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Abstract

Objective To assess the value of contrast-enhanced ultrasound
(CEUS) in the absence of hepatic artery signal on Doppler
ultrasound (DUS) in the immediate postoperative period after
liver transplant.

Methods This prospective study included 675 consecutive
liver transplants. Patients without hepatic artery signal by
DUS within 8 days post-transplant were studied with CEUS.
If it remained undetectable, a thrombosis was suspected. In
patent hepatic artery, a DUS was performed immediately after
CEUS; if low resistance flow was detected, an arteriography
was indicated. Patients with high resistance waveform
underwent DUS+/CEUS follow-up. Arteriography was indi-
cated when abnormal flow persisted for more than 5 days or
liver dysfunction appeared.

Results Thirty-four patients were studied with CEUS. In 11
patients CEUS correctly diagnosed hepatic artery thrombosis.
In two out of 23 non-occluded arteries, a low resistance flow
lead to a diagnosis of stenosis/proximal thrombosis. Twenty-
one patients had absence of diastolic flow, which normalized
in the follow-up in 13 patients. In the remaining eight patients,
splenic artery steal syndrome (ASS) was diagnosed.
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Conclusions CEUS allows us to avoid invasive tests in the

diagnostic work-up shortly after liver transplant. It identifies

the hepatic artery thrombosis and points to a diagnosis of

ASS.

Key Points

» CEUS is useful in the diagnostic work-up shortly after liver
transplant

» CEUS identifies the hepatic artery thrombosis with reliability

* There is little information about DUS and CEUS findings in
the ASS

* DUS and CEUS offer functional information useful in the
diagnosis of ASS

Keywords Doppler Ultrasound Imaging - Contrast agents -
Liver transplantation - Hepatic artery - Postoperative
complications

Abbreviations

CEUS Contrast-enhanced ultrasound
DUS  Doppler ultrasound

ASS Arterial steal syndrome

RI Resistive Index

SAT Systolic Acceleration Time
Introduction

Hepatic artery thrombosis is a frequent and major complica-
tion after liver transplantation (incidence in adults of 1.8-9 %)
[1-3], and is responsible for a large number of liver failures in
the early period after grafting [4, 5]. Its prompt diagnosis,
before the development of clinical manifestations, improves
the prognosis of these patients [6]. Doppler ultrasound (DUS)
is an excellent technique for study of the hepatic artery, with a
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high sensitivity in detecting hepatic artery thrombosis [7]. For
these reasons, the use of DUS is widespread in liver transplant
programmes, in order to check hepatic artery patency shortly
after grafting.

The DUS diagnosis of hepatic artery thrombosis is
based on the absence of arterial flow. However, in the first
days after liver transplantation the detection of a low arte-
rial flow with high resistance waveform by DUS is quite
common and ay be detected in almost half of patients [8].
Occasionally, the arterial flow is minimal and it may be
undetectable by DUS, causing a false-positive diagnosis of
hepatic artery thrombosis. Moreover, other non-thrombotic
complications after liver transplant, such as severe stenosis
of the hepatic artery or the splenic arterial steal syndrome
(ASS), can cause a significant decrease in blood flow and
could also lead to the misdiagnosis of thrombosis in the
DUS study [9, 10]. All these facts emphasize the complex-
ity of obtaining an accurate and prompt diagnosis in order
to institutethe appropriate treatment. ASS is a condition
that is probably underdiagnosed but has been gaining rel-
evance in the last few years. The DUS findings are not
specific, there are no established objective ultrasound
criteria for the diagnosis of ASS, and, until now, the use-
fulness of contrast-enhanced ultrasound (CEUS) in the
diagnosis of this syndrome has not been evaluated in
depth.

Several studies have demonstrated that CEUS improves
flow detection in the hepatic artery [11-13], but their clinical
value and its role in the management of patients in the imme-
diate post-transplant period have not been defined. Currently
there are not any established algorithms including the use of
CEUS for the study of hepatic artery in the immediate post-
transplant period.

The aim of the study was to prospectively evaluate the
usefulness of CEUS in the assessment of arterial flow, and
in the diagnosis of the disease of the hepatic artery that causes
the arterial hypoperfusion, during the early period after liver
transplantation.

