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PURPOSE
 

To assess the feasibility, safety, and early imaging outcomes of an intraprocedural vascular mapping 
workflow integrating selective arteriography and/or portography to guide clustered electrode irre-
versible electroporation (IRE) for locally advanced pancreatic cancer (LAPC).

METHODS
In this single-center retrospective study, 48 patients with LAPC underwent percutaneous IRE (Au-
gust 2024–December 2025). Selective arteriography (97.9%) and portography (75.0%) delineated 
the peripancreatic vascular anatomy. Clustered electrodes were supplemented as required. Tech-
nical success was defined as completion of the angiographic mapping workflow with planned 
electrode placement. The ablation zone-to-tumor size ratio was measured using intraprocedural 
computed tomography (CT) and early imaging response on the first follow-up CT. 

RESULTS
The technical success rate was 100%. Selective arteriography was performed in 47/48 patients 
(97.9%) and portography in 36/48 (75.0%). Supplemented clustered electrode configurations were 
used in 44/48 patients (91.7%), and electrode repositioning was required in 3/48 (6.3%). Intrap-
rocedural complications, both bleeding events, occurred in 2/48 patients (4.2%). Portal vein (PV) 
stent placement was performed in 11/48 patients (22.9%), with stent-related complications in 2/11 
(18.2%)—one with systemic sepsis and one with PV thrombosis with intrahepatic extension. The 
ablation zone-to-tumor size ratio was ≥ 1.0 in all 48 patients (median, 1.29; range, 1.12–1.69). Imag-
ing response was evaluable in 40/48 patients (83.3%) at a median of 85 days, with stable disease in 
38/40 (95.0%) and progressive disease in 2/40 (5.0%).

CONCLUSION
Standardized vascular mapping supports consistent clustered electrode placement during pancre-
atic IRE in patients with LAPC, achieving complete ablation zone coverage in all patients.

CLINICAL SIGNIFICANCE
A standardized intraprocedural vascular mapping workflow using selective arteriography and por-
tography supports reproducible clustered electrode placement during pancreatic IRE, achieving 
complete ablation zone coverage on intraprocedural CT in all cases and providing real-time ana-
tomic guidance for safer electrode trajectory planning. This technical success provides a procedural 
framework for further evaluation of oncologic outcomes in prospective studies.

KEYWORDS
Irreversible electroporation, pancreatic cancer, arteriography, portography, vascular mapping, clus-
tered electrode

Irreversible electroporation (IRE) is a non-thermal ablation modality that has emerged as 
a promising treatment for locally advanced pancreatic cancer (LAPC), in which frequent 
abutment or encasement of major peripancreatic vessels often precludes resection and 

limits the safe application of thermal ablation techniques.1-5 However, achieving consistent, 
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high-quality ablation with IRE remains tech-
nically challenging because outcomes de-
pend on precise electrode alignment, ade-
quate interelectrode distance, and geometric 
parallelism.6,7 Inaccurate placement resulting 
in electrode convergence or divergence can 
reduce the effective ablation zone, generate 
excessive current, and compromise proce-
dural safety and efficacy.

To mitigate these geometric constraints, 
clustered electrode designs with fixed inte-
relectrode spacing have been developed.8 
Furthermore, LAPC frequently involves major 
vessels, and the peripancreatic vasculature 
serves as a critical anatomical reference for 
electrode trajectory planning. Compared 
with conventional ultrasound or static com-
puted tomography (CT) guidance, integrat-
ed arteriography and portography provide 
dynamic, real-time delineation of the peri-
pancreatic arterial and portal venous anato-
my during electrode advancement, thereby 
improving intraprocedural spatial orienta-
tion and supporting safer electrode trajec-
tory planning, particularly in cases with sub-
stantial vascular encasement. Although flush 
aortography has been used for real-time 
guidance, a standardized mapping protocol 
incorporating selective arteriography and 
portography has not been widely estab-
lished as a reproducible workflow.9 

The purpose of this study was therefore 
to evaluate the feasibility, periprocedural 
safety, and early imaging outcomes of a stan-
dardized intraprocedural vascular mapping 
workflow integrating selective arteriography 
and portography to guide clustered elec-
trode placement during percutaneous IRE 
for LAPC.

