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Pseudoaneurysms Complicating
Organ Transplantation: Roles of CT,
Duplex Sonography, and Angiography!

In a retrospective study of proved
pseudoaneurysms (PAs) in 15 pa-
tients with transplanted organs (11
liver, three kidney, one pancreas),
the results of computed tomography
(CT), duplex sonography, and angi-
ography were reviewed. Of the 15
cases of PA, eight occurred at the ar-
terial anastomosis and seven were
nonanastomotic. Three of the eight
anastomotic PAs were caused by in-
fection. Of the seven nonanastomo-
tic PAs, four were caused by percu-
taneous biopsy, two were caused by
infection, and one was of undeter-
mined cause. In nine (60%) of the 15
patients the PAs were incidentally
detected at imaging studies per-
formed for other reasons. Diagnosis
requires a high degree of suspicion.
CT was performed in nine cases and
duplex sonography in ten. The diag-
nosis of PA was made with CT in six
(67%) patients and with duplex so-
nography in five (50%). CT and du-
plex sonography could not enable
diagnosis when the PA was small,
when the arterial anastomosis was
not included in the field of study, or
when enhancement with intrave-
nously administered contrast mate-
rial was suboptimal. Angiography
depicted the PAs in all 15 patients.
In three liver transplant recipients
with gastrointestinal tract bleeding,
the causative PAs were detected
only with angiography.

Index terms: Aneurysm, hepatic, 952.458 « An-
eurysm, pancreaticoduodenal, 952.458 ¢ Aneu-
rysm, renal, 961.458 ¢ Kidney, transplantation,
81.458 « Liver, transplantation, 761.458 « Pan-
creas, transplantation, 770.458
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VASCULAR complications are a sig-
nificant cause of morbidity and
mortality following organ transplan-
tation. Arterial complications result
in allograft loss in approximately 7%
of liver and 1.5%-6% of kidney trans-
plant recipients (1-5). The most com-
mon vascular complication in hepatic
and renal allografts is hepatic artery
thrombosis and renal artery stenosis,
respectively (2-4,6,7). In pancreas
transplants, vascular thrombosis and
infection are the most frequent com-
plications (8).

A pseudoaneurysm (PA) is an un-
common vascular complication fol-
lowing organ transplantation. The
potential for rupture, followed by fa-
tal hemorrhage, makes early diagno-
sis and treatment of PAs important to
patient survival. Generally a compli-
cation of vascular reconstruction,
PAs usually occur at arterial anasto-
moses and are often the result of in-
fection. PAs may also occur after per-
cutaneous needle biopsy. Since PAs
may be asymptomatic, they are often
detected at imaging studies per-
formed for other reasons. Diagnosis
of these lesions requires a high de-
gree of suspicion. In this study, we
report the computed tomographic
(CT), duplex sonographic, and angio-
graphic findings in 15 organ trans-
plant recipients with PAs.

