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Abstract

Objectives To compare technical/clinical outcomes of microwave ablations (MWA) for hepatocellular carcinoma (HCC)
performed with percutaneous ultrasound (US)-guidance, intraoperative ultrasound (IOUS)-guidance or CT hepatic arteri-
ography (CTHA)-guidance.

Materials & methods This single-center retrospective study included 111 non-randomized patients (M:F=91:20, median
age 66y, range 51-86) with 200 HCCs (BCLC 0-A-B), treated with 136 MWA procedures (66 US-guided, 36 IOUS-guided,
34 CTHA-guided) between July 1, 2017, and January 31, 2025, with at least 6 months of clinical and CT/MRI follow-up.
We evaluated patients’ and nodules’ characteristics, radicality (absent residual tumor at follow-up), local tumor progression,
additional treatments, adverse events (CIRSE classification) and mortality. For patients undergoing multiple ablations, clini-
cal outcomes were analyzed in relation to the first treatment.

Results One nodule was ablated in 94/136 (69.1%) procedures, 2 nodules in 25/136 (18.4%),>3 in 17/136 (12.5%). We
encountered 13 adverse events, with the highest severity in IOUS-guided MWAs (1 grade 3, 2 grade 6).

Fifty-eight patients (52.3%) progressed in other segments, subsequent treatments were performed in 57/111 (51.3%) patients
and 28/111 (25.2%) died during follow-up.

IOUS-guided MWA was associated with the highest radicality rate (56/60, 93.3%, p=0.04) compared to CTHA-guided
(45/51, 88.2%) and US-guided (72/89, 80.9%) ablations. Treating multiple nodules increased complication risk (p =0.003),
impacting on radicality (p =0.032). No differences were found for overall survival (p =0.07) or progression-free survival
(p =0.584) among the techniques.

Conclusions TIOUS-guidance for HCC ablation provided a higher radicality rate compared to CTHA- and ultrasound-guidance
techniques, but carried a higher risk of severe complications.

Highlights

e Despite the variety of techniques employed, there is no consensus on which imaging guidance method best balances
technical success, oncological efficacy and patient safety in the context of microwave ablation for HCC.

e [0OUS-guided microwave ablation achieved the highest radicality rates, although with severe complications; US-guided
ablation was effective for well-visualized lesions; CTHA-guided ablation offered an optimal balance between safety and
efficacy.

e Our findings support a tailored approach to imaging guidance in HCC microwave ablations, considering lesion charac-
teristics, patient condition and institutional resources to optimize outcomes.
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Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver malignancy and a leading cause of cancer-related
mortality worldwide. In patients with underlying liver cir-
rhosis, which represents the most common background con-
dition for HCC, treatment strategies must balance oncologi-
cal efficacy with preservation of liver function[1]. Among
the available options, thermal ablation has emerged as a safe
and effective treatment modality, offering outcomes com-
parable to surgical resection in selected patients, particu-
larly those with early-stage disease and impaired hepatic
reserve[2, 3].

Over the years, microwave ablation (MWA) has gained
increasing popularity due to its ability to generate higher
intratumoral temperatures, larger ablation volumes and
shorter procedure times, making it suitable for treating larger
and less accessible lesions[4]. These advantages have posi-
tioned MWA as a valid alternative to surgical resection in
cirrhotic patients with HCC[5].

A critical component of a successful MWA is the accurate
imaging guidance, which ensures precise needle placement
and complete tumor coverage, while minimizing damage
to liver parenchyma and adjacent structures[6, 7]. Various
imaging techniques are available to guide ablation proce-
dures, including percutaneous ultrasound (US), intraopera-
tive ultrasound (IOUS) and computed tomography hepatic
arteriography (CTHA)[8-10]. Each modality presents spe-
cific advantages and limitations regarding lesion detectabil-
ity, spatial resolution, procedural invasiveness and operator
dependency[11].

The choice of real-time imaging guidance techniques is
often influenced by the expertise and technological avail-
ability within each center. Percutaneous US is widely acces-
sible and allows real-time guidance, but may be limited by
suboptimal visualization of deeply located or isoechoic
lesions[12]; IOUS provides enhanced lesion detectability
and facilitates immediate treatment during surgery, but
exposes the patients to the risks of an invasive interven-
tion, while CTHA offers superior contrast enhancement and
sensitivity for small or inconspicuous tumors, although it is
more invasive than percutaneous US-guidance and techni-
cally demanding[13, 14].

