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Background and Objective: Liver transplantation is a life-saving procedure, but also associated with
complications. Hepatic artery thrombosis is one of the most devastating complications, especially for living
donor liver transplantation. The application of microsurgical techniques for hepatic artery reconstruction
has greatly reduced the risk of hepatic artery thrombosis. In this narrative review, we discuss the technical
considerations and challenges faced in microsurgical reconstruction of hepatic artery in liver transplantation.
Methods: PubMed, Web of Science, and Google Scholar were searched for keywords relating to “liver

transplantation”, “microsurgery”, “living donor liver transplantation”, “deceased donor liver transplantation”,

“hepatic artery”, “hepatic artery thrombosis”, “hepatic artery reconstruction” and “microsurgical
anastomosis”. Relevant articles pertaining to the technical considerations and challenges of microsurgery in
liver transplantation were included.

Key Content and Findings: The conditions of liver transplantation pose unique challenges to the
microsurgeon. Nonetheless, there are described strategies that can overcome these conditions, as well as
technical details that may improve the outcomes of hepatic artery reconstruction. These strategies start
from proper positioning of the patient, conscientious selection of donor and recipient hepatic vessels, and
minimizing movements during critical microsurgical anastomosis. Technical details include techniques to
overcome vessel delamination, size mismatch, poor quality vessels, and short vessel stump. This review also
explores the outcomes of microsurgical hepatic arterial reconstruction.

Conclusions: There are various strategies to mitigate the challenges of microsurgery in liver transplant.
Microsurgery improves the outcome of liver transplantation. Microsurgeons will continue to be a priceless

resource that all liver transplant teams should have.
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Introduction transplant, living donor liver transplantation has become
. L . ubiquitous in tertiary institutions (2,3). While living donor
Liver transplantation is widely accepted worldwide as a q y 23) &

. . o .
life-saving procedure for suitable patients with end-stage liver transplantation accounts for only 5.3% of all liver

liver failure. The first living donor liver transplantation
was reported in 1989, and the procedure has gained
traction ever since (1). Due to a limited supply of deceased
liver donors and an ever-increasing demand for liver
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transplants in the United States (4), living donor liver
transplantation programs have reported better patient
survival, decreased length of stay, decrease hospital costs,

decreased need for post-transplant dialysis, and less
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Table 1 The search strategy summary
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ltems Specification

Date of search 3 December 2022

Databases and other sources searched PubMed, Web of Science, Google

Search terms used

“liver transplantation” and “microsurgery”, “living donor liver transplantation” and “microsurgery”,

“deceased donor liver transplantation” and “microsurgery”, “hepatic artery” and “microsurgery”,
“hepatic artery thrombosis” and “microsurgery”, “liver transplantation” and “microsurgical
anastomosis”, “hepatic artery reconstruction”

Timeframe 1985-2022

Inclusion and exclusion criteria

Inclusion criteria: studies written in or translated to English. All study designs were included.

Relevant articles pertaining to the challenges and technical considerations of microsurgery in liver
transplantation were included. Studies not in English language were excluded

Selection process

Title, abstract and full text reviews were performed independently by two authors

intraoperative blood product usage than decreased donor
liver transplantation (5-7).

Liver transplantations are also associated with significant
complications (8-10). One of the most feared complications
in the acute postoperative phase of liver transplantation is
hepatic artery thrombosis. This devastating event has a 3.8%
to 9.0% incidence rate and results in critical ischemia of the
biliary tree (11-14). This in turn may lead to septicaemia
and hepatic necrosis (15,16). It is poorly tolerated with high
mortality rate of around 50% and re-transplantation rate
as high as 75% (15,17,18). As the biliary system is supplied
entirely by the hepatic artery, the ischemic compromise of
the biliary tree from hepatic artery thrombosis also leads
to biliary strictures, biliary leakage or other complications
(19,20). These biliary complications result in significant
morbidity such as biliary stasis requiring drainage catheters,
biliary sepsis and eventually liver failure (21,22).

