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Endoscopic ultrasound-guided radiofrequency ablation of
pancreatic insulinoma

VISUAL ABSTRACT

Background

Insulinoma is a rare pancreatic neuroendocrine tumor causing hypoglycemia. Endoscopic
ultrasound-guided radiofrequency ablation (EUS-RFA) is a minimally invasive alternative for
surgical-ineligible patients.

y/

Methods

Insulinoma is a rare pancreatic neuroendocrine tumor causing hypoglycemia. Endoscopic |

ultrasound-guided radiofrequency ablation (EUS-RFA) is a minimally invasive alternative for b

surgical-ineligible patients. L

EUS-RFA SURGERY KEY FINDINGS
Clinical Success: 97.5% Clinical Success: 88.9% EUS-RFA: higher success rate (97.5%) and fewer complications
Adverse Events: 23% Adverse Events: 59% Significantly shorter hospital stay (2.4 vs 11 days)
Hospital Stay: 2.4 days Hospital Stay: 11 days Surgery: lower recurrence rate (4.8% vs 11%)
Recurrence: 11% Recurrence: 4.8% Zero mortality in both groups

Conclusions
EUS-RFA is safe, effective, and less invasive. Ideal for high-risk/inoperable patients.
Surgery preferred for resectable cases due to lower recurrence.
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This procedure combines the precision of EUS with the ability of ra-
diofrequency to destroy tumor tissue through controlled heat.

PERSPECTIVES

This study confirms that both surgery and EUS-RFA are effective treat-
ment options for pancreatic insulinomas. EUS-RFA is a safe, mini-
mally invasive alternative with high clinical success and lower com-
plication rates, making it suitable for high-risk surgical candidates.
However, due to its lower recurrence rate, surgery remains the pre-
ferred option for resectable cases. Careful patient selection is essential
to optimize outcomes with either approach.
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ORIGINAL ARTICLE

Endoscopic ultrasound-guided radiofrequency ablation of
pancreatic insulinoma

Ablagdo por radiofrequéncia guiada por ultrassonografia endoscépica de insulinoma pancredtico

Silvia Johanna LOZADA-CALLE! (2, Mateus Pereira FUNARI"? (2, Matheus de Oliveira VERAS' @,
Rayssa Kethlyn Alves de CAMPOS! @, Jurandir Batista da CRUZ JUNIOR' ), Wanderley BERNARDO?*? (),
Eduardo Guimaries Hourneaux de MOURA!#

ABSTRACT

Background: Insulinoma is a rare pancreatic neuroendocrine tumor (pNET) arising from beta cells, leading to excessive insulin secretion and life-
threatening hypoglycemia. While surgical resection remains the gold standard, endoscopic ultrasound-guided radiofrequency ablation (EUS-RFA) has
emerged as a minimally invasive alternative, particularly for patients unfit for surgery. Aims: A meta-analysis was performed according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines to compare the efficacy and safety of EUS-RFA and surgery for
pancreatic insulinomas. Methods: Systematic searches were conducted in PubMed, Cochrane Library, Embase, and Scopus, using MeSH terms related
to insulinoma, RFA, and surgery. Eligible studies included cohort studies and case series reporting clinical outcomes, adverse events, recurrence rates,
and hospitalization. Statistical analyses were performed with Comprehensive Meta-analysis Software and RevMan 5. Results: A total of 20 studies
were included, comprising 142 patients treated with EUS-RFA and 249 with surgery. Clinical success was higher in the EUS-RFA group (97.5%)
compared with surgery (88.9%). Patients undergoing EUS-RFA experienced fewer complications (23 vs. 59%), shorter hospital stays (mean 2.4 vs.
11 days), and zero procedure-related mortality. However, recurrence rates were greater with EUS-RFA (11%) than with surgery (4.8%). No significant
differences were found in overall survival during follow-up. Conclusions: EUS-RFA is a safe, effective, and less invasive option for managing pancreatic
insulinomas, ensuring rapid recovery and fewer complications. Nevertheless, its higher recurrence rate highlights the importance of patient selection and
strict follow-up. Surgery remains the treatment of choice in resectable cases, while EUS-RFA represents a valuable alternative in high-risk or inoperable
patients.

