
48

RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol. XXIV   № 3–2022

DOI: 10.15825/1995-1191-2022-3-57-63

earlY diaGnOSiS and TreaTmenT Of SPlenic arTerY STeal 
SYndrOme afTer liver TranSPlanTaTiOn
А.А. Kirshin1, 2, А.Yu. Teregulov1, 2, A.R. Kirshina1
1 Republican Clinical Hospital, Kazan, Russian Federation
2 Kazan Federal University, Kazan, Russian Federation

Objective: to study the incidence of splenic artery steal syndrome (SASS) in our own series of liver transplant 
surgeries and to determine diagnostic and therapeutic tactics. Materials and Methods. During the 3.5 years of 
existence of the liver transplant program in the Republic of Tatarstan, 77 cadaveric liver transplantations (LTx) have 
been performed. Postoperative SASS occurred in 4 cases (5.2%). Among the patients were 3 women and 1 man; 
mean age was 38 years. Doppler ultrasonography of the liver vessels and celiacography were used for diagnosis. 
Proximal splenic embolization was used as a way to correct the syndrome. Results. In all clinical cases, SASS 
was timely diagnosed and corrected by endovascular image-guided intervention. The patients were discharged 
with good hepatic graft function. The complication did not affect the length of hospital stay. Conclusion. SASS 
remains a severe vascular complication of LTx, which can lead to graft dysfunction and possible loss. Timely 
detection and treatment prevent severe consequences for the liver recipient.
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inTrOducTiOn
LTx remains the only radical treatment for end-stage 

liver diseases. However, such high-tech interventions 
come with specific vascular complications. These com-
plications can be initiated both by primary problems 
in the area of venous and arterial anastomoses, and by 
changes in hepatic hemodynamics caused by postope-
rative cirrhosis. Insufficient arterial or excessive portal 
perfusion of the graft can lead to severe consequences, 
even to graft loss.

SASS is still not a well understood vascular compli-
cation following LTx. The reported incidence of SASS  
in LTx recipients ranges from 0.6% to 10.1% [1]. It is 
characterized by decreased blood flow through the he-
patic artery in the absence of occlusive disease of the 
hepatic artery, associated with increased blood flow 
through the dilated splenic artery or more rarely through 
the gastroduodenal artery [2]. Hypoperfusion develops 
in the graft, which can lead to severe ischemic injury 
of the organ up to the need for retransplantation [3, 4].

There are no clear ideas about the pathogenesis  
of SASS and its diagnostic criteria that allow for early 
prevention of graft dysfunction by timely image-guided 
surgery. In this paper, we want to demonstrate SASS 
cases with active treatment tactics.

maTerial and meThOdS
From December 2018 to May 2022, 77 cadaveric 

liver transplants were performed at the second surgical 

ward of Republican Clinical Hospital, Kazan. Postope-
rative SASS occurred in 4 cases (5.2%). All patients 
who developed this syndrome were operated on using 
the same technique (J. Belghiti’s side-to-side cavo-caval 
anastomosis, end-to-end portal anastomosis, arterial re-
construction using the recipient’s gastroduodenal artery, 
and end-to-end biliary anastomosis). Among them were 
three women and one man; the mean age was 38 years. 
Evaluated were the indicators of X-ray computed tomo-
graphy (CT) performed in patients with up to one month 
before LTx – splenic and hepatic artery diameters, variant 
anatomy of branches of the celiac trunk and superior 
mesenteric artery.

After LTx, we used Doppler ultrasonography of he-
patic vessels as a screening – twice a day during the 
first week after surgery, then when indicated and before 
discharge. General clinical and biochemical laboratory 
indicators were studied (twice a day during the stay in 
the intensive care unit, daily for 3–5 days after transfer 
to the ward, then when indicated and before dischar-
ge). The tables below mainly show the data on the day  
of SASS detection, as well as on days 1, 3, 5, and 10 
after image-guided correction of this complication. The 
final diagnosis of splenic steal syndrome was establis-
hed by celiacography, which in all cases revealed de-
pleted blood flow with late filling of the hepatic artery 
with preferential blood flow through the splenic artery. 
Control celiacography immediately after splenic artery 
occlusion in the proximal part showed increased blood 
flow in the hepatic artery with improved blood supply 
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Fig. 1. Celiacography. The splenic artery is contrasted, the 
hepatic artery and its distal bed are not contrasted

to the peripheral parts of the liver parenchyma. Below 
we describe clinical case.

