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Abstract: Post-transplantation allograft arterial thrombosis is a well-recognized complication associated
with solid organ transplantation. Much of the literature is centered on liver and kidney transplantation, which
will therefore serve as the principle basis for this review, with a brief discussion on pancreas transplantation
and associated arterial complications. The number of solid organ transplants has been steadily increasing
over the past decade in parallel with growing demand for organs and expansion of the transplantation criteria
for both donors and recipients. This increase has been accompanied by a number of innovative medical
advances and surgical techniques, as well as improved imaging that has allowed for thoughtful exploration
of vascular anatomic variants and the possibilities for transplant with which they are associated. It has also
been accompanied by a growing field of behavioral research, as potential recipients must weigh the risk
of accepting certain organs based on perceived outcomes that may differ according to the quality of the
underlying organ. Improvements in imaging technology have brought greater sensitivity to detecting arterial
complications in post-operative surveillance examinations and have allowed for further development of
tailored endovascular and surgical interventions for transplant-associated vascular complications. This review
will focus on post-transplantation solid organ allograft artery thrombosis, including discussion of risk factors,

diagnostic imaging, natural history, and therapeutic options.
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Introduction

As of June 26, 2017, the total number of kidney and liver
transplants reported by the United Network for Organ
Sharing (UNOS) since the beginning of 1988 was 413,277
and 151,193, respectively (www.unos.org/data). The
candidate waiting lists on this same date for these two
organs were 93,393 for kidney transplant and 14,394 for
liver transplant. The manner in which solid organs high
in demand are distributed to potential recipients on the
waiting lists is in part based on detailed scoring systems
and criteria that depend on standardized imaging reporting
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guidelines. One such set of guidelines for the selection of
appropriate liver transplant recipients has been established
by the Organ Procurement and Transplantation Network
(OPTN)/UNOS policy for liver transplant allocation (1).
Imaging thus plays an important role in stratifying potential
organ recipients and has additional implications for pre-
operative planning, post-transplantation organ surveillance
and, when necessary, endovascular intervention.

Transplant arterial thrombosis is a major complication of
solid organ transplantation and one of the leading causes of
graft failure. Diagnostic evaluation of suspected thrombosis
has been validated with the use of computed tomography
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angiogram (CTA) (2), although more contemporary
postoperative imaging protocols rely heavily on Doppler
ultrasound imaging, either in the operating room or in
the post-anesthesia care unit. CTA remains useful as a
diagnostic tool in the assessment of transplant arterial
anatomy; particularly when there is significant tortuosity
of the donor or recipient artery or if patient factors such as
body habitus limit satisfactory sonographic evaluation.

CTA also serves as a first-line, non-invasive imaging
modality for the pre-operative evaluation of hepatic arterial
variations in transplant organ donors (3). These anatomic
variations in hepatic arterial anatomy were first classified
by Michel in 1955 on the basis of cadaveric dissection (4).
Since then, numerous studies have been published on the
variations described by Michel as well as many others that
do not fall under the original classification scheme. The
advent of CTA and digital subtraction angiography (DSA)
has shed light on numerous novel anatomic variations. In a
study of 100 patients using CTA with maximum intensity
projection (MIP) reconstructions, Duran et 4/. found that
41% of potential living donors had variant arterial anatomy,
with 11% of the cohort demonstrating variant anatomy
outside the Michel classification. As an aside, it is worth
noting that transplant artery thrombosis is a risk (albeit
extremely low) not only for the organ transplant recipient,
but also for the living donor in cases of segmental liver
transplantation, as was demonstrated in the Duran ez 4/
study, in which a single donor patient (1% of the cohort)
developed postoperative hepatic arterial thrombosis. In a
separate study of 600 patients utilizing DSA in the analysis
of variant hepatic arterial anatomy (4), 39.7% had variant
anatomy, in keeping with the results of the previously
discussed CTA study and underlining the value of pre-
transplantation imaging in living donors.

