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Recurrent variceal bleeding remains a leading cause of mortality in patients with portal hypertension (PH).
Standard secondary prophylaxis strategies (SP), including non-selective B-blockers (NSBB) and endoscopic injection
sclerotherapy (EIS), demonstrate suboptimal anti-recurrence efficacy.

Aim - to determine the optimal SP method for esophageal variceal bleeding (EVB) by comparing long-term
outcomes of partial splenic artery embolization (PSE) versus NSBB and EIS-based strategies.

Materials and methods. This prospective and retrospective study included 514 patients who survived at least one
EVB episode. SP efficacy was analyzed in three groups: NSBB monotherapy (n=243), EIS+NSBB (n=151), and
PSE+NSBB (n=120). The efficacy evaluation criteria were survival and EVB recurrence rates within 12 months.

Results. During the 12-month follow-up, survival was significantly higher in the PSE group (0.87) than in the
NSBB (0.73) and EIS (0.64) groups (p < 0.001), respectively. Recurrence-free status at one year was achieved in 56.2%
of PSE patients, versus 35.0% in EIS and 24.3% in NSBB. All-cause mortality was lowest after PSE (13.3%) and
highest in the EIS group (37.1%).

Conclusions. PSE provides significantly higher SP efficacy compared to standard strategies, offering an effective
minimally invasive treatment for high-risk patients with clinically significant PH.

The study was conducted in accordance with the principles of the Declaration of Helsinki. The study approved by the
Local Ethics Committee. Informed consent was obtained from all patients. The authors declare no conflict of interest.

Keywords: portal hypertension, esophageal varices, variceal bleeding, secondary prophylaxis, partial splenic
artery embolization, endoscopic injection sclerotherapy.

MopiBHANbHKUIA aHANI3 cTpaTerii BTOPUHHOI NPOiNaKTUKM KPOBOTEY i3 BAPMKO3HO PO3LLIMPEHUX BEH
CTPaBOXOAY NPU KNiHIYHO MaHipeCTHIN nopTanbHil rinepTeHsii: 12-piuHe OAHOLEHTPOBE AOCNIAXKEHHA
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PeunavBHi BapuKosHi KpoBoTeui (BK) 3aMwatoTbes ofHielo 3 NPOBIAHUX NPUYMH CMEPTHOCTI NPK NOPTaAbHIl rinepTeHsii. CTaHaapTHa
BTOPWMHHa npodinakTika (BM)— HecenekTnsHi B-61okatopu (HCEB) Ta eHgockoniyHa cknepotepania (ECT) He 3a6e3neyytoTb NPUIAHATHOMO
NpOTUPELMANBHOTO edeKTy.
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Merta — BU3HaYMTV ONTUMaNbHUI1 MeToa Bl KpoBoTeY i3 BApUKO3HO po3LinpeHux BeH (BPB) cTpaBoxoay Ha OCHOBI aHani3y BigaaneHmx
pe3ynbTaTiB NapLianbHoi embonizaLii cenesiHkooi apTepii (MECA) nopisHsaHo 3 HCBB Ta ECT.

Marepianm i meTogu. Y npocneKTMBHO-PETPOCNEKTUBHOMY O4HOLEHTPOBOMY AOCNIAMKEHHI B3AAM y4acTb 514 nawjieHTiB, AKi nepeHecan
LLOHaMMeHLLEe OfIMH eni30/ KPOBOTeYi 3 BapMKO3HMX BeH CTPaBoxoay abo LyHKyY. AHani3 edpekTnsHocTi Bl npoBeaeHo y TPbOX KAiHIYHMX
rpynax: moHotepanii HCBB (n=243), ECT y kombiHauji 3 HCBB (n=151) Ta MECA y KombiHau,ii 3 HCBB (n=120). Kputepismu oLiHKK edpeKTus-
HOCTi C1yryBa/iv NOKa3HMKM BUMKMBAHOCTI Ta YacTOTA NOBTOPHMX eni3ogis BK npotarom 12 micAuis.