clinical caSe 1
Male patient A., 34 years old, diagnosed with liver 

cirrhosis that resulted from primary sclerosing cholan-
gitis, Child–Pugh class B, esophageal varices grade 3 
complicated by repeated bleeding, ascites, bilateral hy-
drothorax, splenomegaly. MELD score 13. According to 
X-ray CT conducted on March 19, 2022, the spleen size 
was 15.5 × 15 × 7.3 cm, diameters of the splenic artery 
and hepatic artery were 7.5 mm and 5.5 mm, respectively. 
Transjugular  intrahepatic  portosystemic  shunt  was 
performed on March 23, 2022. Orthotopic LTx (OLTx) 
was carried out on March 26, 2022 due to availability  
of a compatible deceased donor. On day 1 after surgery 
(March 27, 2022), SASS was suspected via Doppler ul-
trasonography, which was confirmed by celiacography 
(Fig. 1). The splenic artery was embolized proximally 
for SASS (Fig. 2). Control celiacography after emboliza-
tion showed good contrasting of the hepatic artery and 
its distal bed (Fig. 3). The postoperative period further 
proceeded smoothly; the patient was discharged on day 
17. Laboratory and  instrumental data are presented  
in Table 1.

clinical caSe 2
Female  patient A.,  33  years  old,  presented  with 

liver cirrhosis that resulted from autoimmune hepati-
tis; Child–Pugh class C, varices grade 3,  three times 
complicated by bleeding, ascites, bilateral hydrothorax. 
MELD score 17.
According to X-ray CT conducted on February 30, 

2022, the spleen dimensions were within normal values, 
the diameter of the splenic artery was 7.5 mm, that of the 
hepatic artery was 7.8 mm. Transjugular intrahepatic 
portosystemic shunt was performed on March 11, 2022. 
OLTx was performed on March 30, 2022. On day 8 af-
ter the surgical intervention, there was decreased peak 
systolic hepatic artery flow velocity with no diastolic 
velocity. At the same time, splenic artery velocity incre-
ased. On day 9 after the operation, due to deterioration 
in Doppler ultrasonography of the liver vessels, celiac 
trunk angiography was performed, in which the splenic 
embolization syndrome was confirmed, and proximal 
splenic embolization was performed. Control angiogra-
phy showed good filling of the hepatic artery. Bioche-
mical parameters and ultrasound data are presented 
in Table 2. The postoperative period further proceeded 
smoothly; the patient was discharged on day 14.

clinical caSe 3
Female patient C., 27 years old; on April 19, 2022 

underwent OLTx for cirrhosis that resulted from autoim-
Fig. 3. Control angiography showing good filling of the he-
patic artery

Fig. 2. Proximal splenic embolization using stent and coils
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mune hepatitis; Child–Pugh class B, esophageal varices 
grade 1, ascites, grade 1 recurrent hepatic encephalo-
pathy. MELD score 16.
According to X-ray CT conducted on April 19, 2022, 

the spleen size was 16 × 6 × 12 cm, diameters of the 
splenic artery and hepatic artery were 7 mm and 3 mm, 
respectively. On day 1 after surgery (April 20, 2022), 

SASS was suspected via Doppler ultrasonography, which 
was confirmed by celiacography. Proximal splenic em-
bolization was performed. Control angiography show-
ed good filling of the hepatic artery. The postoperative 
period further proceeded smoothly; the patient was di-
scharged on day 22. The dynamics of the parameters are 
presented in Table 3.

Table 1
Dynamics of biochemical parameters and ultrasound data (clinical case #1)

26.03.22 27.03.22 28.03.22 30.03.22 01.04.22 06.04.22
Biochemical markers embolization
Alanine aminotransferase 30 1123 879.4 554 236 116.1
Aspartate aminotransferase 33 1023 388 134 28 17.3
Alkaline phosphatase 295 138 70.9 150 164 92
Gamma-glutamyl transferase 68 114 93.8 228 229 123
Total bilirubin 50.5 68.5 37.9 31.5 22.6 10.7
Doppler ultrasound data
VP velocity 36.8 26 26 24 24
Vertebral artery peak systolic velocity not visualized 24 20 63 29.9 72.9
Vertebral artery end-diastolic velocity absence absence 26 6.4 16.5
Vertebral artery resistance index 0.59 0.78 0.79
Carotid artery peak systolic velocity 65 135 48 40 75.7

Table 2
Dynamics of biochemical parameters and ultrasound data (clinical case #2)

