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Partial splenic artery embolization (PSE) is used in the management of portal hypertension to reduce splenic
inflow. However, its hemodynamic impact in the secondary prophylaxis of esophageal variceal bleeding requires
additional investigation.

OBJECTIVE — to assess changes in splenic hemodynamics after PSE for secondary prevention of variceal bleeding,

MATERIALS AND METHODS. The study included 90 patients (mean age 49.5 years) with a history of variceal bleeding
and splenomegaly (mean volume 781.6 cm3). Splenic hemodynamics were evaluated using Doppler ultrasound
at baseline and 1 month after PSE. Splenic volume and complications were monitored for up to 12 months.

Resurts. One month after PSE, splenic artery diameter decreased from 5.77+1.20 to 4.72+1.14 mm (p<0.001).
Peak systolic velocity declined (152.92+50.35 to 89.77 £34.28 cm/s, p < 0.001), and end-diastolic velocity decreased
(56.76£21.93 to 38.18+15.59 cm/s, p<0.001). Both resistance (0.63+0.08 to 0.58+0.13, p<0.05) and pulsatility
indices (1.07£0.24 to 0.95+0.27, p<0.01) reduced significantly. Splenic volume initially increased to 831.7 cm?
due to edema but significantly decreased to 504.2 £ 209.8 cm? by month 6 (p <0.001), with this reduction sustained
through month 12. Post-embolization syndrome was managed conservatively in 99% of cases; one instance of
splenic abscess occurred. Conversely, the sclerotherapy comparison group showed increased splenic volume.

Concrusions. PSE induces significant short-term attenuation of splenic arterial inflow and venous outflow,

followed by a substantial reduction in splenic volume. It is an effective adjunct for secondary prophylaxis with
a predictable safety profile. Future comparative studies using unified hemodynamic protocols are required.
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Partial splenic artery embolization (PSE) induces
predictable and clinically significant alterations in
splenic and portal hemodynamics, which underlie
its therapeutic efficacy in patients with portal hy-
pertension complicated by splenomegaly and hy-
persplenism [2]. Immediately after embolization,
a marked reduction in arterial inflow to the spleen is
observed, resulting in a significant decrease in splen-
ic perfusion. Doppler ultrasound assessment typi-
cally demonstrates reduced peak systolic velocity
(PSV) and mean flow velocity in the splenic artery,
accompanied by an increase in the resistive index
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(RI). These changes reflect an effective mechanical
limitation of splenic arterial inflow and redistribu-
tion of blood volume within the splanchnic circula-
tion. At the venous level, PSE leads to a progressive
decrease in splenic venous outflow, which contrib-
utes to a reduction in portal venous inflow. Several
studies have reported a subsequent decline in portal
vein diameter and flow velocity, indicating partial
decompression of the portal system. This hemody-
namic unloading is considered one of the principal
mechanisms by which PSE reduces portal pressure
and lowers the risk of variceal bleeding. The extent
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of these hemodynamic changes correlates with the
embolized splenic volume. Patients undergoing em-
bolization of 50—70 % of the splenic parenchyma ex-
hibit a more pronounced reduction in splenic artery
flow and portal venous inflow compared to those
with limited embolization, while maintaining an ac-
ceptable safety profile [5]. Excessive embolization,
however, may result in substantial ischemic changes
without providing further hemodynamic benefit.

In the subacute and long-term periods, partial
restoration of splenic blood flow is commonly ob-
served due to the development of collateral arterial
circulation. Nevertheless, Doppler parameters usu-
ally remain significantly lower than baseline values,
suggesting sustained modulation rather than com-
plete normalization of splenic hemodynamics. This
persistent reduction in splenic inflow explains the
durable improvement in hypersplenism parameters,
particularly platelet and leukocyte counts.

From a pathophysiological perspective, PSE
does not eliminate portal hypertension but instead
modifies one of its major contributors—the hyperdy-
namic splenic circulation. By reducing splenic arte-
rial inflow, PSE decreases splenic sequestration and
portal venous inflow, thereby exerting a dual benefi-
cial effect on both systemic hematologic parameters
and portal hemodynamics.

OBJECTIVE — to assess short-term changes in splenic
arterial and venous hemodynamics following partial
splenic artery embolization performed for secondary
prevention of esophageal variceal bleeding.

