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Abstract
AIM: To evaluate whether total splenic artery emboli-
zation (TSAE) for patients with hypersplenism delivers 
better long-term outcomes than partial splenic emboli-
zation (PSE).

METHODS: Sixty-one patients with hypersplenism eli-
gible for TSAE (n  = 27, group A) or PSE (n  = 34, group 
B) were enrolled into the trial, which included clinical 
and computed tomography follow-up. Data on technical 
success, length of hospital stay, white blood cell (WBC) 
and platelet (PLT) counts, splenic volume and complica-
tions were collected at 2 wk, 6 mo, and 1, 2, 3, 4 years 
postoperatively.

RESULTS: Both TSAE and PSE were technically suc-
cessful in all patients. Complications were significantly 
fewer (P  = 0.001), and hospital stay significantly 
shorter (P  = 0.007), in group A than in group B. Post-

procedure WBC and PLT counts in group A were sig-
nificantly higher than those in group B from 6 mo to 4 
years (P  = 0.001), and post-procedure residual splenic 
volume in group A was significantly less than that ob-
served in group B at 1, 2, 3 and 4 years post-procedure 
(P  = 0.001). No significant differences were observed 
in red blood cell counts and liver function parameters 
between the two groups following the procedure.

CONCLUSION: Our results indicate that TSAE for pa
tients with hypersplenism not only delivers a better long-
term outcome, but is also associated with lower compli-
cation rates and a shorter hospital stay than PSE.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
To date, partial splenic embolization (PSE), which was 
first performed by Spigos et al[1] in 1979, has been con-
sidered first-line therapy for hypersplenism in many in-
stitutions, and has been proposed as an effective alterna-
tive to splenectomy for improving peripheral blood cell 
counts[2-4]. However, PSE is associated with many com-
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plications, including intermittent fever, abdominal pain, 
nausea, vomiting, postembolization syndrome, splenic 
abscess, splenic rupture, pneumonia, refractory ascites, 
pleural effusion and gastrointestinal bleeding[3-6]. To en-
sure a sustained and long-term increase in platelet (PLT) 
and leucocyte counts, the splenic infarction rate needs to 
be greater than 50%[6]. Thus, severe complications can 
ensue[1-6].

Today, total splenic artery embolization (TSAE) is wi
dely used and has been shown to be a safe and effective 
method for the treatment of  splenic artery aneurysms[7-9]. 
In addition, stainless steel spring coils are used to em-
bolize the main branch of  the splenic artery in order to 
improve PLT counts pre-splenectomy[10]. We have initi-
ated a new approach, that of  TSAE for the treatment of  
patients with hypersplenism secondary to cirrhosis of  the 
liver, and our preliminary results demonstrate the safety 
and feasibility of  the approach[11]. In order to determine 
whether this approach can ensure a sustained and long-
term increase in PLT and leucocyte counts, as well as a re-
duction in the rate of  severe complications, we undertook 
this nonrandomized prospective trial of  endovascular 
treatment of  hypersplenism with TSAE or PSE, with the 
aim of  comparing clinical outcomes of  both methods.

MATERIALS AND METHODS
Patients
The protocol was approved by the institutional ethics 
committee, and all patients provided written informed 
consent. Between January 2006 and June 2011, consecu-
tive patients with hypersplenism caused by cirrhosis re-
ferred for treatment with TSAE (group A) or PSE (group 
B) were screened for enrollment into this non-random-
ized, prospective, two-institution trial. They subsequently 
underwent computed tomography (CT) follow-up at both 
hospitals. The diagnosis of  hypersplenism was established 
by review of  each patient’s medical history, clinical labora-
tory data, ultrasonography, and CT examinations.