Materials and methods
Patients

This prospective study included all liver transplants performed
in our hospital from January 2003 to October 2010. During
this period, 675 liver transplants in 644 adult patients (males,
n=441, 68.5 %; females, n=203, 31.5 %) were performed in
our institution. The average patient age was 52.9 years (age
range, 1876 years). Forty-five of them were right-liver trans-
plants from living donor, 31 domino liver transplants, three
split liver transplants, and the rest were conventional cadav-
eric liver transplants.

The study received the hospital ethics research board ap-
proval and written informed consent was obtained from the
patients.

Methods

The ultrasound studies were performed in the ultrasound unit
or at the patient’s bedside in the intensive care unit with a
Sequoia 512 (Acuson, Mountain View, CA, USA), using a
convex or sectorial multifrequency (2-4 MHz) transducer.

According to the hospital liver transplant DUS follow-up
protocol, a baseline study was carried out in the first 24 hours
after grafting and prior to discharge. DUS was also indicated
when the patient had fever, abdominal pain, graft dysfunction,
hypertransaminasaemia, cholestasis, or in the follow-up of
patients with abnormal baseline arterial Doppler waveform.

DUS examinations included a baseline study of the liver
parenchyma and the graft vascular structures. The hepatic artery
was explored at intrahepatic (right and left branches) and extra-
hepatic levels, and the arterial waveforms were analysed semi-
quantitatively by the Resistive Index (RI = peak systolic velocity
— end-diastolic velocity/peak systolic velocity). In cases of low
RI (RI<0.5), the Systolic Acceleration Time (SAT = the time
from end diastole to the first systolic peak) was measured.

If no intrahepatic arterial Doppler signal was detected at
any of the DUS levels explored, investigation with CEUS was
carried out immediately in the same session.

CEUS was performed after the injection of a bolus of
2.4 ml (concentration of 8 pl/ml) of sulphur hexafluoride
(SonoVue®, Bracco, Milan, Italy), followed by a flush of
5 ml bolus of saline in the antecubital vein, or in a central
venous access. CEUS was carried out with specific contrast
software (Pulse inversion; Cadence Pulse Sequence) with low
mechanical index (0.17). The liver ultrasound was focused at
the anatomic location of the artery where the flow was not
detected (main and right hepatic artery or left hepatic artery).
CEUS studies were performed continuously and the images
were saved as cine loops or still images into the PACS (Picture
Archiving and Communication System). All CEUS studies
were carried out by five radiologists with more than 9 years of
experience in ultrasound, more than 6 years of experience in
the use of first-generation ultrasound contrast agents, and
3 years of experience in the use of second-generation ultra-
sound contrast agents (Sonovue®).

The DUS and CEUS diagnostic algorithm is described in
Fig. 1.

CEUS was not performed if DUS was carried out when no
radiology staff trained in the use of CEUS were available
(non-working days).

Arteriographic studies were performed using the equip-
ment Politron Plus (Siemens) or Axiom Artis (Siemens),
through retrograde puncture of the femoral artery and selec-
tive catheterization of the coeliac trunk with a standard 5F
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Fig. 1 Algorithm of the
procedure in patients without
arterial Doppler signal. Suspected I 1

diagnosis on the basis of DUS/ Undetectable hepatic
CEUS findings appear in italics. artery

Permeable hepatic

*Parvus-tardus: R1<0.5 and |Thmm bosis

artery
|

SAT>0.08 [14]. ** Arteriography
is mandatory for the diagnosis of

[ Arteriography ] [Pulsed Doppler (DUS)]

ASS [15, 23]). CEUS contrast-
enhanced ultrasound, DUS
Doppler ultrasound

angiographic catheter. Arterial and venous phases were in-
cluded in all cases. The angiographic study included the
evaluation of the main hepatic artery and intrahepatic arterial
branches as well as the splenic artery, and also evaluated the
hepatic perfusion and splenoportal blood flow. Several
oblique projections and selective study of the hepatic artery
were performed if needed to correctly visualize the main
hepatic artery and hepatic artery anastomosis.

Patients without hepatic artery Doppler signal investigated
with CEUS in the first 8 days following transplant were
included in the analysis.

