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ascular Complications of Orthotopic
iver Transplantation: Experience in
ore than 4,200 Patients

ohn P Duffy, MD, Johnny C Hong, MD, Douglas G Farmer, MD, FACS, Rafik M Ghobrial, MD, PhD, FACS,
asan Yersiz, MD, Jonathan R Hiatt, MD, FACS, Ronald W Busuttil, MD, PhD, FACS

BACKGROUND: Thromboses of the hepatic artery (HAT) and portal vein (PVT) may complicate orthotopic
liver transplantation (OLT) and result in graft loss and mortality. Revision and retransplanta-
tion are treatment options, but their longterm outcomes remain undefined. This study was
undertaken to evaluate the incidence of major vascular complications after OLT, determine
efficacy of therapies, and identify factors influencing longterm outcomes.

STUDY DESIGN: All patients undergoing OLT from 1984 to 2007 were evaluated. Kaplan-Meier analysis was
performed to define the effects of vascular complications on posttransplant survival. Anasto-
motic revision and arterial thrombolysis were compared with retransplantation as treatment for
HAT. After 2002, porta hepatis dissection was initiated with early occlusion of common hepatic
artery (CHA) inflow; its impact on HAT incidence was determined.

RESULTS: From 1984 to 2007, 4,234 OLTs were performed. HAT occurred in 203 patients (5%) and
PVT in 84 (2%). Graft survival was significantly reduced by HAT or PVT; patient survival was
reduced only by PVT. Retransplantation for HAT improved patient survival over revision or
thrombolysis in the first year but did not provide longterm survival advantage (56% versus 56%
at 5 years; p � 0.53). Patients with HAT had only 10% graft salvage with anastomotic revision
or thrombolysis. HAT was significantly reduced with early CHA inflow occlusion (1.1% versus
3.7%; p � 0.002). Factors increasing risk of HAT included pediatric recipients, liver cancer,
and aberrant arterial anatomy requiring complex reconstruction.

CONCLUSIONS: Both HAT and PVT significantly reduce graft survival after OLT; PVT more adversely affects
patient survival. Revision and thrombolysis rarely salvage grafts after HAT; retransplantation
provides superior short-term, but not longterm, survival. Avoidance of vascular complications
in OLT is critical, especially with today’s scarcity of donor livers. Early atraumatic CHA
occlusion significantly reduces the incidence of HAT. (J Am Coll Surg 2009;208:896–905.

© 2009 by the American College of Surgeons)
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ascular complications of orthotopic liver transplantation
OLT) threaten outcomes for patients and allografts.1,2 Al-
hough bleeding, stenosis, and thrombosis can arise at any
f the vascular anastomoses (suprahepatic and infrahepatic
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ava, portal vein, and hepatic artery), hepatic artery throm-
osis (HAT) and portal vein thrombosis (PVT) are the
ost common.3,4 HAT and PVT interrupt the allograft’s

lood supply and produce early graft loss, longterm dys-
unction, or patient death, making these surgical compli-
ations life threatening. Considering the ongoing scarcity
f hepatic allografts, vascular complications can have pro-
ound impact on the application of OLT. Any strategies to
revent these technical complications, reduce graft loss,
nd decrease retransplantation will have far-reaching ef-
ects on the treatment of end-stage liver disease.

HAT is reported to complicate 4% to 15% of OLTs and is
enerally more frequent after pediatric liver transplantation.3,5-7

actors associated with HAT include dissection of the he-
atic arterial wall, technical imperfections with the anasto-

osis, celiac stenosis or compression by the median arcuate
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igament, aberrant donor or recipient arterial anatomy,
omplex backtable arterial reconstruction of the allograft,
nd high-resistance microvascular arterial outflow caused
y rejection or severe ischemia-reperfusion injury (IRI).3,5-9

lthough advances in surgical technique have reduced the
ncidence of HAT, it still remains a serious threat to patient
nd graft survival.8

With the use of transarterial chemoembolization (TACE)
s treatment for hepatocellular carcinoma (HCC), the hepatic
rtery can be traumatized, resulting in increased periarterial
nflammation, friability, and a predisposition to HAT.10 In
ddition, up to 20% of OLTs are now performed for HCC, a
alignancy associated with a generalized hypercoagulable

tate. So although technical precision is foremost in microvas-
ular hepatic arterial reconstruction, other concomitant fac-
ors may predispose to HAT.