SUBJECTS AND METHODS

From January 1981 through July 1987,
1,211 liver, 1,162 kidney, and 14 pancreas
transplantations were performed at our in-
stitution. The current study is a retrospec-
tive analysis of the findings in 15 patients
who received organ transplants (11 liver,
three kidney, one pancreas) and who de-
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veloped PAs postoperatively (Table 1).
Nine of the 15 patients (all liver trans-
plant recipients) were examined with CT.
Indications for CT in these patients in-
cluded suspected abdominal abscess (n =
4), graft dysfunction (n = 1), falling he-
matocrit (n = 1), suspected bile leak (n =
1), back pain (n = 1), and further evalua-
tion of a PA seen at duplex sonography
(n = 1). All CT scans were obtained on a
General Electric 9800 scanner (Milwau-
kee). Scans were generally obtained at
contiguous 1-cm intervals through the en-
tire abdomen following the oral and intra-
venous administration of contrast materi-
al. Contrast material was not given intra-
venously in patients with a history of
allergic reaction or poor renal function.
Ten of the 15 patients (six liver, three
kidney, one pancreas recipients) were ex-
amined with duplex sonography. Indica-
tions for duplex sonography in these pa-
tients included graft dysfunction (n = 4),
assessment of hepatic artery patency (n =
2), aspiration of suspected abscess (n = 2),
exclusion of a diagnosis of abdominal ab-
scess (n = 1), and search for a vascular
cause of a diminished femoral pulse (n =
1). All duplex examinations were per-
formed on an Acuson 128 (Mountain
View, Calif) computed sonography unit.
All 15 patients underwent angiograph-
ic evaluation. Findings from only the CT
and duplex sonographic examinations
that were performed within 2 weeks of
angiography were included in this study.
Allograft revascularization followed
standard surgical techniques. In seven
liver transplants, rearterialization was
performed by end-to-end anastomosis be-
tween the donor celiac axis and the recip-
ient common hepatic artery. In two liver
transplants, revascularization was per-
formed with a donor iliac artery homo-
graft as an interposition arterial conduit
between the recipient abdominal aorta
and the donor celiac axis. In two liver
transplants, the donor aorta with the at-
tached allograft blood supply was used as
an arterial conduit from the recipient ab-
dominal aorta. The three renal trans-
plants underwent end-to-side anastomo-
sis of the allograft renal artery to the re-
cipient external iliac artery. The single
pancreas transplant was revascularized
with the recipient left common iliac ar-

tery.
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RESULTS

Liver Transplants

Eleven of the 15 cases of PA oc-
curred in liver transplant recipients;
six were in adults and five were in
children (Table 1). The location of
the PA in six of the 11 patients was at
the arterial anastomosis (patients 1, 4,
5,7,9, 10), whereas in five it was
nonanastomotic (patients 2, 3, 6, 8,
11). The cause of two of the six anas-
tomotic PAs was infection (patients 4,
10). Of the five nonanastomotic PAs,
two were caused by infection (pa-
tients 3, 6), two were caused by per-
cutaneous organ biopsy (patients 8,
11), and one was of undetermined
cause (patient 2).

Angiography demonstrated the
PAs in all 11 liver transplants.

Figure 1. Patient 9.

Six (67%) of the nine CT scans ob-
tained in the liver transplant recipi-
ents demonstrated the PA. Four of
the six positive CT scans demonstrat-
ed the PA to be at the anastomosis
(Fig 1), and two demonstrated it to
be nonanastomotic (Fig 2). In three
patients CT failed to demonstrate the
PA.In one of the three patients (pa-
tient 6, Fig 3), angiography revealed
small aneurysms in the pancreatico-
duodenal arteries. In another patient
(patient 4), angiography revealed
PAs of both the celiac-hepatic artery
anastomosis and the ligated stump of
the donor gastroduodenal artery. In
the third patient (patient 8, Fig 4),
angiography revealed a small biopsy-
related PA. In all three cases, intrave-
nously administered contrast materi-
al enhancement was either not used
(patient 4) or suboptimal because a

b.

(a) Enhancing mass (arrow) at level of the proximal anastomosis of a

donor aortic conduit demonstrated on CT scan. (b) PA (large arrowheads) just distal to the
proximal anastomosis (smail arrowhead) of a donor aortic conduit demonstrated on right

posterior oblique view of selective graft arteriogram. The aortic conduit (arrows) distal to
the PA is patent. A dissecting PA was found at surgery.

nonbolus technique was used (pa-
tients 6, 8). While CT did not demon-
strate these PAs, probably because of
their small size or poor enhance-
ment, in two patients CT revealed ev-
idence of recent hemorrhage, which
was subhepatic in one (patient 4) and
intrahepatic in the other (patient 8,
Fig 4). These findings prompted an-
giographic evaluation, which docu-
mented PAs in both cases.

