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Abstract
Liver transplantation is an effective treatment for patients 
with end-stage liver disease. Accurate imaging evaluation 
of the transplanted patient is critical for ensuring that the 
limited donor liver is functioning appropriately. Ultrasound 
contrast agents (UCAs), in combination with contrast-
specific imaging techniques, are increasingly accepted in 
clinical use for the assessment of the hepatic vasculature, 
bile ducts and liver parenchyma in pre-, intra- and post-
transplant patients. We describe UCAs, their technical 
requirements, the recommended clinical indications, 
image interpretation and the limitations for contrast-
enhanced ultrasound applications in liver transplantation.

Key words: Liver transplant; Complication; Ultrasound 
contrast agents; Contrast-enhanced ultrasound; Diagnostic 
algorithms

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We performed a review of the recent literature 
on the current status and perspectives of contrast-
enhanced ultrasound (CEUS) for liver transplantation. 
We emphasize some evidence-based diagnostic 
algorithms to guide clinicians in the assessment of 
complications. CEUS reduces the need for invasive 
procedures. Ultrasound is useful for screening for 
liver transplantation, and the use of CEUS provides 
more information to enhance the operator’s diagnostic 
confidence.
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INTRODUCTION
Liver transplantation is the definitive effective 
treatment for end-stage liver diseases resulting 
from various causes[1]. Improvements in surgical 
techniques, immune-suppressive drug therapy and 
peri-operative care have improved the success of liver 
transplantation[2,3]. Accurate imaging evaluation in 
liver transplantation cases is crucial for the success 
of the operation. Ultrasound is the primary screening 
technique in the post-operative period. Ultrasound 
contrast agents (UCAs), in combination with contrast-
specific imaging techniques, are increasingly accepted 
in clinical use for the assessment of the hepatic 
vasculature in both pre- and post-transplant patients. 
Several reviews of the use of contrast-enhanced 
ultrasound (CEUS) in liver transplantation have been 
published[4,5]. Since their publication, the types of 
UCAs and the recommended applications for the 
assessment of bile ducts and the liver parenchyma in 
liver transplantation cases have been expanded[6-12]. 
Therefore, this review is necessary to provide a 
description of UCAs, their technical requirements, the 
recommended clinical indications, image interpretation 
and the limitations for CEUS applications in the pre-, 
intra- and post-transplant phases. 

ULTRASOUND CONTRAST AGENTS AND 
IMAGING TECHNIQUES
Three UCAs have previously been described in liver 
transplantation reports[6-32]. The dynamic enhancement 
pattern of UCAs is visualized during continuous or 
intermittent imaging, and UCAs are recommended for 
various applications: (1) Levovist (air with a galactose 
and palmitic acid as the surfactant) (Schering, 
introduced in 1996) was used in initial studies of 
the assessment of the hepatic vasculature, usually 
requiring High Mechanical Index (MI) contrast-specific 
imaging modes or color Doppler ultrasound (CDUS); 
(2) Optison [octafluoropropane (perflutren) with an 
albumin shell] (GE Healthcare, introduced in 1998) 
was introduced to visualize vascular complications 
in Hom’s report, in which low MI contrast-specific 
imaging modes were used[24]; and (3) SonoVue 
(sulfur hexafluoride with a phospholipid shell) 
(Bracco, introduced in 2001) is the main agent in 
general use, in combination with low MI contrast-
specific imaging modes. Most clinical studies for the 

hepatic vasculature, liver parenchyma and bile duct 
examinations have been published using SonoVue. 

In addition to intravenous use, UCAs are suitable 
for intracavitary administration for contrast-enhanced 
ultrasonic cholangiography (CEUSC)[8-10,33]. However, a 
standard UCA dosage has not yet been established[34].

PRE-TRANSPLANT
Vascular patency
The assessment of portal venous system patency and 
the characterization of portal vein thrombosis (PVT) 
have evolved into the most important application of 
CEUS[13,14]. Moreover, the evaluation of hepatic vein 
(HV) and inferior vena cava (IVC) patency has also 
been assessed in several reviews[4,5].

Background
Liver transplantation is the appropriate surgical modi
fication for PVT or HCC cases with macrovascular 
invasion by the tumor because of the high rate of 
operation failure or tumor recurrence[35-37]. In these 
cases, the accurate detection and characterization of 
PVT are very important.