Until recently, a donor liver graft with hepatic artery of
less than 2 mm in diameter was a contraindication for liver
transplantation due to high risk of hepatic artery thrombosis (23).
Fortunately, the application of expert microsurgical
techniques for hepatic arterial reconstruction has greatly
reduced the risk of hepatic artery thrombosis and increased
the pool of suitable donors, improving the lot of patients on
liver transplant lists worldwide (24).

We have performed a narrative review on the current
literature of the technical considerations and challenges
of microsurgery in hepatic artery anastomosis for liver
transplantation. We present this article in accordance
with the Narrative Review reporting checklist (available at
https://atm.amegroups.com/article/view/10.21037/atm-23-
519/rc).

© Annals of Translational Medicine. All rights reserved.

Methods

The search strategy summary is presented in Table 1.

All clinical procedures described in this study were
performed in accordance with the ethical standards of the
institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient for the
publication of this article and accompanying images.

Preparation for microsurgery in liver transplant

Hepatic artery anastomosis demands the highest level of
surgical expertise and surgeons who lead this key step of
the liver transplantation must be adept at microsurgical
techniques, regardless of their original specialty training.
Prior to the liver transplantation surgery, we recommend a
multi-disciplinary review of the case with the anaesthetists,
transplant surgeons, microsurgeons, and radiology to discuss
the anticipated technical challenges and optimization of the
conditions, as each case is unique. In the following sections,
we describe in some detail, the technical tips and tricks for a
successful hepatic artery anastomosis.

Positioning

The operating microscope is positioned at the patient’s
left, with its base in line with the thorax. The main surgeon
stands at the patient’s right axilla, while the first assistant is
at the patient’s left axilla. The main surgeon should have a
long jeweller’s forceps (Figure 1) in his left hand and use his
right hand to handle the curved micro-scissors or needle
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holder (Figure 2). The first assistant should have two long
jewellers at his disposal as well as a straight micro-scissors
to cut the micro-sutures. Adequate exposure is essential
for success of the anastomosis, and this responsibility lies
with the second assistant (23,25). The second assistant also
stands at the patient’s left side, and manually retracts any
protrusive loops of bowel. Forceful retraction is usually
required but too much force will cause undue tension on

Second assistant

Main surgeon

Figure 1 Positioning of the main surgeon, first assistant, and

second assistant for microsurgical anastomosis.

First assistant
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the vascular anastomosis. The donor liver is positioned
depending on the lie of the vessels. Ideally, it is usually
easiest to orient the vessels with the cut ends at 45° angle
sloping from the main surgeon’s left to right; however, this
may not be possible. The main surgeon should be prepared
and adept to perform the microsurgical anastomosis in
every angle of the vessel cut ends. Back hand microsurgical
stitching may be necessary. Furthermore, the first assistant,
who may have a better angle or position, may also perform
the microsurgical anastomosis as an additional measure.

The liver may be retracted superiorly using a Thompson
retractor to expose the vessels or a moist penny towel placed
in the subdiaphramatic space to bring the liver forward,
especially when the vessel stumps are short. A moist sponge
may be placed deep to the vessels to elevate the plane of
anastomosis and prevent fluid from interfering with field (26).
Suction tube hooked to a small (5 French) feeding tube or
cannulation tube can be placed beneath gauze or cottonoid
to keep the field dry and optimize visualization.

Selection of the donor and recipient vessels

The size and quality of the donor artery will determine the
inflow. It is important to preserve all three hepatic arteries
(left, middle, and right) during the hepatoduodenal ligament
dissection in the recipient (27).

