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Abstract

Background Surgical intervention is the most accurate method for the treatment of hepatic hemangioma. The advantages
of laparoscopic surgery on quality of life should be clarified by prospective studies.

Methods The sample sizes of the laparoscopic and open surgery groups were calculated based on previous retrospective
literature. Intraoperative and postoperative parameters were prospectively collected and analyzed. Quality of life in both
groups was predicted by a mixed linear model.

Results Sixty patients were enrolled in the laparoscopic surgery group and open surgery group. The laparoscopic group had a
longer operation time (P =0.040) and more hospitalization expenses (P =0.001); however, the Clavien—Dindo classification
and comprehensive complication index suggested a lower incidence of surgical complications in the laparoscopic group, with
P values of 0.049 and 0.002, respectively. After mixed linear model prediction, between-group analysis indicated that the
laparoscopic group had little impact on role-physical functioning and role-emotional functioning; in addition, within-group
analysis showed a rapid recovery time on role-physical functioning and role-emotional functioning in the laparoscopic group.
Quality of life in both groups recovered to the preoperative level within 1 year after the operation.

Conclusion The advantages of laparoscopic hepatectomy for hepatic hemangioma were fewer postoperative complications,

lower impact on quality of life and faster recovery from affected quality of life.
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Hepatic hemangiomas are the most common benign liver
tumors in adults, with an incidence rate of 0.4-20% [1].
Despite the high incidence rate, a conservative approach
is recommended unless symptoms or severe complications
such as Kasabach—Merrit syndrome and even tumor rupture
develop [2—4]. In addition, a few studies believe that rapidly
enlarging hemangiomas are also reference factors for surgi-
cal intervention [5].

Radiofrequency ablation, hepatic artery embolization
and surgical resection are commonly recommended treat-
ment methods for these lesions [6, 7]. Among them, surgical
resection is the most important treatment method at present
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because of its curative effect [8]. With a benign course, sur-
gical trauma and postoperative recovery should be taken
into serious consideration. However, compared with the
open approach, the potential advantages and inferiorities of
the laparoscopic approach have not been demonstrated by
prospective research.

This study prospectively designed and collected hepatic
hemangioma patients who underwent traditional open and
laparoscopic surgery and comprehensively analyzed the
intraoperative technical parameters, postoperative recovery
and quality of life to provide a high-quality reference for the
surgical treatment of hepatic hemangioma resection.

Materials and methods
Experimental design

This study was designed as a prospective, nonrandomized
controlled trial. The primary endpoints were the length of
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postoperative hospital stay and the cost of hospitalization,
and the secondary endpoint was quality of life after surgery,
which was evaluated by the SF-36 Quality of Life Question-
naire [9].

This study has been reviewed by the Ethics Review
Committee of the Chinese Clinical Trial Registry (CHI-
ECRCT-20180243) and has completed the clinical
trial registration in the Chinese Clinical Trial Registry
(ChiCTR1800018145).

Patient selection

Inclusion criteria for surgical patients: (1) Combined with
preoperative imaging and postoperative pathology, patients
diagnosed with hepatic hemangioma; (2) Single or mul-
tiple tumors, clear clinical symptoms or rapid increase in
tumor diameter in asymptomatic patients (average annual
increase of >2 cm); (3) Aged 18 to 65 years; (4) Preopera-
tive Child—Pugh score <7 points; (5) Eligible to be treated
by both laparoscopic resection and open resection; (6) Nor-
mal cardio-pulmonary function.

The exclusion criteria for surgical patients were as fol-
lows: (1) previous history of upper abdomen surgeries; (2)
preoperative treatment for hepatic hemangioma; (3) absence
of an informed consent file; and (4) infectious disease.

Sample size

The number of patients needing to be prospectively included
was based on the primary endpoint of previous retrospective
literature data, and the sample size for this study was calcu-
lated based on a two-sided a of 0.05 and 80% power [10].
In addition, a dropout rate of 20% was estimated. Patients
converted from laparoscopic to open surgery were analyzed
in the laparoscopic group.

Quality of life

The SF-36 Quality of Life Questionnaire was used to
assess patients’ quality of life before surgery and at 1, 3
and 12 months postoperatively. The checklist contains eight
dimensions: Physical Functioning, Role-physical Function-
ing (RP), Bodily Pain (BP), and General Health. Vitality
(VT), Social Functioning (SF), Role-Emotional Function-
ing (RE) and Mental Health (MH). Scores per dimension
range from O to 100, and a higher score indicates a better
health status. Data were collected preoperatively by filling
in a scale and postoperatively by telephone return visit.

