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Abstract: Objective: To compare the efficacy and postoperative recovery outcomes of microwave ablation (MWA) and
transcatheter arterial embolization (TAE) using a bleomycin-lipiodol emulsion combined with gelatin sponge par-
ticles in the treatment of hepatic hemangioma. Methods: In this retrospective study, 255 patients with hepatic hem-
angioma treated between January 2020 and June 2024 were analyzed. Patients were assigned to either the MWA
group (n = 135) or the TAE group (n = 120). Evaluated parameters included operative characteristics, liver function
changes, recovery metrics, complications, treatment efficacy, quality of life, and patient satisfaction. Results: MWA
resulted in a higher overall efficacy rate compared to TAE (76.30% vs. 61.67%, P = 0.011), but was associated with
significantly elevated postoperative alanine aminotransferase (ALT) levels (P < 0.001), indicating greater hepatocel-
lular injury. Although ablation procedures were longer (P = 0.005), they were associated with reduced intraoperative
blood loss (P = 0.010). TAE was linked to faster recovery, reflected in shorter hospital stays (P = 0.003). The MWA
group experienced fewer overall complications, though hemolysis was uniquely observed in this cohort. The TAE
group had higher rates of fever and ischemic events. Both groups showed improved quality of life post-treatment,
with the MWA group demonstrating greater gains in physical functioning (P = 0.004). Patient satisfaction was com-
parable between groups. Conclusion: MWA and TAE are both effective treatment options for hepatic hemangioma,
each with distinct advantages. MWA offers superior lesion control at the expense of greater hepatic stress, while TAE
facilitates quicker recovery with a higher incidence of transient complications.

Keywords: Hepatic hemangioma, microwave ablation, transcatheter arterial embolization, bleomycin-lipiodol, post-
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Introduction formations. While these tumors are non-malig-
nant, their growth can significantly affect quali-
ty of life, prompting the need for effective thera-

peutic strategies [6].

Hepatic hemangioma is the most common
benign liver tumor, with a reported prevalence
ranging from 0.4% to 20% across different

populations [1-3]. It is frequently identified inci-
dentally through imaging modalities such as
ultrasound, computed tomography (CT), or
magnetic resonance imaging (MRI) [4]. Althou-
gh typically asymptomatic and requiring no
intervention, large hemangiomas may cause
abdominal pain, discomfort, or complications
such as Kasabach-Merritt syndrome, thereby
necessitating clinical management [5]. The
pathogenesis involves complex vascular mal-

Treatment decisions depend on factors such as
tumor size, location, symptoms, and risk of
complications. Surgical resection has tradition-
ally been the definitive option for symptomatic
or enlarging hemangiomas. However, given its
invasiveness and potential for morbidity, there
has been a shift toward less invasive alterna-
tives [7-9]. Interventional radiology has expand-
ed the therapeutic landscape with techniques
such as transcatheter arterial embolization
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(TAE), which reduces tumor size by obstructing
arterial blood flow and inducing ischemic necro-
sis [10, 11]. Another emerging option is micro-
wave ablation (MWA), a localized, minimally
invasive technique that uses electromagnetic
energy to thermally destroy tumor tissue [12].

This study focuses on two minimally invasive
approaches: MWA and an updated form of TAE
utilizing a bleomycin-lipiodol emulsion com-
bined with gelatin sponge particles. MWA gen-
erates coagulative necrosis via rapidly oscillat-
ing electric fields converted into heat, reaching
cytotoxic temperatures that denature proteins
and disrupt tumor architecture. It allows for pre-
cise targeting under real-time imaging guid-
ance, reducing collateral damage to adjacent
hepatic tissue and preserving more liver paren-
chyma compared to surgical resection [13].
Nonetheless, concerns remain regarding post-
ablation liver function impairment due to local-
ized tissue injury.

In contrast, TAE using a bleomycin-lipiodol em-
ulsion and gelatin sponge particles combines
embolization and local chemotherapy. The radi-
opaque emulsion enables sustained chemo-
therapeutic delivery within the tumor’s arterial
supply, while gelatin sponge particles provide
temporary embolization, promoting ischemia
and subsequent necrosis. This method has
demonstrated favorable efficacy and safety
profiles [14], particularly in patients unsuitable
for surgery or in preoperative settings to reduce
tumor vascularity and surgical risk.

Comparing these two approaches is essential,
as clinical presentations vary and require indi-
vidualized treatment plans. However, direct
comparative data for MWA versus TAE in the
treatment of hepatic hemangioma remain lim-
ited. Therefore, this study aims to comprehen-
sively evaluate the efficacy and postoperative
outcomes of MWA and TAE. By elucidating the
benefits and limitations of each technique, we
seek to inform clinical decision-making, sup-
port personalized treatment strategies, and
improve patient outcomes.