Pe3ynbrati. Y nepiog 12-micA4HOro CNOCTEPEXKEHHA BUKMBAHICTb Byna A0CTOBIpHO BuLLoto y rpyni MECA (0,87) Hix y rpynax HCBE (0,73) Ta
ECT (0,64) BignoBigHo. BiacyTHICTb peLmamBiB KPOBOTEYi NPOTArom poKy 3adikcoBaHo y 56,2% nauieHTis rpynu NECA, Togi Kk y rpynax ECT
Ta HCBB uj nokasHMKK ctaHoBuAm 35% Ta 24,3%. 3aranbHa neTanbHicTb 6yna HalHuk4oto y rpyni MECA+HCBE (13,3%) Ta HalBULLOHO Y rpy-
ni ECT+HCBb (37,1%).

BucHoBku. MECA 3abe3nedye A0CTOBIPHO BULLY eDEKTUBHICTb BTOPMHHOI NPOdiNaKTUKM BaPUKO3HUX KPOBOTEY NPU KNIHIYHO MaHidecTHil
nopTanbHil rinepTteHsii nopisHAHO 3 MoHoTepanieto HCBB Ta ECT B KombiHaLji 3 HCBB.

JocnigeHHA BUKOHAHO BiANOBIAHO A0 NPMHLMNIB [eNbCiHCbKOT AeKNapaLlii Ta CXBaeHO N0KaNbHOK ETUYHOI KOMICIE. BCi NaLieHTH Ha-

[anv iHGopmoBaHy 3rofy Ha y4acTb.
ABTOpM 3aABAAOTb NPO BiACYTHICTb KOHDAIKTY iHTEpECiB.

Knro4oei cnoea: nopTanbHa rinepTeHsis; KPOBOTEY 3 BAPMKO3HO-PO3LWMPEHNX BEH CTPABOXOAY; BTOPMHHA NpodinakTvKa; embonisauin

cenesiHKOBOI apTepii; eHAOCKOMIYHA CKAepoTepania.

Introduction

Portal hypertension (PH) is the central pathophysio-
logical driver of major complications in cirrhosis [13],
most notably the development and rupture of gastro-
esophageal varices (GEV) [3,7]. An initial episode of
esophageal variceal bleeding (EVB) marks the transition
to decompensated cirrhosis and is associated with a me-
dian survival of approximately 1.5-2 years, underscoring
the critical importance of effective secondary prophy-
laxis (SP) [2].

Before the introduction of pharmacologic and endo-
scopic strategies, the 1-year risk of rebleeding exceeded
60% [5]. Current approaches, including non-selective
B-blockers (NSBB) and endoscopic therapies, have re-
duced this risk to approximately 30-32%, yet these rates
remain unacceptably high, particularly in patients with
clinically significant portal hypertension (CSPH),
marked splenomegaly, and hypersplenism [11].

Early rebleeding within the first 6 weeks continues to
be a leading cause of mortality [13].

Transjugular intrahepatic portosystemic shunt (TIPS)
represents a potent modern modality for SP [12]. How-
ever, the procedure’s high cost, technical complexity, and
associated complications most notably hepatic ence-
phalopathy limit its widespread adoption in Ukrainian
clinical practice. Consequently, endoscopic techniques
and pharmacological treatment remain the predominant
standard of care.

In this context, the limited efficacy of standard care
has prompted growing interest in minimally invasive
interventional techniques aimed at modifying splanch-
nic hemodynamics. PSE offers a dual mechanism of be-
nefit: it reduces excessive arterial inflow to the portal
circulation and mitigates hypersplenism, a key contrib-
utor to bleeding risk in CSPH [6,9,14]. Therefore, com-

paring the efficacy of PSE against these traditional pro-
phylactic methods is a crucial step toward optimizing
treatment strategies.