Results
In 48 out of 675 (7.1 %) liver transplants no arterial flow was
detected in a DUS study performed in the first 8 days after

grafting. Fourteen patients (29 %) were excluded from the study
because no radiology staff trained in the use of CEUS were
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Stenosis/
proximal
thrombosis

Only systolic peaks

Alteration of liver
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Arteriography**
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Arteriography**

available when the DUS was carried out. Eleven of these 14
patients underwent an urgent arteriographic study, and the
diagnosis was: four arterial thrombosis, three ASS (two splenic
ASS and one gastroduodenal steal syndrome) and four normal
hepatic arteries. Arteriography was not performed in the re-
maining three liver transplants and the diagnosis was obtained
as follows: In one case surgery was performed due to a
concomitant haemoperitoneum and the artery was patent. In
another case the DUS detection of simultaneous hepatic artery
and portal thrombosis was an indication for immediate surgery,
having confirmed the thrombosis. Finally, in one asymptomatic
patient, a repeated examination (performed by a staff radiolo-
gist) 24 hours later identified arterial blood flow.

The study group included 34 liver transplants that fulfilled
the criteria of inclusion: no arterial Doppler signal obtained at
intra- and/or extrahepatic levels during the first 8 days after
liver grafting and with CEUS performed after the DUS study.
The DUS signal was absent in the left hepatic artery in one
patient, in the right hepatic artery in four patients, and in both

Steal
syndrome

Steal
syndrome
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Table 1 Patients with absence of flow in the DUS study. Findings in CEUS and DUS and final diagnosis

n DUS after CEUS Arteriography Surgery Final diagnosis
11 Absence of flow: thrombosis 10 thrombosis 1 thrombosis 11 thrombosis
2 Parvus-tardus: stenosis 1 stenosis 1 stenosis
1 thrombosis with distal 1 thrombosis with distal
repermeability repermeability
7 Minimal systolic signal + abnormal 7 ASS 7 ASS
liver function.
14 Minimal systolic signal + normal 2 ASS 2 normal artery 1 ASS

liver function

13 normal hepatic artery
(normal DUS in follow-up)

CEUS Contrast-enhanced ultrasound, DUS Doppler ultrasound, 4SS arterial steal syndrome

hepatic lobes and the main hepatic artery in 29 patients. A total
of 121 ultrasound studies were performed in those patients
during the first week after transplant and CEUS was included
in 40 evaluations.
No major adverse reactions related to CEUS were reported.
The results are summarized in Table 1.

CEUS: absence of flow

In 11 out of 34 (32.3 %) patients no arterial flow was detected
in the CEUS examination (1-8 days after transplant)
(Fig. 2a, b). In ten patients an arteriography was performed
on the same day, and confirmed the diagnosis of hepatic artery
thrombosis (Fig. 2¢). The remaining patient underwent urgent
surgery without arteriography because the clinical suspicion
of hepatic artery thrombosis was high, and was confirmed at
surgery. Treatment of arterial thrombosis was performed dur-
ing surgery with thrombectomy in ten patients. One patient
out of the ten failed and had a new liver transplant. In one case,
diagnosed on the eighth day after transplantation, percutane-
ous intra-arterial thrombolysis was successfully performed.

CEUS: patent hepatic artery

In 23 out of 34 (67.6 %) patients, CEUS showed flow in the
hepatic artery.

Two of these patients were diagnosed with hepatic artery
stenosis or proximal thrombosis based on finding tardus-
parvus intrahepatic arterial waveform (R1<0.55, SAT>0.08)
[14] with very low flow in the post-CEUS DUS study. A high-
velocity Doppler signal at the stenosis was not detected in any
case. The angiographic study disclosed an anastomotic steno-
sis in one patient; in the second patient, who had received a
right lobe liver transplantation, thrombosis of segmentary
intrahepatic arteries with distal recanalization through collat-
erals was observed.

In 21 patients with a patent hepatic artery, CEUS showed
delayed filling of the hepatic artery, simultaneous with the
portal vein (Fig. 3a), and the Doppler waveform after CEUS

consisted of small systolic peaks without diastolic phase
(Fig. 3b). One of these patients had a severe post-transplant
haemoperitoneum requiring urgent surgery. Although the or-
igin of the bleeding was not identified, the hepatic artery was
found patent at surgery. The DUS performed 2 days after
surgery demonstrated a normal arterial flow.