Materials and methods
Case collection and selection
Inclusion and exclusion criteria: Inclusion

Criteria: (1) Age > 18 years; (2) Diagnosis of
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hepatic hemangioma confirmed by pathology,
with the longest tumor diameter > 5 cm; (3)
Regular follow-up with color Doppler ultra-
sound, contrast-enhanced CT, or contrast-
enhanced MRI after treatment; (4) Normal cog-
nitive function (Mini-Mental State Examination
[MMSE] score > 25) [15]; (5) Good physical con-
dition (Eastern Cooperative Oncology Group
[ECOG] score < 2 or Karnofsky Performance
Status [KPS] score > 60) [16]; (6) Complete
medical records available. Exclusion Criteria:
(1) History of other abdominal surgeries; (2)
Presence of Class A or B infectious diseases,
including positive hepatitis B surface antigen,
hepatitis C antibodies, or HIV antibodies; (3)
Active infection, especially biliary tract inflam-
mation; (4) Kasabach-Merritt syndrome with
significant coagulopathy; (5) Severe dysfunc-
tion of major organs (liver, kidney, heart, lung,
or brain); (6) Concurrent liver tumors, such as
hepatocellular carcinoma; (7) Presence of
fever, request for treatment discontinuation by
family, or transfer to a higher-level hospital; (8)
Communication difficulties or poor treatment
compliance.

Study design and ethical statement: A retro-
spective analysis was conducted on 255
patients diagnosed with hepatic hemangioma
at Yantaishan Hospital between January 2021
and June 2024. The required sample size was
estimated using G*Power 3.1 software, assum-
ing a medium effect size (d = 0.5), a two-tailed
a = 0.05, and 95% power. Based on these
parameters, at least 105 patients per group
were needed to detect a statistically significant
difference using a two-sided independent-sam-
ples t-test.

Initially, 280 patients were identified. Fourteen
were excluded based on the inclusion criteria: 9
had tumors <5 cm, and 5 had incomplete med-
ical records. Subsequently, 11 patients were
excluded based on the exclusion criteria: 6 due
to Kasabach-Merritt syndrome with coagulopa-
thy, and 5 due to communication difficulties or
poor compliance. A total of 255 patients were
included in the final analysis, with 135 in the
MWA group and 120 in the TAE group. The
study evaluated liver function parameters,
treatment efficacy, quality of life, and patient
satisfaction (Figure 1). Ethical approval was
obtained from the Institutional Review Board
and Research Ethics Committee of Yantaishan
Hospital.
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Figure 1. Research flowchart.

Surgical methods: MWA Group: Patients were
placed in the supine position, and the sur-
gical field was routinely disinfected. The punc-
ture site and angle were determined by ultra-
sound guidance. Percutaneous MWA was per-
formed using a real-time ultrasound-guided,
water-cooled MWA system (Vision-China Me-
dical Devices R&D Centre, Nanjing, China). A
15-gauge, 25 cm electrode was used. Power
output and ablation time were adjusted accord-
ing to tumor size and location, following the
manufacturer’s guidelines.

Following the standard protocol, two parallel
electrodes were inserted into the lesion at a
spacing of 2.5-3.0 cm within the same plane
using a 3.5 MHz ultrasound probe (MyLab 60;
Esaote, Genoa, Italy). The microwave generator
was activated to maintain a tip temperature of
100°C for 3-10 minutes. Ablation commenced
at the distal tumor margin, with electrodes
repositioned proximally in 1.0-1.5 cm incre-
ments until the entire lesion was covered. To
ensure complete coverage and an adequate
margin, ablation extended 0.5 cm beyond the
tumor into the surrounding hepatic paren-
chyma.
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right femoral artery, and a 5F
vascular sheath was intro-
duced.

A hepatic artery catheter was
advanced to the hepatic artery
origin. After confirming cathe-
ter placement, hepatic arteri-
ography was performed to
assess tumor location, size,
and vascular supply. A micro-
catheter was then superselec-
tively advanced to the feeding
artery of the hemangioma. The bleomycin-lipi-
odol emulsion was infused under low-pressure
flow control, followed by gelatin sponge parti-
cles to complete embolization. The procedure
was deemed complete when flow cessation in
the feeding artery occurred within three cardiac
cycles.

Data extraction

Demographic and baseline clinical data were
extracted from the hospital case system.
Variables included surgical duration, cost, intra-
operative blood loss, incision size, time to post-
operative mobilization, length of hospital stay,
liver function changes, postoperative complica-
tions, quality of life, and patient satisfaction.