Materials and methods

Study design and patients

This prospective observational study included 90
patients who underwent PSE as a part of second-
ary prevention of esophageal variceal bleeding. All
patients had a documented history of at least one
episode of variceal hemorrhage prior to enrollment,
with the number of bleeding episodes ranging from
one to seven.

The study cohort consisted of 38 women and 52
men, with a mean age of 49.5 years. Splenomegaly
was present in all patients, with baseline splenic
volume exceeding 300 cm? in every case. The mean
baseline splenic volume was 781.6 cm?, as assessed
at the pre-intervention time point (0 months).

Doppler ultrasound assessment

Doppler ultrasound flowmetry was used to assess
splenic arterial and venous hemodynamics before
intervention and during follow-up. Examinations
were performed by experienced operators using
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standardized protocols. The splenic artery was eval-
uated at the proximal segment, with measurements
including vessel diameter, peak systolic velocity,
end-diastolic velocity, time-averaged mean veloc-
ity, RI, and pulsatility index (PI). Volumetric blood
flow was calculated based on vessel diameter and
mean flow velocity (Fig. 1).

The splenic vein was assessed at the hilum or
proximal segment, with measurements including
vessel diameter, maximal and time-averaged mean
flow velocities, and calculated volumetric blood flow.

Baseline Doppler measurements were obtained
prior to embolization (0 months), and follow-up as-
sessments were performed at 1 month after the pro-
cedure. Additional volumetric and clinical follow-up
was conducted up to 12 months post-intervention.

Partial splenic artery embolization technique

Partial splenic artery embolization was performed
using a reductional technique under fluoroscopic
guidance (Fig. 2, 3). Selective catheterization of the
splenic artery was achieved via standard transfemo-
ral access. Embolization was targeted to achieve
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Figure 1. Doppler ultrasound flowmetry assessment:
A. Splenic artery (AL) B. Splenic vein (VL).

The image demonstrates the spectral Doppler
waveform and the calculation of volumetric blood
flow parameters in the splanchnic circulation
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Figure 2. Selective angiography of the splenic artery.
The catheter is positioned in the proximal segment
of the vessel prior to embolization

Figure 3. Angiographic result of partial splenic
artery embolization. The image demonstrates the
placement of embolization coils in the splenic
artery, resulting in reduced distal perfusion

partial devascularization of the splenic parenchyma
while preserving a functioning splenic remnant.
The extent of embolization was determined based
on angiographic findings and clinical indications.
The extent of embolization was determined based
on angiographic findings and clinical indications.

Outcome measures

The primary outcomes of the study were short-term
changes in splenic arterial inflow and splenic venous
outflow parameters assessed by Doppler ultrasound
at 1 month after embolization. Secondary outcomes
included changes in splenic volume during follow-up
and the incidence of post-embolization syndrome.

Statistical analysis

Continuous variables are presented as mean + stan-
dard deviation. Paired comparisons between base-
line and follow-up measurements were performed
using appropriate statistical tests. A p-value of
<0.05 was considered statistically significant.

Results

The data presented in Table demonstrate a pro-
nounced hemodynamic effect of reductional PSE
on the major vessels of the portal circulation.

At the arterial level, significant changes in splenic
artery morphology and flow parameters were ob-
served as early as 30 days after the intervention. Sys-
tolic and diastolic splenic artery flow velocities and
the effective vessel diameter decreased significantly
from baseline values (p <0.001; see Table).

Doppler-derived impedance parameters changed
accordingly. Both the PI and RI showed significant
reductions, reflecting attenuation of splenic arterial
flow intensity following embolization (see Table).

Table. Changes in splenic artery and vein Doppler parameters after partial splenic artery embolization

Parameter Before intervention 1 month after PSE P
Splenic artery
Diameter, mm 5.77+1.20 472+1.14 <0.001
Peak systolic velocity, cm/s 152.92+50.35 89.77 +34.28 <0.001
End-diastolic velocity, cm/s 56.76£21.93 38.18£15.59 <0.001
RI 0.63£0.08 0.58£0.13 <0.05
PI 1.07 £0.24 0.95+0.27 <0.01
Splenic vein
Diameter, mm 9.09+2.57 7.15+2.30 <0.001
Maximal flow velocity, cm/s 34.08 +15.04 21.53+7.87 <0.001
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The reduction in arterial inflow to the spleen was
followed by a corresponding decrease in venous out-
flow. As shown in Table, splenic vein hemodynamic
parameters demonstrated a statistically significant
(p<0.001) and sustained decline throughout the
postoperative observation period.