PVT complicates 3% to 7% of OLTs and, similar to HAT,
an be fatal for both the allograft and the patient.4,11-13 Factors
ssociated with posttransplant PVT include technical issues
redundancy), preexisting PVT requiring thromboendove-
ectomy at the time of transplantation, small portal vein size
� 5 mm), earlier splenectomy, and use of venous conduits for
ortal vein reconstruction.4,11-13 Presentation of PVT can in-
lude portal hypertension with gastrointestinal bleeding,
scites, elevated transaminases, and acute graft failure.4,11-13

Treatment of these complications has traditionally in-
olved reexploration, surgical thrombectomy, and anasto-
otic revision. Failure of successful revision usually re-

uires retransplantation as a life-saving procedure. Recent
dvances have made catheter-based and medical anticoag-
lant or thrombolytic interventions possible.14 But the pre-
ise impact of HAT and PVT on graft and patient survival
emains undefined, and the efficacy of the various treat-
ent modalities is unknown. We undertook this study to

xamine the UCLA experience in more than 4,200 OLTs to
etermine the incidence of post-OLT HAT and PVT, clin-

cal factors associated with HAT and PVT, the efficacy of
arious treatments, and the utility of early vascular occlu-
ion of hepatic arterial inflow to prevent HAT.

ETHODS
sing a prospectively collected transplantation database,

Abbreviations and Acronyms

CHA � common hepatic artery
HAT � hepatic artery thrombosis
HCC � hepatocellular carcinoma
OLT � orthotopic liver transplantation
PVT � portal vein thrombosis
TACE � transarterial chemoembolization
e performed a review of all adult and pediatric OLTs v
erformed at UCLA Medical Center from 1984 to 2007.
his study was reviewed and approved by the Institutional
eview Board from the Office for the Protection of Re-

earch Subjects at UCLA. Data collected included recipient
emographics, donor and recipient arterial anatomy, need for
xtraanatomic vascular conduit placement, anastomotic tech-
ique (continuous versus interrupted sutures), pretransplan-
ation TACE, timing of complications, treatment of compli-
ations, and graft and patient survival. Treatments included
urgical vascular revision or thrombectomy, catheter-based
herapy, retransplantation, or no treatment.

Diagnosis of HAT was based on absence of intrahepatic
rterial flow on duplex ultrasound, clinical identification of
AT at reexploration, or absence of hepatic arterial en-

ancement on CT angiogram or formal visceral angio-
ram. PVT was diagnosed by absence of hepatopedal ve-
ous flow on duplex ultrasound or by nonopacification of
he portal vein on CT or magnetic resonance venogram.

Liver transplantation was performed using standard
echniques as described previously,15 with the majority of
rocedures performed with excision of the retrohepatic
ava with or without venovenous bypass. In select cases
split grafts, living-related grafts, and retransplantation), a
aval-sparing piggyback technique was used. Portal vein
econstruction was performed in end-to-end fashion be-
ween donor and recipient portal veins using continuous
-0 nonabsorbable monofilament suture, unless anatomic
onsiderations required interposition vein graft. Hepatic
rterialization of the allograft in most cases involved end-
o-end anastomosis of the donor celiac trunk to the recip-
ent CHA, unless anatomic considerations required alter-
ate inflows or aortohepatic grafting. Immunosuppression

ncluded a triple drug regimen of cyclosporine (Sandim-
une; Novartis), azathioprine (Imuran; GlaxoSmithK-

ine), and prednisone from 1984 to 1994. Routine use of
acrolimus (Prograf; Astellas Pharma, Inc) was begun in
995 as part of a dual or triple drug regimen with pred-
isone and mycophenolate mofetil (CellCept; Hoffman-
aRoche, Inc), the latter starting in 1997.