Observational indicators

Liver function indicators: Fasting venous blood
samples (5 mL) were collected one day before
surgery, and on postoperative days 1 and 3.
Samples were centrifuged at 3000 rpm for 10
minutes using a refrigerated high-speed centri-
fuge (TLD 12A, Xiangxi Scientific Instrument
Factory, Hunan, China). Serum levels of alanine
aminotransferase (ALT), aspartate aminotrans-
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ferase (AST), albumin (ALB), and total bilirubin
(TBIL) were measured using an automated bio-
chemical analyzer (Hitachi 7600, Hitachi, Ltd.,
Japan). Analytical reagents were provided by
Ningbo Meikang Biotechnology Co., Ltd., China
(lot number: 20130821).

Evaluation of treatment efficacy: Treatment
response was assessed six months postopera-
tively based on the World Health Organization
criteria for solid tumors [17].

(1) Complete Response (CR): Disappearance of
all measurable lesions for at least four weeks;
(2) Partial Response (PR): = 50% reduction in
the product of the two largest tumor diameters,
sustained for four weeks; (3) Minor Response
(MR): 25-49% reduction without new lesion
development; (4) Stable Disease (SD): Tumor
size change between -25% and +25%, with no
new lesions; (5) Recurrence (RE): > 25%
increase in tumor size or appearance of new
lesions.

The response rate was calculated as (CR + PR)/
total number of cases x 100%. All patients
were followed for six months to assess heman-
gioma recurrence.

Comparison of quality of life and satisfaction
between the two groups: At six months post-
treatment, quality of life and patient satisfac-
tion were assessed for both groups. Quality
of life was evaluated using the European
Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30
(EORTC QLQ-C30), which measures five
domains: social relationships, emotional well-
being, cognitive function, physical health, and
role functioning [18]. Higher scores indicate
better quality of life.

Patient satisfaction was assessed using the
Press Ganey Satisfaction Survey [19], which
evaluates five dimensions.

(1) Communication: Clarity and timeliness of
healthcare staff communication; (2) Pain Ma-
nagement: Effectiveness of pain control; (3)
Environment: Cleanliness and comfort of the
care setting; (4) Waiting Time: Duration spent
waiting for services or test results; (5) Overall
Satisfaction: General satisfaction with the
healthcare experience.
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Responses were categorized into four levels:
dissatisfied, somewhat satisfied, satisfied, and
very satisfied.

Statistical methods

All data analyses were performed using SPSS
version 29.0 (SPSS Inc., Chicago, IL, USA). Ca-
tegorical variables were expressed as counts
and percentages [n (%)]. Normality of continu-
ous variables was tested using the Shapiro-
Wilk test. Normally distributed data were ex-
pressed as mean + standard deviation (sd) and
analyzed using independent-samples t-tests.
Variations between groups were computed
using a t-test for continuous variables and chi-
square tests for categorical variables. A p-value
< 0.05 was considered statistically significant.
Multivariate logistic regression was used to
analyze factors influencing treatment efficacy
(dependent variable), with treatment modality
and other covariates (P < 0.05 in univariate
analysis) entered as independent variables.

Results
Comparison of baseline characteristics

In this retrospective cohort study, 135 patients
were assigned to the MWA group and 120 to
the TAE group (Table 1). No statistically signifi-
cant differences were observed between the
two groups regarding demographic characte-
ristics, including gender (male: 28.89% vs.
25.00%, P = 0.485), age (50.15 + 5.61 vs.
51.38 + 5.65 years, P = 0.083), or body mass
index (BMI, all P > 0.05). Tumor size also
showed no significant difference (P = 0.169).
The primary symptoms - abdominal discomfort
and pain - were comparable between groups
(both P > 0.05), as were the number of heman-
giomas (solitary vs. multiple) and disease
duration.

Lesions predominantly involved the right hepat-
ic lobe in both groups, with no significant differ-
ence in distribution (P = 0.877). Scores from
the American Society of Anesthesiologists
physical status classification and the ECOG
performance status were similar. The preva-
lence of comorbidities, including chronic ob-
structive pulmonary disease (COPD), hyperten-
sion, and autoimmune diseases, did not differ
significantly (all P > 0.05). There were also no

Am J Cancer Res 2025;15(5):2319-2331



Microwave ablation embolization for hepatic hemangioma

Table 1. Comparison of demographic characteristics between two groups

MWA Group (%)

