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INTRODUCTION: The presence of atherosclerosis of the common hepatic artery (CHA) in donor livers
potentially contributes to vascular complications after liver transplantation, thereby most of those organs
are traditionally discarded. Herein, we describe the successful outcome of three patients transplanted
with grafts that had severe atherosclerosis of the donor CHA up to the level of the gastroduodenal artery
(GDA).

PRESENTATION OF CASE: In all three cases, endarterectomies were performed by dissection between the
atheromatous core and the artery intima using a dissecting spatula, allowing to secure the lumen of the
vessel. The native CHA/GDA patch was aligned with the corresponding CHA/GDA patch from the graft for
the arterial reconstruction. No vascular complications were seen post-operatively.

DISCUSSION: Endarterectomy and anatomical reconstitution of the arterial tree, without any redundancy
or kinking, allowed for the successful transplantation of organs that would be otherwise discarded.
Further, the straight alignment of the arteries may enhance flow dynamics, preventing thrombosis.
CONCLUSION: This report might guide future studies targeting means to increase the utility of donor livers
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discarded due to arterial atherosclerosis.
© 2019 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Background

The current demand for donor organs in liver transplantation
(LT) largely exceeds the supply [1]. In the United Kingdom (UK)
between 2016 and 2017, around 15% of patients died or were
removed from the waiting list because they became too sick [2].
Therefore, transplant centres are increasingly accepting livers from
extended criteria donors (ECD), including old donors and donation

Abbreviations: LT, liver transplantation; ECD, extended criteria donors; MLs,
marginal livers; PBC, primary biliary cirrhosis; PHT, portal hypertension; UKELD,
United Kingdom Model for End-Stage Liver Disease; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; INR, international
normalized ratio; BMI, body mass index; DBD, donation after brain stem death; DCD,
donation after circulatory death; GDA, gastroduodenal artery; CHA, common hep-
atic artery; CIT, cold ischaemia time; WIT, warm ischemia time; HAT, hepatic artery
thrombosis.

* Corresponding author at: Second Department of Surgery, Dokkyo Medical Uni-
versity, 880 Kitakobayashi, Mibu, Tochigi 321-0293, Japan.

E-mail address: sakuraoka812@gmail.com (Y. Sakuraoka).

https://doi.org/10.1016/j.ijscr.2019.05.048

after circulatory death (DCD) [3,4]. In the current era, the number
of patients suffering from lifestyle-related co-morbidities such as
obesity, hypertension and diabetes mellitus is rising, and they are
already major causes of death in some countries [5-7]. These dis-
eases are usually associated with atherosclerosis of vessels, which
would add more risks in terms of graft quality when considering
those individuals as potential organ donors.

Atherosclerosis’ impacts graft outcomes after LT in many ways.
Usually, atherosclerosis is confined to the ostia of origin of vis-
ceral vasculature, such as the celiac axis or renal arteries, and it
may cause poor organ perfusion during procurement. Extensive
atherosclerosis of the common hepatic artery (CHA) can lead to
vascular complications after LT, including hepatic artery thrombo-
sis (HAT), which ranges from 2% to 9% [8-10]. Progression of donor
atherosclerosis and neo-intimal hyperplasia causing hepatic artery
stenosis after LT are major potential complications that may result
in ischemic biliary complications and long-term graft loss [11,12].
Therefore, severe atherosclerosis of the CHA is considered a reason
for organ discard due to the potential hazards described above.

2210-2612/© 2019 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
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The arterial reconstruction during graft implantation depends
on a combination of factors, including donor and recipient artery
diameters, vessel quality, donor/recipient anatomical variations
and specific conditions related to the indication for LT [13,14].
In this report, we describe three cases of grafts that had severe
atherosclerosis of the CHA as distal as the origin of the gas-
troduodenal artery (GDA). Endarterectomy, followed by arterial
reconstruction, was performed, allowing for a successful outcome
in transplanted patients. This was possible due to the relatively
unconventional, but anatomically favourable, arterial reconstruc-
tion techniques that were performed. The work has been reported
in line with the PROCESS criteria [15].

The early success and technical aspects are described herein and
enlighten the readership on careful consideration of such grafts for
clinical transplantation.

2. Case presentation
2.1. Case1

The patient was a 51-year-old, female sex, blood group O, with
advanced decompensated primary biliary cirrhosis presenting with
refractory ascites, sarcopenia, portal hypertension and significant
jaundice. The United Kingdom Model for End-Stage Liver Disease
(UKELD) score was 61 [16-18] and she was listed for LT. This patient
received a DCD liver from a 74-year-old, male sex, donor. Further
donor details are presented in Table 1. Recipient laboratorial data
on the index admission for transplantation were summarised in
Table 2.