Statistical methods

Continuous variables that conformed to a normal distribution
were tested by  test, those that did not conform to a normal
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distribution were tested by the Mann—Whitney U test, and clas-
sified variables were tested by the Chi-square test. A mixed
linear model was used to predict the scores of eight domains
of the SF-36®. A fixed effect was arranged in each model,
including treatment type (laparoscopic/open surgery), time
(measured in months after surgery), type X time interaction
and a random intercept. Based on linear mixed models, the
mean score of each domain with 95% CI was estimated for
each time point: baseline (time of operation) and 1, 3, and
12 months after surgery. The mean change in within-group and
between-group differences in change at each time point were
calculated. P <0.05 was considered statistically significant.
Statistical analysis was performed by SPSS 22.0 (IBM Corp).

Results
Characteristics of patients

All of the laparoscopic and open surgical procedures were
performed by experienced surgeons without learning curve
effects. According to the published retrospective research
literature [11], the sample size was calculated based on two
parameters: the hospitalization cost and the length of postop-
erative hospital stay. The results showed that 49 and 8§ cases
were needed, respectively. The larger sample size parameter
49 was selected, and after further expansion by 20% in the
case of drop-out, 60 patients with hepatic hemangioma in
each group were prospectively enrolled in this study and the
final patient flow chart for the trial was shown in Fig. 1. As
shown in Table 1, there were no statistically significant dif-
ferences in baseline characteristics between the two groups.
In Table 1, the proposal of difficulty of laparoscopic liver
resection by Kawaguchi et al. was used to quantify the surgi-
cal difficulty grade of each patient [12], and the detailed clas-
sification criteria are described in Supplementary Table 1.
Of the 120 patients, 101 patients finished the questionnaires
and were available for final analysis of quality of life.

Intra- and postoperative conditions

A detailed comparison of the intraoperative parameters of
the patients is shown in Supplementary Table 2. There were
no differences among intraoperative bleeding and transfu-
sion, while the laparoscopic group had a longer surgery time,
occlusion time and occlusion frequency than the open group.
Of the 60 cases of laparoscopic surgery, five patients were
converted to open surgery, with a conversion rate of 8.3%.

The detailed postoperative results of the two groups are
shown in Supplementary Table 3. In addition to some blood
test indicators, a longer postoperative recovery time and
postoperative hospital stay and a lower total cost were found
in the open group.
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Fig. 1 Patient flow chart for the trial

As shown in Supplementary Tables 4 and 5, there were
marked differences in the postoperative complications
between these groups. There were significant differences
between the two groups according to the Comprehensive
Noticing Index, and correspondently, the classification of
complications in the Clavien—Dindo surgery also showed
significant differences between the two groups; the incidence
of complications in the open group was higher than that in
the laparoscopic group.

Quality of life

As shown in Fig. 2, the quality of life analysis results showed
that there were significant differences in RP (P =0.002), BP
(P=0.023) and RE (P =0.001) scores between the open
group and the laparoscopic group, and the scores of the lapa-
roscopic groups were higher than those of the open groups.
In addition, there were statistically significant changes in
the scores of the eight domains at different time points

A

Open group n=60

SF-36 form available:
Before operation: n=60
1 month post operation n= 57
3 months post operation n= 54
12 months post operation n=50

(P <0.001). Interaction effects of treatment X time were
detected in RP (P=0.001), VT (P=0.009), RE (P=0.003)
and MH (P=0.035).

Between-group analysis compared the effects of the
two groups on quality of life at different time points, and
within-group analysis compared the recovery rate on qual-
ity of life at different time points. Between-group analy-
sis (Table 2) indicated that the RP and RE scores of the
laparoscopic groups were higher than those of the open
groups at 1 and 3 months after surgery, and the difference
disappeared one year after surgery. Within-group com-
parison (Table 3) indicated that at 1 month after surgery,
the MH score of the laparoscopic group increased, while
the RP, VT, and RE scores of both groups decreased. 3
months after surgery, compared with the baseline, the MH
score of the laparoscopic group increased, while the RP
and RE scores of the open group were lower than those
before surgery, and the difference was restored to baseline
at 12 months after surgery.
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Table 1 Baseline characteristics

Variables Laparoscopic n=60 Open n=60 P
Age 4544922 46.0+8.3 0.670
Female 45 (75.0%) 43 (71.7%) 0.680
BMI(IQR) kg/m> 23.0 (21.3-26.4) 22.7 (20.6-23.8) 0.164
Surgical history 28 (46.7%) 24 (40.0%) 0.461
Multiple tumors 31 (51.7%) 27 (45.0%) 0.465
Total diameter (IQR) cm 10.0 (8.3-12.8) 10.8 (8.3-12.9) 0.529
Maximum diameter (IQR) cm 8.3 (7.3-10.0) 9.0 (7.3-10.9) 0.242
Laparoscopic difficulty grade® 0.141

