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Summary

Hepatic artery thrombosis (HAT) is a dreadful complication of orthotopic
liver transplantation (OLT). This complication occurred in 27 grafts (68% =
27/393 grafts) in 25 patients (9% = 25/313 patients). HAT was responsible for a
high montality (64% = 16/25 patients) despite a high retransplantation rate (70%
= 19/27 grafts). HAT should be suspected in case of fulminant liver failure,
delayed bile leak or unexplained fever of sepsis of unknown etiology occurring
after liver transplantation. Pulsed doppler examination and arteniogram are the
decisive diagnostic procedures. Patients presenting HAT can only be rescued by
early diagnosis and retransplantation. Aneurysms of the hepatic arterial supply
must also be treated urgently. either by conventional vascular repair if possible
or by retransplantation, because or the high incidence of fatal rupture (3/4
patients = 75%).

Introduction

Clinical orthotopic liver transplantation (OLT) is recognized as an effec-
tive therapy of end-stage liver disease [7-9). Despite standardization of donor
and recipient operations. still about 10% of the allografts are lost due 1o surgical
complications [2. 3]. This report handles nature, incidence, clinical presenta-
tion and treatment of hepatic artery complications in a series of 393 consecutive
OLT realized during the cyclosporine-era. o
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Fig ). Intra-operauve view and angiography of hepatic allograft revascularization using the fold-
over technique in case of tnple anenal allograft supply. *SMA with right HA (RHA); "CA wita
middle (MHA) and left HA (LHA).

Methods and materials

From March L. 1980 through December 31. 1984, 177 adults and 136 children received a
pnmary OLT in the Colorado-Pitisburgh senes under the cyclosponine-low dose steroid regimen.
Eighty-two retransplantations (re-OLT) were carmed out in 70 patients. 12 patients had three trans-
plants [9).

The donor hepatectomy 1s pant of a previously descnbed multiple organ procurement proce-
dure [10). Vascular anomalies of the liver are frequent. their identification is the initial step of evens
donor operation [11]. The HA is always removed with the coeliac axis (CA) and a paich of aonic wall.
In case of anatomical vanations. the procurement technique has 10 be adapied. A left hepatic arten
(LHA). ansing from the lefi gastnic artery (LGA) will be found in the upper pan of the gasiro-hepauc
higament. The LHA 1s preserved in continuity with the main LGA and CA.
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Fig. 2. Intra-operative view and angiography of iliac vessel grafi. This graft is anastomosed to the
donor hepatic anery ({), passed behind the neck of the pancreas (*) and anastomosed 1o the infrarenal
abdominal aona of recipient. PV « porual vein: BD = donor bile duct.

Hepatic antery anising from the supenor mesentenc artens (SMA) is the most frequent anomaly.
A nght as well as a common hepatic artery coming off from the SMA are almost always located
postenorls to the ponal vein (PV). A HA anising from SMA is preserved by dissecting out the antery
10 its ongin at the SMA. The SMA s freed from its aonic ongin several centimeters distal 10 the
anomalous HA. In case of a double or tnple hepatic anenal supply ansing from the SMA and CA . the
ongins of these two vessels can be folded together and anastomosed in order 10 creaie a single trunk
[1)(Fig. 1). The existence of uncommon anomalies of the hepatic artenal supply e.g. preduodenal HA
or HA directly ansing from the aona shouid be kept in mind dunng even organ procurement.

Every donor operation ends up with removal of 1liac anenes 10 be used as anenial grafis. In very
smal! pediatnc donors abdominal and or thoracic aona (A A and’or TA) are preserved in continuity
with the hepatic artenal supply to serve as antenal conducts [9] (Fig. 2). If the thoracic aonta is taken
out in continurty with the CA; the graft 1s cut off proximal 10 the CA and anasiomosed again 10 the
distal side of the aortic cylinder containing the CA. The upper end of the cylinder is closed by running
sutures [10). Cleaning of the hepatic arterial supply is done at the back table during the recipient
operation. -

Arterial reconstruction of the allograft usually consists of an end-10-end anasiomosis between
donor CA and recipient HA or CA. If the recipient vessels are diseased or unappropnate for vascular
sutunng the donor artery is anastomosed to an anenal graft (AG). This graft is passed through a
reiropancreatic tunnel and is sewn into the infrarenal recipient AA (Fig. 22-b). A tunnel running
behind the head of the pancreas and exiting t0 the nght of the portal vein is usually preferred [10). In
case of aortic conduit-use in children the same technique 1s used [8). The ‘growth factor 1echnique’
allows a maximal expansion of all running 6 or 7/0 prolene vascular sutures {8).
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Fig. 3. Angiographs and CT-scan: showing massive gangrene of the allografi due to HAT. one can see
the gazbubbles in the nght hypochonder.