Currently, baseline ultrasound is the preliminary 
imaging modality for the visualization of the portal 
venous system. However, this technique is influenced 
by multiple factors, such as the high reflectivity of 
cirrhotic liver, associated fatty change, the presence 
of ascites and overlying bowel gas[15]. Microbubble-
enhanced color Doppler ultrasound may be utilized 
to improve the visualization of the portal vein in 
up to 94% of patients with inadequate CDUS with 
a sensitivity of 89% and a specificity of 83%, and 
the mean diagnosis confidence increases from 45% 
to 83% following the administration of Levovist[13]. 
Furthermore, CEUS has also been shown to be 
very reliable for the characterization of PVT[14]. The 
superiority of CEUS over contrast-enhanced computed 
tomography (CT) in the detection (100% vs 68%) 
and characterization (98% vs 68%) of PVT has been 
reported by Rossi et al[38].

Image interpretation
After the administration of UCAs, the patent portal 
vein should be visualized adequately in CDUS 
imaging or low MI contrast-specific imaging, and 
should be incompletely visualized in the presence 
of an embolus[13]. The performance differs in benign 
vs malignant PVT; the former involves a lack of 
vascularization of the thrombus and an absence of 
mass-forming features of the thrombus[14], and the 
latter involves enhancement of the thrombus in the 
early arterial phase and intrathrombus pulsating 
enhanced signals with arterial waveforms on Doppler 
spectral examination[39,40]. A marked washout in the 
portal and late phases may occur in malignant PVT[41].
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Recommended clinical indications and limitations
CEUS is recommended in clinical situations that involve 
portal venous thrombosis suspected on the baseline 
ultrasound. With typical enhancement patterns on 
CEUS, the characterization of PVT can be performed 
with a high level of probability and confidence. 
However, if the baseline ultrasound is very suboptimal, 
CEUS may be disappointing, and in our preliminary 
study, 3 in 17 patients with PVT had been missed on 
CEUS because of the small PVT[42]. 

INTRA-TRANSPLANT
Biliary anatomy and variations
In addition to intravascular use, UCAs are suitable for 
intracavitary administration. Intrabiliary administration 
of UCAs is performed to intraoperatively visualize the 
biliary anatomy and variations of living liver donors[8,9]. 

Background
More than 42% of the population exhibits anatomical 
biliary tree variations[43]. The evaluation of the biliary 
anatomy is important for surgical planning and for 
excluding unsuitable liver donors for living donor liver 
transplantation (LDLT)[44,45]. However, conventional 
ultrasound is limited for demonstrating nondilated 
biliary duct. 

Two-dimensional (2D) CEUSC had been reported 
to successfully visualize nondilated biliary trees after 
the injection of UCAs into the bile ducts; this approach 
represents a potential safe method for the visualization 
of intrahepatic bile ducts after liver transplantation[10,46]. 
Xu et al[9] and Zheng et al[8] proposed 3D CEUSC to 
overcome the limitations of the planar display mode 
and restricted field of 2D CEUSC in analyzing the biliary 
spatial relationship and anatomical variations. Their 
results suggested that 3D CEUSC could visualize the 
biliary tree from the common hepatic duct to the fifth-
order branches, including biliary anatomical variations. 
Moreover, when the biliary anatomy is unclear on 
intraoperative cholangiography (IOC), 3D CEUSC 
might provide a 3-D map of the biliary anatomy and 
help to reduce the risk of bile duct injury during graft 
harvesting in LDLT.

Image interpretation
After diluted UCA is injected into the common hepatic 
ducts intraoperatively, the biliary tree from the 
common hepatic duct (CHD) to the fifth-order branch 
in the right lobe and fourth-order branch in the left 
lobe of the liver can be visualized on 3D CEUSC (Figure 
1). By varying the angles, overlapped intrahepatic 
biliary branches could be observed on the 3D CEUSC. 

