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Abstract
Small-for-size syndrome (SFSS) in adult-to-adult living-
related donor liver transplantation (LRLT) remains the 
greatest limiting factor for the expansion of segmental 
liver transplantation from either cadaveric or living do-
nors. Portal hyperperfusion, venous pathology, and the 
arterial buffer response significantly contribute to clinical 
and histopathological manifestations of SFSS. Here, we 
review the technical aspects of surgical and radiological 
procedures developed to treat SFSS in LRLT, along with 
the pathophysiology of this condition. 
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INTRODUCTION
Segmental liver transplantation based on cadaveric splitting 
or living-related donation has been developed as a valuable 
treatment for patients with end-stage liver disease. It is also 
a means of  overcoming the shortage of  organs, and mor-
tality on the waiting list. However, small-for-size syndrome 
(SFSS) remains the greatest limiting factor for the expan-
sion of  segmental liver transplantation from either cadav-
eric or living donors[1]. If  the volume of  the engrafted liver 
is significantly less than standard liver weight in patients 
with end-stage liver disease who are undergoing partial 
liver transplantation, the excessive portal venous inflow 
might cause early portal hypertension[2,3] and increased 
morbidity and mortality due to SFSS[4]. Previous data have 
suggested that, in recipients of  adult-to-adult living-related 
liver transplantation (LRLT), one of  the most challenging 
tasks is to match a good size graft, balancing the clinical 
condition of  the sick recipient and the safety of  the healthy 
donor. More recently, emphasis has been placed not only 
on the evaluation of  the ratio between donor and recipient 
liver volume, but also on the degree of  portal hypertension 
and the stage of  the liver disease in the recipient.

PATHOPHYSIOLOGY 
In the initial experience with the use of  left graft for adult 
liver transplantation, recipients of  small-for-size grafts de-
veloped SFSS, characterized by prolonged cholestasis with 
elevated serum bilirubin, coagulopathy, rises in cytolytic 
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enzymes, ascites, and in severe cases, gastrointestinal bleed-
ing, which occurred within the first week after transplanta-
tion[5-7]. In the most severe cases, this syndrome can prog-
ress to acidosis, hypoglycemia, encephalopathy, renal failure 
and septic shock unless retransplantation is promptly con-
sidered. Although recipients with low, or absent, portal hy-
pertension could require less hepatic mass from the living 
donor, underestimation of  the useful size-match between 
recipient and living donor can generate poor results. The 
pathogenesis of  SFSS has yet to be fully clarified. Earlier 
data have suggested that a graft-to-recipient weight ratio 
(GRWR) of  < 0.8% or a liver volume < 30% of  standard 
estimated volume is a risk factor for the development of  
SFSS. Recent data, however, have suggested that the expo-
sure of  a small graft to persisting hyperdynamic circulation 
and high portal blood inflow induces impairment of  liver 
regeneration, and hepatic dysfunction[2-4,8-10]. Furthermore, 
the high portal blood inflow causes a compensatory de-
crease in arterial blood flow. This phenomenon, known as 
the “buffering response”, is due to a reciprocal compen-
satory regulation between portal vein and hepatic artery 
inflow, and might contribute to a worsening of  the graft 
injury. Marcos et al[11] has reported that balanced portal 
venous and hepatic arterial inflow, together with adequate 
venous blood drainage through hepatic veins, are crucial 
factors in a successful adult-to-adult LRLT. In 2006, for 
the first time, our group demonstrated that, in patients 
with cirrhosis and severe portal hypertension, occlusion of  
the splenic artery causes a significant reduction in portal 
pressure, which is directly related to spleen volume and 
indirectly to liver volume[10]. We have found that reduction 
of  portal pressure after splenic artery occlusion is strictly 
related to the spleen liver volume ratio (SLVR) that is cal-
culated by multidetector computed tomography (MDCT), 
which suggests that splenic artery embolization (SAE) can 
be proposed as a mini-invasive technique to treat or pre-
vent SFSS, by decreasing portal graft perfusion in patients 
with an SLVR > 0.5 (Figures 1 and 2). This concept is at 
the center of  our strategy for performing early SAE for 
the treatment of  SFSS after LRLT. In light of  our data, we 
believe that regardless of  the presence of  GRWR > 0.8, 
the presence of  an elevated SLVR could be a risk factor 
for the development of  SFSS, and that early treatment is 
crucial to preventing a cascade of  events that might lead to 

graft failure or need for retransplantation. A liver graft-to-
recipient spleen size ratio has been confirmed as a novel 
predictor of  portal hyperperfusion syndrome in living 
donor liver transplantation[12,13]. A previous study has sug-
gested that abnormalities in the intragraft gene expression, 
including endothelin-1 overexpression and plasma nitric 
oxide level reduction, could negatively affect portal hemo-
dynamics after reperfusion and promote SFSS. 

