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Abstract
A Japanese woman with a history of Kasai operation for biliary atresia had living-donor liver transplantation at the age of 22. 
The first episode of refractory HE and late cellular rejection was treated by a high dose of methylprednisolone. The second 
episode of refractory HE was treated by balloon-occluded retrograde transvenous obliteration for a spleno-renal shunt. How-
ever, the third episode of refractory HE occurred 11 years after liver transplantation. The liver cirrhosis and hypersplenism 
were present with a Child–Pugh score of C-10. Although portal vein flow was hepatopetal, superior mesenteric vein flow 
regurgitated. We performed proximal total splenic artery embolization (TSAE). Superior mesenteric vein flow changed to 
a hepatopetal direction and she became clear. At a year after proximal TSAE, her spleen volume had decreased to 589 mL 
(20% decrease) on computed tomography. She is well and has a Child–Pugh score of 8 without overt HE. We report the 
first case of refractory HE treated by proximal TSAE that is a possible less invasive treatment option for a selected patient.
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Introduction

Hepatic encephalopathy (HE) is a devastating condition. The 
survival probability of cirrhotic patients experiencing their 
first episode of HE is 42% at 1 year and 23% at 3 years [1]. 
HE of end-stage liver disease can be triggered by constipa-
tion, dehydration, electrolyte disorder, gastrointestinal bleed-
ing, infection, excessive protein intake, and renal failure [2]. 
According to the practice guidelines of the American Asso-
ciation for the Study of Liver Diseases and the European 
Association for the Study of the Liver in 2014, nonabsorb-
able disaccharides, antibiotics, branched-chain amino acids, 
l-ornithine, and l-aspartate are used for the treatment of HE 
patients [3]. When HE is related to an existing portosystemic 

shunt, occlusion of the shunt is a key therapeutic option [3]. 
Surgical shunt ligation, embolization of a portosystemic 
shunt, and balloon-occluded retrograde transvenous oblitera-
tion have been reported [4–7]. Partial splenic artery emboli-
zation (PSE) as a supplemental treatment for embolization 
of a portosystemic shunt with HE has also been reported 
[8]. Proximal total splenic artery embolization (TSAE) is an 
effective treatment for splenic artery aneurysms [9]. While 
there are a few reports on proximal TSAE for the treatment 
of cirrhotic patients with hypersplenism [10], to the best 
of our knowledge, there are no reports of proximal TSAE 
for HE. Here, we report a case of refractory HE treated by 
proximal TSAE.

Case report

A Japanese woman had a history of Kasai operation for 
biliary atresia at age of 3 months. Frequent cholangitis 
developed and liver function deteriorated at age of 22. She 
was referred to our hospital. Total bilirubin, creatinine, and 
prothrombin time international normalized ratio were 15.6, 
0.45 mg/dL, and 1.41, respectively. The model for end-stage 
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liver disease score was 21. She had ascites, the spleno-renal 
shunt, and underwent living-donor liver transplantation 
using her father’s left liver. The post-operative course was 
uneventful.

The first episode of temporal overt HE occurred 6 years 
after living-donor liver transplantation. Liver biopsy 
revealed that her rejection activity index score was 4 (P2, 
B1, V1) based on the International Banff Schema for Liver 
Allograft Rejection [11] with focal interportal bridging 
fibrosis. She was diagnosed with late cellular rejection 
and treated with a high dose of methylprednisolone and 
became clear with no other treatment. No portal vein steno-
sis was detected, and portal vein pressure was 258 mmH2O 
(19 mmHg) on percutaneous transhepatic portography. HE 
recurred again 3 years later. The patent spleno-renal shunt 
was treated by balloon-occluded retrograde transvenous 

obliteration and she became clear. Treatment with oral non-
absorbable disaccharides was started. Six months later, her 
esophageal varices ruptured and an endoscopic variceal liga-
tion was performed.

