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PARTIAL SPLENIC EMBOLIZATION-MINIMALLY INVASIVE ALTERNATIVE TO 

SURGICAL SPLENECTOMY IN THROMBOCYTOPENIC HYPERSPLENISM. A SIN-

GLE CENTER EXPERIENCE (Abstract): Partial splenic embolization (PSE) is a minimally 

invasive procedure that replaced radical surgical intervention of splenectomy for the trea t-

ment of severe cytopenia, mainly life-threatening thrombocytopenia secondary to hyper-

splenism in advanced liver disease. Materials and methods: This is an observational, retro-

spective and analytical study of 15 patients undergoing PSE from “St. John” Emergency 

Hospital Bucharest, admitted to Gastroenterology Clinic for several complications of liver 

cirrhosis, during May 2013-July 2019, while the patients’ survival rate was followed up until 

November 2024. Results: Our results confirm once again that PSE is a reliable nonsurgical 

technique used to improve the consequences of hypersplenism associated with portal hyper-

tension in chronic liver disease, especially in liver cirrhosis. Generally, the postembolization 

course was uneventful; non-severe complications developed and were properly managed by 

conservative treatment. Conclusions: A significant improvement of platelet number was ob-

tained in all patients, allowing better outcome for each case, especially if a surgical interven-

tion is scheduled. Keywords: PARTIAL SPLENIC EMBOLIZATION, THROMBOCYTO-

PENIA, LIVER CIRRHOSIS.  

INTRODUCTION 

Liver cirrhosis is an important public 

health issue due to its several complications 

related to portal hypertension that accompa-

nies the advanced stages: variceal bleeding, 

hepatic encephalopathy, hepatorenal syn-

drome and sometimes hepatopulmonary 

syndrome (1, 2). Splenomegaly is a sign of 

portal hypertension and is responsible for 

hypersplenism development as an overactive 

splenic function of destruction the blood 

cells. Historically, the term “hypersplenism” 

was first mentioned in a paper of Anatole 

Chauffard in 1907, and after that in 1955, 

the German physiologist Morawitz defined 

hypersplenism related to liver diseases, 

while the German surgeon Denecke de-

scribed the triad of hypersplenism: spleno-
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megaly, peripheral cytopenia, normal or 

hyperplastic bone marrow (3,4). Among all 

consequences of hypersplenism, thrombocy-

topenia is the most relevant one in chronic 

liver disease for the biological coagulation 

status, because it enhances the coagulopathy 

of cirrhotic patient (5). Hepatic dysfunction 

together with severe decrease of platelet 

count are the major factors that potentially 

make the cirrhotic patients a poor surgical 

candidate. Thus, any attempt to increase the 

level of circulating platelets gained a lot of 

interest. Considering the per operative risks 

of surgical splenectomy in patients with 

advanced liver disease, PSE became widely 

used instead, being safer on one hand, and 

on the other hand, more efficient due to 

preservation of immunological role of 

spleen (6, 7, 8). The increase in platelet ratio 

is related to the volume of spleen targeted 

for embolization, which has been demon-

strated to correlate also with the severity of 

post-procedural complications (9, 10). It has 

been stated that almost 50 % of splenic vol-

ume needs to be devitalized in order to ob-

tain an efficient improvement of thrombocy-

topenia (11, 12). In fact, the goal of proce-

dure is to achieve approximately 50-70% of 

spleen embolized. Major and minor compli-

cations can develop after PSE, but the ma-

jority of them are non-severe and controlla-

ble through conservative therapy, post-

embolization syndrome being the most fre-

quent encountered (13,14).  

 

MATERIALS AND METHODS  

This retrospective study involved 15 pa-

tients with pancytopenia or only with 

thrombocytopenia, 14 patients with chronic 

liver disease and one patient with a hema-

tological condition, who underwent PSE. 

The goal of the study is to identify certain 

relationships between biological parame-

ters pattern, especially increase in platelet 

or leucocyte number, the occurrence of 

complications and the prognosis of pa-

tients. In order to assess if the postproce-

dural increase in the blood indices was 

significant, it was crucial to choose the 

right statistical test. 