According to our protocol, a daily Doppler study, and CEUS
when necessary, was carried out in the remaining 20 patients. In
11 patients, flow returned to normal before the fifth day. In 10 of
the 11 patients, the clinical follow-up was uneventful, but one
patient had to be re-transplanted for primary graft failure,
confirming the permeability of the hepatic artery at surgery. In
the remaining nine patients, an arteriography was carried out. In
seven of them the alteration of Doppler waveform occurred
simultaneously with an elevation of transaminases or worsen-
ing of liver function, and in the other two patients the Doppler
flow abnormality persisted for more than 5 days. In all nine
patients, the angiography showed delayed filling of a patent
hepatic artery and parenchymal hypoperfusion of the graft,
together with an enlarged splenic artery; in these cases a splenic
ASS was suspected. All seven patients with liver dysfunction
were treated: five patients by surgical ligation of the splenic
artery and two by embolization of the splenic artery using
Amplatzer Vascular Plugs. One of the asymptomatic patients
was also treated by splenic artery embolization because the
Doppler flow was persistently abnormal and the arteriography
showed an aneurysm of the splenic artery.

A DUS performed 2448 hours after treatment showed the
normalization of flow in all patients.

The outcome of the non-treated patient was uneventful and
Doppler waveform gradually returned to normal (complete
normalization was registered 2 weeks after transplantation);
therefore the diagnosis of ASS was excluded.

Discussion

Hepatic artery hypoperfusion is a frequent finding in the early
post-transplant period. The complexity of splanchnic
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Fig. 2 Hepatic artery thrombosis. (a) Doppler colour ultrasound with a p

low Pulsed Repetition Frequency (PRF) (0.08) demonstrates permeability
of the portal vein and absence of hepatic artery signal. (b) Contrast-
enhanced ultrasound (CEUS) 13 seconds after contrast injection shows
filling of the portal vein but there is no filling of the hepatic artery. (c)
Arteriography confirms a complete acute thrombosis of the main hepatic
artery

haemodynamics after liver transplant and the lack of objective
imaging criteria led Saad et al. [15] to propose grouping all
hepatic artery hypoperfusion situations after transplant under
the title of NOHAH: Nonocclusive Hepatic Artery Hypoper-
fusion Syndrome. Frequently this is caused by a transient
increase of the peripheral resistance in the hepatic arterial
bed. In cases of extremely high resistance to flow, the Doppler
waveform of the hepatic artery shows an absence of the
diastolic phase with a diminution of the systolic phase. The
systolic phase of the Doppler waveform decreases in height
but also in amplitude, so the low velocity flow is only present
for a short period within the cardiac cycle, increasing the
difficulty of its detection by Doppler and provoking false-
positive diagnoses of hepatic artery thrombosis. In the absence
of pathology, it returns spontaneously to normality in a few
days, making it unnecessary to carry out other diagnostic or
therapeutic actions [8, 16].

The accurate differential diagnosis between undetectable
Doppler signal with permeable artery or asymptomatic hepatic
thrombosis is of paramount importance. A prompt diagnosis is
essential because the treatment of thrombosis should be im-
mediate [6, 17, 18].

The present study, which includes a long series of 675 liver
transplantations, demonstrates that CEUS improves the detection
of arterial flow in the immediate period after transplant. In our
study the use of CEUS confirmed the absence of arterial flow in
11 liver grafts. All cases were confirmed by arteriography/
surgery without false-positive diagnosis of thrombosis. In 23
(67.6 %) out of the 34 transplants without Doppler arterial signal,
CEUS demonstrated presence of flow, allowing us to select those
patients who do not need an immediate arteriography or angio-
CT. Our findings endorse those reported previously in other
studies that included shorter series [13, 19, 20].

