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Hepatic hemangioma: Proportion and predictor of surgical treatment
with emphasis on its growth rate
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Approximately one in 300 patients with an HH underwent surgical treatment. Multiple HHs and a
Conclusion growth rate of more than 4.8%/year were indications for surgical treatment. Nearly half of the HHs
showed growing pattern in our study.

Background/Aims: There are limited studies on the management of hepatic hemangiomas (HHSs). We investigated the pro-
portion and predictors of surgical resection and analyzed HH growth rates in addition to associated factors.

Methods: A retrospective case-control study of patients treated in 2 centers was conducted. Thirty-six patients who under-
went surgical resection were assigned to the case group. Patients who did not undergo surgical treatment were randomly
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selected at a 1:10 ratio and assigned to the control group (n = 360). Baseline characteristics, clinical course and surgical out-
comes were analyzed.

Results: The proportion of surgically treated HH patients was 0.3% (36 per 11,049). The longest diameter at diagnosis (mean
+ standard deviation) was 7.7 £ 5.2 cm in the case group and 2.4 + 1.8 cm in the control group (p < 0.001). In the multivar-
iate analysis, the presence of more than 2 HHs (odds ratio [OR] 7.64, 95% confidence interval [CI] 1.40-41.72) and a growth
rate of more than 4.8%/year (OR 30.73, 95% Cl 4.86-194.51) were independently associated with surgical treatment. Symp-
tom development during follow-up was related to HH size > 10 cm (OR 10.50, 95% Cl 1.06-103.77, p = 0.04). The subgroup
analysis showed substantial growth in 41.3% with an overall mean annual growth rate of 0.14 cm.

Conclusions: Approximately one in 300 patients with an HH underwent surgical treatment. Multiple HHs and a growth
rate of more than 4.8%/year were indications for surgical treatment. Nearly half of the HHs showed growing pattern in our

study.

Keywords: Hemangioma; Liver; Surgery; Arteriovenous malformation

INTRODUCTION

The widespread use of abdominal ultrasonography (USG),
computed tomography (CT) and magnetic resonance imag-
ing (MRI) in clinical practice has led to the detection of many
focal hepatic lesions. Among them, hepatic hemangioma
(HH) is the most common hepatic lesion, with a prevalence
of 0.4-20% [1]. HH is usually discovered incidentally on
USG during health check-ups, leading to further imaging
studies, such as CT or MRI, to confirm the diagnosis and
exclude the possibility of malignant tumors [2].

After diagnosis, many physicians recommend follow-up
imaging after 6-12 months because they are concerned
about unexpected growth or the low possibility of heman-
gioendothelioma or hemangiosarcoma, which cannot be
completely excluded by CT or MRI. However, it has been
stated in international guidelines that imaging follow-up
is not required for typical hemangiomas [3]. Currently, the
management of HH remains controversial. The possibility of
malignancy causes anxiety in patients, and the medical costs
and time required for studies are major burdens associated
with this incidentaloma [4].

Although almost all cases of HH follow an indolent clinical
course without symptoms [5-7], there are a few cases of HH
that present with acute symptoms or rapid growth, in which
surgical or nonsurgical intervention is needed. However,
there are few data on the proportion of patients needing
surgical treatment and the surgical indications. In addition,
the pathogenesis and biomarkers for growing or aggressive
HH are unknown. Although some studies have shown that
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as many as 17-40% of HHs grow over time [8-11], stud-
ies on HHs that require surgical treatment or their growth
pattern are limited. Such studies may provide important
evidence for the management of HHs, such as follow-up
indications or schedules.

We aimed to analyze the proportion of patients for whom
surgical treatment is required and to investigate the growth
rate of HH and its related factors using a case-control design
in two tertiary hospitals.

METHODS

Patient selection

Using a clinical database warehouse, data on patients diag-
nosed with HH (International Classification of Diseases, 10th
revision [ICD-10] code D18.03) from January 2006 to May
2022 were retrieved from two tertiary hospitals. Among
them, patients with pathologically confirmed HH after re-
section were defined as the case group. Patients incidentally
diagnosed with HH during hepatectomy for other malignan-
cies, such as hepatocellular carcinoma, cholangiocarcinoma,
or metastatic liver cancer, were excluded. The proportion
and clinical characteristics of surgically resected HH patients
were investigated in the case group.

Controls were randomly sampled at a 1:10 ratio from HH
patients without a history of hepatic surgery. In a case-con-
trol study, it is known that when a relatively large number
of controls are available, unmatched controls might provide
a steadier estimate than the matched analysis. Since a sig-
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nificantly larger size of controls than cases was expected in
our study, we performed unmatched random sampling for
the control group [12].

Patients who underwent at least two follow-up radiologic
studies within the study period became a subgroup for es-
timating the annual HH growth rate. The flow chart of the
overall patient selection is depicted in Figure 1, and that at
each hospital is shown in Supplementary Figure 1.

This study was approved by the Institutional Review
Boards (IRB No.: B-2207-767-101) of Seoul National Univer-
sity Bundang Hospital (SNUBH). The requirement for written
informed consent was waived due to the retrospective na-
ture of the data analysis.

