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Abstract 

Objective: To evaluate the safety of performing surgery on cavernous haemangiomas in the liver larger than 10 cm 
and establish preoperative predictors of intraoperative blood transfusion and morbidity.

Methods: A total of 373 patients with haemangiomas larger than 10 cm who underwent surgery in our hospital 
were retrospectively analysed. According to tumour diameter, the patients were divided into a giant haemangioma 
(GH) group (241 cases) (10 cm ≤ diameter < 15 cm) and an enormous haemangioma (EH) group (132 cases) (diam-
eter ≥ 15 cm). Clinical parameters were then compared between the two groups.

Results: Compared with the GH group, the EH group had higher rates of leukopenia (10.6% vs. 4.5%), anaemia (26.5% 
vs. 15.7%), and thrombocytopenia (13.6% vs. 6.2%). The occlusion time in the EH group was longer than that in the 
GH group (26.33 ± 14.10 min vs. 31.85 ± 20.09 min, P < 0.01). The blood loss and blood transfusion in the EH group 
were greater than those in the GH group (P < 0.05). Moreover, the morbidity in the EH group was higher than that in 
the GH group (17.4% vs. 9.13%, P < 0.05). According to the results of the multivariable analysis, the operation time and 
size of the haemangioma may be independent risk factors for blood transfusion (P < 0.05). Additionally, the size of the 
haemangioma may be an independent risk factor associated with complications (P < 0.05).

Conclusion: Enormous haemangioma is more likely to cause haematologic abnormalities than giant hepatic hae-
mangioma. The risks of the operation and postoperative complications of enormous haemangioma are higher than 
those of giant hepatic haemangioma.

Keywords: Liver, Liver resection, Hepatic cavernous haemangioma

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Hepatic cavernous haemangioma is the most common 
benign tumour in the liver, with a prevalence rate of 3% 
to 20% [1]. It can occur at any age, and most cavernous 
haemangiomas in the liver are found in females in their 

40s or 50s. The majority of hepatic haemangiomas are 
asymptomatic and incidentally diagnosed.

Hepatic haemangiomas larger than 5  cm were previ-
ously considered giant hepatic haemangiomas. However, 
recent studies have suggested that haemangiomas with a 
diameter greater than 10 cm should be considered giant 
hepatic haemangiomas [2], which is more consistent with 
the tumour characteristics and requirements for clinical 
diagnosis and treatment [3, 4].

Although recent advances in surgical techniques have 
allowed hepatic haemangioma resection to be performed 
safely, controversies still exist regarding the management 
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of haemangiomas. The average size of reported lesions 
was generally less than 10 cm. Few reports have described 
haemangiomas ≥ 10  cm in size. Data comparing the 
results of different surgical methods are limited, espe-
cially for methods involving enucleation with liver resec-
tion in haemangiomas larger than 10  cm. In addition, 
haemorrhage continues to be a major concern during 
the perioperative period, particularly in haemangiomas 
larger than 10 cm, due to the risk of dissection and vascu-
lar damage [2, 5]. Moreover, haemangioma with a diam-
eter ≥ 10 cm is more likely to compress peripheral blood 
vessels and gastrointestinal organs, resulting in abnormal 
liver blood flow and gastrointestinal discomfort [5]. Sur-
gical treatment can effectively relieve the compression 
symptoms of haemangiomas on peripheral blood vessels 
and gastrointestinal organs.

In this large retrospective study, we report our expe-
rience managing patients with hepatic haemangiomas 
larger than 10 cm. The clinical characteristics and haema-
tological changes in haemangiomas with different diam-
eters were compared and analysed. The risk factors for 
haemorrhage and postoperative complications of giant 
haemangiomas (larger than 10  cm) were analysed, and 
the effect of surgical treatment on patients’ symptoms 
and haematological indicators.

Patients and methods
The protocol used in this study was consistent with the 
principles of the 2013 Helsinki Declaration and approved 
by the ethics committee for clinical trials of the Eastern 
Hepatobiliary Surgery Hospital. Informed consent was 
obtained from all patients for the diagnostic and thera-
peutic procedures. All resected specimens were verified 
by histopathological examination.

Patients
Between January 2010 and September 2015, 373 patients 
with hepatic haemangiomas (larger than 10  cm) under-
went surgical resection at the Eastern Hepatobiliary Sur-
gery Hospital.

The inclusion criteria for this study were a single lesion 
larger than 10  cm or multiple masses with at least one 
larger than 10 cm along with any of the following surgical 
indications: persistent abdominal distention, abdominal 
pain, postprandial fullness and discomfort, and anxiety 
for rapid growth (annual growth greater than 2 cm) [6–
8]. The exclusion criteria consisted of patients with cir-
rhosis or another significant comorbidity who refused to 
participate.

Patient records were retrospectively analysed. The col-
lected data included the following: patient information, 
characteristics of the haemangiomas, laboratory tests, 
surgical data (operative procedure, surgical time, blood 

loss, blood transfusion, and occlusion time), hospital stay, 
postoperative complications, and mortality.

Patients were divided into the following two groups 
according to the diameter of the hepatic haeman-
gioma: an enormous haemangioma (EH) group 
(size ≥ 15  cm) and a giant haemangioma (GH) group 
(10 cm ≤ size < 15 cm). Then, the two groups were com-
pared regarding various indexes.

