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Abstract
Living donor liver transplantation (LDLT) has been 

widely used to treat end-stage liver disease with 
improvement in surgical technology and the application 
of new immunosuppressants. Vascular complications 
after liver transplantation remain a major threat to 
the survival of recipients. LDLT recipients are more 
likely to develop vascular complications because of 
their complex vascular reconstruction and the slender 
vessels. Early diagnosis and treatment are critical for 
the survival of graft and recipients. As a non-invasive, 
cost-effective and non-radioactive method with bedside 
availability, conventional gray-scale and Doppler 
ultrasonography play important roles in identifying 
vascular complications in the early postoperative period 
and during the follow-up. Recently, with the detailed 
vascular tracing and perfusion visualization, contrast-
enhanced ultrasound (CEUS) has significantly improved 
the diagnosis of postoperative vascular complications. 
This review focuses on the role of conventional gray-
scale ultrasound, Doppler ultrasound and CEUS for 
early diagnosis of vascular complications after adult 
LDLT.
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Core tip: Vascular complications are among the 
most severe complications after living donor liver 
transplantation (LDLT), which may lead to graft loss 
and death of the recipients. Conventional gray-scale 
and Doppler ultrasound, contrast-enhanced ultrasound 
(CEUS) play important roles in identifying vascular 
complications in the early postoperative period and 
during follow-up. This review focuses on the current 
applications of conventional ultrasound and CEUS in the 
diagnosis of vascular complications in the early period 
after adult LDLT, including the diagnostic efficacy, 
controversial diagnostic criteria and current issues 
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requiring further investigations.
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INTRODUCTION
Because of the severe shortage of donor livers, living 
donor liver transplantation (LDLT) has undergone rapid 
development with advances in surgical technology 
and application of new immunosuppressive drugs 
since first introduced in 1969 by Smith[1-4]. Vascular 
complications after liver transplantation remain a 
major threat to the survival of recipients, especially 
in the early postoperative period[5-8]. Compared with 
cadaver liver transplantation, LDLT recipients have a 
higher risk for postoperative vascular complications 
because of their complex vascular reconstruction and 
slender vessels[5-6]. The vascular complications after 
LDLT mainly involved the hepatic artery, portal vein, 
hepatic vein and other outflow tracts. Hepatic artery 
thrombosis (HAT) and portal vein thrombosis (PVT) 
are the most severe complications which may lead to 
graft dysfunction and liver failure. The consequences 
of severe hepatic artery stenosis (HAS) and portal vein 
stenosis (PVS) are similar to thrombosis. Although 
the obstruction of the hepatic vein and other outflow 
tracts is relatively rare, it may induce congestions in 
the drained area, which may lead to small-for-size 
syndrome and graft loss. Therefore, early detection 
and timely treatment of vascular complications are 
critical for the survival of the graft and recipients[6-13].

Imaging techniques play a decisive role in the 
diagnosis of vascular complications. Although angio
graphy is the traditional gold standard, it is an inva
sive procedure. Computed tomography (CT) causes 
radiation effects and magnetic resonance imaging 
(MRI) is more costly. Moreover, these techniques are 
not available at the bedside of severely ill patients in 
the intensive care unit (ICU). As a non-invasive, cost-
effective and non-radioactive modality with bedside 
availability, ultrasonography serves as a first-line 
imaging technique to identify vascular complications in 
the early postoperative period and long-term follow-
up[14-17]. Gray-scale ultrasound can be used to reveal 
the structure of blood vessels, parenchymal changes 
in the liver graft and perihepatic conditions. Doppler 
ultrasound can evaluate the hemodynamics including 
patency, direction, velocity and spectrum of the blood 
flow[17]. Contrast-enhanced ultrasound (CEUS) can 
be used to assess microcirculation of the liver graft 
and facilitates visualization of blood vessels, provi
ding real-time angiographic-like images with a high 

diagnostic efficiency[18]. Furthermore, CEUS causes 
rare adverse reactions and can be applied in the 
recipients with renal insufficiency, because the gas 
within micro-bubbles is metabolized by respiration[19,20]. 
In this article, we review the current applications of 
conventional ultrasound and CEUS in the diagnosis of 
vascular complications in the early period after adult 
LDLT.

