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Abstract 

Purpose: To compare effectiveness of three widely used embolic agents in partial splenic embolization (PSE) by 
analyzing their clinical, laboratory, and radiological outcomes within one year of follow‑up.

Materials and methods: This retrospective study examined 179 patients who underwent PSE to manage hyper‑
splenism secondary to cirrhosis. Patients were divided into 3 groups according to embolic agent used. Group 1 
(gelatin sponge) included 65 patients, group 2 (embospheres) included 58 patients, and group 3 (PVA) included 56 
patients. Clinical, laboratory, and radiological outcomes were compared between groups.

Results: The technical success rate was 100% in all groups. Pain as a major complication was lower in the gelatin 
sponge group (20%) compared to the embosphere group (31%) and PVA group (32.3%). Major complications other 
than pain were found in 20.1%; 24.6% in gelatin sponge group, 15.5% in embosphere group and 19.6% in PVA group 
(p = 0.045). WBCs and platelet counts showed a significant increase after PSE in all groups. Entire splenic volume 
as measured by computed tomography after PSE showed no significant difference among the 3 groups; however, 
the volume of infarcted spleen was significantly lower in the gelatin sponge group compared to other two groups 
(p = 0.001). The splenic span was significantly reduced one‑year post‑procedure in three groups (p = 0.006), and it was 
significantly less in embosphere and PVA groups compared to gelatin sponge group (p < 0.05). Recurrent bleeding 
was higher in gelatin sponge group (p < 0.05).

Conclusions: Permanent embolic materials achieved better laboratory and radiological outcomes than gelatin 
sponge particles in PSE of cirrhotic hypersplenism patients. However, permanent particles were associated with 
greater abdominal pain.
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Key points

1. PSE using permanent embolic agents achieved a bet-
ter outcome than PSE using gelatin sponge particles. 
However, permanent agents were associated with 
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greater postprocedural abdominal pain.
2. Volume of the entire spleen after PSE as measured by 

computed tomography showed no significant differ-
ence between the three groups; however, volume of 
infarcted spleen after embolization was significantly 
lower in the gelatin sponge group compared with the 
embosphere and PVA particle groups (p = 0.001) and 
splenic span after one year was significantly reduced 
in the embosphere and PVA groups.

3. Splenic size was significantly smaller 1 year after 
embolization compared to before in all 3 groups (p 
= 0.006) and was significantly smaller in the embo-
sphere and PVA particle groups compared with the 
gelatin sponge group (p < 0.05).

Introduction
Since its development in 1979, partial splenic emboliza-
tion (PSE) has been universally accepted to treat patients 
with hypersplenism in preference to surgical splenectomy 
[1–4]. The spleen is the primary source of antibodies, 
lymphocyte production, and responsible for phagocyto-
sis of white cells. Additionally, it plays an essential role in 
the immune system. Unlike splenectomy, partial splenic 
embolization (PSE) maintained partial splenic function 
[5] and was thought to be an effective alternative to treat 
thrombocytopenia and leukopenia resulted from hyper-
splenism with fewer complications [6, 7]. In recent years, 
although the efficacy of PSE for relieving thrombocytope-
nia is well-established, a review of the literature revealed 
that there is still no consensus on the selection of embolic 
materials [8–11].

Various embolic materials have been used for PSE, 
including temporary agents such as gelatin sponge 
(Gelfoam) and permanent agents such as polyvinyl 
alcohol (PVA) particles, trisacrylgelatin microsphere 
(embospheres), PVA hydrogel beads with an acrylic 
polymer, hydropearl microspheres, and hydrogel micro-
spheres coated with Polyzene-F [1, 12]. Gelatin sponge is 
rapidly reabsorbed by the body and is the agent of choice 
for PSE as described by previous articles [13–16], but it 
has been criticized, particularly because of its tempo-
rary nature. In comparison with gelatin sponge, perma-
nent embolic material as embosphere particles and PVA 
are smaller and have a specific size range. PVA particles 
(300–500 μm in diameter) could extend closer to splenic 
sinus than gelatin sponge (1–2  mm in diameter), which 
denotes that PSE with PVA particles may produce a 
more efficient improvement in relieving hypersplen-
ism than gelatin sponge [13, 17]. Unlike PVA particles, 
which can be oblong, oval, irregular, and sharp, embos-
phere particles are spherical with smooth margins [18]. 

Furthermore, the association between embolic material 
and serious complications still remains controversial [19].

The question remains whether the selection of embolic 
material would affect the safety and efficacy of PSE. Based 
on this question, the present retrospective study aimed to 
compare the effectiveness of three widely used embolic 
agents (gelatin sponge, embosphere microspheres, and 
PVA particles) by analyzing their clinical, laboratory, and 
radiological outcomes.

Materials and methods

Ethical statement
This retrospective study was approved by our institu-
tional review board, and a waiver of the consent of the 
medical record review was received.