Data collection

Medical records were reviewed retrospectively for data re-
garding baseline demographics and clinical characteristics:
age, sex, date of diagnosis and end of follow-up, symptom
development, comorbidities, and laboratory findings. Base-
line data were collected at the initial visit to the hospital. Im-
aging studies, including USG, CT, and MRI, were reviewed to
obtain the characteristics of HH, such as size, lobar distribu-
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tion, number of lesions, and depth of intrahepatic location.
Size was defined as the longest diameter (LD) of the HH,
and when multiple hemangiomas were identified in each
patient, the LD of the largest hemangioma was measured.
Change in size was described as both the absolute differ-
ence (the final size at the end of follow-up minus the ini-
tial size at the initial imaging study) and the relative growth
compared with the initial size (expressed as a percentage)
during the follow-up period. Growth rates were assessed
by dividing the change in size by the follow-up period per
year. Growth rates were then categorized as “substantial
growth (> 5% in size compared to the initial diameter of
HH)”, “stable”, and “substantial shrinkage (> 5% decrease
compared to the initial size of the largest lesion)”. This
categorization was also adopted in another study, as this
arbitrary cutoff is meant to reduce the detection of small
changes that may be attributed to measurement variability
[9]. Since most hemangiomas are naturally indolent, 5% as
the cutoff is reasonable. All data on tumor size, location,
and distribution were obtained via formal readings provided
by board-certified radiologists and with confirmation by a
hepatology fellow (YCS).

11,049 Patients with
hemangioma identified via
CDW in two hospitals
(2006.01.01-2022.05.31)

10,957 Patients without <

surgical resection

1:10 random sampling

l

360 patients assigned to
control group

157 cases without followed up ‘
radiologic study were excluded | l

from the subgroup analysis

203 cases with at least two
follow-up radiologic studies
for subgroup analysis on
growth rate

l

92 Resected and 56 cases excluded
pathologically confirmed 37 cases without prior
patients diagnostic codes or history of
hemangioma incidentally
diagnosed in resected liver
specimen
l 19 cases with prior diagnostic

\ 4

codes or history of
hemangioma included in
36 patients assigned to resection range for other liver
case group tumors

16 cases without followed up
radiologic study were excluded
l from the subgroup analysis

\/

20 cases with at least two
follow-up radiologic studies
for subgroup analysis on
growth rate

Figure 1. Flow chart indicating the patient enroliment for the two study aims. CDW, clinical database warehouse.
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Statistical analysis

All continuous variables are expressed as the mean = stan-
dard deviation and were analyzed using Student's t-test
or the Mann-Whitney test. Categorical variables are sum-
marized as percentages and were calculated using the chi-
square test or Fisher’s exact test.

Logistic regression analysis was performed in the sub-
group to search for independent factors associated with sur-
gical resection and symptom development of HH. Variables
with a p value < 0.1 in univariable analysis were subjected
to multivariable analysis. Firth's logistic regression was used
to assess certain variables with outcomes at a very rare fre-
quency.

The correlation between the LD of the largest HH at initial
diagnosis and the HH growth rate was analyzed by Spear-
man's rank correlation test because both variables were
nonnormally distributed. A p value less than 0.05 was con-
sidered statistically significant in all analyses. All statistical
analyses were conducted using the statistical software SPSS
for Windows (Version 25.0; IBM Corporation, Armonk, NY,
USA). The results of the data analysis were reviewed and
certified by the independent statistical expert team at the
Medical Research Collaborating Center at SNUBH.

RESULTS

Proportion, surgical details and outcomes of
resected HH

The overall proportion of surgically treated HH patients was
36 per 11,049 (0.3%) in two hospitals (mean age: 46.5 yr;
61.1% female). The proportion of resected HHs at SNUBH
was higher (31 per 5,965, 0.5%) than that at SNUH (5 per
5,084, 0.1%) because the enrollment period was shorter at
SNUH, where liver surgery for cancer or transplantation was
performed more frequently than at SNUBH. The reasons for
surgery were growing HHs in 18 patients (48.6%), presence
of symptoms in 16 patients (43.2%), and an unclear diag-
nosis of HH on radiologic studies in 2 patients (5.4%). Al-
most all symptomatic patients presented with compressive
symptoms such as abdominal pain or dyspnea. None were
identified as having a ruptured hemangioma.

A summary of the surgical details and outcomes is shown
in Table 1. In all cases with multiple hemangiomas, only the
largest HH producing symptoms were resected. Hemihepa-
tectomy (38.9%) and sectionectomy (36.1%) were most-
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ly performed, followed by segmentectomy (11.1%) and
tumorectomy (8.3%), respectively. Surgical resection was
performed mostly by laparoscopy (94.4%), and only two
cases required open surgery (5.6%). There was one case of
a 50-year-old female, as we had previously reported, who
had diffuse hemangiomatosis occupying almost the entire
liver, along with mild anemia (hemoglobin: 9.3 g/dL), mild

Table 1. Indication and summary of surgical details of case
group

Variable Case group (n = 36)
Age, yr 46.5+12.0
Female 22 (61.1)
Indication for surgery

Symptomatic 16 (44.4)

Hemangioma growth 18 (50.0)

Ruling out malignancy 2(5.6)
Surgical resection extent

Hemihepatectomy 14 (38.9)

Sectionectomy 13 (36.1)

Segmentectomy 4(11.1)

Wedge resection 1(2.8)

Tumorectomy 3(8.3)

Liver transplantation 1(2.8)
Surgical approach

Open surgery 2(5.6)

Laparoscopy 34 (94.4)
Estimated blood loss, mL 176.5 £ 231.1
Operative time, min 201.5 £ 150.9
Mean hospital stay, d 6.6+28
Pathologic results

Cavernous 35(97.2)

Sclerosing 1(2.8)
Other treatment before resection

Transarterial embolization 1(2.8)

None 35 (97.2)
Post-operative complication

Bile leakage 0(0.0)