nticoagulation
ediatric OLT recipients were routinely treated with IV
extran 40 (0.5 mL per kg continuous infusion) and hep-
rin (5 U/kg/hour continuous infusion) in the peritrans-
lant period after posttransplant international normalized
ation (INR) had fallen to � 1.5. Adult patients with back-
able arterial reconstruction were not routinely placed on
nticoagulation therapy, unless the additional anastomosis
nvolved vessels with diameter � 5 mm. Patients undergo-
ng portal vein thromboendovenectomy or requiring portal

ein grafting were routinely placed on aspirin in the post-



t
g

E
B
s
m
w
p
w
2
c
o
m
t
w
t
t
t
b

S
P
v
m
c
s
i
S
J
a

R
F
p
O
g
d
I
2
t
9
7

c
t
p
v
r
g
t

p
p
s

H
a
O
o
p
H
H
p
n
6

T
a
I
a
H
t
c
m
d
6
p
p
t
(
i
p
o
p
t
4
p
p

T

V

T

G
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ransplantation period once the allograft showed signs of
ood function and there was no evidence of bleeding.

volution of technique
etween 1984 and 2002, porta hepatis dissection involved

keletonization, double ligation, and division of the left,
iddle, and right hepatic arteries. The arterial branches
ere divided to preserve as much recipient arterial length as
ossible. Because this technique was found to be associated
ith a considerable incidence of arterial wall dissection, in
002 the technique of early common hepatic arterial vas-
ular occlusion was introduced. This technique consisted
f controlling the common hepatic artery with an atrau-
atic vascular clamp and ligating the gastroduodenal ar-

ery; after this was accomplished, the lobar hepatic arteries
ere occluded. It was hypothesized that early occlusion of

he hepatic arterial inflow would decrease retrograde dissec-
ion of the hepatic artery. Incidence of hepatic arterial dissec-
ion, HAT, and need for aortohepatic conduit were compared
efore and after implementation of this technique.

tatistical analysis
rimary end points included both patient and graft sur-
ival. Statistical analysis was performed according to the
ethods of Kaplan and Meier, and resultant curves were

ompared using the log-rank test. Multiple logistic regres-
ions were performed to identify independent factors that
nfluenced the incidence of HAT and PVT. Chi-square and
tudent’s t-test analyses were used as appropriate using
MP statistical software (SAS Institute). Significance was
ssigned at the 0.05 level.

ESULTS
rom 1984 to 2007, 4,234 OLTs were performed in 3,558
atients. There were 3,368 adult OLTs and 866 pediatric
LTs. Of these transplantations, 3,912 involved whole or-

an grafts, 224 were in situ split liver grafts, 69 were living-
onor grafts, and 29 were reduced-size grafts (Table 1).
ndications for transplantation included hepatitis C (998,
4%), graft failure or retransplantation (568, 13%), hepa-
ocellular carcinoma (508, 12%), alcoholic cirrhosis (391,
%), biliary atresia (321, 8%), cryptogenic cirrhosis (298,
%), and hepatitis B (250, 6%).
OLT was complicated by a thrombotic vascular compli-

ation (HAT or PVT) in 287 patients (6.8%). Transplan-
ations experiencing these vascular complications com-
rised 250 cadaveric whole organ grafts (87.1%), 20 in
ivo split grafts (6.9%), 14 living-donor grafts (4.8%), 2
educed-size cadaveric grafts (0.8%), and 1 ex vivo split
raft (0.4%). Vascular complications involved pediatric

ransplantations in 129 (45%) patients and adult trans- a
lantations in 158 (55%) patients. Characteristics of trans-
lantations experiencing vascular complications are pre-
ented in Table 1.