Methods 

Study design and patient selection 

This retrospective study was approved 
by the Institutional Review Board of Yonsei 
University Health System (decision/proto-
col number: 2026-1796-001, approval date: 
January 7, 2026), and the requirement for 
informed consent was waived. Between Au-
gust 2024 and December 2025, 48 patients 
with LAPC who underwent percutaneous 
IRE were included. LAPC was defined as un-
resectable disease as determined by a multi-
disciplinary tumor board and based on insti-
tutional criteria. Patients were eligible for IRE 
if they were suitable candidates for general 
anesthesia, had a tumor measuring ≤ 4 cm, 
and had no ventricular cardiac arrhythmias. 
Exclusion criteria included distant metas-
tasis, transmucosal invasion into adjacent 
gastrointestinal structures, uncontrolled 
infection, and severe comorbidities that 
precluded general anesthesia [e.g., Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status ≥ 3, severe cardiopulmonary 
dysfunction, or end-stage organ failure]. The 
procedural workflow is illustrated in Figure 1.

Pre-procedural computed tomography re-
view

Pre-procedural contrast-enhanced CT 
with arterial and portal venous phases and 
three-dimensional reconstructions was used 
to assess tumor–vessel relationships and plan 
electrode trajectories. Three-dimensional 
reconstructions were performed using Ter-
aRecon Aquarius (TeraRecon Inc., Durham, 
NC, USA). Clustered electrodes with fixed in-
terelectrode spacing (15, 17, or 20 mm) were 
selected to optimize tumor bracketing while 
avoiding direct vascular injury (Figures 2a–c, 
3a). For pancreatic head lesions, a plastic bil-
iary stent was endoscopically placed prior to 
imaging and IRE to prevent biliary obstruc-
tion and to serve as a non-conductive ana-
tomical landmark. 

Angiographic vascular mapping and direct 
portography

All procedures were performed in an in-
tegrated angiography–CT suite by two inter-
ventional radiologists with 10 and 21 years 
of experience in vascular and oncologic in-
terventions. Selective angiography was per-
formed via common femoral artery access to 

Figure 1. Procedural workflow. Intraprocedural vascular mapping workflow for angiography-guided 
clustered electrode placement for pancreatic irreversible electroporation. CT, computed tomography; SMA, 
superior mesenteric artery.

Main points

•	 Intraprocedural vascular mapping using 
selective arteriography and portography 
enables consistent clustered electrode 
placement during percutaneous irreversible 
electroporation for locally advanced pan-
creatic cancer.

•	  Technical success was achieved in all 48 pa-
tients, with an ablation zone-to-tumor size 
ratio of ≥ 1.0 confirmed on intraprocedural 
computed tomography in all cases, indicat-
ing complete ablation zone coverage.

•	 This standardized workflow provides re-
al-time anatomic guidance for electrode 
trajectory planning and may support safer 
procedural execution in complex peripan-
creatic cases near major vessels.
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evaluate the peripancreatic arterial anatomy 
relevant to the planned electrode trajecto-
ries. Direct portography was selectively per-
formed in cases with tumor-related venous 
narrowing and/or when planned trajectories 
were near the portal–splenic confluence. Un-
der ultrasound guidance, a peripheral intra-
hepatic portal venous branch was accessed 
using a 21-G needle, followed by placement 
of a 5-F transhepatic sheath. Portography 
was performed using a 5-F catheter posi-
tioned at the superior mesenteric vein (SMV) 
confluence to delineate the portal venous 
anatomy and identify a safe insertion cor-
ridor (Figure 2d). When ultrasound-guided 
transhepatic access to a peripheral intrahe-
patic portal venous branch was not feasible 
because of inadequate visualization, small 
vessel caliber, or an unfavorable approach 
angle, indirect portography was performed 
using venous-phase imaging during selec-
tive superior mesenteric artery (SMA) an-
giography. Vascular mapping defined safe 
insertion corridors and provided real-time 
anatomic landmarks to verify electrode di-
rection, spacing, and geometric parallelism. 
The fluoroscopy time, dose–area product, 
and total contrast volume were recorded for 
each case. 

