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Abstract. The diagnostic value of common ultrasound 
and contrast‑enhanced ultrasonography (CEUS) in hepatic 
artery pseudoaneurysm (HAP) after liver transplantation 
was investigated. From January  2005 to November  2015, 
information was collected on 2,085 cases of orthotopic liver 
transplantation. The cases included 1,617 men and 468 women. 
Common ultrasound and CEUS were used to monitor arterial 
blood flow following surgery, and the complications were 
assessed. Instruments used included Acuson Sequoia  512 
and Mylab Twice, and the contrast agent was SonoVue. The 
standard of common ultrasound in the diagnosis of HAP was 
follicular structure, which had arterial blood flow signal present 
beside the hepatic artery. The diagnostic criteria of HAP 
using CEUS were abnormal and round contrast enhancement 
zone and perfusion of the contrast agent in the zone near the 
hepatic artery. The diagnostic standard of HAP was computed 
tomographic angiography (CTA) and emergency operation. 
Eight cases of HAP were diagnosed in 2,085 patients after 
liver transplantation (0.38%). Three cases of HAP were diag-
nosed successfully by common ultrasound while 5 cases were 
missed. Sensitivity, specificity and diagnostic accuracy for 
common ultrasound was 37.5, 100 and 99.76%, respectively. 
Six  cases of HAP were diagnosed by CEUS and 2  cases 
were missed. Sensitivity, specificity and diagnostic accuracy 
for CEUS was 75, 100 and 99.9%, respectively. Collectively, 
CEUS is a convenient and effective diagnostic method for 
HAP following liver transplantation, the diagnostic sensitivity 
was obviously higher than that of the common ultrasound, and 
it was more convenient than CTA. Nevertheless, the diagnosis 
of pseudoaneurysm with deep location, and unsatisfactory 
grayscale images were easily missed.

Introduction

Hepatic artery pseudoaneurysm (HAP) after liver trans-
plantation is a rare and serious vascular complication. 
Pseudoaneurysm rupture and hemorrhage may endanger 
the life of the patients (1,2). A timely and accurate diagnosis 
prior to aneurysm rupture has been shown to be favorable 
for HAP prognosis. Common ultrasound is the preferred 
examination method of imaging following liver transplanta-
tion. Contrast‑enhanced ultrasonography (CEUS) is a new 
technology with the ability of carrying out microvascular 
imaging (3,4). This method is real‑time and convenient and 
can be considered as a type of point‑of‑care test (POCT). 
Advantages of CEUS make it a more efficient method 
compared with computed tomography (CT), magnetic reso-
nance imaging (MRI) and digital subtraction angiography 
(DSA).

In the present study, the diagnostic value of common 
ultrasound was compared to the CEUS in HAP subsequent 
to liver transplantation. The results showed that, CEUS is a 
convenient and effective diagnostic method for HAP following 
liver transplantation.

Patients and methods

Clinical data. From January 2005 to November 2015, infor-
mation on 2,085  cases of orthotopic liver transplantation 
was collected from the Organ Transplantation Research 
Institute, General Hospital of Chinese People's Armed Police 
Forces (Beijing, China). The cases included 1,617 men and 
468 women. The present study was approved by the Ethics 
Committee of the General Hospital of Chinese People's 
Armed Police Forces. Written informed consent for the CEUS 
examination was obtained.

Instrument and contrast agent. Acuson Sequoia 512 (Siemens 
Medical Solutions, Mountain View, CA, USA) with contrast 
pulse sequencing imaging software and Mylab Twice 
(Esaote S.p.A., Genoa, Italy) with CnTI imaging software were 
used. SonoVue (Bracco Imaging S.p.A., Milan, Italy) was used 
as the contrast agent. Peripheral venous infusion was applied 
after conventional configuration. Physiological saline (5 ml) 
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was flushed quickly, and a single dose of 0.5‑2.4 ml/time was 
applied.

