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Case Report

Splenic artery steal syndrome (SASS) is a cause of graft hypoperfusion leading to the development of biliary tract complications, graft 
failure, and in some cases to retransplantation. Its management is still controversial since there is no universal consensus about its 
prophylaxis and consequently treatment. We present a case of SASS that occurred 48 hours after orthotopic liver transplantation (OLTx) 
in a 56-year-old male patient with alcoholic cirrhosis and severe portal hypertension, and who was successfully treated by splenic 
artery embolization. A literature search was performed using the PubMed database, and a total of 22 studies including 4,789 patients 
who underwent OLTx were relevant to this review. A prophylactic treatment was performed in 260 cases (6.2%) through splenic ar-
tery ligation in 98 patients (37.7%) and splenic artery banding in 102 (39.2%). In the patients who did not receive prophylaxis, SASS 
occurred after OLTx in 266 (5.5%) and was mainly treated by splenic artery embolization (78.9%). Splenic artery ligation and splenec-
tomies were performed, respectively, in 6 and 20 patients (2.3% and 7.5%). The higher rate of complications registered  was represent-
ed by biliary tract complications (9.7% in patients who received prophylaxis and 11.6% in patients who developed SASS), portal vein 
thrombosis (respectively, 7.3% and 6.9%), splenectomy (4.8% and 20.9%), and death from sepsis (4.8% and 30.2%). Whenever possible, 
prevention is the best way to approach SASS, considering all the potential damage arising from an arterial graft hypoperfusion. Where 
clinical conditions do not permit prophylaxis, an accurate risk assessment and postoperative monitoring are mandatory. 
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INTRODUCTION

Vascular complications are causes of graft failure in the early 
days after a liver transplantation, inducing hypoperfusion and 
ischemia, leading to biliary tract complications and occasion-
ally retransplantation. One of the causes of arterial hypoper-

fusion of the graft in the absence of hepatic artery thrombosis 
(HAT) or hepatic artery stenosis (HAS) is the arterial steal 
syndrome, a nonocclusive hepatic artery hypoperfusion char-
acterized by a blood-flow shift into other arteries originating 
from the same trunk and diagnosed on angiography. Most 
cases of liver ischemia are caused specifically by splenic artery 
steal syndrome (SASS), reported as a percentage ranging from 
0.6% to 10% of patients [1]. 

SASS may develop any time, varying from the immediate 
postoperative period up to 5.5 years following transplantation, 
even though most patients are diagnosed within 2 months 
from the transplantation [1]. SASS is a diagnosis of exclusion 
and should be considered only in the absence of rejection, 
infection, or toxicity. Its clinical presentation is non-specific, 
ranging from a complete absence of symptoms to acute liver 
failure [1,2]. Most patients affected by this syndrome present 
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with high levels of transaminases and decreased hepatic func-
tion with or without biliary ischemia and cholestasis [2,3], 
but sometimes they can be struck with ascites as the primary 
evidence of graft dysfunction and signs of hypersplenism [4,5]. 
Since the hypoperfusion may lead to the graft loss, not only is 
an early diagnosis extremely important, but also preoperative 
identification of patients at risk, followed, whenever possible, 
by prophylactic treatment.

CASE

The recipient was a 56-year-old male patient with alcoholic 
cirrhosis and severe portal hypertension, diagnosed with mod-
el for end-stage liver disease (MELD) 13, assessed according 
to our standard recipient protocol and placed on a transplan-
tation list. Liver anatomy was evaluated through a computed 
tomography (CT) scan and magnetic resonance imaging with 
administration of Primovist, which showed features of chronic 
liver disease with portal hypertension, portal vein (PV) throm-
bosis extended to the superior mesenteric vein, and splenic and 
coronary veins dilatation. Hepatic artery anatomy was normal. 
A good-quality graft from a deceased donor was transplant-
ed with face-to-face cavo-cavostomy, end-to-end portal vein, 
hepatic artery, and bile duct anastomosis. Intraoperative ul-
trasounds (IOUS) showed good intrahepatic inflow and out-
flow (index of resistence 0.60) and no sign of increased portal 
vein flow. At the end of the surgical procedure, blood testing 
showed lactates 5.2 mEq/L, lactate dehydrogenase (LDH) 3,503 
mUI/L, glutamic-oxaloacetic transaminase (GOT) 1,542 UI/L, 
glutamic-pyruvic transaminase (GPT) 1,173 UI/L, total biliru-
bin 5.78 mg/dL, international normalized ratio (INR) 1.43, and 
fibrinogen 148 mg/dL.