Methods
Most hepatic haemangiomas can be diagnosed preopera-
tively with imaging techniques such as computed tomog-
raphy (CT) and magnetic resonance imaging (MRI), 
and MRI is the preferred method for diagnosing hepatic 
haemangioma. PET-CT (positron emission tomography-
computed tomography) is used to further clarify the 
diagnosis in some patients whose diagnosis is unclear 
(e.g., hepatic adenomas, hepatic endothelioma, hepatic 
cystadenocarcinoma). Before surgical resection, it is 
important to exclude other reasons for abdominal symp-
toms, especially when the patient’s symptoms are vague 
or indefinite, such as gallstones, inflammatory bowel dis-
eases, gastroesophageal reflux or peptic ulcer disease.

When the patient’s abdominal discomfort symptoms 
are inconsistent with the diameter and location of the 
haemangioma, gastroscopy and enteroscopy are routinely 
performed. All excised specimens were subjected to rou-
tine pathology examinations.

Surgical techniques
Hepatectomy and haemangioma enucleation are the 
most common surgical procedures for giant hepatic 
haemangioma.

Liver resections included sectionectomy, hemihepatec-
tomy, and trisectionectomy. Hepatic haemangioma enu-
cleation removes the haemangioma without damaging 
the surrounding normal liver tissue.

Many studies have confirmed that hepatectomy and 
haemangioma enucleation are safe and feasible if the 
indications are properly controlled [2, 5, 7, 9, 10].

The surgical approach depends on the location and 
diameter of the tumour, its relationship with the periph-
eral vasculature and the volume of the residual liver. 
When the hepatic haemangioma occupies half the liver 
or the left lateral lobe, liver resection is performed, simi-
lar to the approach for deep cavernous haemangiomas in 
the liver or those with multiple lesions [11].

In patients with multiple hepatic haemangiomas, we 
attempted to remove all lesions at once, starting with 
the largest lesion. However, if the residual liver vol-
ume is insufficient and the surgical risk is too high, 
small hepatic haemangiomas should not be resected 
(< 5  cm). Intraoperative ultrasonography was routinely 
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used during the operation. The Pringle manoeuvre was 
routinely used during operations in cycles of 15/5  min 
of clamp/unclamp time. All intraoperative and postop-
erative transfusion indications were in accordance with 
ASA guidelines [12]. Early postoperative enteral nutri-
tion support was provided after the patient’s gastroin-
testinal function was restored. Routine blood tests were 
performed on the first, third, and seventh postoperative 
days, and additional blood tests were performed accord-
ing to the patient’s situation.

All patients provided informed consent to the diagno-
sis and treatment procedures. The study was approved by 
the institutional Ethics Review Board of Eastern Hepato-
biliary Surgery Hospital.

Follow‑up
Patient follow-up included clinical examinations and 
ultrasound examinations performed every 6 months 
within 2  years after the operation and each year 

thereafter. The patients’ report of symptom relief was also 
assessed.

Statistical analysis
Continuous variables are shown as the means ± stand-
ard deviations and were compared with Student’s t test. 
The chi-square or Fisher’s exact test was used to com-
pare categorical variables. The Mann–Whitney U test 
was applied for nonparametric variables. Independent 
variables that affected blood transfusion and morbidity 
were determined by logistic regression analysis. A value 
of P < 0.05 was considered statistically significant. SPSS 
(version 21.0; IBM Corp, Armonk, NY) software was 
used for the statistical analyses.

Results
In this study, surgery was performed in 373 patients with 
cavernous haemangiomas of the liver (size ≥ 10  cm). 
The patient characteristics are listed in Table  1. A total 

Table 1 Comparison of general characteristics and laboratory tests of different diameter groups

ALT alanine aminotransferase, AST aspartate aminotransferase, ALB albumin

Demographics/characteristics GH group
 (n = 241)

EH group
 (n = 132)

P‑value

Sex (male/female) 81/160 45/87 0.984

Median age 46 45

Reason for evaluation

 Symptomatic 59 (24.5%) 37 (28.0%)

  Upper abdominal discomfort 29 14

  Indigestion 7 3

  Right or left quadrant pain 22 17

  Abdominal mass 1 3

 Rapid growth 182 (75.5%) 95 (72.0%)

ASA grading 1.45 + 0.49 1.47 + 0.51 0.317

Preoperative lab tests Normal range

Leukocyte (×  109/L) 4.0–10.0 5.2 ± 1.1 5.0 ± 0.8 0.065

Leukopenia 11 (4.5%) 14 (10.6%) 0.043

Hemoglobin (g/L) Female 115–150
Male 120–155

130.24 ± 15.2 127.17 ± 16.97 0.195

Anemia 38 (15.8%) 35 (26.5%) 0.018

Thrombocyte (×  109/L) 110–320 202.56 ± 59.06 183.77 ± 50.64 0.550

Thrombocytopenia 15 (6.2%) 18 (13.6%) 0.026

Pancytopenia cases 1 (0.4%) 2 (1.5%) 0.590

ALT (U/L) 0–40 31.23 ± 38.40 27.76 ± 36.09 0.679

Increased ALT cases 48 (19.9%) 20 (15.15%) 0.317

AST (U/L) 0–42 28.01 ± 49.37 24.52 ± 38.68 0.194

Increased AST cases 19 (7.8%) 13 (9.8%) 0.649

ALB (g /L) 0–52 43.41 ± 3.07 43.61 ± 3.55 0.216

Total bilirubin (mmol/L) 5.0–21.0 12.31 ± 4.43 14.29 ± 5.13 0.102

Hyperbilirubinemia cases 10 (4.14%) 17 (12.8%) 0.003

PT (s) 10–13 11.27 ± 0.75 11.54 ± 0.83 0.067

High prothrombin time cases 1 (0.4%) 6 (4.5%) 0.019
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of 9 patients met the inclusion criteria of this study but 
were excluded after meeting one of the exclusion crite-
ria, including 2 patients with severe hepatitis cirrhosis 
(decompensated), 1 patient with severe coronary heart 
disease, 1 patient with right heart failure, 2 patients 
with severe diabetes, 1 patient with renal failure, and 2 
patients declining to participate.