Grade 1 4(6.7%) 1(1.7%)

Grade 2 11 (18.3%) 6 (10.0%)

Grade 3 45 (75.0%) 53 (88.3%)
Intrahepatic duct relationship 0.636

0 20 (33.3%) 15 (25.0%)

1 21 (35.0%) 20 (33.3%)

2 11 (18.3%) 13 21.7%)

3 8 (13.3%) 12 (20.0%)
HB (IQR) g/L 131.5 (118.8-142.0) 133.0 (126.0-146.3) 0.366
PLT 10™/L 184.6+49.9 194.1+59.6 0.345
NEU (%) 59.5+8.7 58.2+10.9 0.461
White blood cell IQR) 10°/L 5.1 (4.1-6.0) 5.4 (4.5-6.6) 0.139
TB (IQR) pmol/L 11.9 (9.2-15.6) 114 (8.2-14.2) 0.289
DB (IQR) pmol/L 3.6 (2.74.5) 3.4 (2.6-4.8) 0.844
ALT (IQR) IU/L 16.0 (12.0-22.0) 19.0 (15.3-26.3) 0.284
AST (IQR) IU/L 18.0 (16.0-21.8) 1.3 (20.0-23.0) 0.299
Albumin g/L 442433 44.8+3.7 0.373
Glu (IQR) mmol/L 4.9 (4.5-5.2) 4.7 (44-5.1) 0.311
PTS 11.0+0.6 10.9+0.8 0.528
INR 0.97+0.06 0.98+0.08 0414
Cr (IQR) pmol/L 58.5 (52.5-70.5) 58.0 (53.0-68.3) 0.383

BMI Body Mass Index, IQR interquartile range, Hb hemoglobin, PLT platelet, NEU neutrophil, WBC white
blood cell, 7B total bilirubin, DB direct bilirubin, Glu blood glucose, PT prothrombin time, /NR interna-
tional normalized ratio, Cr, serum creatinine

“Detailed classification criteria are described in Supplementary Table 1

Discussion

As a benign tumor, hepatic hemangioma generally is not
recommended for surgical treatment. To ensure that the
surgical indication was sufficient, we carefully screened
and excluded a number of patients who might have had
symptoms due to other diseases prior to this study. Com-
mon diseases include chronic gastritis, irritable bowel
syndrome, and peptic ulcer.

Liver function injury
In this study, the laparoscopic group had a longer total

operation and portal occlusion time, as well as more fre-
quencies of hepatic portal occlusion. This might be related
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to the limited operation space and difficulty of laparo-
scopic operation. These results were consistent with the
increase in ALT and AST in the laparoscopic group com-
pared with the open group. The blood concentrations of
these enzymes are sensitive markers of liver cell injury and
inflammation [13]. Longer hepatic portal occlusion means
a longer ischemia time, causing worse damage to liver
cells, which is directly reflected by higher levels of ALT
and AST [14]. At the same time, reperfusion of open blood
flow after occlusion can also lead to ischemia reperfusion
injury of liver cells, which can also be manifested as an
increase in ALT and AST [15].
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estimated by a linear mixed model
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Table 2 Between-group differences at baseline, 1, 3 and 12 months after laparoscopic and open liver resection

Domains Baseline P 1 month P 3 months P 12 months P
(95% CI) (95% CI) (95% CI)

RP 4.669 (— 1.587,10.925) 0.143 14.982 (8.726,21.238) <0.001 5.693 (— 0.563, 11.950) 0.003 3.433 (—2.964,9.830) 0.292

VT 2.057 (— 1.244,5.358) 0.220 0.481 (—2.821, 3.782) 0.774 0.715 (- 2.586, 4.016) 0.669 2.010 (- 1.302, 5.323) 0.232

RE 4.374 (- 2.519, 11.266) 0.213 14.816 (7.924,21.709) <0.001 11.414 (4.521, 18.306) 0.001 4.545 (—2.483,11.573) 0.204

MH 0.823 (- 2.622,4.267) 0.637 2.380 (— 1.065, 5.825) 0.174 2.254 (— 1.191,5.698)  0.198 1.053 (—2.405,4.511) 0.548

Values were estimated by linear mixed model

RP role-physical functioning, VT vitality, RE role emotional, MH mental health

Table 3 Within-group differences in change at 1, 3 and 12 months after laparoscopic and open liver resection

Domains 1 month (95% CI) P 3 months (95% CI) P 12 months P

(95% CT)

RP Laparoscopic ~ 13.298 (7.103, 19.493) <0.001  6.383 (— 1.182, 13.948) 0.155 —1.419 (- 9.660, 6.822) 1.000
Open 23.611 (17.832, 29.390) <0.001  7.407 (0.350, 14.465) 0.034  —2.655 (- 10.400,5.091)  1.000