The patient was transferred to the intensive care unit, in-
tubated, with noradrenaline and dobutamine continuous 

infusion and started on immunosuppression through the com-
bined administration of tacrolimus, mycophenolate mofetil, 
and steroid. Over the following 48 hours, the hepatic cytolysis 
enzymes did not show a downward trend, and lactates, INR, 
LDH, and serum bilirubin levels tended to rise (GOT 2,446 U/L, 
GPT 2,481 UI/L, LDH 1,940 mUI/L, lactates 6.3 mEq/L, total 
bilirubin 7.67 mg/dL, INR 2.37, fibrinogen 139 mg/dL). The pa-
tient, therefore, underwent a Doppler ultrasonography, which 
showed a great portal vein afflux (flow speed 44 cm/s) and no 
signal of intrahepatic arterial perfusion. A contrast-enhanced 
abdominal CT was performed (Fig. 1) in which a hepatic ar-
tery could be seen, but it seemed to be smaller; moreover, it 
supported the Doppler ultrasonography findings, showing no 
significant intrahepatic arterial perfusion. Consequently, the 
patient underwent angiography, confirming the presence of a 
very weak blood flow in the hepatic artery, completely shifted 
into the splenic artery, which showed an earlier filling (Fig. 2). 
Only after a selective access to the hepatic artery origin was it 
possible to correctly visualize the arterial anastomosis and the 
subsequent branches (Fig. 3), removing the suspicion of HAT.

The treatment was a proximal splenic artery embolization, 
which allowed immediate restoration of hepatic artery f low 
(Fig. 4); moreover, the Doppler ultrasonography showed a nor-
malization of portal f low speed (18 cm/s) and the presence of 
Doppler extra- and intrahepatic arterial signals.

The radiologic procedure was followed by a rapid decrease in 
cytolysis enzymes, total bilirubin, lactates, and INR (GOT 580 
UI/L, GPT 1,554 UI/L, total bilirubin 6.40 mg/dL, lactates 2.1 
mUI/L, INR 1.90), definitively normalized 5 days after the em-
bolization. 

Graft perfusion was controlled by Doppler ultrasound every 

Fig. 1. The contrast-enhanced abdominal computed tomography 
performed between Doppler ultrasounds and angiography.

Fig. 2. Angiography before splenic artery embolization. A diversion of 
blood flow into the splenic artery is shown, and the hepatic artery is not 
correctly visualized.
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24 hours during the first 7 days after the procedure, and then 
every 72 hours until discharge. With the purpose of detect-
ing the potential outbreak of biliary complications due to the 
ischemia, a control CT scan was performed both 3 and 15 days 
after embolization, showing only the presence of an ischemic 
area localized in the splenic inferior pole. The patient was dis-
charged in good clinical condition at postoperative day 24. The 
follow-up at 3 and 6 months showed neither biliary tract com-
plications nor splenic abscesses. 

Literature review
A literature search was performed using the PubMed data-

base with the search key words splenic artery steal syndrome, 
splenic steal syndrome, arterial steal syndrome in orthotopic 
liver transplantation (OLTx), and nonocclusive hepatic artery 
hypoperfusion syndrome. We screened all titles, abstracts, and 
articles in the English language for review, carefully examining 
the data to remove double counting of patients between series; 
all the references of the articles found were reviewed to identify 
other studies that our research strategy might have missed. 
All the causes of graft hypoperfusion other than SASS were 
excluded from the analysis. Post-OLTx splenic artery steal syn-
drome was diagnosed by conventional angiography in all the 
patients included in this study. 