Keywords: Insulinoma. Pancreatic Neoplasms. Radiofrequency Ablation.
RESUMO

Racional: O insulinoma ¢ um tumor neuroenddcrino pancredtico raro, originado das células beta, que leva & secrecio excessiva de insulina e episédios
de hipoglicemia potencialmente fatais. Embora a ressec¢ao cirtirgica continue sendo o padrio-ouro, a ablagio por radiofrequéncia guiada por ultrassom
endoscépico (EUS-RFA) tem se destacado como uma alternativa minimamente invasiva, especialmente em pacientes nio elegiveis para cirurgia.
Objetivos: Metandlise conforme as diretrizes PRISMA, para comparar a eficcia e a seguranca da EUS-RFA e da cirurgia no tratamento de insulinomas
pancredticos. Métodos: Foram realizadas buscas sistemdticas nas bases PubMed, Cochrane Library, Embase e Scopus, utilizando descritores MeSH
relacionados a insulinoma, ablagio por radiofrequéncia e cirurgia. Foram incluidos estudos de coorte e séries de casos com dados sobre desfechos
clinicos, eventos adversos, recorréncia e tempo de internagio. As anilises estatisticas foram feitas com os softwares Comprehensive Meta-analysis e
RevMan 5. Resultados: Foram incluidos 20 estudos, envolvendo 142 pacientes tratados com EUS-RFA e 249 submetidos a cirurgia. A taxa de sucesso
clinico foi maior na EUS-RFA (97,5 vs. 88,9%), com menos complica¢des (23 vs. 59%), menor internagio (2,4 vs. 11 dias) e nenhuma mortalidade.
A recorréncia, porém, foi maior na EUS-RFA (11 vs. 4,8%). Conclusdes: A EUS-RFA ¢ segura, eficaz ¢ menos invasiva, sendo alternativa valiosa para
pacientes de alto risco, embora com maior taxa de recorréncia. A cirurgia segue como primeira escolha em casos ressecdveis.

Palavras-chave: Insulinoma. Neoplasias Pancredticas. Ablagao por Radiofrequéncia.

INTRODUCTION

Insulinoma is a rare neuroendocrine tumor of the pancre-
as, which originates in the beta cells of the pancreatic islets and
produces excessive and unregulated insulin. This excess insulin
production can lead to severe and potentially life-threaten-
ing hypoglycemia®.

Insulinoma is the most common functional pancreatic
neuroendocrine tumor (pNET), with an incidence of 1-4
cases per million inhabitants. Metastatic insulinomas can oc-
cur in up to 10% of cases, at any stage of life, and show a slight
predominance in the female sex”3*3.

It typically occurs in adults between 30 and 60 years of age,
although it can occur at any age. The most common symp-
toms include recurrent episodes of hypoglycemia, which may
manifest as dizziness, confusion, profuse sweating, and, in se-
vere cases, seizures or loss of consciousness. Because symptoms
can be nonspecific and varied, diagnosis is often delayed®.

Diagnosis of insulinoma involves a series of biochemical and
imaging tests. Fasting insulin and C-peptide levels along with the
72-h fasting test are crucial to confirm the presence of hyperinsu-
linism in the setting of hypoglycemia®. Precise tumor localization
is typically achieved with imaging such as computed tomogra-
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phy (CT), magnetic resonance imaging (MRI), and, occasionally,
glucose-labeled positron emission tomography (PET)'.

The primary treatment for insulinoma is surgical, with the
goal of tumor resection and preservation of pancreatic func-
tion. Precise preoperative localization is crucial for effective
surgical management, especially with advanced imaging tech-
niques that allow for precise intraoperative localization.

In cases where surgery is not feasible due to tumor location
or patient comorbidities, medical options such as diazoxide
therapy to inhibit insulin secretion or arterial embolization as
a palliative measure may be considered?'*%.

Radiofrequency ablation by EUS is an emerging technique
for the treatment of pancreatic insulinomas, especially those
that are not candidates for surgery or for whom a less invasive
option is sought. This procedure combines the precision of
EUS with the ability of radiofrequency to destroy tumor tissue
through controlled heat®.

Endoscopic ultrasound RFA involves insertion of an EUS
probe through the gastrointestinal tract into the pancreas.
This probe provides high-resolution images that allow direct
visualization of the tumor. Once the insulinoma is located,
a radiofrequency needle is introduced through the working
channel of the endoscope and positioned in the tumor under
ultrasound guidance®.

Radiofrequency is then applied to heat and destroy the
tumor tissue. This process is carefully controlled to avoid

damaging surrounding structures and minimize the risk
of complications®.

