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Abstract
AIM: To investigate contrast-enhanced ultrasound 
(CEUS) for early diagnosis of postoperative vascular 
complications after right-lobe living donor liver 
transplantation (RLDLT). 

METHODS: The ultrasonography results of 172 
patients who underwent RLDLT in West China Hospital, 
Sichuan University from January 2005 to June 2008 
were analyzed retrospectively. Among these 172 
patients, 16 patients’ hepatic artery flow and two 
patients’ portal vein flow was not observed by Doppler 
ultrasound, and 10 patients’ bridging vein flow was not 
shown by Doppler ultrasound and there was a regional 
inhomogeneous echo in the liver parenchyma upon 2D 
ultrasound. Thus, CEUS examination was performed in 
these 28 patients.

RESULTS: Among the 16 patients without hepatic 
artery flow at Doppler ultrasound, CEUS showed nine 
cases of slender hepatic artery, six of hepatic arterial 
thrombosis that was confirmed by digital subtraction 
angiography and/or surgery, and one of hepatic arterial 
occlusion with formation of lateral branches. Among 
the two patients without portal vein flow at Doppler 
ultrasound, CEUS showed one case of hematoma 
compression and one of portal vein thrombosis, 

and both were confirmed by surgery. Among the 10 
patients without bridging vein flow and with liver 
parenchyma inhomogeneous echo, CEUS showed 
regionally poor perfusion in the inhomogeneous area, 
two of which were confirmed by enhanced computed 
tomography (CT), but no more additional information 
about bridging vein flow was provided by enhanced CT.

CONCLUSION: CEUS may be a new approach for 
early diagnosis of postoperative vascular complications 
after RLDLT, and it can be performed at the bedside.
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INTRODUCTION
A right-lobe living donor liver transplantation (RLDLT), 
with or without the middle hepatic vein (MHV), is now 
used generally for adult-to adult liver transplantation[1]. 
A right liver graft only involves part of  the liver lobes 
from healthy donors, whose vessels are very slender 
and the reconstruction of  one or more tributaries 
of  the MHV (bridging vein) is sometimes involved. 
RLDLT can be complicated by a high incidence of  
postoperative vascular complications, which may cause 
graft dysfunction and liver failure. Therefore, early 
diagnosis of  postoperative vascular complications is very 
important after RLDLT. As noninvasive examinations, 
2D and Doppler ultrasound play important roles in 
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screening for postoperative complications, but vascular 
visualization is not always satisfactory[2-4]. Contrast-
enhanced ultrasound (CEUS) has been applied gradually 
in recent years and has provided a great improvement 
for this defect, because of  its fine vascular tracing and 
perfusion visualization[5-8].

The present study analyzed retrospectively CEUS 
in patients who underwent RLDLT in West China 
Hospital, Sichuan University from January 2005 to June 
2008, to investigate the diagnostic value of  CEUS in 
postoperative vascular complications.

MATERIALS AND METHODS
Clinical data
The study was conducted under the approval of  the 
Ethics Committee of  West China Hospital, and written 
informed consent was obtained from all patients who 
received CEUS examination. We analyzed retrospectively 
the ultrasound results of  172 consecutive patients (137 
men and 35 women, aged 18-63 years, mean 39.1 years), 
who underwent RLDLT from January 2005 to June 2008 
in West China Hospital. Bypass of  MHV tributaries was 
performed in 83 cases. The primary diseases included 
98 with cirrhosis, 58 with malignant liver tumors, 12 
with acute liver failure, one with hepatic echinococcosis, 
one with Budd-Chiari syndrome, and two cases liver re-
transplantation.

