to investigate possible variations such
as replaced right or left hepatic arter-
ies and to see additional feeders of the
lesions such as inferior phrenic artery
(Fig. 2a). After familiarization with the
patient’s vascular anatomy, the feeders
of the hemangiomas were selectively
catheterized with either the 4 F hydro-
philic diagnostic catheters (Glidecath,
Terumo Corp.) or a coaxially placed
2.4 F microcatheter (Progreat, Terumo
Corp.) depending on calibration and/
or tortuosity of the vessels. For embo-
lization of the hemangioma, polyvinyl
alcohol (PVA) particles of 355-500 um
(Contour, Boston Scientific) suspended
in 10-20 mL of iodinated contrast (di-
luted 1:1) were administered through
the positioned catheters until stasis of
flow was established (Fig. 2b). Control
angiograms revealed complete emboli-
zation in all cases. The procedures end-
ed with routine femoral compression
for hemostasis. In the PSIAE group,
surgery was planned three days after
the embolization.

Operative technique and postoperative
care

Central vein catheterization was per-
formed routinely, and central venous
pressure was maintained below 5 mm
Hg during the liver resection. Conven-
tional liver resection or enucleation
was performed through a ] incision.
Demarcation line or necrotic parts of
hemangiomas were determined in the
PSIAE group (Fig. 3a). Extraparenchy-
mal control of ipsilateral inflow and
outflow was attempted before resec-
tion. Resection was performed under
intermittent portal triad clamping
(10 min clamping, 5 min reperfu-
sion) in general. Liver transection was
performed with the combination of
clamp crushing method and harmonic

Figure 3. a, b. Preoperative selective intra-arterial embolization of hemangioma was associated
with slight necrosis at day 3 postembolization (a). Panel (b) shows the dissection plan during
enucleation.

scalpel (SonoSurg, Olympus KeyMed).
We used Bismuth’s terminology for
hepatectomy (segmental and sectorial
division of liver parenchyma) in this
study (9). Major hepatectomy was de-
fined as the resection of three or more
segments. Enucleation was defined
according to the technique described
by Alper, Blumgart, and Nagorney
(Fig. 3b) (10-12). Caudate lobectomy
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was performed according to the tech-
nique previously described by Nagorney
(13). All patients received antibiotic
prophylaxis. Extubation of the patient
in the operating room was achieved in
all patients. Patients with uneventful
operative course were transferred to the
surgical ward after extubation (n=22).
Prophylactic daily subcutaneous injec-
tion of low-molecular-weight heparin
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sodium was started on postoperative
day O.

Statistical analysis

Data were analyzed using SPSS soft-
ware (version 11.0; SPSS Inc.). Compar-
ative analysis of categorical variables
was performed using Fisher's exact
test. Comparative analysis of quanti-
tative variables was performed using
Mann Whitney U test. P < 0.05 was
considered significant.

Results

Demographics of the patients were
presented in Table 1. Median age was
46.8 years in the PSIAE group and
45.3 years in the non-PSIAE group (P
= 0.688). Female predominance was
observed in both groups. Character-
istics of the hemangiomas were sum-
marized in Table 2. The majority of
hemangiomas was located in the right
lobe (n=17). The left lobe (n=6) and
the caudate lobe of the liver (n=2) were
also influenced. Multiple large heman-
giomas were either bilobar (n=2) or
detected in the right lobe and the cau-
date lobe (n=1). PSIAE was performed
in 11 patients, while surgical treatment
without PSIAE was performed in the
remaining 11 patients. No PSIAE-relat-
ed complication occurred during the
study period.

Enucleation was preferred in the ma-
jority of patients (16/22). Liver resec-
tion was performed in six patients due
to the location of the hemangioma
and relation of the hemangioma with
the vascular structures of the liver.

As demonstrated in Table 1, opera-
tive time and Pringle period were sim-
ilar in both groups (P = 0.145 and P =
0.377, respectively). Estimated blood
loss and transfusion requirements were
comparable between the two groups.
Hemorrhage during liver resection was
replaced by fresh frozen plasma in 17
patients. Transfusion with erythrocyte
suspension was required in five of 22
patients. There was no significant dif-
ference in perioperative serum aspar-
tate transaminase levels between the
groups (P = 1.000).