Portocholedochal interval

For descriptive purposes, the anatomic 
space between the common bile duct (iden-
tified by the plastic stent) and the PV is re-
ferred to as the “portocholedochal interval” 
(Figure 3b, c). This interval was carefully eval-
uated during vascular mapping to guide safe 
electrode trajectory planning, particularly in 
patients with pancreatic head tumors.

Electrode configuration and angiogra-
phy-guided placement

All procedures used an EPO-IRE system 
with a generator and 18-gauge electrodes 
(The Standard Co., Ltd., Gunpo, South Korea).
Electrode placement was performed under 
angiographic guidance following comple-
tion of vascular mapping. Clustered elec-
trode configurations (double, trilateral triple, 
or square-shaped quadruple) were selected 
based on tumor morphology, with insertion 
trajectories optimized to maintain parallel-
ism and avoid major perivascular landmarks. 
All clustered and single electrodes featured 
a 15-mm exposed tip length. For complex 
tumor geometries, standalone clustered 
electrodes were supplemented with addi-
tional electrodes to ensure complete brack-

eting and optimal alignment (Figures 2e, 
3d). Subsequently, IRE was delivered at a 
target electric field strength of 1,500 V/cm 
(maximum, 3,000 V), 90 pulses per cycle, and 
a pulse width of 70–90 µs, with the voltage 
and pulse number adjusted according to 
intraprocedural current feedback. When mi-
nor geometric deviations were identified on 
intraprocedural CT, the voltage was reduced 
within the prespecified ceiling rather than 
proceeding with electrode repositioning. 

To compensate for respiratory motion and 
roadmap shift, a microcatheter with a 0.014-
inch guidewire was coaxially indwelled in the 
common hepatic, splenic, or SMAs to provide 
a stable anatomical reference. Final intrapro-
cedural CT was performed to verify the elec-
trode position, interelectrode spacing, and 
adequate tumor bracketing (Figure 2f ). 

Portal vein stent placement 

Following ablation, follow-up arteriog-
raphy and portography were performed to 
evaluate potential bleeding or thrombotic 
complications. Portal venous intervention 
was performed selectively when significant 
PV stenosis was identified, defined as ≥ 50% 
luminal narrowing with flow limitation and 
collateral venous pathways on portography. 
Bare-metal stents (10–12 mm, EPIC, Boston 
Scientific, MA, USA) were deployed across 
the target segment and post-dilated with 
balloons to restore patency. Before stent 
placement, 3,000 units of heparin were ad-
ministered intravenously; subsequently, dual 
antiplatelet therapy with aspirin (100 mg) 
and clopidogrel (75 mg) was prescribed for 6 
months to maintain stent patency. The tran-
shepatic access tract was embolized using a 
vascular plug.

Outcomes and safety assessment

Angiographic mapping completion was 
defined as successful delineation of the 
relevant peripancreatic vascular anatomy 
through selective arteriography with direct 
or indirect portography when indicated. 
Technical success was defined as comple-
tion of the planned electrode placement in 
the intended configuration with adequate 
tumor bracketing confirmed on intraproce-
dural CT, following angiographic mapping 
completion. Procedural safety outcomes in-
cluded intraprocedural and immediate post-
procedural adverse events related to the vas-
cular mapping and electrode deployment 
workflow. 