Infection 0(0.0)

Hemorrhage 0(0.0)

Hepatic failure 0 (0.0)

Mortality 0(0.0)

Values are presented as mean + standard deviation or number
(%).
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thrombocytopenia (123,000/mm3), and a slightly prolonged
prothrombin time (15.9 s), suspected to indicate mild Ka-

sabach-Merritt syndrome. This patient received living-donor
liver transplantation after transarterial embolization (TAE)

Table 2. Comparison of clinical characteristics between hemangioma patients with and without surgery

Variable Overall (n = 396) Case group (n =36)  Control group (n = 360) p value
Age, yr” 477 £10.8 46.5 + 12.0 47.8+10.7 0.373
Female? 217 (54.8) 22 (61.1) 195 (54.2) 0.425
Number of hemangiomas® 0.026
Single 234 (59.1) 15 (41.7) 219 (60.8)
>2 162 (40.9) 21(58.3) 141 (39.2)
Lobar distribution® 0.032
Left hemilobar 81 (20.5) 15 (41.7) 66 (18.3)
Right hemilobar 236 (59.6) 14 (38.9) 222 (61.7)
Bilobar 79 (19.9) 7 (19.4) 72 (20.0)
Depth of location® <0.001
Exophytic 13(3.3) 10 (27.8) 3(0.8)
Subcapsular 160 (40.4) 24 (66.7) 136 (37.8)
Deep 223 (56.3) 2 (5.5) 221 (61.4)
Size at initiation of follow-up, cm® 29+238 77+5.2 24+18 < 0.001
WBC, 103/uL” 64+26 71£6.2 63+18 0.530
Hemoglobin, g/dL? 141+ 15 135+ 1.7 141+ 15 0.018
Platelet, 10°/uL® 242.4 +65.0 235.1 £67.0 2433 +64.8 0.499
Total cholesterol, mg/dLa) 189.3 + 37.2 185.1 +43.3 189.8 + 36.5 0.474
Total protein, g/dL? 73+05 73+05 7305 0.707
Albumin, g/dL® 44+04 43+03 44+0.4 0.461
Total bilirubin, mg/dL® 09+04 0903 09+04 0.020
AST, U/LY 274+ 164 275+ 175 274+ 1623 0.553
ALT, IU/LP 285+ 26.1 31.3+48.1 282+224 0.675
Creatinine, mg/dL? 0.8+0.2 0.8+0.2 0.8+0.2 0.393
Alpha-fetoprotein, ng/mL” 34+28 28+ 15 35+29 03N
Concomitant diseases
Diabetes mellitus? 29 (7.3) 3(8.3) 26 (7.2) 0.738
Hypertension® 34 (8.6) 4(11.1) 30(8.3) 0.534
Dyslipidemia® 48 (12.1) 4(11.1) 44(12.2) > 0.999
Chronic viral hepatitis® 56 (14.1) 5(13.9) 51 (14.2) 0.964
Liver cirrhosis® 16 (4.0) 1(2.8) 15 (4.2) >0.999
Alcoholic liver disease® 32 (8.1) 2 (5.6) 30(8.3) 0.755
Fatty liver disease? 53 (13.4) 2 (5.6) 51 (14.2) 0.200

Values are presented as mean = standard deviation or number (%), unless otherwise indicated.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; WBC, white blood cell.

Exophytic was defined as hemangioma protruding beyond liver capsule; subcapsular was defined as hemangioma locating within
1 cm from liver capsule; deep was defined as locating deeper than 1 cm from liver capsule.

Chronic viral hepatitis included hepatitis B or hepatitis C infection without the history of previous diagnosis and evidence of cirrhosis.
p value calculated using ?Student'’s t-test, ?Mann—Whitney test, “chi-square test, PFisher’s exact test, or ®linear by linear association.
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and was cured [13].

On postoperative pathologic analysis, 35 patients (97.2%)
were identified as having a cavernous hemangioma. There
were no cases of capillary hemangioma since the study in-
volved only adults (> 18 yr). One patient was diagnosed with
a sclerosed hemangioma. No malignant features or atypical
vascular lesions were found in any of the cases.

Overall, surgical resection for HH was safely performed
with little estimated blood loss, a relatively short operation
time (mean: 201.5 min), and no postoperative complica-
tions.

Clinical characteristics of surgically treated
HH

Thirty-six surgically treated HH patients comprised the case
group, and 360 HH patients without surgical resection com-

KJIM™

prised the control group. Compared to the controls, cases
were more likely to be multiple (> 2 in number), larger (7.7
+ 5.2 cm in the case group and 2.4 + 1.8 cm in the control
group) HHs located in the left lobe or subcapsular area with
exophytic growth. In addition, the case group was more
likely to have symptomatic HH and lower hemoglobin levels.
Otherwise, there were no significant differences in terms of
clinical characteristics, including age, sex, comorbidities, and
laboratory results, between the case and control groups.
These comparative characteristics are shown in Table 2. De-
tailed data on the baseline characteristics of the patients in
each hospital are summarized in Supplementary Table 1 and
Supplementary Table 2.