VT Laparoscopic ~ 2.872 (1.736, 4.008) <0.001  1.064 (- 0.517, 2.645) 0.450  —0.041 (- 1.961, 1.880) 1.000
Open 1.296 (0.237, 2.356) 0.008 —0.278 (- 1.753,1.197) 1.000 - 0.087 (- 1.890, 1.715) 1.000

RE Laparoscopic ~ 9.929 (3.743, 16.115) <0.001  2.837 (- 4.940, 10.614) 1.000  0.793 (- 7.860, 9.446) 1.000
Open 20.371 (14.600, 26.143) <0.001  9.877(2.621, 17.133) 0.002  0.964 (- 7.166, 9.095) 1.000

MH  Laparoscopic ~ —2.298 (-3.563, -1.033) <0.001 —2.468 (—4.225,-0.711) 0.001  —0.157 (- 2.286, 1.973) 1.000
Open —0.741 (- 1.921, 0.440)  0.579 — 1.037 (- 2.676, 0.602) 0.564  0.073 (- 1.925, 2.072) 1.000

Values were estimated by linear mixed model

RP role-physical functioning, VT vitality, RE role emotional, MH mental health

Postoperative complications

Laparoscopic surgery had certain advantages on complica-
tion incidence rate as well as severity of operative complica-
tions. Only three patients in the laparoscopic group suffered
surgical complications, all of which were relatively mild
Clavien—Dindo grade [16] I, IT and IIla, while a total of 15
patients had surgical complications in the open group.

There were cases of grade IlIb and grade IVa complica-
tions in the open group. The grade IIIb surgical compli-
cation was incisional hernia after surgery, which resulted
in incisional hernia repair under general anesthesia. With
a reported incidence of approximately 2-20%, incisional
hernia is not rare for open surgery [17]. There are many
risk factors for incisional hernia after hepatectomy, includ-
ing age, nutritional status, and surgical procedure [18, 19].
Le Huu Nho compared the incidence of incisional hernia
between open and laparoscopic surgery and found that the
incidence of open surgery was significantly higher [20]. As
we can imagine, open surgery is associated with a higher
risk of incisional hernia due to its high level of trauma and
damage to the abdominal wall.

The complication of [Va surgery was pulmonary embo-
lism in the open group. In general, pulmonary embolism
after liver surgery is not common because liver surgery has
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a negative impact on coagulation function, so it is not easy
to form postoperative complications such as intravascular
thrombosis [21]. However, studies have reported that in
addition to common risk factors such as high BMI and major
surgery, normal liver parenchyma surgery is also one of the
risk factors for pulmonary embolism [22]. Recovery after
open surgery is relatively long, while long-term immobili-
zation may increase the risk of pulmonary embolism [23].

Quality of life

To date, most of the studies comparing the quality of life
after laparoscopic and open surgery have focused on malig-
nant diseases [24, 25]; however, quality of life might be
affected by the differences in recurrence rates and mortal-
ity rates between the two prosedours. As a benign disease,
hepatic hemangioma is regarded as a perfect background
disease to study surgical modalities on quality of life.

In the between-group analysis, the laparoscopic group
showed superiority in role-physical functioning, and role-
emotional dimensions persisted to 3 months postoperatively
at 1 month; however, at 12 months postoperatively, there
was no statistically significant difference between the two
groups, suggesting that the open group recovered to the same
level as the laparoscopic group.
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In the within-group comparison analysis, the laparoscopic
group revealed advantages in recovery on quality of life.
Three months after surgery, the role-physical functioning
and role-emotional dimensions recovered to the preopera-
tive level, while the open group did not. In addition, we
found scores of the majority dimensions decreased signifi-
cantly 1 month after surgery, indicating that both open and
laparoscopic surgery had a great impact on the quality of
life, suggesting that the surgical indication should be strictly
evaluated. At 12 months postoperatively, similar to the
between-group analysis, patients in both groups recovered
to the same level as baseline, suggesting that the effects of
the surgery on quality of life could be recovered one year
after the surgery.

This study has the following limitations: (1) This study
is a nonrandomized controlled trial, and the level of evi-
dence is lower than that of a randomized controlled trial.
(2) Although the sample size was calculated according to
the formula, it was still small when analyzing postoperative
complications, the conversion rate of laparoscopic surgery
and other aspects. (3) Our research indicated that the quality
of life for both groups could return to baseline 12 months
after surgery; however, we missed this part of the data to
determine whether they could recover in a shorter period
of time, such as 6 months after surgery. (4) Our focus is not
only on liver hemangioma disease itself, but also compare
the impact of open and laparoscopic liver surgery on the
quality of life, despite this conclusion has certain reference
value for other diseases, but other disease types were not
included in the study.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-022-09348-x.
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