Electrode geometric accuracy was as-
sessed by the ablation zone-to-tumor size 

Figure 2. A 72-year-old woman with locally advanced pancreatic cancer. (a) Contrast-enhanced computed 
tomography (CT) shows a 1.8-cm mass in the pancreatic body (arrows), with encasement of the celiac trunk, 
common hepatic artery, and splenic artery and abutment of the main portal vein (PV). (b) Based on the 
tumor extent and its relationship to adjacent vascular structures, a combined configuration consisting of a 
triple clustered electrode with a 20-mm interelectrode spacing (1–3) and a single electrode (4) was planned. 
(c) The first electrode (1) of the triple clustered electrode configuration was targeted at the interval between 
the superior mesenteric artery and the main PV (arrow); the tumor (T) abutted the splenic vein and main 
PV. (d, e) Under combined arteriography and direct portography, all electrodes, including the first electrode 
(1), were placed with parallel alignment. (f) Verification by CT confirmed appropriate interelectrode spacing 
and adequate tumor bracketing. A follow-up CT obtained 7 months after IRE demonstrated stable disease 
(not shown), with a decrease in CA19-9 levels from 78 to 9.6 U/mL. IRE, irreversible electroporation; CA19-9, 
carbohydrate antigen 19-9.
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ratio (maximum ablation zone diameter on 
intraprocedural CT divided by maximum tu-
mor diameter on pre-procedural CT); a ratio 
of ≥ 1.0 was defined as adequate coverage. 
Early imaging response was evaluated by a 
radiologist blinded to procedural details and 
clinical status using Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1 
on the first available follow-up contrast-en-
hanced CT. Patients without follow-up im-
aging and those in whom the ablation zone 
margin was indistinguishable from the sur-
rounding pancreatic parenchyma on fol-
low-up CT were classified as non-evaluable. 

Statistical analysis

Continuous variables are expressed as 
mean ± standard deviation or median with 
range, as appropriate. Categorical variables 
are expressed as frequencies and percent-
ages. All statistical analyses were performed 
using SPSS software (version 29.0; IBM Corp., 
Armonk, NY, USA).

Results 
Patient demographics and baseline tu-

mor characteristics are summarized in Table 
1. The majority of patients had ECOG per-
formance status 1 (41/48, 85.4%), and prior 
systemic chemotherapy had been adminis-
tered in 45/48 patients (93.8%). The median 
baseline carbohydrate antigen 19-9 level was 
148.6 U/mL (range, 1.5–7,257.6).

Angiographic vascular mapping and elec-
trode configuration strategy

Angiographic mapping completion and 
technical success were both achieved in all 
48 patients (100%). Based on the mapping 
technique, arteriography alone was used 
in 12/48 patients (25.0%), combined arte-
riography with direct portography in 33/48 

patients (68.8%), combined arteriography 
with indirect portography in 2/48 patients 
(4.2%), and direct portography alone in 1/48 
patients (2.1%) (Table 2). The median fluo-
roscopy time was 18.0 min (range, 8.7–62.9), 
and the median radiation dose was 1,127.3 
mGy·cm² (range, 652.2–2,848.8) in 27/48 pa-
tients for whom dosimetry data were avail-
able. The median contrast volume was 90 mL 
(range, 20–160).

Clustered electrode configurations 
ranged from standalone to supplemented 
designs, including double, triple, or quadru-
ple configuration, to optimize tumor brack-
eting and geometric parallelism (Table 3). 
Standalone clustered electrode placement 
was performed in 4/48 patients (8.3%), 
whereas supplemented clustered configu-
rations were used in 44/48 patients (91.7%).