The aim of this study was to determine the optimal SP
method for EVB by comparing long-term clinical out-
comes, specifically survival and rebleeding risks of PSE
versus standard pharmacological treatment and endo-
scopic sclerotherapy.

Materials and methods of the study

Study Design and Patient Population. This prospective
and retrospective single-center study included 514 con-
secutive patients with liver fibrosis or cirrhosis who sur-
vived an index episode of EVB. Clinical history and
pre-inclusion bleeding data were analyzed retrospectively,
whereas post-intervention outcomes were followed pro-
spectively. All patients were managed according to inter-
national guidelines (American Association for the Study
of Liver Diseases, Baveno VII) and received standardized
acute care prior to allocation to a secondary prophylaxis
strategy. The treatment groups were well-matched regard-
ing fundamental demographic parameters.

Patients were subsequently assigned to one of three
treatment groups:

NSBB - 243 patients;

EIS + NSBB - 151 patients;

PSE + NSBB - 120 patients.

Basic demographic characteristics of the study popu-
lation (n=514) are summarized in Table 1.

The choice of secondary prophylaxis was individua-
lized, reflecting clinical severity, bleeding risk, hemody-
namic profile, and response to initial therapy. PSE was
reserved for patients with severe splenomegaly, hyper-
splenism, morphologic signs of splenic arterial hyper-
perfusion, or recurrent bleeding despite pharmacologi-
cal or endoscopic management.
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’;le);ﬁne demographic and clinical characteristics of the study groups

Variable NSBB (n=243) EIS + NSBB (n=151) | PSE + NSBB (n=120) | p-value
Age, years (mean £ SD) 50.2+12.9 51.4+12.2 49.5+10.5 >0.05%?
Male sex, n (%) 154 (63.4%) 95 (62.9%) 70 (58.3%) >0.052

Note: statistically significant or non-significant difference relative: 1 —to NSBB group; 2 —to EIS group.

Fig. 1. Endoscopic appearance of an esophageal varix with a
«nipple sign». A protruding fibrin plug(«nipple») is seen on
the surface of a large esophageal varix (arrow). This finding
represents a recent bleeding point and is a well-recognized
predictor of high rebleeding risk during acute variceal
hemorrhage

Fig. 2. CT: marked splenomegaly, a nodular liver contour,
a patent portal vein, and dilated looping splenic artery
segments indicating hyperperfusion

Statistical analysis was performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Ja-
pan). Continuous variables are expressed as mean +
standard deviation (SD) and were compared using one-
way analysis of variance (ANOVA). When ANOVA in-
dicated significant differences, Bonferroni’s post-hoc test
was applied for pairwise comparisons. Categorical vari-
ables were analyzed using the chi® test or Fisher’s exact
test, as appropriate.

To quantify the burden of bleeding, incidence rate ra-
tios (IRR) with 95% confidence intervals (CI) were cal-
culated as the ratio of the total number of bleeding epi-
sodes to the number of patients in each group. Survival
outcomes (overall and rebleeding-free survival) were
estimated using the Kaplan-Meier method, and diffe-
rences between curves were evaluated with the log-rank
test. A two-tailed p-value< 0.05 was considered statisti-
cally significant.

Pharmacological Therapy: NSBB. Patients in the NSBB
group received propranolol or nadolol according to stan-
dard titration protocols. Therapy was initiated after he-
modynamic stabilization and titrated to achieve a target
heart rate of 55-60 bpm or a 25% reduction from base-
line, provided systolic blood pressure remained above
90 mmHg. Patients unable to reach target dosing due to
hypotension or intolerance were classified as partial re-
sponders, while those requiring discontinuation were
defined as non-responders. NSBB monotherapy served
as the reference arm for standard pharmacological se-
condary prophylaxis.