Two years later at the age of 34, she was urgently admit-
ted to our hospital due to recurrent HE, grade 1–3 [3]. Her 
serum ammonia level was 352 μg/dL. Intravenous adminis-
tration of branched chain amino acids was started (Fig. 1). 
Liver cirrhosis and hypersplenism were present with white 
blood cell and platelet counts at 2400 and 46,000/µL, respec-
tively. Serum albumin, total bilirubin, creatinine, and pro-
thrombin time international normalized ratio were 3.3 g/dL, 
1.1 mg/dL, 1.19 mg/dL, and 1.08, respectively. Abdominal 
ultrasonography revealed massive ascites and hepatopetal 
portal venous flow. Her Child–Pugh score was 10. Computed 
tomography showed a hypertrophied splenic artery, 12 mm 
in diameter. A portosystemic shunt between the umbilical 
vein and both thick inferior epigastric veins was visualized. 
There was no portal vein thrombosis. The spleen volume was 
calculated to be 732 mL using a volume analyzer (Synapse 
Vincent, Fujifilm Corp., Tokyo, Japan). Superior mesenteric 
artery angiography also confirmed the presence of a porto-
systemic shunt via the umbilical vein to bilateral inferior 
epigastric veins. Celiac artery angiography showed that por-
tal venous flow was hepatopetal, and superior mesenteric 
venous (SMV) flow regurgitated and hepatofugal (Fig. 2a). 
Temporary balloon occlusion of the proximal splenic artery 
was tried and it decreased the hepatic vein wedge pressure 
from 285 to 231 mmH2O (21 to 17 mmHg) and normalized 
the SMV flow to the hepatopetal direction. Furthermore, 
the distal splenic artery was retrogradely visualized via the 
left gastric artery on the late phase of celiac artery angiog-
raphy. Since there has been no report in the literature for 
TSAE reducing portosystemic shunt flow and normalizing 
the portal venous flow, informed consent was obtained and 
a proximal TSAE was attempted.

Cefazolin (1 g) was administered as a prophylactic anti-
biotic before embolization. In detail, a 20-mm balloon 

Fig. 1   The trend of the patient’s serum ammonia level is indicated by 
the black line. The solid box indicates overt hepatic encephalopathy 
(HE) and its grade. The white box indicates the duration of intrave-
nous infusion of a branched chain amino acid (BCAA). The dotted 
triangle indicates the time of the proximal total splenic artery emboli-
zation (proximal TSAE), day 0

Fig. 2   Celiac artery angiog-
raphy revealed the portal vein 
(PV) and superior mesenteric 
vein (SMV). Although portal 
vein flow was hepatopetal, 
superior mesenteric vein flow 
regurgitated (a). After proximal 
total splenic artery embolization 
(TSAE), superior mesenteric 
artery angiography showed that 
SMV flow changed to normal 
and hepatopetal. The arrows 
show the direction of each vein 
flow. Coils were observed in the 
splenic artery (b)
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occlusion catheter (Nipro Corp., Osaka, Japan) was placed 
in the distal splenic artery from the left femoral artery. A 
9-mm balloon catheter (Terumo Co., Ltd., Tokyo, Japan) 
was placed in the proximal splenic artery from the right 
femoral artery. Both of the balloons were inflated to prevent 
migration of the coils and 3000 U of heparin was adminis-
tered. Guglielmi detachable coils (Stryker, Kalamazoo, MI, 
US), interlocking detachable coils (Boston Scientific, Mar-
lborough, MA, US), and micro coils (Cook, Bloomington, 
IN, US) were placed in the proximal parts of the splenic 
artery. At the end of embolization, the distal balloon was 
deflated and slowly removed while still inflating the proxi-
mal splenic artery balloon. Then, the proximal splenic artery 
balloon was gradually deflated and removed. A final splenic 
artery angiography was obtained to confirm complete occlu-
sion at the proximal splenic artery. The SMV flow changed 
to hepatopetal (Fig. 2b). The distal splenic artery was ret-
rogradely visualized via the left gastric artery on the late 
phase of the post-embolization celiac artery angiography 
(Fig. 3b, c). Splenic infarction was not observed. The shunt 
flow between the umbilical vein and both inferior epigastric 
veins became obscure on superior mesenteric artery angiog-
raphy. Hepatic vein wedge pressure was not measured. She 
became clear. Seven days after proximal TSAE, her spleen 
volume had decreased to 691 mL (6% decrease) on com-
puted tomography. Splenic infarction was not observed.

Her serum ammonia level normalized (Fig. 1), renal func-
tion was improved, and the amount of ascites decreased. 
She was discharged from the hospital 9 days after emboliza-
tion. At 1 year after proximal TSAE, her spleen volume had 
decreased to 589 mL (20% decrease) on computed tomog-
raphy. White blood cell and platelet were 4900 and 62,000/
µL, respectively. She is well and has a Child–Pugh score of 
8 without overt HE.