Despite the variety of techniques employed, there is cur-
rently no consensus on which imaging guidance method best
balances technical success, oncological efficacy and patient
safety in the context of MWA for HCC. The aim of our study
was to evaluate our institutional experience in HCC MWA
in cirrhotic subset, comparing three different imaging guid-
ance strategies: US-guided, IOUS-guided and CTHA-guided
approaches.
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Material and methods
Study design and patient selection

This retrospective analysis was performed at a single tertiary
referral center (-blinded for review-), adhering to the ethical
standards of the Declaration of Helsinki; specific approval
from the Institutional Review Board was obtained (protocol
n° 0040510/25). All participants provided informed consent
for anonymized data usage and publication.

All patients included in this study were selected by a
multidisciplinary tumor board dedicated to liver malignan-
cies, comprising specialists in hepatology, surgery (general
and transplant), interventional radiology, oncology, radia-
tion therapy and nuclear medicine, following the BCLC
guidelines[15].

As per Institutional protocol, every patient candidate for
MWA was screened by an ambulatorial US no more than
one month prior to the treatment: whether the liver lesion
was visible and accessible, and MWA was judged clinically
appropriate, a US-guided treatment was proposed. Differ-
ently, if the lesion was deeply located or not conspicuous,
an IOUS-guided ablation or a CTHA-guided ablation was
prescribed, based on the patient’s clinical conditions, nodule
position and liver vascular anatomy. For these reasons, the
distribution of the image-guidance techniques described in
this study was non-randomized.

Our primary endpoint was to compare technical outcomes
of MWA for HCC performed with US-guidance, IOUS-guid-
ance and CTHA-guidance, between July 1, 2017, and Janu-
ary 31, 2025; in particular, we intended to evaluate the radi-
cality rate, local tumor control and adverse events attained
with each imaging technique. As a secondary endpoint, we
accounted for the evaluation of clinical outcomes related to
patients undergoing MWA with these three image-guidance
techniques, especially in terms of local tumor progression
and survival.

To be eligible for inclusion, patients had to present at least
one HCC confirmed either through Liver Imaging Reporting
and Data System (LI-RADS) criteria or histologically via
biopsy[16]. Only patients with BCLC stage O or A were rou-
tinely included; BCLC stage B patients were considered only
if thermal ablation was part of a liver transplant downstaging
protocol. Moreover, all included patients had a minimum
follow-up of 6 months, including a clinical examination and
a contrast-enhanced CT/MRI. Alternatively, patients were
excluded if < 18 years old, had anesthesiological contrain-
dications, underwent previous treatments on the target HCC,
were ablated with other technologies than microwave or had
incomplete clinical or radiological data. For those patients
receiving more than one MWA, only the first procedure
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was analyzed for the clinical endpoints of this study; for
the evaluation of technical outcomes, every procedure was
analyzed singularly.

Following the inclusion/exclusion criteria, we analyzed
clinical outcomes for 111 patients (M:F=91:20, median
age 66 years, range 51-86; 54 US-guided, 35 IOUS-guided,
22 CTHA-guided MWAs), and technical outcomes for 136
MWAES (including repeated ablations in 25 patients; 66 US-
guided, 36 IOUS-guided, 34 CTHA-guided), aiming to treat
200 HCCs. Different guidance techniques were never com-
bined in the same procedure.

Data were extracted from a prospectively collected insti-
tutional registry, which included detailed clinical, imaging
and procedural information for all patients. The dataset ana-
lyzed included demographic variables, etiology of liver dis-
ease, BCLC classification, lesion characteristics (size and
location), procedural details, adverse events (categorized
according to the CIRSE Classification System for Com-
plications[17]), length of hospital stay, operative approach
(open surgery or videolaparoscopy, for [OUS-guided abla-
tions only), radiation exposure (for CTHA-guided ablations
only), ablation radicality, tumor persistence, local tumor
progression, local tumor control, following treatments and
survival.