The perioperative total bilirubin lev-
el was significantly increased in the
PSIAE group compared to the non-PSI-
AE group (P = 0.041). The elevation
of bilirubin levels in the PSIAE group

Table 1. Preoperative variables and hospital course of the study groups

PSIAE Non-PSIAE

Parameters n=11 n=11 P
Age (years) 46.8 (36-56) 453 (32-54)  0.688
Gender (F/M) 10 (90.9)/1 (9.1) 9 (81.8)/2(18.2) 1.000
BMI (kg/m?) 26.9 (20.7-30.5) 27.6 (20-34)  0.734
ASA 1.000

ASA score <2 6 (54.5) 7 (63.6)

ASA score >2 5 (45.5) 4 (36.4)
Preoperative co-morbidities 1.000

Anemia 109.1) 0
Surgical treatment

Enucleation 10 (90.9) 9 (81.8) 1.000

Left lobectomy 0 1(9.1) 1.000

Posterior sectorectomy 0 1(9.1) 1.000

Lateral sectorectomy 1(9.1) 1(9.1) 1.000

Caudate lobectomy 2(18.2) 0 0.476
Additional surgical procedure 1.000

Cholecystectomy 1(9.1) 0
Operation time (min) 177.3 (50-330) 123 (50-210)  0.145
Operative bleeding amount (mL) 232 (50-500) 216.6 (50-600) 0.530
Pringle period (min) 31 (10-70) 23.3 (10-40) 0.377
Blood transfusion requirement 3(27.3) 2(18.2) 1.000
FFP transfusion requirement 8(72.7) 9 (81.8) 1.000
Serum AST (U/L)

Day 2 after PSIAE 24.1 (13-54) - -

Postoperative day 2 150.1 (60-343) 141.4 (26-294) 1.000
Serum total bilirubin (mg/dL)

Day 2 after PSIAE 0.66 (0.2-1.5) - -

Postoperative day 2 1.13 (0.4-2.2) 0.57 (0.2-0.9)  0.041
Postoperative morbidity 2(18.2) 0 0.476

Bile leakage 1(9.1) 0 1.000

Pneumonia 1(9.1) 0 1.000
Postoperative hospital stay (days) 11.3 (8-18) 6.3 (4-7) 0.031
30-day mortality 0 (0) 0 (0)

Data are given as either median (min-max) or n (%).

F, female; M, male; BMI, body mass index; ASA, American Society of Anesthesiologists; FFP, fresh frozen
plasma; AST, aspartate transaminase; PSIAE, preoperative selective intra-arterial embolization.

was transient and returned to normal
range before discharge.

There was no significant difference
in the morbidity between the groups (P
= 0.476). Postoperative complications
occurred in two patients. One patient
in the PSIAE group suffered from bile
leak from the raw surface of the liver
after enucleation of the hemangioma

from segment VII. This leak ended
spontaneously at the end of the first
postoperative week (Dindo grade II).
Postoperative atelectasis and pneumo-
nia developed in another patient in
the PSIAE group. Following intensive
pulmonary care and antibiotic treat-
ment, patient was discharged at the
end of the second postoperative week
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Table 2. Hemangioma characteristics

Parameters PSIAE non-PSIAE P
Location, n (%)
Right lobe 9 (81.8) 8(72.7) 1.000
Segment VIII 3 4
Segment VII 2 1
Segment VI 1 1
Segments VI-VII-VIII 1 0
Segments VII-VIII 0 1
Segments VI-VII 0 1
Segments V-VI 1 0
Segments [VB-V-VI 1 0
Left lobe 2(18.2) 4 (36.4) 0.635
Segment IlI 0 1
Segment Il 1 1
Segments |I-1ll-IVB 0 1
Segments II-11I 1 1
Caudate lobe 2(18.2) 0 0.476
Diameter of hemangioma (cm), 7.4 (5-14) 8.8 (5-16) 0.149
median (min-max)
Single hemangioma, n (%) 9 (81.8) 10 (90.9) 1.000
>1 hemangioma, n (%) 2(18.2) 1(9.1) 1.000

PSIAE, preoperative selective intra-arterial embolization

(Dindo grade II). Length of postoper-
ative hospital stay was significantly
longer in the PSIAE group (P = 0.031).
No mortality occurred in either group.
Pathological examination of the speci-
mens revealed cavernous hemangioma
in all cases (n=22).