epatic artery thrombosis: incidence, presentation,
nd associated factors
f the 4,234 OLTs, 203 were complicated by HAT, for an

verall rate of 5%. Occurrence of HAT was 8% (69 of 866) in
ediatric OLTs and 3.9% (134 of 3,368) in adult transplants.
AT was detected within the first 30 days after OLT (early
AT) in 133 patients and diagnosed later (late HAT) in 70

atients. Presentation of HAT included elevated transami-
ases in 75%, biliary complications in 15%, fever and sepsis in
%, and graft dysfunction or failure in 4%.

reatment and outcomes of hepatic
rtery thrombosis
nitial treatment approaches for HAT and their outcomes
re summarized in Table 2. OLTs with confirmed early
AT were treated with surgical exploration, thrombec-

omy, or anastomotic revision in 86 of 133 (65%), with
atheter-based thrombolysis in 3 of 133 (3%), with pri-
ary retransplantation in 23 of 133 (17%), with biliary

rainage in 15 (11%), and with systemic anticoagulation in
(5%). One patient underwent allograft hepatectomy and
ortocaval shunting until primary retransplantation was
ossible. Of patients who underwent arterial thrombec-
omy and revision (n � 86), graft salvage was achieved in 9
10.5%), retransplantation was required and accomplished
n 71 (78%), and 6 (7%) died awaiting retransplantation. For
atients with late HAT (n � 70), catheter-based thrombolysis
r angioplasty was performed in 6 patients (9%), retrans-
lantation in 36 (51%), biliary drainage in 17 (24%), an-
icoagulation in 7 (10%), and revision or thrombectomy in

(6%). Among all patients experiencing HAT, retrans-
lantation was required in 153 patients (75%) and accom-
lished in 140 patients. The remaining 13 patients died

able 1. Vascular Complications after Liver Transplantation

ariable n %

Hepatic
artery

thrombosis

Portal
vein

thrombosis
n % n %

otal transplants 4,234 203 5 84 2.0
Adult 3,368 80 134 3.9 35 1.0
Pediatric 866 20.5 69 7.9 49 5.7

raft type
Whole organ 3,912 92.3 171 4.4 65 1.7
Cadaveric split 224 5.3 17 7.6 12 5.4
Living donor 69 1.6 12 17 6 8.7
Reduced size 29 0.8 3 10.4 1 3.5
waiting retransplantation. Overall, HAT decreased both
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atient and graft survival, although the effect was more
ronounced on graft survival (Table 3; Figs. 1, 2).

echnical factors in hepatic artery thrombosis
he majority of hepatic allografts (3,471 of 4,234, 82%)

eceived inflow from the recipient CHA arising from the
eliac trunk (Table 3). Alternate inflow included aortohe-
atic grafting in 332 of 4,234 (7.8%), completely replaced
HA arising from the superior mesenteric artery in 85

2%), and splenic artery in 41 (1%). Donor arterial anat-
my is described according to our previous report16 and
as type I in 3,006 (71%), type II in 381 (9%), type III in
35 (15%), type IV in 127 (3%), and type V in 85 (2%)
Table 3). Complex backtable reconstruction was required
n 799 (16%) of the allografts: for replaced right artery

able 3. Risk Factors for Hepatic Arterial Thrombosis in
03 Patients

ariable n %
5-y graft

survival, %

otal 203 5 25
dult 134 66 17
ediatric 69 34 29
arly 133 65 19
ate 70 35 23
epatic arterial inflow
Common hepatic artery (celiac) 3,471 82 78
Aortohepatic graft 332 8 49
Replaced right hepatic artery

(SMA) 85 2 55
Splenic artery 41 1 59
epatic arterial anatomy
Classic (type I) 3,006 71 82
Replaced left hepatic artery

(Type II) 381 9 76
Replaced right hepatic artery

(Type III) 635 15 65
Replaced right or left arteries

(Type IV) 127 3 58
CHA from SMA (type V) 85 2 77

able 2. Treatment of Hepatic Artery Thrombosis in 210 Pa

reatment

Early HAT (n � 1

n % n

evision/thrombectomy 86 65 9/86
nticoagulation 6 4.4 3/3
atheter-based therapy 3 2.2 1/3
iliary drainage 15 11 4/15
rimary retransplantation 23 17