Recommended clinical indications and limitations
3D CEUSC appears to be appropriate for assessing the 
biliary spatial relationship and the anatomical variations 
intra-operationally. However, further studies in larger 
series of patients are needed, and this technique 
should be related temporally to other techniques. The 
image quality and visibility of the left lobe, especially 
the lateral segment, are poorer than those of the right 
lobe. Methods of improving the visibility of the left 
biliary tree will need to be explored.  
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Figure 1  Three-dimensional contrast-enhanced ultrasonic cholangiography 
for displaying the biliary tree. A 21-year-old living donor liver with normal 
biliary anatomy. A: On the anterior-posterior 3D contrast-enhanced ultrasonic 
cholangiography image delineating the biliary system, the common hepatic duct 
(CHD), right posterior duct (RPD), right anterior duct (RAD), left lateral duct (LLD) 
and left median duct (LMD) are well seen; B: IOC image also shows CHD, RPD, 
RAD and LLD before hepatectomy; C: IOC image shows CHD, LLD and LMD 
after hepatectomy. IOC: intraoperative cholangiography. 
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HEPATIC ARTERY THROMBOSIS
Background
HAT is a major cause of graft loss and patient mortality, 
with an incidence between 2.5% and 9% in adult 
transplant recipients[47-49]. Early detection of HAT is 
critical because urgent revascularization is required 
to avoid severe graft loss. Although ultrasound is the 
preferred first-line imaging modality in patients with 
suspected HAT, the accuracy and positive predictive 
value of HAT on CDUS are reported to be only 64%-82% 

POST-TRANSPLANT
Based on the published literature[12,16,18,19], there is 
clear evidence that CEUS improves the diagnostic 
assessment of hepatic artery thrombosis (HAT), 
hepatic artery stenosis (HAS), and focal liver 
diseases compared with conventional ultrasound. 
Some studies have demonstrated that CEUS might 
be a potential alternative for the evaluation of 
arterial steal syndrome (ASS), HV obstruction and 
biliary complications[6,7,20,21,23]. Hepatic artery pseudo-
aneurysms assessed using CEUS have only been 
mentioned in reviews[4,5] (Figures 2 and 3).
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Figure 2  Aneurysm of the hepatic artery. A 52-year-old recipient with 
aneurysm of the hepatic artery at the anastomosis between the donor and 
recipient hepatic artery. A: color Doppler ultrasound shows a swirl of color 
signal (arrows); B: contrast-enhanced ultrasound demonstrates continuing 
patency of the aneurysm in the arterial phase (arrows); C: Computed 
tomography angiography confirms it (arrows).

Figure 3  Hepatic artery stenosis and pseudo-aneurysm. A 43-year-old 
recipient with arterial bypass arising from the infrarenal aorta through the 
transverse mesocolon with an iliac artery graft tunneled. A: color Doppler 
ultrasound shows turbulent flow of the graft artery (arrows); B: contrast-
enhanced ultrasound shows stenosis at the graft artery (arrows) and continuing 
patency of the pseudo-aneurysm with adjacent site of stenosis (red arrow); C: 
Conventional angiography confirms hepatic artery stenosis (arrow) and pseudo-
aneurysm (red arrow).
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and 64%-68%, respectively[50-52]. Moreover, Doppler 
examination of the hepatic vasculature is time-
consuming and requires a high level of operator skill.

CEUS has been reported to effectively improve flow 
visualization of the hepatic artery[24,32] and to shorten 
the scanning time from 27.4 ± 13.9 min to 9.3 ± 4.5 
min compared with CDUS[28], with a 100% sensitivity 
and 97.8% accuracy for the detection of HAT[16]. 
The use of CEUS can avoid the need for invasive 
arteriography in 62.9% of such cases[17]. Thus, HAT 
has evolved into the most important CEUS application 
in liver transplantation. 

Image interpretation
The absence of contrast signal in the arterial phase relative 
to the adjacent hepatic parenchyma characterizes most 
HAT cases[16]. It is noteworthy that collateralization 
around the thrombosed hepatic artery can occur; this 
feature can be detected on CDUS of the intra-hepatic 
arterial branches in liver grafts[53] and appears as the 
intrahepatic artery and a cluster of small vessels at the 
porta hepatis on CEUS[16].

Recommended clinical indications and limitations
CEUS has been accepted to be a very reliable modality 
for the detection of HAT. When CDUS does not provide 
sufficient visualization of HA after liver transplantation, 
CEUS should be performed immediately. A negative 
CEUS result may avoid unnecessary invasive angiography. 