The procedure was performed using 

Seldinger technique, that is percutaneous 

catheterization of a peripheral artery, the 

common femoral artery in these cases, after 

local anesthesia. A 5 Fr catheter was in-

serted into the celiac trunk via femoral 

artery, and after that selective catheteriza-

tion of splenic artery was achieved using a 

2,8 Fr microcatheter and placing it as distal 

as possible from the hilum to obtain the 

embolization of segmental splenic branches 

(figs. 1, 2). The material used for emboliza-

tion was a gelatin foam and the procedure 

required contrast medium injection and 

fluoroscopic control.  

A subgroup of patients was followed up 

over a period of 11 years, thus enabling the 

assessment of survival rate for this certain 

group. The remaining subjects were lost 

from observation due to lack of presenta-

tion at scheduled appointments.  
 

 
Fig. 1. Supraselective catheterization  

of the inferior terminal branch of the  

splenic artery. 
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Fig. 2. Injection of embolic material  

was performed into the inferior branch  

of splenic artery. 

 

The analysis process included several 

stages: data collection from patients elec-

tronic or paper files; data processing; test-

ing the normal distribution for each contin-

uous variable ( Shapiro-Wilk; histograms); 

using the right statistical test (t-test, Wil-

coxon, Mann-Whitney, Pearson/Spearman, 

Chi-square); graphic representation of bio-

logical parameters dynamics through box 

plot, linear graphs and scatterplots; results 

interpretation depending on statistical sig-

nificance ( p< 0.05) and clinical relevance. 

We used different tools: Microsoft Ex-

cel for initial data analysis; SPSS / R / 

Jamovi / Python (pandas, scipy, matplotlib) 

for advanced statistical analysis; GraphPad 

Prism / Tableau / ggplot2 for data visuali-

zation (optional). 

A preliminary step before applying sta-

tistical significance tests (parametric and 

nonparametric) consisted of verifying the 

normality of data distribution for each ana-

lyzed variable. This step is of extremely 

importance because the parametric test (as 

t-test for paired samples) involves a normal 

distribution of differences, while the non-

parametric test (as Wilcoxon test) doesn’t 

imply this condition. So, for each of these 

three variables-thrombocytes, hemoglobin 

and leukocytes- we applied Shapiro-Wilk 

test, considered adequate for small sam-

ples, for assessing whether the differences 

pre-postprocedural follow a normal distri-

bution.  

The results of this test will determine 

the subsequent choice of statistical compar-

ison method (tab. I). 

 

TABLE I. 

Normality Test-Shapiro-Wilk 

Variable 
Normality 

(p Shapiro-Wilk) 
Conclusion 

Thrombocytes p < 0.05 Abnormal distribution 

Leukocytes p > 0.05 Normal distribution 

Hemoglobin p > 0.05 Normal distribution 

 

Based on Shapiro-Wilk test, we used: 

for thrombocytes nonparametric Wilcoxon 

test for paired samples, for leukocytes par-

ametric paired t-test and for hemoglobin 

parametric paired t -test. 

The use of Shapiro-Wilk test ensures 

accurate selection of the statistical tool, 

avoiding misinterpreting due to incorrect 

assumptions of data distribution. 

For each variable (thrombocytes, hemo-

globin and leukocytes), we stated the fol-

lowing hypothesis:  

 Nule Hypothesis (H0): there is no 

significant statistical difference be-

tween pre and post-treatment values. 

 Alternative Hypothesis (H1): there is 

a significant statistical difference be-

tween pre and post-treatment values. 
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RESULTS 

We focused on different characteristics 

of the patients, including demographic, 

clinical and biological data.  

 The age of the patients was between 28 

and 78 years, with a median age of 56.8+/- 

13.8 years per patient. Males ‘age ranged 

between 38 and 72 years with a median age 

of 57.7+/- 13.1 year per patient, while fe-

males have ages between 28 and 78 years 

with a median of 56.2+/- 15.1 per patient. 

According to Shapiro-Wilk test (p= 0.914), 

the distribution of variable “Age” indicates 

a normal distribution of subjects. 