Maximal splenic vein flow velocity decreased from
34.08 cm/s to 21.53 cm/s (—37 %), while time-aver-
aged mean velocity declined from 27.96 cm/s to 17.62
cm/s (—37 %). Simultaneously, a reduction in splenic
vein diameter was observed, resulting in a marked
decrease in calculated splenic venous volumetric
flow from 1.19 L/min to 0.39 L/min (-67.2 %).

For comparison, in the endoscopic sclerotherapy
group, in which ultrasound examination was per-
formed using a limited protocol without Doppler
flowmetry for vascular velocity assessment, an in-
crease in splenic vein diameter was observed at 1
month after the procedure.

At 1-month follow-up, splenic vein diameter af-
ter PSE (7.15+2.30 mm) was numerically smaller
than that observed after endoscopic sclerotherapy
(8.63£2.79 mm and 9.88 + 1.45 mm).

As an integral consequence of reduced splenic ar-
terial inflow and venous outflow, dynamic changes
in splenic volume and the functioning parenchymal
fraction were observed. Splenic volume increased
from 781.6 cm? prior to embolization to 831.7 cm?
at 1 month of follow-up. Subsequently, a consis-
tent downward trend was noted up to the 12-month
control point, with a statistically significant reduc-
tion observed from the 6-month follow-up onward
(p<0.001). The transient early increase in splenic
volume was attributed to parenchymal edema associ-
ated with embolization-induced infarctions and the
infarcted areas themselves. During further follow-up,
infarct evolution and replacement by fibrous tissue led
to a gradual reduction in splenic volume, typically ob-
served between 6 and 12 months after the procedure.

Clinically, splenic infarctions were accompanied
by transient fever ranging from 37.5°C to 38.7°C
and left upper quadrant pain radiating to the left
clavicle, shoulder, or scapular region. These mani-
festations were interpreted as post-embolization
syndrome (PES). In 99 % of cases, PES was success-
fully managed with nonsteroidal anti-inflammatory
drugs in combination with antibiotic prophylaxis
administered for 7—12 days. The occurrence of
splenic infarctions and PES was not regarded as
a postoperative complication, as exclusion of a por-
tion of the functioning splenic parenchyma repre-
sents the intended mechanism of PSE. Inadequate
antibiotic prophylaxis was associated with second-
ary infection of splenic infarcts and abscess forma-
tion in one patient.
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Discussion

In patients treated with endoscopic sclerotherapy,
an increase in splenic volume was observed during
short-term follow-up without evidence of splenic
infarction. Mean splenic volume increased from
724.2 £ 242.6 cm? at baseline to 750.8 = 165.1 cm? at
1 month after the procedure. This pattern differed
from that observed after PSE.

The observed increase in splenic volume after
sclerotherapy may reflect the progression of unfavor-
able portal hemodynamic changes associated with
impaired venous outflow. However, given that ul-
trasound assessment in the sclerotherapy group was
performed using a limited protocol without Doppler
flowmetry, this observation should be interpreted
with caution. This limitation highlights the need for
further studies using a unified hemodynamic assess-
ment protocol across patient groups managed with
different secondary prophylaxis strategies.

Although direct studies evaluating splenic hemo-
dynamic changes after endoscopic sclerotherapy are
scarce, the relationship between portal hyperten-
sion, venous congestion, and splenomegaly is well
established in the literature [1, 2, 5, 11]. Endoscopic
sclerotherapy effectively controls variceal bleeding at
the local level but does not directly modify splanch-
nic inflow or splenic venous return. As a result, portal
venous congestion and splenic enlargement may per-
sist or progress, depending on baseline liver function
and collateral circulation patterns [3, 7].

In contrast, PSE has been shown to reduce splenic
arterial inflow and splenic venous return, thereby
modulating portal hemodynamics [1, 4, 6]. In our
cohort, early Doppler flowmetry demonstrated a pro-
nounced reduction in splenic artery velocities and ef-
fective vessel caliber at 1 month after PSE. This arte-
rial inflow reduction was paralleled by a concordant
decline in splenic venous velocity and diameter, sup-
porting a mechanistic chain whereby reduced splenic
arterial inflow leads to decreased splenic venous re-
turn and, consequently, a lower portal inflow burden.