AT, hepatic artery thrombosis.
cHA, common hepatic artery; SMA, superior mesenteric artery.
n � 635, 79%), for replaced right and left arteries (127,
6%), for other aberrant anatomy (29, 4%), and for surgi-
al damage incurred at organ procurement in 8 (1%). The
edian arcuate ligament was lysed to improve arterial flow

n 166 patients (4%), and the splenic artery ligated in 387
atients (9%). All anastomoses were accomplished with

oupe magnification and microvascular technique; contin-
ous suturing was used in 91% of the anastomoses and

nterrupted sutures in 9%. TACE had been performed in
62 patients.
Characteristics of patients with and without hepatic ar-

ery thrombosis are compared in Table 4. Mean age and
ender were similar, as was urgency of transplantation. Pa-
ients with hepatic artery thrombosis had significantly
ore backtable arterial reconstruction before implanta-

ion, more aortohepatic grafts, and more TACE for liver
ancer. Compared with patients with inflow from the re-
ipient common hepatic artery, patients with aortohepatic
rafting had more thrombotic complications (28 of 332,
.4%, versus 184 of 3,902, 4.7%). Patients requiring com-
lex backtable reconstruction also had a higher incidence
f HAT (72 of 799, 9%, versus 131 of 3,435, 3.8%). On

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0 1 y 5 y 10 y 

p = 0.065 

15 y 

NNoo HHAATT

HHAATT

igure 1. Patient survival with hepatic artery thrombosis (HAT) after
rthotopic liver transplantation. HAT reduced overall patient sur-
ival, but the survival disadvantage did not reach statistical signifi-

s
Late HAT (n � 70)

ge rate
n %

Salvage rate
% n %

10.5 4 6 1/4 25
100 7 10 7/7 100
33 6 9 0/6 0
27 17 24 9/17 53

n/a 36 51 n/a
tient
33)
Salva
ance (p � 0.065, log-rank test).
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ultivariate analysis, pediatric recipients, TACE for liver
ancer, and aberrant arterial anatomy requiring complex
econstruction were associated with significantly increased
isk of post-OLT HAT (Table 5).

revention of hepatic artery thrombosis
n 2002, we implemented early common hepatic artery
cclusion at the outset of porta hepatic dissection. This
echnique significantly decreased the incidence of hepatic
rtery dissection and the need for aortohepatic grafting (42
f 1,273, 3.3%, versus 290 of 2,961, 9.8%; p � 0.001)
nd also decreased the incidence of posttransplant HAT
1.1% versus 3.7%; p � 0.002).

ncidence and presentation of portal
ein thrombosis
f the 4,234 transplants performed, PVT occurred in 84

2%). Most patients (54 of 84, 64%) presented with ele-
ated transaminases, but others demonstrated ascites (20 of
4, 24%) or portal hypertension with gastrointestinal
leeding (10 of 84, 12%). Graft failure became evident in
ore than 75% of these patients. Early PVT occurred in 55

f 84 patients (65%); late PVT occurred in 29 of 84 (35%).

echnical factors in portal vein thrombosis
ortal vein reconstruction involved end-to-end anastomo-
is of the donor and recipient main portal veins in 3,980
94%) of OLTs. Venoplasty of small portal veins was re-
uired in 3%, and vein grafts were used in 2%. Character-
stics of patients with and without portal vein thrombosis
re compared in Table 6. Patients with portal vein throm-
osis were younger, though not significantly so, and gender

able 4. Characteristics of Patients With and Without
epatic Artery Thrombosis

haracteristic
HAT

(n � 203)
No HAT

(n � 4031) p Value

ge, y, mean � SD 31 � 24 41 � 21 NS
ale : female 1.2 : 1 1.1 : 1 NS
rgent OLT, n % 58 (29) 1,042 (26) NS
econstruction, n % 72 (35) 727 (17) 0.01
ortohepatic graft, n % 28 (14) 304 (8) 0.01
hemoembolization, n % 10 (5) 152 (0.4) � 0.01