Study population
Between March 1st 2016 and December 1st 2019, 311 
patients were referred for splenic artery emboliza-
tion. Criteria for study inclusion were (1) patients with 
hypersplenism and severe thrombocytopenia (platelet 
count < 50,000/mm3); (2) the functional status of the liver 
should be Child A or early B according to Child–Pugh 
classification (5–7 points) (albumin ≥ 2.8  g/dL, biliru-
bin ≤ 3  mg/dL, prothrombin time ≤ 4 or INR < 1.7, no 
ascites, no encephalopathy). Exclusion criteria were (1) 
patients referred for embolization as treatment of trau-
matic splenic injury (n = 33), (2) patients lost during 
follow-up (n = 65), and (3) patients underwent repeat 
procedure (n = 34) with less than one-year interval. 
Finally, 179 patients were included in this analysis. Indi-
cations for PSE were as follows: (1) adjunctive therapy for 
high risk bleeding varices (n = 98) (2) chronic or recur-
rent bleeding other than variceal hemorrhage, including 
massive gingival bleeding, epistaxis, and chronic anemia 
secondary to silent gastrointestinal bleeding (n = 44), 
(3) marked thrombocytopenia interfering with surgery, 
including cholecystectomy (n = 9), partial hepatectomy 
for HCC (n = 6), TURB for prostatic enlargement (n = 7), 
hysterectomy (n = 4), and thermal ablation of HCC 
(n = 11).

The study population was divided into three groups 
according to the embolic materials used for the PSE. 
Group 1 included 65 patients in whom the embolization 
procedure was performed using gelatin sponge; group 2 
included 58 patients in whom the embolization proce-
dure was performed using embosphere microspheres; 
group 3 included 56 patients in whom the emboliza-
tion procedure was performed using PVA particles. The 
choice of embolic material was determined by the prefer-
ence of the operator. Figure 1 shows the CONSORT flow 
diagram of our study. All patients were informed about 
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the side effects and complications of the procedure, and 
written consent from all the patients included in our 
analysis was obtained.

Pre‑procedural preparation
All patients were clinically stable prior to the endovascu-
lar procedures. The day before the operation, the patients 
kept well hydrated. To avoid septic complications of PSE, 
prophylactic antibiotics (1 gm of third-generation cepha-
losporin twice per day and Metronidazole 500 mg/100 ml 
intravenous infusion daily) were administered three 
days before the procedure and continued for seven days 
after the procedure, then oral administration of cipro-
floxacin 500 mg tablets every 12 h for another week. All 
patients were given a pneumococcal, hemophilus influ-
enza and meningococcal vaccines. Where appropriate, 
patients received platelet units. Patients received plate-
let units in cases of severe thrombocytopenia (platelet 
count < 30,000/mm3). Laboratory investigations included 
(1) complete blood picture, (2) liver function tests (serum 
albumin and total bilirubin level), (3) coagulation pro-
file (International Normalized Ratio (INR), prothrombin 
time (PT) and partial thromboplastin time (PTT)), (4) 

renal function tests, and (5) Alpha-fetoprotein (AFP). All 
patients underwent an upper gastrointestinal endoscopy 
prior to PSE procedure to screen and/or treat esopha-
geal varices. All patients underwent an upper gastroin-
testinal endoscopy prior to the PSE procedure to screen 
and/or treat esophageal varices. Abdominal ultrasound 
was done to assess the splenic size, hepatic echotexture, 
patency, and caliber of the portal and splenic veins, upper 
abdominal varices, and degree of ascites if presented.

PSE procedure
All procedures were performed by 6 experienced inter-
ventional radiologists with more than 12 years of experi-
ence using an angiography unit (Artis zee Ceiling VC21C 
Cath Lab System; Siemens, Erlangen, Germany). The 
operators followed the standard protocol in terms of 
splenic artery selection, the embolic material preparation 
and injection technique, and the evaluation of procedure 
endpoint. Under local anesthesia, the femoral puncture 
was done using 6-F introducer sheath, and 4- or 5-F cath-
eters (Cobra or Simmons II, Imager-Boston Scientific, 
Natick, Massachusetts) was introduced over a 0.035-inch 
hydrophilic guidewire (Terumo, Tokyo, Japan) to cath-
eterize celiac trunk and splenic artery. Pre-embolization 
celiac and splenic artery angiograms were performed to 
observe the anatomy of splenic arteries and collateral 
routes. Then, the tip of the catheter was placed distal to 
the pancreatic branches to inject the embolic materials 
slowly under fluoroscopic guidance. In certain cases with 
tortuous anatomy (12 cases), a microcatheter (2.7 French 
catheter, Progreat; Terumo, Tokyo, Japan) was used to 
catheterize the splenic artery. When a microcatheter was 
used, the lower pole splenic branches were selected and 
embolized to avoid diaphragmatic pain.

The gelatin sponge block (Upjohn Company, Kala-
mazoo, MI, USA) was injected for the first group (65 
patients). It was manually cut into small pieces and 
mixed with contrast using a three-way tap and luer lock 
syringes into a slurry. Embospheres (Biosphere Medi-
cal, Rockland, MA) was injected for the second group 
(58 patients), and PVA (Contour SE; Boston Scientific 
Natick, Massachusetts) was injected for the third group 
(56 patients). We used 500–700 and 700–900 µ in diam-
eter for embosphere and 355–500 & 500–700 µ for con-
tour SE particles. The embolic material was mixed with 
one ampule of gentamycin 80  mg as a prophylaxis to 
reduce the rate of splenic abscess formation and undi-
luted contrast, resulted in a mixture consisted of 50% 
embolic material and 50% contrast solution. Formation of 
a gelatin sponge plug early in the procedure was avoided 
as much as possible to prevent interference with further 
embolization of distal arteries. Figure 2 demonstrates the 
angiographic steps of PSE. The interventionist performed 

Fig. 1 Consort flow chart of the study
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the procedure calculated the extent of embolization 
roughly by comparing the percentage of the ablated 
splenic parenchyma shown in the post-embolization 
angiogram against the total splenic parenchyma in the 
pre-embolization angiogram. Angiography was repeated 

several times during the procedure to guard against 
excessive infarction. Technical success and embolization 
endpoint were defined as acquiring 60–70% of the paren-
chymal ablation.