The level of donor and recipient arterial anastomosis
ultimately depends on the length and diameter of the

Figure 2 Microsurgical anastomosis of hepatic artery in a living donor liver transplantation. (A) Roles of the main surgeon, first assistant,

and second assistant in the microsurgical anastomosis; (B) post hepatic artery reconstruction using microsurgical techniques.
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vessels. In our experience, we usually anastomose the
donor proper hepatic artery for full liver allografts, right
hepatic artery or proper hepatic artery for right liver
allografts, and left hepatic artery for left liver allografts.
The recipient vessel use is usually the proper hepatic artery.
The reconstructed hepatic artery should have a tension-free
anastomosis with minimal redundancy and be free of kinks
when the donor liver is returned to its resting position.

The recipient hepatic artery may be unsuitable for
reconstruction in cases of scarring from previous operation,
preoperative transarterial chemoembolization, arterial
dissection or aneurysm. In such cases, two strategies can
be adopted: (I) interposition grafts; (II) extra-anatomical
recipient artery. For interposition grafts, various donor
vessels have been used, such as the radial artery, iliac artery,
inferior mesenteric artery, superior rectal artery, and great
saphenous vein (28-31). Some of the extra-anatomical
arteries used include left gastric artery, right gastroepiploic
artery, right gastric artery, gastroduodenal artery, splenic
artery and cystic artery (30,32). These strategies can also
be used for re-anastomosis for hepatic artery thrombosis or
re-transplantation cases, after all previous anastomoses are
excised.

Liver graft with multiple arteries

A “classic” hepatic arterial anatomy is only present in
55-60% of the population with various arterial variations
(33,34). Multiple arteries in liver graft are not uncommon,
and this is more prevalent in left lobe grafts, where the
segment four artery arises from right hepatic artery (35).
Other variations include accessory right hepatic artery from
superior mesenteric artery or when anterior and posterior
divisions of right hepatic artery occur extrahepatically (36).

When managing multiple arteries in grafts for liver
transplant, there is controversial evidence regarding
the need for reconstruction of all graft arteries. In
some studies, there are significantly higher number of
biliary complications when one artery was reconstructed
compared to multiple arterial reconstructions (37,38)
while in other studies, there is no statistical difference in
the biliary complications (39,40). Notably, single arterial
reconstruction has been advocated to reduce the incidence
of arterial complications (41).

Multiple authors have proposed a management algorithm
for the need for reconstruction of all graft arteries (40,42).
This is based on collateral blood vessels forming a plexus
between right and left hepatic arteries, termed as the
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“hilar plexus”. The authors suggested that multiple arterial
reconstructions are unnecessary when (I) there is satisfactory
back bleed after division of smaller of arteries prior to graft
recovery during the donor surgery, and (II) when there is
good pulsatile arterial back bleed from the second artery
after the dominant artery reconstruction, with the presence
of intrahepatic Doppler flow in the non-arterialized
segment of the graft in the recipient. The authors reported
no significant incidence in the complications between single
and multiple arterial reconstructions.

One way to deal with multiple graft hepatic arteries is
the use of unification arterioplasty, which forms a single
arterial orifice to anastomose to the recipient artery (32).
This can be achieved using side-to-side technique or end-
to-side technique (32). When an accessory right hepatic
artery from superior mesenteric artery is present, an end-to-
end anastomosis of this right branch to the donor stump of
the splenic artery can be employed (43,44). Thereafter the
donor celiac axis artery can be anastomosed to the recipient
artery of choice.

Outcomes of microsurgical hepatic arterial
reconstruction

Multiple studies have compared hepatic artery
reconstruction with surgical loupes versus operating
microscope. While it has been reported that microsurgical
anastomosis using operating microscope significantly
reduced the rate of hepatic artery thrombosis in some
studies (45-48), others found little notable differences
compared to using surgical loupes (49,50). Table 2
summarizes these studies. It is interesting to note that in the
studies that show no significant difference, surgical loupes
of at least 5.0 times magnification was used, while the
studies that show significant difference did not specify the
magnification of the surgical loupes.