Discussion

Here, we report the first case of refractory HE treated by 
proximal TSAE. In the setting of liver transplantation, Her-
rero and colleagues reported a case of regurgitated SMV 
flow that changed to normal hepatopetal flow and HE was 
improved after embolization of a portosystemic shunt at 
10 months after liver transplantation [12]. One of our strat-
egies for normalizing hepatofugal SMV flow in the present 
case was embolization of both the inferior epigastric veins 
as a portosystemic shunt, but it was judged to be technically 
too difficult to obstruct both inferior epigastric veins because 
the procedure needed to obstruct two and more veins at the 
same time.

Excessive splenic artery flow was another problem. 
Splenectomy or splenic artery ligation is an invasive pro-
cedure for a patient with a Child–Pugh score of 10. Mini-
mally invasive treatment was therefore a suitable strategy 
for this patient. Splenic artery embolization was reported 
in 1973 and is a less invasive procedure than surgery [13]. 
Distal total splenic artery embolization has a risk of severe 
splenic infarction [14]. Spigos and colleagues reported that 
PSE is an alternative procedure to reduce portal pressure 
in cirrhotic patients; however, it may cause post-emboliza-
tion syndrome, such as splenic abscess and splenic rupture 
[15]. In the present report, as the patient was treated with 
immunosuppressants as a transplant recipient, PSE was not 
selected because of potential difficulties managing post-
embolization syndrome and related infection. The late phase 
of celiac artery angiography was key to predict and avoid 
splenic infarction. In the present report, we confirmed the 
distal splenic artery was retrogradely visualized via the left 
gastric artery during the late phase of celiac artery angiogra-
phy on test balloon occlusion of the proximal splenic artery.

Fig. 3   Celiac artery angiography indicated a hypertrophied splenic 
artery before embolization (a). Consecutive b (early) and c (early-
late) of celiac artery angiography after proximal total splenic artery 

embolization showed retrogradely visualized distal splenic artery 
(white arrows) via the left gastric artery
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A relation between the portal vein and splenic artery flow 
has been reported. The portal vein flow velocity is decreased 
16% by clamping the proximal splenic artery in a normal 
liver patient [16]. Presser and colleagues reported that proxi-
mal TSAE after whole-liver transplantation decreases portal 
vein flow velocity by 46% [17]. Baccarani and colleagues 
also reported that proximal TSAE significantly reduces por-
tal vein flow velocity by 31% and wedge hepatic vein pres-
sure by 26% after liver transplantation [18]. In the present 
report, temporary balloon occlusion of the proximal splenic 
artery decreased the hepatic vein wedge pressure from 285 
to 231 mmH2O and changed the SMV flow to hepatopetal. 
At the same time, although the portosystemic shunts were 
still patent, the shunt flow between the umbilical vein and 
both inferior epigastric veins became obscure on superior 
mesenteric artery angiography which indicates decreased 
portosystemic shunt flow. Bases on these results, TSAE was 
performed and hepatic encephalopathy improved.

Proximal TSAE may have an inadequate treatment effect 
or induce early recurrence of HE. In a non-transplant set-
ting, He and colleagues reported a prospective trial to com-
pare proximal TSAE (n = 27) to PSE (n = 34) in cirrhotic 
patients with hypersplenism. The proximal TSAE group had 
a lower complication rate, and better sustained improvement 
of thrombocytopenia and leukocytopenia for 4 years com-
pared to the PSE group [10]. On the other hand, Yoshida and 
colleagues reported PSE with portosystemic shunt occlusion 
for HE (n = 25) in which low ammonia level and low grades 
of HE were well maintained for 5 years compared to a mono-
shunt occlusion group [8]. Although in the present case, the 
patient was stable for 1 year after proximal TSAE, patients 
should be carefully followed. It is important to confirm the 
patency of the collateral arteries of the spleen to avoid severe 
complications [10], but collateral arteries may also lead to 
blood flow re-augmentation. Further studies are needed to 
clarify the optimal procedure for patients with refractory HE 
and/or regurgitated SMV flow.

Conclusions

Proximal TSAE has the possibility of being a less invasive 
treatment option for a selected patient with refractory HE.
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