Embolization Group

Characteristic (n = 135) (%) (n = 120) t/x? P
Gender [n (%)] 0.487 0.485
Male 39 (28.89%) 30 (25%)
Female 96 (71.11%) 90 (75%)
Age (Mean + SD, years) 50.15 +5.61 51.38 £ 5.65 1.744 0.082
BMI (kg/m?) 23.54 + 0.62 23.61 + 0.53 0.999 0.319
Tumor Diameter (Mean + SD, cm) 9.80 £ 2.30 10.03 +2.41 0.772 0.441
Main Symptoms [n (%)]
Abdominal Discomfort 54 (40%) 45 (37.5%) 0.167 0.683
Pain 30 (22.22%) 36 (30%) 2.003 0.157
Nausea/Vomiting 48 (35.56%) 48 (40%) 0.535 0.465
Number of Hemangiomas 1.891 0.169
Single 66 (48.89%) 69 (57.5%)
Multiple 69 (51.11%) 51 (42.5%)
Disease Duration (years) 1.24 £ 0.28 1.23+0.35 0.170 0.865
Lesion Location [n (%)]
Left Hepatic Lobe 45 (33.33%) 53 (44.17%) 3.151 0.076
Right Hepatic Lobe 75 (55.56%) 60 (50%) 0.787 0.375
Both Left and Right Lobe 15 (11.11%) 8 (6.67%) 1.529 0.216
Caudate Lobe 0 (0%) 5 (4.17%) 3.775 0.052
ASA Score [n (%)] 0.262 0.877
I 10 (7.41%) 9 (7.5%)
Il 120 (88.89%) 105 (87.5%)
11 5 (3.7%) 6 (5%)
Other Underlying Diseases [n (%)]
COPD 2 (1.48%) 3 (2.5%) 0.018 0.894
Hypertension 6 (4.44%) 7 (5.83%) 0.253 0.615
Diabetes 5 (3.7%) 4 (3.33%) 0 1
Autoimmune Disease 0 (0%) 1 (0.83%) None 0.471
ECOG Score [n (%)] 0.298 0.585
Grade O 96 (71.11%) 89 (74.17%)
Grade 1 39 (28.89%) 31 (25.83%)
MMSE Score 27.31+£1.40 27.24 + 1.20 0.378 0.705
Smoking History [n (%)] 14 (10.37%) 9 (7.5%) 0.638 0.424
Alcohol History [n (%)] 23 (17.04%) 18 (15%) 0.195 0.658
Education Level [n (%)] 0.252 0.616
Below College 101 (74.81%) 93 (77.5%)
College Degree and Above 34 (25.19%) 27 (22.5%)
Marital Status [n (%)] 0.968 0.325

Married
Unmarried

127 (94.07%)
8 (5.93%)

109 (90.83%)
11 (9.17%)

BMI: Body Mass Index; ASA: American Society of Anesthesiologists (classification system); COPD: Chronic Obstructive Pulmo-
nary Disease; ECOG: Eastern Cooperative Oncology Group (performance status); MMSE: Mini-Mental State Examination; MWA:
microwave ablation; TAE: transcatheter arterial embolization.

significant differences in education level, mari-
tal status, history of alcohol use, or smoking (all

P > 0.05), confirming the demographic and clin-
ical comparability between groups.
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both day one (29.00 + 6.50 vs.
26.89 + 3.20 U/L; t=3.226, P

Figure 2. Comparison of surgical parameters between two groups. (A) Du-
ration of surgery, (B) Incision diameter, (C) Intraoperative blood loss, (D)
Surgical cost ns: no significant difference; *: P < 0.05; **: P < 0.01; ***:

= 0.002) and day three (23.78
+ 3.47 vs. 22.35 + 4.61 U/L; t

P < 0.001.

Comparison of surgical parameters

Surgical duration was significantly longer in the
MWA group (70.86 + 35.50 min) than in the TAE
group (61.26 £ 14.90 min; t=2.870, P =0.005)
(Figure 2A). Incision diameter was notably larg-
er in the MWA group (9.68 + 1.50 mm vs. 2.06
+ 0.50 mm; t =55.503, P < 0.001) (Figure 2B).
However, intraoperative blood loss was signifi-
cantly lower in the MWA group (132.30 + 41.50
mL vs. 150.35 + 65.20 mL; t = 2.601, P =
0.010) (Figure 2C).

Although surgical cost was slightly higher in the
MWA group (2.01 + 0.69 x 10* CNY) compared

2324

=2.831, P =0.005).

ALB: No difference preoperatively (37.84 =+
3.30 vs. 38.03 + 1.60 g/L; t = 0.585, P =
0.559). Postoperatively, ALB levels were higher
in the MWA group on both day one (16.37 +
2.30vs. 1547 £3.3g/L;t=2.513, P=0.013)
and day three (24.56 + 3.41 vs. 23.22 + 3.24
g/L; t=3.191, P =0.002).