Results in two (33%) of the six du-
plex sonographic examinations per-
formed in the liver transplant recipi-
ents (patients 1, 2) suggested a diag-
nosis of PA, leading to angiographic
evaluation (Fig 5). Of the four cases
in which duplex sonography failed
to enable diagnosis of the PA, two oc-
curred in patients with a PA atan
aortic graft anastomosis (patients 9,
10). In these two cases, the area of the
aortic anastomosis was not included
in the field of study. In both cases,
however, the PA was identified at CT
(Fig 1). In the other two patients (pa-
tients 4, 11), sonography demonstrat-
ed hypoechoic collections corre-
sponding in size, location, and con-
figuration to the PA diagnosed at
angiography. However, since the
Doppler cursor was not applied, the
sonographic diagnosis of PA was not
established in either case.

Kidney Transplants

Two of the three kidney transplant
patients developed biopsy-related
PAs (patients 12, 13), and the other
patient developed an anastomotic PA
(patient 14) (Table 1). Two PAs (pa-
tients 12, 14) were initially detected
at duplex sonography and subse-
quently confirmed with angiography
(Fig 6). The other biopsy-related PA
(patient 13) was diagnosed inciden-

Figure 2. Patient 11.
nous administration of contrast material, a small enhancing area (arrows) adjacent to the lesion is demonstrated. (¢) PA of a branch of the
right hepatic artery is demonstrated on celiac arteriogram.
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(a) Mixed-attenuation lesion within the right hepatic lobe demonstrated on unenhanced CT scan. (b) After intrave-
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tally during angiography performed

‘because of decreased allograft func-

tion. CT scans were not obtained in
these patients.

Pancreas Transplant

The single pancreas transplant re-
cipient developed a mycotic PA after
graft removal at the site of previous
arterial anastomosis (patient 15) (Ta-
ble 1). The PA was initially detected
at duplex sonography and subse-
quently confirmed at angiography.
CT was not performed.

DISCUSSION

In liver transplantation, vascular
complications are an important diag-
nostic consideration in patients with
fulminant hepatic failure, bile leak,
relapsing bacteremia, gastrointestinal
(GI) tract or intraabdominal bleed-
ing, and hemobilia (1,6). The most
common and most serious vascular
complication is hepatic artery throm-
bosis. Uncommon vascular complica-
tions include hepatic artery stenoses,
portal vein stenoses and thromboses,
and inferior vena cava thromboses
(1,9). Rare but life-threatening vascu-
lar complications include anastomot-
ic, mycotic, and biopsy-related PAs.

In renal transplant recipients, vas-
cular complications are a significant
cause of graft loss and dysfunction.
The reported frequency of vascular
complications from renal transplan-
tation varies from 3.5% to 14% (2~
4,7,10). The most common vascular
complication is renal artery stenosis,
which occurs in 1.5%-10% of patients
(2-5). Less common vascular compli-
cations include venous thromboses,
anastomotic bleeding, arteriovenous
fistulas, and PAs. As in liver trans-
plants, PAs in renal allografts may
form at the arterial anastomosis
(5,11,12), occur after renal biopsy
(13), or be due to infection (5,14,15).

The ability to diagnose visceral ar-
tery aneurysms with CT and duplex
sonography in patients without
transplants is well established. CT
has been reported useful in the diag-
nosis of splenic (16,17), hepatic (18-
22), superior mesenteric (23), and
gastroduodenal (24) artery aneu-
rysms and PAs. Sonography has like-
wise proved useful in the diagnosis
of splenic (25), hepatic (26-30), supe-
rior mesenteric (31,32), and celiac
(33) artery aneurysms and PAs. In re-
nal allografts PAs have traditionally
been diagnosed with angiography,
but they may also be detected with
sonography (12,13) and CT (34). Re-

cent reports have stressed the value
of duplex sonography in the diagno-
sis of aneurysms, since it can demon-
strate flow within the aneurysm
(25,27,35). In our study, duplex so-
nography played a diagnostic role in
four patients (patients 1, 2, 12, 15) in
whom unsuspected PAs were initial-
ly detected as incidental findings,
prompting angiographic evaluation.
In particular, duplex sonography
played a crucial role in two of these
patients (patients 1, 15) who were re-
ferred for sonographically guided
needle aspiration of fluid collections.
Duplex sonography revealed the hy-
poechoic fluid collections to have
mixed arterial and venous flow (Fig
5). A diagnosis of PA was suggested,
leading to angiographic documenta-
tion. Potentially disastrous needle as-
piration was averted.