HEPATIC ARTERY STENOSIS
Background
HAS is a common complication in 4% to 11% of 
liver transplant recipients[54,55]. Detecting HAS is 
important to avoid bile duct injury[56]. The presence 
of intrahepatic artery tardus parvus waveform is a 
good screening test for formal arteriography in cases 
of suspected stenosis, with a 64% specificity and 
97% sensitivity[50]. However, it is noteworthy that the 
tardus parvus waveform is non-specific for HAS and 
is also observed in severe aorto-celiac atherosclerotic 
disease, arterial-venous fistula, arterial-biliary fistula, 
extensive collateralization and massive liver necrosis or 
systemic hypotension[57]. Therefore, direct visualization 
of a focal area of stenosis with an increase in velocity 
measurement (defined as > 2 m/s) on spectral 
Doppler would be helpful for further diagnosis. The 
administration of Levovist enhances backscatter 
signals from the hepatic arteries and thus aids the 
identification of the elevated velocity associated with 
extrahepatic artery stenosis[18]. Zheng et al[19] used low 
MI contrast-specific imaging modes and SonoVue to 
produce angiographic-like images of the hepatic artery 
and proposed that CEUS allows the detection of HAS 
with a sensitivity of 92.3% and a specificity of 87.5%, 
and also facilitates the identification of the degree and 
type of stenosis. 

Image interpretation
After the intravenous administration of SonoVue in 
combination with low MI contrast-specific imaging 
modes, CEUS can produce angiographic-like hepatic 
artery images in the arterial phase. The location, 
degree and type of vessel stenosis can be visualized 
(Figure 3).

Recommended clinical indications and limitations
Although some studies have demonstrated that CEUS 
is effective for improving diagnostic confidence and 
providing more HAS information relative to CDUS, 
inconsistent findings have been published[26]. Several 
factors may have contributed to the inconsistent results, 
such as the level of operator skill, the equipment, 
obesity and overlying bowel gas. Therefore, further 
studies on this application are needed in a larger series 
of patients.

ARTERIAL STEAL SYNDROME
Background and image interpretation
ASS is a rare complication after liver transplantation 
that occurs in 2.9% to 8.4% of patients[20,21]. Due to 
excessive celiac axis flow diversion to the splenic artery 
or gastroduodenal artery, patients with ASS may suffer 
from hepatocyte damage, biliary ischemic damage and 
acute graft failure. The prompt diagnosis of ASS before 
the development of clinical manifestations improves 
the prognosis of these patients[58]. Conventional 
ultrasound is insufficiently sensitive for distinguishing 
structural abnormalities in the hepatic artery from low-
flow hepatic artery perfusion. Zhu et al[21] proposed 
that CEUS is an effective imaging modality for the 
detection of ASS. The appearance of ASS on CEUS was 
a delayed enhancement of the hepatic artery with a 
weak contrast peak and prompt enhancement of the 
portal vein. In contrast to Zhu et al, based on Garcia-
Criado’s experience[20], these findings can also be 
present in patients with other arterial hypoperfusion 
conditions. It is impossible to differentiate ASS from 
other causes of hypoperfusion based on the former 
criteria. In addition to the enhancement patterns of the 
hepatic artery, small systolic peak waveforms without 
a diastolic phase on the Doppler after CEUS may be 
helpful for characterizing ASS. 

Recommended indications and limitations
Recently, Garcia-Criado et al[20] performed a pros
pective study on 675 consecutive liver transplant 
patients to establish algorithms to assess the use 
of CEUS for evaluating the hepatic artery in the 
immediate post-transplant period. Their results 
demonstrated that when CDUS cannot detect arterial 
flow, CEUS should be performed immediately in the 
same session, even at the bedside. This approach 
both avoids unnecessary invasive procedures and 
saves time, which is vital if HAT is present. Moreover, 
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CDUS performed after CEUS in patent hepatic arteries 
provides functional information to help distinguish 
HAS from hepatic artery hypoperfusion syndromes. 
In the latter cases, ASS could be suspected if there 
is persistence of low arterial flow or abnormal liver 
function tests.

BILIARY COMPLICATIONS
Background
Biliary complications after liver transplantation, with 
an incidence between 10% and 30% of patients, 
are potentially severe complications resulting in 
liver dysfunction and eventual graft loss[59]. The 
morphological abnormalities of the biliary tree with 
dilatation, stenosis, and cholelithiasis detected using 
imaging methods currently form the main diagnostic 
basis for biliary complications. However, conventional 
ultrasound exhibits a sensitivity of only 38% to 68.4% 
in identifying the main sign of biliary dilatation in liver 
grafts. 