The majority of study participants, 14 

patients suffered from chronic liver dis-

ease, with viral (hepatitis virus B, B+D or 

hepatitis C) or alcoholic etiology, while 

only one patient exhibited a hematologic 

disease, which in fact had an “off labeled” 

indication for PSE and did not respond in a 

favorable manner after the procedure. 

Considering the statistical methodology 

presented earlier, we obtained the follow-

ing results:  

Thrombocytes:  

- Shapiro-Wilk test showed an abnor-

mal distribution (p = 0.004). 

- The nonparametric Wilcoxon test 

was used. 

- The result is statistically significant 

(p = 0.041), indicating a significant 

difference between pre and post in-

tervention values, with a postproce-

dural increase of platelet level. 

Leukocytes:  

- The distribution of differences is 

normal (p = 0.10). 

- The parametric paired t-test was 

used. 

- The result is statistically significant 

(p = 0.002), showing a significant 

difference between pre and post in-

tervention levels, with a postproce-

dural increase of leukocytes  

Hemoglobin:  

- The distribution of differences is 

normal (p = 0.98). 

- The paired t-test exhibits a signifi-

cant difference (p=0,328), suggest-

ing a slightly increase, but non-

significant, of hemoglobin after 

PSE. 

The fluctuations of hematological pa-

rameters pre and post embolization are 

illustrated in the third figure.  

 

 
Fig. 3. Fluctuations of hematological parameters pre and post embolization 

 

Interpretation of data based on box-plot 

graphs from third figure.  

Thrombocytes 

- distribution pre and post are hetero-
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genous, but post-intervention a signif-

icant median increase is observed. 

- there are extreme values (outlier), but 

the general trend is of increasing. 

Leukocytes 

- postintervention, median and disper-

sion rise significant. 

- the distribution is larger, but without 

evident extremes - increased sys-

temic response after PSE. 

Hemoglobin (Hb) 

- slightly, but evident increase after 

PSE. 

- the variability is moderate, but dis-

tributions are similar; postprocedural 

curve is “higher”-suggesting moder-

ate, but constant therapeutically effi-

ciency. 

 

TABLE II. 

Essential statistical descriptive data for thrombocytes, leukocytes and hemoglobin,  

before and after PSE, as well as the differences between these values (Post vs. Pre). 

 

Medium 

level 
Median Mode Std. Dev. Min. Max. Q1 Q3 

Thrombocytes, Pre 57.733,33 47.000,00 22.000,00 38.662,40 22.000,00 188.000,00 40.000,00 63.000,00 

Thrombocyte, Post 95.500,00 72.000,00 56.000,00 66.639,49 38.000,00 303.000,00 56.000,00 121.500,00 

Thrombocyte, 

Post vs. Pre 
37.766,67 25.000,00 34.000,00 27.977,09 16.000,00 115.000,00 16.000,00 58.500,00 

Leukocytes, Pre 3.437,47 3.300,00 2.500,00 1.439,43 1.570,00 6.600,00 2.500,00 4.400,00 

Leukocytes, Post 7.775,00 6.575,00 2.600,00 4.444,29 2.600,00 16.900,00 4.400,00 10.400,00 

Leukocytes, 

Post vs. Pre 
4.337,53 3.275,00 100,00 3.004,85 1.030,00 10.300,00 1.900,00 6.000,00 

Hemoglobin, Pre 10.61 11.10 11.10 2.03 6.60 12.90 9.50 12.50 

Hemoglobin, Post 10.91 11.10 11.10 1.53 8.40 13.00 9.90 11.80 

Hemoglobin, 

Post vs. Pre 
0.31 0.00 0.00 -0.50 1.80 0.10 0.40 -0.70 

 

Thrombocytes  

The mean level of platelets increased 

from 57.733/µL preprocedural to 

95.500/µL post procedural, with a mean 

difference of +37.766/µL, thus indicating a 

substantial clinical improvement. The me-

dian increased from 47.000 la 72.000/µL, 

confirming an upward trend of the re-

sponse. The increase is further supported 

by the higher Q1 and Q3 values, indicating 

a global distribution towards higher post-

treatment values. However, the elevated 

standard deviation (66.639) after procedure 

suggested a high dispersion, possible re-

flecting heterogenous responses depending 

on the patient or on the disease severity 

(tab. II). 