Hepatic artery complications 
after LDLT
Hepatic artery complications are among the most severe 
complications after LDLT[6-10]. These complications 
include HAT, HAS, hepatic artery pseudoaneurysm (HAP) 
and splenic arterial steal syndrome (SASS).

HAT
HAT is the most severe hepatic artery complication 
with an incidence of 3%-5%, and a fatality rate of 
20%-60%[6,8-10,21]. Risk factors for early HAT (occurring 
within 30 d after liver transplantation) include ABO 
blood type incompatibility, increased cold ischemic 
time of the donor liver, acute rejection and surgical 
factors such as hepatic artery spasm, intimal injury, 
perianastomotic hematoma compression, artery 
distortion, small artery caliber and artery anastomosis 
inversion. In contrast, late HAT (occurring more 
than 30 d after liver transplantation) is associated 
with chronic rejection and sepsis[22-24]. Typical HAT 
is manifested as severe hepatalgia, fever, ascites, 
sudden increase in serum transaminases, reduced 
bile flow, changed bile properties, prolonged 
prothrombin time and sepsis, whereas the symptoms 
of late HAT are often atypical due to the formation of 
collateral circulation. HAT can rapidly lead to biliary 
complications, graft necrosis and even patient death; 
therefore, early diagnosis and prompt treatment are 
critical[9-10]. 

The normal hepatic artery is slender (2-5 mm 
in diameter) with a rapid systolic upstroke and 
continuous diastolic flow on ultrasound. The resistive 
index (RI) should be in the range from 0.5 to 0.8 
and the systolic acceleration time (SAT) should be 
less than 80 ms. High resistance (RI > 0.8) may 
occur within 72 h postoperatively, and return to 
normal values afterwards[25]. It is difficult to observe 
hepatic artery directly by gray-scale ultrasound. The 
Doppler ultrasound diagnostic criteria for HAT include 
the disappearance of arterial blood flow at the hilus 
hepatis (Figure 1A) and inside the liver on color 
Doppler flow imaging. When HAT is complicated with 
collateralization, abnormal intrahepatic blood flow with 
a tardus-parvus spectrum (RI < 0.5 and SAT > 80 
ms) can be detected. The secondary changes mainly 
include the biliary complications, hepatic infarction 
and abscess[26-30]. The sensitivity of Doppler ultrasound 
in HAT has been reported to be between 75% and 
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100%[26-31], and HAT can be detected even before 
the clinical symptoms appear[31]. However, Doppler 
ultrasound may yield false positive or false negative 
results. False positive results are mainly due to reduced 
hepatic arterial flow caused by hypotension, small 
hepatic artery caliber, early postoperative vasospasm, 
rejection reaction, improper adjustment of ultrasound 
machine or scanning. Reported false-positive rates 
are relatively high[26-31] and Hom et al[30] reported the 
false-positive rate even reaching as high as 75%. False 
negative results arise mainly from collateral circulation, 
with a reported false-negative rate of 7%-29%[29,31].