Annual growth rate of HH
There were 20 patients in the case group and 203 patients

Table 3. Baseline characteristics and hemangioma growth patterns of patients with follow-up imaging studies

Variable Overall (n = 223) Case group (h=20)  Control group (n = 203) p value
Age, yra) 477 £10.4 47.05 £ 11.96 4771 £ 10.25 0.787
Female, n° 117 (52.5) 12 (60.0) 105 (51.7) 0.480
Follow up period, yr° 49 %41 81+36 45+40 <0.001
Size at initiation of follow-up, cm® 2923 58+3.5 26+19 <0.001
Size at end of follow-up, cm® 36+35 10.8+ 4.4 29425 <0.001
Change in linear size, cm® 07+19 51+323 03+038 <0.001
Change in linear size, % 214594 133.3£30.5 10.4 £27.7 <0.001
Mean growth rate, mm/year® 14+29 6.4+3.2 09+24 <0.001
Mean growth rate, %/year® 48+ 115 150+ 11.3 3.8+ 111 <0.001
Number of hemangiomas? 0.039

Single 137 (61.4) 8(40.0) 129 (63.5)

>2 86 (38.6) 12 (60.0 74 (36.5)
Lobar distribution® 0.236

Left hemilobar 45 (20.2) 8 (40.0) 37 (18.2)

Right hemilobar 130 (58.3) 7 (35.0) 123 (60.6)

Bilobar 48 (21.5) 5(25.0) 43 (21.2)
Depth of location® <0.001

Exophytic 5(2.2) 3(15.0) 2(1.0)

Subcapsular 97 (43.5) 16 (80.0 81 (39.9)

Deep 121 (54.3) 1(5.0) 120 (59.1)
Symptom? <0.001

Symptomatic 6 (2.7) 6 (30.0) 0(0.0)

Asymptomatic 217 (97.3) 14.(70.0 203 (100.0)

Values are presented as mean = standard deviation or number (%).

p value calculated using @Student’s t-test, PMann—-Whitney test, 9chi-square test, PFisher’s exact test, ®linear by linear association.
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Figure 2. Pie chart indicating the growth patterns overall and according to the initial size categories of subgroups. (A) Growth pattern
in the overall subgroup (n = 223). (B) Growth pattern in hemangiomas measuring < 5 cm (n = 187). (C) Growth pattern in hemangiomas
measuring > 5 cm but < 10 ¢cm (n = 30). (D) Growth pattern in hemangiomas measuring > 10 cm (n = 6). Substantial growth was defined
as growth of > 5% compared to the initial longest diameter. Substantial shrinkage was defined as shrinkage of > 5% compared to the
initial longest diameter. Stable hemangioma size was defined as ranging between substantial growth and shrinkage.

in the control group who had at least 2 follow-up imaging
studies during the study period, and their clinical charac-
teristics and growth rates are summarized in Table 3. The
annual mean growth of all subjects was 0.14 cm, with a
growth rate of 4.8%. Among the 223 patients, 92 (41.3%)
showed substantial growth (> 5% in size compared to ini-
tial HH diameter), 118 patients (52.9%) had a stable size,
and 13 patients (5.8%) showed substantial HH shrinkage
(> 5% decrease compared to initial size of largest lesion),
while none of the 21 surgically treated patients showed sub-
stantial HH shrinkage during the follow-up (Fig. 2A). Further-
more, growth patterns according to the initial size in three
categories (< 5, 5-10, > 10 cm) are shown in Figure 2B-D.
Patients with an initial HH diameter of > 10 cm showed the
highest proportion of substantial growth (83%), with 0.7
cm/year growth during the mean follow-up period of 5.5
years and substantial shrinkage in one patient (17%) with
-0.2 cm/year growth during 7 years of follow-up.

Interval changes in size during follow-up were 5.1 £ 3.3
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growth rate showed a weak positive correlation (Spearman’s rank
correlation coefficient [rho]: 0.29, p < 0.001). This result suggest-
ed that initially large HHs tend to show rapid growth but do not
necessarily show rapid growth in all cases. HH, hepatic hemangi-
oma.
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cm in the case group and 0.3 + 0.8 cm in the control group,
on average (p < 0.001). The relative changes in the percent-
age of linear size were 133.3% vs. 10.4% in the case and
control groups, respectively (p < 0.001). The yearly mean
growth rate was 6.4 mm/year vs. 0.9 mm/year, and the
growth percentage was 15.0%/year vs. 3.8%/year in the

KJIM™

case and control groups, respectively (p < 0.001). The medi-
an (interquartile range) values for growth rates were 0 cm/
year (0-0.17) and 0%/year (0-5.8) in the overall group, 0.59
cm/year (0.42-0.81) and 12.63%/year (6.89-16.92) in the
case group, and 0 cm/year (0-0.08) and 0%/year (0-4.31) in
the control group. Laboratory and comorbidity profiles were

Table 4. Univariable and multivariable logistic regression for surgical resection

Univariable analysis

Multivariable analysis

Variable
OR (95% Cl) p value OR (95% Cl) p value

Age, yr

< 45 Reference

> 45 0.62 (0.25-1.57) 0.316
Sex

Male Reference

Female 1.40 (0.55-3.57) 0.481
Number of hemangiomas

Single Reference Reference

>2 2.62 (1.02-6.69) 0.045 7.64 (1.40-41.72) 0.019
Lobar distribution

Right hemilobar or bilobar Reference Reference

Left hemilobar 2.99 (1.14-7.84) 0.026 3.17 (0.72-13.97) 0.128
Depth of location

Deep Reference Reference

Subcapsular or exophytic 27.47 (3.61-209.21) 0.001 5.94 (0.84-42.00) 0.074
Initial size, cm