The evidence on EUS-RFA for the treatment of insulino-
mas is still evolving, but preliminary studies suggest that it
may be a safe and effective option for selected patients!.

METHODS

Protocol and registration

This study was performed according to PRISMA guide-
lines (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) and registered in PROSPERO (International
Prospective Register of Systematic Reviews) under the regis-

ter CRD42024605755.

Search strategy

To perform this meta-analysis, the PRISMA guidelines
will be followed. Systematic searches will be carried out in
the PubMed, Cochrane Library, Embase, Science Direct, and
Scopus databases. Bibliography published up to June 1, 2024,
will be used. The following MeSH terms will be used for the
literature search: “insulinoma,” “endoscopic ultrasound,” “ra-
diofrequency ablation,” and “surgery.” Articles in English will
be searched and verified (Figure 1 and Figure 2).

EUS: endoscopic ultrasound.

,5 PubMed: 6,093; Embase: 105; Cochrane: 2; ScienceDirect: 1,258; Scopus: 194
]
= (n=7,652)
=
D
=
~— A
. Duplicated excluded (n=5,356)
on
&
=
g A 4
5
2 (n=2,296) R Excluded by title
" (n=1,108)
) A 4
. (n=1,188) Excluded by abstract
= —»
= (n=1,133)
=
|
)
]
¥
- (n=55) Full text excluded (n= 45)
—>
— No relevant data (27)
Intervention (Others therapies
E s different EUS ) (7)
12}
5 Studies included in the Type of study (11)
= metanalysis (n=10)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing the study
selection process, for the study group evaluating radiofrequency ablation.
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EUS: endoscopic ultrasound.
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing the study
selection process, for the study group evaluating treatment with surgery.

Eligibility criteria
The study inclusion criteria are as follows:

1. Cohort studies and case series with human patients;

2. Padents diagnosed with insulinoma treated with EUS-
guided ablation and surgery; and

3. Studies in which adverse events, clinical and technical suc-
cess rates, length of hospital stay, and symptom recurrence
rate were reported.

The exclusion criteria are as follows:

1. Editorials, letters, reviews, meta-analyses, protocols, and
case reports;

2. Detailed results were not provided or the results were unclear;

B

Insulinomas were confused with other panNETs; and
4. Duplicate studies.

Finally, a full-text check will be performed to examine
whether the identified articles met the inclusion criteria.
An independent researcher will perform the above processes,
and the results of their search were consistent.

Data extraction and management
An independent researcher extracted data from the includ-
ed articles. The following data were extracted: author surname,
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year of publication, country of study, patient ages, number of
patients with insulinoma, treatment method, adverse effects,
clinical and technical success rates, length of hospital stays,
and symptom recurrence rates. Clinical success is defined as
the recovery of symptoms associated with insulinoma. Recur-
rence is defined as the reappearance of insulinoma after RFA
or surgery.

Type of outcome measures

Primary outcomes

'The primary endpoints were clinical and technical success, de-
fined by the resolution of symptoms or the resolution of the
insulinoma evidenced in imaging studies during follow-up.

Secondary outcomes

e Assess adverse events (early or late) associated with both
endoscopic and surgical procedures to analyze the safety of
each approach.

e Determine intraoperative mortality related to each tech-
nique to evaluate its impact on immediate survival.

*  Analyze recurrence rates of insulinomas after treatment, com-
paring the long-term effectiveness of both interventions.



e Compare hospital stay duration between patients under-
going EUS-guided RFA and those treated surgically, as an
indicator of postoperative recovery.

Assessment of risk of
bias in included studies

One review author (AOA) assessed the risk of bias of each in-
cluded study using a tool named “non-randomized intervention
studies (ROBINS-I)” for case series studies according to the rec-
ommendations in the Cochrane Handbook for Systematic Re-
views of Interventions. The following definitions were used in the
assessment of the risk of bias: due to confounding, arising from
measurement of the exposure, in selection of participants into the
study (or into the analysis), due to postexposure interventions,
due to missing data, arising from measurement of the outcome,
in selection of the reported result. For signaling questions within
each domain for each outcome, one of the five possible answers
was provided in each tool (“Yes,” “Probably yes,” “No,” “Probably
no,” and “No information”), judging as “Low risk of bias,” “Some
concerns,” or “High risk of bias.” According to the algorithm re-
sult, the overall risk-of-bias judgment for each outcome was the
least favorable assessment across the domains.