AT, hepatic artery thrombosis; OLT, orthotopic liver transplantation.

able 5. Multivariate Analysis of Factors Affecting Hepatic
rterial Thrombosis
actor Odds ratio p Value

ediatric transplant 4.66 0.001
ortohepatic graft 2.99 0.001
ransarterial chemoembolization 2.34 0.02

omplex reconstruction 1.99 0.04 O
nd transplant urgency were similar. Patients with portal
ein thrombosis had significantly increased incidences of
ortal venous grafting and earlier portal vein thrombosis.
retransplant portal vein thrombosis was identified in 216
5%) patients, and eversion portal vein thromboendove-
ectomy was performed in 174 patients. Of these, only 5
atients (3%) developed posttransplant PVT.

reatment and outcomes of portal vein thrombosis
nitial treatments for PVT and their outcomes are summa-
ized in Table 7. Of the 84 patients developing post-OLT
VT, 22 underwent reexploration and thrombectomy, 48 re-
eived anticoagulation without surgical therapy, 20 under-
ent primary retransplantation, 10 had catheter-directed

herapy, and 6 had portosystemic shunting. As depicted in
igures 3 and 4, PVT significantly reduces both graft and
atient survival after OLT. On multivariate analysis, only pe-
iatric transplants were independently at increased risk for
osttransplant PVT.

ISCUSSION
uccessful outcomes of liver transplantation are critically
ependent on adequate venous outflow and uncompro-

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0 1 y 5 y 10 y 15 y 

NNoo HHAATT

HHAATT

pp << 00..000011

igure 2. Graft survival with hepatic artery thrombosis (HAT) after
rthotopic liver transplantation. HAT profoundly decreased graft sur-
ival after orthotopic liver transplantation (p � 0.001, log-rank test).

able 6. Characteristics of Patients With and Without Portal
ein Thrombosis

haracteristic PVT (n � 84)
No PVT

(n � 4,150) p Value

ge, y, mean � SD 21 � 24 40 � 22 NS
ale : female 1.1 : 1 1.3 : 1 NS
rgent OLT, n (%) 38 (45) 1,501 (35) NS
ortal vein graft, n (%) 6 (7) 37 (1) � 0.01
xisting PVT, n (%) 11 (13) 205 (5) � 0.01
LT, orthotopic liver transplantation; PVT, portal vein thrombosis.
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ised inflow to the graft. Although HAT and PVT occur
nfrequently, their prevention and treatment present formi-
able challenges that must be overcome.
Renewed interest in HAT prevention is appropriate, given

he changing face of liver transplant recipients in recent years.
he fastest-growing population requiring OLT today suffers

rom nonalcoholic steatohepatitis (NASH), a condition asso-
iated with obesity, high body mass index, and diabetes mel-
itus.17,18 As a result, hepatic arterial anastomoses are no longer

ostly performed in emaciated patients with abdominal cav-
ties broadened by massive refractory ascites.17,18 Rather, the
rterial anastomosis is now frequently performed in morbidly
bese patients with deep peritoneal cavities crowded by con-
ested viscera, which presents a considerable technical chal-
enge in some patients.

The detrimental consequences of vascular thrombotic
vents after OLT and the difficulty in achieving success-
ul therapy have been documented in numerous stud-
es.5,7,9,14,18,19 These studies also highlight the difficulty of
herapy for this complication.5,7,9,14 Although new technol-
gies have made nonoperative interventions an option to
eal with this complication, our data indicate that for
atheter-directed therapies and surgical revision, results
mphasize the devastating outcomes of HAT for allografts:
urgical revision or thrombectomy and catheter-directed
herapies rarely salvage grafts, and most of these patients are
est treated with retransplantation. The suboptimal results
or catheter-based treatment of HAT are not easily ex-
lained, and other investigators have reported up to 50%
raft salvage rates with such approaches.14 It is possible that
ur use of extended-criteria grafts and livers donated after
ardiac death (organs less able to tolerate the additional
schemic insult of HAT) diminishes our salvage of these
rafts with thrombolysis. Additionally, we do not perform
rotocol surveillance ultrasound of the hepatic artery,
hich may disclose reduced hepatic arterial flow and
rompt more timely intervention, with a higher success
ate. Once HAT has occurred and is manifest by elevated
iver function tests, our results indicate that the vast major-
ty of these patients will sustain such a significant insult to
he allograft as to make retransplantation necessary for sur-