Using a novel application involving injection of UCAs 
into the bile ducts, CEUS can produce cholangiographic-
like images of the biliary tree, which might overcome 
the limited depiction of the biliary tree morphology on 
conventional ultrasound. Daneshi et al[11] presented 
a case report of a biliary-arterial communication in 
a transplanted liver based on percutaneous CEUSC 
that was not identified on the baseline ultrasound 
and subsequent CT examination. Further studies[10] 
explored the clinical value of CEUSC compared with 
conventional radiography as a reference method in 
patients after liver transplantation. CEUSC exhibited 
comparable results in the detection of all biliary 
pathologies (including encompassing delayed duodenal 
outflow, anastomotic stenosis and anastomotic 
leakage) and image quality. Although CEUSC appears 
to be a potential bedside test for the visualization 
of the bile ducts of liver grafts, its diagnostic value 
remains unknown. 

In addition, it is worth noting the shortage of 
early diagnostic methods for ischemic-type biliary 
lesions (ITBLs), which are some of the most serious 
complications. ITBLs vary in incidence from 1% to 19% 
and exhibit a graft loss rate of 23% and a mortality 
rate of 7.1%[60-64]. The detection and treatment of 
early ITBLs could be beneficial to clinical outcomes. 
However, current biliary morphological signs can be 
usually visualized in severe ITBLs compared with 
subtle or mild cases. The biliary tree is supplied solely 
by the hepatic artery through a network of arterioles 
and capillaries known as the peribiliary vascular plexus 
(PBP)[65]. Decreased perfusion caused by injury to the 
PBP is considered the histological basis of ITBLs. Ren et 
al proposed that depicting the enhancement patterns 
of bile duct walls to reveal the microcirculatory changes 
of the PBP based on intravenous CEUS may help detect 
early ITBLs. The perfusion of the hilar bile duct wall 
was successfully demonstrated on CEUS. The main 

feature differentiating ITBLs from healthy volunteers, 
recipients without complications and patients without 
ITBLs was no or low contrast enhancement of the bile 
duct wall in the arterial phase. This sign might reflect 
the impaired blood supply to the bile ducts, which 
was selected as the primary criterion for the diagnosis 
of ITBLs; the sensitivity, specificity and accuracy 
were 62.5%-66.7%, 88.9% and 73.8%-76.2%, 
respectively[7].

Image interpretation
On CEUSC, the intra- and extra-hepatic bile duct can 
be visualized similarly to radiographic cholangiography. 
The delayed duodenal outflow has been described 
as decreased signal intensity in the duodenum and 
persistent high signal intensity in the biliary tree 10 
min after the intraductal administration of UCAs. 
The biliary leakage from the anastomotic region is 
identified by microbubble accumulation outside of the 
lumen of the extrahepatic bile duct. The anastomotic 
stricture represents a diameter discrepancy between 
the dilated donor and the regular recipient bile duct[10]. 

On intravenous CEUS, the hilar bile duct walls 
in patients with ITBLs are characterized by non- or 
hypo-enhancement relative to the surrounding liver 
parenchyma in three phases; in healthy volunteers, 
recipients without complications and patients without 
ITBLs, hyper-enhancement relative to the normal 
liver parenchyma in the arterial phase and a similar 
or lower enhancement in the portal venous and late 
phases are observed[6,7] (Figure 4).

Recommended indications and limitations
CEUSC appears to be a potential bedside test for the 
visualization of the bile ducts of liver grafts, but its 
diagnostic value should to be determined in further 
studies. 

Although intravenous CEUS exhibits promise for the 
detection of ITBLs by demonstrating low enhancement 
patterns of the bile duct walls, whether CEUS could be 
used for the early diagnosis of ITBLs in the stage of 
perfusion function changes prior to the appearance of 
marked morphological changes remains unknown[6]. 
Animal experiments to explore the correlation between 
the enhancement patterns and the pathology of the 
bile duct wall are necessary. In addition, prospective 
studies should be performed in a series of consecutive 
patients to detect patients with biliary lesions caused 
by PBP changes. 