Inspection method. Conventional ultrasound examination 
after surgery was conducted on all liver transplant recipients 
to observe the echo of liver parenchyma and the vascular 
hemodynamic of all anastomotic vessels. The recipients 
were checked once per day within a week and after one week 
they were checked once every 3‑7 days until the discharge. 
Examination frequency for CEUS was 1‑2 weeks after the 
operation, and once when abnormal arterial blood flow 
parameters were detected. Enhanced CT was performed 
prior to discharge from hospital, or when abnormal arterial 
blood flow parameters were detected during ultrasound and 
contrast‑enhanced ultrasound. Observation on hepatic artery 
included the echo of the hepatic artery, the artery line, the 
peak velocity, the resistance index and the acceleration time. 
Abnormal blood flow parameters of hepatic artery were: peak 
velocity <25 cm/sec, RI <0.5, and/or SAT >80 msec.

The diagnostic standard for HAP by common ultrasound 
involved follicular structure with disrupted blood flow and arte-
rial blood flow signal existed along and around the hepatic artery. 
The diagnostic standard for HAP by CEUS was carried out as: 
After peripheral intravenous injection with contrast agent and 
hepatic artery infusion with contrast agent, the contrast agent 
perfusion in the follicular contrast enhancement zone beside the 
hepatic artery synchronized with the perfusion in hepatic artery, 
and it was visible that the contrast agent was sprayed from the 
artery to a vesicle-like structure along with the arterial pulse.

Diagnostic gold standard. The diagnostic gold standard of 
HAP after liver transplantation was CT angiography (CTA) 
or operation. Six cases of HAP were diagnosed by CTA, and 
2 cases were confirmed by emergency operation.

Statistical analysis. PASW Statistics 18.0 SPSS 18.0 (SPSS, 
Inc., Chicago, IL, USA) was used for statistical analysis.

Results

Imaging diagnosis. Of the 2,085 patients, 8 cases of HAP 
following liver transplantation were diagnosed (0.38%). There 
were 7 men and 1 woman. The condition occurred 12‑44 days 
after the operation (average time, 28.3 days). Clinical mani-
festation and imaging diagnosis of the 8 cases of HAP is 
shown in Table I. Three HAP cases were diagnosed using 
common ultrasound while 5 cases were missed. Sensitivity, 
specificity and diagnostic accuracy for this method was 37.5, 
100 and 99.76%, respectively. In total, 6 cases of HAP were 
diagnosed using CEUS while only 2  cases were missed. 
Sensitivity, specificity and diagnostic accuracy for CEUS 
method was 75, 100 and 99.9%, respectively.

Hepatic artery pseudoaneurysm in hepatic artery anastomosis. 
Of the 8 cases of HAP, 3 cases were definitely diagnosed by the 
two methods, follicular structure was visible in hilar through 
grayscale ultrasound, arterial blood flow signal was detected 
during color Doppler ultrasound, and CEUS showed synchro-
nous enhancement of contrast agent in a vesicle-like structure 
and the hepatic artery (Fig.  1). Three cases that were not 
diagnosed correctly by common ultrasound, were diagnosed 
by CEUS. In 2 of 3 cases, follicular structure was invisible in 
hilar through grayscale ultrasound, color Doppler ultrasound 
showed RI <0.5 and SAT >80 msec in hepatic artery, and 
CEUS showed that synchronous enhancement of contrast agent 
in the vesicle-like structure and the hepatic artery (Fig. 2).

In another case, the postoperative clinical manifesta-
tion was multiple biliary tract hemorrhage. During the first 
examination on the 38th day after operation, we observed no 

Table I. Imaging diagnosis and clinical treatment for 8 cases with HAP.

	 Occurrence	 Common	 Contrast-enhanced	 Clinical		
Cases	 time	 ultrasound	 ultrasonography	 manifestation	 Treatment	 Prognosis