able 7. Treatment of Portal Vein Thrombosis in 84 Patients

reatment n
Salvage rate
n %

nticoagulation 48 22/48 46
evision/thrombectomy 22 7/22 32
etransplantation 20 n/a
atheter-based therapy 10 4/10 40
ortosystemic shunting 6 3/6 50
ival. Our aggressive approach to retransplantation likely p
ccounts for the small difference in longterm overall sur-
ival for patients with and without HAT.

The key role of allograft anatomy and need for complex
rterial reconstruction were highlighted by a previous report
rom our institution.16 Results from this study reemphasize
urgical and anatomic factors in HAT at a time when the
mportance of such factors has been questioned by oth-
rs.9,20,21 Although hypercoagulability and graft quality
ay play a role in HAT, our analysis indicates that small

rteries (pediatric recipients), aberrant anatomy (aorto-
epatic grafts), multiple anastomoses (backtable recon-
tructions), and arterial trauma (TACE) are all associated
ith an increased risk of HAT. Our data demonstrate that

rterial reconstructions most closely restoring normal anat-
my and gentle handling of arterial tissues are of para-
ount importance in hepatic arterial anastomosis. Al-

15 y 

PPVVTT

NNoo PPVVTT

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0 1 y 5 y 10 y 

pp == 00..0011

igure 3. Patient survival with portal vein thrombosis (PVT) after
rthotopic liver transplantation. PVT significantly decreased overall
atient survival after orthotopic liver transplantation (p � 0.01, log-
ank test).
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PPVVTT
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igure 4. Graft survival with portal vein thrombosis (PVT) after
rthotopic liver transplantation. As with hepatic artery thrombosis,
VT significantly decreased graft survival after orthotopic liver trans-

lantation (p � 0.001, log-rank test).
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hough some surgeons have reported no increase in
echnical or thrombotic complications with aortohepatic
rafting,22 our data indicate that these grafts have a higher
ncidence of HAT than do standard reconstructions from
he recipient’s celiac trunk. Our experience involves both
upraceliac and infrarenal reconstructions; other experi-
nces involve primarily infrarenal conduits, so direct com-
arison is not valid. In addition, several other factors (do-
or age, quality, and arterial anatomy, and similar factors in
he recipient) may account for the differences in outcomes.
ome investigators have demonstrated improved results
ith microscopic-assisted vascular techniques, but these
an be time consuming and cumbersome in very sick,
oagulopathic patients.23-28 Other centers have focused on
ematologic causes for HAT, and still others have discov-
red unusually high rates of HAT in recipients with amy-
oid polyneuropathy. 9,20,21,29 This analysis does not account
or patients with inheritable thrombophilic diseases, and,
iven the devastating effects of HAT on graft outcomes, such
ematologic workup may be routinely necessary to identify
atients at increased risk for thrombotic complications.

It is likely that those most at risk are patients who have
oth hematologic and operative factors. For these patients,
outine anticoagulation in the post-OLT setting should be
nstituted. In addition, our results suggest that peritrans-
lantation anticoagulation with heparin or an antiplatelet
gent should be considered in patients with extraanatomic
onduits, complex backtable reconstruction, or pre-OLT
ACE. The best prophylactic approach is controversial,
nd this can be a fertile area for randomized, controlled
rials.