The median patient age was 46 (range 25–66) years 
old. A total of 247 (66.2%) females and 126 (33.8%) 
males were included in our study. A total of 286 
patients (76.67%) were asymptomatic but exhibited 
rapid tumour growth. The symptoms of the other 
patients included abdominal pain (n = 43), epigastric 
discomfort (n = 32), dyspepsia/indigestion (n = 9), and 
abdominal mass (n = 3). No spontaneous rupture was 
found in our study.

All patients underwent conventional preoperative 
ultrasonography, and MRI or CT was performed in 
the majority of the patients. In 368 (98.66%) patients, 
haemangioma was diagnosed by 2 imaging tech-
niques, and haemangioma was diagnosed in 5 (1.34%) 
patients by 3 imaging techniques (MRI, CT, PET-CT). 
No patient was suspected of having cancer. Percutane-
ous or intraoperative biopsies were not used for diag-
nosis. The average diameter of the haemangiomas was 
14.33 ± 3.93 (range 10–40) cm. The tumour was located 
in the right lobe of the liver in 190 (50.9%) patients, the 
left lobe of the liver in 100 (26.8%) patients and bilat-
erally in the liver in 83 (22.3%) patients. A total of 289 
(77.5%) patients had a single lesion, and 84 (22.5%) 
patients had multiple lesions.

A total of 173 patients (71.8%) in the GH group and 50 
patients (37.9%) in the EH group underwent haemangi-
oma enucleation. Sixty-eight patients (28.2%) in the GH 
group underwent liver resection, including 24 patients 
who underwent hepatic sectionectomy, 37 who under-
went hemihepatectomy, and 7 who underwent hepatic 
trilobectomy. Eighty-two patients (62.1%) in the EH 
group underwent liver resection, including 17 patients 
who underwent hepatic sectionectomy, 53 who under-
went hemihepatectomy, and 12 who underwent hepatic 
trilobectomy. All specimens were pathologically identi-
fied as hepatic cavernous haemangioma.

The patients in the EH group had higher rates of leu-
kopenia (10.6% vs. 4.5%), anaemia (26.5% vs. 15.7%), and 
thrombocytopenia (13.6% vs. 6.2%) than those observed 
in the GH group. No differences were detected in the 
serum alanine aminotransferase (ALT), albumin (ALB), 
aspartate aminotransferase (AST), or total bilirubin (TB) 
levels or the prothrombin time (PT) between the two 
groups (P > 0.05). However, the patients in the EH group 
were more likely to have hyperbilirubinemia and a pro-
longed PT (P < 0.05) (Table 1).

All postoperative complications were recorded and 
summarised according to the Clavien–Dindo classifica-
tion [1, 13].

All resected specimens were confirmed by histopatho-
logical examination.

Outcomes in patients with different haemangioma 
diameters
The preoperative variables were similar between the GH 
and EH groups. No statistically significant difference was 
observed in the operation time, the number of resected 
lesions, the use of the Pringle manoeuvre, postsurgi-
cal hospital stay or mortality between the two groups. 
Hepatectomy was more common in the EH group, while 
haemangioma enucleation was more common in the GH 
group (P < 0.01). The occlusion time in the EH group was 
longer than that in the GH group (P < 0.01). The blood 
loss and blood transfusion in the EH group were more 
significant than those in the GH group (P < 0.05, P < 0.01). 
Moreover, the morbidity in the EH group was higher 
than that in the GH group (all P < 0.05) (Table 2).

Outcomes of different surgical treatments
The surgical procedures included hepatectomy and hae-
mangioma enucleation. Within the GH group, there was 
no significant difference in AST, haemoglobin, throm-
bocytes, the use of the Pringle manoeuvre, blood trans-
fusion or postoperative hospital stay between the liver 
resection subgroup (LR group) and the enucleation sub-
group (EN group). ALT and TB levels on the 1st postop-
erative day in the liver resection subgroup were higher 
than those in the enucleation subgroup (P < 0.05). Mean-
while, the operative time and occlusion time were longer 
in the liver resection subgroup than in the enucleation 
group (P < 0.05), while morbidity and mortality were sim-
ilar between these subgroups.

In the EH group, the ALT level on the 7th postopera-
tive day was higher in the liver resection subgroup than 
in the enucleation subgroup (P < 0.05). However, no sig-
nificant difference was found for any other characteristic. 
Morbidity and mortality were also similar between the 
two subgroups (Table 3).

Analysis of factors related to blood transfusion
The mean blood loss in our study was 678.54 ± 1.045.79 
(range 100–9600) mL. One hundred thirty-one (35.12%) 
patients received a blood transfusion. The average blood 
transfusion volume was 716.53 ± 1402.61 (range 0–6400) 
mL.

The results of the univariable analysis of the associa-
tion between various parameters and blood transfusion 
are shown in Table 4. The size, location, operation time 
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and operation method used for the haemangioma were 
significantly correlated with blood transfusion (P < 0.05).

Multivariable analysis results suggest that the opera-
tion time and size of the haemangioma may be independ-
ent risk factors for blood transfusion. (OR 1.091, 95% CI 
1.072 to 1.111, P < 0.05, and OR 0.093, 95% CI 0.034 to 
0.252, P < 0.05, respectively; Table 4).