Ninets of the 393 (22.9%) allografts had a complex vascular reconstruction consisting of the use
of an iliac grafi (39x). a fold-over 1echnique (26x). an abdominal (14 x) and thoracic (8x) aom:c
conduit. In three patients the use of an ilac graft was combined with the fold-over technique
(Table 1).

As clinical signs of hepatic artenal complications are often non-specific pulsed doppler uliza.
sound. is routinely performed dunng the early postoperative penod 1o allow evaluauion of be:r
hepatic allografi anen and parenchyma. Angiography 1s realized 1n case of abnormal or unclear
doppler findings {5]. -

Results

Twenty-seven grafts (6.8%) in 25 patients (7.9%) presented with an hepaiic
artery thrombosis (HAT). Three adults and three children. experienced a mas-
sive hepatic necrosis leading to a rapid fatal outcome due_to sepsis and hver
failure (Fig. 3). The average time of presentation was 8§ days * 7 (1 to 21 days
post-OLT). Sudden and sharp rises in the serum transaminase levels (more than
100-fold over normal) were always present. All 6 patients died despite re-OLT
in three of them (Table 2).

Eight patients with 9 grafts. developed a delaved bile leak. The average time
of biliary leak presentation has been 15.4 days * 5.8 (410 21 days post-OLT). Six
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Tabie 1. Type of anenal reconstruction in 393 OLT
'Y .

Hepaticarten (HA)Y . ... ... ... - HA 295
Graft ... - HA 61
hacgraft ... 39
sbdominalaora ...... ... . ........ 14
hOraCIC ..ot 8 90 (23.4%)
Foldover ............ ... .. ......... - HA 26
Fold overgraft ... . . ........... - HA k]

Table 2. Hepatic artery thrombosis (HAT) in OLT<linical expression

Grafts Qutcome

Retransplantation Decath
Fulminant failure ................ 6 k) 6
Biliaryleak ...................... g 7 Sce

SUFCIUPE ...t ieinnnnn.. 1°©

Relapsing bacteremia ............. 12¢° 9 S

19727 grafts 16/25 recip.

0% 64%

1 same patients
9 death due to pnman non-function of second graft
®  death duc 10 late rupture of mycolic aneurysm

patients of this group were children. One voung boy presented 3 times with an
HAT. twice manifesied as a bile leakage. once as bacteremia. All patients had a
persisiant fever together with detenoration of the liver function tests (LFT). not
responding to enhanced immunosuppression. Bloodculture showed gramnega-
live germs in 6 patients. A ‘biloma’ was diagnosed on CT-scan in § patients
(Fig. 4). Three of the six retransplanted patients recovered. three died. One
patient died of a primary non-function (PNF) of the graft another of a late
rupture of a mycotic aneurysm of the iliac graft. As both non-regrafied patients
died of septicemia. 5 of the 8 patients in this group died.

Eight pediatnc and 3 adult patients presented with ‘unexplained’ relapsing
bacteremia. The onset of the repeated episodes of bacteremia, usually associat-
ed with normal or subnormal liver function tests, averaged about 2 months after
transplantation (61.5 days * 90,5 with extremes from 9 to 330 days). The
bacteremia was mostly controlled with appropriate antibiotics. Five of 9 re-
transplantations were successfull. One patient died of PNF of the new grafi. At
relaparotomy 2 patients had bile duct necrosis without biliary soilage. Two of
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Fig. 4. Percutancous transcutancous cholangiography (PTC) and CT-scan: showing intrahepauc
‘biloma’ formauon secondary to HAT. -

the 3 non-retransplanted patients survived: one of them.a child. developed a
stncture of the choledochojejunostomy (Fig. 5). treated be repeated percuta-
neous transhepatic baloon dilatation (PBD). A retransplantation will become
necessary in a near future because of the problems related with the permanently
indwelling catheter in the biliary tract. Diagnosis of HAT was based on clinical
presentation, CT-scan and ultrasound (11 pat.) percutaneous and/or retrograde
cholangiography (3 pat.) and angiography (9 case). In 2 cases of fulminant liver
necrosis gasbubbles were demonstrated on the plain film of the abdomen. Four
times the diagnosis was made at retransplantation. A specific cause of the HAT
was identified in 7 of the 25 patients (28%): medial necrosis and intramural
hemorrhage of the CA, 180° turning-over of the donor thoracic aortic grafl.
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Fig. 5. PTC: biliany stncture of choledochojejunostomy secondary 10 HAT. The angiography shows a
well collateralized allografi.