With respect to arterial considerations in transplantation,
the most pertinent information regarding donor anatomy
is the number of arteries, vessel diameter and stump length
available for harvesting (3). These and other factors that
modulate the risk of transplant artery thrombosis will be
discussed individually by organ in this review, as the vascular
considerations differ by type of organ. Briefly, conventional
liver transplantation involves an end-to-end anastomosis
between the donor hepatic artery and the recipient hepatic
artery, with many variations depending on length and
caliber of the vessels and patient-specific circumstances (5).
The length of the resulting vessel and its susceptibility to
kink may influence the risk of arterial thrombosis (5).

A standard adult living donor renal transplant utilizes a
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single end-to-end anastomosis between donor renal artery
and recipient external iliac artery, although many variations
exist including anastomoses to the external iliac artery,
common iliac artery or inferior epigastric artery, particularly
in the setting of multiple donor renal arteries (6). Pancreas
transplantation carries unique anatomic considerations,
as the donor splenic and superior mesenteric arteries are
most often used in conjunction with a donor “Y-graft”
comprising the donor common and external/internal iliac
arteries for anastomosis with the recipient common iliac
artery or external iliac artery (7).

Liver transplant

Hepatic artery thrombosis (HAT) following liver
transplantation is reported to occur in up to 9% of cases
in the literature (8,9), although large retrospective studies
have shown rates as low as 4.8%, including early and late
arterial complications (10). HAT is one of the leading
cause of graft loss (>50% of cases) and mortality in liver
transplantation (11). While the causes of hepatic artery
thrombosis are often unknown, they can be divided into
two broad categories: technical problems related to the
surgery or arterial anastomosis, and donor/recipient factors
that affect either the artery itself or influence secondary
clinical factors that predispose to thrombosis, such as
hypercoagulability, infection and liver rejection (11,12).
Intraoperative factors that influence the risk for thrombosis
include the use of heparin (or lack thereof), transfusion
requirements, and cold ischemia time. In a study by Abou
El-Ella et al. of 86 liver transplant patients, HAT occurred
in 7% of transplant recipients, with the most common risk
factors for thrombosis being liver rejection, the lack of
heparin use intraoperatively and the need for transfusion
greater than 5 units (12). Biliary complications may be the
presenting sign of early arterial compromise, as the hepatic
artery is the sole source of vascular supply to the bile ducts
in the transplant liver (13).

The natural history of HAT varies depending on its
chronicity and on the formation of collateral blood supply
to the transplant liver. In the acute setting, HAT can lead
to acute graft failure that may be amenable to endovascular
or surgical intervention. Long-term survival of adult
as well as pediatric liver transplant recipients despite
sonographic evidence of hepatic artery thrombosis is well-
documented in the literature, with various explanations
as to the mechanisms for continued graft function. The
presence of collateral flow, which is thought to occur as
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Figure 1 A 56-year-old male with transplant hepatic arterial thrombosis (HAT) complicated by right hepatic lobe abscess. (A) Axial T2

MR image shows a fluid collection in the right hepatic lobe (arrowhead) with (B) corresponding peripheral enhancement and central low

attenuation on gadolinium contrast subtraction image, consistent with abscess; (C) contrast-enhanced axial fast spoiled gradient echo (FSPGR)

MR image shows abrupt tapering and thrombosis of the transplant hepatic artery (white arrow).

a result of spontaneous neovascularization of the liver via
angiogenesis (14), has been documented in such cases
using magnetic resonance angiography (MRA), CTA and
conventional angiography as early as 3 weeks postoperative,
with mean survival in one study of 4.1 years despite
irreversible HAT (10). Other factors for persistent graft
function despite HAT include early and more tailored
interventions for biliary or infectious complications related
to diminish arterial supply to the transplant liver.