1	 29	 Definite	 Definite	 Intra-abdominal	 Emergency arterial	 Lateral shoot formation
		  diagnosis	 diagnosis	 hemorrhage	 embolization	
2	 15	 Definite	 Definite	 Intra-abdominal	 Tumor resection and	 Well
		  diagnosis	 diagnosis	 hemorrhage	 artery reconstruction	
3	 44	 Definite	 Definite	 Hemobilia	 Tumor resection and	 Lateral shoot formation
		  diagnosis	 diagnosis		  hepatic artery ligation	 and biliary complication
4	 38	 Missed	 Definite	 None	 No treatment	 Well
		  diagnosis	 diagnosis			 
5	 45	 Missed	 Definite	 None	 No treatment	 Well
		  diagnosis	 diagnosis			 
6	 25	 Missed	 Definite	 None	 Tumor resection and	 Well
		  diagnosis	 diagnosis		  artery bypass reconstruction	
7	 12	 Missed	 Missed	 Intra-abdominal	 Tumor resection and	 Hepatic
		  diagnosis	 diagnosis	 hemorrhage	 hepatic artery ligation	 retransplantation
8	 18	 Missed	 Missed	 Intra-abdominal	 Abdominal laparotomy	 Death
		  diagnosis	 diagnosis	 hemorrhage		

The occurrence time was the time after liver transplantation, unit: day.
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abnormal echo in hilar during grayscale ultrasound and no 
significantly abnormal hepatic artery blood flow parameters. 
During the second examination on the 44th day after surgery, 
low echo area was detected in hilar by common ultrasound and 

no blood flow signal was detected during the examination with 
color Doppler ultrasound. With CEUS, in low echo area, the 
contrast agent sprayed into tumors along with arterial pulse, 
and gradually filled them (Fig. 3). There were 2 HAP cases that 

Figure 1. Hepatic artery pseudoaneurysm in hepatic artery anastomosis. (A) Grayscale ultrasound shows hilar cystic structure in hilar (white arrow). (B) Color 
Doppler ultrasound shows there are arterial blood flow signals in cystic structure. (C) Contrast‑enhanced ultrasonography showing the arterial phase; angiog-
raphy and perfusion in the cystic structure (white arrow) were evident, SonoVue dosage: 1.5 ml/time.

Figure 2. Hepatic artery pseudoaneurysm. (A) Contrast‑enhanced ultrasonography shows the tumor around the hepatic artery (yellow arrow), SonoVue dosage: 
1.5 ml/time. (B) CTA shows hepatic artery pseudoaneurysm, in red circle, the spherical shape around the hepatic artery.

Figure 3. Hepatic artery pseudoaneurysm. (A) Grayscale ultrasound shows a hypoechoic mass in the hilar (green arrow) and (B) contrast‑enhanced ultrasono
graphy shows contrast agent perfusion in pseudoaneurysm (green arrow). Dosage of the contrast agent was 1.5 ml/time.
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were not diagnosed by common ultrasound or CEUS. There 
was a single case that was diagnosed by CTA. The position of 
HAP was far from the hilar. The other case was confirmed by 
emergency surgery due to abdominal bleeding.

Discussion

Liver transplantation is the only effective treatment for patients 
suffering from terminal stages of liver disease. Postoperative 
arterial complications are the most important factors affecting 
the success of the transplant (5,6). The most common hepatic 
artery complications are hepatic artery stenosis, emboliza-
tion, hepatic artery dissection and HAP (7‑10). HAP is the 
rarest and most dangerous complication with an incidence 
rate of  0.5‑2.6%  (11,12). HAP may lead to mortality due 
to rupture and hemorrhage. The mortality rate, after liver 
transplantation, due to HAP is extremely high (2.7%). Timely 
detection, diagnosis and treatment can effectively reduce the 
mortality rate (1,13).

The preferred method of blood flow monitoring after liver 
transplantation is the common ultrasound (14), CTA, MRI and 
DSA. Other large equipment cannot be used for POCT, and are 
often applied as supplementary examination and qualitative 
diagnosis. CT, MRI and DSA are not routine examinations, 
and are usually applied prior to hospital discharge or in the 
event of a possible vascular complication following ultrasonic 
examination. In this study, we used CEUS as a postoperative 
routine imaging examination method. CEUS, has been widely 
used for the differential diagnosis of abdominal organs with 
space‑occupying lesion (15,16), and it has also been applied 
for the diagnosis of vascular complications following liver 
transplantation (17‑19). Ultrasound contrast agent, which also 
served as a blood pool tracer, can be used in real-time ultra-
sound contrast imaging to identify large blood vessels and the 
micro-vascular system (20).