With the use of micro-bubble contrast agent, a 
blood pool tracer, CEUS can significantly improve the 
visualization of blood vessels and reveal perfusion of 
the liver parenchyma[18-20]. The diagnosis of HAT can be 
established when there is no contrast agent filling in the 
hepatic artery during the arterial phase on CEUS (Figure 
1B). The sensitivity, specificity, and accuracy of CEUS 
in diagnosing HAT were 96%-100%[26,30,32]. Therefore, 
CEUS should be performed immediately to confirm 
HAT when it is suspected by Doppler ultrasound, which 
may reduce the use of angiography[32,33]. Additionally, 
the scanning time can be remarkably shortened[34]. 
The patient prognosis is influenced by the presence 
or absence of abundant collateral circulation[35]. 
Remarkably, CEUS is able to reveal the hepatic artery 
collateral circulation due to its high sensitivity to low 
velocity blood flow, thus providing reliable imaging 
information. Moreover, infarcted areas following 
HAT can also be identified on CEUS. This technique 
demonstrates absent enhancement in the arterial 
phase and hypo-enhancement in the portal and the 
late phases, occasionally with ‘branch-like’ portal 
venous distribution.

HAT-induced ischemia initially affects the bile 
ducts because bile ducts are supplied only by the 
hepatic artery and the biliary epithelium is more 
sensitive to ischemic injury than hepatocytes[36]. Biliary 
ischemia may lead to biliary necrosis, cast formation, 
abscesses, non-anastomotic bile leak and bilomas[36-37]. 

Conventional ultrasound plays an important role in the 
detection of bile duct complications as a first screening 
modality[37]. Recently, CEUS has been used to show 
the perfusion of the hilar bile ducts, facilitating the 
early diagnosis of biliary complications[36,38,39].

HAS
HAS occurs primarily at the anastomotic site with 
an incidence rate 5%-11%[6,8-10]. The causes are 
diverse and mainly include surgical factors, clamp 
injury, intimal trauma caused by perfusion catheters, 
disrupted vasa vasorum leading to ischemia of the 
arterial ends and rejection[8-11]. According to the 
diameter narrowing rates, HAS can be classified as 
mild stenosis (narrowing rate < 50%), moderate 
stenosis (narrowing rate 50%-75%) and severe 
stenosis (narrowing rate > 75%)[40]. Mild stenosis, 
which does not induce hemodynamic disorders of the 
hepatic artery or graft ischemia, presents no significant 
Doppler abnormalities. In contrast, moderate and 
severe stenosis, which may result in graft complications 
such as biliary ischemia, hepatic dysfunction or even 
hepatic failure, may have abnormal artery blood flow 
on Doppler imaging[26,28,40]. The diagnosis of HAS on 
Doppler ultrasound is based on a focal increased blood 
flow velocity greater than 200 cm/s at the extrahepatic 
artery or the tardus-parvus waveform at the intra-
hepatic arteries, with a sensitivity of 72%-97% and a 
specificity of 64%-99.1%[28,40-42]. Some studies took a 
SAT threshold of 100 ms as the diagnostic criterion for 
HAS, resulting in an increased specificity[28,42]. However, 
it is difficult to observe the high-velocity at the deep-
situated hepatic artery, and velocity measurements 
are not always accurate because of the difficulty in 
obtaining the appropriate Doppler angle and accurate 
gate placement. Tardus-parvus waveform is regarded 
as an excellent diagnostic parameter for HAS, but it is 
not a specific finding; this waveform can also be found 
in long-term HAT accompanied with collateral vessel 
formation, portal vein thrombosis, and atherosclerotic 
disease, resulting in a false-positive diagnosis[43]. Park 
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Figure 1  Hepatic artery thrombosis in a 51-year-old woman who underwent right-lobe living donor liver transplantation. A: Color Doppler ultrasound reveals 
no hepatic artery flow at the hilus hepatis (arrow head points to the portal vein flow); B: contrast-enhanced ultrasound shows no enhancement in the hepatic artery 
neighboring portal vein (arrow head points to the portal vein). PV: portal vein.
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Portal vein complications after 
LDLT
Portal vein complications primarily include PVT, PVS 
and phlebangioma. The incidence of PVT and/or PVS is 
1%-12.5%[60-62], while phlebangioma is rare. Yerdel et 
al[62] found an extremely high incidence of portal vein 
complications (12.5%) in male patients, patients with 
a history of severe portal hypertension or thrombosis 
preoperatively and patients who received treatment for 
portal hypertension such as sclerotherapy, transjugular 
intrahepatic portosystemic shunt, portocaval shunt, 
splenectomy, and splenic embolization. Because the 
portal vein accounts for 70%-80% of the hepatic blood 
supply, complications in this vessel will result in severe 
damage to the liver function. Therefore, postoperative 
monitoring is extremely important.