Instrument and methods
Phillips HDI5000 and HD 11 (Phillips Medical Systems, 
Bothell, WA, USA) with 2-5-MHz probes were used in 
our study as conventional ultrasound equipment. CEUS 
examinations were performed with Acuson Sequoia 
512 with contrast pulse sequencing (Siemens Medical 
Solutions, Mountain View, CA, USA) or Phillips IU 
22 (Phillips Medical Systems) with the pulse inversion 
technique. Gray-scale ultrasound was used to observe 
liver graft parenchyma, and portal and hepatic veins, and 
Doppler ultrasound was used to measure blood flow and 
its velocity in the hepatic artery, portal and hepatic veins, 
and bridging vein. CEUS was performed in patients 
without hepatic artery and/or portal vein flow and/or 
patients without bridging vein flow accompanied by liver 
regional inhomogenous echo. The aim of  CEUS was 
to observe blood flow in the above vessels, as well as 
perfusion of  the liver. Conventional Doppler ultrasound 
and CEUS were performed by two experienced 
ultrasound physicians with more than 5 years experience 
in liver transplantation. Ultrasonography was performed 
everyday within the first week after operation in the 
intensive care unit (ICU), and afterwards, the time 
and interval of  ultrasound examination depended on 
laboratory results and clinical conditions. The contrast 
agent was SonoVue (Bracco Imaging, Milan, Italy), 
which consists of  an inert gas, sulfur hexafluoride 
and phospholipid peplos with high flexibility. CEUS 
was performed using 1.2-2.4 mL SonoVue suspension 
by rapid bolus injection through the left ulnar vein, 

followed by 10 mL saline flush and an ultrasonic inner 
time counter started simultaneously. Dynamic and static 
images were recorded to observe patency of  the hepatic 
artery, portal and hepatic veins, and bridging vein, as well 
as perfusion of  the liver parenchyma. 

RESULTS
Among these 172 patients, 16 patients’ hepatic artery 
flow and two patients’ portal vein flow was not observed 
by Doppler ultrasound, and 10 patients’ bridging 
vein flow was not shown by Doppler ultrasound 
and there was a regional inhomogeneous echo in the 
liver parenchyma upon 2D ultrasound. Thus, CEUS 
examination was performed in these 28 patients.

Among the 16 patients without hepatic artery 
flow at Doppler ultrasound, CEUS showed a slender 
right hepatic artery in nine (Figure 1), hepatic artery 
thrombosis (HAT) in six (Figure 2), all confirmed by 
digital subtraction angiography and/or surgery, hepatic 
artery occlusion accompanied by lateral branches in one 
(Figure 3).

Among the two patients without portal vein flow at 
Doppler ultrasound, CEUS showed one with hematoma 
compression and one with portal vein thrombosis, both 
of  which were confirmed by surgery.

The 10 patients without bridging vein flow and with 
regional liver inhomogenous echo at Doppler ultrasound 
were demonstrated by CEUS to have corresponding 
poor liver graft perfusion. The diagnosis was confirmed 
by enhanced CT in two cases. However, CT scan did 
not yield any additional information on bridging vein 
visualization (Figure 4).

DISCUSSION
Hepatic artery complications after RLDLT
Hepatic artery complications, including HAT, hepatic 
artery stenosis (HAS) and pseudoaneurysm, are some of  
the most severe complications after liver transplantation, 
with an incidence of  5%-15%. HAT often occurs early 
after surgery, especially within 6 wk. Mortality from 
HAT is as high as 20%-60% and re-transplantation is 
usually required[2]. Therefore, early examination and 
diagnosis after surgery are crucial for graft survival and 
good prognosis. Ultrasound manifestations of  HAT 
include the disappearance of  blood flow at the porta 
hepatis, disappearance of  or abnormal intrahepatic 
blood f low, such as the tardus-parvus spectrum 
wave form, possibly followed by secondary changes 
including biliary complications, hepatic infarction 
and abscess. HAT is highly suspected if  no blood 
flow signal is present in the hepatic artery at Doppler 
ultrasound. However, false-positive results must be 
excluded, and the main reasons include instrumental 
insensitivity to blood flow, improper adjustment 
of  parameters, incorrect detection approach, early 
transient artery spasm, and slender graft arteries. HAT 
sensitivity of  Doppler ultrasound has been reported 
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to be 60%-90%[2-4,9-17]. Color Doppler technology has 
improved considerably during the past 10 years, and 
the possibility of  non-flow visualization in the hepatic 
artery has decreased. In the present study, hepatic flow 
was not demonstrated in 1.3% (16/1231) of  scans, 
similar to the study of  Hom et al[5]. Visualization of  the 
hepatic artery is improved significantly by CEUS. The 
accuracy of  CEUS in diagnosing HAT was 100% in our 
study, similar to previous studies[5-8,18].