In summary, SFSS has a multifactorial genesis, in 
which the combination of  donor factors (graft volume 
and quality of  the graft, presence of  hepatic artery steal 
syndrome) and recipient factors (portal hyperperfusion, 
SLVR and stage of  liver disease) lead to allograft dysfunc-
tion after partial liver transplantation. Recently, Demetris 
et al[14] have shown that SFSS is characterized by early 
findings, including portal vein sinusoidal endothelial de-
nudation and focal hemorrhage in the portal tract connec-
tive tissue, and poor hepatic arterial flow and vasospasm, 
which in severe cases, leads to functional de-arterialization, 
ischemic cholangitis, and parenchymal infarction. Late se-
quelae in grafts that survive the initial events include small 
portal vein branch thrombosis with occasional luminal 
obliteration or recanalization, nodular regenerative hy-
perplasia, and biliary strictures. In light of  these findings, 
it has been suggested that portal hyperperfusion, venous 
pathology, and the arterial buffer response significantly 
contribute to clinical and histopathological manifestations 
of  SFSS (Figure 3)[14].

THERAPY
Surgery
Several surgical strategies for reducing portal blood inflow 
and portal pressure after partial liver transplantation or 
extended liver resection have been proposed. Historically, 
a decrease in portal hypertension has been obtained by 
mesocaval or portocaval shunts[15], portal vein banding, 
splenic artery ligation[3,4,8,9] and splenectomy[8,9]. All these 
procedures, however, have been used without a firm he-
modynamic basis and without a clear documentation of  
efficacy. 
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Figure 1  Effects of splenic artery occlusion on portal pressure.
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Hepatic volume 1171 mL

10.00

8.00

6.00

4.00

2.00

0.00

PP
G

 d
ec

re
as

e 
(m

m
H

g)

   0.00 0.20       0.40       0.60         0.80      1.00   1.20

              Spleen/liver volume ratio

Figure 2  Correlation between spleen liver volume ratio and decrease in 
portal pressure after splenic artery occlusion. P < 0.001, R = 0.82. PPG: 
Portal pressure gradient.



SAE
Early diagnosis of  SFSS by recognition in the immedi-
ate post-transplant period, and the beneficial effects of  
decreasing splenic venous inflow on portal hypertension 
have prompted our group to investigate the efficacy of  
performing early SAE in patients with SFSS. While other 
groups have routinely performed late SAE[16], we have 
found the early approach safer and more satisfactory.

In our experience, as previously published[17], Dop-
pler ultrasound and 64-slice MDCT (VCT; GE Medical 
Systems) have been performed before the procedure, to 
confirm the absence of  vascular complications and to 
measure liver and spleen volumes. Antibiotic prophylaxis 
was administered to every patient. The procedure was per-
formed under conscious sedation and local anesthesia with 
a right femoral artery approach (Figure 4). No major com-
plications occurred, except in one patient who developed 
a massive splenic colliquation (which was twice drained 
percutaneously because of  persistent fever and abdominal 
pain), and who then underwent abdominal wash out. In 
this case, distal embolization was performed using Gelfoam 
(Pfizer, Belgium) sponge and particles of  Contour (Boston 
Scientific, Cork, Ireland) (Figure 5). In all the other cases, 
embolization was performed at a proximal level using me-
tallic coils and/or an Amplatzer Vascular Plug (Figure 6). 

In this series, we confirmed what was evident in our 
previous study on cirrhotic patients undergoing occlusion 
of  the splenic artery. In fact, there is clearly a contribution 
of  splenic flow to portal hyperperfusion, therefore, early 
SAE seems to relieve the partial graft from the deleterious 
effect of  this portal overflow. These data, however, need to 
be confirmed in controlled studies. SAE also has beneficial 
effects on post-transplant pancytopenia (Figure 7). It has 
been recently suggested that, in high-risk patients, preopera-
tive SAE could potentially contribute to improved outcome. 

Pharmacological treatment
Various attempts have been made with drugs to control the 
excessive portal blood inflow to a small graft. This earlier 
stage of  impairment is treated with the use of  continuous 

intravenous infusion of  octeotride or somatostatin and oral 
consumption of  selective β-blockers. The efficacy of  these 
treatments needs to be confirmed in randomized studies.