Parameters associated with complications
Complications occurred in 45 patients (12.06%). Pleural 
effusion was the most common surgical complication 
in 12 patients (3.22%). Other complications included 
abdominal cavity effusion in 11 patients (2.95%), abdomi-
nal cavity effusion and pleural effusion in 7 patients 
(1.88%), haemorrhage in 8 patients (2.14%), renal failure 
in 1 patient (0.27%), poor wound healing in 1 patient 
(0.27%), acute renal failure in 1 patient (0.27%), jaundice 
in 1 patient (0.27%), and bile leakage in 1 patient (0.27%). 
One patient died due to respiratory failure, and another 
patient died due to intra-abdominal infection (0.54%). 
We reclassified the patients according to the Clavien–
Dindo classification method as follows: Grade I (17 cases) 
(4.56%), Grade II (6 cases) (1.61%), Grade IIIa (17 cases) 
(4.56%), Grade IIIb (2 cases) (0.54%), Grade IVa (1 case) 
(0.27%), and Grade V (2 cases) (0.54%). The patients with 
grade IIIa (17 cases) were complicated with pleural and 
peritoneal effusion and cured after puncture treatment; 
The patients with grade IIIb (2 cases) were complicated 
with postoperative jaundice and bile leakage, which were 
cured after ERCP treatment; The patients with grade IVa 
(1 case) was complicated with renal failure, which was 

recovered after conservative treatment; The patients with 
grade V (2 cases) died of abdominal bleeding and abdom-
inal infection respectively.

The correlations between parameters and complica-
tions are shown in Table 5. A larger tumour size, greater 
blood loss and a longer operation time were significantly 
more common in patients with complications (P < 0.05). 
In the multivariable analysis, the results suggested that 
the size of the haemangioma may be an independent risk 
factor associated with complications (OR 2.101, 95% CI 
1.121 to 3.936, P = 0.021).

Follow‑up
Clinical follow-up data were available for 323 patients. 
The average follow-up period was 43 (range 7–98) 
months. Eighty-seven patients were symptomatic pre-
operatively. The postoperative symptoms of 84 patients 
(96.55%) were completely or significantly relieved, but 
three patients still had persistent postoperative symp-
toms. Two patients had persistent upper abdominal dis-
comfort due to a history of erosive gastritis and duodenal 
ulcers. Another patient developed abdominal discomfort 
because of hepatitis.

Haematologic abnormalities were also corrected in 
most patients after the operation. Three patients (3/373, 
0.8%) still had mild anaemia, including 1 (1/241, 0.4%) in 
the GH group and 2 (2/132, 1.5%) in the EH group. No 
patients had leukopenia, thrombocytopenia, hyper- bili-
rubinemia, pancytopenia, or a high PT time 6  months 
after the operation. There were no significant differences 

Table 2 Comparison of operative characteristics of GH and EH groups

Demographics/characteristics GH group
 (n = 241)

EH group
 (n = 132)

P‑value

Operative time (min) 197.26 ± 37.33 254.85 ± 46.22 0.081

Operative procedure

 Enucleation 173 (71.8%) 50 (37.9%)

 Liver resection 68 (28.2%) 82 (62.1%)  < 0.01

  Hepatic Trilobectomy 7 12

  Hemihepatectomy 37 53

  Hepatic sectionectomy 24 17

Use of Pringle maneuver 217 (90.0%) 124 (93.9%) 0.227

Occlusion time (min) 26.33 + 14.10 31.85 + 20.09  < 0.01

Blood loss (ml) 608.30 ± 757.76 1378.03 ± 1671.37  < 0.05

Blood transfusion cases 82 (34.0%) 49 (37.1%)  < 0.01

Morbidity

 N 219 (90.9%) 109 (82.6%) 0.029

 Y 22 (9.1%) 23 (17.4%)

Mortality 1 1 0.583

Postoperative stay (d) 10.73 + 3.34 12.37 + 3.23 0.548
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in liver function among the patient groups. No new 
hepatic haemangioma was found by ultrasonography.

Discussion
Haemangioma is a benign tumour of the liver that is usu-
ally incidentally diagnosed. The majority of these patients 
are asymptomatic and require no treatment because the 
tumours are benign, have no hazardous effects and do not 
cause damage to other organs. However, with increasing 
size, large haemangiomas may be more frequently associ-
ated with symptoms and contribute to the possibility of 
organ compression. Symptomatic hepatic haemangioma 
is still a widely accepted surgical indication [11]. The 
risks and benefits of surgery should be carefully weighed 
before hepatic haemangioma resection [14].

Our study found significant differences between the 
GH and EH groups regarding the rates of leukopenia 

(4.5% vs. 10.6%), anaemia (15.7 vs. 26.5%), and thrombo-
cytopenia (6.2% vs. 13.6%) and prolonged prothrombin 
time (0.4% vs. 4.5%). Correlations were found between 
haemangioma size, abnormalities of the haematological 
system and coagulation system, and liver function, which 
may increase the difficulty and risk of the operation. Our 
data suggest that enormous haemangiomas have more 
serious effects on the haematological system, coagulation 
system, and operative interventions than giant haeman-
giomas. Therefore, it may be necessary to reformulate the 
diameter standards of haemangiomas and reclassify their 
subgroups according to the tumour characteristics for 
clinical treatment.