All patients were admitted to the hospital for post-pro-
cedure care. The standard PSE protocol at our institute 
was to admit all patients for 5–7 days of observation and 

Fig. 2 A 54‑year‑old male patient with cirrhotic hypersplenism due to HCV underwent PSE using embospheres 700–900 µ and using a 5F Cobra 
catheter. a Digital subtraction angiography in the arterial phase before embolization shows the splenic artery branches; upper, middle, and 
lower (arrows). b Digital subtraction angiography in the delayed phase before PSE shows the splenic parenchymal blush. c Digital subtraction 
angiography in the arterial phase after PSE shows the splenic artery branches; upper, middle, and lower (arrows). d Digital subtraction angiography 
in the delayed phase after PSE shows a decrease in the splenic parenchymal blush by approximately 60% (arrows)
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prophylactic antibiotic therapy. The average fluoroscopic 
time was 16 min.

Outcome assessment

Short‑term clinical outcome
The length of the hospital stay after the procedure 
was recorded. Complications related to the procedure 
were obtained by review of the hospital and outpatient 
records. Complications were classified according to the 
Society of Interventional Radiology classification system 
of complications. Minor complications included pain, 
fever, and vomiting, while major complications were 
ascites, pleural effusion, splenic abscess, bacterial perito-
nitis, variceal bleeding, and portal vein thrombosis. Pain 
was considered a major complication if required therapy 
for more than 24 h. The severity of post-procedural pain 
was assessed on a visual analogue scale (VAS) from 0 to 
10 (0 for least and 10 for worst pain). The VAS score was 
recorded during the period of hospital admission by the 
attending nurse. Fever was classified into 3 grades: nor-
mal = 36.6–37.2  °C; low grade = 37.2–39.4  °C; and high 
grade > 39.4 °C.

Long‑term clinical outcome
Patients were followed up for one year to assess the treat-
ment response regarding recurrence of variceal bleed-
ing, hemorrhage at other locations (gingival bleeding or 
epistaxis), and ability to perform a planned intervention.

Laboratory outcome
A complete blood picture was done to assess the RBCs, 
WBCs, and platelet count two weeks, one month, six 
months, and one year after the procedure.

Radiologic outcome
A Post-contrast CT scan of the abdomen was done for all 
patients 1 month after the procedure. Volumetric meas-
urement of the whole spleen and residual viable spleen 
in the venous phase was performed by radiologists with 
more than 13  years of experience in abdominal imag-
ing to eliminate the inter-reader variability. The meas-
urement was done using an integrated 3D volumetric 
analysis software on a dedicated workstation (Advan-
tage Workstation Server 3.2, GE Healthcare). The viable 
(enhanced) splenic tissue in each image was traced man-
ually with the cursor, and the corresponding area was 
calculated by the volumetric software. The volume of 
infarction was calculated after subtraction of the viable 
tissue. Figure  3 demonstrates the volumetric analysis of 
spleen and viable tissue after PSE. Abdominal ultrasound 
was done before the patient discharge to rule out post-
procedural complications. Follow-up examinations were 
done after three, six months, and one year to assess the 
size of the spleen and caliber of the portal vein as an indi-
cator of portal hypertension.

Statistical analysis
The data were analyzed using Statistical Package for 
Social Science (version 20, SPSS Inc., Chicago, IL). All 

Fig. 3 A 63‑year‑old male underwent PSE as management for cirrhotic hypersplenism. a Coronal reformatted contrast enhanced‑CT image at 
the arterial phase shows large hypoenhancing areas throughout the spleen representing infarctions. b 3D coronal CT angiography image for the 
aorta and splenic artery shows the infarction of less opacity than viable tissue. c The volumetric analysis of the splenic volume is 2542.14 cc. d The 
volumetric analysis of the viable tissue is756.3 cc



Page 6 of 11Zaitoun et al. Insights Imaging           (2021) 12:85 

quantitative variables were presented as mean ± stand-
ard deviation, whereas qualitative data were represented 
as a number of frequencies or percentages. Compari-
sons among three groups were done by Chi-square test 
for qualitative variables and ANOVA test for quantitative 
variables. A p value of less than 0.05 was considered sta-
tistically significant.

Results

Patients
The analysis enrolled 179 patients in whom PSE was 
done to manage hypersplenism. We found no significant 
differences among the three groups regarding age, gen-
der, Child–Pugh Classification, presence of esophageal 
varices, and coexisted HCC (Table 1). The technical suc-
cess rate was 100% in all groups.