Eligibility criteria included: (1) documented hyper-
splenism caused by cirrhosis established by a review of  
the patient’s history, CT results or ultrasound; and (2) 
hepatitis B virus/hepatitis C virus-related active cirrho-
sis, with neutropenia (neutrophil count ≤ 2.0 × 109/L), 
thrombocytopenia (PLT count ≤ 50 × 109/L), or both. 
Patients who had severe jaundice (total serum bilirubin 
level ≥ 81.4 μmol/L) or spontaneous bacterial peritonitis 
were excluded.

Total embolization of the main splenic artery 
All embolization procedures were performed by two ex-
perienced interventional radiologists. Prior to emboliza-
tion, selective angiography of  the celiac trunk, the splenic 
artery and the superior mesenteric artery was performed 
in all patients via the right femoral artery using a 5-Fr 
diagnostic catheter. To avoid total splenic infarction, we 
confirmed patency of  the collateral arteries, which were 
confirmed as connected to the hilar splenic artery from 

the left gastric artery or from the gastroepiploic artery on 
a celiac arteriogram (Figure 1). 

Once these connections were confirmed, TSAE was 
performed, using details of  the coiling procedure as has 
been previously described[11]. Coils and gelfoam were used 
as embolization material, either alone or in combination. 
In general, the embolization coils used in this series were 
standard 0.089 cm fibered coils, microcoils (Tornado; 
Cook Inc., Bloomington, IN, United States). Post-embo-
lization check angiograms were performed using selective 
splenic artery, celiac and superior mesenteric artery an-
giograms to confirm occlusion of  the main splenic artery 
and patency of  the collateral arteries (Figure 1). Preopera-
tive antibiotic prophylaxis was used routinely for 3 d. Fol-
lowing embolization, patients were monitored clinically, 
and antibiotics were administered after the procedure for 
several days in order to avoid infection.

PSE
The embolic agents most commonly used for splenic ar-
terial embolization are gelatin sponge pledgets (Gelfoam 
cube, Upjohn, Kalamazoo, United States) and polyvinyl al-
cohol particles (PVP, lvalon, Ingenor, Paris; and Contour, 
Interventional Therapeutics Corp., South San Francisco, 
CA, United States). Details of  PSE with gelatin sponge 
pledgets[12] or with PVP[13] have been described previously, 
and therefore we do not repeat the methodology here.

A

B

Figure 1  Hypersplenism in a 76 year old man with hepatitis B virus-
related cirrhosis. A: Celiac digital subtraction arteriogram. The splenic artery is 
markedly dilated and tortuous. The spleen is enlarged. The right gastroepiploic 
artery arises from the celiac axis; B: Celiac arteriogram after coil embolization 
of the distal splenic artery and its primary branches. The hilar splenic arterial 
branches are faintly filled by collateral circulation.
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Follow-up protocol and postoperative outcome evaluation
All patients were followed up at our outpatient clinic. 
Peripheral blood cell parameters, including white blood 
cell (WBC), PLT and red blood cell (RBC) counts, were 
monitored at different time-points prior to the procedure, 
and at day 3, 14 and 30, and subsequently at 6-monthly 
intervals for a total of  5 years. To determine any possible 
effects on liver function, serum levels of  aspartate amino-
transferase (AST), alanine aminotransferase (ALT), total 
bilirubin (TB), albumin (Alb), as well as the prothrombin 
time (PT), were measured before and after the procedures 
at the same time-points. The frequency and type of  com-
plications associated with the procedures were recorded.

Abdominal CT scans were routinely performed be-
fore and two weeks after the procedure, and subsequently 
every 6 mo during follow-up (Figure 2). Based on en-
hanced CT images, we measured and compared the pre-
treatment splenic volume and the post-embolization re-
sidual splenic volume on a 3.1 workstation (GE Medical 
Systems, Milwaukee, WI, United States) using volumetric 
analysis software. The infarcted splenic volume (mL) was 
calculated by subtracting the noninfarcted splenic volume 
from the pretreatment volume. The splenic infarction 
rate was calculated by dividing the infarcted splenic vol-
ume by the pretreatment volume (× 100%).