Liver resection and enucleation are considered curative 
treatment options. Enucleation of hepatic haemangio-
mas is superior to liver resection because it is associated 
with reduced bleeding, shorter operative times, fewer 

Table 3 Comparison of laboratory tests between the GH and EH groups

EN enucleation of hepatic hemangioma, LR liver resection of hepatic hemangioma

Demographics/characteristics GH group
(n = 241)

P‑value EH group
 (n = 132)

P‑value

EN (n = 173) LR (n = 68) EN (n = 50) LR (n = 82)

AST (U/L)

 Pre-operation 26.35 ± 38.99 32.26 ± 69.29 0.054 19.72 ± 20.16 27.44 ± 46.38 0.128

 1st postoperative day 606.88 ± 478.53 360.99 ± 433.97 0.134 497.43 ± 398.41 368.54 ± 407.14 0.312

 7th postoperative day 55.32 ± 44.85 42.66 ± 30.41 0.179 70.96 ± 118.40 44.64 ± 34.00 0.007

ALT (U/L)

 Pre-operation 31.14 ± 39.56 31.46 ± 35.58 0.555 26.42 ± 26.79 28.59 ± 40.88 0.445

 1st postoperative day 622.08 ± 516.99 310.49 ± 388.49 0.007 459.9 ± 388.27 310.41 ± 280.93 0.227

 7th postoperative day 175.19 ± 115.33 94.02 ± 82.03  < 0.01 117.86 ± 82.63 102.04 ± 74.39 0.358

Total bilirubin (μmol/L)

 Pre-operation 12.42 ± 4.40 12.03 ± 4.51 0.369 12.99 ± 4.13 15.09 ± 5.52 0.051

 1st postoperative day 19.71 ± 10.24 30.00 ± 59.96 0.001 24.88 ± 15.03 33.32 ± 31.72 0.074

 7th postoperative day 15.55 ± 10.86 17.59 ± 20.25 0.076 17.52 ± 11.80 21.15 ± 15.40 0.093

Hemoglobin (g/L)

 Pre-operation 131.68 ± 14.20 126.60 ± 17.25 0.619 128.98 ± 13.94 126.07 ± 18.58 0.055

 1st postoperative day 118.60 ± 16.67 118.35 ± 16.73 0.871 119.06 ± 13.10 116.43 ± 17.01 0.067

 7th postoperative day 106.42 ± 15.78 108.71 ± 14.09 0.338 107.48 ± 12.85 109.77 ± 20.39 0.058

Thrombocyte (×  109/L)

 Pre-operation 208.86 ± 62.84 186.54 ± 44.70 0.094 189.84 ± 37.80 180.07 ± 56.98 0.054

 1st postoperative day 182.64 ± 59.05 162.12 ± 47.89 0.261 156.00 ± 44.17 153.37 ± 55.91 0.101

 7th postoperative day 231.62 ± 76.98 217.63 ± 54.58 0.362 218.18 ± 62.63 217.02 ± 79.45 0.100

Operative time (h) 195.31 ± 32.54 202.21 ± 47.31 0.037 245.00 ± 39.14 260.85 ± 49.32 0.122

Use of Pringle maneuver 158 59 0.380 46 78 0.723

Occlusion timey (min) 25.71 ± 11.68 27.91 ± 18.94 0.003 30.32 ± 16.50 32.78 ± 22.04 0.177

Blood loss (mL) 531.50 ± 499.45 803.68 ± 1167.26  < 0.01 1225.00 ± 1781.40 1471.34 ± 1604.64 0.679

Blood transfusion cases 58 (33.5%) 24 (35.3%) 0.912 18 (36.0%) 31 (37.8%) 0.982

Morbidity 13 9 0.254 12 11 0.187

Mortality 0 1 1 0

Postoperative stay (d) 9.38 ± 2.52 11.85 ± 3.81 0.782 11.44 ± 3.51 13.39 ± 5.49 0.586
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Table 4 Univariable and multivariable analysis of risk factors of Blood transfusion

Location refers to the location of the largest liver hemangioma for patients with multiple lesion

Major hepatectomy included resection of three or more segments (right hepatectomy, left hepatectomy, extended right hepatectomy, extended left hepatectomy, 
and any trisegmentectomy

Minor hepatectomy included resection of two or fewer segments and non-anatomic wedge resection according to the classification of Couinaud

Variable Untransfused (n = 242) Transfused (n = 131) Univariable analysis Multivariable analysis

OR (95%CL) P‑value OR (95%CL) P‑value

Gender

 Male 78 (32.2%) 48 (36.6%) 1.488 (0.803–2.756) 0.456

 Female 164 (67.8%) 83 (63.4%)

Age

 ≪60 231 (95.5%) 125 (95.4%) 1.284 (0.739–2.231) 0.807

 > 60 11 (4.5%) 6 (4.6%)

Number

 Solitary 195 (80.6%) 94 (71.8%) 1.757 (0.952–3.241) 0.069

 Multiple 47 (19.4%) 37 (28.2%)

Location

 Unilateral 189 (78.1%) 101 (77.1%) 1.192 (0.601–2.366) 0.927

 Bilateral 53 (21.9%) 30 (22.9%)

Size 

 GH group 159 (65.7%) 82 (62.6%) 1.857 (1.040–3.315)  < 0.01 0.093 (0.034–0.252)  < 0.05

 EH group 83 (34.3%) 49 (37.4%)

Operative time (min) 193.8 + 25.2 261.6 + 52.1 1.942 (1.121–3.392)  < 0.01 1.091 (1.072–1.111)  < 0.05

Operative method

 Major hepatectomy 67 (27.7%) 54 (41.2%) 1.968 (1.264–3.057)  < 0.01 1.236 (0.673–2.657) 0.596

 Minor hepatectomy /
enucleation

188 (72.3%) 77 (58.8%)

Table 5 Univariable and multivariable analysis of risk factors for postoperative morbidity

Major hepatectomy included resection of three or more segments (right hepatectomy, left hepatectomy, extended right hepatectomy, extended left hepatectomy, 
and any trisegmentectomy

Minor hepatectomy included resection of two or fewer segments and non-anatomic wedge resection according to the classification of Couinaud

Variable No morbidity
 (n = 328)

Morbidity
 (n = 45)