The incidence of  HAS is 5%-10%, which occurs 
mostly at the anastomotic stoma. Severe stenosis may 
result in similar outcomes to HAT, such as biliary 
ischemia, graft dysfunction and liver failure. Tardus-
parvus changes (RI < 0.5 and accelerating time > 0.08 s)  
detected at Doppler ultrasound suggest HAS, and it 
is also suspected when regional blood flow velocity 
is > 200 m/s at the anastomotic stoma. However, 
it is difficult to observe directly the stenosis site by 
ultrasound for intestinal gas or liver artery curvature. 
The value of  CEUS in diagnosing HAS remains 
controversial. Some studies have revealed that CEUS 
may be more capable than conventional ultrasound of  
visualizing the trunk of  the hepatic artery, possible sites 
of  stenosis, and peripheral branch circulation[2-4,7,10-12,18].

Portal vein complications 
Portal vein complications include portal vein thrombus 
(PVT), stenosis and phlebangioma. The incidence of  
PVT and stenosis is about 1%-2%. Monitoring of  the 
portal vein after surgery is also important, because 
the blood supply from portal vein is essential for 
graft survival after liver transplantation. Once PVT or 
severe stenosis in the portal vein of  liver grafts occurs 
after surgery, patients may suffer from primary graft 
dysfunction, visceral bleeding, bile leakage, ascites, 
splenectasis, and re-transplantation, re-operation or 

Figure 1  Slender hepatic artery in 54-year-old woman who received right-lobe living donor liver transplantation (RLDLT). A: Longitudinal oblique Doppler Ul-
trasound (US) scan 2 mo after RLDLT did not reveal the right hepatic artery beyond the level of the right portal vein (arrow); B: Longitudinal oblique contrast-enhanced 
ultrasound (CEUS) scan obtained followed the Doppler scan. The right hepatic artery (arrow) was seen clearly 14 s after contrast material injection, but it was small.
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Figure 2  HAT in a 35-year-old man who underwent RLDLT. A: Longitudinal oblique Doppler US scan 1 d after RLDLT did not reveal the right hepatic artery beyond 
the level of the right portal vein (arrow); B: Longitudinal oblique CEUS scan obtained following the Doppler scan. The right hepatic artery was still not seen after con-
trast material injection, but the right portal vein was demonstrated clearly (arrow). A complete unenhanced area indicates a lack of perfusion of the liver parenchyma 
in the anterior right lobe; C: Selective angiogram obtained after celiac artery injection confirmed complete thrombosis of the right artery at the level of the anastomosis 
(arrow).
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Figure 3  Hepatic artery obstruction with collateral circulation in a 36-year-
old man who underwent RLDLT. A: Longitudinal oblique Doppler US scan 6 mo  
after RLDLT revealed a tardus-parvus spectrum at the porta hepatis; B: Lon-
gitudinal oblique CEUS scan obtained following the Doppler scan. A reticulate 
vessel instead of the right hepatic artery trunk was seen (arrows) at the porta 
hepatis after ultrasound agent injection.
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interventional therapy are required. PVT is not difficult 
to diagnose using 2D and Doppler ultrasound. CEUS is 
helpful when the trunk or branches of  the portal vein 
are not well visualized as a result of  surgery or other 
causes[2-4,5,7,8,19-21].