Statistical analysis

The primary goal was to evaluate the effectiveness of the
EUS-RFA technique for pancreatic insulinomas and compare
it to standard surgical treatment. Secondary objectives includ-
ed assessing adverse effects, procedural mortality, hospital stay
duration, and recurrence rates based on imaging follow-up.
Statistical analyses will be conducted using Comprehensive
Meta-analysis Software (Version 4.0) and RevMan 5. A p-val-
ue of less than 0.05 will be considered statistically significant.

Assessment of heterogeneity

To evaluate statistical heterogeneity, the Cochran Q test
was used to assess whether observed variations in effect sizes
were genuine. A p-value below 0.1 was interpreted as evidence
of heterogeneity. Additionally, the I? statistic was employed to
quantify heterogeneity, with values interpreted as follows: less
than 25% indicating no heterogeneity, 25-49% indicating
low heterogeneity, 50-74% indicating moderate heterogene-
ity, and 75% or more indicating high heterogeneity.

Assessment of reporting biases

Potential publication bias was examined by visual inspec-
tion of funnel plots. This was followed by Egger’s test to statis-
tically evaluate asymmetry in the plots.

RESULTS

Group of patients treated
with radiofrequency ablation

Characteristics of the patients
Ten series of studies of patients with insulinomas treated
with RFA were meta-analyzed. 142 patients were included:

97 (68%) women and 45 (32%) men. The mean age was
64.2+11 years (range: 45-83 years). 142 lesions were in-
cluded, with a mean size of 13.1 mm*1.8 mm (range: 11—
17.6 mm). The most common location of insulinomas was
the head and uncinate process: 55 lesions (38.7%), neck: 5
(3.5%), body: 51 (35.9%), and tail: 31 (21.8%). Regard-
ing the histological grade, 74% of insulinomas were Grade 1,
5.6% Grade 2, and 19.7% were not reported in the studies.
The mean follow-up time was 16.87 months (ranging from

9.7 to 24 months) (Table 1).

Adverse events related to or treatment

There were 25 patients with adverse effects: 11 patients
with pancreatitis, nine with abdominal pain, two with bleed-
ing, one with splenic hematoma, one with intestinal perfora-
tion, and one with retrogastric collection.

The combined adverse events in patients undergoing RFA
of pancreatic insulinomas were 23% (Figure 3).

Mortality rate
The mortality rate of the procedure was zero (0%).
The overall mortality rate over time was 6.9% (Figure 4).

Technical and clinical success rate

The technical success rate, defined as the absence of insuli-
noma recurrence on imaging examinations performed during
follow-up, was 90.84%. The clinical success rate was 97.5%.

Recurrence
The recurrence rate over the 16.87-month follow-up was
11% (Figure 5).

Days of hospitalization

Regarding post-treatment hospitalization, nine of the 10
articles reported the length of stay. The median length of stay
was 2.410.71 days (95% confidence interval [CI]: 1.7-4).

Group of patients treated with surgery

Ten series of studies of patients with insulinomas treated
with surgery were meta-analyzed, with 249 patients, includ-
ing 242 who underwent surgery: 164 (66%) women and
85 (34%) men. The mean age was 43.57£8.8 years (range:
36-60 years). 275 lesions were included, with a mean size of
16.69 mm*4.12 mm (between 13 and 25 mm).

The most common location of insulinomas was the head
and uncinate process: 102 lesions (37.09%), neck: 3 (1.09%),
body: 84 (30.54%), and tail: 86 (31.27%). Regarding the his-
tological grade, 76.6% of insulinomas were Grade 1, 6.18%
Grade 2, malignant in 1.81% and 12.36% were not reported
in the studies. The mean follow-up time was 16.69 months
(ranging from 13 to 25 months) (Table 2).

Adverse events related to or treatment
There were 148 patients with adverse effects: pancreatic
fistula: 63 (42%), biliary fistula: 1 (0.7%), common bile duct
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ClI: confidence interval.