Univariable analysis Multivariate analysis

OR (95% CL) P‑value OR (95% CL) P‑value

Gender (male/female) 110/218 16/29 1.223 (0.637–2.145) 0.920

Age 46.32 ± 8.12 44.62 ± 8.98 1.630 (0.917–2.896) 0.344

ASA grading 1.46 + 0.51 1.47 + 0.50 1.363 (0.731–2.926) 0.818

Number

 Solitary 256 (78.0%) 33 (73.3%) 1.489 (0.842–2.631) 0.603

 Multiple 72 (22.0%) 12 (26.7%)

Operative time (min) 217.56 ± 48.53 218.22 ± 53.74 1.974 (1.080–3.608) 0.085

Operative method

 Major hepatectomy 118 (36.0%) 14 (31.1%) 1.277 (0.667–2.483) 0.473

 Minor hepatectomy/enucleation 210 (64.0%) 31 (68.9%)

Blood transfusion

 No 222 (67.7%) 20 (44.4%) 2.599 (1.409–4.794) 0.004 0.909  (0.455–1.819) 0.788

 Yes 106 (32.3%) 25 (55.6%)

Size

 GH group 219 (66.8%) 22 (48.9%) 2.112 (1.145–3.896) 0.029 2.101 (1.121–3.936) 0.021

 EH group 109 (33.2%) 23 (51.1%)
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complications and shorter hospital stays [1, 15]. In our 
study, although significant differences were found in 
postoperative laboratory indexes, operative time and 
occlusion time in the GH group, we found no differences 
in the use of the Pringle manoeuvre or the rate of blood 
transfusion, morbidity, mortality or postoperative hos-
pital stay between the two types of surgery. These data 
indicate that the short-term outcomes of different surgi-
cal approaches are comparable, and enucleation or liver 
resection can be conducted safely following our decision 
model, as reported in other studies [16–18].

Other therapies for hepatic haemangiomas concluded: 
liver transplant, laparoscopic technology, transarterial 
embolization of the feeding artery (TAE) and radiofre-
quency ablation. (1) Orthotopic liver transplant repre-
sents an alternative treatment option in selected cases, 
with excellent outcomes in terms of safety and survival. 
Now, liver transplantation can be considered as a treat-
ment option for patients with huge hemangiomas when 
other treatment options are not indicated or present with 
life-threatening conditions [19–21]. (2) Laparoscopic 
technology has been widely used in hepatic hemangi-
oma, but the relevant surgical experience with diameters 
exceeding 10  cm is rare. A single center reported their 
experience with laparoscopic surgery in 58 patients with 
giant hepatic hemangioma larger than 10  cm. Heman-
giomas larger than 15 cm in diameter was considered as 
a high-difficulty factor for surgery which may increased 
blood loss and duration of interruption, as well as hospi-
tal stays. (3) With the development of interventional radi-
ology and improvements in catheters and superselective 
catheterization techniques, TAE has become a very valid 
option. In previous reports, TAE was shown to effectively 
shrink the tumor, allowing for an easier resection. The 
use of TAE for the treatment of giant hepatic hemangi-
oma has the advantages of minimal trauma, few compli-
cations and good efficacy, especially in patients with high 
surgical risk [22]. However, TAE is still characterized by 
high recurrence rate and high mobidity, which should be 
carefully selected. (4) In recent 10 years, radiofrequency 
ablation (RFA) has been widely used in the treatment of 
hepatic hemangioma, showing advantages such as accu-
rate, safe, minimally invasive, short hospital stay, and low 
cost. Although thermal ablation for giant hepatic heman-
giomas can achieve satisfactory results, the complication 
rate is too high, especially for hemangiomas larger than 
10 cm in diameter [23].

Haemorrhage remains the most important concern in 
the surgical management of giant hepatic haemangio-
mas due to the attachment of many vascular structures 
adjacent to the haemangioma [5]. Our study showed that 
the operation time was longer, and blood loss and blood 
transfusion were more common in the EH group. In 

addition, morbidity was higher in the EH group than in 
the GH group. These results suggest that when the diam-
eter of a haemangioma increases, operative treatment 
becomes more complex, and there is a greater risk. Some 
scholars have also reported that operation time and blood 
loss significantly increase with haemangioma diameter 
[2, 7]. This finding was also supported by Singh [24], who 
found that a larger haemangioma diameter increased the 
difficulty of the operation. Yoshimizu previously reported 
that patients with larger tumours required more blood 
transfusions and had higher rates of postoperative com-
plications and mortality [25].

Here are some of our experiences in reducing surgical 
bleeding. First, when dealing with large vessels, the sur-
geon should try to clamp the main hepatic vein, if pos-
sible, to reduce blood flow back to the liver and prevent 
air embolism. When tears occur in hepatic veins, the pre-
ferred treatment method is compression with gauze to 
stop the bleeding, followed by suturing with 5–0 absorb-
able sutures, which are reliable and safe. Second, in the 
process of hepatic haemangioma resection, separation 
should be performed along the boundary between the 
haemangioma and normal liver tissue to prevent dam-
age to the capsule and reduce bleeding. Normal liver 
parenchyma was avoided as much as possible to reduce 
postoperative bile leakage. Third, surgery for central hae-
mangiomas is more technically complex than peripheral 
haemangiomas. The best treatment should be standard 
lobectomy or embolisation when haemangiomas are 
deeply embedded in the liver parenchyma.

The common postoperative complications for giant 
hepatic haemangioma were bleeding (8 patients, 2.14%), 
abdominal abscesses (11, 2.95%), pleural effusion (12, 
3.22%), and biliary fistula or leakage (1, 0.27%). Our study 
is consistent with the report of Gao [26]; the morbidity 
rate was 10% to 27%, and the mortality rate was 0% to 2% 
in patients undergoing surgery for hepatic haemangioma.