TBIL: Baseline levels were comparable (10.85
+1.60vs.11.04 + 2.10 ymol/L; t=0.822, P =
0.412). TBIL was significantly higher in the MWA
group on day one (40.99 + 3.10 vs. 39.86 £
2.60 uymol/L; t = 3.145, P = 0.002) and day
three (22.36 + 5.87 vs. 20.27 £ 5.31 ymol/L; t
=2.969, P =0.003).
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Table 2. Comparison of liver function between two groups

Characteristic MWA Group (%) (n = 135) Embolization Group (%) (n = 120) t/x? P
ALT (U/L)
Pre-operation 19.05 +4.50 18.76 + 2.30 0.676 0.500
1 day after operation 221.03 £ 43.50 25.00 £ 13.50 49.738 <0.001
3 days after operation 108.24 + 36.17 21.92 +7.48 27.086 <0.001
AST (U/L)
Pre-operation 18.01 £ 2.10 18.00 + 1.60 0.004 0.997
1 day after operation 26.89 + 3.20 29.00 + 6.50 3.226 0.002
3 days after operation 22.35+4.61 23.78 £ 3.47 2.831 0.005
ALB (g/L)
Pre-operation 37.84 +3.30 38.03 £ 1.60 0.585 0.559
1 day after operation 16.37 £ 2.30 15.47 + 3.30 2.513 0.013
3 days after operation 24.56 + 3.41 23.22+3.24 3.191 0.002
TBIL (umol/L)
Pre-operation 10.85 + 1.60 11.04 £ 2.10 0.822 0.412
1 day after operation 40.99 + 3.10 39.86 + 2.60 3.145 0.002
3 days after operation 22.36 + 5.87 20.27 £5.31 2.969 0.003

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALB: Albumin; TBIL: Total bilirubin; MWA: microwave ablation;
TAE: transcatheter arterial embolization.

Table 3. Comparison of postoperative recovery time between two groups

Parameter MWA Group (n = 135) Embolization Group (n = 120) t P
Hospital Stay (days) 5.95 + 1.50 5.52 +0.61 3.011 0.003
Time to Ambulation (hours) 25.03 £ 4.09 24.03 + 3.23 2.184 0.030

MWA: microwave ablation; TAE: transcatheter arterial embolization.

Table 4. Comparison of complications between two groups

Complication MWA Group (%) (n = 135) Embolization Group (%) (n = 120) Ve P

Fever 9 (6.67) 21 (17.50) 7182  0.007
Postoperative Infection 3(2.22) 0 (0.00) 1.126  0.289
Pain in Liver Area 20(14.81) 27 (22.50) 2496 0.114
Hemolysis 7 (5.19) 0 (0.00) 4.603 0.032
Ischemic Cholecystitis 0 (0.00) 3(2.50) 1.603 0.205
Overall Complication Rate 39 (28.89) 51 (42.50) 5.154 0.023

MWA: microwave ablation; TAE: transcatheter arterial embolization.

Comparison of postoperative recovery

Patients in the MWA group had a significantly
longer hospital stay (5.95 + 1.50 vs. 5.52 +
0.61 days; t=3.011, P=0.003) (Table 3). Time
to postoperative ambulation was also slightly
prolonged (25.03 + 4.09 vs. 24.03 + 3.23
hours; t =2.184, P = 0.03).

Comparison of postoperative complications

Fever was less frequent in the MWA group
(6.67%) than in the TAE group (17.50%; x* =

2325

7.182, P = 0.007) (Table 4). Postoperative
infections occurred in 3 patients (2.22%) in the
MWA group and none in the embolization group
(x?>=1.126, P =0.289). Liver pain was reported
in 14.81% (MWA) vs. 22.50% (TAE), without sta-
tistical significance (x? = 2.496, P = 0.114).

Hemolysis was observed exclusively in the
MWA group (5.19%), yielding a significant differ-
ence (x2 = 4.603, P = 0.032). Ischemic chole-
cystitis was reported only in the TAE group
(2.50%), but without significance (x? = 1.603, P
= 0.205). The overall complication rate was sig-
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Table 5. Comparison of efficacy between two groups

Outcome MWA Group (%) (n = 135) Embolization Group (%) (n = 120) X2 P
Remission Status 7.316 0.120
Complete Remission 64 (47.41) 51 (42.50)
Partial Remission 39 (28.89) 23(19.17)
Improvement 19 (14.07) 26 (21.67)
Stable Disease 11 (8.15) 17 (14.17)
Recurrence 2(1.48) 3(2.50)
Overall Efficacy Rate 103 (76.30) 74 (61.67) 6.404 0.011

MWA: microwave ablation; TAE: transcatheter arterial embolization.