Given the importance of early identification of HAT,
rigorous postoperative imaging surveillance protocols have
been established with immediate postoperative and short-
term follow-up ultrasound and Doppler examinations
of the transplant liver. A finding on Doppler ultrasound
evaluation that would merit close follow-up is the presence
of significantly elevated peak systolic velocities in the
main hepatic artery, which may be suggestive of hepatic
artery stenosis, an independent risk factor for HAT (15).
A study of 148 patients by Saad er al. of primary treatment
of hepatic artery stenosis with percutaneous transluminal
angioplasty (PTA) found a 65% rate of thrombosis in
untreated cases of stenosis within 6 months (16). Elevated
velocities in the hepatic artery in and of itself; however,
does not predict short term graft function (17). On the
other hand, diminished intrahepatic arterial resistive
indices, when less than 0.5 in the immediate postoperative
period, have been associated with significant vascular
complications (17). The implications of HAT may differ
depending on its temporal course following transplantation,
and thus it is often divided into “early” and “late” phases,
with some variation on this definition across studies,
but generally with “early” encompassing the immediate
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postoperative period and the month following surgery. A
Brazilian study of 263 liver transplants showed an incidence
of HAT of 7.9%, with approximately three-quarters of cases
occurring early and the remainder late (9).

Interpretation of sonographic evaluation of the transplant
should encompass not only intrahepatic arterial resistive
indices but also changes to the spectral Doppler waveforms,
as diminished hepatic arterial flow may carry different
levels of gravity depending on the extent to which collateral
arterial flow has been established, as discussed previously.
The presence of biliary and infectious complications
(Figure 1) detected clinically should prompt further vascular
evaluation, as these may be manifestations of early arterial
compromise (10).

Irrespective of the theorized cause of arterial thrombosis,
urgent intervention for HAT has been shown to lead to
rates of survival comparable to those in patients without
vascular complications. While differences may exist between
pediatric and adult transplantation, urgent intervention may
benefit both populations of patients. Pediatric patients have
been theorized to be at greater risk for HAT due to smaller
arterial vessel caliber, differences in operative technique
(namely, the lack of use of an intraoperative microscope),
and physiologic differences influencing hypercoagulability,
however the impact of these factors has been shown to be
less significant than previously thought in a relatively large
series of 150 pediatric liver transplants (18). A more recent
analysis of the incidence of HAT in the pediatric population
following step-wise changes to microvascular operative
techniques and anticoagulation protocols highlighted the
importance of specific anticoagulation measures, which
reduced the rate of HAT nearly 10-fold (9.5% to 1.8%) in
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Figure 2 A 52-year-old male with thrombosis of an arterial graft between the recipient infrarenal abdominal aorta and donor hepatic artery.

Contrast-enhanced fast spoiled gradient echo (FSPGR) MR image shows occlusion of the arterial graft at the junction of the infrarenal aorta

(A, white arrow), also seen on contrast-enhanced axial CT (B, white arrow); arterial occlusion is present distally to the level of the porta

hepatis (C, black arrow).

predominantly cadaveric split liver transplantation (19).
The benefits of early intervention have been well-
demonstrated in pediatric liver transplantation. Ackermann
et al. showed 20-year patient survival rates of 80% despite
early HAT, though urgent interventions were broad in
scope and included not only surgical revascularization but
intervention for secondary biliary complications and re-
transplantation (20). In the same study of 590 orthotopic
liver transplants, emergent revascularization was performed
in 5.3% of cases, all within a 24-hour window following
transplantation, with a success rate of 61%. Surgical
techniques included thrombectomy with local thrombolysis
as well as revision of the arterial anastomosis with an
interposition graft. Such interposition grafts, which are
commonly harvested from the donor iliac artery, vary
widely in application according to unique anatomical
considerations of both the donor and recipient anatomy
(Figure 2). Recent surgical literature suggests that the use
of a long graft artery may be an independent risk factor for
early HAT, irrespective of donor arterial anatomic variations
and the complexity of the arterial reconstruction (21).
These anatomic variations come into careful
consideration in the postoperative evaluation of the
transplant liver. Horrow ez 4/. in 2007 published their
results using sonography for evaluation of liver transplant
outcomes in cases of HAT occurring at different times
following transplantation, divided into primary and
secondary, with further subdivision of primary complications
occurring early or late (10). Secondary complications
were defined as instances of thrombosis occurring during
therapeutic intervention for other hepatic artery-associated
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complications, such as pseudoaneurysm or stenosis. In their
study of 522 transplants, the rate of HAT was 3.5% for
primary, with most occurring late, in this case defined as
occurring within 1 week or later post-transplantation, and
1.3% for secondary.