Clinical outcome

Short‑term outcome
Patients who underwent PSE using gelatin sponge spent 
significantly longer periods in the hospital after the pro-
cedure (p < 0.05) to manage post procedural compli-
cations.. Minor complications like post embolization 
syndrome consisting of pain, fever, and vomiting were 
frequent with no significant statistical difference regard-
ing their incidence among study groups (p > 0.05). The 
duration and severity of the pain as recorded by VAS 
were longer and higher in embosphere and PVA groups 
than gelatin sponge group (p < 0.05). The percentage of 
patients requiring analgesic therapy for more than 24 h in 
the gelatin sponge group was 20% (13/65) compared to 
31% (18/58) in embosphere group and 32.3% (21/56) in 
PVA group. The incidence of high grade fever (> 39.4) was 
higher in gelatin sponge group (16/65, 24.6%) compared 

to 9/58(15.5%) in embosphere group and 8/56(14.3%) in 
PVA group.

Major complications other than pain were found in 36 
(20.1%) patients; 16 patients (24.6%) in gelatin sponge 
group, 9 patients (15.5%) in embosphere group and 11 
patients (19.6%) in PVA group (p = 0.045). Three patients 
in gelatin sponge group had bacterial peritonitis within 
10  days after the PSE post-procedure; two of them had 
splenic abscesses. They were resolved by intensive antibi-
otic therapy and abscess drainage with a pigtail catheter. 
One patient in each of the other two groups had a splenic 
abscess managed by pigtail catheter drainage and strong 
antibiotic coverage. Five patients had hematemesis con-
trolled by conservative therapy apart from one patient in 
gelatin sponge group who needed endoscopic interven-
tion. Portal vein thrombosis was detected in five patients 
on follow up ultrasound and CT within the first month 
after procedure (9–28 days).. All thrombosis affected the 
main stem of portal vein. No specific treatment was given 
to these patients. Patients with ascites and/or pleural 
effusion caused abdominal discomfort and/or shortness 
of breath were managed by thoracocentesis and peritone-
ocentesis. Table 2 shows the clinical outcome and com-
plications after PSE.

Long‑term outcome
All patients from the three groups proceeded to the 
planned interventions. Hematemesis recurred in 10/36 
(27.7%) patients in the gelatin sponge group, 5/30 (16.6%) 
in the embosphere group, and 5/32 (15.6%) in PVA group. 
Bleeding from other places recurred in 4/14 (28.6%) 
patients in the gelatin sponge group, 3/17 (17.6%) in the 
embosphere group, and 3/13 (23.1%) in PVA group.

Table 1 Patients’ characteristics and indications of PSE in three groups

Unless otherwise indicated, data represent the number of patients and percentage in parenthesis

Group 1—Gelfoam group, Group 2—Embosphere microspheres group, Group 3—polyvinyl alcohol

PSE partial splenic embolization, SD standard deviation, HCC hepatocellular carcinoma

Group 1 (n = 65) Group 2 (n = 58) Group 3 (n = 56) p value

Age (Mean ± SD) 55.5 ± 8.1 53.8 ± 9.7 56.1 ± 6.9 0.318

Sex 0.676

Male 44 (67.7) 35 (60.3) 37 (66.1)

Female 21 (32.3) 23 (39.6) 19 (33.9)

Child–Pugh class 0.646

A 33 (50.8) 34 (58.6) 29 (51.8)

B 32 (49.2) 24 (41.4) 27 (48.2)

Esophageal varices 46 (70.7) 39 (67.4) 40 (71.4) 0.869

Co‑existed HCC 6 (9.2) 5 (8.6) 6 (10.7) 0.926
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Laboratory outcome
WBCs and platelet counts showed a significant increase 
after PSE in three groups and were kept higher than pre-
procedural counts from the second week to the first year 
after the procedure. The post-embolization counts of 
WBCs and platelets were higher in embosphere and PVA 
groups than in gelatin sponge group at different time 
points during a year after PSE resulting in a significant 
difference as regards the extent of post-PSE improvement 
between the gelatin sponge group and either embosphere 
and PVA groups (p < 0.05) (Fig. 4). There was no signifi-
cant difference in the values of WBCs and platelet count 
between embosphere and PVA groups (p > 0.05). Table 3 

shows WBCs and platelet counts before PSE, two weeks, 
one month, six months, and one year after PSE.

Radiological outcome
Table  4 shows the radiological outcome after PSE. The 
whole splenic volume measured by CT after PSE shows 
no significant difference between the three groups. How-
ever, the volume of the infarcted spleen was significantly 
lower in gelatin sponge group compared to the other two 
groups (p = 0.001). The average embolization extent was 
57.7–70.3%, 65.9–72.7%, and 66.5–70.3%, in the gela-
tin sponge, embosphere, and PVA groups, respectively. 
No significant difference was noted between the three 

Table 2 Clinical outcome and complications of PSE in three groups

Unless otherwise indicated, data represent the number of patients and percentage in parenthesis

Group 1—Gelfoam group, Group 2—Embosphere microspheres group, Group 3—polyvinyl alcohol

PSE partial splenic embolization, SD standard deviation, VAS visual analogue scale
* Significant