In the authors’ experience for hepatic arteries 4 mm in
diameter or less, using the operating microscope with all
the tools and techniques in microsurgery for hepatic artery
anastomosis allows for surveillance of dissociation between
the intimal and medial vessel layers of the artery, thrombus
formation within the artery, and discrepancies in the arterial
wall thickness, which are all potential risk factors associated
with hepatic artery thrombosis. For hepatic arteries that
have a larger diameter, the advantages of using surgical
loupes which afford wider operative field of view and more
flexibility in suturing technique need to be weighed against
the lower surgical efficiency that comes with the use of an
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Table 2 Hepatic artery complications rates with and without microsurgical reconstruction

Number of patients

Risk of hepatic artery complications

Without With
microsurgical  microsurgical
reconstruction reconstruction

Studies

Without microsurgery

LDLT or DDLT P value
With microsurgery

Studies that show significant difference in the hepatic artery complications

Tan et al. [2021] (45) 80 48 6.2% (early hepatic artery  2.1% (early hepatic LDLT 0.280
thrombosis) artery thrombosis)
35% (hepatic artery 5.3% (hepatic artery 0.022
complications) complications)
Yoon et al. [2021] (46) 342 128 7.6% (hepatic artery 4.7% (hepatic artery DDLT 0.264
complications) complications)
Nickel et al. [2021] (47) 180 51 8.3% (hepatic artery 2% (hepatic artery LDLT 0.114
thrombosis) thrombosis)
Dziodzio et al. [2021] (48) 58 21 24.1% (hepatic artery 0% (hepatic artery  LDLT and DDLT  0.013
thrombosis) thrombosis)
17.2% (retransplantation) 0% (retransplantation) 0.042
Studies that did not show significant difference in the hepatic artery complications
Jwa et al. [2019] (49) 101 136 2% (hepatic artery 1.5% (hepatic artery LDLT 0.763
thrombosis) thrombosis)
Seo et al. [2021] (50) 150 150 1.3% (hepatic artery 1.3% (hepatic artery LDLT >0.99

complications)

complications)

LDLT, liver donor liver transplant; DDLT, deceased donor liver transplant.

operating microscope, as well as a less ergonomic position
for the main surgeon and the assistant.

Microsurgical techniques in liver transplant
Preparation of donor and recipient vessels

The dissection of the recipient artery is carried as proximal
as necessary to obtain vessel of good calibre and optimal
blood inflow, and this is usually 1 to 2 cm proximal to
the take-off of the gastroduodenal branch (44). The ideal
recipient artery should have adequate length, minimal
fibrosis and adequate flow (51).

The cross-sectional anatomy of an artery is made up of
the intima, media and adventitia (Figure 3). The adventitia
is the layer with the highest tensile strength (52,53) and
hence should not trimmed excessively to minimise the risk
of suture cut out. Before the anastomosis, it is important
to check for risk factors that can cause hepatic artery
thrombosis. These include soft thrombus in the artery (these
must be removed), intimal or medial wall dissection (vessel

© Annals of Translational Medicine. All rights reserved.

should be cut back to an area that is healthy), or intimal
flaps protruding into the lumen (26). Intimal flaps may cause
turbulence and should be trimmed off circumferentially.

Stitching techniques

A double clamp, such as an Ikuta or Acland is placed and
the vessels are approximated until the vessel ends are close
to each other. Clamps should be released before suturing
to check for adequacy of the arterial flow at the recipient
vessel, which should be pulsatile and strong. The release of
clamps also confirm that arterial flow comes from the lumen
of the vessel, rather than from between the intima and
media layers of the vessel, in the case of arterial dissection.
The lumen of the donor and recipient vessels should be
flushed with heparinized saline (25).