Follow-up of the patients included
history, physical examination, liver
function tests, and CT when neces-
sary. The period of follow-up ranged
from three months to five years, with
a median follow-up of 30.4 months.
One patient in the non-PSIAE group
had incisional hernia six months af-
ter the operation (n=1). No recurrent
hemangioma was observed during the
follow-up. No significant liver func-
tion test abnormalities were observed
in any of the patients.

Discussion

In this study, we show that patients
who underwent PSIAE due to a high
risk of severe blood loss during re-
section of large liver hemangiomas
had comparable operative success as

patients with a low risk of blood loss
who were operated without PSIAE. The
main drawback of this strategy was the
prolonged hospital stay.

One of the most controversial areas
of hepatic surgery has been the re-
section of hemangiomas (14). Several
trauma surgeons have advocated the
resection of large hemangiomas even
in patients who are asymptomatic, be-
cause management of hemangiomas
after an iatrogenic injury or blunt trau-
ma in centers without a hepatobiliary
unit generally ends with a fatal out-
come (4). On the other hand, Belghiti
et al. (15) stated that the main compli-
cation of hemangioma is the surgical
operation. However, the presence of
severe symptoms, complications, and
inability to exclude malignancy are
considered as treatment indications for
hemangiomas (16).

Surgical resection is the definitive
treatment of large hemangiomas,
while other less effective options in-
clude arterial ligation or embolization,
radiation therapy, and percutaneous
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ablation techniques (4, 15, 17-19).
Radiation therapy can reduce the
size of the lesion; however, its long-
term effects on the liver and adjacent
structures may be deleterious (15,
17). Experience on the treatment of
hemangiomas with percutaneous ab-
lation techniques has been limited in
the literature. Inability to ablate giant
hemangiomas (diameter larger than 10
cm) is considered to be an important
disadvantage of the procedure (18).
Since embolization therapy tends
to be used more widely, it is essential
to clarify the source of blood supply
to cavernous hemangioma. Both his-
tologic and radiologic studies have
shown that the blood supply of cav-
ernous hemangioma is based from the
hepatic artery (20, 21). Ultrastructural-
ly, cavernous hemangioma of the liver
is similar to that of the artery, not vein.
Based on these findings, embolization
via the hepatic artery is considered fea-
sible in patients with unresectable cav-
ernous hemangioma of the liver. Arte-
rial ligation may be considered during
surgical procedures, allowing manual
decompression of large hemangiomas
and facilitating their manipulation
and enucleation (15, 16). Arterial em-
bolization may be considered for the
temporary control of hemorrhage from
hemangiomas (15, 22, 23). Additional-
ly, it usually provides symptomatic im-
provement in large liver hemangiomas
if it is considered as a main treatment
modality (24). However, size of the
lesions usually does not change after
arterial embolization (25). Hence, em-
bolization of hepatic hemangiomas is
currently not considered a definitive
treatment. However, there were reports
that arterial embolization for large
hemangiomas which were performed
prior to surgical resection facilitated
mobilization of the liver by shrinking
the hemangioma and, consequently,
decreased intraoperative hemorrhage
(24-29). Considering the various com-
plications and vascular recanalization
after embolization which might delay
the operation and result in the loss of
an opportunity for radical resection,
some authors recommend urgent op-
eration after embolization (26). Our
waiting interval strategy between PSI-
AE and surgical resection (three days)
was determined according to previous
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studies on neuroscience (30-32). Kuroi-
wa et al. (32) demonstrated almost no
necrotic lesions one day after emboli-
zation. Necrotic lesions were observed
two days after embolization. Extended
necrotic lesions were noted among pa-
tients who underwent surgery at day 4
and thereafter. Additionally, Djindjian
et al. (30) recommended an interval of
three days, and Brismar and Congvist
(31) suggested that surgery should
occur one or two days after emboli-
zation. Waiting interval between PSI-
AE and liver resection in our study is
based on decreased vascularity of the
hemangioma instead of decreased size
or extensive necrosis. As recanalization
of the arterial thrombus starts a week
after embolization (26), the maximum
thrombotic effect of embolization is
expected within three to five days.