RESULTS

A total of 22 studies including 4,789 patients who underwent 
OLTx were relevant to the prophylaxis or treatment of SASS 
(Table 1); among these, SASS occurred in a total of 266 patients.

A prophylactic treatment was performed in 260 cases (6.2%) 

through splenic artery embolization in 30 patients (11.5%), 
splenic artery ligation in 98 patients (37.7%), splenic artery 
banding in 102 patients (39.2%), and splenic artery temporary 
blockade in 28 patients (10.8%). One patient needed the arcuate 
ligament division (0.4%), and in one case an aortohepatic graft 
was required (0.4%). 

SASS occurred after OLTx in 266 patients (5.5%, in line with 
the incidence reported in the literature reviewed) and was 
treated by splenic artery embolization in 210 patients (78.9%), 
splenic artery ligation in 6 patients (2.3%), splenic artery band-
ing in 9 patients (3.4%); 2 patients were treated, respectively, 
through intra-arterial papaverine infusion and splenic artery 
narrowed stent (0.8%); 1 patient underwent revision of the he-
patic artery anastomosis and gastroduodenal artery (GDA) coil 
embolization (0.4%); splenectomy was performed in 20 cases 
(7.5%); combined radiologic treatment, such as splenic artery 
and GDA or splenic artery and left gastric artery embolization, 
was performed in 2 patients (0.8%); during OLTx, 1 patient un-
derwent intraoperative recipient common hepatic artery liga-
tion after hypoperfusion over Carrel patch anastomosis (0.4%); 
in 1 patient an endoluminal hepatic artery stent was placed 
(0.4%). The treatment of the remaining 2 patients in whom 
SASS occurred is not available.

Thirteen (7.4%) patients with SASS received no treatment and 
were excluded from our analysis. Among these latter patients, 
impaired graft dysfunction occurred in 2 patients. 

The higher rate of complications registered through the 2 
groups of patients was represented by biliary tract complications 
(9.7% in patients who received prophylaxis and 11.6% in patients 
who developed splenic artery steal syndrome); PV thrombosis 
(respectively, 7.3% and 6.9%); the need for a secondary splenec-
tomy (4.8% and 20.9%); death from sepsis (4.8% and 30.2%). 

Both groups registered many cases of re-OLTx (a total of 

Fig. 3. Angiography before splenic artery embolization. Selective access 
to the hepatic artery origin, visualizing arterial anastomosis and the 
subsequent branches.

Fig. 4. Splenic artery coil embolization and hepatic artery blood flow 
regained after the procedure.
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24 patients, 12 among the cohort underwent prophylactic 
treatment and 12 who did not receive it); the main causes of 
retransplantation related to SASS were impaired graft dysfunc-
tion, portal vein thrombosis, hepatic artery thrombosis, and 
persistent biliary duct destruction).

All the other complications registered to the group of pa-
tients who underwent prophylactic treatment were 3 cases of 
postoperative bleeding (7.3%); biloma, which occurred in 2 
patients (4.8%); and 1 case each of splenic artery thrombosis 
(2.4%) and splenic infarction (2.4%). Despite the prophylactic 
treatment, SASS occurred in 2 patients (4.8%) who underwent 
splenic artery banding, in 2 patients (4.8%) who underwent 
splenic artery ligation, and in 1 patient who underwent arcuate 
ligament division (1.2%). 

In the group of patients who did not receive prophylaxis, the 
other complications registered after the treatment of SASS were 
1 case of hepatic artery aneurysm (2.3%) and 2 cases of hepatic 
artery thrombosis (4.6%).