Endoscopic Injection Sclerotherapy (EIS). EIS was per-
formed during the index hospitalization or within 10-
14 days of stabilization. During the initial endoscopic
assessment, specific stigmata of recent hemorrhage, such
as the «nipple sign,» were evaluated as indicators of high
rebleeding risk (Fig. 1). Intravariceal injections of sodi-
um tetradecyl sulfate were administered using a stan-
dard 23 and 25-gauge sclerotherapy needle in 0.5-1.0 ml
aliquots per varix. Sessions were repeated every 10-
14 days until variceal obliteration or until the patient was
transitioned to maintenance endoscopic therapy.

Complications of EIS were relatively uncommon but
clinically relevant. In addition to minor adverse effects
such as transient retrosternal discomfort, low-grade fe-
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Fig. 3. CT: tortuosity and significant dilation of the splenic
artery (white arrows)

ver, or temporary dysphagia, several potentially serious
events were observed and are well documented in the
literature.

One of the rare but severe complications is the migra-
tion of the sclerosant into the systemic or pulmonary
circulation. Accidental intravascular injection may allow
the sclerosant to enter esophageal perforating veins and
subsequently reach the pulmonary arterial branches,
where it can cause chemical endothelial injury, segmen-
tal vasospasm, or vascular obstruction. In isolated cases,
this process may result in focal pulmonary infarction or
thromboembolic phenomena, often presenting with
pleuritic chest pain and localized consolidation on com-
puted tomography (CT). Mucosal necrosis or ulceration
at the injection site is uncommon but can develop when
the sclerosant extravasates into submucosal or muscular
layers. In more severe cases, this may lead to deep mural
injury or esophageal wall necrosis, predisposing to ul-
ceration, delayed strictures, or rarely, microperforation.

Pre-procedural imaging and eligibility assessment for
PSE. All patients considered for PSE underwent con-
trast-enhanced CT as part of the standard pre-procedu-
ral evaluation. This imaging modality played a central
role in confirming the presence and severity of PH, while
simultaneously providing detailed anatomical informa-
tion necessary for planning the intervention.

CT allowed the assessment of the splenic artery dia-
meter and morphology, quantification of splenic vo-
lume, and verification of portal and splenic vein patency.
These parameters were essential both for determining
procedural feasibility and for anticipating the technical
complexity of the embolization (Fig. 2, 3).

Based on CT angiography findings, patients were con-
sidered eligible for PSE if they demonstrated radiologic
features consistent with significant splenic arterial hy-

. '|_
Fig. 4. Intraprocedural angiography of the splenic artery from

the same patient demonstrates dense coil packing, contrast
reflux from coil clusters, and preserved distal perfusion

perperfusion. The most important determinants includ-
ed dilation of the splenic artery to at least 5-7 mm and
marked arterial tortuosity, often manifesting as a cha-
racteristic corkscrew configuration. Eligibility further
required splenic enlargement exceeding 400-500 cm’,
a fully patent portal venous system, and the absence of
a proximal stenosis or a celiac trunk obstruction that
could compromise inflow dynamics. In addition, the ar-
terial anatomy had to be favorable enough to permit safe
and selective catheterization of the intended emboliza-
tion segment.

Taken together, these imaging criteria ensured that
PSE would appropriately target the inflow component of
PH, reducing the splenic arterial contribution to portal
pressure while preserving adequate splenic venous out-
flow. This comprehensive pre-procedural assessment
was essential not only for procedural safety but also for
ensuring a durable long-term hemodynamic response.

Procedural technique. PSE was performed via a trans-
femoral or transradial approach under fluoroscopic
guidance.

After selective catheterization of the splenic artery,
a 5F catheter was advanced into the target segment, fol-
lowed by controlled deployment of metallic coils to re-
duce arterial inflow (Fig. 4).