PVT
The duration and range of thrombosis affects the 
clinical manifestations of PVT. In the early stage, PVT 
may lead to liver function impairment complicated 
with prolonged prothrombin time, portal hypertension, 
variceal bleeding, intestinal edema, and massive 
ascites.

It is not difficult to diagnose PVT using gray-scale 
and Doppler ultrasound. The findings include absence 
or filling defect of blood flow. Although conventional 
ultrasound provides an ideal specificity ranging from 
95% to 100% in diagnosing PVT[27,30,62,63], it is difficult 
to identify the duration and range of thrombosis. 
Nevertheless, conventional ultrasound still has the 
following limitations: (1) the portal vein may not be 
displayed clearly due to obesity, flatulence and ascites, 
and (2) color Doppler ultrasound is insensitive to portal 
blood flow that is deeply located, perpendicular to 
the acoustic beam, or of low velocity. CEUS greatly 
improved the detection of this defect, with a high 
diagnostic accuracy (97%-100%)[33,64-66]. Previous 
studies have indicated that the diagnostic validity 
of CEUS was comparable to that of MRI, CT or 
angiography[65,66]. Additionally, CEUS shortened the 
study time remarkably. With CEUS, thromboembolism is 
characterized by the absence of blood perfusion inside 
the thrombus as follows: (1) when the vessel is not 
completely occluded by the thrombus, micro-bubble 
bypass or filling defects are observed; and (2) when 
the vessel is completely occluded, contrast agent filling 
is constantly absent in the blood vessel[64].

PVS
PVS is found mainly at the site of the anastomosis. 
During LDLT, vessel caliber mismatch is often en
countered between the donor and recipient portal 
vein. Therefore, mild anastomotic stenosis is common 
but does not affect hemodynamics and liver function. 
When PVS is severe, symptoms of graft dysfunction 
and acute liver failure may occur, complicated with 

et al[44] reported that the combination of the tardus-
parvus pattern and an optimal peak systolic velocity 
cutoff greatly improved the positive predictive value 
and reduced the false positive rate for the diagnosis 
of HAS. Vit et al[41] concluded that an increased SAT 
value is more reliable than the RI. CEUS has been 
gradually used in the diagnosis of HAS in recent 
years. It provides direct visualization of the hepatic 
artery and possible stenosis, as well as the collateral 
circulation. On CEUS, stenoses are manifested as focal 
stenosis at the anastomoses (most frequently found), 
intra- or extra-hepatic arterial beaded or segmental 
stenosis, and diffuse tapering stenosis (less commonly 
found). However, the value of CEUS in diagnosing HAS 
remains controversial. Some scholars believed that 
CEUS has a high diagnostic value with an accuracy of 
91.5%[43], while some[40] claimed that the diagnostic 
value of CEUS is limited in diagnosing HAS.

HAP
HAP is associated with high morbidity and mortality, 
and has an incidence of 0.3%-1%[45-47]. The clinical 
manifestations are diverse and include fever, bile leak, 
hepatic dysfunction, abdominal pain, hematemesis, 
melena, anemia, hypotension and jaundice. Some 
patients are asymptomatic and identified incidentally 
during routine examinations[48,49]. Intra-abdominal or 
gastrointestinal hemorrhages from rupture of HAP are the 
most severe and life-threatening presentations[50,51]. 
Early diagnosis and treatment are critical for graft 
salvage. Gray-scale ultrasound and Doppler ultrasound 
are regarded as the primary imaging techniques for 
the diagnosis and follow-up of HAP. When a focal cystic 
lesion involving the hepatic artery was detected and 
Doppler ultrasound showed a pulsatile wave pattern, 
the diagnosis of HAP is suspected. CEUS may be used 
to further confirm the diagnosis[27,41,52].