Caliber mismatch between the portal vein of  the 
donor and recipient is very common, and is manifested 
as a hyperechoic ring at the anastomotic stoma and 
regional blood flow disorder by Doppler ultrasound. 
Currently, the diagnostic criteria for portal vein stenosis 
include: regional stenosis with a diameter of  2.5 mm, 
blood flow aliasing and acceleration at the stenosis site, 
blood flow velocity > 150 cm/s at the stenosis site, or 
a prestenotic:stenotic blood flow velocity ratio of  > 4:1, 
accompanied by symptoms of  portal hypertension, 
including splenomegaly, ascites and branched circulation 
formation. CEUS is useful for diagnosis of  portal vein 

complications, because it can determine clearly the 
diameter of  the portal vein and clarify the severity and 
range of  portal vein stenosis[2-4,5,7,8,19-21].

Outflow tract complications
Outflow tract in RLDLT includes the hepatic vein and 
bridging vein. Hepatic vein complications after surgery 
include thrombosis (HVT) and stenosis (HVS), with an 
incidence of  about 1%. HVT is not difficult to diagnose 
by conventional ultrasound, but the diagnosis of  HVS 
by Doppler ultrasound remains controversial. It has 
been reported that obvious stenosis can be observed by 
2D ultrasound, when the ratio of  prestenotic/stenotic 
blood flow velocity is higher than 3-4:1, the distal blood 
flow spectrum is straight and blood flow is decelerated 
or reversed, and the negative predictive value of  phase 
loss in HVS is reported to be 98.4%. However, other 
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Figure 4  Regional congestion in a 35-year-old man who underwent RLDLT. A: Longitudinal oblique 2D US scan 1 d after RLDLT revealed regional echogenicity 
in segment Ⅴ; B: Contrast-enhanced CT showed poor perfusion (arrow) in segment Ⅴ 2 d after ultrasound examination; C: Longitudinal oblique 2D US scan revealed 
regional echogenicity in segment Ⅶ; D: Contrast-enhanced CT showed poor perfusion (arrow) in segment Ⅶ; E: Longitudinal oblique CEUS scan obtained following 
the Doppler scan. At CEUS, the poor perfusion area (arrows) was seen as an inhomogenous echo that corresponded to segment Ⅴ and segment Ⅶ. This patient 
remained asymptomatic and formed collaterals between the tributary of the middle hepatic vein and the right hepatic vein at Doppler ultrasound follow-up.
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studies have concluded that ultrasound is inaccurate for 
the diagnosis of  HAS, which should be combined with a 
pressure gradient for the hepatic vein and inferior vena 
cava, or depend on clinical manifestations[2-4,22-25].

As RLDLT without the MHV has been performed 
increasingly in recent years, reconstruction and bypass 
of  MHV tributaries have received more attention from 
clinicians, because “small-for-size syndrome” may be 
caused by early occlusion of  bridging veins. However, 
these vessels are so tiny and deep that postoperative 
monitoring is difficult. CEUS improve the visualization 
of  these bridging vessels and the perfusion of  their 
drainage area[25-27]. However, there were only 10 patients 
who underwent bridging vessel monitoring by CEUS 
in our study, and thorough investigations with a larger 
sample size are required to clarify its diagnostic value.

Conventional 2D and Doppler ultrasound play im-
portant roles in screening and early diagnosis of  vascular 
complications after RLDLT, but their inability to depict 
flow in some patients remains a substantial problem. 
Our initial experience shows that CEUS improves visu-
alization of  hepatic artery, portal and hepatic vein and 
bridging vein blood flow, as well as evaluation of  perfu-
sion of  the liver graft parenchyma. Furthermore, CEUS 
can be performed at the bedside, and it has no iodine 
allergy or X-ray exposure. Therefore, CEUS provides a 
new approach in monitoring postoperative vascular com-
plications after RLDLT, and more studies are needed for 
further evaluation.
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