Radical ablation was defined as the absence of resid-
ual contrast enhancement adjacent to the treated area on
post-procedural imaging, while tumor persistence as the
presence of an enhancing nodule adjacent to the necrotic
volume at the first imaging control. Local tumor progres-
sion, instead, was defined as the growth of new nodules
of HCC during follow-up, after at least one contrast-
enhanced CT/MRI documenting no residual viable tumor
at the ablative margins. Then, with local tumor control, we
intended the eradication of the target nodule with one or
more treatments[18].

When a nodule sized <30 mm at the preoperative evalu-
ation grew to > 30 mm at the time of MWA, the interven-
tion was performed with at least one antenna repositioning
to cover the full nodule volume[19]; when <3 HCCs were
visible at the preoperative evaluation, but > 1 new nodule
with typical HCC characteristics was discovered at the
moment of the intervention, synchronous ablation was
performed in the same procedure.

All patients undergoing MWA were prescribed a clini-
cal and radiological follow-up (with contrast-enhanced CT
or MRI) at 1 month, then every 3 months for the first year
and every 6 months from the second year on. All preopera-
tive and post-operative imaging was reviewed by both a
senior and a junior radiologist (-initials blind for review-),
in a blind fashion to clinical and technical data.

US-guided ablation

Percutaneous MWA under US-guidance was commonly
performed with local anesthesia and moderate sedation,
tailored to the patient’s condition and tumor location[20].
After sterile preparation, an initial ultrasound scan identi-
fied the hepatic lesion, evaluating its size, shape and rela-
tionship to critical structures such as bile ducts, vessels
and neighboring organs.

Using real-time US-guidance, a microwave antenna
(typically 15-20 cm, Emprint, Medtronic, USA) was
inserted through the skin and directed toward the tumor,
using a freehand technique. Precise trajectory planning
avoided damage to non-target tissues. Once the antenna
was advanced in the tumor’s core, placement was verified
in multiple planes with B-mode imaging. During the pro-
cedure, hyperechoic microbubbles appeared on US as an
indicator of effective tissue heating [Fig. 1: A) Hypoechoic
HCC (red arrow) of 27 mm in segment VIII, evaluated
for percutaneous, US-guided ablation; B) Transhepatic
microwave antenna (green arrow) with the tip inside the
nodule; C) Hyperechoic transformation of the nodule (blue
arrow) after 8 min of 100W ablation, due to gas bubbles;
D) 6 months post-operative contrast-enhanced CT scan,
demonstrating ablation radicality around necrotic volume
(yellow arrow)].

Finally, the ablation zone was evaluated by contrast-
enhanced US and checked for immediate complications[21].
Patients were monitored post-procedure and typically dis-
charged after one or two night's observation, depending on
clinical status.

I0US-guided ablation

Performed under general anesthesia, [OUS-guided ablation
could be performed through laparoscopic or open surgical
approaches. The choice between laparoscopic and open sur-
gery was based on multiple factors, including tumor loca-
tion, patient comorbidities, previous abdominal surgeries
and eventual transplant program, with minimally invasive
approaches preferred when oncologically and technically
feasible.

In laparoscopic procedures, abdominal access was
obtained via a 12-mm optical trocar, with pneumoperito-
neum established at 12-14 mmHg. A second trocar was
placed depending on tumor location[22]. A high-frequency
linear ultrasound probe was introduced through a trocar to
perform intraoperative liver scanning. Additional trocars
might be used to improve lesion access through adhesioly-
sis[23]. Once the tumor was visualized, a 30-cm antenna
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Fig.1 A Hypoechoic HCC (red
arrow) of 27 mm in segment
VIII, evaluated for percuta-
neous, US-guided ablation;

B Transhepatic microwave
antenna (green arrow) with

the tip inside the nodule; C
Hyperechoic transformation of
the nodule (blue arrow) after

8 min of 100W ablation, due to
gas bubbles; D 6 months post-
operative contrast-enhanced CT
scan, demonstrating ablation
radicality around necrotic vol-
ume (yellow arrow)

was percutaneously advanced into the lesion under coaxial
laparoscopic and ultrasound guidance.

For open surgery, access was gained via a subcostal inci-
sion, and a micro-convex US probe was used to locate the
lesion. A 15-20 cm microwave antenna was then inserted
under direct US-guidance. Ablation started at 100W, with
time adjustment based on lesion size and device-specific
protocols[24].