Based on the multiple logistic regression analysis, the 
size of the haemangioma was an independent risk factor 
for complications, and a larger haemangioma indicates a 
greater risk of complications during surgery. Jiang ana-
lysed the clinical data of 14 patients with hepatic hae-
mangioma whose diameter was larger than 20  cm, and 
their postoperative complication rate was 21.4% [27], 
which was consistent with our results. Based on our 
experience, we believe that the main reasons for this 
are as follows. First, hepatic haemangiomas larger than 
10 cm in diameter often compress the hilar blood vessels 
and the posterior inferior hepatic vena cava, making it 
challenging to apply blood flow control technology dur-
ing surgery. Meanwhile, the severely compressed sur-
gical space makes intraoperative anatomical operation 
very difficult. Second, large-scale hepatectomy is often 
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required to completely remove the lesion. The patients’ 
postoperative vascular bed volume is reduced, and acute 
portal hypertension quickly occurs, which causes liver 
sections to easily bleed after surgery, which is also an 
important explanation for the high rate of postoperative 
complications of large hepatic haemangioma.

There are several limitations to our study. First, 
although our study contains large samples, the number is 
still insufficient, and more samples are needed to confirm 
our conclusions. Second, we will classify giant haemangi-
omas into more detailed groups according to their diam-
eters, analyse the differences in laboratory indicators and 
clinical differences between them, and analyse their sur-
gical safety and efficacy, creating a solid theoretical foun-
dation for grouping hepatic haemangiomas.

Conclusions
Haemangiomas with a larger size are more likely to result 
in haematologic and coagulation disorders. Liver resec-
tion or enucleation can be performed safely for hae-
mangiomas ≥ 10  cm. However, haemangiomas with a 
diameter greater than 15  cm require a longer operation 
time and bleed more than those with a diameter greater 
than 10  cm. In addition, an increased haemangioma 
diameter is also associated with the amount of bleeding 
and postoperative complications. It is now necessary to 
reclassify the subgroups of haemangiomas according to 
tumour  diameter before choosing a clinical treatment 
[28].

To the best of our knowledge, this is the most extensive 
report of giant liver cavernous haemangiomas.

Acknowledgements
The authors thank Dr Changying Shi, Dr Boyi Liao and Dr Weifeng Shen for 
secretarial work.

Author contributions
Z-TD and LG: conceptualization, methodology, K-PF: software. C-JS and Z-TD: 
data curation, writing-original draft preparation. J-WG and B-HD: investigation 
and tables. LG: writing-reviewing and editing. J-MY: supervision. All authors 
read and approved the final manuscript.

Funding
Funding was provided by Natural Science Foundation of Shanghai, No. 
12ZR1440000, Science and Technology Commission of Shanghai Municipality, 
No. 134119a7000.

Availability of data and materials
Data are available upon reasonable request. All data relevant to the study 
are included in the article or uploaded as supplementary information. All 
data are fully available without restriction from the corresponding author at 
luokunl2011@126.com.

Declarations

Ethics approval and consent to participate
We informed the patients about the aims and concerns of the study, to make 
them better understanding of their disease aetiology and treatment methods, 
which was highly appreciated by the patients, and motivated them to be 
a part of the cohort intended for the long-term follow-up by the clinicians. 

However, it was not appropriate or possible to involve patients or the public 
in the design, conduct, reporting or dissemination plans of our research. All 
the laboratory and clinical data were reported to the patients in a simple 
language. This study was approved by the ethics committee for clinical trials 
of the Eastern Hepatobiliary Surgery Hospital (No. EHBHKY2016-06-015). We 
confirm that all methods are carried out in accordance with the relevant 
guidelines and regulations of the ethics committee.

Consent for publication
Not applicable.

Competing interests
We declare that we have no conflict of interest.

Received: 3 May 2022   Accepted: 5 July 2022

References
 1. Rajakannu M, Pascal G, Castaing D, Vibert E, Ducerf C, Mabrut JY, et al. 

Revisiting the surgical management of giant hepatic hemangiomas: enu-
cleation versus anatomical resection? J Clin Exp Hepatol. 2021;11:321–6.

 2. Xie QS, Chen ZX, Zhao YJ, Gu H, Geng XP, Liu FB. Outcomes of surgery for 
giant hepatic hemangioma. BMC Surg. 2021;21:186.

 3. Dong J, Zhang M, Chen JQ, Ma F, Wang HH, Lv Y. Tumor size is not a 
criterion for resection during the management of giant hemangioma of 
the liver. Eur J Gastroenterol Hepatol. 2015;27:686–91.

 4. de Werra E, Ettorre GM, Levi Sandri GB, Colasanti M, Felli E, Vennarecci G. 
Major hepatectomy for a symptomatic giant liver cavernous heman-
gioma. Hepatobiliary Surg Nutr. 2015;4:218–9.

 5. Liu X, Yang Z, Tan H, Liu L, Xu L, Sun Y, et al. Characteristics and opera-
tive treatment of extremely giant liver hemangioma > 20 cm. Surgery. 
2017;161:1514–24.

 6. Jing L, Liang H, Caifeng L, Jianjun Y, Feng X, Mengchao W, et al. New 
recognition of the natural history and growth pattern of hepatic heman-
gioma in adults. Hepatol Res. 2016;46:727–33.

 7. Tang T, Wang X, Mao Y, Li J, Wen T, Jia W, et al. Real-world data on the clin-
icopathological traits and outcomes of hospitalized liver hemangioma 
patients: a multicenter study. Ann Transl Med. 2021;9:1067.