Leukocytes 

The mean level of leukocytes doubled 

after PSE (from 3.437 to 7.775/µL), while 

the mean difference was +4.337/µL, show-

ing a favorable response. Although the 

median has moderately increased (from 

3.300 to 6.575/µL), a high dispersion is 

evident (SD=4.445), and the extreme post-

treatment values varies between 2.600 and 

16.900/ µL (tab. II). 

Hemoglobin  

Unlike the other parameters, hemoglo-

bin remained at a steady state; the mean 

exhibited a slight increase from 10,61 g/dL 

la 10,91 g/dL, with a mean difference of 

+0,31 g/dL, considered clinically non-

significant. The median doesn’t change at 
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all (11,10 g/dL), while the quartiles had 

minimal modifications, indicating a hema-

tological stability (tab. II).  

 

Influence of gender and age over the 

hematological changes after PSE 

There is no linear relationship between 

age and platelet number variation. Howev-

er, older patients tend to have a reduced 

hematological response. The age group 50-

70 years presented a more stable increasing 

in platelets and leukocytes level. Hemoglo-

bin levels stayed steady, independent the 

age group or gender, confirming the stabil-

ity of this parameter after the procedure. 

The differences in the increase of the plate-

lets do not seem extremely visual between 

males and women (fig. 4). 

 

 
Fig. 4. Visual comparison of postprocedural response depending on age and gender  

 

The differences between males and fe-

males regarding the hematological response 

post PSE are visible for thrombocytes and 

leukocytes, but no definitely conclusions 

can be made without supplementary statis-

tical tests. 

 

 
Fig. 5. Post procedural differences for thrombocytes, leukocytes and hemoglobin: 

females vs. males 

 

TABLE III. 

Summary of relevant correlations (Pearson): 

Relation Pearson Coef Interpretation 

Age-Difference Thrombocytes -0.250 Weak negative correlation 

Age-Difference Leukocytes -0.075 No relevant correlation 

Age-Difference Hemoglobin -0.064 No relevant correlation 

Sex-Difference Thrombocytes +0.153 Weak positive correlation 

Sex-Difference Leukocytes +0.210 Weak positive correlation 

Sex-Difference Hemoglobin -0.174 Weak positive correlation 
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Both age and gender seemed to have on-

ly marginal influence over the post proce-

dural fluctuations of hematological parame-

ters in this study group. The relationships 

showed a weak statistical significance. 

 

The association between the embolized 

splenic volume and post PSE platelet count 

This analysis aims to evaluate the rela-

tionship between the embolized splenic 

volume and the increase in the platelet 

count post partial splenic embolization, in a 

sample of 15 patients. 

The hypothesis tested is that embolizing 

a higher percent of spleen, the increase in 

thrombocytes count raised simultaneously. 

A simple linear regression was performed, 

the dependent variable was the change in 

platelet count post PSE, while the inde-

pendent variable was the percent of embo-

lized splenic volume. The analysis included 

all 15 patients (n=15). 

 
Fig. 6. Correlation between splenic infarction ratio and the platelet increase ratio after PSE  

 

 Results 

The R-squared (R²) value: 0.556 → ap-

proximately 55.6% of platelet variation 

could be explained through the percent of 

embolized volume. 

The adjusted R-squared: 0.522 → ad-

justed for the number of observations and 

predictors, that indicated a moderate- 

strong relation. 

Standard error of the estimate: 

46.059,26 → indicates mean deviation of 

the actual values from the predicted values. 

ANOVA / F Test: 16.31 / Associated p-

value (F significance): 0.0014 → statisti-

cally significant  

(p < 0.05), confirming that the regres-

sion model is globally significant. 

Regression Coefficients  

Intercept (constant term): - 435.826 (p = 

0.058) → significant negative, indicating 

that when the percent of embolization is 

zero, the model estimates a decrease of 

platelet level. 