Group 1 (n = 65) Group 2 (n = 58) Group 3 (n = 56) p value

Pain severity score (VAS), (Mean ± SD) 3.2 ± 2.2 3.9 ± 1.1 4.5 ± 2.8 0.004*

Complications

Pain 53 (81.5) 49 (84.5) 50 (87.5) 0.491

Fever 59 (90.7) 50 (86.2) 48 (85.7) 0.639

Vomiting 29 (44.6) 22 (37.9) 22 (39.3) 0.725

Ascites 12 (18.5) 7 (12.1) 8 (14.3) 0.601

Pleural effusion 9 (13.8) 7 (12.1) 6 (10.7) 0.870

Splenic abscess 3 (4.6) 1(1.7) 1 (1.8) 0.535

Bacterial peritonitis 2 (3.1) 0 (0) 0 (0) 0.847

Hematemesis 3 (4.6) 1 (1.7) 1 (1.8) 0.535

Portal vein thrombosis 2 (3.1) 1 (1.7) 2 (3.6) 0.823

Procedure related mortality 0 (0) 0 (0) 0 (0) ‑

Fig. 4 Temporal changes of WBC (a) and platelet (b) before and along one year after PSE. All values are expressed as mean. *Indicates significance 
among three groups
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groups regarding the splenic span before and one month 
after PSE. The splenic span was significantly reduced 
after one year from PSE in three groups (p = 0.006), and 
splenic span after one year was significantly reduced in 
the embosphere and PVA groups (p < 0.05). There was 
no significant difference regarding portal vein diameter 
before and after PSE in three groups.

Discussion
This study demonstrates a significant improvement of 
WBCs and platelet counts over one year after PSE in cases 
of hypersplenism, whatever the type of embolic material. 
Nevertheless, patients who underwent PSE using PVA or 
embosphere particles showed significantly higher WBC 
and PLT counts than those who underwent PSE using 
gelatin sponge particles. Our results were in concordance 
with Zhu et al. [9], who compared the laboratory results 

of PSE using gelatin sponge and PVA. They concluded 
that the increase in leukocyte and platelet counts after 
PSE was significantly higher in the PVA group than in 
the gelatin sponge group (p < 0.05) over three years after 
PSE. In contrast to our results, a recent study conducted 
by Dawoud et al. [20] compared the laboratory results of 
PSE using gelatin sponge and embosphere, and found no 
significant difference in laboratory results between both 
groups three months after PSE however they assess the 
laboratory data in a smaller cohort (30 patients) and for 
only 3 months after the procedure.. Our study showed no 
significant difference in the laboratory outcome between 
PVA and embosphere group. N’Kontchou et  al. [21] 
observed short-term changes of PLT counts after PSE 
using PVA or embosphere particles; however, they did 
not compare the results between both embolic materials.

The significant difference in laboratory outcome 
between gelatin sponge group and the other two groups 

Table 3 Laboratory outcome of PSE in three groups

Data represent the mean ± SD

Group 1—Gelfoam group, Group 2—Embosphere microspheres group, Group 3—polyvinyl alcohol

PSE—partial splenic embolization, WBCs—white blood cells, SD—standard deviation

*Significant

Group 1 (n = 65) Group 2 (n = 58) Group 3 (n = 56) p value

WBCs (×  109/L)

Preprocedural 2.4 ± 0.8 2.59 ± 0.42 2.5 ± 0.6 0.361

After 2 week 7.1 ± 0.9 7.73 ± 1.92 7.5 ± 1.7 0.047*

After 1 month 5.2 ± 0.7 5.89 ± 1.09 5.6 ± 1.2 0.001*

After 6 months 4.8 ± 0.8 5.36 ± 1.23 5.5 ± 1.3 0.002*

After 1 year 4.3 ± 0.5 4.89 ± 0.97 4.7 ± 1.1 0.001*

Platelet (×  109/L)

Preprocedural 43.6 ± 8.9 42.2 ± 11.1 44.21 ± 8.5 0.504

After 2 week 141.2 ± 19.9 155 ± 33.2 155.56 ± 30.7 0.006*

After 1 month 118.8 ± 13.2 127.1 ± 21 126.23 ± 24.4 0.036*

After 6 months 102.6 ± 10 112.3 ± 18.5 110.79 ± 20.3 0.002*

After 1 year 95 ± 11.8 105.8 ± 19.8 105.62 ± 18.9 0.0004*

Table 4 Radiologic outcome of PSE in three groups

Data represent the mean ± SD

Group 1—Gelfoam group, Group 2—Embosphere microspheres group, Group 3—polyvinyl alcohol

PSE—partial splenic embolization, SD—standard deviation, CT—computerized tomography

*Significant

Group 1 (n = 65) Group 2 (n = 58) Group 3 (n = 56) p value

CT volume of spleen (CC) 2386.2 ± 259.1 2465.8 ± 181.3 2421.5 ± 205.4 0.136

CT volume of infarcted spleen (CC) 1550.5 ± 322.9 1714.3 ± 209.1 1659.7 ± 186.5 0.001*

Splenic span by ultrasound, (cm)