Table 6. Comparison of quality of life before and after treatment

MWA Group

Quality of Life Aspect (n = 135)

Embolization

Group (n = 120)

Social Relationships

Pre-treatment 50.61 +4.41 50.69 + 3.10

Post-treatment 60.83+3.81 59.98 + 3.50
Cogpnition

Pre-treatment 65.35+2.20 65.41+2.30

Post-treatment 8897 £3.41 88.73+2.40
Physical Functioning

Pre-treatment 59.78 £+2.49 60.05+2.30

Post-treatment 88.82+3.11 87.68+3.10
Emotional Well-being

Pre-treatment 5431 +£2.40 53.69 +3.10

Post-treatment 68.80 +3.10 68.28 +3.60
Role Functioning

Pre-treatment 64.82+2.21 64.37 £3.20

Post-treatment 84.26 £+3.20 83.59 + 3.50
Overall Health Status

Pre-treatment 58.89+5.81 59.20 +4.60

Post-treatment 7247 +5.70 71.49+5.10

patients). Stable disease (SD)
was observed in 8.15% (11

/X P patients) of the MWA group and
14.17% (17 patients) of the TAE
0183 0.855 group, indicating relatively simi-
1854 0.065 lar disease conftrol. Recurrence
(RE) was rare in both groups,
occurring in 1.48% (2 patients)
0.224 0.823 of the MWA group and 2.50% (3
0.659 0.511 patients) of the TAE group, with
no significant difference (x*> =
0.920 0.358 7.316, P =0.120).
2.944 0.004
Importantly, the overall efficacy
1777 0.077 rgte (CR + PR) was significantly
higher in the MWA group at
1.254 0211 7530% (103 patients), com-
pared to 61.67% (74 patients) in
1.310 0.192 the TAE group (x2 = 6.404, P =
1.583 0.115 0.011).
0.477 0.634 Comparison of quality of life
1.446 0.149

MWA: microwave ablation; TAE: transcatheter arterial embolization.

Both groups showed improve-

nificantly lower in the MWA group (28.89%)
compared to the TAE group (42.50%; x> =
5.154, P = 0.023).

Comparison of treatment efficacy

The complete remission (CR) rate was slightly
higher in the MWA group at 47.41% (64 patients)
compared to 42.50% (51 patients) in the TAE
group (Table 5). Partial remission (PR) was
observed in 28.89% (39 patients) of the MWA
group versus 19.17% (23 patients) in the TAE
group, suggesting a favorable trend toward
ablation. In contrast, the minor response (MR)
rate was higher in the TAE group (21.67%, 26
patients) than in the MWA group (14.07%, 19
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ment in quality of life post-treat-

ment. Social functioning im-
proved comparably between groups (ablation:
60.83 + 3.81 vs. TAE: 59.98 + 3.50; t = 1.854,
P = 0.065, Table 6). Cognitive functioning
scores also improved significantly in both
groups without intergroup differences (abla-
tion: 88.97 + 3.41 vs. embolization: 88.73 +
2.40; t = 0.659, P = 0.511). Notably, physical
functioning was significantly better in the MWA
group (88.82 + 3.11) than in the TAE group
(87.68 + 3.10; t = 2.944, P = 0.004).

Although emotional well-being and role func-
tioning improved in both groups, the differenc-
es between them were not statistically signifi-
cant (emotional well-being: t = 1.254, P =
0.211; role functioning: t = 1.583, P = 0.115).
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Table 7. Postoperative patient satisfaction rates

Key findings from the logistic

Satisfaction Level (%) (n = 135)

MWA Group Embolization Group
(%) (n =120)

regression include:
t P
Treatment with MWA was

Very Satisfied 84 (62.22) 79 (62.22)
Somewhat Satisfied 31 (22.96) 26 (22.96)
Moderately Satisfied 18 (13.33) 13 (13.33)
Dissatisfied 2(1.48) 2(1.48)

0.518 0.915 associated with higher odds of

a favorable outcome (OR =
2.17, 95% Cl: 1.36-3.48, P
0.002).

MWA: microwave ablation; TAE: transcatheter arterial embolization.

Overall health status also improved, though
again without a statistically significant differ-
ence between groups (t = 1.446, P = 0.149).

Comparison of patient satisfaction

A majority of patients in both groups reported
being “Very Satisfied”, with identical propor-
tions of 62.22% (84 patients in the MWA group;
79 in the TAE group) (Table 7). The proportion
of “Somewhat Satisfied” patients was also
equal across groups (22.96%; 31 in the MWA
group, 26 in the TAE group). Similarly, the rates
of “Moderately Satisfied” and “Dissatisfied”
were identical: 13.33% (18 ablation, 13 embo-
lization) and 1.48% (2 patients each), res-
pectively.

No statistically significant difference in overall
satisfaction was observed (t = 0.518, P =
0.915), indicating comparable levels of treat-
ment satisfaction between the two groups
(Table 7).