HAP mostly occurs in the anastomotic site, and is often 
linked to infection, bile leakage or multiple TACE treatment 
prior to transplantation. Certain technical difficulties are 
involved in the detection of arterial anastomosis with common 
ultrasound. HAP, which is located near the hilar, possessing 
disrupted artery blood fow, was lined with the artery, and 
common ultrasound was able to make a diagnosis (21), as in 
the 3 cases of HAP diagnosed using common ultrasound in 
the study. Detection of anastomosis is difficult when located 
far from the hilar. This is due to the interference caused by 
gas, intestine and omentum. In this study, 3 cases of HAP that 
were far from the hilar, demonstrated abnormal hemodynamic 
parameters in the common ultrasound examination. CEUS 
successfully diagnosed 2 of the cases, while the other one was 
diagnosed by CTA. In the HAP cases, during examination 
with CEUS, we observed a circular contrast agent perfusion 
area around the artery after the perfusion of contrast agent.

In one case of HAP, the diagnosed primary diseases were 
liver cirrhosis and hepatocellular carcinoma. TACE was 
performed 6 times prior to operation and postoperative clinical 
manifestations were two occasions of biliary tract hemorrhage. 
In the first biliary tract hemorrhage, common ultrasound 
showed no abnormalities while in the second one, grayscale 
ultrasound identified a hilar hypoechoic mass. Color Doppler 
ultrasound did not identify any sign of blood flow in lumps. 

CEUS showed that, in the arterial phase, contrast agent was 
sprayed into the tumor with arterial pulse in the low echoic 
block. Emergency laparotomy was carried out and tumor resec-
tion and arterial ligation were conducted under the guidance 
of ultrasound. During the operation, we detected a large tumor 
with high probability to rupture and cause hemorrhage.

If the surgery had been delayed the patient would have 
faced a life‑threatening condition. The case was analyzed to 
determine the reason for the failure of color Doppler ultra-
sound to detect any blood flow signal in the tumor leading to 
missed diagnosis. We hypothesized that the failure was due to 
the presence of a smaller fistula orifice between the HAP and 
hepatic artery that retarded the blood flow.

Ultrasound contrast agents belong to the blood pool 
tracers and mimic the blood flow. Contrast agent perfusion 
also occurs, and thus ultrasound has a function of diagnosis. 
It was reported that multiple TACE prior to liver transplan-
tation in liver cancer cases may increase the risk of HAP 
following liver transplantation  (22). Therefore, for liver 
transplantation recipients with multiple TACE treatment, 
any of the following symptoms suggest a high risk for occur-
rence of HAP: i) Biliary tract bleeding; ii) bile leakage; and 
iii) abdominal bleeding. In these cases, the best course of 
action would be performing ultrasound angiography, CTA or 
DSA as early as possible to avoid missed diagnosis.

CTA, MRI and DSA were not used as routine examination 
methods of vascular complications after liver transplantation. 
Therefore when postoperative common ultrasound detects any 
of these conditions, CEUS or other vascular imaging should 
be conducted to verify: i) Arterial hemodynamic abnormali-
ties; ii) follicular block; and iii) low echoic lump in hilar. The 
treatment of HAP should be proactive, whenever possible, and 
arterial revascularization treatment should be immediately 
carried out to avoid tumor rupture. In the present study, only 
1 of 8 cases of HAP succumbed, and this may be attributed to 
the timely diagnosis of CEUS and timely surgical intervention.

In summary, CEUS was identified as a convenient and 
effective diagnostic method for HAP cases following liver trans-
plantation. This is a superior method of diagnosis compared 
with CTA, as it can be realized in real‑time and is considered 
more convenient. Poor grayscale image display affected the 
display effect of CEUS. For HAP located far from the hilar, 
there was a high probability of missed diagnosis. CEUS made 
up for the deficiencies associated with enhanced CT, DSA and 
other large equipment, and was crucial in the diagnosis of 
vascular complications subsequent to liver transplantation.
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