In cases when HAT has been identified in the early
phase following transplantation, a decision must be
made as to which interventional or surgical option to
pursue. Given a limited organ supply and the evolution of
endovascular techniques, revascularization is an attractive
first-line modality in the treatment of HAT, although re-
transplantation is still commonly practiced depending on
the etiology of the thrombosis and other clinical factors
unique to the patient. Angioplasty and stent placement
for HAT has been described as early as 1994 by Vorwerk
et al. in a 29-year-old female patient with HAT following
re-transplantation (22) and remains a viable option today.
Drug-eluting stents may also be used for primary treatment
of early HAT] either alone or in conjunction with catheter-
directed thrombolysis (23). In a study of 102 patients with
HAT, Mourad ez al. looked at outcomes following various
management strategies, ranging from re-transplantation
or early re-vascularization to strictly conservative
management (8). Using a multivariate analysis, this
group found that low donor weight, number of arterial
anastomoses and prior history of HAT were independent
risk factors for early thrombosis, defined in this case as
occurring within 21 days post-transplantation. Independent
risk factors for late HAT included previous abdominal
surgery, low donor weight and recipient age less than

50 years (8).
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Table 1 Recent studies on endovascular approaches to early post-transplantation hepatic artery thrombosis

Study No. of patients Intervention Initial recanalization rates ~ Primary complication ~ Complication rate

Kogut et al. [2014] (25) 26 Thrombolysis 12 (46%) Major complication 11 (42%)

Lee et al. [2016] (23) 10 Drug-eluting stent + 10 (100%) Anastomotic bleed 2 (20%)
thrombolysis

Zhang et al. [2017] (24) 34 Thrombolysis + stent 31 (91%) Hemorrhage 11 (32%)

Interventional techniques for thrombolysis utilizing
tissue plasminogen activator (TPA) or urokinase have
shown mixed results. The choice of thrombolytic agent,
despite a stronger safety profile for TPA, may be influenced
by non-clinical factors such as availability or cost (24).
In a study by Kogut et al. of 26 patients with HAT, 13 of
which occurred in the first 30 days post-transplantation,
recanalization was achieved following intra-arterial
thrombolysis in 46% of patients, however nearly half (42%)
of these patients subsequently required surgical intervention
for revascularization or re-transplantation (25). Zhang et al.
more recently published results of urokinase thrombolytic
treatment of HAT in a cohort of 34 patients, with the need
for additional stent placement in a subgroup of 21 of these
patients, that showed short- and long-term efficacy of
these interventional techniques (24). Success rates in their
study, defined technically as recanalization and clinically as
improvement in liver enzymes and symptoms, reached 93 %.
Important considerations in the Zhang ez 4/. study included
management of splenic artery steal syndrome with splenic
artery embolization, as well as the use of stents in selective
hepatic arteries. The latter is particularly relevant when
donor or recipient hepatic arterial anatomy is exceptionally
tortuous or in cases of intrinsically narrow caliber vessels
(Table 1) (23-25).