Computed tomography verification and 
geometric accuracy 

Intraprocedural CT was used to verify 
electrode positioning, interelectrode ge-
ometry, and tumor bracketing, and findings 
were consistent with those of angiograph-
ically guided corridors. Minor geometric 
deviations from the intended spacing (mild 
convergence or divergence) were typically 
managed by voltage adjustments rather than 
repositioning. Additionally, CT facilitated as-
sessment of electrode depth, allowing for 
minor adjustments to optimize tumor cov-
erage. Electrode repositioning was required 
in 3/48 patients (6.3%), most commonly in-
volving single-electrode configurations. The 
portocholedochal interval served as a key 
landmark for electrode trajectory planning 
in 4/23 patients with pancreatic head tu-

Table 1. Baseline patient and tumor characteristics (n = 48)

Characteristics Value

Patient characteristics

Age (years), mean ± SD 64.8 ± 9.6

Sex, men/women, n (%) 25 (52.1%) / 23 (47.9%)

ECOG performance status, n (%)

0 5 (10.4)

1 41 (85.4)

2 2 (4.2)

CA 19-9 at baseline (U/mL), median (range) 148.6 (1.5–7,257.6)

Prior systemic chemotherapy, n (%) 45 (93.8)

Concurrent systemic chemotherapy, n (%) 44 (91.7)

Tumor characteristics

Location, n (%) 

Head 23 (47.9%)

Body 24 (50.0%)

Head and body (non-contiguous lesion) 1 (2.1%)

Size, max diameter (cm), mean ± SD (range) 2.9 ± 0.7 (1.5–4.0)

SD, standard deviation; ECOG, Eastern Cooperative Oncology Group; CA 19-9, carbohydrate antigen 19-9.

Figure 3. Portocholedochal interval. An 82-year-old woman with locally advanced pancreatic cancer. (a) Contrast-enhanced computed tomography (CT) shows a 
2.0-cm mass in the pancreatic head. (b) Coronal CT depicts the portocholedochal interval (*), defined as the anatomical interval between the common bile duct 
(represented by a plastic biliary stent) and the portal vein (PV). (c) Direct portography further delineates the portocholedochal interval (*) between the plastic stent 
(arrow) and PV (open arrow). (d) A double clustered electrode configuration with an additional single electrode was inserted under fluoroscopic guidance. The 
plastic biliary stent (arrow) and contrast opacification of the PV (open arrow) are visible. 

a b c d
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mors. The ablation zone-to-tumor size ratio 
was ≥ 1.0 in all 48 patients, with a median of 
1.29 (range, 1.12–1.69), indicating adequate 
tumor coverage in all cases.

Procedural safety 

Complications occurred in 2/48 patients 
(4.2%), both of which were bleeding events 
detected on post-ablation angiography 
performed immediately after IRE. One pa-
tient developed active gastroduodenal ar-
tery (GDA) bleeding, which was successfully 
managed with glue embolization during the 
same session. In the other patient, bleeding 
from a dilated gastroepiploic varix was con-
trolled with manual compression applied for 
approximately 10 minutes. In one uncinate 
process tumor, splenic vein transgression 
was necessary to achieve optimal electrode 
positioning. To mitigate thrombotic risk, 
3,000 units of intravenous heparin were ad-
ministered prior to IRE, and no thrombotic 
complications occurred during follow-up.

Outcomes of portal venous intervention

Adjunctive PV stent placement was per-
formed in 11/48 patients (22.9%) to achieve 
immediate restoration of venous patency. 
Among the 11 patients who received PV 
stents, stent-related complications occurred 
in 2 (18.2%). In one patient, fever developed 
on postprocedural day 5, with gram-negative 
rod bacteremia on blood cultures. Follow-up 
CT demonstrated an abscess at the ablation 
site with a fistulous communication to the PV 
stent, suggesting translocation of organisms 
through the ablation–portal venous fistula as 
the source of systemic sepsis. Management 
included percutaneous catheter drainage of 
the abscess and transhepatic portal venous 
occlusion using a vascular plug to interrupt 
the hematogenous route, followed by clini-
cal recovery. In another patient, postproce-
dural CT demonstrated PV thrombosis ex-
tending into the intrahepatic branches. This 
was managed with systemic anticoagulation 
therapy, and the thrombus remained stable 
under ongoing medical management.