03.04.2022 06.04.2022 07.04.2022 08.04.2022 10.04.2022 12.04.2022
Biochemical markers embolization
Alanine aminotransferase 189.6 100 50.7 69 32.9 32.1
Aspartate aminotransferase 66.9 19 13.8 19 9.3 10.6
Alkaline phosphatase 179 139 67.6 123 88 86.4
Gamma-glutamyl transferase 596 434 228 351 273 269
Total bilirubin 58.9 27.1 12.9 27.1 22.7 25.32
Doppler ultrasound data
VP velocity 58 33 26 32 31
Vertebral artery peak systolic velocity 118 20 16.9 69.2 46.1
Vertebral artery end-diastolic velocity 49.4 absence 4.4 28.2 24.9
Vertebral artery resistance index 0.58 0.74 0.59 0.46
Carotid artery peak systolic velocity 63 84.2 133 89.5 56.9

Table 3
Dynamics of biochemical parameters and ultrasound data (clinical case #3)

20.04.2022 21.04.2022 23.04.2022 25.04.2022 30.04.2022
Biochemical markers embolization
Alanine aminotransferase 265.3 228.6 303 264 60
Aspartate aminotransferase 477.6 192.1 161 111 15
Alkaline phosphatase 68.3 68 101 104 87
Gamma-glutamyl transferase 49.2 47 247 236 79
Total bilirubin 65 46.8 49.2 44.7 28
Doppler ultrasound data
VP velocity 55 40 45 50 68
Vertebral artery peak systolic velocity not visualized 22 32 35 61.2
Vertebral artery end-diastolic velocity 5.5 6 11.8
Vertebral artery resistance index 0.83 0.83 0.81
Carotid artery peak systolic velocity 103 52 85 57 104
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clinical caSe 4
Female patient A., 58 years old, on March 29, 2022 

had OLTx for cirrhosis that resulted from overlap syn-
drome (primary biliary cirrhosis combined with autoim-
mune hepatitis, Child–Pugh class C, esophageal varices 
grades 2–3, ascites. MELD score 26. According to X-ray 
CT conducted on March 28, 2022, the spleen size was 
13.5 × 8.5 × 5.8 cm, diameters of  the splenic artery 
and hepatic artery were each 6 mm. On April 1, 2022, 
celiacography with subsequent splenic embolization was 
performed due to suspected SASS. Laboratory and inst-
rumental data are presented in Table 4. The postopera-
tive period further proceeded smoothly; the patient was 
discharged on day 24.

diScuSSiOn
The SASS phenomenon was first described by Man-

ner in 1991 [5]. The authors suggested that the delayed 
filling of the hepatic artery with contrast according to 
arteriography was associated with preferential outflow of 
blood into the dilated splenic artery in patients with se-
vere splenomegaly. However, in 2008, Quintini C. et al.  
proposed an alternative theory of portal hyperperfusion 
[6]. According to their data, hepatic artery narrowing in 
these patients occurred in response to increased portal 
blood flow. Transplant hyperperfusion along the portal 
vein causes sinusoidal damage due to the direct effect of 
increased portal pressure on liver cells and due to hepatic 
artery buffer response (HABR). HABR allows adequa-
te hepatic blood flow to be maintained by vasodilator 
adenosine. A decrease in portal flow washes away less 
adenosine, which accumulates to dilate the hepatic artery 
and increase arterial blood flow. In the case of SASS, 
increased portal venous blood flow accelerates adenosine 
washout, which causes relative vasoconstriction of the 
hepatic artery [7]. A clinical case with a rare anatomi-
cal anomaly supports this theory [8]. In a patient with 

Table 4
Dynamics of biochemical parameters and ultrasound data (clinical case #4)

30.03.22 31.03.22 01.04.22 02.04.22 04.04.22 06.04.22 11.04.22
Biochemical markers embolization
Alanine aminotransferase 382.3 217.2 187.4 150.9 109.2 121 43.1
Aspartate aminotransferase 428 134 65.9 40.9 43.3 31 19
Alkaline phosphatase 170 107 110 55.3 45.9 132 170
Gamma-glutamyl transferase 70 41 49 54 35.4 41 22.9
Total bilirubin 178.9 138.8 118.2 96.4 68.8 70.7 40.4
Doppler ultrasound data
VP velocity 80 49 33 33 74 34 25
Vertebral artery peak systolic velocity 61 100 32 79 53.5 81 48
Vertebral artery end-diastolic velocity 15 14 absence 19.8 16.5 29 21
Vertebral artery resistance index 0.75 0.86 0.75 0.69 0.64 0.56
Carotid artery peak systolic velocity 52 86 116 80 79

SASS, there was an absence of the splenic trunk with 
the splenic artery branching separately from the common 
hepatic artery directly from the aorta, which excludes 
the very process of “stealing”. In 2012, Saad W.E.A. 
et al. suggested that HABR is only one of the potential 
causes of SASS, along with splenic or gastroduodenal 
artery steal syndrome and proposed a new name – post-
transplant nonocclusive hepatic artery hypoperfusion 
syndrome [9]. Thus, there are no studies, which would 
reliably determine the pathogenetic aspects of reduced 
blood flow along the hepatic artery in patients after LTx.