Coefficient for embolization percent: 

1.353.123 (p = 0.0014) → significant posi-

tive, suggesting that for each unit of in-

creasing the percent of embolization, it is 

estimated an increase with approximately 

1.353.123 of platelet count post partial 

splenic embolization.  

Confidence intervals (95%) 

For the coefficient “percent of emboli-

zation”: [629.203, 2.077.043] → the inter-

val doesn’t include the value “zero”, con-

firming the statistical significance.  

The results suggested a positive correla-

tion and statistically significant between 

the percent of embolized splenic volume 

and the increase of platelet count after PSE. 

Thus, a more extensive embolization 

y = 1E+06x - 435826 

R² = 0,5564 
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seemed to be associated with a favorable 

hematological response, especially regard-

ing the platelet count. 

  

The survival analysis  

through Kaplan-Meier method  

in a group of 15 patients 

The survival analysis is an essential tool 

in clinical trials for estimation of the sur-

vival rate or of the time to a relevant event 

(disease progression, complications). 

Kaplan-Meier method allows the assess-

ment of cumulative survival probability 

over time, taking censored data into ac-

count. The goal of this study is to describe 

the survival distribution in a group of 15 

patients, using data expressed in months. 

  

Methodology 

Study population: 15 patients.  

Variable time is expressed in months 

(interval: 0-109 months). 

The survival rate was analyzed using 

Kaplan-Meier method. 

Censoring was applied to the patients 

who did not finish the follow-up period.  

 

 
Fig. 7. The survival probability as a function of time (months)-Kaplan-Meier analysis 

 

Kaplan-Meier graph showed a progressive 

decrease of cumulative survival probability 

on a 9-year period of time (109 months). 

At 6 months, the estimated survival is 

approximately 73.5%. 

At 64 months (over 5 years), the surviv-

al decreases to 40.8%. 

The survival curve flattened out after 

approximately 65 months, suggesting that 

there are no events after this point.  

 

Descriptive statistics  

Median survival time was 64 months 

(confidence interval C.I. 95%: 0 – 134.1 

months), indicating that 50% of patients 

survived at least 5 years and 4 months. 

The estimated mean time of survival 

was 61.8 months, with a standard error of 
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15.04 months (C.I. 95%: 32.3 - 91.3 

months). 

Percentiles: percentile 50% (median): 

64 months / percentile 75%: 6 months that 

suggests that a quarter of patients suffered 

an event in the first 6 months.  

 

Survival table  

The majority of events took place in the 

first 60 months, with only 5 events in the 

whole follow-up period.  

After 60 months, only 3 patients re-

mained under observation, and the curve 

indicated a stabilization of survival in 40% 

of patients. 

These results demonstrated a median 

survival rate of over 5 years, reflecting a 

favorable outcome for certain patients, but 

also a significant risk of early events dur-

ing the first month’s post intervention. 

  

The survival differences by gender:  

Kaplan-Meier analysis  

Methodology 

Study population: 15 patients. 

Variable time is expressed in months 

(interval: 0-109 months). 

Event: death or major complication 

Censoring was applied to the patients 

who did not experience an event during the 

follow-up period. Patient gender: 0-

females, 1-males 

Statistical test for comparison: Log-

Rank (Mantel-Cox) 

 

Results  

Survival estimations based on gender 

Females (gender = 0):  

Mean time of survival: 46.19 months 

(C.I. 95%: 7.34 - 85.05) 

Median time of survival: 27 months 

(C.I. 95%: 1.18-52.81). Percentile 75%: 3 

months. 

Males (gender = 1):  

Mean time of survival: 64.5 months 

(C.I. 95%: 63.81 - 65.19) 

Median time of survival: 64 months 

(C.I. 95% unknown due to lack of suffi-

cient events). Percentile 75%: 64 months. 

 

 
Fig. 8. Kaplan-Meier function of survival based on gender 
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Kaplan-Meier curve indicated a higher 

survival in males, with a flattened curve 

around 64 months and a decreased survival in 

females starting from the first months, with a 

significant reduction in the first 30 months. 