Early imaging response

Early imaging responses are summarized 
in Table 4. Follow-up CT was available for 
42/48 patients (87.5%); 6 (12.5%) had no fol-
low-up imaging. Of the 42 patients with CT, 
2 (4.2%) were non-evaluable due to an indis-
tinct ablation zone margin; RECIST 1.1 was 
therefore evaluable in 40/48 patients (83.3%) 
at a median follow-up of 85 days (range, 11–
140). Stable disease was achieved in 38/40 
patients (95.0%) and progressive disease in 

2/40 (5.0%). Among the patients with stable 
disease, the median tumor size change was 
+3.2% (range, −26.9 to +18.8%). The over-
all median tumor size change was +3.3% 
(range, −26.9 to +30.8%).

Discussion 
IRE remains technically demanding for 

LAPC, with broader adoption limited by 
the complexity of achieving reproducible 
electrode geometry within the constrained 
peripancreatic space.10-12 Prior studies have 
emphasized that stable interelectrode spac-
ing and true parallel alignment are among 
the most challenging technical components 
of pancreatic IRE.13-15 This report describes a 
structured intraprocedural vascular mapping 

workflow that supports planning and verifi-
cation of the clustered electrode trajectory. 

A practical advantage of this approach 
is the use of the peripancreatic vasculature 
as an anatomic framework to define safe in-
sertion corridors and avoid critical vascular 
structures during electrode advancement. 
Selective arteriography delineated the celiac 
axis, SMA, and pancreaticoduodenal arteri-
al arcades to identify arterial structures and 
guide safe electrode advancement. When 
performed, portography provided detailed 
PV–SMV anatomy that was incorporated into 
trajectory planning. Indirect portography 
was used in two patients (4.2%) when tran-
shepatic direct portography was technically 
challenging; however, direct portography 

Table 2. Intraprocedural angiographic mapping techniques and procedure details

Variables Value

Road-mapping technique, n (%)

Arteriography alone 12 (25.0 %)

Combined arteriography and direct portography 33 (68.8%)

Combined arteriography and indirect portography 2 (4.2%)

Direct portography alone 1 (2.1%)

Procedure details, median (range)

Fluoroscopy time (min) 18.0 (8.7–62.9)

Radiation dose, DAP (mGy·cm²) 1,127.3 (652.2–2,848.8)

Contrast volume (mL) 90 (20–160)

DAP, dose-area product.

Table 3. Distribution of clustered and supplemented electrode configurations

Electrode configuration No. of patients (%)

Standalone mode

Quadruple only 3 (6.3%)

Triple only 1 (2.1%)

Supplemented clustereda*

Quadruple-based with additional electrodesb† 18 (37.5%)

Double-based with additional electrodesc‡ 16 (33.3%)

Triple-based with additional electrodesc‡ 10 (20.8%)

Total 48 (100%)

a*Clustered electrodes were used as the primary backbone for electrode placement. 
b†Supplemented with triple, double, or single electrodes. 
c‡Supplemented with double or single electrodes.

Table 4. Early imaging responses (RECIST 1.1)

Variable Value

RECIST 1.1 evaluable, n (%) 40 (83.3)

Follow-up interval, median (range), days 85 (11–140)

RECIST 1.1 response, n (%)

Stable disease 38/40 (95.0)

Progressive disease 2/40 (5.0)

Median tumor size change, % (range) +3.3 (−26.9 to +30.8)

RECIST, Response Evaluation Criteria in Solid Tumors.
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was used preferentially when feasible be-
cause it provided more detailed delineation 
of the portal venous anatomy. In addition, 
the plastic biliary stent provided a useful 
practical landmark for anatomic orientation 
and electrode depth assessment. 