Multivariate logistic regression analysis

To further investigate factors influencing treat-
ment efficacy, multivariate logistic regression
was conducted using treatment outcome as
the dependent variable (Table 8). Independent
variables included treatment modality and
other factors with P < 0.05 from univariate
analyses. Continuous variables such as ALT,
AST, ALB, and TBIL were converted into binary
categories based on clinical thresholds:

ALT: Postoperative day 1 > 200 U/L vs. < 200
U/L; postoperative day 3 > 100 U/L vs. £ 100
U/L. AST: Postoperative day 1 > 25 U/L vs. <25
U/L; postoperative day 3 > 20 U/L vs. <20 U/L.
ALB: Postoperative day 1 < 16 g/L vs. > 16 g/L;
postoperative day 3 < 24 g/L vs. > 24 g/L.
TBIL: Postoperative day 1 > 40 ymol/L vs. <40
umol/L; postoperative day 3 > 20 ymol/L vs. <
20 umol/L.
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Incision diameter > 5 mm (OR

=1.89[1.23-2.91], P = 0.004)
and intraoperative blood loss > 140 mL (OR =
1.56 [1.02-2.38], P = 0.04) were significantly
associated with treatment outcome.

Elevated ALT levels on day 1 (> 2 00 U/L, OR =
2.25[1.45-3.50], P < 0.001) and day 3 (> 100
U/L, OR = 1.92 [1.23-3.01], P = 0.004) were
also significant predictors.

AST on day 1 > 25 U/L was associated with
poorer outcomes (OR = 1.67 [1.03-2.71], P =
0.04).

Low ALB levels on day 1 (< 16 g/L, OR = 1.89
[1.12-3.21], P =0.02) and day 3 (< 24 g/L, OR
= 1.75[1.05-2.91], P = 0.03) were risk factors.

Elevated TBILon day 1 (> 40 umol/L, OR = 1.56
[1.02-2.38], P = 0.04) also correlated with
worse outcomes.

Fever (OR = 1.75 [1.05-2.91], P = 0.03) and
overall complication rate (OR = 1.67 [1.03-
2.71], P = 0.04) were significantly associated
with treatment outcome.

Post-treatment physical functioning score > 88
was positively associated with better outcomes
(OR =2.17 [1.36-3.48], P = 0.002).

These results underscore the importance of
treatment modality, intraoperative factors,
postoperative liver function markers, complica-
tions, and recovery quality in determining treat-
ment efficacy. Effective management of these
variables may enhance patient outcomes and
prognosis.

Discussion

In this retrospective cohort study, we evaluated
the efficacy and postoperative recovery out-
comes of two therapeutic strategies for hepatic
hemangioma: MWA and TAE using a bleomycin-
lipiodol emulsion combined with gelatin sponge
particles.
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Table 8. Multivariate logistic regression analysis results

Variable OR (95% ClI) P-value
Treatment Method (MWA vs. TAE) 2.17 (1.36-3.48) 0.002
Duration of Surgery (minutes) (> 70 vs. < 70) 1.34 (0.98-1.84) 0.060
Incision Diameter (mm) (> 5 vs. < 5) 1.89 (1.23-2.91) 0.004
Intraoperative Blood Loss (ml) (> 140 vs. < 140) 1.56 (1.02-2.38) 0.040
ALT-1 day after operation (U/L) (> 200 vs. < 200) 2.25 (1.45-3.50) <0.001
ALT-3 days after operation (U/L) (> 100 vs. < 100) 1.92 (1.23-3.01) 0.004
AST-1 day after operation (U/L) (> 25 vs. < 25) 1.67 (1.03-2.71) 0.040
AST-3 days after operation (U/L) (> 20 vs. £ 20) 1.45 (0.92-2.27) 0.110
ALB-1 day after operation (g/L) (< 16 vs. > 16) 1.89 (1.12-3.21) 0.020
ALB-3 days after operation (g/L) (< 24 vs. > 24) 1.75 (1.05-2.91) 0.030
TBIL-1 day after operation (umol/L) (> 40 vs. < 40) 1.56 (1.02-2.38) 0.040
TBIL-3 days after operation (umol/L) (> 20 vs. < 20) 1.45 (0.92-2.27) 0.110
Hospital Stay (days) (> 5 vs. < 5) 1.34 (0.98-1.84) 0.060
Time to Ambulation (hours) (> 24 vs. < 24) 1.25 (0.92-1.71) 0.150
Fever (Yes vs. No) 1.75 (1.05-2.91) 0.030
Overall Complication Rate (Yes vs. No) 1.67 (1.03-2.71) 0.040
Post-treatment Physical Functioning Score (High (> 88) vs. Low (< 88)) 2.17 (1.36-3.48) 0.002

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALB: Albumin; TBIL: Total bilirubin; MWA: microwave ablation;

TAE: transcatheter arterial embolization.