PAs may be asymptomatic and de-
tected incidentally during imaging
evaluation for other reasons, as oc-
curred in nine (60%) of the 15 pa-
tients (patients 1, 2, 5,7-9, 12, 13, 15)
reported herein. Diagnosis requires a
high degree of suspicion. Sites of vas-
cular anastomoses must be scruti-
nized for evidence of hematoma or
abnormal contrast-enhancing areas
on CT scans. Intravenously adminis-
tered contrast material is very help-
ful, and in three of our cases small
PAs may have been missed because
contrast material was not used (pa-
tient 4) or was used without bolus
technique (patients 6, 8). In two pa-
tients (patients 5, 10), however, the
diagnosis of PA was indicated with-
out the help of contrast enhance-
ment, due to the demonstration of a
focal mass adjacent to the aortic anas-
tomosis of iliac interposition grafts.
At duplex sonography, any hypo-
echoic collection in the vicinity of an
arterial anastomosis must be evaluat-
ed with pulsed Doppler. Detection of
arterial flow is an indication for angi-
ography (Fig 5). The importance of
evaluating vascular anastomoses is
emphasized by the results in four of
our cases, in which CT (patients 5, 9;
Fig 1) or duplex sonography (patients
1, 15; Fig 5) depicted unsuspected
anastomotic PAs, prompting angio-
graphic evaluation. In two patients
(patients 9, 10), the PA was not de-
tected at duplex sonography, proba-
bly because the area of the aortic
anastomosis of the conduit grafts was
not included in the field of study.
These arterial conduit grafts in pedi-
atric liver transplants have proved
extremely difficult to image with so-
nography and constitute a major
source of potential diagnostic error.

Figure 3. Patient 6. Aneurysms (arrows) in
pancreaticoduodenal arterial collaterals
demonstrated on superior mesenteric arte-
riogram. At laparotomy mycotic PAs were
found, which had eroded into the common
bile duct and caused hemobilia.

Figure 4. Patient 8. Large hematoma with-
in the right hepatic lobe demonstrated on
CT scan. Scan was obtained without bolus
technique; the PA was not identified. A
small PA from the right hepatic artery was
demonstrated on hepatic arteriogram.

Often bowel gas obscures the conduit
and anastomosis.

In three of the liver transplant re-
cipients with PAs, GI tract bleeding
was the initial symptom. In one pa-
tient bleeding was caused by an ar-
terioenteric fistula. A small mycotic
PA of the ligated donor gastroduode-
nal artery eroded into the Roux limb
of the jejunum (patient 3). In the oth-
er two patients GI tract bleeding was
due to hemobilia (patients 4, 6). An-
giography demonstrated the PAs in
all three cases. It is noteworthy that
in two of these three patients (pa-
tients 4, 6) a CT scan was obtained,
and in one patient (patient 4) duplex
sonography was performed before
angiography. In none of these three
cases did CT or duplex sonography
demonstrate the PAs; however, re-
cent subhepatic hemorrhage was



Figures 5, 6. Patients 1, 12.

identified at CT in one patient (pa-
tient 4). In hemodynamically stable
patients with hemobilia or with GI
tract bleeding and a negative endo-
scopic evaluation, the initial diagnos-
tic examination should be angiogra-
phy. Technetium-99m-labeled red
blood cell scanning may be helpful
to localize a site of GI tract bleeding,
thus directing angiographic evalua-
tion. Regardless of the results of ra-
dionuclide scanning, angiography
should still be performed to exclude
a PA as the underlying cause of bleed-
ing. In one of our patients (patient 3),
results of a Tc-99m-labeled red biood
cell study were negative, while angi-
ography demonstrated the causative
PA.In all three patients with GI tract
bleeding, the PAs were small in cali-
ber (Fig 3), making diagnosis with CT
or duplex sonography difficult.