One method is to use stay sutures with 8/0 or 9/0 sutures
are placed at 0° and 180° and cut long to be used for
retraction of the vessel edges. The rest of the sutures are
distributed evenly along the edges (26) and the knots are
not tied immediately after sutures are placed. The lumen is
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Adventitia

Media

Intima
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Figure 3 The cross-sectional anatomy of a vessel is made up of the intima, media and adventitia. The initima inner layer composed of single

layer of endothelial cells. The media lies between the initima and adventitia and is composed of smooth muscle cells with elastic fibres and

connective tissue. The adventitia is the outer layer with nutrient vessels,

5--

Figure 4 Staggering stitching technique for friable vessels (51).

also irrigated with heparinized saline whenever required to
give a clear view so as to avoid suturing the back wall. After
confirming the suture orientation and placement, as well as
free back wall, the sutures are then tied with at least three
throws. Care is taken not to create too much tension at the
anastomosis when tying the sutures as this creates turbulence
of the blood flow that can result in thrombosis (25).
Another method is the back wall up technique that the
authors’ prefer for its simplicity and ability to handle vessel
size mismatch better in the hands of the authors.

Simple interrupted or continuous techniques have
been used for microsurgical anastomosis of the vessels.
Proponents of continuous technique argue for its speed and
ease of suturing, while proponents of simple interrupted
technique report lower hepatic artery complications (54).
Tzeng et al. found no difference in the rates of hepatic artery
complications between simple interrupted or continuous
techniques (55). Suffice to say, operator competence is the

© Annals of Translational Medicine. All rights reserved.

main determinant of a successful anastomosis.

Staggered stitching technique

A staggering stitching technique (Figure 4) was described
especially for friable vessels, especially those that have
undergone chemoembolization (51,56). For this technique,
interrupted stitches were performed at different distances
from the vessel edge, so as to prevent a linear line of suture
holes in the vessel wall that has a tendency to fissure.

Techniques to handle the adventitia

One technique is to anastomose the intimal and medial
layer with 8/0 or 9/0 sutures and then reinforce the
anastomosis with adventitial stitches using 9/0 or 10/0
sutures and subsequently with fibrin sealant (51). These
adventitial stitches can seal the suture hole gaps which

Ann Transl Med 2024;12(1):10 | https://dx.doi.org/10.21037/atm-23-519
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Figure 5 Stitching from intraluminally to extraluminally with double arm suture for vessels with intimal dissection or endothelial

delamination (51).

become obvious only when the vessel clamps are released.
One theoretical risk is triggering the coagulation cascade
from an inadvertent exposure of the blood stream within
the vessel to the adventitia. As such, the authors’ preferred
technique is to take full-thickness bites of the vessels during
microvascular anastomosis that include all three layers of
the vessel.

Techniques to bandle vessel delamination

For vessels with intimal dissection or tendency for
endothelial delamination and trimming of the vessel
is not feasible, stitching can be done intraluminally to
extraluminally (Figure 5) past the point of the dissection or
delamination (51,56). If there is dissection or delamination
in both donor and recipient vessels, a single strand of
double arm suture can be used so that the suture can be
introduced from intraluminally on both sides. This prevents
further lifting off of the endothelium or the intimal layer.

The problem of sewing in a deep abdominal cavity with
limited space

The site of hepatic artery anastomosis is usually deep within
the abdominal cavity, which results in limited surgical
motion and field of vision (57,58). This limited space may
also cause kinking of the vessels post anastomosis and
manipulation of the bile ducts may push the vessels into an
undesirable orientation (26). To overcome this challenge,
as mentioned previously, the role of the second assistant
to manually retract the surrounding bowel loops and
donor liver cannot be understated. Longer instruments of
18-21 cm, especially in the left hand of the main surgeon,
are highly recommended (27). Another strategy the authors
use when the limited space makes passing the needle
difficult at certain sections of the anastomosis is to have the

© Annals of Translational Medicine. All rights reserved.

first assistant pass the needle instead of the main surgeon.
This is often the case in situations where the main surgeon
has to pass the suture via a backhand or any other awkward
angle.