Table 3. Hepatic artery thrombosis in OLT

Relation to age group

Age - 0-2 3-6 7-11 11-18  years Aduh
4 11 3 | 8

197177 8216

10.7% 3.1%

Relantion 10 1vpe of vascularization

Type fold-over grafi fold-over-HA grafi-HA HA-HA
0 b) 10 12

1590 12:295
16.6% 4%

inappropnate fold-over technique and intimal dissection of the donor iliac
graft. Two of 8 reversed thoracic conduits thrombosed.

HAT was much more frequent in the pediatric age group and in the group
of patients having a complex vascular reconstruction. although these were
equally spread throughout the different age groups (Table 3).

Nineteen of 82 retransplantations in these series were realized, in 18 pa-
tients. because of an HAT (19/82 re-OLT: 23.2%). As already mentioned two
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Fig 6. Pseudaaneurysm at the anastomosis between donor and recipient aona ({) on angiography
and CT-scac

patients died because of a PNF-graft. one of an aneurysm. Only 2 (28%) of the
7 non-retransplanted patients survived. Despite the high retransplantation rate
(19/27 grafis: 70%) the monality of HAT was very high (64% = 16/25 patients).

Two mycotic aneurysms were lethal because of an early rupture. One pa-
tient had a simple graft supply, the other an aortic graft. Two pseudoaneurysms
were located at the anastomosis between donor and recipient aorta. One could
be successfully repaired. the other caused a lethal bleeding due to delayed
aneunysmal rupture (Fig. 6). Three of the 4 aneurysms were lethal (75%).

An asymptomatic stenosis of the H4 was accidentally diagnosed in 4 pa-
tients. One patient presenting with persistant elevation of LFT had a well
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Fig. = Limited hver allograft infarcuion (*) due 10 embolization () of the posterolateral anernal
branch of the graft.

defined hepatic infarction due 10 an occlusion of the nght posterolateral arterial
branch of the liver secondary 10 an embolization (Fig. 7). Liver function re-
covered following collaterization of this obstruction.

Discussion -

Technical complications remain an imponant cause of morbidity and
montality after orthotopic liver transplaniation (OLT). Thrombosis of the
hepatic artery (HAT) is common and has three different clinical presentations:
fulminant hepatic necrosis. delayed bile leakage and relapsing bacteremia |2, 4.
11].

375



Tabic 4 Differences between priman and secondan biliany complications (BTC) in liver transplan-
tation .

Pnman Sccondany BTC
Diagnosis ... (T-wube. PT. ERCP) Doppler ultrasound.
cholangiography angiography.
(PT) cholangiograph
Success bithan redo surgery .......... high (2527 pat.® = 92.5%) low (1/5 pat. = 20%)
Retransplantrate ................... low (4’52 pat) high (6/8 pat. = 75%)
Monaity rate ...................... low (5/52 pat. = 9.6%) high (5/8 pat. = 62.5%)

* in CC-T and RYCJ-S bilian tract reconstructions
PT = percutaneous transhepatic cholangiography

HAT should be considered in all recipient presenting with fever and/or
sepsis and with positive gramnegative bloodculture with or without increase in
hepatic transaminases. Intra-abdominal abscess or other undetected sources of
persistant infection must also be excluded. Anteriography and pulsed doppler-
ultrasound are the decisive diagnostic procedures. Routine doppler-ultrasound
investigation during the first postoperative days will allow a rapid diagnosis of
HAT [5). Differential diagnosis between primary and secondary biliary leakage
is of utmost imponance because of the completely different management an
outcome (4]. Primary BTC can be managed successfully by conventional bilian _
repair techniques. In case of secondary BTC. reintervention on the biliary tract
i1s doomed to fail because of the borderline or insufficient vascularization of
donor bile duct (80% failure rate in 5 patients). Recurrent leakage exposes 10
prolonged localized or generalized sepsis and to a high monality rate (62%)
(Table 4).