The graft had normal hepatic artery anatomy, but an extensive
atheromatous plaque up to the GDA. During implantation, the graft
GDA was divided obliquely along the main hepatic artery stem and
an endarterectomy was done. A plaque free portion of the hepatic
artery above the GDA was obtained for direct anastomosis to the
native CHA at the GDA junction; thereafter, a short, straight and
non-redundant arterial reconstruction was performed. The anasto-

mosis width was just over 6 mm, there were good pulse waves and
the resistance index was confirmed by doppler ultrasound intra-
operatively.

Surgical times are presented in Table 2. In terms of postoper-
ative complications, this patient developed renal dysfunction and
fluid overload in the immediate post-operative period, requiring
temporary renal support. Additionally, further respiratory infec-
tion required the intensive care unit (ICU) up to post-operative day
(POD) 9. Patient also developed delayed graft function with pro-
longed cholestasis. The bilirubin level was 266 mmol/L on POD 29
and it improved gradually down to 69 mmol/L by POD 49 when the
patient was discharged. It was within the normal range (18 mmol/L)
after 3 months of the transplant. During hospitalisation 4500 units
of low molecular heparin and 75 mg of aspirin were given daily
from POD 1 onward, as per unit protocol. The haemoglobin level
was maintained around 80 g/L and platelets on an average of 80,000
counts until POD 5. Immunosuppression was standard, and the bio-
chemistry was within the normal range at 4 months follow up. An
ultrasound scan at 4 months post-transplant showed patent graft
vessels and a non-dilated biliary system without evidence of HAT
or hepatic artery stenosis (Figs. 1 and 2).

2.2. Case?2

A 20-year-old patient presented with acute liver failure of
uncertain aetiology associated with acute kidney injury due to
poor oral intake and vomiting. She was admitted to the ICU
with alanine aminotransferase (ALT) levels of 4000 IU/L, interna-
tional normalized ratio (INR) of 6.0 (Table 2), mental confusion
and hypoglycaemia. A comprehensive liver autoimmune and viral
serology was pending, and the toxic screen was negative. Patient
was managed with hemofiltration, received N-acetylcysteine with
antimicrobial cover and listed for super-urgent liver transplanta-
tion. Aliver from a donor after brain stem death (DBD), 48-year-old,
female sex, was offered for this patient (donor details in Table 1).
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Fig. 1. Post-operative imaging exams. Computerized tomography at post-operative day 11 showed the site of arterial anastomosis (white arrow) naturally aligned without
redundancy (panel a). Ultrasonography performed for casel (panel b), case 2 (panel c) and case 3 (panel d) at post-operative day 11 showed resistance index of 0.83, 0.54 and
0.63, respectively. For all cases the arterial flow was normal without evidence of hepatic artery thrombosis.
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Table 1
Donor demographic data.
Characteristics Case 1 Case 2 Case 3
Donor Type DCD DBD DBD
Cause of Death Intracranial thrombosis Intracranial haemorrhage Intracranial thrombosis
Age (years) 74 48 52
Sex Male Female Male
Blood Group
ABO 0 B (0]
Rhesus + +
BMI (kg/m?) 22 23 31
Comorbidities
Hypertension + + +
Hypercholeterolemia + + +
Type I diabetes +
Smoking + + +
CKD — + —
Heart disease - - +
Donor WIT® 17 -

Abbreviations: DCD: donation after circulatory death; DBD: donation after brain stem death; CKD: chronic kidney disease; WIT: warm ischemia time.
2 Donor warm ischaemic time was defined as the interval between the systolic blood pressure less than 50 mmHg or/and arterial oxygen saturation to less than 70% to

commencing the aortic cold perfusion in the donor.

Table 2
Operative timings and post-operative biochemistry data.

Operative timings

Case 1 Case 2 Case 3

CIT (min) 403 595 630
Implantation time® (min) 21 31 25
Operative time (min) 247 317 332
Post-operative biochemistry data

Case 1 Case 2 Case 3
Parameter Adm im 3m Adm im 3m Adm Im 3m
AST (IU/L) 128 - 30 - 34 43 43 39 17
ALT (IU/L) 90 71 20 2.,965 14 19 23 47 16
Bil (mmol/L) 207 240 18 68 29 12 67 17 8
ALP (IU/L) 338 1,585 429 86 1044 329 136 183 82
INR 1.5 1.2 1.0 4.5 1.1 1.0 1.7 2.2° 2.2°

Abbreviations - CIT: cold ischemia time, which is defined as the time that an organ surgically removed for transplantation remains in a chilled perfusion solution before
engraftment, Adm: admission, AST: enzymes aspartate aminotransaminasetransferase, ALT: alanine aminotransferasetransaminase, y-GTP: y-glutamyl transpeptidase, Bil:
total bilirubin, ALP: alkaline phosphatase, PT-INR: prothrombin time International normalized ratio.