Technical success of the procedure was confirmed in-
traoperatively based on several standardized angio-
graphic criteria. First, a stable catheter position within
the target arterial segment was required to ensure con-
trolled deployment of the metallic coils. Successful em-
bolization was characterized by dense and compact coil
packing, forming a well-defined occlusion mass. A clas-
sic «reflux sign» on post-embolization angiography, with
flow attenuation at the coil cluster, served as an essential
indicator of adequate inflow reduction. At the same
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Fig. 5. Representative 12-month post-embolization 3D CT
angiography. The image demonstrates a compact, stable clus-
ter of metallic coils (white arrows) with markedly attenuated
splenic arterial flow and no evidence of recanalization, con-
sistent with a durable and well-maintained hemodynamic
response

time, preserved perfusion of viable splenic parenchyma
was mandatory to avoid excessive devascularization. The
procedure was considered technically safe when per-
formed without non-target embolization, coil migration,
or arterial injury.

Post-embolization imaging and follow-up. The assess-
ment of long-term effectiveness following PSE was
performed using a standardized imaging protocol. All
patients underwent contrast-enhanced CT at
12 months after the procedure to evaluate the durabi-
lity of the embolization and confirm a persistent hemo-
dynamic benefit.

The follow-up CT focused on several key parameters.
First, a sustained reduction of splenic arterial inflow was

assessed by visualizing decreased enhancement of the
previously embolized arterial segments. The stability of
the metallic coil construct was verified by ensuring that
the coil configuration and density remained unchanged,
with no evidence of migration or mechanical displace-
ment (Fig. 5).

Additionally, radiologists evaluated the absence of
arterial recanalization or collateral reconstitution,
which might indicate partial failure or the re-establish-
ment of splenic inflow. The preservation of viable
splenic parenchyma was an equally important criteri-
on, confirming that the embolization remained selec-
tive rather than organ-ablative. The patency of the por-
tal venous system-including the portal and splenic
veins was routinely checked to exclude delayed throm-
bosis. Clinical endpoints such as the absence of re-
bleeding and the improvement in cytopenias were as-
sessed in parallel with imaging findings, ensuring
a combined anatomical and clinical evaluation of treat-
ment success.

The assessment and usage of all clinical data were ap-
proved and permitted before the study by the Ethics
Committee of Bogomolets National Medical University.
The study protocol conformed to the ethical guidelines
of the «World Medical Association (WMA) Declaration
of Helsinki - Ethical Principles for Medical Research
Involving Human Subjects» adopted by the 18" WMA
General Assembly, Helsinki, Finland, June 1964, and
amended by the 59" WMA General Assembly, Seoul,
South Korea, October 2008. Written informed consent
was obtained from all individual participants included
in the study.

Table 2
Baseline clinical characteristics of the study population

Variable NSBB (n=243) EIS + NSBB (n=151) PSE + NSBB p-value

(n=120)

Etiology of cirrhosis, n (%):

- viral (HCV/HBV) 112 (46.1%) 64 (42.4%) 55 (45.8%) >0.05%?
- alcohol-associated liver disease 89 (36.6%) 57 (37.7%) 41 (34.2%) >0.052
- cryptogenic 42 (17.3%) 30(19.9%) 24 (20.0%) >0.052
Child-Pugh class, n (%):

-A 71 (29.2%) 43 (28.5%) 44 (36.7%) >0.0512
-B 158 (65%) 100 (66.2%) 67 (55.8%) >0.05"2
-C 14 (5.8%) 8 (5.3%) 9 (7.5%) >0.0512
MELD 7.5%£3.6 8.613.5 8.7+t4.9 <0.05?
Platelet count, x10%L 95+51 90.1+23.4 82.7+30.3 <0.05%2
Hemoglobin, g/L 96.5+20.1 9317 83.3+19.7 <0.01'?
Splenomegaly, n (%) 188 (77.4%) 134 (88.7%) 120 (100%) <0.01*?
Total episodes of prior bleeding, n (%) |268 243 352 NA

IRR 1.1 1.61 2.93 <0.01%?