Adverse events

Study name Statistics for each study Event rate and 95%Cl

Event Lower Upper

rate limit limit
Crind et al.* 0.202 0.131 0.298 . =
Borrelli de Andreiset al.>  0.300 0.100 0.624 =
Furnica et al.? 0.500 0.123 0.877 $
Marx et al.?® 0.571 0.230 0.856 5
Lakhtakia et al.® 0.125 0.007 0.734
Oleinikov et al.?® 0.063 0.004 0.539 =
Rossi et al.¥* 0.125 0.007 0.734 —=
de Nucci et al.* 0.083 0.005 0.622 -
Debraine et al.*® 0.042 0.003 0.425 -
Biermann et al.’ 0.333 0.043 0.846
Pooled 0.237 0.154 0.347
Prediction Interval 0.237 0.109 0.441
000 025 050 075 1.00
Figure 3. Adverse events in the pancreatic insulinoma radiofrequency ablation group.
Patients Deaths
Study name Statistics for each study Event rate and 95%Cl
Event Lower Upper
rate limit limit

Crino et al.? 0,006 0,000 0,083 W
Borrelli de Andreisetal> 0,045 0,003 0,448 {B————
Furnica et al.?° 0,100 0,006 0,674 |—=
Marx et al.?® 0,143 0,002 0,581 —
Lakhtakia et al.? 0,125 0,007 0,734 |—=
Oleinikov et al.3® 0,063 0,007 0,734 |=
Rossi et al. 3 0,125 0,007 0,734 |—=
de Nucci et al.1* 0,083 0,005 0622 |=
Debraine et al.'® 0,042 0,003 0425 (B——
Biermann et al.? 0,125 0,007 0,734 —
Pooled (unchanged) 0,069 0,030 0,152 L 4

ClI: confidence interval.

Prediction Interval (unchanged)

0,00 025 050 0,75 1,00

Figure 4. Cumulative mortality in patients treated with radiofrequency ablation.

ClI: confidence interval.

Figure 5. Recurrence rate in patients treated with radiofrequency ablation.
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injury/stenosis: 2 (1.35%), wound infection: 9 (6%), intra-
abdominal collections: 9(6%), bleeding: 1(0.7%), and not
specified in 63 (42.5%) patients.

The combined adverse events in patients undergoing RFA
of pancreatic insulinomas were 59%.

Late complications were reported: two pancreatic pseudo-
cysts and one incisional hernia (Figure 6).

Mortality rate
The mortality rate of the procedure was zero (0%).
The overall mortality rate over time was 5% (Figure 7).

Recurrence
The recurrence rate over the 16.69-month follow-up was

4.8% (Figure 8).

Cl: confidence interval.

Days of hospitalization
The median length of stay was 11 dayst4.7 95%CI:5-18.

Comparative analysis between
the group of patients treated with
radiofrequency ablation and surgery

In both groups, results related to adverse effects, clini-
cal response, recurrence, and death during patient follow-up
were analyzed.

A lower rate of adverse effects was evident in the radio-
frequency group with a difference of 41% CI (0.50-0.32),
p<0.05 (Figure 9).

No statistically significant differences were observed be-
tween the groups in relation to overall survival during follow-

up (p=0.38) (Figure 10).

Figure 6. Adverse events in the pancreatic insulinoma surgical group.

Mortality
Study name Event rate and 95%ClI
Event Lower Upper
rate limit
Crind et al.1 0.006 0.000 0.083 .
Machado et al.28 0.051 0.016 0.146 -
Valente et al.40 0.083 0.005 0.622 -
Bonato et al.4 0.029 0.002 0.336 -—
Caldas et al.” 0.063 0.004 0.539 —
Giraldo et al.2 0.125 0.007 0.734 —=
Apodaca-Torres et al? 0024 0001 0.287 |
Torres et al.3° 0.167 0.010 0.806 =
Chapa-Azuelaetal1® 0063 0.004 0.539 —.
Espana-Gomez etal.'® 0.029 0.004 f-—
Pooled 0.052 0.026 0.104 &
Prediction Interval

ClI: confidence interval.

Figure 7. Cumulative mortality in patients treated with surgery.

000 025 050 075 1.0
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Recurrence

Study name Statistics for each study

Event Lower Upper

rate limit limit

Crind et a1 0.006 0000 0.083
Machadoefal?® 0034 0008 0.126
Valente et a/.40 0.083 0.005 0622
Bonato et al.* 0.063 0009 0335
Caldas et al.” 0.143 0020 0.581
Giraldo ef al.%! 0125 0.007 0.734
Apodaca-Torres efal20.024  0.001  0.287
Torres et al.% 0.167 0.010 0.806
Chapa-Azuelaetal’® 0.063 0004 0.539
Espafia-Gomez et a.'®0.014  0.001  0.191
Pooled 0.048 0.023 0.095

Prediction Interval

ClI: confidence interval.