Complications of catheter-directed thrombolysis include
hepatic artery dissection or perforation and bleeding
complications, either locally at the access site or in the form
of intra-abdominal hemorrhage. A recent retrospective
review in the vascular surgery literature by Goldsmith ez a/.
of 1,129 liver transplantations with hepatic artery stenosis
showed a major complication rate of endovascular treatment
of 7.5%, which encompassed target vessel dissection or
rupture (26), although these complications and their rates
may differ from those related to endovascular treatment of
HAT. In the event of a failed attempt at re-vascularization,
graft viability may persist for some time in the setting of
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chronic arterial comprise and in the presence of arterial
collateralization, as discussed previously (27). The time
course of HAT following transplantation, patient risk
factors, availability of endovascular operators, thrombolytic
agents or an alternative liver for re-transplantation may all
influence the treatment approach.

Kidney transplant

Renal transplant arterial anatomy varies depending on
whether the transplant kidney comes from a cadaveric
source or a living donor. In deceased donor transplantation,
the donor renal artery is often taken in conjunction with
a segment of donor aorta that can be used for end-to-side
anastomosis to the recipient external iliac artery (28). Living
donor kidneys, in contrast, are often performed with end-to-
side anastomosis from the donor renal artery to the recipient
external iliac artery, or with an end-to-end anastomosis
to the recipient internal iliac artery (28). Variations
occur in the setting of en bloc pediatric transplantation
and kidneys with greater than one renal artery. As with
other solid organ transplants, vascular complications of
renal transplantation include arterial thrombosis, arterial
stenosis, venous thrombosis, arteriovenous fistula and
pseudoaneurysm formation. In the absence of renal artery
stenosis, thrombosis is exceedingly uncommon beyond the
early postoperative period unless it occurs in the setting
of rejection (29). This differs from HAT, which has been
well described as a possible late complication (greater than
one month following transplantation). The incidence of
transplant renal artery thrombosis is fairly low, reported in
0.1% to 0.2% of cadaveric transplants (30).

Causes of transplant renal artery thrombosis are often
multifactorial and, as with HAT in the transplant liver,
broad in scope. The unique placement of the transplant
kidney, most commonly in the right or left iliac fossa,
predisposes it to risks to which the native kidney is not
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Figure 3 A 48-year-old female with transplant renal artery
thrombosis. Immediate post-operative spectral Doppler ultrasound
of the transplant kidney shows no convincing arterial flow at the

expected area of the arterial anastomosis.

typically subject. In a case report by McCarthy ez a/., renal
artery thrombosis was described as a direct consequence
of extrinsic compression related to positioning during
total hip arthroplasty (30). In a more common scenario,
acute allograft dysfunction of the pelvic renal transplant
may be the result of renal allograft compartment
syndrome (31) and associated arterial compromise.
Thrombosis has also been reported in the setting of
infection, with severe cases leading to spontaneous arterial
rupture secondary to invasive mucormycosis (32).

Transplant renal artery stenosis is another recognized
complication of renal transplantation that often precedes
thrombosis and is clinically detected based on uncontrolled-
hypertension or graft dysfunction. Its incidence is generally
higher than that of thrombosis, reported between 1.5%
and 12.5% in the literature (33). PTA with or without
stent placement is one potential treatment option for renal
artery stenosis, with in-stent re-stenosis rates reported in
up to 13% of cases (34). Several small case series have been
published based on single center, institutional experiences
in the treatment of renal artery stenosis or in-stent re-
stenosis. In a small series of 3 patients, Douis er 4/. found
the use of paclitaxel-eluting stents safe in the treatment
of recurrent stenosis, with long-term patency observed
in 2 of the 3 patients, while the third required balloon
angioplasty (34).

In a single center study by Voiculescu et al. of 53 patients
with transplant renal artery stenosis, 52 patients went on
to receive invasive therapy, which included PTA, PTA with
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stenting or surgical intervention (33). Surgery was generally
reserved for cases in which stenosis occurred at the
anastomosis or bifurcation of arteries, in cases of primary
dissection or in other situations in which the complexity
of the arterial anatomy was not amenable to percutaneous
angioplasty. Restenosis rates in the Voiculescu ez 4/. study
reached 52%, with the majority occurring in PTA alone
(62%) and in PTA with stenting (30%), and only 14%
occurring in the surgical group (33).