The results demonstrated that the MWA group
achieved a significantly higher overall efficacy
rate than the TAE group. This enhanced efficacy
may be attributed to the direct, localized
destruction of hemangioma tissue afforded by
MWA. MWA generates high-frequency electro-
magnetic waves that produce thermal energy,
resulting in coagulative necrosis of target tis-
sues [20]. The process induces cellular dehy-
dration and protein denaturation, enabling
effective tumor elimination with minimal collat-
eral thermal damage [21]. The precision of this
technique-facilitated by real-time ultrasound
guidance-ensures accurate targeting of the
lesion, likely contributing to the higher rates of
complete and partial remission observed in the
MWA group [22, 23].

Despite its superior tumoricidal efficacy, MWA
was associated with more pronounced postop-
erative liver function alterations, particularly
elevated ALT levels, indicative of hepatocellular
injury. These elevations likely reflect the high-
intensity thermal insult delivered to the local
liver parenchyma during ablation. Although
transient, such changes highlight the need for
careful perioperative monitoring. Fortunately,
ALT levels typically normalized during follow-up,
underscoring the liver’'s regenerative potential.
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Nonetheless, patient selection should consider
baseline hepatic reserve when opting for MWA.

In contrast, the TAE group exhibited faster post-
operative recovery, as reflected by shorter hos-
pital stays and earlier postoperative ambula-
tion. This advantage is likely due to the less
invasive nature of embolization, which achieves
therapeutic effects through selective occlusion
of arterial supply to the hemangioma, inducing
ischemia and tumor necrosis [24-26]. Although
this approach causes less direct damage to
hepatic parenchyma, it still provides meaning-
ful tumor volume reduction, as evidenced by
comparable partial remission rates. The thera-
peutic efficacy of embolization is enhanced by
the combination of bleomycin and lipiodol -
where the lipophilic carrier prolongs drug reten-
tion at the tumor site - and by gelatin sponge
particles, which provide transient yet effective
embolic occlusion [27].

Regarding complications, the MWA group expe-
rienced a lower overall complication rate.
However, hemolysis occurred exclusively in this
group, possibly due to thermal injury-induced
oxidative stress leading to red blood cell lysis.
In contrast, the TAE group had a higher inci-
dence of fever and ischemic complications
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such as cholecystitis, likely resulting from
non-target embolization or collateral ischemia.
These findings underscore the importance of
close postoperative monitoring and timely
management of procedure-specific adverse
events.

Quality of life assessments favored the MWA
group in terms of post-treatment improvements
in physical functioning. This advantage may
stem from the complete resolution of local
symptoms following effective lesion eradica-
tion, thereby facilitating better physical perfor-
mance and daily functioning. In contrast, emo-
tional and social dimensions did not significant-
ly differ between the groups, suggesting that
quality-of-life improvements were more closely
related to physical recovery than to psychologi-
cal factors. Pain management and patient sat-
isfaction scores were comparable between the
two groups, indicating that neither procedure
imposed undue burdens beyond the expected
challenges associated with standard interven-
tional therapies.

From a clinical perspective, treatment selec-
tion between ablation and embolization should
be individualized based on patient characteris-
tics and the clinical scenario. For example,
patients with large solitary hemangiomas,
where complete ablation is achievable, may
derive greater benefit from MWA due to its high-
er efficacy in complete lesion clearance. Con-
versely, patients with smaller or multiple lesions
may experience a smoother recovery and fewer
acute complications with embolization, making
it a preferred option when rapid postoperative
recovery is a priority [28-30].

These findings also highlight opportunities for
future research. Efforts could focus on optimiz-
ing ablation parameters to minimize hepatocel-
lular injury while maintaining efficacy, or on
enhancing embolization protocols through im-
proved chemotherapeutic formulations. Addi-
tionally, advancements in imaging technology
and procedural guidance may further improve
precision and clinical outcomes for both
techniques.

This study offers reliable, evidence-based
insights to inform treatment decisions for
hepatic hemangioma. Nevertheless, as a retro-
spective, single-center analysis, it is subject to
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inherent limitations, including potential selec-
tion bias and limited generalizability. Future
prospective, multicenter trials are warranted to
validate these findings and to explore the
potential of combination or hybrid therapeutic
strategies aimed at maximizing efficacy while
minimizing risk.

In conclusion, both MWA and TAE represent
effective therapeutic options for hepatic hem-
angioma, each with distinct strengths and
trade-offs. MWA provides superior lesion reso-
lution but is associated with greater hepatic
stress, whereas embolization offers a less inva-
sive alternative with faster recovery. Tailoring
treatment strategies to individual patient pro-
files and preferences is essential for optimizing
therapeutic efficacy and improving postopera-
tive quality of life.
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