Based on vascular anatomy and tumor 
morphology, clustered electrode configura-
tions, including double, triple, and square-
shaped quadruple designs, were selected to 
achieve adequate tumor coverage. Clustered 
electrodes served as the primary backbone 
for electrode placement, and supplement-
ed electrodes were added as needed to ac-
commodate irregular tumor geometry while 
maintaining tumor bracketing, parallelism, 
and the intended interelectrode spacing 
throughout the procedure. Intraprocedural 
CT verification was used to assess electrode 
depth and to confirm electrode positioning. 
Minor deviations from the intended spac-
ing (mild convergence or divergence) were 
typically managed by adjusting treatment 
parameters rather than by electrode repo-
sitioning, which was required in 3 patients 
(6.3%). The ablation zone-to-tumor size ra-
tio was ≥ 1.0 in all 48 patients (median, 1.29; 
range, 1.12–1.69), indicating consistent and 
adequate tumor coverage throughout all 
procedures.

We propose the portocholedochal in-
terval, defined as the anatomical space be-
tween the common bile duct (identified by 
a plastic biliary stent) and PV, as a pragmatic 
landmark for electrode trajectory planning 
in selected pancreatic head tumors. In the 
present study, this interval served as a key 
landmark in 4/23 pancreatic head tumors. Al-
though not universally applicable, when in-
tegrated with angiographic mapping, it may 
provide an additional spatial cue in selected 
cases, supporting spatial orientation and 
electrode trajectory planning and potential-
ly reducing the need for repeated electrode 
repositioning. This landmark appeared most 
consistently identifiable in patients with 
pancreatic head tumors in whom a plastic 
biliary stent had been placed prior to the 
procedure, providing clear fluoroscopic visu-
alization of the bile duct, and in whom the PV 
was adequately delineated on portography. 
Cases with significant tumor encasement of 
the PV or with tortuous biliary anatomy may 
be less suitable for this approach.

Safety considerations are paramount in 
pancreatic IRE. Given complication rates of 
up to 58% reported in the literature, such 
technical refinements are essential.9,16 In the 
present study, two bleeding complications 

were identified on post-ablation angiog-
raphy and were promptly managed using 
endovascular or conservative measures. In 
one case of arterial bleeding, the electrode 
trajectory was adjacent to an indwelling me-
tallic biliary stent that could not be removed. 
Although causality cannot be established, 
proximity to metallic hardware may plausibly 
influence local electric field behavior during 
high-voltage pulse, potentially leading to 
unintended energy concentration and ther-
mal-mediated vascular injury to the adjacent 
GDA.3 Metallic implants with high electrical 
conductivity can locally distort the applied 
electric field during IRE pulse delivery, lead-
ing to field concentration at the metal–tissue 
interface. This phenomenon, analogous to 
the “tip effect” described in radiofrequency 
ablation near metallic objects, may result in 
unintended joule heating and thermal inju-
ry to adjacent structures even in a nominally 
non-thermal modality such as IRE.17 These 
physical considerations should inform elec-
trode trajectory planning when metallic im-
plants are present in the procedural field. In 
another case, venous bleeding originating 
from a gastroepiploic varix along the un-
avoidable electrode trajectory was identified 
and controlled with manual compression. 
The ability to detect and manage vascular 
injuries immediately represents a practical 
advantage of real-time angiography within 
this vascular mapping workflow. 

Adjunctive portal venous management 
introduces additional risk–benefit consid-
erations. Portal vein (PV) stenting was per-
formed selectively in 11 patients, with the 
primary goal of maintaining vascular patency 
against tumor encasement and postproce-
dural edema. However, stent-related compli-
cations occurred in 18.2% (2/11) of patients 
with stents, including one case of systemic 
sepsis and one case of PV thrombosis with 
intrahepatic extension. These findings sug-
gest that concurrent PV stenting during pan-
creatic IRE should be undertaken cautiously, 
with strict selection criteria and standardized 
postprocedural management. Potential se-
lection criteria may include hemodynamical-
ly significant PV/SMV narrowing of at least 
50% with impaired venous flow or collateral 
formation, absence of complete portal ve-
nous occlusion, and adequate hepatic func-
tional reserve. Future studies should clarify 
the optimal timing and indications for portal 
venous intervention and determine whether 
staged strategies can reduce device-related 
risks without compromising venous patency.