Movement during micvosurgical anastomosis

Interference from cardiac, aortic, and respiratory
movements affects the stability of the small operative
field and poses a significant challenge (23,57). Teamwork
between the surgical and anaesthesiology teams is essential
to maximize the stability. Before the suturing begins, the
anaesthesiology team is informed to control the extent of
respiratory movements by decreasing the respiratory rate
and tidal volume to limit the superior-inferior movement
of the surgical field (26,27). In some instances, the main
surgeon may even ask that the anaesthesiologist stops
respiration completely for a short duration while the needle
is passed. This is important especially when placing critical
sutures, such as those for haemostasis or at difficult angles
and when fatigue is beginning to set in during times where
multiple revisions of the anastomosis were deemed to be
necessary.

Vessel size mismatch

Vessel size mismatch is expected because patients with liver
cirrhosis suffer from chronic portal hypertension that cause
hypertrophy of the coeliac axis (51). In experimental models,
size discrepancy directly results in lower patency (59). The
mismatch between donor and recipient arteries may be in
the internal diameter as well as intimal thickness. The left
or right hepatic artery is the usual choices for recipient
artery. For larger calibre donor vessels, the recipient artery
can be the bifurcation of the left and right hepatic arteries
at the proper hepatic artery or the splenic artery (51).
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Ways to overcome marked size discrepancy is to do a
slanted cut or “fish mouth” cut with the smaller artery or
use differential stitching in the back wall up technique.
Some authors also suggest an end-to-side anastomosis if the
donor artery is particularly small (60).

Poor quality vessels

The recipient arteries are usually of poor quality with
fibrosis from previous peritonitis, atherosclerosis associated
with fatty liver, or fragile after rounds of transarterial
chemoembolization (56). Tan et al. described an angled
cutting platform and an 11 blade on an angled blade holder
to trim the diseased vessel to obtain a linear arteriotomy (51).
The vessel edges are trimmed until it is healthy (i.e., the
intima should be adherent to the media of the vessel wall)
but not skeletonised. Other options of recipient artery
include gastroduodenal artery, which is usually spared
during transarterial chemoembolization, and the common
hepatic artery. Excessive stripping of the adventitia should
be minimized during the preparation of the vessels.

Short vessel stump

When the donor vessel length is short, arterial or venous
interpositional grafts may be used. Venous graft (e.g., from
the saphenous or common iliac vein) usually has thinner
vessel wall and not be as suitable for transmission of high
arterial pressures. Thrombosis rates of venous grafts have
been reported to be as high as 23.8% (15). A radial artery
interpositional graft is commonly used in the setting of
inadequate vessel length (61). Preoperatively, it is important
to assess for any percutaneous vascular interventions such
as intra-arterial line insertion, coronary angioplasty that
may injure the radial artery (62). Allen’s test should be
performed. The descending branch of lateral circumflex
femoral artery, or a segmental part of recipient hepatic
artery, is an alternative if Allen’s test is abnormal. The back-
wall first technique will also be necessary as rotation of the
donor artery will not be possible.

Conclusions

The goal of succeeding in this life-preserving procedure
brings many high-performing individuals together
including the hepatobiliary surgeons, microsurgeons and
anaesthesiologists. While expecting each of them to give
their best is a given, paying attention to transforming
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them into accomplished individuals to a high-performing
team is arguably the most important. Using an article on
high functioning teams as a guide (44), we need our team
members to communicate often and well (both at work and
outside of it) and this is brought into sharp focus during
the decision-making on which of the surgeons should
perform the anastomosis. Clear criteria should be agreed on
beforehand and applied with joint decision-making. Joint
decision-making may involve having the microsurgical team
present at the hepatic artery anastomosis regardless of which
team the main surgeon hails from. This fosters ownership
and provides instant support should the anastomosis team
run into difficulty.

With the combination of individual professionalism and
high-performance team management, microsurgeons will
continue to be a priceless resource that all liver transplant
teams should have to produce the best outcomes for their
patients.
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