Preprocedural 21 ± 3.6 21.5 ± 2.93 21.3 ± 3.1 0.707

After 1 months 19.7 ± 3.0 20 ± 2.4 20.1 ± 2.5 0.696

After 1 year 14.3 ± 3.1 12.9 ± 2.8 12.7 ± 3.3 0.006*
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may be attributed to the significant difference in the 
infarction volume, as demonstrated by CT volumetric 
analysis. The infarction volume was the lowest in gela-
tin sponge group (57.7%) and the highest in the embo-
sphere group (72.7%). Embosphere and PVA particles 
with a diameter of < 900 µ are smaller than gelatin sponge 
particles that typically have a diameter of 1–2 mm. Sub-
sequently, they have a better performance in distal embo-
lization of the splenic artery branches closer to splenic 
sinuses than gelatin sponge particles. Additionally, gela-
tin sponge particles are temporary embolic materials and 
carry a higher chance of splenic artery recanalization 
after PSE. In contrast, embosphere and PVA particles are 
permanent embolic materials that can occlude the distal 
splenic artery branches durably. Our target at emboliza-
tion was 60–70% of the splenic volume as recommended 
by previous literature [9, 20, 22, 23]. Hypersplenism 
could recede shortly after PSE if less than 50 percent of 
the spleen is embolized [13]. Some authors follow a more 
cautious strategy that initially targets 30–50% of the 
spleen [24, 25], intending to repeat the embolization for 
a higher target volume (up to 70%) if clinical symptoms 
continue to prevent embolization of a larger splenic por-
tion and subsequent complications. However, in a study 
that included 13 patients with cirrhotic hypersplenism, 
Wu et al. [26] reported safe and effective (80%) PSE in the 
treatment of cirrhotic hypersplenism.

Post-embolization syndrome after PSE is attributed to 
splenic necrosis and inflammatory effusion. It was com-
mon in this study, with no significant difference between 
the three groups. However, the severity of pain assessed 
by visual analogue scale, duration, and grade of pain were 
significantly higher in the embosphere and PVA groups. 
These findings were in agreement with Vilos et  al. [27], 
who compared post-procedural pain following embo-
lization of the uterine artery using gelatin sponge alone 
to gelatin sponge with embosphere particles where 
post-procedural pain was found to be lower with gela-
tin sponge alone. Severe abdominal pain associated 
with embolization using permanent embolic material 
is caused by permanent and complete infarction of the 
embolized organ. On the other hand severity of the fever 
in our study was higher in gelatin sponge group than 
embosphere and PVA groups, in contrast to the results 
of previous study that found no significant difference in 
the severity of fever in patients who underwent PSE using 
gelatin sponge or PVA [9].

This research shows that PSE using PVA and embo-
sphere particles is a safe treatment for hypersplenism. 
Major complications were significantly higher in gelatin 
sponge group (24.6%) compared to (15.5%) in embos-
phere group and (19.6%) in PVA group. The incidence of 
complications using gelatin sponge particles (40%) was 

higher than embosphere particles (13.3%) in a previous 
cohort consisted of 30 patients who underwent PSE for 
cirrhotic hypersplenism [20]. Severe complications after 
PSE using gelatin sponge were reported in previous lit-
erature. Elmonem et  al. [28] reported major complica-
tions in 8 out of 23 patients (34.8%), persistent pleural 
effusion and ascites, bacterial peritonitis, splenic abscess, 
and portal vein thrombosis. In another study included 42 
cirrhotic patients, five patients (11.9%) only had major 
complications following PSE; three patients developed 
pleural effusion that resolved uneventfully, one patient 
developed persistent ascites, and another patient had 
gastric ulcer [29]. Vujic and Lauver [30] reported pro-
gressive hepatic failure due to sepsis, pneumonia, and 
abscess formation in three patients who died within 
1.5 months after PSE using gelatin sponge. In contrast to 
gelatin sponge, permanent embolic materials used less in 
PSE had a lower incidence of major complications. Amin 
et  al. [31] compared the safety and efficacy of splenec-
tomy versus PSE using PVA particles and reported two 
major complications in 20 patients (10%) who underwent 
PSE, one patient developed portal vein thrombosis and 
the other one was splenic abscess treated by splenectomy. 
Dwivedi et al. [32] reported only left-sided pleural effu-
sion in two patients, which resolved conservatively with-
out any intervention in a cohort consisted of 11 patients 
(18.2%). In another study performed PSE using PVA par-
ticles in patients with cirrhosis, two patients developed 
a splenic abscess, which led to death secondary to septic 
shock [10].

This study has several limitations. First, we did not 
compare the outcome and complications of PSE using 
different sizes of permanent embolic materials. The most 
commonly used size is 500–700 µ in PVA and 700–900 µ 
in embospheres; however, other sizes ranging from 200 
to 900 µ in diameter have been used [21, 24, 25, 31–33]. 
Second, we did not correlate the infarction volume, labo-
ratory outcome, and incidence of complications in each 
group. However, this area was partially investigated by 
a study that consisted of 62 patients who underwent 
PSE using gelatin sponge. The study assessed the long-
term results of PSE with variable infarction volumes in 
cirrhotic hypersplenism. It concluded that the splenic 
infarction volume should be restricted to 50–70% to war-
rant long-term effectiveness in the management of hyper-
splenism and reduce severe complications [9]. Third, 
the retrospective nature of this study carried a potential 
uncontrolled bias. Fourth, we followed the patients up 
to one year only, which is considered a relatively short 
period. A long follow-up period might add stronger clini-
cal data that favor permanent embolic material over gela-
tin sponge. Finally, the relatively small size of the study 
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population. Further well-balanced and large-scale rand-
omized control prospective study is needed.