<5 Reference Reference

5-10 6.02 (2.05-17.71) 0.001 3.20(0.67-15.34) 0.146

>10 39.56 (6.38-245.28) < 0.001 40.84 (0.89-1873.72) 0.057
Mean growth rate > 0.14 cm/year? 188.15 (11.12-3182.41) < 0.001
Mean growth rate > 4.8%/yeara) 41.68 (7.68-226.27) < 0.001 30.73 (4.86-194.51) < 0.001
Symptom

Asymptomatic Reference Reference

Symptomatic 182.45 (9.79-3401.00) < 0.001 33.42 (0.94-1187.87) 0.054
Concomitant diseases

Diabetes mellitus 0.28 (0.02-4.79) 0.378

Hypertension 0.22 (0.01-3.75) 0.294

Dyslipidemia 0.76 (0.17-3.45) 0.718

Chronic viral hepatitis 0.74 (0.21-2.66) 0.647

Liver cirrhosis 0.71 (0.09-5.70) 0.748

Fatty liver disease 0.24 (0.032-1.88) 0.176

Alcoholic liver disease 0.62 (0.08-4.90) 0.646

OR, odds ratio; Cl, confidence interval.
J0OR, 95% Cl, and p value analyzed by firth's logistic regression.
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not significantly different between the two groups. In addi-
tion, there was no significant difference in the growth rate
of HH between males and females (Supplementary Fig. 2).

The correlation analysis between the initial LD of HH
and annual growth rate showed a weak positive correla-
tion (Spearman’s rank correlation coefficient [rho] 0.29, p <
0.001) (Fig. 3). This result suggested that initially large HHs
tended to show rapid growth but are not necessarily meant
to grow rapidly in the majority.

Factors related to surgery

To identify the factors associated with the surgical treat-
ment of HH, logistic regression was performed in subgroups
(Table 4). In the univariable analysis, multiple HHs, left lobar
location, subcapsular or exophytic distribution, initial size >
5 ¢m, and mean annual growth rate over 0.14 cm/year or
4.8%/year were associated with a higher risk for surgery. In

The Korean Journal of Internal Medicine Vol. 38, No. 6, November 2023

the multivariable logistic regression, independent factors for
surgical treatment were multiple HHs (odds ratio [OR] 7.64,
95% confidence interval [Cl] 1.40-41.72, p =0.019) and a
mean annual growth rate over 4.8%/year (OR 30.73, 95%
Cl 4.86-194.51, p < 0.001). In addition, initial size, symp-
tom presentation, and depth of location showed marginal
significance with a wide range of 95% Cls of high ORs.
Because symptomatic HH is an important indication for
surgery, logistic regression was conducted for symptom
development (Table 5). Factors associated with symptom
development in the univariable analysis were an initial size
larger than 10 cm (OR 92.50, 95% ClI 11.08-772.10, p <
0.001), subcapsular or exophytic distribution (OR 16.37,
95% C10.91-294.17, p = 0.058), and faster growth rates in
both absolute (OR 43.12, 95% Cl 2.39-778.65, p = 0.011)
and relative (OR 33.08, 95% Cl 1.84-596.15, p = 0.018)
measures. In the multivariable analysis, only HHs larger than

Table 5. Univariable and multivariable logistic regression for odds of symptom development

Univariable analysis

Multivariable analysis

Variable
OR (95% Cl) p value OR (95% Cl) p value

Age, yr

<45 Reference

> 45 1.31(0.24-7.33) 0.756
Sex

Male Reference

Female 4.69 (0.54-40.79) 0.162
Number of hemangiomas

Single Reference

>2 3.29(0.59-18.38) 0.174
Location of hemangioma

Right hemilobar or bilobar Reference Reference

Left hemilobar 4.17 (0.81-21.38) 0.087 2.71(0.26-27.78) 0.402
Depth of location

Deep Reference Reference

Subcapsular or exophytic 16.37 (0.91-294.17) 0.058 4.41 (0.19-100.63) 0.353
Initial size, cm

<5 Reference Reference

5-10 3.19(0.28-36.31) 0.350 1.27 (0.13-12.84) 0.840

>10 cm 92.50 (11.08-772.10) <0.001 10.50 (1.06-103.77) 0.044
Mean growth rate > 0.14 cm/yeara) 4312 (2.39-778.65) 0.011
Mean growth rate > 4.8%/year” 33.08 (1.84-596.15) 0.018 13.42 (0.77-233.13) 0.075

OR, odds ratio; Cl, confidence interval.
J0OR, 95% Cl, and p value analyzed by firth's logistic regression.
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10 cm at diagnosis showed a statistically significant associ-
ation with symptom exhibition (OR 10.50, 95% CI 1.06-
103.77, p = 0.044).

DISCUSSION

This study shows that 0.3% of HHs were surgically treat-
ed due to progressive growth or symptom development.
The predictors for surgery were multiple HHs and a mean
growth rate > 4.8%/year, while left lobar location, depth
of location, initial size > 10 cm, and symptom presentation
showed marginal significance. The mean annual growth
of all HHs was 0.14 cm, with a growth rate of 4.8%/year.
Overall, 41.3% of HH patients showed substantial growth
(= 5% in diameter); 52.9%, a stable size; and 5.8%, a
substantial shrinkage (< 5% in diameter). The proportion
of substantial growth was largest in the HH group, which
initially measured > 10 cm, followed by the 5-10 cm group
and the <5 cm group.