CTHA-guided ablation

CTHA-guided ablation was conducted under general anes-
thesia. After a 5-Fr transfemoral arterial access, we cath-
eterized the proper hepatic artery with a 5-Fr Cobra C2 or
Simmons 1 (Tempo Aqua, Cordis, USA). Correct position-
ing was confirmed with iodinated contrast injection, and the
catheter was secured to minimize displacement risk.

For pretreatment planning, a CTHA was acquired by
infusing a 1:1 saline-contrast mixture at 4 mL/s, with arte-
rial and portal venous phases imaged at 6 and 22s post-injec-
tion[25]. Then, CT-fluoroscopy guided antenna insertion
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into the tumor, supported by intermittent small-volume
contrast injections to enhance visualization.

After nodule ablation, a second CTHA was acquired to
confirm technical success and detect eventual complica-
tions [Fig. 2: (A) Twenty-five mm HCC nodule in segment
VII with contrast enhancement at arterial phase CTHA (red
arrow) and (B) its enhancing capsule at venous phase (green
arrow); (C) after deploying the tip of microwave antenna
inside the nodule (blue arrow), an ablation of 7 min at 100W
was performed; (D) after one year from the ablation, the
absence of contrast enhancement around the ablation volume
confirms the ablation radicality (yellow arrow)]. The cath-
eter and sheath could be then removed, and femoral hemo-
stasis was achieved by manual compression.

Statistical analysis

Descriptive statistics were used to summarize patient char-
acteristics at baseline. Categorical variables were reported
as numbers and percentages, whereas continuous variables
were summarized using medians and ranges.
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Fig.2 A Twenty-five mm HCC
nodule in segment VII with
contrast enhancement at arterial
phase CTHA (red arrow) and B
its enhancing capsule at venous
phase (green arrow); C after
deploying the tip of microwave
antenna inside the nodule (blue
arrow), an ablation of 7 min at
100W was performed; D after
one year from the ablation, the
absence of contrast enhance-
ment around the ablation
volume confirms the ablation
radicality (yellow arrow)

Patients were stratified based on their survival status
(alive/deceased) at the last follow-up. The Chi-square test
(or Fisher’s exact test, as appropriate) was used to evaluate
differences between groups for categorical variables, while
the t-test or Wilcoxon—-Mann—Whitney test was applied for
continuous variables, depending on the distribution.

The association between imaging guidance and tech-
nical and clinical outcomes was assessed using the Wil-
coxon—Mann—Whitney test for continuous dose data and
Chi-square test for dichotomized dose data, with the opti-
mal cut-off identified by Receiver Operating Characteristic
(ROC) curve analysis.

Univariate and multivariable logistic regression models
were used to identify the predictors of complete radio-
logical response. Stepwise regression was used to select
the best predictors for the multivariate model. Odds ratios
(OR) and 95% confidence intervals (CI) were calculated.

Survival was estimated using the Kaplan—-Meier
method. Univariate and multivariable Cox proportional
hazards regression models were used to identify predic-
tors of mortality, and stepwise regression was employed
to select the best predictors for the multivariable model.

Hazard ratios (HR) and 95% confidence intervals (CIs)
were reported.

For all the analyses, two-tailed p-values < 0.05 were con-
sidered statistically significant. Statistical analyses were per-
formed using STATA software, version 16.1 (StataCorp LP,
College Station, USA).

Results
Clinical and technical features

Among the 111 patients included, BCLC stages were distrib-
uted as follows: 33 patients (29.7%) were classified as BCLC
0, 62 (55.9%) as BCLC A and 16 (14.4%) as BCLC B.

Of the 200 HCC tumors treated, 89 (44.5%) underwent
US-guided ablation, 60 (30%) IOUS-guided ablation and 51
(25.5%) CTHA-guided ablation.

A single lesion was targeted in 94/136 procedures
(69.1%), two lesions in 25/136 procedures (18.4%) and
more than three in 17/136 procedures (12.5%). Lesions were
distributed across multiple liver segments, with segment
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VIII being the most frequent location in all three groups:,
23/89 (25.8%) in the US-guided group, 20/60 (33.3%) in
the IOUS group and 21/51 (41.2%) in the CTHA group.
Median lesion sizes were comparable across groups: 19 mm
(range 7-53 mm) for US-guided, 16 mm (range 6—50 mm)
for IOUS-guided and 17 mm (range 7-41 mm) for CTHA-
guided procedures (p =0.05).