Figure 8. Recurrence rate in patients treated with surgery.

Event rate and 95%Cl

000 025 050 075 100

Cl: confidence interval; RFA: radiofrequency ablation.

Figure 9. Comparison of adverse events between radiofrequency ablation and surgery.

Cl: confidence interval; RFA: radiofrequency ablation.

Figure 10. Comparison of mortality between radiofrequency ablation and surgery.

The recurrence of lesions throughout the follow-up was
statistically lower in the surgery group with a difference of 8%

p<0.05 (Figure 11).

A superior clinical response was found in the RFA group,

with a difference of 8% p<0.05 (Figure 12).

DISCUSSION

Pancreatic insulinoma is a rare functional neuroendocrine

tumor, typically benign and solitary, arising from pancreatic
beta cells and characterized by autonomous insulin secretion
that causes recurrent hypoglycemia. Its incidence is low (1-4
cases per million per year), and most lesions are small (<2 cm)
and manifest with neuroglycopenic and autonomic symp-
toms during fasting, consistent with Whipple’s triad®*>*,

10/13

Although the majority are sporadic, up to 10% are associated
with multiple endocrine neoplasia type 1 (MEN1)%*,

The primary clinical concern is severe hypoglycemia,
which can be life-threatening and significantly impair quality
of life, emphasizing the need for accurate diagnosis and timely
treatment. Biochemical confirmation through the demonstra-
tion of hypoglycemia with endogenous hyperinsulinemia re-
mains essential, followed by tumor localization using imaging
modalities such as CT, MRI, or EUS, the latter being the most
sensitive for small lesions'>?*%73%,

Surgical resection continues to be the gold standard, with
cure rates exceeding 95% in most series. Enucleation is pre-
ferred for small, well-circumscribed tumors distant from the
main pancreatic duct, while segmental pancreatectomy is indi-
cated for deeper or less accessible lesions®'?. Despite its effec-



Cl: confidence interval; RFA: radiofrequency ablation.

Figure 11. Comparison of recurrence between radiofrequency ablation and surgery.

Cl: confidence interval; RFA: radiofrequency ablation.

Figure 12. Comparison of clinical response between radiofrequency ablation and surgery.

tiveness, surgery carries significant morbidity, including pan-
creatic fistula and other postoperative complications, reported
in up to 72% of cases"’.

Over the past decade, EUS-RFA has emerged as a mini-
mally invasive alternative for patients unfit for surgery or
unwilling to undergo it. The pooled data from recent stud-
ies demonstrate high technical and clinical success rates (95—
100%), a lower incidence of severe adverse events (1-18%),
and significantly shorter hospital stays (2-3 days compared
to 7-11 days for surgery). However, EUS-RFA is associated
with a higher rate of local recurrence (15-17% vs. 1-3% after
surgery)>252341_ These findings suggest that while EUS-RFA
provides excellent short-term efficacy, long-term durability re-
mains to be determined, underscoring the need for extended
follow-up and well-designed comparative trials™'!.

Overall, the results of this meta-analysis support surgery
as the standard treatment for resectable insulinomas, ensur-
ing definitive management in most cases. Nonetheless, EUS-
RFA represents a promising and safe therapeutic option in
selected patients, particularly those with significant comor-
bidities or high surgical risk. The balance between invasive-
ness, morbidity, and recurrence risk should guide individual-

ized treatment decisions 1113272935381

CONCLUSIONS

Endoscopic ultrasound-guided radiofrequency ablation
(EUS-RFA) is a safe, effective, and minimally invasive thera-
peutic option for the management of pancreatic insulinomas,
demonstrating high clinical success rates, fewer adverse events,
and shorter hospital stays compared to surgical treatment.
These findings support its role as an attractive alternative,
particularly in patients with significant comorbidities or high
surgical risk.

However, EUS-RFA is associated with higher recurrence
rates, underscoring the importance of careful patient selec-
tion, standardized treatment protocols, and strict long-term
follow-up. Surgical resection remains the gold standard for

resectable insulinomas due to its lower recurrence rates and
more durable outcomes.

Importantly, the current evidence is based mainly on ret-
rospective studies and case series, highlighting the need for
prospective, well-designed comparative trials with longer
follow-up to better define the long-term efficacy and optimal
indications of EUS-RFA.

Therefore, treatment strategies should be individualized,
considering tumor characteristics, patient comorbidities, and
institutional expertise, to achieve the best clinical outcomes.
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