2 The patient was treated with warfarin.
b Until portal vein reperfusion.

The graft hepatic artery had atheromatous plaque beyond the
GDA in the proper hepatic artery (PHA). Graft hepatic artery
was prepared at the GDA, and endarterectomy was performed.
Recipient CHA was prepared at the GDA junction and arterial
reconstruction was done with an anastomosis just over 5mm
wide. The plaque removed from the donor CHA/GDA junction had
1.2 x 0.3 x 0.2 cmand it was reported as an organised atheromatous
plaque on histology. The remnants of the donor artery discarded
and sent for histology showed extensive atheromatous changes
with intimal thickening and infiltration of foam cells and choles-
terol clefts. Focally, in one of the branches, there was at least 75%
luminal occlusion. Surgery timings are presented in Table 2.

After the liver transplant, the patient required inotropic and
ventilation support for 2 days, with subsequent uneventful postop-
erative course. She was discharged on POD 14. The same protocol
of thrombosis prophylaxis previously reported has been followed.

Biochemical values were within normal range after 3 months of
the transplant (Table 2). An ultrasound scan showed patent graft
vessels and a non-dilated biliary system without evidence of HAT
(Figs. 1 and 2). The patient is well after 3 months follow up (Fig. 3).

2.3. Case3

A 56-year-old patient, blood group O, diagnosed with alcohol-
related liver disease, presenting with a UKELD of 49 that had
previously undergone laparotomy for diverticular abscess and
reversal of Hartmann’s procedure, was listed for LT. He received a
DBD liver from a 74-year-old, male sex donor, who died for intracra-
nial thrombosis (donor details in Table 1).

The graft arterial tree was completely atheromatous from the
aortic patch, way up to the PHA, beyond the GDA, and into the
left hepatic artery (LHA) and right hepatic artery (RHA) branches.
This was not informed by the retrieval or bench picking teams,
and therefore, was recognized only during implantation once the
surgeon was ready for the arterial reconstruction following portal
reperfusion. The lumen of the atheromatous proper hepatic artery
was significantly narrow, and the disease was circumferential. Sur-
gical endarterectomy of the PHA was performed and the plaques
extending up in both branches were removed en-mass. The total
length of the endarterectomized specimen was 1.5cm upwards
from the GDA of the graft. Distal hepatic artery, following the pro-
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Fig. 2. Colour-doppler-ultrasonographic images at late post-operative course; for case 1 (panel a) at post-operative day (POD) 38, case 2 (panel b) at POD55 and case 3 (panel
c) at POD90. All scans showed adequate flows on the hepatic artery with resistance index within normal range.

cedure, was soft. The native CHA was prepared at the GDA junction.
Further, the hepatic arteries were aligned straight, and they were
reconstructed with 7-0 prolene with a continuous suture. The intra-
operative doppler ultrasound showed good flows on the right, left
and segment 4 artery branches. Histological assessment reported
extensive atheromatous change, markedly thickened intima with
myxoid change and foam cells. Occlusion the lumen of 50% was
found in some portions.

This patient had an uneventful post-operative course, stayed in
the ICU for one day and was discharged at POD 8. He was at a higher
risk of artery thrombosis because the atheromatous plaques were
extending up to the LHA and RHA branches, hence short-term anti-
coagulation with warfarin was undertaken post-operatively. The
targeted INR was between 2.0 and 2.5 over the three initial months
after transplantation. Biochemistry values were within a normal
range at 3 months post-transplant (Table 2), and an ultrasound scan
showed patent graft vessels and no evidence of HAT (Figs. 1 and 2).
The patient is well at a follow-up of three months.

3. Discussion

Atherosclerosis is a disease that occurs in elastic arteries,
such as the aorta, or in medium-sized muscular arteries, and

elevated lesions of the tunica intima called plaques character-
ize it. Morphologically, it is classified into four stages: fatty
streaks, fibrous plaques, atheromatous plaques and complicated
lesions [19]. Atherosclerotic plaques develop when endothelial
cells are injured by haemodynamic or other kinds of stress. Plaque
gradually increases through lipid deposition and an increased
extracellular matrix, in addition to migrating macrophages and
smooth muscle cells. If an erosion or an ulcer develops on the
surface of a plaque, a blood clot forms, and organization and
calcification can occur. When this process is repeated, it results
in complicated lesions [20]. Accordingly, plaque removal dur-
ing arterial anastomosis is essential to prevent postoperative
thromboembolism.