Test Log-Rank. Chi-square = 1. 941 

and p = 0.164 shows the difference is not 

statistically significant with p < 0.05, but 

suggested a possible trend in males. The 

results showed a clinically relevant differ-

ence but statistical non-significant regard-

ing the survival between males and females 

in the study group. Males tend to have a 

longer survival (mean: 64.5 months vs. 

46.2 months), with a double median com-

paring to that observed in females (64 vs. 

27 months). 

  

DISCUSSION  

Splenic embolization was first intro-

duced in early seventies by Maddison who 

used it for treating a refractory esophageal 

variceal bleeding in liver cirrhosis, and 

after that, the technique was improved by 

Spigos who imagined only a partial embo-

lization in order to minimalize the associat-

ed complications (15, 16). Over the dec-

ades, the use of splenectomy has declined 

and its place has been gradually taken by 

this minimal invasive technique. 

Our study focused on the results of PSE 

on hypersplenism determined by portal 

hypertension in liver cirrhosis. Among all 

the components of pancytopenia, thrombo-

cytopenia plays a central part in cirrhotic 

patients. Thrombocytopenia increases a 

patient’s risk of spontaneous bleeding, and 

in addition to the severity of liver dysfunc-

tion quantified through Child-Pugh classi-

fication, may contribute to make a planned 

surgical intervention inadvisable (18, 19). 

Our survey included a patient with alcohol-

ic liver cirrhosis with severe thrombocyto-

penia, who was diagnosed with urothelial 

adenocarcinoma. Due to extremely low 

platelet number, the surgical intervention 

for associated malignancy was contraindi-

cated. Performing PSE, the platelet level 

increased considerably post procedure, 

allowing to schedule a surgical intervention 

for urothelial cancer.  

 

 
Fig. 9. Computed tomography of spleen after 

embolization; 50% of spleen infarcted. 

 

Considering the case particularities, we 

observed different responses comparative 

with the whole group in two cases accom-

panied by autoimmune condition: either in 

a case with thrombotic thrombocytopenic 

purpura who presented a lack of response 

in terms of platelet increasing or a liver 

cirrhosis due to hepatitis C virus compli-

cated with cryoglobulinemia, that also did 

not show a significant increase in thrombo-

cyte count. 

Data from literature suggested that in-

creasing the platelet count depends on the 

volume of infarcted spleen which is also a 

predictive factor for postprocedural com-

plications development (10, 17, 18, 19). 

Almost 50% of spleen needs to be infarcted 

to obtain a sustained increase in platelet 

count (20). According to the data present-
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ed, we also find similar percent of infarcti-

zation in our survey (fig. 9). 

Regarding the complications, we ob-

served that postembolization syndrome 

consisting of fever, nausea and left upper 

quadrant pain was almost universal present, 

but without severe consequences and care-

fully managed with standard treatment 

including antibiotics. Antibiotic prophylax-

is was demonstrated that it reduces the 

severity of complications (21, 22, 23). 

Other relevant complications were acute 

renal failure induced by contrast medium 

(two patients) and splenic abscess, despite 

antibiotic prophylaxis. In the last case, the 

patient ultimately needed surgical interven-

tion. 

This analysis supported the data from 

literature, regarding the increase in platelet 

and leukocyte count which were signifi-

cant, both mean and median, suggesting 

that the embolized spleen limited the de-

struction of blood cells (24, 25). 

The study has several limitations: one 

hand the sample size is small, consisting of 

15 patients, and on the other hand the study 

is observational and cannot demonstrate 

causality. Although there is a positive trend 

between the embolization volume and the 

leukocytes and hemoglobin level, the rela-

tionship with the embolization procedure is 

not statistically significant.  

 

CONCLUSIONS 

The findings in our survey are con-

sistent with the data from literature regard-

ing the improvement of hematological 

indices, the occurrence of complications 

and the relationship between embolized 

spleen volume and the success of the tech-

nique. Partial splenic embolization is safe 

when the total embolized volume does not 

overcome 70% of spleen volume. Peripro-

cedural antibiotherapy is necessary in order 

to limit complication development. The 

survival rate after a period of 9 years of 

follow-up for a subgroup of patients re-

mained significant due to favorable out-

come of partial splenic embolization, im-

proving the overall biological status. 
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