Within the IOUS-guided cohort, 24/36 procedures
(66.6%) were laparoscopic and 12/36 (33.3%) were per-
formed via open surgery. The median radiation dose deliv-
ered during CTHA-guided ablations was 3281 mGycm?2
(range 983-13.797 mGy cm?).

We repositioned the antenna due to interval tumor growth
in 7/51 CTHA-guided cases (13.7%) and in 15/89 US-guided
cases (16.9%).

Median hospital stay was 4 days across all groups, with
ranges of 1-20 days for US-guided MWA, 1-51 days for
I0US-guided and 1-13 days for CTHA-guided procedures.

The median follow-up was 28 months (range 6-90), with
differences across subgroups: 31 months (13-46) for US-
guided, 46 months (20-90) for IOUS-guided and 15 months
(6-26) for CTHA-guided patients.

The summary of population variables is resumed in
Table 1 (demographics, nodules’ characteristics and prin-
cipal clinical variables).

Factors affecting outcomes

Radicality was achieved in 173/200 tumors (86.5%): 72/89
(80.9%) in the US-guided group, 56/60 (93.3%) in the IOUS-
guided group and 45/51 (88.2%) in the CTHA-guided group.
For those 27/200 (13.5%) persistent HCCs after ablation,
local tumor control was attempted by repeat ablations (17/27
patients, 63.0%), transarterial chemoembolizations (TACE,
5/27 patients, 18.5%), transarterial radioembolizations
(TARE, 3/27 patients, 11.1%), orthotopic liver transplant
(OLT, 1/27 patient, 3.7%) and systemic therapy (1 patient).
Apart from the only patient undergoing systemic therapy,
local tumor control was reached in almost all cases (199/200,
99.5%).

Across the 136 ablation sessions, 13 adverse events
(9.6%) were recorded (Table 2): 4 events (30.8%) occurred
after US-guided MWA, 3 (23.1%) after IOUS-guided MWA
and 6 (46.2%) after CTHA-guided MWA. Of the 4 US-
guided complications, three were grade 2 (two arterioportal
fistulas and one hemoperitoneum) and one was grade 3 (a
biliary-colic fistula). IOUS-related complications included
one grade 3 event (a biliary fistula requiring percutaneous
embolization) and two grade 6 events: after an intestinal
perforation occurring during adhesiolysis, one patient under-
went repeat surgery to attempt a resection, but ultimately

Table 1 Demographics,

s . Population summary
nodules’ characteristics and

principal clinical variables Variable

Number of patients
Gender (M:F)

Median age (range)
MWA procedures
HCCs treated

BCLC stage

Stage 0

Stage A

Stage B

Lesions per procedure
1 lesion

2 lesions

>3 lesions

Median HCC size
Adverse events

Grade > 3 adverse events
Deaths

Radical ablation
Progression free survival
Overall survival
Median follow-up

Total CTHA-guided 10US-guided US-guided
111 22 35 54

91:20 18:4 29:6 44:10

66 (51-86) 67 (51-83) 66 (52-83) 66 (51-86)
136 34 36 66

200 51 60 89

33 6 11 16

62 13 20 29

16 3 4 9

94 25 18 49

25 4 13 12

17 5 5 5

17 (7-53) 17 (7-41) 16 (6-50) 19 (7-53)
13 6 3 4

4 0 3 1

28 1 13 14

173 45 56 72

11 (1-90) 9 (1-26) 26 (1-90) 9 (1-41)
24 (0-81) 15 (6-26) 34 (0-81) 27 (3-34)
28 (6-90) 15 (6-26) 46 (20-90) 31 (13-46)
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developed a fatal multiorgan failure; the other event was
related to uncontrollable capsular bleeding, which could not
be arrested despite both endovascular and surgical interven-
tions. All CTHA-related events were classified as grade 2
(mild), including perihepatic hemorrhage and ipsilateral
pneumothorax without clinical consequences, except one
grade 3 pneumothorax requiring chest tube placement.

Post-treatment, tumor progression in other liver segments
occurred in 58/111 patients (52.3%), with 57 (51.3%) requir-
ing further interventions, including repeat MWA, OLT,
TACE, TARE or systemic therapy. One patient was eligible
only for best supportive care. Median progression-free sur-
vival (PFS) was 11 months (range 1-90 months), distributed
as follows: 9 months (range 1-41) for the US-guided group,
26 months (range 1-90) for the IOUS-guided group and
9 months (range 1-26) for the CTHA-guided group.