Complications related to the procedures were catego-
rized as either major or minor. A major complication was 
defined as a complicated disease requiring surgical or in-
terventional treatment or a prolonged postoperative hos-
pital stay of  more than 30 d, and included splenic abscess, 

splenic rupture, pneumonia, refractory ascites, pleural 
effusions, gastrointestinal bleeding, variceal rupture and 
liver failure. A minor complication was defined as a com-
plication that had minimal consequences and could be 
tolerated by patients or treated using conservative meth-
ods, including post-embolization syndrome, abdominal 
fullness, and loss of  appetite.

Statistical analysis
We predicted that rates for a WBC count > 4 × 109/L at 
the 2-year follow-up assessment would be approximately 
95% in group A and 60% in group B. We estimated that 
at least 25 patients with hypersplenism would need to be 
enrolled into each group for the study to have a statisti-
cal power of  80% with a two-sided alpha level of  0.05. 
This power was based on the ability to detect an absolute 
difference of  30% in patients with WBC counts > 4 × 
109/L at the 2-year follow-up assessment. 

All data are expressed as mean ± SD. Comparisons of  
variables between the two groups were performed by ap-
plying the Mann-Whitney test, χ 2-test or the Fisher’s exact 
test as appropriate. All statistical analyses were performed 
using the SPSS package, version 13.0 (SPSS, Chicago, Il-
linois, United States).

RESULTS
A total of  109 patients with hypersplenism were enrolled. 
Before each procedure, patients or family members had 
the right to choose either TSAE or PSE. Initially, 51 and  

A B C

D E F

Figure 2  Computed tomographic angiography, arterial phases, before and after splenic artery embolization in the same patient as Figure 1. A: Before embo-
lization the spleen is enlarged; B: One month after embolization the major portion of the spleen is avascular with minute areas of low attenuation representing residual 
gas collection. A small part of the spleen was perfused with contrast medium; C: Six months after embolization the low attenuation area has decreased in size; D: One 
year later the low attenuation area has further decreased in size; E: Two years later the necrotic area has further decreased in size; F: Four years later no significant 
change is seen.
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58 patients were assigned to group A and group B, re-
spectively. Of  these, 48 patients did not meet the inclu-
sion criteria, with a total follow-up of  < 2 years in 43 
patients, and five patients were lost to follow-up (two in 
group A and three in group B). The remaining 61 pa-
tients were enrolled. Subjects included 36 males and 25 
females, with a mean age of  47.92 ± 8.00 years (range: 
28-60 years). Demographic features and clinical presenta-
tion of  included patients are summarized in Table 1.

Primary procedural results
The technical and initial clinical outcomes of  the two 
groups are shown in Table 2. Both TSAE and PSE were 
technically successful in all patients, with no procedure-
related complications. The thirty-day mortality rate was 
zero.

Post-embolization syndrome, which included abdo
minal pain, fever and vomiting, occurred in 21 patients 
(77.8%) in group A and 34 in group B (100%) (P = 0.014). 
Abdominal pain was severe enough to require morphine 
administration in 15 patients, including two in group 

A (7.4%) and 13 in group B (38.2%) (P < 0.01). Severe 
complications, which occurred in seven patients (20.6%) 
in group B and no patient (0%) in group A, are listed 
in Table 2. Three patients had pleural effusions, which 
resolved with thoracocentesis. Two patients with ascites 
were treated with abdominal paracentesis. Two patients 
suffered from a persistent high fever and were found to 
have a splenic abscess on abdominal CT scan. The ab-
scess was drained with a catheter and had resorbed within 
2 mo. The length of  hospital stay was significantly less in 
group A, 5-13 d (mean, 8.52 ± 1.91 d), than in group B, 
9-37 d (mean, 15.88 ± 6.36 d) (P < 0.001).

