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Use of perfusional angiosonography
in liver transplantation and conservative
management of post-transplant intra-hepatic

pseudo-aneurysm

Abstract Hepatic artery pseudo-
aneurysm is a rare but severe com-
plication of liver transplantation,
which generally requires immediate
surgical or angiographic treatment.
The diagnosis is usually made by
splanchnic percutaneous angiogra-
phy. We report a case of an intra-
hepatic pseudo-aneurysm after sur-
gical correction of a thrombosed
hepatic artery and its successful re-
sponse to conservative management.
Duplex Doppler ultrasound, associ-
ated with a new B-mode contrast-
based sonographic technique, called
“perfusional angiosonography”’, was
used to diagnose the intra-hepatic
pseudo-aneurysm. The combination
of the two ultrasound techniques
was useful in following the course of
the pseudo-aneurysm, without fur-
ther need for angiography. Eventu-
ally, this pseudo-aneurysm
underwent spontaneous obliteration.
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introduction

Perfusional angiosonography, a new contrast-based
ultrasound (US) technique [1] has made it possible to
investigate the liver circulation in real time, identifying
not only the arterial branches, but also the parenchymal
perfusion. This technique allows visualization of not
only the flowing, but also the stationary, contrast med-
ium. To date, no reports have appeared concerning its

possible use in liver transplantation or, particularly, in
the study of hepatic artery thrombosis and hepatic
pseudo-aneurysms.

Hepatic pseudo-aneurysm is a complication of liver
transplantation that, although much more unusual than
hepatic artery thrombosis [2, 3], may develop without
any symptoms until it suddenly leads to life-threatening
situations [4, 5]. Hepatic pseudo-aneurysm may be extra-
or intra-hepatic. The latter is much rarer, and fewer than
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ten cases have been reported in adult patients {3, 6], all
of which were caused by invasive percutaneous
manoeuvres, such as liver biopsy or trans-hepatic biliary
catheterization. All patients were submitted to surgical
or super-selective angiographic corrections of the pseu-
do-aneurysms, except one in whom conservative man-
agement was mnecessary. However, in spite of the
conservative management, this patient died 8 weeks la-
ter, after having severe acute pancreatitis. No informa-
tion is available concerning the long-term outcome of
conservative treatment in the management of intra-he-
patic pseudo-aneurysms.

We describe a case in which perfusional angioso-
nography proved useful, initially to confirm hepatic ar-
tery thrombosis and later to diagnose an intra-hepatic
arterial pseudo-aneurysm and to provide the necessary
haemodynamic information, so that percutaneous
angiography could be spared. The present case is also
the first in which the development of an intra-hepatic
pseudo-aneurysm was not preceded by percutaneous
biopsy or biliary catheterization. Furthermore, it also
seems to be the only one favourably and safely managed
with conservative treatment in the long term.

Case report

A 58-year old man underwent liver transplantation for
hepatitis C virus-related end-stage liver disease in Sep-
tember 2002. The early clinical course after transplan-
tation was uneventful, and laboratory parameters and
Doppler US examinations were unremarkable, except
for a slow postoperative reduction of intra-abdominal
fluid. However, on the 23rd day after transplantation,
routine Doppler ultrasound (Technos®, Esaote™, Gen-
oa, Italy) failed to detect any arterial Doppler signal in
the liver (Fig. 1, left panel), whereas the portal and he-
patic venous anastomoses appeared normal. A moderate
amount of ascites was still present in the abdomen.

Normally, angiography would be used to confirm
whether the lack of any arterial Doppler signal in the
liver was a result of hepatic artery thrombosis or was a
false positive finding, caused either by technical prob-
lems or by low arterial flow. This low flow could be a
buffer response to a high portal flow [7] or a result of
splenic steal [8].