Vascular control of the common hepatic artery at the
utset of portal dissection has resulted in a significantly
ecreased incidence of arterial thrombosis (1.1% versus
.7%; p � 0.002) and has reduced by 3-fold the need for
ortohepatic grafting (42 of 1,273, 3.3%, versus 290 of
,961, 9.8%; p � 0.001). The mechanism responsible for
his is a lower incidence of retrograde hepatic arterial dis-
ection because of avoidance of intimal shearing above the
ascular clamp. TACE runs in opposition to this approach,
ecause it applies shear force to the intima with catheters
nd places thrombotic, drug-eluting beads for treatment of
CC. At transplantation after TACE, these arteries are

requently friable and inflamed and, as our results indicate,
rone to thrombosis. Although TACE appears to be bene-
icial in the management of HCC before transplantation,
uidelines about the timing between interventional ther-
py and OLT may need consideration.10

In this series PVT was even more detrimental to graft
nd patient outcomes than HAT. Factors shown to be as-

ociated with post-OLT PVT include small portal vein size, P
arlier splenectomy, portal vein redundancy, and pretrans-
lantation PVT. But in this study and in others, pretrans-
lantation PVT and portal vein thromboendovenectomy
ave not been associated with increased risk for PVT.13

ultivariate analysis identified only pediatric recipients as
significant risk factor for post-OLT PVT. This result is

ikely related to the small size of the recipient donor vein
nd the need for complex reconstruction involving split
epatic allografts. Because of these factors, post-OLT anti-
oagulation is recommended for all pediatric recipients.

In contrast to our experience with HAT, our data indi-
ate that PVT severely threatens both graft and patient
urvival. One explanation for this finding is that patients
ith PVT cannot undergo retransplantation as readily as

hose with HAT. Although alternate routes for graft arteri-
lization can be surgically constructed after HAT, retrans-
lantation for PVT requires patent mesenteric graft inflow
o provide hepatotrophic factors. In patients with extensive
VT, this is not always possible, even with construction of
venous conduit. So, with more complex technical consid-
rations, patients with PVT are not always candidates for
e-OLT and experience the consequences of portal hyper-
ension, graft ischemia, and graft failure. Although multi-
isceral transplantation is an approach for this problem,
hese grafts are not as readily available and are subject to the
mmunologic complications associated with intestinal
ransplantation. Techniques to prevent PVT include veno-
lasty with an interrupted suture line for small veins, avoid-
nce of any redundancy or tension in the anastomosis,
nsuring adequate portal flow, and gentle handling of the
ortal vein. In the event that PVT occurs, treatment is
ore challenging, because alternative portal inflow can be

ifficult to establish. This fact likely accounts for the more
ronounced effect PVT has on patient survival in this
nalysis.

In conclusion, HAT and PVT are serious complications
fter OLT that decrease patient and graft survival. PVT has
reater detrimental impact than HAT on patient survival.
voidance of these vascular complications is critical to the

uccess of OLT, and vascular control of the common he-
atic artery occlusion at the initiation of portal dissection
ecreases arterial dissection, HAT, and the need for aorto-
epatic grafting. Implementation of this technique has

owered our incidence of HAT to close to 1%, which is
ower than or comparable to incidences reported from mul-
iple other centers.3,5,20,21 In addition, pretransplantation
ortal vein thrombosis treated with portal vein thromboen-
ovenectomy is not associated with an increased incidence
f PVT. Further reductions in the incidences of HAT and

VT will require more investigation into anticoagulation
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rotocols in combination with optimization of surgical
actors.
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iscussion

R DEVIN ECKHOFF (Birmingham, AL): I would like to congrat-
late Dr Duffy and Dr Busuttil and their colleagues from UCLA on
his excellent review, analysis and presentation, which has further
efined specific clinical factors predictive of vascular complications
fter liver transplantation. In the present era of organ shortages
nd the increasing incidence of patients dying on the wait list it is
ritical to minimize the number of patients requiring retransplan-
ation. Traditionally vascular thrombosis has been thought to be a
ailure of the surgical technique, but it is increasingly apparent, as
as correctly pointed out in this manuscript, that factors beyond

he surgeon’s control such as preexisting cancer, the use of transar-
erial chemoembolization, the role of allograft anatomy and thus
he requirement for complex arterial reconstruction, as well as
ypercoagulable states may all contribute to postoperative vascu-
ar thrombosis.
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