Conclusion
Permanent embolic agents achieved a better laboratory 
and radiological outcomes than temporary gelatin sponge 
particles in PSE of hypersplenism patients. Degree of 
improvement in leukopenia and thrombocytopenia was 
greater and incidence of major complications was lower 
in patients embolized with permanent agents. However, 
permanent agents were associated with greater postpro-
cedural abdominal pain.

Abbreviations
AFP: alpha‑fetoprotein; CT: computerized tomography; HCC: hepatocellular 
carcinoma; INR: international normalized ratio; PSE: partial splenic emboliza‑
tion; PT: prothrombin time; PTT: partial thromboplastin time; PVA: polyvinyl 
alcohol; VAS: visual analogue scale; WBCs: white blood cells.

Authors’ contributions
MAZ.: Study concept and design. Supervision of the work. Performing 
PSE procedures. MAB.: Final revision of the manuscript. SBE: CT volumetry 
analysis. DSE.: Partial writing of the manuscript. NAZ: Statistical analysis. HAT.: 
Collection of cases and figures preparation. AAF: Collection of clinical data in 
the manuscript. HA: Revision of clinical information in the manuscript. HAE: 
Performing PSE procedures. NEM: Performing PSE procedures. NAA: Perform‑
ing PSE procedures. IME: Performing PSE procedures. SS: Tables preparation. 
MKA: Partial writing of the manuscript. AMH: Partial writing of the manuscript. 
AEM: CT volumetry analysis and figures preparation. AHE.: Study concept and 
design. Writing of the manuscript. All nine authors have read and approved 
the manuscript.

Funding
The authors state that this work has not received any funding.

Availability of data and material
All data generated during this study are included in this published article.

Declarations

Ethics approval and consent to participate
This retrospective study was approved by local institutional review board, and 
a waiver of the consent of the medical record review was received.

Consent for publication
The authors hereby transfer, assign or otherwise convey all copyright 
ownership to the insight into imaging journal in the event that such work is 
published in that Journal.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Diagnostic Radiology Department, Faculty of Medicine, Zagazig University, 
Zagazig, Egypt. 2 Diagnostic Radiology Department, King Saud Medical City, 
King Saud University, Riyadh, Saudi Arabia. 3 Family Medicine Department, 
Faculty of Medicine, Zagazig University, Zagazig, Egypt. 4 Internal Medicine 
Department, Faculty of Medicine, Zagazig University, Zagazig, Egypt. 5 Diag‑
nostic Radiology Department, Faculty of Medicine, Alexandria University, 
Alexandria, Egypt. 6 Shaikh Shakhbout Medical City, Abu Dhabi, United Arab 
Emirates. 7 Diagnostic Radiology Department, Faculty of Medicine, Jazan 
University, Jazan, Saudi Arabia. 8 Diagnostic Radiology Department, Faculty 
of Medicine, Mansoura University, Mansoura, Egypt. 

Received: 15 February 2021   Accepted: 8 June 2021

References
 1. Tahara H, Takagi H, Sato K et al (2011) A retrospective cohort study of 

partial splenic embolization for antiviral therapy in chronic hepatitis C 
with thrombocytopenia. J Gastroenterol 46:1010–1019

 2. Kauffman CR, Mahvash A, Kopetz S et al (2008) Partial splenic emboliza‑
tion for cancer patients with thrombocytopenia requiring systemic 
chemotherapy. Cancer 112:2283–2288

 3. Hidaka H, Kokubu S, Nakazawa T et al (2009) Therapeutic benefits of 
partial splenic embolization for thrombocytopenia in hepatocellular 
carcinoma patients treated with radiofrequency ablation. Hepatol Res 
39:772–778

 4. Poulin EC, Mamazza J, Schlachta CM (1998) Splenic artery embolization 
before laparoscopic splenectomy. Surg Endosc 12:870–875

 5. Madoff DC, Denys A, Wallace MJ et al (2005) Splenic arterial interventions: 
anatomy, indications, technical considerations, and potential complica‑
tions. Radiographics 25:S191–S211

 6. Tajiri T, Onda M, Yoshida H, Mamada Y, Taniai N, Kumazaki T (2002) Long‑
term hematological and biochemical effects of partial splenic emboliza‑
tion in hepatic cirrhosis. Hepato gastroenterol 49:1445

 7. Kimura F, Ito H, Shimizu H et al (2003) Partial splenic embolization 
for the treatment of hereditary spherocytosis. AJR Am J Roentgenol 
181:1021–1024

 8. Koconis KG, Singh H, Soares G (2007) Partial splenic embolization in the 
treatment of patients with portal hypertension: a review of the English 
language literature. J Vasc Interv Radiol 18:463–481

 9. Zhu K, Meng X, Li Z et al (2008) Partial splenic embolization using 
polyvinyl alcohol particles for hypersplenism in cirrhosis: a prospective 
randomized study. Eur J Radiol 66:100–106

 10. N’Kontchou G, Seror O, Bourcier V et al (2005) Partial splenic embolization 
in patients with cirrhosis: efficacy, tolerance and long‑term outcome in 
32 patients. Eur J Gastroenterol Hepatol 17:179–184

 11. Shimizu H, Takatsuka K, Yoshida A et al (2009) Partial splenic emboliza‑
tion reverses insulin resistance in patients with liver cirrhosis. Intern Med 
48:747–751