SASS
SASS, first described in 1992 by Langer et al[53], is not 
a well-recognized arterial complication following liver 
transplantation. SASS is described as the phenomenon 
of hepatic arterial hypo-perfusion due to “stealing” 
or diverting of blood from the hepatic artery to the 
dilated splenic artery. The incidence of SASS has been 
reported to be 3%-8%[54-56]. Clinically, the symptoms 
of SASS are non-specific, including liver function 
impairment and biliary injury, which can cause severe 
graft ischemia without timely management. Celiac 
angiography is the “gold standard” for the diagnosis of 
SASS. Recognition of the ultrasonographic indicators 
of SASS is imperative for an early diagnosis. When a 
high-resistance waveform (RI > 0.8) with low diastolic 
flow in the intra-hepatic and extra-hepatic arteries 
was detected on Doppler ultrasound, accompanied by 
dilated splenic arterial and splenomegaly, SASS should 
be highly suspected. And portal hyper-perfusion is 
another important feature of SASS[56-59].  
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portal hypertension and ascites. Stenoses greater 
than 50% were considered hemodynamically 
significant[67]. To date, there is still no consensus 
on the ultrasound diagnostic criteria for post-LDLT 
PVS. According to our experience, the criteria for 
PVS include: regional stenosis with a diameter < 2.5 
mm (Figure 2A), blood flow aliasing and acceleration 
at the stenotic site (Figure 2B), blood flow velocity 
> 150 cm/s at the stenotic site, or velocity ratio ≥ 
4:1 between stenotic and pre-stenotic flow (Figure 
2C and D), and signs of portal hypertension, such 
as splenomegaly, ascites or collateral circulation 
formation[26]. Mullan et al[67] proposed a maximal 
blood velocity > 80 cm/s at the stenotic segment of 
the portal vein as the diagnostic criterion for PVS, 
with a sensitivity  of up to 100% and a specificity 
of 84%. Chong et al[68] regarded a maximal blood 
velocity > 125 cm/s at the stenotic segment of the 
portal vein as the diagnostic criterion for PVS, and 
although the sensitivity was only 73%, the specificity 
was 95%. It is noteworthy that turbulence and high-
speed flow may appear at the anastomosis during the 
early postoperative period and the blood velocity will 
decrease with time.

Sometimes, the portal vein may be distorted due 
to surgical factors or portal vein enlargement after 
LDLT. Consequently, it is difficult to visualize the 

portal vein directly by gray-scale ultrasound. The 
Doppler ultrasound, constrained by color gain, as well 
as direction and angle adjustment of the acoustic 
beam, may lack the diagnostic accuracy. Aided by 
the micro-bubble contrast agent, visualization of 
blood vessels is greatly improved on CEUS, which 
provides accurate information of the specific position 
and degree of stenosis of PVS[30,33,34]. Moreover, for 
severe PVS and complete portal vein occlusion, which 
are often difficult to differentiate using conventional 
ultrasound, CEUS can improve the visualization of 
residual lumen of the stenotic portal vein through the 
dynamic display of micro-bubble contrast agent filling 
condition, thus facilitating the correct diagnosis.