Splenic artery steal syndrome
Splenic artery steal syndrome (SASS) is a relatively uncom-
mon cause of  graft arterial hypoperfusion; a condition 
that results from a diversion of  celiac blood flow into the 
splenic artery. SASS usually occurs in patients who, before 
liver transplantation, have severe portal hypertension, 
hyperdynamic circulation, splenomegaly and enlarged 
splenic artery. An increase in intrahepatic resistance, due 
to rejection or hepatitis recurrence, can worsen SASS, 
which favors the diversion of  blood flow away from the 
hepatic artery. The left gastric artery or gastroduodenal ar-
tery might also contribute to the steal phenomenon. SASS 
either occurs early or as late as several weeks after trans-
plantation. Patients might have impaired liver function 
tests, cholestasis, ischemic damage of  bile ducts or acute 
graft failure. The diagnosis of  SASS is confirmed by selec-
tive angiography of  the celiac trunk. Angiographic find-
ings include enlarged splenic artery in comparison to the 
diameter of  the hepatic artery, and early filling of  splenic 
artery associated with delayed and dim filling of  the he-
patic artery (Figure 8). A variety of  surgical procedures 
are performed to increase hepatic artery perfusion, includ-
ing ligation or banding of  the splenic artery, splenectomy, 
and insertion of  a vascular graft from the abdominal aorta 
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Figure 3  Clinical and histopathological manifestations of small-for-size 
syndrome. The image shows centrilobular sinusoidal dilatation (arrow) and 
marked lobular hepatocanalicular cholestasis. Centrilobular atrophic hepato-
cytes can also be seen. There was moderate ductular proliferation within the 
portal tracts (not seen). These findings, in absence of bile duct mechanical 
problems, were mostly consistent with small-for-size syndrome.

Figure 4  Right lobe living-related donor liver transplantation in a 50-year-
old woman with clinical diagnosis of small-for-size syndrome. A: Celiac 
arteriogram shows poor filling of hepatic artery, enlarged splenic artery and 
splenomegaly, which suggested associated splenic artery steal syndrome; B: 
Celiac arteriogram after splenic artery embolization with coils showed increased 
hepatic artery flow.
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into the hepatic artery. SAE is a non-surgical therapeutic option for SASS.
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Figure 5  Spleen necrosis treated with conservative therapy. Post-living-related donor liver transplantation status in an 18-year-old man. Splenic artery emboli-
zation (SAE) was performed with coils and Amplatzer Vascular Plug to increase the hepatic artery blood flow after recanalization with administration of intravenous 
recombinant tissue plasminogen activator (rt-PA- alteplase) (case slide 23). A: Two days after SAE, multidetector computed tomography (MDCT) showed patchy areas 
of severe hypodensity in the spleen; B: One month after SAE, MDCT showed swelling of the spleen, with homogeneous hypodensity in almost all the parenchyma, 
which reflected severe necrosis; C: One year later, MDCT showed significant spontaneous reduction in spleen volume.

A B C

Figure 6  Splenic artery embolization using Amplatzer Vascular Plug. The Amplatzer Vascular Plug (AVP) is a self-expandable occlusion device made from nitinol 
mesh wires. The AVP comes preloaded and attached to a stainless steel delivery cable. The AVP ranges from 4 to 16 mm in diameter, and 7-8 mm in length. The AVP 
is FDA-approved and is currently the embolic device that we prefer for splenic artery embolization.

A B

Figure 7  Trend of total bilirubin, ascites, and platelet count after splenic artery embolization. SAE: Splenic artery embolization; LRLT: Living-related donor liver 
transplantation.
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CONCLUSION 
The transplant community is actually focused on the pos-
sibility of  detecting predictive factors based on simple 
biochemical and imaging assessments that could allow 
physicians to treat those patients at risk of  early graft dys-
function immediately after surgery. Although prevention 
of  SFSS should be the goal, how to best manage this once 
it is established is unclear. In the meantime, as illustrated 
in Figure 7, we suggest that SAE is a safe and prompt 
treatment option for patients in whom SFSS is recognized 
after adult-to-adult LRLT.
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Figure 8  Splenic artery steal syndrome. Status after right lobe living-related 
donor liver transplantation for hepatitis-C- and hepatitis-B-virus-related cirrhosis 
in a 62-year-old woman. A: Celiac arteriogram showed enlarged splenic artery 
and splenomegaly with no visualization of the hepatic artery; B: Celiac arte-
riogram after splenic artery embolization with metallic coils showed increased 
hepatic arterial flow, with opacification of the intrahepatic branches.
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