From a pathophysiological standpoint, PSE
should not be viewed as eliminating portal hyper-
tension but rather as targeting one of its major mod-
ifiable components—excessive splanchnic (splenic)
inflow—with a plausible downstream effect on
portal venous loading. Because direct portal pres-
sure measurements (e.g., hepatic venous pressure
gradient) were not performed in the present study,
any inference regarding portal pressure reduction
should be regarded as hypothesis-generating and
requires confirmation in future studies employing
standardized pressure-based endpoints [2, 5, 8].

A clinically relevant observation in our study
was the dynamic volumetric response of the spleen
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after PSE. An initial increase in splenic volume at
1 month was followed by a sustained downward
trend with a significant reduction at later follow-
up intervals. This pattern is consistent with post-
embolization parenchymal edema and infarction
evolution, followed by fibrosis and contraction of
non-functioning splenic tissue. It supports the con-
cept that the therapeutic effect of PSE is achieved
through controlled reduction of functional splenic
parenchyma and redistribution of splenic inflow
rather than immediate organ shrinkage.

Importantly, the concept of splenic inflow reduc-
tion for portal decompression is not limited to en-
dovascular techniques. Tutchenko and colleagues
described laparoscopic and laparoscopic-assisted
surgical approaches aimed at reducing portal in-
flow, including clipping or ligation of the splenic
artery, often combined with interventions on left
gastric vessels, in patients with portal hyperten-
sion complicated by variceal bleeding [10]. These
authors interpreted splenic artery clipping or liga-
tion as producing a direct, moderate portodecom-
pressive effect by decreasing arterial inflow to the
spleen and reducing venous runoff toward the por-
tal vein. More recently, Tutchenko et al. compared
splenectomy and selective splenic artery ligation
during porto-azygos disconnection and emphasized
that splenic flow-reduction strategies are associated
with measurable changes in portal system param-
eters, while also carrying distinct risk profiles for
thrombosis, infection, and infarction [9].

Taken together, our short-term Doppler find-
ings support the concept that PSE induces an early
and coordinated reduction in both splenic arterial
inflow and splenic venous return, changes that are
mechanistically consistent with a dicrease in portal
inflow burden. Comparison with endoscopic sclero-
therapy suggests fundamentally different hemody-
namic consequences of these treatment strategies.
However, definitive conclusions regarding their
relative impact on portal pressure and long-term
outcomes require prospective, head-to-head studies
with harmonized imaging protocols and pressure-
based validation.

Conclusions

Partial splenic artery embolization performed for sec-
ondary prevention of esophageal variceal bleeding is
associated with significant short-term attenuation
of splenic arterial inflow, as evidenced by reductions
in splenic artery diameter, systolic and diastolic flow
velocities, and Doppler impedance indices.

The reduction of splenic arterial inflow after em-
bolization is accompanied by a concordant decrease
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in splenic venous outflow, including significant re-
ductions in splenic vein diameter and flow velocity,
indicating decreased venous return from the spleen.

These coordinated arterial and venous hemody-
namic changes suggest that PSE modulates splenic
contribution to portal circulation by reducing por-
tal inflow load. However, direct portal pressure
measurements were not performed, and the effect
on portal pressure requires further validation.

Splenic volume demonstrates a characteristic
short-term increase following embolization, fol-
lowed by a sustained downward trend with signifi-
cant reduction during mid-term follow-up, reflect-
ing post-embolization parenchymal changes and
controlled reduction of functional splenic tissue.

In contrast, endoscopic sclerotherapy is associ-
ated with an increase in splenic volume and splenic
vein diameter during short-term follow-up, high-
lighting fundamentally different hemodynamic
consequences compared with splenic inflow—modu-
lating strategies.

The findings support PSE as a hemodynami-
cally active intervention that extends beyond local
variceal control; however, comparative assessment
of secondary prophylaxis strategies requires future
prospective studies using unified hemodynamic as-
sessment protocols and pressure-based validation.
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be3nocepenni reMOAMHAMIUHI PE3YABTATH KOPEKILii
CEJIE3iHKOBOT'O KPOBOIUIMHY HiC/IsI €MOOJIi3a1lii CeI€3iHKOBO1
aprepii Ipyu BTOPUHHIN PO ITAKTULL KPOBOTEY

i3 BAPUKO3HO PO3UIUPEHUX BEH CTPABOXOAY

C. M. KozJos, 1. B. KosocoBuu
Hamionanbuuit meguunmii yuisepcuret imeti O. O. Boromoubirst, Kuis

[MapuianbHy eMboiizanio cene3iHkoBoi aprepii (ITECA) BUKOPHCTOBYIOTh IIPU MOPTAIBHIN TiNepTeHsil a1
3MEHIIECHHA CEJIEZIHKOBOI'O APTEPIAIBHOIO MPUTOKY. [f reMOAMHAMIYHUN BIUIMB Y KOHTEKCTi BTOPUHHOI IIPO-
(PLTAKTUKA KPOBOTEY i3 BAPUKO3HO PO3MUPEHNX BEH CTPABOXOJY ITOTPEOYE YTOUYHEHHS.