Surgical treatment of hepatic heman-
giomas is performed with low morbid-
ity and minimal mortality in the cur-
rent era (10, 16, 33-37). Enucleation,
hepatic resection, or laparoscopic tech-
niques can be used for surgical treat-
ment. Enucleation is associated with a
significantly lower incidence of blood
loss and blood transfusion requirement
than resection. We prefer enucleation
whenever possible and used this tech-
nique in 69.5% of patients who un-
derwent surgical treatment. However,
massive blood loss remains a problem
for large hemangiomas of more than 10
cm in diameter, centrally located liver
hemangiomas, hemangiomas located
close to the hepato-caval junction and
hemangiomas located in caudate lobe
(13, 38). Bleeding control at these lo-
cations is difficult in general (39). Re-
ported median blood loss during enu-
cleation of hemangiomas ranged from
150 mL to 550 mL (16, 35, 38).

The hypothesis of the current study
is that blocking the arterial supply of
a hemangioma preoperatively may de-
crease the amount of intraoperative
hemorrhage. There is no comparative
study regarding the effectiveness of this
strategy in the literature. Our results
could not lead to the conclusion that
PSIAE is a useful tool for the total reduc-
tion of intraoperative blood loss during
the resection of hemangioma. PSIAE
may have prevented arterial bleeding
related with hemangiomas, but portal
bleeding which is inherent to hepatic

surgery could still be a problem. Fur-
thermore, the location and surgical ap-
proach to the embolized cases were dif-
ferent than the control cases. However,
with the PSIAE application, which was
practiced with a low complication rate,
unnecessary dissection of the hepatic
hilus for the control of hepatic artery
before parenchymal dissection is omit-
ted. Additionally, the median blood loss
in the PSIAE group consisting of cases
with hemangiomas in difficult surgical
locations was found comparable with
the non-PSIAE group consisting of cas-
es in easy surgical locations. It must be
noted that the overall amount of blood
loss was less than the reported amounts
in the literature indicating our compe-
tency in the surgical technique. Finally,
slightly higher morbidity in the PSIAE
group may also be related with surgical
difficulties in that group.

We observed a statistically significant
increase in bilirubin levels in the em-
bolization group. This may be related
to some unintentional parenchymal
embolization during the procedure.
Intrahepatic biliary tree is generally
shifted due to mass effect of hemangi-
omas. This close relationship with bil-
iary structures and hemangioma may
be responsible for self-limited biliru-
bin elevation after PSIAE. During the
follow-up period, we did not observe
ischemic cholangitis, ischemic chole-
cystitis, pyogenic liver abscess, or focal
biliary or hepatic necrosis with or with-
out biliary sepsis. Those biliary com-
plications are well-described as main
complications (1.4%-60%) related to
hepatic arterial embolization (40-43).
However, most patients displaying bili-
ary complications after hepatic arterial
embolization have extensive parenchy-
mal diseases, like hereditary hemor-
rhagic telangiectasia. Additionally, se-
quential hepatic arterial embolization
sessions are generally required in the
treatment protocol of these patients.
We may need a longer follow-up period
to get a healthy opinion on the long-
term biliary effects of PSIAE in patients
with normal liver parenchyma.

Another statistically significant dif-
ference between our groups was the
hospital stay. It was inherently longer
in the PSIAE group because of an extra
procedure and a waiting time of three
days after embolization. If the time

required for PSIAE is excluded, the
length of hospital stay would be com-
parable between the groups.

There are some limitations in this
study. Main limitations are the small
sample size and the retrospective de-
sign. The effects of comprehensive
comorbidities on the development of
complications may not be demonstrat-
ed clearly in such a small study popu-
lation. Finally, absence of randomiza-
tion in selection of patients may have
caused a selection bias.

In conclusion, our results suggest
that PSIAE reduces intraoperative
blood loss in surgically challenging
cases, comparable to cases having a low
risk of blood loss operated without PSI-
AE. This procedure avoids unnecessary
dissection of the hepatic hilus for the
control of hepatic artery before paren-
chymal dissection. Additionally, PSIAE
is a safe procedure with low morbidity.
However, there will be a slight increase
in hospital stay due to this additional
procedure.
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