In addition to identification of the low flow settings not
associated with an arterial complication, CEUS provides rel-
evant data for the diagnosis of non-thrombotic arterial com-
plications. CEUS offers a real time image of the contrast agent
in the hepatic artery and its main branches and also increases
the Doppler waveform signal, aspects that can be used to re-
explore the artery by DUS. In the present study, 10 out of 34
patients without arterial signal in the DUS had an arterial
complication other than thrombosis. Two patients with per-
meability of the hepatic artery demonstrated by CEUS had a
very low flow with tardus-parvus waveform in the Doppler
signal, which was only detected after contrast administration,
thus suggesting stenosis. Arteriography confirmed a proximal
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thrombosis but distal permeability at intrahepatic level in one
of them, and a severe stenosis in the other. Nevertheless, in
this patient the stenosis site was not directly detected by
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Fig. 3 Splenic artery steal syndrome. (a) Contrast-enhanced ultrasound
(CEUS) study performed because the Doppler ultrasound was unable to
detect hepatic artery flow. The acquisition 25 seconds after contrast
injection demonstrates the permeability of the hepatic artery. The filling
of the artery is late. (b) Pulsed Doppler ultrasound some minutes after
CEUS demonstrates a high resistance waveform in the hepatic artery with
absence of diastolic phase

CEUS, a finding that has been recently reported by other
authors [21].

In nine patients in whom the post-CEUS Doppler wave-
form disclosed a low flow constituted by small systolic
peaks only, an arterial ASS was suspected because the flow
did not normalize in a few days or analytic alterations
appeared. The ASS consists of a hepatic hypoperfusion

caused by diversion of blood flow into a different artery
originating from the same trunk, splenic artery (splenic
artery steal syndrome), or gastroduodenal artery (gastrodu-
odenal artery steal syndrome). The mechanism leading to
ASS is not fully understood [9, 22, 23]. ASS should
probably be considered more frequently than is commonly
accepted. Until now, its diagnosis has been based only on
arteriographic criteria. Nevertheless, we must take into ac-
count that although angiography is considered the ultimate
technique, the definitive diagnosis of ASS is established
when normal flow is achieved after surgical ligation or
embolization of the splenic artery [9, 23]. There is little
information about DUS and CEUS findings in this syn-
drome. A high resistance pattern with decreased flow ve-
locities [9, 22-26] or absence of Doppler arterial flow
signal in severe cases [9, 27] has been reported. In our
series, which includes only recently transplanted livers
without arterial Doppler signal in baseline DUS, all ASS
diagnosed by arteriography showed a high resistance pat-
tern made up of only small systolic peaks detected only
after CEUS. This Doppler waveform type is similar to the
one obtained in the transient high resistance flow frequently
present in the immediate postoperative period. Zhu et al.
[28] described a delayed enhancement of the hepatic artery
with a weak contrast peak and a prompt enhancement of
the portal vein. In our experience with CEUS, these find-
ings can also be present in patients with transient arterial
hypoperfusion, it being impossible to differentiate the ASS
from other causes of hypoperfusion following these criteria.

Our findings suggest that although DUS and CEUS find-
ings cannot establish the diagnosis of ASS, they are useful if
this syndrome is suspected. A low arterial flow in the imme-
diate postoperative period made up of low systolic peaks
without diastolic phase, sometimes only detectable after
CEUS that has not improved in a few days, is suspected as
indicatingASS, mainly if associated with abnormal liver func-
tion tests. These findings merit an arteriographic study to
confirm the ASS and to evaluate the possibility of treatment
by occlusion of the splenic artery to improve the flow in the
hepatic artery [29]. Further studies are needed to establish the
benefit of treating asymptomatic patients to prevent biliary
tract damage.

It is interesting to point out that in the group of 14
patients in whom CEUS could not be performed, only
64 % of the arteriographies were abnormal, while 100 %
of the arteriographies performed in the patients included in
the study were abnormal, indicating a better noninvasive
management of the patients. The angio-CT is less invasive
than arteriography and could be useful for diagnosing
thrombosis, but does not allow the diagnosis of ASS. More-
over, CT uses iodinated contrast and delays the diagnosis
compared with CEUS, which establishes the diagnosis in the
same session as DUS.
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Conclusion

The results of this study support the introduction of CEUS in
the diagnostic work-up of the hepatic artery in the immediate
period after liver transplantation when DUS is unable to detect
arterial flow. In this situation, CEUS should be performed
during the same session as DUS, even at the patient’s bedside,
avoiding unnecessary invasive techniques and saving time,
which is crucial if hepatic artery thrombosis is present. More-
over, DUS performed after CEUS in patent hepatic arteries
offers functional information that allows differentiating the
hepatic artery stenosis from hepatic artery hypoperfusion syn-
dromes. In the latter case, ASS could be suspected if there is
persistence of the low arterial flow or association with abnor-
mal liver function test.
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