A total of 28 deaths occurred (25.2%), with notable var-
iation between groups: 14/54 patients (25.9%) in the US
group, 13/35 (37.1%) in the IOUS-guided group and 1/22
(4.5%) in the CTHA-guided group. Multivariate analysis
showed significantly lower mortality risk for both CTHA-
guided (p=0.001) and US-guided (p =0.049) MWAs com-
pared to IOUS-guided procedures.

Median overall survival (OS) for the entire cohort was
24 months (range 0-81). By subgroup, the median OS
was 27 months (range 3—-44) for the US-guided group,
34 months (range 0-81) for the IOUS-guided group and
15 months (range 6-26) for the CTHA-guided group
(Fig. 3: Kaplan—Meier curve describing the overall sur-
vival at 5 years of the three populations after the first
MWA). No statistically significant differences in OS
(p=0.07) or PFS (p=0.584) were observed among the
three guidance groups.

On univariate analysis (Table 3), the IOUS-guided
approach was significantly associated with higher

Table 2 Complication chart with management and outcomes

radicality (OR 3.31, 95%CI 1.15-11.98, p=0.04),
although this did not translate into improved survival (OR
0.89, 95%CI1 0.32-2.32, p=0.76). After a stepwise regres-
sion, at the multivariable analysis (Table 4) CTHA-guid-
ance was associated with a twofold increase, though not
statistically significant, in the odds of complete ablation
compared to US-guidance (OR 2.03, 95% CI 0.73-6.28,
p=0.19), while IOUS-guidance showed a statistically sig-
nificant threefold increase (OR 3.33, 95% CI 1.10-12.66,
p=0.04). Smaller tumor size was also a significant predic-
tor of radicality, confirmed by both univariate (OR 0.93,
95% CI 0.89-0.98, p=0.002) and multivariable analysis
(OR 0.94, 95% CI1 0.90-0.99, p=0.01).

The risk of complications increased significantly with the
number of nodules treated per session (OR 2.36, 95% CI
1.34-4.34, p=0.003), which also led to prolonged hospital
stays (OR 1.09, 95% CI 1.02-1.18, p=0.01). Furthermore,
adverse events were negatively associated with the likeli-
hood of achieving radicality (OR 0.25, 95% CI 0.07-0.94,
p=0.032).

Discussion

This study offers a comprehensive comparison of clini-
cal and technical outcomes of MWA for HCC using three
different imaging guidance modalities: US-guidance,
IOUS-guidance and CTHA-guidance. The novelty of our
study is to directly compare these three techniques in a
single-center cohort, with particular emphasis on ablation
radicality, complication rates and oncological outcomes.
The radicality rates observed across the US-guidance,
IOUS-guidance and CTHA-guidance groups are broadly in
line with what has been previously reported in the litera-
ture[26-28]. US-guided MWA remains the most established

Case Group Adverse event CIRSE Grade Management Outcome

1 CTHA Pneumothorax 1 Thoracic drainage No sequelae
2 CTHA Hemoperitoneum I Conservative management No sequelae
3 CTHA Hemoperitoneum I Conservative management No sequelae
4 CTHA Pneumothorax 11 Conservative management No sequelae
5 CTHA Hemoperitoneum I Conservative management No sequelae
6 CTHA Arterioportal fistula I Conservative management No sequelae
7 10US Multiorgan failure VI Relaparotomy for intestinal perforation Death

8 10US Biliary fistula I Transcatheter biliary embolization No sequelae
9 10US Multiorgan failure VI Hemorrhagic shock after liver mobilization Death

10 usS Hemoperitoneum I Conservative management No sequelae
11 usS Arterioportal fistula I Conservative management No sequelae
12 usS Arterioportal fistula I Conservative management No sequelae
13 us Biliary—colic fistula 1 Percutaneous abdominal drainage No sequelae
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Fig.3 Kaplan—Meier curve

describing the overall survival 1,0
at 5 years of the three popula-

tions after the first MWA

0,6

Overall Survival

0,4
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Table 3 Univariate analysis with logistic regressions on factors
impacting on radicality