Notes: statistically significant or nonsignificant difference relative: 1 —to NSBB group; 2 —to EIS group; MELD — Model for End-Stage Liver

Disease; IRR — Incidence Rate Ratio.
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Results of the study and discussion

The treatment groups demonstrated a high degree of
homogeneity regarding baseline demographic and cli-
nical parameters (Tables 1, 2)

Significant heterogeneity was observed in parameters
related to PH severity. The PSE group exhibited marked-
ly different baseline profiles compared to the NSBB and
EIS cohorts, specifically regarding MELD (Model for
End-Stage Liver Disease) scores (p=0.004), hemoglobin
levels (p<0.001), platelet counts (p=0.022), and spleen
size (p<0.001). While the incidence of portal vein paten-
cy was similar across all groups, the pre-treatment bleed-
ing burden, expressed as IRR, was notably higher in the
PSE group (2.93) compared to the NSBB group (1.10).

There were no statistically significant differences
across the NSBB, EIS, and PSE groups in terms of age,
sex distribution, or the etiology of liver cirrhosis (viral,
alcohol-associated liver disease, or metabolic), indicat-
ing a homogeneous population structure regarding the
underlying liver disease (p>0.05). Furthermore, hepatic
synthetic function, as assessed by Child-Pugh classifi-
cation, was comparable among the groups.

However, significant heterogeneity was observed in
parameters related to PH severity. The PSE group exhi-
bited markedly different baseline profiles compared to
the NSBB and EIS cohorts, specifically regarding MELD
scores (p=0.004), hemoglobin levels (p<0.001), platelet
counts (p=0.022), and spleen size (p<0.001). While the
incidence of portal vein patency was similar across all
groups, the pre-treatment bleeding burden, expressed as
IRR, was notably higher in the PSE group (IRR=2.93)
compared to the NSBB group (Table 2).

During the 12-month follow-up period, the clinical
trajectories of the three secondary prophylaxis groups
diverged substantially, allowing a clear comparison of
therapeutic effectiveness (Table 3). Although patients in
the PSE cohort presented with the most severe baseline
profile, including the highest burden of previous bleed-
ing episodes, pronounced splenomegaly, and more se-
vere hypersplenism, their subsequent clinical course was
markedly more favorable.

Overall survival analysis using the Kaplan-Meier
method demonstrated a pronounced advantage of PSE
over EIS and NSBB. The survival curve in the PSE group
declined more gradually, reflecting fewer fatal events and
more effective long-term control of PH. Twelve-month
overall survival rates were 0.87 for PSE, 0.73 for NSBB,
and 0.64 for EIS, with statistically significant differences
among the curves (log-rank p<0.001).

This pattern was mirrored in the analysis of recur-
rence-free survival. Patients who underwent PSE main-
tained the longest interval without rebleeding, whereas
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Fig. 6. Recurrence-free survival in the PSE, EIS, and NSBB
groups over 12 months

the EIS and NSBB curves exhibited a steep early decline,
indicating frequent early recurrences. The probability of
remaining free from variceal rebleeding at 12 months
was 0.60 in the PSE group, compared with 0.41 and
0.27 in the EIS and NSBB cohorts (Fig. 6), respectively
(log-rank p<0.001).

A particularly sensitive indicator of treatment efficacy
was the IRR, which reflects the intensity of recurrent bleed-
ing per patient. Despite the initially highest IRR in the PSE
group (2.93 at baseline), this cohort achieved the deepest
reduction over time, with the IRR decreasing to 0.58 in the
first six months and further to 0.39 between months 6-12 -
representing a more than 7.5-fold reduction. In compari-
son, the IRR in the EIS group decreased from 1.61 to 0.56,
while NSBB therapy showed the least favorable dynamics,
with an initial rise (up to 1.24) followed by a partial decline
t0 0.68 in the second half of the year.

Between-group comparisons confirmed the superio-
rity of PSE, with IRRs of 1.82 versus EIS and 2.66 versus
NSBB (both p<0.001). These findings are consistent with
Doppler ultrasound observations demonstrating early
stabilization of splanchnic hemodynamics following em-
bolization.