Changes in peripheral blood cell counts
At the time of  writing, all patients in group A had been 
followed up and assessed at the 2-wk, 6-mo, 1- and 2-year 
time-points; 35 had been assessed for 3 years and 23 had 
been assessed for ≥ 4 years, prospectively, with a mean 
follow-up of  40.36 ± 11.94 mo (range: 24-64 mo). There 
were no significant differences in the number of  patients 
in each follow-up period between the two groups.

Changes in WBC and PLT counts before the proce-
dures and between 2 wk and 4 years after the procedures 
are shown in Figure 3A and B. After the procedures, in 
both groups, WBC and PLT counts increased significant
ly, peaked at 2 wk, and then gradually fell during the 
4-year follow-up period (Figure 3A and B). There were 
no significant changes in RBC counts either after PSE or 
during the long-term follow-up period.

Before PSE, there were no significant differences bet
ween the two groups with respect to sex, age, splenic vol-
ume, Child-Pugh class, and peripheral blood cell counts 
(Table 1). In both group A and group B, WBC and PLT 
counts increased significantly and remained higher than 
the pre-procedure counts from the second week to the 
fourth year after the procedures (P < 0.05, Figure 3A and  
B). Although there were no significant differences in WBC  
and PLT counts between the two groups 2 wk after the 
procedures, both WBC and PLT counts in group A were 
significantly higher than those observed in group B at 
6 mo, 1, 2, 3 and 4 years after the procedures (P < 0.05, 
Figure 3A and B). A WBC count > 4 × 109/L at the 
2-year follow-up assessment was observed in all 27 (100%) 
patients in group A and in 21 (62%) patients in group B (P 
< 0.001). 

Changes in liver function parameters 
In comparison with pre-procedure levels of  liver func-
tion parameters values, including AST, ALT, TB, Alb and 
PT, in each of  the two groups, there were no significant 
short- and long-term changes after the procedures.

Changes in splenic volume after embolization
Splenic volume changes before the procedures and be-
tween one month and 4 years after the procedures are 
shown in Figure 3C. All patients in group A were fol-
lowed up and assessed at 2 wk, 6 mo, 1 and 2 years; 35 
were assessed for 3 years and 23 were assessed for ≥ 4 
years, prospectively, with a mean follow-up of  40.36 ± 

Table 1 Demographic and clinical characteristics of patients 
with hypersplenism (mean ± SD)

Group A 
(n  = 27)

Group B 
(n  = 34)

P  
value

Age (yr) 48.48 ± 8.87 47.945 ± 7.32 0.445
Female/male 11/15 14/20 0.930
Child-Pugh classification, n (%) 0.441
   A 19 (70.4) 23 (676)
   B   6 (22.2)    9 (26.5)
   C 2 (7.4)  2 (5.8)
Virus, n (%) 0.463
   B 22 (81.5)   25 (73.5 )
   C   5 (19.5)    9 (26.5)
WBC counts × 109   1.50 ± 0.32   1.54 ± 0.30 0.453
PLT counts × 109 40.33 ± 6.16 39.74 ± 4.63 0.574
Splenic volume (cm3) 769.93 ± 61.40 745.73 ± 50.09 0.201

WBC: White blood cell; PLT: Platelet.

Table 2  Post-procedural computed tomography results, clini-
cal outcomes, and complications (mean ± SD)

Group A 
(n  = 27)

Group B 
(n  = 34)

P  value

Technical success, n (%) 27 (100) 34 (100)   0.999
Hospital stay (d) 8.52 ± 1.91 15.88 ± 6.36 < 0.001
Complications, n (%)   0.007
   Minor complications   0.005
      Post-embolization syndrome    21 (77.8) 34 (100)
   Major complications 0 (0)    7 (20.6)   0.014
      Splenic abscess          0         2
      Pleural effusion          0         3
      Ascites          0         2
CT follow-up (mo) 36.44 ± 12.67   36.00 ± 11.82   0.926
Clinical follow-up (mo) 40.63 ± 12.60   40.14 ± 11.58   0.965
WBC count > 4 × 109/L at 2-year 
follow-up, n (%)

  27 (100)      21 (62) < 0.001

WBC: White blood cell; CT: Computed tomography.