Factors Radicality (%) OR (95% CI) p
Group

us 72/89 (80.9) 1

CTHA 45/51 (88.2) 1.77 (0.68-5.21) 0.2639
10US 56/60 (93.3) 3.31 (1.15-11.98) 0.0405
Nodules

1 81/94 (86.2) 1

2 19725 (76) 0.38 (0.14-1.08) 0.0619
>3 15/17 (88.2) 1.28 (0.21-24.83) 0.8206
Adverse events

No 88/103 (85.4) 1

Yes 8/13 (61.5) 0.29 (0.09-1.05) 0.0481
A.E. classification

1-3 5/9 (55.6) 1

4-6 3/4 (75) 2.4 (0.2-59.67) 0.5121
Antenna repositioning

No 156/178 (87.6) 1

Yes 17/22 (77.3) 0.48 (0.17-1.57) 0.1873

technique, backed by numerous studies demonstrating high
rates of complete ablation, particularly in superficially
located and well-visualized lesions[29]. IOUS-guided
ablation, less frequently investigated, has shown promis-
ing results in selected surgical patients, with retrospective
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Table 4 Multivariate analysis on factors with p <0.05 in the univari-
ate analysis

Characteristics OR (95% CI) P
Group

UsS 1

CTHA 2.03 (0.73-6.28) 0.1912
10US 3.33 (1.10-12.66) 0.0485
Dimensions 0.94 (0.90-0.99) 0.0127

analyses indicating excellent radicality due to the advantages
of intraoperative control[30, 31]. In contrast, literature on
CTHA-guidance for HCC ablation is still limited, due to its
prevalent use for treating colorectal liver metastases[32-35].
This study contributes to filling this gap by providing a
structured clinical and technical assessment of this approach,
obtaining a rate of oncological radicality of 88% without a
corresponding increase in major complication rates and need
for surgical assistance.

US-guided MWA remains an attractive and widely
adopted technique for lesions that are clearly visualized on
B-mode ultrasound[21]. The feasibility of performing the
procedure under conscious sedation, coupled with short
procedural times, supports its continued use[20]. Neverthe-
less, as corroborated by multiple studies, this approach is
highly operator-dependent and less effective for isoechoic
or deep-seated lesions, which can limit radicality rates and
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negatively influence long-term outcomes[36], as seen in
our analysis. For the aforementioned drawbacks, the use of
US-guidance might be limited to technically straightforward
treatments, to avoid a meaningful increase in incomplete
ablations of deep/inconspicuous HCCs, as well as proce-
dure-related adverse events.

The observed superiority of IOUS-guidance in achieving
complete ablation is consistent with literature, where IOUS
has been shown to allow unparalleled accuracy in lesion
localization and probe placement[37]. The real-time feed-
back and direct contact with the liver surface enable precise
control of treatment margins. However, these advantages
must be weighed against the inherent risks of a surgical
approach, which is associated with higher morbidity and
mortality [24]. As highlighted by previous surgical series,
the complication rate in IOUS-guided interventions is not
negligible, a finding also reflected in the two fatal events
observed in our IOUS-guided MWA group[38]. So, in our
view, operators should carefully balance the oncologic ben-
efit associated with a radicality rate >90% against the poten-
tial for adverse events, including fatal complications, when
performing IOUS-guided interventions.

CTHA-guided MWA, although technically complex and
resource-intensive, demonstrated excellent targeting capa-
bilities. The combination of angiographic and CT imag-
ing allows for detailed lesion visualization, particularly in
cases where conventional imaging fails to clearly deline-
ate the tumor [39, 40]. Previous reports have hinted at the
potential of CTHA to improve lesion conspicuity and pro-
cedural planning [10, 14, 41]], although data remain sparse
for HCC [[10, 14, 39-41]. Today, in fact, CTHA is widely
used for guiding MWAs of colorectal liver metastases, and
our aim was to translate this experience to a completely dif-
ferent disease entity, namely HCC in a cirrhotic subset. In
our experience, the initially higher radiation doses associ-
ated with CTHA were primarily observed during the early
phase of adoption, likely due to the learning curve and
the need for multiple scans. Over time, as procedural effi-
ciency improved, a marked reduction in radiation exposure
was noted, aligning with safety profiles reported in routine
CT-guided MWAs protocols[42]: in the very first patient,
presenting with four HCC nodules, the delivered radiation
dose was notably high (13.797 mGy cm?), whereas in the
most recent one, affected by a single nodule, it was markedly
lower (983 mGy cmz).