DISCUSSION

SASS is a controversial cause of nonocclusive hepatic arteri-
al hypoperfusion in OLTx recipients caused by a true arterial 
“steal” from the hepatic artery towards the splenic artery, 
predominantly supported by angiography that demonstrates 
rapid and preferential filling of the splenic artery, and/or less 
commonly, of the GDA, instead of the hepatic artery. In 2008, 
Quintini et al. [2] proposed that the main cause of SASS was 
portal venous hyperperfusion, observing by Doppler ultra-
sonography an altered arterial blood supply to the liver asso-
ciated with an increased portal venous f low. He suggested, 
therefore, 2 main mechanisms by which portal hyperperfusion 
caused sinusoidal injury in the graft: (1) elevated portal venous 
pressures (direct effect) and (2) hepatic artery hypoperfusion 
caused by the hepatic artery buffer response (HABR) related to 
rapid adenosine washout [1,2]. The adenosine works as an ar-
terial vasodilator, and its rapid washout translates into hepatic 
artery vasoconstriction. Splenic artery embolization or ligation 
can prevent the steal from the graft by reducing the splen-
ic vein contribution to the hepatic portal inf low, so that the 
portal vein hyperperfusion does not occur and the adenosine 
washout is reduced, maintaining its vasodilator effect on the 
hepatic artery.

The reason for portal venous hyperperfusion in posttrans-
plant patients is not entirely clear; a discrepancy between the 
sizes of the transplant liver relative to the portal vein, as seen 
in undersized split grafts, has been implicated in portal venous 
hyperperfusion.

Since the graft hypoperfusion could lead to an early dysfunc-
tion and serious complications, mostly involving the bile duct 
and leading to graft loss, numerous efforts have been made 
to identify risk factors and stratify patients at risk to develop 
SASS. Some studies found that an enlarged splenic artery (> 4 

mm or 150% of hepatic artery) or a difference between splenic 
and hepatic artery > 6 mm are accepted as risk factors of SASS 
[6,7], as well as a spleen volume > 829 mL assessed in the pre-
operative CT scan [5].

Angiography is essential in the diagnosis of SASS, and the 
typical diagnostic key point is a slow intra- and extrahepatic 
arterial flow relative to the splenic artery flow in the complete 
absence of an arterial anatomical defect such as HAS or throm-
bosis.

Currently, the available treatments, preventive, or curative, 
for SASS can vary from the interventional radiologic treat-
ment (proximal coil embolization, Amplatzer vascular plug or 
intra-arterial papaverine infusion) to surgical ones, including 
splenic artery ligation or banding and splenectomy. Despite 
all these possibilities, most of the literature seems to prefer 
splenic artery proximal embolization for its minimally inva-
sive approach, avoiding a surgical procedure that, in the case 
of intraoperative splenectomy or ligation of the splenic artery, 
could require an extended dissection area, increasing the risk 
of intra- and postoperative bleeding [1,3,5-20]. Splenic artery 
proximal embolization is defined as an embolization distal to 
the dorsal pancreatic artery (the first large branch) and prox-
imal to the peripheral pancreatic magna artery (the second 
large branch). Moreover, the central placement of the coils in 
the splenic artery protects both the pancreatic inflow and the 
collateral blood supply to the spleen, preventing splenic infarc-
tion and abscesses, and reducing the infection rate, initially 
reported by Nüssler as up to 50% [3]. 

In the literature, Mogl et al. [7] reported 6 cases of splenecto-
my after embolization, without considering them as a compli-
cation of the treatment, and 6 cases of bile duct complications, 
suggesting the importance of a quick diagnosis to prevent long 
ischemia time; among these, 2 patients needed an hepatico-
jejunostomy and 4 underwent endoscopic retrograde choan-
giopancreatography. 