In the case of the patient, real-time contrast-enhanced
“perfusional angiosonography” (CnTI method, Esaote,
Genoa Italy) was performed as has been described
elsewhere [1], with a bolus injection (in 3 s) of 2.4 ml
sulphur exafluoride, (SonoVue, Bracco, Milan, Italy), a
pure blood pool contrast agent. The liver parenchyma
was not enhanced in the arterial phase (20-35 s after
contrast injection) (Fig. 1) and none of the intra-hepatic
arterial branches could be visualized, unlike findings
in normally vascularized livers. At 40-50 s after the
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Fig. 1 A Vascularization in the right lobe of the liver explored
through a right intercostal scan by colour Doppler. No artery is
visible. Ascites surround the liver. The arrows indicate the site
where the artery is expected to be visualized in normal conditions.
B The same aspect of the liver, shown by perfusional angiosonog-
raphy 56 s after injection of the contrast agent. This technique
allows visualization of the contrast as a white signal in real time,
whereas any non-perfused tissue portion or vessel remains dark on
the screen. The portal system is clearly depicted, whereas the arterial
tree (arrow) lacks any enhancement, confirming the suspicion of
thrombosis. C Arteriogram showing occlusion of the common
hepatic artery at the anastomosis. The patient was then submitted
to intra-vascular thrombolysis

injection, however, the portal system filled with contrast
medium in a normal manner (Fig. 1, lower panel). This
temporal perfusion pattern indicated the absence of
arterial perfusion in the graft, consistent with hepatic
arterial thrombosis, but a normal portal blood supply.

The next day the patient underwent hepatic angiog-
raphy, both for diagnostic and therapeutic purposes.
This study confirmed that complete hepatic artery
thrombosis had occurred at the site of the anastomosis
(Fig. 1, right panel). After several unsuccessful attempts
had been made to pass a catheter through the thrombus,
local thrombolysis with continuous intra-arterial
injection of streptokinase was started.

On the following day, Doppler US showed intra-he-
patic arterial signals, but with an abnormal spectral
waveform, characterized by a low resistive index (0.45)
and prolonged systolic acceleration time (0.110 s)
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(Fig. 2). This waveform is typically found downstream
from clinically significant arterial stenoses or thrombo-
ses [9, 10]. At this time perfusional angiosonography
failed to visualize clearly the intra-hepatic arterial ves-
sels, and the contrast perfusion was barely detectable in
the arterial phase (Fig. 2). Because of these findings
angiography was again carried out on the following day
and demonstrated kinking of the hepatic artery at the
anastomosis, which was restricting the downstream flow.
During the angiographic procedure an attempt was
made to correct the kinking with a stent. Initially, the
manoeuvre seemed to be successful. However, on the
following day, Doppler US and perfusional angioso-
nography again showed a pattern typical of thrombosis.
This time, angiography was not performed, and opera-
tive intervention confirmed thrombosis of the hepatic
artery. Treatment consisted of thrombectomy by means
of an endovascular catheter and surgical reconstruction
of the hepatic artery.

After the operation, ultrasonography showed a
Doppler spectral waveform with normal systolic and
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Fig. 2 Circulatory study of the liver after endovascular thrombol-
ysis for hepatic artery thrombosis. The intrahepatic Doppler trace
shows a “tardus parvus” shape (low resistance index = 0.48 and
prolonged systolic acceleration time = 0.115 s) consistent with an
upstream stenosis. Percutaneous angiography shows a kinking of
the hepatic artery at the anastomosis (blue arrow), consistent with
functional stenosis

diastolic velocities and a normal resistive index (0.75)
and systolic acceleration time (0.25 s) in the hepatic ar-
tery. Perfusional angiosonography showed a normal
arterial tree at 35 s after injection and enhancement of
the liver parenchyma immediately thereafter. Those
findings confirmed patency of the hepatic artery. During
the baseline examination, however, an anechoic well-
delimited rounded lesion, 12 mm in diameter, was noted
within the liver, located between the right portal vein
and an adjacent arterial branch. Doppler US showed
low and phasic Doppler signals within this lesion, con-
sistent with arterial flow. Those new findings suggested
that a right hepatic artery pseudo-aneurysm had oc-
curred.

Such pseudo-aneurysms can potentially rupture,
causing intra-abdominal haemorrhage or fistulization
into the biliary tract or portal. Perfusional angiosonog-
raphy showed the lesion filled with contrast medium
during the arterial phase, without extravasation of the
medium and with well-delimited boundaries, confirming
the diagnosis of non-fistulized pseudo-aneurysm
(Fig. 3). The patient made a satisfactory recovery from
these proceedings and was discharged 6 days after the
hepatic artery reconstruction, with a programme of se-
rial US follow-up examinations. At 2 months, the lesion
had become slightly smaller (10 mm) and was more
echoic at sonography. Doppler US no longer detected
any signal in it (Fig. 4). Intra-hepatic arterial Doppler
tracing had remained normal (Fig. 4). Contrast perfu-
sional angiosonography confirmed that the lesion had
spontaneously thrombosed (Fig. 4) and could, hence, be
considered healed.