PFS rates in our cohort closely reflect those found in
existing studies, further confirming the efficacy of MWA in
early-stage HCC across different guidance modalities[43].
While OS appeared slightly lower than expected in the
CTHA-guided MWA cohort, it is important to interpret this
finding cautiously. Literature on OS in MWA-treated HCC
patients shows a wide variability, often influenced by patient
selection, comorbidities and follow-up duration[44, 45]. In

our study, the shorter follow-up period in this subgroup
might have contributed to an underestimation of late events,
thus limiting direct comparability with the other two groups.

A point worth discussing is the observed trend in mortal-
ity distribution among the three groups. Although the deaths
were more frequent in the IOUS and US-guided group, this
difference did not translate into statistically significant dis-
parities in PFS or OS. A possible explanation for this dis-
crepancy lies in the differing follow-up durations; however,
it is intuitive how IOUS-guided procedures carried a higher
mortality rate, inherently related to their classification as
major surgical interventions[23, 46].

Interestingly, in our analysis, radicality was not statisti-
cally associated with improved OS. This finding may reflect
the unique prognostic landscape of cirrhotic patients, where
underlying liver function and comorbidities often out-
weigh tumor-specific variables in determining long-term
outcomes[47]. Particularly in our cohort, patients who
underwent MWA as part of a bridge-to-transplant strategy
exhibited excellent survival, with no HCC-related deaths
recorded, confirming previous results[48]. In these cases,
mortality was exclusively related to complications arising
from liver transplantation itself, further supporting the con-
cept that in cirrhotic patients, survival is more tightly linked
to hepatic function and transplant-related factors than to the
local eradication of HCC alone[49].

Importantly, our study highlights three guidance tech-
niques commonly used in clinical practice. However, it
should be noted that other methods—such as conventional
CT-guidance, fusion imaging, augmented reality or robotic-
assistance—have also been described in the literature, each
with specific advantages and limitations[50-54]. Compara-
tive analyses between these modalities remain limited, and
further research is necessary to define their role in clinical
algorithms, particularly in complex or borderline cases [55].

An additional point concerns the different resources
required by the three guidance techniques. Percutaneous US-
guidance is typically the least resource-intensive, relying on
standard US equipment and moderate sedation, with proce-
dure times often < 60 min [56]. In contrast, IOUS-guidance
requires a fully equipped operating room, at least two opera-
tors, and general anesthesia, with longer operative times,
particularly in patients with extensive abdominal adhesions
[24]. CTHA-guided procedures require a costly hybrid angio
suite or a CT suite with a mobile C-arm and a longer setup,
due to the both endovascular and percutaneous phases,
which may limit feasibility in high-workflow settings [40].
In our opinion, all these factors should be weighed alongside
efficacy and safety, when selecting the preferred approach.

Several limitations of our analysis should be acknowl-
edged. First, the retrospective nature of this study may have
introduced selection bias, despite the use of a prospectively
maintained institutional database ensuring completeness and
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accuracy of clinical data. Second, the technical performance
of both IOUS- and CTHA-guided procedures was potentially
affected by the learning curve, as all procedures from the
initial experience were included. Moreover, in relation to
our institutional workflow, missing a randomization between
the image-guidance techniques possibly biased some of the
observed outcomes, particularly the radicality and complica-
tion rates, and the differences in follow-up could have hin-
dered the PFS and OS outcomes.

Conclusions

In this single-center experience, IOUS-guided MWA for
HCC was associated with the highest rate of radical ablation,
reflecting the superior visualization and control afforded by
intraoperative imaging. However, this advantage came at the
cost of increased severe complication rates, likely due to the
surgical nature of the procedure. Conversely, CTHA-guided
ablations demonstrated an excellent balance of safety and
efficacy, with high radicality and minimal severe adverse
events, albeit requiring specialized expertise. US-guided
MWA, while safe and fast for favorable cases, showed a
lower radicality rate and was highly dependent on operator
skill and lesion visibility.

Although retrospective and non-randomized, these find-
ings support a tailored approach to imaging guidance in
MWA, considering lesion characteristics, patient condition
and institutional resources to optimize outcomes.
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