There are several previous studies on the characteristics
and outcomes of surgically treated HH, but there are scarce
data on the proportion of surgically treated HHs. Our results
show that although 0.3% of HH patients underwent surgical
treatment, the proportion ranged from 0.1% to 0.5%. This
difference between the 2 hospitals may be related to the
different enrollment periods and referral statuses. SNUBH
was established in 2003 as a secondary hospital and later
became a tertiary hospital. However, SNUH was established
as a national representative hospital in 1945 with a heavy
clinical burden of serious liver disease, such as liver can-
cer and liver transplantation. Therefore, HH patients were
mostly re-referred after diagnostic confirmation at SNUH,
which might have resulted in a lower proportion than that
at SNUBH. Due to this gap in the proportion of surgery, we
considered conducting a center effect analysis, but the out-
come was too rare at SNUH, with only 3 patients capable of
growth rate assessment. Presently, more HHs with a small
size are being detected; thus, the proportion of surgically
treated HHs might decrease compared to the findings in our
study and occur in older patients during longer follow-ups
in the future.

The reasons for surgery were rapid growth (48.6%) and
symptom development (43.2%). Other indications were un-
certainty of malignancy in two cases. Giant hemangiomas
are commonly defined as hemangiomas larger than 4-5
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cm. In our study, hemangiomas in the case group measured
11.5 £ 5.2 cm, with the smallest being 4.5 cm. Consequent-
ly, all cases corresponded to giant hemangiomas. Individual
cases were assigned to an abdominal radiologist with more
than 10 years of experience (YJL) and confirmed. In a retro-
spective 6-center study in the USA including 241 resected
HH patients, the reasons for surgery were symptoms (85%)
and increasing size (11%). The 30-day mortality was 0.8%,
and the rate of Clavien-Dindo grade 3 or higher complica-
tions was 5.7%. This result could be related to the relative-
ly larger size of resected HHs and the higher proportion of
major hepatectomy [14]. A large-scale retrospective Chinese
study of giant HHs > 10 cm showed that extremely giant
HHs > 20 cm are more frequently accompanied by throm-
bocytopenia, prolonged prothrombin time, leukopenia, and
anemia with Kasabach-Merritt syndrome. Additionally, the
surgical procedure is difficult and risky compared to that for
an HH size of 10-20 cm [15]. Therefore, the optimal timing
of surgery should be determined in consideration of the pa-
tient's symptoms and the size, growth pattern, and location
of the HH.

Compared to nonsurgical cases, multiple HHs and those
with a larger initial size, subcapsular/exophytic distribution,
and lower hemoglobin level were more likely surgically
treated. The independent predictors for surgery were mul-
tiple HHs and a faster mean yearly growth rate, whereas an
initial size > 10 cm, presence of symptoms and subcapsular/
exophytic location, and left lobar location showed marginal
significance, probably due to the small sample size of the
case group. Likewise, the independent predictor for symp-
tom development was an initial size > 10 cm. The super-
ficial intrahepatic location and rapid growth rate also had
high ORs but did not show significance due to the small
sample size of symptomatic HHs. Patients with an HH in a
left lobar location or those with subcapsular/exophytic HHs
were more likely to develop symptoms or to have lesions
anatomically feasible for surgeons. After resection of prob-
lematic HHs, most of the patients with multiple lesions were
not followed up for the remaining HHs. Interestingly, there
have been several case reports on liver transplantation as a
treatment for giant HH [13,16].

In this study, the mean annual linear growth rate of the
HHs was 0.14 cm/year overall in 230 patients, while it was
0.03 cm/year in a USA multicenter study including 123 pa-
tients without the mention of surgery [9]. This discrepan-
cy may be related to the sample selection criteria because
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our subjects included surgically treated patient cases and
controls, while the USA study included 163 hemangiomas
identified in 123 patients, regardless of surgery. Moreover,
in the case of multiple HHs, we measured the largest HH,
which might have resulted in a higher growth rate. The an-
nual growth rate of surgically resected HHs was 0.64 cm/
year, almost 7-fold faster than that of the nonsurgical group
(0.09 cm/year). This change translates into relative annual
growth rates of 15.8% and 3.7% in surgery cases and non-
surgical controls, respectively.

HH generally exhibits a benign and indolent clinical course
[5-7]; however, 17-61% of HHs have been reported to
show growth during follow-up [8,10,11]. ling et al. [17]
reported that 61.0, 24, and 9% of HH patients showed in-
creased, stable and decreased size (without clear criteria of
size change), respectively, within a median of 48 months. In
our study, 41.3% exhibited substantial growth (> 5% from
the initial diameter), 52.9% exhibited stable size, and 5.8%
exhibited decrease in size during a mean follow-up of 4.9
years. Moreover, the growth pattern was different accord-
ing to the initial size of the HH. Compared to an HH mea-
suring less than 5 cm, the growing fraction of those ranging
from 5-10 cm nearly doubled. The fraction of substantial
growth was highest (83%) in HHs > 10 cm. Hasan et al. [9]
insisted that a larger initial size predicts a faster growth rate,
and we have shown a compatible correlation between the
initial size and growth rate of HHs.

In the past, HH growth was suggested to be associated
with female sex hormones [18,19], but later, Kim et al.
[20] showed pathologically that HH does not express estro-
gen and progesterone receptors. Moreover, Jing et al. [17]
showed that the growth pattern of HHs did not differ be-
tween males and females. These findings are supported by
our results, in which female sex was not associated with a
higher risk for surgical resection, with mean growth rates
(cm/year) of males and females being 0.10 and 0.17 (p =
0.073), respectively. When expressed as a percentage (%/
year), the growth rate was 4.74 in males and 4.85 in fe-
males.