SASS is a diagnosis requiring the exclusion of other 
vascular complications (thrombosis, hepatic artery ste-
nosis), graft rejection, and infections [4, 10]. The timing 
of SASS ranges from a few hours to 5.5 years after sur-
gical intervention, but more often in the first 3 months 
[10]. The clinical picture is nonspecific, ranging from the 
absence of symptoms to manifestations of severe graft 
dysfunction. Biochemical findings may include hyperbi-
lirubinemia, increased levels of transaminases, alkaline 
phosphatase, and gamma-glutamyltransferase [4, 10].

Ultrasound examination of hepatic vessels is the me-
thod of choice for screening of the pathology. According 
to studies, SASS is characterized by decreased hepatic 
artery blood flow velocity less than 35 cm/s, resistance 
index more than 0.8, low or reversed diastolic blood flow 
[11]. At the same time, there is increased velocity along 
the portal vein and splenic artery. Given the presence of 
splenomegaly in most patients with cirrhosis, the detec-
tion of enlarged spleen has no diagnostic significance 
for SASS verification.

The most reliable data for diagnosis of hepatic artery 
hypoperfusion can be obtained by computed tomogra-
phic angiography. Kirbas I. et al. reported that a sple-
nic artery size ≥4 mm or >150% of the hepatic artery 
diameter was associated with SASS [12]. Such multi-
detector CT signs as splenic volume >829 mL, splenic 
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artery diameter >4 mm and differences of 6 mm bet-
ween splenic and hepatic artery diameters are described  
as preoperative predictors of SASS [12, 13, 14].

Slow and delayed blood flow in the hepatic artery, 
early perfusion of the splenic or gastroduodenal artery 
are the key angiographic findings. In severe cases, portal 
venous blood flow is contrasted simultaneously with 
splenic arterial blood flow or even before complete filling 
of the hepatic artery [4, 9].

The aim of SASS therapy is to increase blood flow 
in the hepatic artery. The preferred method is splenic 
embolization due to its minimal invasiveness and ef-
fectiveness. According to the literature, more proximal 
placement of coils preserves collateral blood flow to the 
spleen, thus reducing the risk of complications such as 
spleen infarction and sepsis [4, 10, 15]. However, Fle-
ckenstein et al., in a comparison of laboratory parameters 
of 75 liver transplant recipients with SASS, revealed no 
reliable differences in long-term outcomes depending 
on the place of splenic embolization [16]. Thus, the place 
to embolize the splenic artery is left for the physici-
an to decide. If interventional treatment is ineffective or  
impossible, surgical options – splenic artery ligation  
or splenectomy – are considered [10].

Splenic artery ligation during LTx in the presence  
of risk factors is used as SASS prevention.

In our study, all patients had a splenic artery dilation 
>4 mm according to CT scans before LTx. This is con-
sistent with literature data on identification of SASS 
predictors.

It is generally accepted that SASS is associated with 
graft dysfunction manifested by elevated liver function 
values with or without clinical signs (ascites). However, 
early after liver transplantation, ischemia-reperfusion 
injury may mask the biochemical changes suggestive 
of SASS. Therefore, the main focus for screening of  
this syndrome should be Doppler ultrasonography  
of the liver.

In addition, our small experience shows that timely 
celiacography to verify SASS with endovascular image-
guided proximal occlusion of the splenic artery helps 
to avoid ischemic manifestations and severe graft dys-
function. In the early postoperative period, there were no 
complications associated with splenic embolization; all 
patients were discharged with satisfactory graft function.

We consider the following SASS diagnostic algo-
rithm to be optimal. If blood flow linear velocity along 
the hepatic artery is reduced and that of the splenic artery 
and portal vein is simultaneously increased according to 
Doppler ultrasound of hepatic vessels, the study is repea-
ted after 6 hours. If the tendency to changes in blood flow 
persists, celiacography is performed. Proximal splenic 
embolization is performed if typical SASS angiographic 
signs are revealed.

cOncluSiOn
Thus, SASS remains a severe vascular complication 

of LTx that can lead to graft dysfunction and possible 
loss. Timely detection and correction of SASS could 
prevent severe consequences for the liver recipient. The 
issue of prevention of this complication remains deba-
table, which undoubtedly requires further research in 
the study of visceral venous and arterial blood supply 
in cirrhosis and after LTx.

The authors declare no conflict of interest.
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