 8. Hasan HY, Hinshaw JL, Borman EJ, Gegios A, Leverson G, Winslow ER. 
Assessing normal growth of hepatic hemangiomas during long-term 
follow-up. JAMA Surg. 2014;149:1266–71.

 9. Abdel Wahab M, El Nakeeb A, Ali MA, Mahdy Y, Shehta A, Abdulrazek M, 
et al. Surgical management of giant hepatic hemangioma: single center’s 
experience with 144 patients. J Gastrointest Surg. 2018;22(5):849–58.

 10. Leon M, Chavez L, Surani S. Hepatic hemangioma: what internists need to 
know. World J Gastroenterol. 2020;26:11–20.

 11. Sakamoto Y, Kokudo N, Watadani T, Shibahara J, Yamamoto M, Yamaue H, 
et al. Proposal of size-based surgical indication criteria for liver heman-
gioma based on a nationwide survey in Japan. J Hepatobiliary Pancreat 
Sci. 2017;24:417–25.

 12. Nuttall GA, Brost BC, Connis RT, Gessner JS, Harrison CR, Miller RD, Nick-
inovich DG, Nussmeier NA, Rosenberg AD, Spence R. Practice guidelines 
for perioperative blood transfusion and adjuvant therapies: an updated 
report by the American Society of Anesthesiologists Task Force on 
Perioperative Blood Transfusion and Adjuvant Therapies. Anesthesiology. 
2006;105:198–208.

 13. Dindo D, Demartines N, Clavien PA. Classification of surgical complica-
tions: a new proposal with evaluation in a cohort of 6336 patients and 
results of a survey. Ann Surg. 2004;240:205–13.

 14. Makal GB, Sonbahar B, Özalp N. Surgical treatment of giant liver 
hemangioma, case report and literature review. Sisli Etfal Hastan Tip Bul. 
2019;53:318–21.

 15. Ju M, Xu F, Zhao W, Dai C. Efficacy and factors affecting the choice of 
enucleation and liver resection for giant hemangioma: a retrospective 
propensity score-matched study. BMC Surg. 2020;20:271.

 16. Liu Y, Wei X, Wang K, Shan Q, Dai H, Xie H, et al. Enucleation versus 
anatomic resection for giant hepatic hemangioma: a meta-analysis. 
Gastrointest Tumors. 2017;3:153–62.



Page 10 of 10Dong et al. BMC Surgery          (2022) 22:278 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Zhang W, Huang ZY, Ke CS, Wu C, Zhang ZW, Zhang BX, et al. Surgical 
treatment of giant liver hemangioma larger than 10 cm: a single center’s 
experience with 86 patients. Medicine (Baltimore). 2015;94: e1420.

 18. Giuliante F, Ardito F, Vellone M, Giordano M, Ranucci G, Piccoli M, et al. 
Reappraisal of surgical indications and approach for liver hemangioma: 
single-center experience on 74 patients. Am J Surg. 2011;201:741–8.

 19. Eghlimi H, Arasteh P, Azade N. Orthotopic liver transplantation for 
management of a giant liver hemangioma: a case report and review of 
literature. BMC Surg. 2020;20:142.

 20. Bellini MI, Lauro A, D’Andrea V, Marino IR. Benign hepatic tumors and liver 
transplantation: a literature review. Exp Clin Transpl. 2022;20:231–6.

 21. Prodromidou A, Machairas N, Garoufalia Z, Kostakis ID, Tsaparas P, Paspala 
A, et al. Liver transplantation for giant hepatic hemangioma: a systematic 
review. Transpl Proc. 2019;51:440–2.

 22. Sun JH, Nie CH, Zhang YL, Zhou GH, Ai J, Zhou TY, et al. Transcatheter 
arterial embolization alone for giant hepatic hemangioma. PLoS ONE. 
2015;10: e0135158.

 23. Wang Z, Tang X, Qi X, Shi Y, Chi J, Li P, et al. Feasibility, safety, and efficacy 
of ultrasound-guided percutaneous microwave ablation for giant hepatic 
hemangioma. Int J Hyperthermia. 2018;35:246–52.

 24. Singh RK, Kapoor S, Sahni P, Chattopadhyay TK. Giant haemangioma 
of the liver: is enucleation better than resection? Ann R Coll Surg Engl. 
2007;89:490–3.

 25. Yoshimizu C, Ariizumi S, Kogiso T, Sagawa T, Taniai M, Honda G, et al. Giant 
hepatic hemangioma causing prolonged fever and indicated for resec-
tion. Intern Med. 2021;61:1849–56.

 26. Gao J, Ke S, Ding XM, Zhou YM, Qian XJ, Sun WB. Radiofrequency ablation 
for large hepatic hemangiomas: initial experience and lessons. Surgery. 
2013;153:78–85.

 27. Jiang H, Chen Z, Prasoon P, Wu H, Zeng Y. Surgical management for giant 
liver hemangiomas greater than 20 cm in size. Gut Liver. 2011;5:228–33.

 28. Kaman L, Naik A, Savlania A, Raypattanaik N. Surgical management of 
giant hepatic haemangioma—need for redefining the nomenclature 
according to the size. Pol Przegl Chir. 2021;93:28–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The surgical outcomes and risk factors of giant hepatic haemangiomas: a single centre experience
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Patients
	Methods
	Surgical techniques
	Follow-up
	Statistical analysis

	Results
	Outcomes in patients with different haemangioma diameters
	Outcomes of different surgical treatments
	Analysis of factors related to blood transfusion
	Parameters associated with complications
	Follow-up

	Discussion
	Conclusions
	Acknowledgements
	References