In LDLT, because the graft is part of the liver of the 
recipient, a hyperkinetic circulation usually persists 
during the early postoperative period and is associated 
with the increases of portal venous flow (PVF) and its 
velocity. These changes play important roles in liver 
regeneration, but persistently high PVF and portal 
venous pressure (PVP) values may induce mechanical 
vascular injury, which may lead to poor graft function 
and small-for-size syndrome[69-73]. If PVF is greater 
than 250 or 300 mL/min per 100 g, and PVP is greater 
than 15 or 20 mmHg, PVF modulation is necessary 
to alleviate graft over-perfusion and early graft 
dysfunction[69,71,73]. 
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Figure 2  portal vein stenosis in a 40-year-old woman who underwent right-lobe living donor liver transplantation. A:Gray-scale ultrasound detected a stenotic 
region in the portal vein (arrow); B:Color Doppler ultrasound showed disturbance of the blood flow at the stenotic site (arrow); C: Spectrum Doppler ultrasound showed 
that the blood flow velocity at the stenotic was 128 cm/s; D: Spectrum Doppler ultrasound showed that the blood flow velocity at a pre-stenotic segment of the portal 
vein was 19.8 cm/s. The ratio between stenotic and pre-stenotic flow was significantly greater than 4:1.
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Hepatic vein and other outflow 
tract complications after LDLT
Reconstruction of the outflow tract during LDLT is 
complex. In an adult right lobe LDLT, the right hepatic 
veins are preserved in the right lobes of the graft liver. 
As for preservation of the middle hepatic vein and 
reconstruction of the other blood vessels, decisions 
should be made in accordance with the specific 
individual conditions. Currently, in consideration of the 
safety of the donor, the middle hepatic vein is often 
preserved in the donor. Therefore, to ensure adequate 
drainage, reconstruction of the inferior right hepatic 
vein and thick tributaries of the middle hepatic vein V5 
and/or V8 is usually required. Therefore, for an adult 
right lobe LDLT without the middle hepatic vein, the 
right hepatic vein, inferior right hepatic vein, tributaries 
of the middle hepatic vein, and bridging veins may 
serve as outflow tracts of the liver. Outflow tract 
obstruction leads to congestions in the drained area. 
Mild congestion may manifest no significant clinical 
symptoms, while severe congestion can result in 
effective liver volume reduction, which may also cause 
small-for-size syndrome and liver failure. Therefore, 
postoperative monitoring of the outflow tracts is 
extremely important[74-76].

Ultrasound is a commonly used method for outflow 
tract monitoring. Gray-scale ultrasound can reveal the 
inferior vena cava, hepatic vein, inferior right hepatic 
vein, and some thick bridging veins (Figure 3A), and 
sometimes congestion may be revealed preliminarily 
by sonographic changes in the liver parenchyma. 
Doppler ultrasound can reveal the blood flow of hepatic 
veins and bridging veins, while CEUS can further 
visualize the vessels mentioned above and provide 
more accurate information as well as perfusion in the 
liver parenchyma. 

Hepatic vein stenosis
Hepatic vein stenosis (HVS) is a relatively uncommon 
complication after LDLT with an incidence rate of 
0.5%-3.2%[77,78]. Hepatic vein thrombosis is rare but 
is not difficult to diagnose by conventional ultrasound. 

Early-stage HVS is caused by surgical factors such as 
improper fixation, distortion, or shifting of the graft, 
while late HVS may be induced by intimal hyperplasia 
or perianastomotic fibrosis. The clinical manifestations 
are usually non-specific, some may be characterized 
by congestion of the liver parenchyma with abnormal 
laboratory test results, ascites, and pleural effusions. 
There can even be graft loss if it is not managed in a 
timely manner[76]. The diagnostic criteria for HVS using 
Doppler ultrasound remain controversial. The normal 
spectrum of the hepatic vein is a triphasic waveform 
reflecting the cardiac cycle, but after transplantation 
the waveform is often biphasic even without any other 
signs or symptoms of outflow obstruction. HVS should 
be considered when a significant stenosis is revealed 
by the gray-scale ultrasound or a high-speed blood 
flow disorder appears at the stenosis. The ratio of 
stenotic to pre-stenotic blood flow velocity is greater 
than 3-4:1 with a flat hepatic venous wave and slow 
or even reversed blood flow at the distal-stenotic 
segment[26]. Ko et al[79] reported that if the blood flow 
persists as a monophasic waveform, substantial HVS 
should be suspected, but a persistent triphasic wave 
pattern can exclude the possibility of substantial 
stenosis.