With the same precaution of proximal embolization, splenic 
artery ligation seems to be a valid preventive alternative, espe-
cially in case of intraoperative evidence of SASS [3,7,11,21]. In 
the case reported by Rasmussen et al. [22], at the moment of 
the OLTx, an intraoperative ligation of the recipient common 
hepatic artery was performed since a Carrel patch was fash-
ioned for the presence of an accessory right hepatic artery from 
the superior mesenteric artery. 

To overcome the risk of splenic complications (such as infarc-
tions or abscesses), the banding was introduced, allowing a de-
crease in splenic artery flow, with no irreversible influence and 
avoiding local ischemic necrosis in the spleen [3,7]. However, in 
the series reported by Mogl et al. [7], 2 patients developed SASS 
after banding, suggesting that even if it can modulate the blood 
flow, it might not prevent this syndrome, requiring an ulterior 
approach. 

Splenectomy could be an effective therapeutic option, but 
current recommendations, considering the high risk of this 
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procedure in patients with severe portal hypertension, limit it 
to cases of additional pathology, such as an aneurysm of the 
splenic artery [3,23]. 

The intra-arterial infusion of the vasodilatory drug (papav-
erine) was performed in only one case, reported by Kirbas 
et al. [6]. Even if it is widely accepted in the management of 
nonocclusive mesenteric ischemia, there were no other authors 
who used this approach in the management of SASS, so that to 
analyze results from this conservative treatment, further stud-
ies might be necessary. Although after liver transplantation, 
the vasoconstriction leading to steal syndrome is due to a rapid 
adenosine washout caused by the increased portal inflow, the 
intra-arterial perfusion of a vasodilatory drug could be real-
ly effective to reverse the vasoconstriction and modulate the 
HABR, but it would not solve the problem of portal circulation 
imbalance.

Many of the improvements in the management and preven-
tion of SASS come from the growing experience in living-do-
nor liver transplantation (LDLT), in which the phenomenon of 
small-for-size syndrome has reached attention. A prospective 
study by Troisi et al. [24] showed that the modulation of re-
cipient portal inflow through ligation or embolization of the 
splenic artery could improve liver function and increase he-
patic artery inflow, avoiding portal hyperperfusion and small-
for-size syndrome. The sharing of the same pathophysiologic 
pattern involving the hepatic artery buffer response seems to 
explain the successful treatment of SASS by splenic artery in-
flow modulation. In the study conducted by Umeda et al. [8] 
in the LDLT setting, preoperative splenic artery embolization 
(12–18 hours before surgery) in patients with severe portal hy-
pertension proved to prevent graft hypoperfusion and ensured 
shorter operative times and less blood loss. 

In the review conducted, only 5 authors reported prophylaxis 
of SASS [3,7,8,21,25], and all the evidence deriving from the 
literature seems to suggest that although the prophylaxis is 
not exempt from risks and complications (such as postopera-
tive bleeding, splenectomy, sepsis, as well as the occurrence of 
SASS), these latter can carry less risk than those deriving from 
the steal syndrome and prolonged graft hypoperfusion. More-
over, SASS is in the framework of time-dependent pathologies 
since its impact on the graft, which in the most extreme cases 
can lead to re-transplantation, is closely related to the ischemia 
time. The clinical presentation is not always obvious, and the 
wide range of differential diagnosis imposes an accurate risk 
assessment of all patients who are candidates for OLTx. 

In conclusion, we believe that, whenever possible, prevention 
is the best way to approach SASS, considering all the damages 
potentially arising from arterial graft hypoperfusion. However, 
PV thrombosis, or the presence of a transhepatic intrajugular 
porto-systemic shunt or other porto-caval shunts are contra-
indication for prophylactic treatment since these patients seem 
to be at higher risk of developing PV thrombosis after OLTx 
(5%–21%) or worsening a pre-existing PV thrombosis [26]. In 

this context, the best clinical practice is a careful stratification 
of the patients at risk of developing a SASS and a meticulous 
monitoring by blood test and Doppler ultrasound to preco-
ciously detect indirect signs of hypoperfusion and quickly ac-
cess angiography. 
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