Rouviere er al. published results of a small series of
four patients receiving intra-arterial fibrinolysis (using
either TPA or urokinase) as a primary treatment for
transplant renal artery thrombosis occurring within the first
24 hours following transplantation (29). While the study
was small, revascularization was achieved in three of the
four patients, although only two of these three went on
to successfully discontinue dialysis in the short term. The
treatment of venous complications of renal transplantation
is better established in the literature. Catheter-directed
thrombectomy and thrombolysis, for instance, has been
used in the treatment of renal vein thrombosis in the post-
transplant setting with rapid improvement in graft function
and relatively low morbidity (35).

Close clinical and radiologic follow-up are essential
for the early detection of renal artery thrombosis or other
vascular abnormalities (Figure 3). While Doppler ultrasound
evaluation is the mainstay for routine post-transplantation
renal allograft surveillance, new innovative techniques for
the diagnostic evaluation of vascular abnormalities have
emerged, including the use of contrast-enhanced ultrasound
and unenhanced MRA (36).

Pancreas transplant

Pancreas transplant is performed either in isolation or
in conjunction with kidney transplant for patients with
advanced diabetic glomerulopathy. Pancreas transplant
carries uniquely challenging considerations because
of its dual-blood supply. The native pancreas receives
blood from branches of both the celiac and superior
mesenteric arteries, specifically via the splenic artery and
pancreaticoduodenal arteries (37). Transplant typically
involves a “Y”-graft in which the donor splenic artery
and superior mesenteric artery are brought together via a
donor common iliac bifurcation graft, which is connected
to the recipient external or common iliac artery (7,38).
Vascular complications of pancreas transplant often result

Cardiovasc Diagn Ther 2017;7(Suppl 3):5219-S227



Cardiovascular Diagnosis and Therapy, Vol 7, Suppl 3 December 2017 S§225

in complete graft failure, with venous thrombosis detected
sonographically by the presence of pan-diastolic reversal of
flow, as is seen in the setting of renal vein thrombosis (39).
Most of the treatment and outcomes literature for pancreas
transplantation focuses on venous thrombosis, with small

studies suggesting positive results in preventing early graft
loss (38).

Conclusions

Transplant artery thrombosis is a leading cause of graft
failure, particularly in the early postoperative period.
In liver transplantation, hepatic arterial thrombosis is
typically subdivided into early and late stages, with different
implications for treatment depending on the extent of
arterial collateralization and on the presence of associated
clinical complications such as biliary ischemia or abscess
formation. Protocol-based sonographic Doppler evaluation
is commonly practiced in the postoperative period and in
short intervals thereafter to assess for arterial patency as well
as secondary signs of arterial compromise such as increased
hepatic artery velocities or changes to the arterial spectral
waveforms that may suggest the presence of early stenosis or
developing thrombosis. Endovascular techniques continue
to evolve and include PTA, with or without stent placement,
thrombectomy and intra-arterial thrombolysis with TPA
or urokinase. Drug-eluting stents provide an additional,
second-line endovascular therapeutic option, specifically
in cases of prior treated hepatic artery stenosis with in-
stent re-stenosis. Innovations in thrombolytic agents as well
catheter design have the potential to expand and improve
outcomes in the endovascular treatment of transplant
artery thrombosis (40). Surgical intervention is required in
cases of significant arterial tortuosity, arterial anatomy not
amenable to an endovascular approach or in cases in which
re-transplantation may be the more appropriate route for
the patient in consideration of other clinical factors. Early
intervention with successful re-canalization of the affected
artery has the potential to prolong graft survival at rates
comparable to those in patients that did not experience
transplant-related arterial complications and highlights
the importance of well-established postoperative imaging
surveillance protocols.
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