The curve demonstrates substantial differences bet-
ween treatment strategies. Patients who underwent
PSE maintained the highest probability of remaining
free from recurrent bleeding (0.60), whereas the corre-
sponding values in the EIS and NSBB groups were
0.41 and 0.27, respectively. The early decline observed
in the EIS and NSBB curves reflects the high incidence
of early rebleeding episodes, while the prolonged pla-
teau of the PSE curve indicates a stable and durable
hemodynamic effect of the intervention. Differences
between the curves were statistically significant (log-
rank p<0.001).

The frequency of recurrent bleeding episodes also
differed markedly across the groups. At least one re-

ISSN 2304-0041 Xipypria agutadoro siky (Ykpaia) Ne4(89)/2025 | 37



Original articles. Thoracic surgery

1.100

1000 { PSE;0.87 |

ooaaco?—----.‘_ﬁ‘

050 2
- - -

0.800 J
ssessss NSBB

o7 073 |

) . EIS; 0.64
0.900 1
0.300
0.100 12 m

Fig. 7. Twelve-month overall survival in the PSE, EIS, and
NSBB groups

bleeding event within 12 months occurred in 43.8% of
patients in the PSE group, compared with 65% in the
EIS group and 75.7% in the NSBB group. Chi-square
analysis confirmed significant differences for all com-
parisons (p<0.05). Importantly, even though the PSE
cohort included patients with the most advanced PH,
their recurrence rates remained substantially lower than
those observed with pharmacological or endoscopic
therapy.

Analysis of all-cause mortality further strengthened
these observations. Twelve-month mortality was lowest
after PSE (13.3%), while the EIS and NSBB groups
demonstrated mortality rates of 37.1% and 28.4%, re-
spectively (Fig. 7). The EIS cohort exhibited a higher
proportion of non-variceal deaths, including ulcer-re-
lated complications, strictures, and septic events, high-
lighting the potential iatrogenic risks associated with
repeated sclerotherapy. Bleeding-related mortality was
also lowest in the PSE group (9.1% versus 27.8% and
26.7% for EIS and NSBB).

The PSE cohort demonstrates the highest survival
probability (0.87), with a markedly slower decline in the
Kaplan-Meier curve compared with NSBB (0.73) and
EIS (0.64). These findings indicate superior long-term
hemodynamic stability and reduced mortality following
PSE (log-rank test, p<0.001).

Collectively, these results demonstrate the significant
therapeutic advantage of partial splenic artery emboli-
zation over both endoscopic injection sclerotherapy and
non-selective B-blocker therapy across all clinically
meaningful endpoints, including rebleeding frequency,
recurrence intensity, recurrence-free survival, and over-
all survival. Notably, PSE provided the most favorable
outcomes despite being reserved for patients with the
most severe baseline disease, underscoring its capacity
to achieve durable hemodynamic stabilization and long-
term clinical benefit in real-world practice.

The present study provides compelling evidence that
partial splenic artery embolization (PSE) offers a distinct
survival and clinical advantage over standard pharma-
cological and endoscopic therapies. A notable finding of
our investigation is the inverse relationship between
baseline severity and clinical outcome: although the PSE
cohort comprised patients with the most advanced PH,
this group achieved superior long-term hemodynamic
stability compared to those treated with NSBB or EIS.
This underscores the potential of PSE to effectively in-
terrupt the pathophysiology of variceal bleeding even in
the setting of decompensated cirrhosis.

Our observations are consistent with several land-
mark international studies that have described the phy-
siological and clinical benefits of PSE. The pioneering
work of D.G. Spigos et al. demonstrated that partial
splenic embolization can reduce portal pressure by
20-30% and significantly decrease the risk of recurrent
variceal bleeding [10]. Subsequent investigations, in-
cluding those by K.G. Koconis et al. and K. Zhu et al,,
confirmed that PSE not only decompresses the portal
venous system but also effectively corrects hypersple-
nism through improved platelet counts and reduced
splenic pooling [8,14]. In their review, K.G. Koconis et
al. [8] position PSE as a key tool when standard portal
pressure control fails. The correction of cytopenias plays
a vital role in reducing bleeding risk, particularly in pa-
tients with advanced disease, and this mechanism like-
ly contributed to the favorable outcomes observed in
our cohort.