In liver transplant patients who
have undergone liver biopsy and
have a falling hematocrit (patient 11)
or an expanding intrahepatic hema-
toma (patients 8, 11), the possibility
of a biopsy-related PA with hemato-
ma must be considered. Hematoma
and PA are known complications of
liver biopsy (36). In patient 8, an in-
trahepatic hematoma was seen as a
mass of increased attenuation on CT
scans (Fig 4). In patient 11, the small
PA was seen after intravenous con-
trast material enhancement (Fig 2). In
both cases CT led to angiographic

evaluation and the diagnosis of PA.
Since biopsy-related PAs may be
small, they may (patient 11, Fig 2) or
may not (patient 8, Fig 4) be seen at
CT or duplex sonography. An enlarg-
ing intrahepatic hematoma in a pa-
tient who has undergone biopsy de-
mands angiographic evaluation.

In kidney transplant patients, du-
plex sonography is routinely per-
formed to evaluate for complications
such as rejection, lymphocele, and
hydronephrosis. Sonography is also
useful in pancreas transplant recipi-
ents for detection of peripancreatic
fluid collections and parenchymal
abnormalities (37). PAs are rare com-
plications that can be diagnosed with
duplex sonography. Any abnormal
hypoechoic areas at the arterial anas-
tomosis or within the allograft paren-
chyma should be evaluated with
pulsed Doppler. The possibility of a
PA should be considered in all trans-
plant recipients with evidence of in-
fection near the graft (patient 15) or
in patients who have undergone bi-
opsy (patients 12, 13; Fig 6) and who
have deteriorating renal function,
massive or prolonged hematuria, or a
bruit over the graft. Angiography is
necessary to confirm these PAs and
assist in preoperative planning. Non-
operative management with emboli-
zation may be possible in select cases
(13). In our series, embolization was
successfully used in one liver (pa-

(5) Patient 1. Hypoechoic mass (arrow) anterior to the aorta (arrowheads) at level of allograft hepatic artery
anastomosis demonstrated on parasagittal sonogram. Doppler spectrum demonstrates arterial pulsations within the mass. PA of the hepatic
artery anastomosis was found at surgery. (6a) Patient 12. Hypoechoic mass (arrow) within a kidney allograft demonstrated at sonography.
Doppler spectrum demonstrates mixed arterial and venous pulsations within the mass. (6b) PA (curved arrow) and arteriovenous fistula
with early venous filling (straight arrows) demonstrated on selective external iliac arteriogram. There is enlargement of the feeding artery
(arrowhead) to the PA and fistula.

tient 4) and one kidney (patient 12)
transplant patient. While CT can
demonstrate PAs in renal allografts,
this diagnosis requires scanning after
intravenous injection of contrast ma-
terial (34). With a high degree of sus-
picion by the ultrasonographer and
systematic application of the Doppler
cursor to suspicious hypoechoic ar-
eas, duplex sonography is the screen-
ing examination of choice for detect-
ing PA in kidney and pancreas trans-
plant recipients.

In conclusion, because PAs are
commonly asymptomatic and detect-
ed on imaging studies performed for
other reasons, diagnosis requires
close scrutiny of arterial anastomoses,
beds of infection, or grafts recently
sampled for biopsy. Any abnormal
hypoechoic or anechoic collection in
these areas must be evaluated with
Doppler for evidence of arterial flow.
In liver transplant recipients with
falling hematocrit and no obvious
source of bleeding clinically, CT may
be helpful in directing angiographic
evaluation. In liver transplant recipi-
ents with hemobilia or GI tract bleed-
ing and negative results of endosco-
py. angiography is the initial diag-
nostic examination of choice.
Preoperative angiography should be
performed in all patients. &
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