HH in adults is mostly the cavernous type and is not con-
sidered a true tumor but a slow-flow venous malformation
in contrast to infantile hemangioma or congenital hemangi-
oma because HHs are histologically composed of malformed
vessels without glucose transporter-1 expression and mitosis
[22,23]. Somatic alterations in genes involved in the PIK3CA/
Akt/mTOR pathway, such as TEK and PIK3CA, are known to
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exist in venous malformations [24-26]. Although alterations
in GJA4, KRAS, and BRAF have been reported in HH cases
[21,27], detailed molecular studies of HHs are lacking to our
knowledge. Therefore, further studies on the pathogenesis
of and biomarkers for aggressive HHs are needed.

Although the outcome of TAE for giant HHs is contro-
versial due to increased risks of ischemia, infection, intra-
cavitary bleeding, and biliary damage along with vascular
recanalization, a recent meta-analysis on the effectiveness
showed a pooled diameter reduction of -4.37 cm with a
high rate of symptom alleviation and safety [28]. Moreover,
an Italian study showed that preoperative embolization and
subsequent liver resection for giant HHs > 10 cm resulted
in a significant reduction in intraoperative blood loss and
operative time [29].

Our study had some limitations. First, due to the retro-
spective design, data on the presence of symptoms or
surgical details were limited. Second, the change in size
was measured only in linear dimensions, not in volumetric
measures, and in the case of multiple HHs, only the larg-
est hemangioma was measured for subgroup analysis. Ad-
ditionally, since many of the patients were evaluated with
few imaging studies and then re-referred to local clinics or
hospitals, growth rates were estimated on the assumption
that the size of hemangiomas changes uniformly regardless
of the length of follow-up, which was suggested by Hasan
et al. [9] regarding hemangioma growth rates. Additionally,
the imaging modality was heterogeneous, since most of the
patients were followed with USG after definite diagnosis
with CT or MRI unless they had other hepatic comorbidities,
such as cirrhosis. This factor might have led to a rather in-
accurate estimated growth rate of HHs. Third, patients with
inoperable HHs due to central localization and inadequate
normal hepatic volumes might have been classified as the
control group, providing the potential for selection bias.
Finally, although data were obtained over a relatively long
period (16 yr) in the two centers, the number of surgical cas-
es was small. However, this study shows the proportion of
surgically treated HHs, predictors of surgery, and long-term
growth pattern of HHs, which provides useful information
for the management of patients with HHs.

In conclusion, approximately 1 in 300 typical HH patients
in our study were surgically treated due to progressive
growth or symptom development. The predictors for sur-
gery were multiple HHs and a mean growth rate > 4.8%/
year. Overall, substantial growth was observed in 41.3% of
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HH patients, a stable size in 52.9%, and substantial shrink-
age in 5.8%, with a mean annual HH growth of 0.14 cm
(4.8%/year).

KEY MESSAGE

1. In this retrospective case-control study, we found
that approximately one in 300 patients with a HH
were surgically treated due to progressive growth
or symptom development.

2. The predictors for surgery were multiple lesions
and a mean growth rate > 4.8%/year.

3. Overall, substantial growth was observed in 41.3%
of HH patients; a stable size, in 52.9%; and sub-
stantial shrinkage, in 5.8%, with a mean annual
growth of HH of 0.14 cm (4.8%/year).
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Supplementary Table 1. Baseline characteristic of hospital 1
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Variable Overall (n = 341) Case group (n = 31) Control group (n = 310) p value
Age, yr 47.8 +11.0 476+ 124 47.8 +10.9 0.916
Female 182 (53.4) 17 (54.8) 165 (53.2) 0.864
Number of hemangioma 0.058
Single 208 (61.0) 14 (45.2) 194 (62.6)
>2 133(39.0) 17 (54.8 116 (37.4)
Lobar distribution 0.019
Left hemilobar 73 (21.4) 13 (41.9) 60 (19.4)
Right hemilobar 209 (61.3) 14 (45.2) 195 (62.9)
Bilobar 59 (17.3) 4(12.9) 55(17.7)
Depth of location < 0.001
Exophytic 12 (3.5) 9(29.0) 3(1.0)
Subcapsular 135 (39.6) 20 (64.5) 115 (37.1)
Deep 194 (56.9) 2 (6.5 192 (61.9)
Size at initiation of follow-up, cm 2.8+23 6.6 +£3.5 24+17 < 0.001
WBC, 103/uL 6.4+28 7367 6.3+19 0.380
Hemoglobin, g/dL 141 +15 13.7+15 14.2+15 0.160
Platelet, 103/uL 243.0 £ 65.1 2356 +71.0 243.8 +64.5 0.507
Total cholesterol, mg/dL 188.3 + 37.5 182.9 £ 44.0 188.9 + 36.7 0.398
Total protein, g/dL 73+0.5 73+06 7305 0.998
Albumin, g/dL 44+04 43+04 44+04 0.280
Total bilirubin, mg/dL 09+04 1.0+0.3 0.8+04 0.054
AST, IU/L 279+ 15.5 29.1+18.4 277 £15.2 0.646
ALT, IU/L 29.6 +27.6 337515 29.1+234 0.372
Creatinine, mg/dL 0.8+0.2 0.8+0.2 0.8+0.2 0.100
Alpha-fetoprotein, ng/mL 3.3+2.8(n=244) 29+15(n=25 3.3+3.0(n=219) 0.460
Concomittant diseases
Diabetes mellitus 27 (7.9) 309.7) 24 (7.7) 0.724
Hypertension 30 (8.8) 4(12.9) 26 (8.4) 0.335
Dyslipidemia 41(12.0) 4.(12.9) 37(11.9) 0.777
Chronic viral hepatitis 50 (14.7) 5(16.1) 45 (14.5) 0.791
Liver cirrhosis 12 (3.5) 1(3.2) 11 (3.5) >0.999
Alcoholic liver disease 29 (8.5) 2 (6.5) 27 (8.7) >0.999
Fatty liver disease 42 (12.3) 2 (6.5) 40 (12.9) 0.399