OBSTRUCTION OF THE HEPATIC VEINS
Background
LDLT is commonly used and requires the radiologic 
evaluation of middle hepatic vein (MHV) tributaries to 
identify hepatic venous obstruction after transplantation. 
CDUS is the primary screening modality for hepatic 
venous obstruction, but CDUS often leads to a 
relatively high false-positive rate in the diagnosis of this 
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disease[65,66]. CEUS has been increasingly applied to 
the evaluation of hepatic vascular structure after liver 
transplantation[16-22], and CEUS has been reported to 
be a promising diagnostic method to detect obstruction 
of the MHV tributaries[23]. The changes in hepatic 
parenchymal perfusion on CEUS help to reduce the 
false-positive rate from 14% to 3% relative to CDUS. 
CEUS exhibits a diagnostic sensitivity, specificity, 
and accuracy of 91%, 97%, and 95%, respectively, 
which is significantly more specific and accurate than 
CDUS[23].

Image interpretation
The detection of hepatic venous obstruction on CEUS 
is based on the high echogenicity in the arterial 
phase and low echogenicity or isoechogenicity in the 
portal venous phase; in the non-obstruction group, 
the isoechogenicity is observed in the arterial and 
portal venous phases. Arterial hyperenhancement 
in the affected area is specific to hepatic venous 
obstruction[23].

Recommended indications and limitations
The study used CT as the reference standard for 
hepatic venous obstruction rather than pathological 
proof or venography, which may limit the reliability 
of the diagnostic performance of CDUS or CEUS[23]. 
Further study should be performed in a nonbiased 
population to confirm the diagnostic performance of 
CEUS with respect to hepatic venous obstruction.

Parenchymal abnormalities
Recurrent malignancy, infarction, fluid collections and 

abscesses are main indications for CEUS. 
Patients transplanted for HCC are at a high risk of 

recurrent malignancy after liver transplantation. CEUS 
is recommended for the diagnostic strategy for focal 
liver lesions, including malignant liver lesions[33,67]. 
Recurrent malignancy characterizes as solid lesions 
with hypoenhancing in the late phases corresponding 
to the washout phenomenon. 

Parenchymal infarction is the likely complication 
in suspected vascular compromise such as acute 
thrombosis, hepatic artery stenosis or iatrogenic 
restriction of portal flow[5,12]. The diagnosis of infarction 
is difficult using conventional ultrasound, as the 
lesions are inconspicuous and as the absence of 
flow is impossible to detect. CEUS can be used 
to overcome the limitations of CDUS. The CEUS 
performance in infarction cases is based on parenchymal 
geographic areas with a lack of enhancement in three 
phases, well-defined borders and no peripheral 
enhancement[12]. In the 2012 update of the guidelines 
and recommendations for CEUS in the liver[68], CEUS 
is recommended to exclude perfusion defects when 
infarction is suspected after liver transplantation and 
for evaluation of the presence and nature of fluid 
collections, which may appear as either hyper- or 
hypo-echoic areas on B-mode imaging.

CONCLUSION
As the types of UCAs and the contrast-specific 
imaging modes have increased, CEUS has also been 
increasingly used in a growing number of clinical 
settings in pre-, intra- and post-transplant patients. 
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Figure 4  Ischemic-type biliary lesions. A 38-year-old recipient with ischemic-type biliary lesion (ITBL) after liver transplantation. On 17 d after liver transplantation, 
color Doppler ultrasound (CDUS) shows the normal intrahepatic arterial waveform (A) while contrast-enhanced ultrasound (CEUS) of hilar bile duct walls shows 
no enhancement compared with the surrounding liver parenchyma in arterial phase (arrows) (B). In 2 mo after liver transplantation, CDUS shows the tardus-
parvus intrahepatic arterial waveform (C) with biliary leakage in the portal hepatis on US (D). In 1 year after liver transplantation, ITBL is confirmed on cholangio-
pancreatography (E). CEUS may have potential value in the early prediction of ITBL after liver transplantation. 
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CEUS is a potential safe method even at the bedside 
avoiding unnecessary invasive tests and saving time, 
which allows greater diagnostic confidence and pro
vides more information on the basis of conventional 
ultrasound. Thus, CEUS should be included into the 
clinical algorithms after liver transplantation. But the 
CEUS examination may be limited because of surgical 
wound, subcutaneous emphysema, intervening bowel 
gas or complex anatomy in patients with split liver 
transplantation.
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