Although Doppler ultrasound is generally used for 
monitoring hepatic venous obstruction, it is associated 
with a relatively high false-positive rate because of 
the use of non-specific parameters[78,79]. Additionally, 
the assessment of waveform patterns is somewhat 
subjective because venous phasicity is a continuum 
and there is no clear-cut distinction between mono
phasic and biphasic wave patterns[68]. In contrast to 
Doppler ultrasound, CEUS may be more capable of 
visualizing the trunk of the hepatic vein, possible sites 
of stenosis, and the congestion areas. A cutoff value 
of the pressure gradient between the inferior vena 
cava and the hepatic vein is also used to diagnose 
hepatic venous obstruction[80-82]. Most studies have 
regarded a pressure gradient of 5-10 mmHg as the 
diagnostic criteria for substantial HVS, and Hwang et 
al[78] adopted a pressure gradient threshold of 6 mmHg 
for diagnosing HVS, with a sensitivity of 86.7% and a 
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Figure 3  Bridging vein occlusion in a 43-year-old woman who underwent right-lobe living donor liver transplantation sparing the middle hepatic vein. A:
Gray-scale ultrasound showed the bridging vein (arrow); B: contrast-enhanced ultrasound showed no enhancement in the bridging vein (arrows); C:Color Doppler 
ultrasound revealed the opening of collateral circulation of intrahepatic veins (arrow).
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specificity of 68%. Therefore, depending on the clinical 
manifestations, ultrasound combined with a pressure 
gradient for the hepatic vein and inferior vena cava can 
be performed to make an accurate diagnosis of HVS.

Bridging vein occlusion
As a common complication after LDLT, bridging vein 
occlusion occurs mainly because: (1) bridging veins 
are located at the surface of the section of the liver, 
making them susceptible to abdominal pressure; 
(2) blood volume of the drained area is small; and 
(3) angulations are formed at the anastomoses 
between the bridging veins and middle hepatic vein 
branches[83-86]. Bridging vein occlusion may result 
in focal congestion of the drained area or extensive 
ramus communicans between the middle hepatic vein 
branches and the right hepatic vein, through which the 
blood flow is drained to the right anterior hepatic lobe. 
Due to their small vessel caliber and deep location, 
bridging veins are difficult to detect by gray-scale 
and Doppler ultrasonography in most cases, whereas 
CEUS, which allows better bridging vein imaging, 
serves as a superior method for observing the bridging 
vein as well as intrahepatic venous collateral formation 
(Figure 3B and C)[87-89].

CONCLUSION
Both conventional gray-scale and Doppler ultrasound 
play important roles in vascular monitoring after LDLT. 
CEUS can reveal the microcirculation of the liver graft 
and greatly improve the visualization of blood vessels, 
providing a novel and effective mean for the detection 
and evaluation of post-LDLT vascular complications. 
However, further investigations are required to clarify 
issues such as (1) the diagnostic criteria, intervention 
timing and indications of HAS, and the impact of HAS 
and hepatic artery curvature on perfusion of the liver 
parenchyma; (2) the diagnostic criteria, intervention 
timing and indications of PVS, and the impact of portal 
venous perfusion on the liver regeneration; and (3) the 
diagnostic criteria, intervention timing and indications 
for outflow tract obstruction, and the impact of outflow 
tract obstruction on liver function and regeneration. 
The development and application of ultrasonic 
elastography, three-dimensional CEUS, ultrasound 
perfusion imaging and molecular imaging will offer 
a better understanding of the pathophysiology of 
the liver graft and the occurrence and development 
of vascular diseases, which will further improve 
the ultrasonographic diagnosis and the prognostic 
evaluation.
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