 12. Hadduck TA, McWilliams JP (2014) Partial splenic artery embolization in 
cirrhotic patients. World J Radiol 6:160

 13. Liu YM, Sun GQ, Qin H, Wang CB (2010) Partial splenic artery embolization 
with gelatin sponge or with lipiodol for hypersplenism: a comparative 
study. J Intervent Radiol 19(3):181–183

 14. Sakata K, Hirai K, Tanikawa K (1996) A long‑term investigation of 
transcatheter splenic arterial embolization for hypersplenism. Hepato 
gastroenterol 43:309–318

 15. Sangro B, Bilbao I, Herrero I et al (1993) Partial splenic embolization for 
the treatment of hypersplenism in cirrhosis. Hepatology 18:309–314

 16. Yoshida H, Mamada Y, Taniai N, Tajiri T (2008) Partial splenic embolization. 
Hepatol Res 38:225–233

 17. Firat A, Boyvat F, Moray G, Aytakin C, Karakayali H, Haberal M (2005) 
Comparison of two different percutaneous splenic artery interventions 
in the treatment of hypersplenism: preliminary report. Transplant Proc 
37:1094–1098

 18. Vaidya S, Tozer KR, Chen J (2008) An overview of embolic agents. Semin 
Intervent Radiol 25:204–215

 19. Rong JJ, Liu D, Liang M et al (2017) The impacts of different emboliza‑
tion techniques on splenic artery embolization for blunt splenic injury: a 
systematic review and meta‑analysis. Mil Med Res 4:17

 20. Dawoud MF, Hamisa M, El Abed O (2018) Gel foam or microsphere 
particles for partial splenic artery embolization in managing patients with 
hypersplenism. Egypt J Radiol Nucl Med 49:804–814

 21. N’Kontchou G, Seror O, Bourcier V et al (2005) Partial splenic embolization 
in patients with cirrhosis: efficacy, tolerance and long‑term outcome in 
32 patients. Eur J Gastroenterol Hepatol 17:179–184

 22. Noguchi H, Hirai K, Aoki Y, Sakata K, Tanikawa K (1995) Changes in platelet 
kinetics after a partial splenic arterial embolization in cirrhotic patients 
with hypersplenism. Hepatology 22:1682–1688

 23. Sakai T, Shiraki K, Inoue H et al (2002) Complications of partial splenic 
embolization in cirrhotic patients. Dig Dis Sci 47:388–391



Page 11 of 11Zaitoun et al. Insights Imaging           (2021) 12:85  

 24. Sockrider CS, Boykin KN, Green J et al (2002) Partial splenic embolization 
for hypersplenism before and after liver transplantation. Clin Transplant 
16:59–61

 25. Gowda NK, D’Souza D, Golzarian J (2012) Partial splenic artery emboliza‑
tion. Endovasc Today 11:74–76

 26. Wu B‑G, Chou AS‑B, Hoo G‑J, Lee M‑C. Eighty percent partial splenic 
embolization is a safe and effective procedure in management of cir‑
rhotic hypersplenism. Formos J Surg 2017; 50:101.

 27. Vilos AG, Vilos GA, Hollett‑Caines J, Garvin G, Kozak R, Abu‑Rafea B (2014) 
Post‑uterine artery embolization pain and clinical outcomes for symp‑
tomatic myomas using gelfoam pledgets alone versus embospheres 
plus gelfoam pledgets: a comparative pilot study. J Obstet Gynaecol Can 
36:983–989

 28. Elmonem SA, Tantawy HI, Ragheb AS, Matar NE, Tantawi I (2011) The out‑
come of partial splenic embolization for hypersplenism in the cirrhotic 
patients. Egypt J Radiol Nucl Med 42:35–42

 29. Hayashi H, Beppu T, Masuda T et al (2007) Predictive factors for platelet 
increase after partial splenic embolization in liver cirrhosis patients. J 
Gastroenterol Hepatol 22:1638–1642

 30. Vujic I, Lauver J (1981) Severe complications from partial splenic emboli‑
zation in patients with liver failure. Br J Radiol 54:492–495

 31. Amin MA, El Gendy MM, Dawoud IE, Shoma A, Negm AM, Amer TA (2009) 
Partial splenic embolization versus splenectomy for the management of 
hypersplenism in cirrhotic patients. World J Surg 33:1702–1710

 32. Dwivedi M, Pal R, Dewanga L, Nag P (2002) Efficacy of partial splenic 
embolisation in the management of hypersplenism. Indian J Radiol Imag‑
ing 12:371

 33. Smith M, Ray CE, editors. Splenic artery embolization as an adjunctive 
procedure for portal hypertension Seminars in interventional radiology 
2012; Thieme Medical Publishers, New York.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Comparison of three embolic materials at partial splenic artery embolization for hypersplenism: clinical, laboratory, and radiological outcomes
	Abstract 
	Purpose: 
	Materials and methods: 
	Results: 
	Conclusions: 

	Key points
	Introduction
	Materials and methods
	Ethical statement
	Study population
	Pre-procedural preparation
	PSE procedure
	Outcome assessment
	Short-term clinical outcome
	Long-term clinical outcome
	Laboratory outcome
	Radiologic outcome

	Statistical analysis

	Results
	Patients
	Clinical outcome
	Short-term outcome
	Long-term outcome

	Laboratory outcome
	Radiological outcome

	Discussion
	Conclusion
	References