MeTa — OLHUTH 3MiHM CEIE3iHKOBOI reMOAnHAMiKK micia TTECA, BUKOHAHOI 11 BTOPUHHOI TPOMIIAKTUKNA
BAPUKO3ZHUX KPOBOTEY.

Marepiaau Ta MeTOAH. Y JOCTIPKEHHS 6yJ10 3a7y4eHO 90 NallieHTiB (CEpeHitt Bik — 49,5 POKY) 3 aHAMHE30M
BAPUKO3HUX KPOBOTEY i CIVICHOMETATIEIO (cepeaHiit o6’eM — 781,6 cm?). Cesne3iHKOBY IreMOINHAMIKY OLiHIOBA-
JIX 32 IOIIOMOI'OIO JOHIVIEPIBCBKOI'O YABIPA3BYKOBOIo AocimpkeHHs (Y3I) no ITECA Ta yepes 1 Micaib. MOHi-
TOPUHTI OO’€MY CEIE3{HKU Ta YCKIAJHEHD IPOBOJIUIN IPOTATOM 12 MicC.

PesynabraTH. Yepes 1 mic nicsa [TECA giamerp cene3iHKoBOL aprepil 3meHmuscA 3 (5,77 £1,20) no (4,72+1,14)
MM (p<0,001). TTikoBa CUCTOMIYHA MBUJIKICTb 3HU3WIACA 3 (152,92+50,35) 10 (89,77 £34,28) cm/c (p<0,001),
KIHIIEBA [HACTOIYHA MBH/KICTD — 3 (56,76%21,93) 10 (38,18+15,59) cm/c (p<0,001), iHAEKC PE3UCTEHTHOC-
Ti — 3 0,63%0,08 10 0,58+0,13 (p<0,05), iHgekc nyapcarii — 3 1,07 0,24 1o 0,95+0,27 (p<0,01). O6’em cene-
3IHKM CIIOYATKY 30UIBIUBCS 10 831,7 cm? (HAGPSIK), A€ 1O 6-T'O MICSIsI CTATUCTUYHO 3HAYYINO 3MCHIITUBCS JIO
(504,2+209,8) cm? (p<0,001) 3i 36epesxeHHsIM edekTy 10 12-ro Micsii. [TocTeMOOMi3aIiHU CUHIPOM JIKY-
BAJIM KOHCEPBATHUBHO B 99 % BUNAIKIB. 3aPEECTPOBAHO OJJUH BUITA/IOK A0CLIECY CENE3iHKU. Y TPy NOPIBHAHHSI
(CKepoTEpAanis) BiABHAYEHO 36UIbIIEHHS O0’EMY CENE3iHKN.

BucHOBKHU. [1apiiiasibHa eMOOJ1i3allig CEeIe3iHKOBOT apTeEPil CIIPHUSIE 3HAYHOMY KOPOTKOCTPOKOBOMY 3HMKCH-
HIO CEJIE3iHKOBOT'O APTEPIAIbHOTO IPUTOKY Ta BEHO3HOT'O BiITOKY 3 ITOJIATIBIIUM CYTTEBUM 3MEHIIIEHHAM 00’ €My
oprasna. lle e(peKTUBHIN JOIOMDKHUI METO/, BTOPUHHOI NPOPUTAKTHUKY 3 IPOIrHO30BAHUM IIPOQiieM 6e3ney-
HOCTi. HEOOXiTHO NPOBECTU NOPIiBHAIBHI JOCI/HKEHHS 3 YHi(PIKOBAHUMH T€MOJIUHAMIYHHUMHU IPOTOKOJIAMH.

KiIro4oBi ¢10Ba: NOPTAIbHA IIIEPTEH3iA, BADUKO3HI BEHU CTPABOXO/Y, BTOPUHHA NPOMUIAKTAKA, MAPLiaIbHA
€eMO0JTi3aLlisA CENE3iHKOBOT apTepil, JomuIeporpadis, CEIe3iHKOBA BEHA.
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