It is also important to acknowledge the 
additional procedural burden of the vascular 

mapping workflow compared with conven-
tional CT-guided IRE. Combined arterial and 
transhepatic portal venous catheterization 
may increase fluoroscopy time, radiation 
exposure, and contrast use and carries ac-
cess-related risks, including bleeding and 
PV thrombosis. However, without a direct 
comparison group, the incremental burden 
attributable specifically to the mapping 
workflow could not be determined. Wheth-
er these additional procedural requirements 
provide sufficient technical or safety benefit 
should be evaluated in prospective compar-
ative studies. 

Early imaging response assessed by RE-
CIST 1.1 showed stable disease in 95.0% of 
evaluable patients at a median of 85 days 
after IRE. The modest median tumor size 
change observed in patients with stable 
disease (+3.2%) likely reflects early ablation 
zone edema rather than true tumor progres-
sion, a pattern well documented in the IRE 
literature.9 The two patients with progres-
sive disease showed substantially larger size 
increases (+30.8% and +29.2%), consistent 
with the biological aggressiveness of LAPC. 
Notably, 2/40 evaluable patients (5.0%) 
demonstrated progressive disease on early 
imaging, underscoring the biological aggres-
siveness of LAPC and the need for concurrent 
systemic therapy. The two non-evaluable pa-
tients with an indistinct ablation zone mar-
gin may also represent a favorable response, 
as complete tumor–parenchyma boundary 
obliteration has been described after suc-
cessful IRE.3 These early imaging findings 
were intended to provide an exploratory as-
sessment of early treatment response; how-
ever, given the limited follow-up period, they 
should not be interpreted as definitive evi-
dence of durable oncologic efficacy or long-
term local tumor control.

This study has several limitations. First, its 
retrospective, single-center design and the 
absence of a comparison group limit gener-
alizability and preclude conclusions regard-
ing the incremental benefit of vascular map-
ping over CT-only guidance. Selection bias is 
also possible because the decision to use the 
vascular mapping workflow was made at the 
discretion of the operating physicians. Pa-
tients considered technically suitable for this 
approach may therefore have been prefer-
entially selected, potentially contributing to 
the observed 100% technical success rate. A 
prospective study with prespecified eligibili-
ty criteria and a comparator group is needed 
to address this limitation. Second, the fol-
low-up period was insufficient to assess local 
tumor progression or survival, which will be 
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evaluated in subsequent analyses. Third, the 
sample size of 48 patients was not based on 
a formal power calculation, as this study was 
designed as a feasibility and safety evalua-
tion rather than an efficacy trial; the cohort 
size is nonetheless comparable to other pub-
lished feasibility studies on percutaneous IRE 
for LAPC, including prospective single-arm 
series of similar scale. Finally, the results re-
flect the experience of a high-volume center 
with expertise in combined angiography–CT 
procedures and may not be generalizable to 
centers with less experience or to patients 
with more extensive vascular encasement or 
limited transhepatic access. In such anatom-
ically challenging cases, the mapping strat-
egy and criteria for technical success may 
require modification.

In conclusion, standardized intraproce-
dural vascular mapping offers a practical 
workflow for consistent clustered electrode 
placement during pancreatic IRE in patients 
with LAPC, achieving complete ablation 
zone coverage in all patients. It should be 
noted that complete ablation zone coverage 
on intraprocedural imaging does not nec-
essarily equate to complete tumor necrosis 
or guarantee long-term local tumor control, 
and prospective studies with oncologic end-
points are needed to establish the clinical 
benefit of this approach.
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