In the three cases reported, the arteries chosen for anastomo-
sis had severe atherosclerosis and, technically, unique steps were
followed. In all three cases, the native CHA was prepared at the
GDA level after dividing from the distal GDA and transfixing it. A
wide arterial patch was created by opening the GDA patch. The key
rationale was to align this native CHA/GDA with the corresponding
CHA/GDA patch from the graft. This is a natural anatomical recon-
stitution of the arterial tree without any redundancy or kinking,
which straight aligns the arteries and thus, enhances flow dynam-
ics, preventing thrombosis. The GDA/CHA patch was created, and a
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CELIAC orifice

Fig. 3. Macroscopic and histologic assessment of atherosclerotic donor liver vessels. panel (a) shows the plaque removed in block from case 3, extending towards the left,
right hepatic artery (LHA and RHA, respectively) from the common hepatic artery (CHA) main stem. The atheromasclerotic lesion from case 2 is represented in panel (b), it
started at the origin of the celiac trunk extending to just beyond the bifurcation of the CHA and splenic artery (SA). Panel (c) shows cross sections of the arteries from case 2
with macroscopic severe occlusive lesion thickening the vessel’s wall. Histological assessment (Panel d) found that the lesion was occluding 75% of the lumen of the artery.

wide Carrel patch was obtained from the grafts before endarterec-
tomy. Endarterectomies were performed by dissection between the
atheromatous core and the artery intima using a dissecting spat-
ula, allowing to secure the lumen of the vessel. Preservation of the
tunica media, including the elastic fibres, is crucial for maintaining
the elasticity of the arteries. Residual plaque is a risk for postoper-
ative thrombosis and thus, its total removal is considered essential
(Fig. 4).

Endarterectomy was first carried out on a superficial femoral
artery in 1946 by Cid dos Santos and subsequently, on the abdomi-
nal aorta by Wylie in 1951 [21,22]. During the 1950s and 1960s,
aortoiliac endarterectomy (AIE) was the standard procedure for
treatment of aortoiliac occlusive disease [23-25]. Connolly JE et al.
(2006) reported a rate of 89.2% patency of aorto-common iliac
endarterectomy aortoiliac occlusive disease [26]. In 2014, Siracuse
]J] et al. investigated a total of 1513 patients and found that com-
mon femoral endarterectomy is well tolerated by the majority of
patients with peripheral arterial disease [27]. As for a transplant,
Yuan XP et al. (2012) revealed an adequate graft survival rate in
62 diabetic recipients with endarterectomy for iliac atherosclero-
sis before renal arterial anastomoses [28]. Despite endarterectomy
being an established procedure, it is not reported in LT, and
we described for the first time the use of endarterectomy for
atherosclerosis of donor liver.

Many transplant surgeons have chosen the splenic artery
patch or the CHA stem from the graft for arterial reconstruc-
tion, whereas we opted for the GDA patches. We believe that
avoiding kinking and aligning the arteries contributes to the long
term patency of graft vessels. Flow and pulse wave are routinely
checked by intra-operative and post-operative ultra sound exam-
inations (Figs. 1 and 2). These are also fundamentally important
to assess whether optimal arterial reconstruction was and to rule
out early HAT. The contentious use of short to medium term
anti-coagulation was based on the risk balance. Anti-coagulation
treatment has its own risks, hence we consider this on a case by case
basis.

4. Conclusion

In conclusion, we reported three cases of severe atherosclerosis
of donor hepatic arteries recognised during LT, where pragmatic
and judicious decision making enabled successful endarterectomy
and appropriate arterial reconstruction. All three grafts were under
different circumstances, from urgent to elective transplantation,
yielding successful transplantation through technical modification,
demonstrating potential avenues to increase the utility of other-
wise discarded donor livers.
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Fig. 4. Schematic representation of the surgical technique for management of atherosclerotic arteries in liver transplantation. Once the liver graft was implanted and
reperfused, the site for arterial anastomosis was then decided (panel a). An oblique cut at the bifurcation of the gastroduodenal artery (GDA)/common hepatic artery (CHA)
was made for creation of a wide patch. Endarterectomy was performed by dissection between the atheromatous core and the artery intima using a dissecting spatula,
allowing to secure the lumen of the anastomotic vessel (panel b). Recipient GDA was cut and mobilised to make a patch at the native side (panel c). Subsequently, end-to-end
anastomosis was performed on a continuous fashion (panel d) with no kinking and natural flow (panel e).
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