He XH et al . TSAE vs  PSE for hypersplenism
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11.94 mo (range: 24-64 mo). After the procedures, splenic 
volume decreased significantly, peaked one month after 
the procedures, and then gradually increased during the 
4-year follow-up period (Figure 3C). In groups A and B, 
splenic volume gradually increased and remained lower 
than the pre-procedure volume from 1 mo to four years 
after the procedures (P < 0.05, Figure 3C). There were 
no significant differences in splenic volume between the 

two groups before embolization, and at 1 and 6 mo post-
procedure, but the residual splenic volume in group A 
was significantly smaller than that observed in group B 
1, 2, 3 and 4 years after the procedures (P < 0.05, Figure 
3C).

DISCUSSION
This nonrandomized trial was designed to compare the 
clinical outcomes of  two endovascular regimens in pa-
tients with hypersplenism. The results demonstrate a sus-
tained and long-term increase in WBC and PLT counts 
in group A, with no major complications, compared 
with group B. The significant increase in WBC and PLT 
counts in group A during follow-up appears to be pre-
dominantly attributable to the complete occlusion of  the 
main splenic artery.

Hypersplenism is a well-known complication of  por-
tal hypertension in cirrhosis, which can result in throm-
bocytopenia and/or leukocytopenia. There are several 
possible approaches to management, for example splene
ctomy[14-16], PSE[1-6], ligation and banding of  the splenic 
artery[17] and percutaneous placement of  a narrowed stent 
into the splenic artery[18]. Surgical splenectomy can elimi-
nate hypersplenism-induced blood cell destruction, but 
the morbidity of  severe complications after splenectomy, 
including laparoscopic and open splenectomy, still ranges 
from 9.6% to 26.6%[14,15]. In addition, splenectomy is of-
ten associated with an increased long-term risk of  septic 
events[14,15]. Ligation and banding of  the splenic artery are 
also used to treat hypersplenism, but complications such 
as portal vein thrombosis, sepsis and multi-organ failure 
may occur with these methods[17]. Although percutaneous 
placement of  a narrowed stent into the splenic artery is 
a promising new technique for treating hypersplenism[18], 
it is difficult to ensure a sustained and long-term increase 
in WBC and PLT counts as the splenic artery is not com-
pletely occluded, which cannot provide a sustained splenic 
infarction rate (> 50%).

Today, PSE is the most commonly used alternative 
to splenectomy for patients with hypersplenism, with the 
aim of  improving the peripheral blood cell count[2-4], but 
it is often associated with minor and major complications, 
such as post-embolization syndrome, splenic abscess, 
splenic rupture, pneumonia, refractory ascites, pleural 
effusions and gastrointestinal bleeding[5,6], as reported in 
our study and in many other series[2-6]. Post-embolization 
syndrome is the most frequent minor complication, 
which is usually well-tolerated by patients and controlled 
with conservative therapy[3]. Major complications, on the 
other hand, such as splenic abscess, splenic rupture and 
pleural effusions, require surgical or other interventional 
treatment. Many reports have demonstrated a close as-
sociation between the incidence of  complications and the 
splenic infarction rate, and it appears that complications 
occur more frequently in patients with a splenic emboliza-
tion > 50%[6,12,19,20]. In this study, the embolized splenic 
volume rate was the same for both groups, but we ob-
served that both minor and major complications were sig-
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Figure 3  Curves of the white blood cell counts, platelet counts, and 
splenic volume in cirrhotic patients of group A (total splenic artery embo-
lization) and group B (partial splenic embolization) before embolization 
and at the different follow-up time intervals. A: Curves of long-term follow-
up of white blood cell counts between the two groups; B: Curves of long-term 
follow-up of platelet counts between the two groups; C: Curves of long-term 
follow-up of splenic volume between the two groups. All values are expressed 
as mean ± SD. aP < 0.05 vs pre-embolization within each group; cP < 0. 05 
group A vs group B at each time point determined with the Mann-Whitney test. 
WBC: White blood cell; PLT: Platelet.
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nificantly less in group A than in group B post-procedure 
(P < 0.05). Moreover, no major complications occurred. 
Therefore, we do not believe that there is a close relation-
ship between the rate of  complications and splenic in-
farction rates in patients with hypersplenism treated with 
TSAE. This may be explained by the collateral arteries, 
which connect to the hilar splenic artery from the left gas-
tric artery or from the gastroepiploic artery, and provide 
a small amount of  blood to the spleen, thereby avoiding 
complete splenic infarction.