Interruption of the antenal blood supply of the liver grafl is a devasiating
complication. The graft is at disadvantage compared with the native organ if* - ~
that it lacks the collaterals that normally exist in the attachments of the liver and
in that. the graft is subject 10 rejection with the consequent adverse effect on
bloodflow [11]. These two findings render the grafl ischemic and vulnerable 10
invasion by intestinal micro-organisms. As the bile duct is completely depen-
dant for its blood supply on the donor hepatic anery. the principal injury of
HAT is an 1schemic necrosis of the intra- and/or extrahepatic bile ducts. This
explains the high incidence of bile duct necrosis after HAT (8/25 pat. - 32%). If
the intrahepatic ducts are involved. development of hepatic abscess is common
[4. 11). The necrosis of bile duct epithelium is followed by a dispersion of bile
into the i1schemic hepatic tissue corresponding to the ‘biloma’-formation de-
tected by CT-scan or US. Percutaneous or T-tube cholangiographies will con-
firm the connection of this cavity with the biliary tract. If the extrahepatic ducts
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are involved. extrahcepatic bile abscess or frank bile peritonitis occur which
requires laparotomy for drainage and liver replacement. In milder cascs. late
biliary strictures can develop. which can be temporanly managed by percuta-
ncous balloon dilatation.

Because of its dramatic consequences every effort should be underiaken 10
artenalize adequately the allograft and to prevent subsequent thrombosis. In
small pediatnc recipients and in patients requiring complex vascular re-
construction appropriate fluid administration. avoidance of aggressive correc-
tion of abnormal clotting parameters before allograft implantation and pro-
phylactic administration of Dextran 40 (given at 20 cm® per hour) for the first
S days are desirable. As soon as the patient is on oral intake aspirin (40 mg'day)
1s given daily.

Simplified methods of allograft anterialization should be aimed at. The
bifurcation of the common hepatic and gastroduodenal aneries mostly pro-
vides an adcquate cuff to be anastomosed with the donor hepatic arteny {2. 9.
11]. In small children, the allograft antery is preferentially anastomosed 1o the
native aorta. Ligation of the recipient splenic artery may enhance the hepatic
blood flow by preventing a steal phenomenon in case of end-10-end anastomosis
of the donor artery with recipient HA. Intraoperative blood flow measurements
can idenufy technical anastomotic errors but will also assure the surgeon of a
good allograft flow. Intraoperative flow measurements beneath 200 ml/min are
mandatory for an immediate revision and correction of the arterial anastomosis
[3]. The routine use of pulsed doppler ultrasound should be extended to the
early postoperative period. These investigations enable a rapid diagnosis and
treatment of these arterial complications.

Retransplantation represents the final solution for HAT [4.9. 11]. Onlyin
patients. presenting with a stable liver function and sepsis. controlled with
antibiotics. a decision 10 delay the retransplaniation may be considered. Chil-
dren and adolescents tolerate HAT more readily than older pauents. because
they are better able 1o develop hepatopedal artenal collaterals {11]. Percu-
taneous transhepatic catheter manipulation can than be useful in temporary
drainage of intrahepatic collections of dilation of biliary structures. The high
monality rate of HAT in these senes. despite the high retransplantation rate. is
explained by a major delay in diagnosis and in regrafting. HAT of the allograft is
therefore an urgent indication for retransplantation.

Aneurysms of the arterial allograft supply have a high incidence of faial
rupture. Ultrasound examination of the grafied patient may be helpful in mak-
ing a rapid diagnosis. As soon as diagnosed. the pseudoaneurysm should be
repaired by conventional vascular techniques. Retransplantation is necessary
in case of mycotic aneurysm formation although the chance 10 rescue these
patients is poor because of the persisting systemic infection.

Arterial embolization is a minor complication of OLT one should think
about in case of persistent unexplained and moderate liver dysfunction. Liver
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function will be normalized by progressive collaieralization of the ischemic
liver segment. )

Results of OLT can be further improved by reducing surgical technical

problems and earlier recognition of these complications. As biliary and artenal
complications represent the vast majority of postoperative surgical problems.
adequate training in hepatobiliary and vascular surgery should be one or the
prerequisites of the livertransplant surgeon.
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