Values are presented as mean + standard deviation or number (%).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; WBC, white blood cell.
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Supplementary Table 2. Baseline characteristic of hospital 2

Variable Overall (n = 55) Case group (n =5) Control group (n = 50) p value
Age, yr 46.8+9.6 39.4+59 475+97 0.076
Female 35(63.6) 5(100.0) 30 (60.0) 0.147
Number of hemangioma 0.355
Single 26 (47.3) 1(20.0) 25 (50.0)
>2 29 (52.7) 4(80.0) 25 (50.0
Lobar distribution 0.898
Left hemilobar 7(12.7) 2 (40.0) 5(10.0)
Right hemilobar 28 (50.9) 0(0.0) 28 (56.0)
Bilobar 20 (36.4) 3(60.0) 17 (34.0)
Depth of location 0.003
Exophytic 1(1.8) 1(20.0) 0(0.0)
Subcapsular 27 (49.1) 4(80.0) 23 (46.0)
Deep 27 (49.1) 0 (0.0 27 (54.0)
Size at initiation of follow-up, cm 3.8+47 14.4+9.0 27+22 < 0.001
WBC, 10%/uL 6.1+15 54+16 6.1+15 0.432
Hemoglobin, g/dL 13716 119+18 139+15 0.028
Platelet, 103/uL 240.0 £ 64.7 231.8 £38.6 240.8 £ 66.9 0.921
Total cholesterol, mg/dL 193.9+359 198.4 + 40.7 193.4 + 35.8 0.730
Total protein, g/dL 73+03 74+£03 73+03 0.521
Albumin, g/dL 44+02 44+02 4.4+£0.2 0.966
Total bilirubin, mg/dL 09+03 08+0.2 09+0.3 0.579
AST, IU/L 239+ 19.7 176 + 2.6 245 £ 20.5 0.087
ALT, IU/L 22.3+147 16.4+6.4 229+ 15.2 0.352
Creatinine, mg/dL 0.8+0.2 0.7 £0.1 0.8+0.2 0.049
Alpha-fetoprotein, ng/mL 40+2.6(n=46) 20+03(h=3) 41+27(n=43) 0.053
Concomittant diseases
Diabetes mellitus 1(1.8) 0(0.0) 1(2.0) >0.999
Hypertension 5(9.1) 0(0.0) 5(10.0) >0.999
Dyslipidemia 7(12.7) 0(0.0) 7 (14.0) >0.999
Chronic viral hepatitis 6(10.9) 0(0.0) 6 (12.0) >0.999
Liver cirrhosis 3(5.5) 0(0.0) 3(6.0) >0.999
Alcoholic liver disease 2 (3.6) 0(0.0) 2 (4.0) >0.999
Fatty liver disease 10(18.2) 0(0.0) 10 (20.0) 0.572

Values are presented as mean = standard deviation or number (%).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; WBC, white blood cell.
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Hospital 1
(2006.01.01-2022.05.31)
5,965 patients with hemangioma
identified via CDW

.

5,904 Patients without
surgical resection

:

1:10 random sampling

l

310 patients assigned to
control group

141 cases without followed up
radiologic study were excluded |«
from the subgroup analysis

169 cases with at least two
follow-up radiologic studies
for subgroup analysis
on growth rate

:

61 Resected and
pathologically confirmed
patients

KJIM™

30 cases excluded
20 cases without prior
diagnostic codes or history of
hemangioma incidentally
diagnosed in resected liver
- specimen

l

31 patients assigned to
case group

10 cases with prior diagnostic
codes or history of
hemangioma included in
resection range for other
liver tumors

14 cases without followed up

17 cases with at least two
follow-up radiologic
studies for subgroup

analysis on growth rate

Hospital 2
(2018.05.01-2022.05.31)
5,084 patients with hemangioma
identified via CDW

"

5,053 Patients without
surgical resection

:

1:10 random sampling

l

50 patients assigned to
control group

16 cases without followed up
radiologic study were excluded |
from the subgroup analysis

34 cases with at least two
follow-up radiologic studies
for subgroup analysis on
growth rate

v

31 Resected and
pathologically confirmed
patients

» radiologic study were excluded
from the subgroup analysis

26 cases excluded
17 cases without prior
diagnostic codes or history of
hemangioma incidentally
diagnosed in resected liver
specimen

l

5 patients assigned to
case group

\ 4

9 cases with prior diagnostic
codes or history of
hemangioma included
in resection range for other
liver tumors

2 cases without followed up

3 cases with at least two
follow-up radiologic
studies for subgroup
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Supplementary Figure 1. Patient enrollment flowchart from 2 hospitals. Using a clinical database warehouse, data on patients diag-
nosed as having a hepatic hemangioma (International Classification of Diseases, 10th revision [ICD-10] code D18.03) from January 2006

to May 2022 were retrieved from two tertiary hospitals. Inclusion and exclusion criteria were indicated.
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Supplementary Figure 2. Mean growth rate of hepatic hemangioma according to sex. (A) The mean annual growth rate of longest di-
ameter (cm/year) was not different according to sex. (B) The mean annual percentage (%/year) was not different according to sex.
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