Discussion

This is the first report of a case of intra-hepatic pseudo-
aneurysm managed conservatively with long-term suc-
cess.

A major goal of radiology today is the use of non-
invasive techniques. The introduction of real-time har-
monic imaging, with second-generation contrast agents,
has provided a new method for determining the perfu-
sion of the liver non-invasively. In contrast to computed
tomography, this method is able to assess perfusion
continuously. This new technique was particularly useful
in the present case, because it excluded an arterio-portal
or biliary fistula. In fact, the portal venous branch, next
to the pseudo-aneurysm, was perfused by the contrast
medium 6-8 s after complete filling of the pseudo-
aneurysm, and no extravasation of the medium was
noted. Had a direct arterio-portal communication been
present, contrast in the portal branch would have been
visualized immediately after the filling of the pseudo-
aneurysm. A similar temporal analysis would not have
been possible with CT. Thus, additional angiography
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Fig. 3 Vascularization in the right lobe of the liver after surgical
thrombectomy and reconstruction of the hepatic artery. Results
consistent with a hepatic artery pseudo-aneurysm were found. A
sketch (upper right panel) shows the position of the right hepatic
artery (rHA), right portal vein (rPV) and hepatic artery pseudo-
aneurysm (psA) as seen in the ultrasound frames. Yellow arrows
indicate the position of the right portal vein in all frames, whereas
the light green arrowhead points out the pseudo-aneurysm of the
right hepatic artery. Imaging with conventional sonography is
shown in the central panel in the upper row, with colour Doppler
ultrasound in the upper left and with perfusional angiosonography,
respectively, in the arterial and portal phases, in the middle row left
and central panels. The Doppler tracings (middle row right panel)
are regular (resistance index = 0.75, systolic acceleration
time = 0.45 )

would have been necessary. Our experience with perfu-
sional angiosonography in this case has suggested
additional uses for this new non-invasive diagnostic
technique. In contrast to Doppler US, the CnTI tech-
nique also shows stationary contrast micro-bubbles.
Thus, in theory, this technique should also be able to
detect leakage of contrast medium from the vessels. It
might also be that this technique could be used to
diagnose extra-hepatic pseudo-aneurysms, which, at
present, with current B-mode sonography, could be
misdiagnosed as static liquid collections.

In our opinion, due to the location of the pseudo-
aneurysm, the cause was probably mechanical trauma
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Fig. 4 The scan of the right lobe of the liver shows the presence of
a regular arterial tree with either colour Doppler or Doppler
sonography (upper row). The lower row shows, from left to right,
the pseudo-aneurysm with conventional sonography and with
perfusional angiosonography 32 s and 65 s after the injection of a
contrast medium into a peripheral vein. The light green arrowhead
indicates the position of the pseudo-aneurysm

after the introduction of the endovascular catheter used
for intra-operative thrombectomy. At present, no
description of such a mechanism in liver transplantation
has, hitherto, been reported. The benign course of this
patient, together with the small size of the pseudo-
aneurysm, the lack of biliary fistulization or haemor-
rhage detected at perfusional angiosonography, allowed
us to follow a conservative course with some confidence.
Following these findings, we recommend a US scan for
all patients who have undergone surgical or angio-
graphic correction of arterial complications, or after
percutaneous manoeuvres on the liver [11], with the use
of duplex-Doppler scanning and contrast US as non-
invasive methods of assessing intra- or peri-hepatic fluid
collection.

Perfusional angiosonography may also be used to
diagnose ischaemic conditions of the liver, such as
hepatic artery thrombosis. A potential advantage of this
method may be expected in the intensive care unit, in the
case of patients who are unable to co-operate by holding
their breath, as is necessary when Doppler US is used.

In conclusion, this case demonstrates that an
intra-hepatic arterial pseudo-aneurysm, which develops
after therapeutic hepatic artery angiography and
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thrombolytic therapies and subsequent surgical correc- time contrast-enhanced perfusional angiosonography is
tion of an arterial kink, might thrombose spontaneously a useful adjunct for non-invasive visualization and fol-
and thus make operative intervention unnecessary. Real- low-up of such lesions.
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