Importantly, our findings support the growing con-
sensus that traditional modalities such as EIS and NSBB
are limited by their lack of direct impact on PH. This
limitation is well documented in the foundational works
of G. Garcia-Tsao et al. and J. Bosch et al., who empha-
sized that effective secondary prophylaxis requires a sus-
tained reduction of portal pressure, rather than merely
a local modification of variceal channels [1,4]. Endo-
scopic obliteration techniques provide a short-term ana-
tomical benefit but fail to address the underlying hemo-
dynamic drivers of variceal formation, while NSBB
therapy may be insufficient in patients with severe hy-
perdynamic circulation or refractory PH.

In contrast, PSE directly targets the inflow component
of PH by reducing splenic arterial perfusion, subse-
quently decreasing portal venous inflow and improving
splanchnic hemodynamics. The magnitude and stability
of the IRR reduction observed in our study, particularly
the more than seven-fold decrease over 12 months, re-
flect this physiological mechanism and align with Dop-
pler-based assessments reported in prior literature. Re-
garding safety, it is important to acknowledge that
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post-embolization syndrome (abdominal pain, fever) is
a common adverse event following PSE; however, it is
transient and medically manageable, standing in con-
trast to the potentially serious iatrogenic complications
associated with repeated EIS.

A noteworthy finding is that despite the unfavorable
baseline clinical profile of the PSE group, including the
highest IRR and most advanced splenomegaly, these pa-
tients ultimately achieved the lowest recurrence rates,
the lowest bleeding-related mortality, and the highest
overall survival. This observation parallels the conclu-
sions drawn by K. Zhu et al., who reported particularly
high efficacy of PSE in patients with pronounced sple-
nomegaly and recurrent bleeding [14].

Our study has certain limitations. First, it was a
single-center experience, which may limit the genera-
lizability of the findings. Second, the study design was
retrospective and prospective with non-randomized
group selection, introducing the potential for selection
bias. However, the observed baseline disparities bet-
ween the treatment groups are not attributable to this
bias, but rather reflect the specific clinical indications
for each intervention strategy. The PSE cohort repre-
sented a patient population with more advanced ma-
nifestations of PH, characterized by severe hypersple-
nism and profound thrombocytopenia. These patients
were selected for interventional radiology specifically
due to significant hemodynamic compromise or con-
traindications/failure of standard conservative thera-
pies (NSBB/EIS). Consequently, the lower platelet
counts, larger spleen sizes, and higher initial bleeding
burden in the PSE group document the appropriate
real-world triage of high-risk patients to a more inten-
sive treatment modality.

Overall, the present findings reinforce contemporary
international recommendations that advocate for the
consideration of PSE in patients with complicated PH,
particularly when standard endoscopic or pharmacolo-
gical strategies fail to achieve sufficient hemodynamic
control. Given its ability to modulate both portal pres-
sure and hematologic parameters, PSE represents an
effective and physiologically justified modality for se-
condary prophylaxis, with substantial potential to im-
prove long-term outcomes in high-risk cirrhotic pa-
tients.

Conclusions

Partial splenic artery embolization demonstrated su-
perior efficacy compared with NSBB and EIS-based
strategies in the secondary prophylaxis of esophageal
variceal bleeding. PSE provided the most substantial re-
ductions in rebleeding frequency and intensity, along

with the highest overall and recurrence-free survival,
even in patients with the most advanced disease at base-
line. These findings underscore the ability of PSE to
achieve durable hemodynamic improvement and sup-
port its integration into treatment algorithms for high-
risk patients with complicated PH.
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