In this study, both WBC and PLT counts in group A 
were significantly higher than those observed in group 
B at 6 mo, 1, 2, 3 and 4 years post-procedures. Although 
WBC and PLT counts in both groups decreased with time, 
the counts in group A revealed a sustained and long-term 
increase above normal levels and decreased very slowly, 
whereas those in group B decreased more quickly. The 
relatively high WBC and PLT counts in group A were 
mainly attributable to differences in treatment behavior, 
which may provide one explanation. As PSE embolizes 
the peripheral artery in the spleen, leaving the main splen-
ic artery open, it is relatively easy for relapse to occur with 
resumption of  blood flow, which leads to the residual 
splenic volume increasing relatively quickly. On the con-
trary, when the main splenic artery is completely emboli-
zed, the blood flow supply to the spleen from the splenic 
artery is stopped, with only a small amount of  blood 
supplied from collateral arteries. This ensures that the 
residual splenic volume increases very slowly. Our study 
demonstrated that the residual splenic volume in group 
A increased very slowly and was significantly smaller than 
that observed in group B (P < 0.05), whereas the residual 
splenic volume in group B increased much more quickly.

The study has the following limitations. Firstly, a ma-
jor weakness remains the lack of  randomization, and the 
patient population was relatively small, which restricted 
our ability to detect possible differences between the two 
groups. As it was a preliminary prospective clinical study, 
and many patients were unwilling to choose TSAE at the 
outset, it was difficult to randomly select patients. More-
over, the two approaches varied with regard to different 
pathologic changes. The pathologic changes developed 
in distinctive patterns during follow-ups and were not af-
fected by individual or group. Furthermore, our results 
revealed a sustained and long-term increase in WBC and 
PLT counts in group A compared with group B, for all 
follow-up time-points. Therefore, we believe that the 
non-randomized allocation of  patients into two groups 
did not affect the results. Secondly, severe complications 
may occur when collateral arteries are not present or pat-
ent. Confirmation of  the patency of  the collateral arter-
ies, which were connected to the hilar splenic artery from 
the left gastric artery or from the gastroepiploic artery, 
was a necessary step prior to TSAE. Lastly, the clinical 
indications for splenic embolization can be bleeding from 
varices or hypersplenism, and therefore great attention 
needs to be directed at these patients after embolization 
in order to prevent bleeding.

In conclusion, the results of  this nonrandomized, pro
spective trial indicate that TSAE for patients with hyper-
splenism not only delivers better long-term outcomes but 
is also associated with lower rates of  complications and a 
shorter hospital stay than PSE. Further clinical trials and 
longer-term follow-up studies are needed.
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cirrhosis of the liver, as a result of low complication rates and good medium-term 
clinical efficacy.
Peer review
The authors present a nonrandomized prospective trial of the endovascular 
treatment of hypersplenism with TSAE or PSE, with the aim of comparing the 
clinical outcomes of these two treatment approaches. The results reveal that 
treatment with TSAE ensured a sustained and long-term increase in white blood 
cell and platelet counts, as well as lower complication rates and a shorter hos-
pital stay compared to PSE. In addition, post-procedure residual splenic volume 
in patients treated with TSAE was significantly smaller than that of PSE during 
follow-up. These results suggest an alternative approach for the management of 
patients with hypersplenism.
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