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ABSTRACT

Over the past 2 decades, living donor liver transplantation has become a standard and
accepted alternative to deceased donor liver transplantation, especially in countries with poor
cadaveric donation rates. Numerous innovations in surgical technique along with improved
understanding of post-transplant physiology have led to LDLT having comparable and 
sometimes exceeding outcomes of DDLT. The importance of venous outflow and adequate
anterior sectoral drainage to minimize congestion has been central to improving safety and
outcomes in LDLT. Portal vein thrombosis, once a contraindication to transplant is now 
tackled with excellent outcomes with improvement in surgical technique. Understanding of
graft hemodynamics and portal flow has significantly increased the graft pool with 
acceptance of smaller grafts without lowering patient outcomes. Portal flow modulation 
techniques are routinely being used to minimize graft injury secondary to portal hypertension
and the development of small for size syndrome. Innovative techniques for biliary reconstruc-
tion have been devised in a bid to minimize biliary complications. Adoption of microsurgical
techniques to arterial reconstruction and utilization of extra anatomic arterial inflow has led to
significant shrinkage of grafts lost to hepatic arterial dissection and thrombosis. This review
highlights a number of technical advancements made in the field of liver transplant surgery
made over the past decade; especially focusing on living donor transplantation.
Key words: Living donor liver transplant, biliary reconstruction, portal vein thrombosis, 
arterial reconstruction, MHV, inflow modulation.

The success of liver transplantation over the past few decades has propelled
transplantation as the standard of care for end stage liver disease, acute liver 
failure and hepatic malignancies. The expanding indications of transplant are
limited only because of a continued paucity of donor organs. Surgeons are 
constantly innovating to increase the potential donor pool and consistently
improve recipient and donor outcomes. This review focuses on numerous 
technical advancements made in the field of transplant surgery over the past
decade; especially focusing on technical refinements in arterial and biliary 
anastomosis, management of portal vein thrombosis in transplant recipients as
well as recent inflow and outflow modifications.

ADVANCEMENTS IN VENOUS OUTFLOW RECONSTRUCTIONADVANCEMENTS IN VENOUS OUTFLOW RECONSTRUCTION

A meticulously created venous outflow is one of the four pillars of a success-
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ful living donor liver transplant; the others being ade-
quate graft volume, sufficient inflow and a secure bil-
iary anastomosis. Outflow obstruction leading to
venous congestion of the graft leads to impaired graft
function, development of a small for size syndrome,
graft failure or even death, more so for smaller grafts
with GRWR < 1. For a right lobe graft, venous outflow
takes place via 3 routes; the RHV, the native or neo-
MHV and (if present) short inferior hepatic veins. It is
imperative to reconstruct each of these 3 outflows to
minimize graft congestion. 

The importance of adequate drainage of the
anterior sector has long been recognized (1).
Anterior sectoral drainage may be achieved in the
form of an extended right lobe graft (ERLG) that
includes the donor MHV (fig. 1) or a modified right
lobe graft (MRLG) which doesn’t. While an ERLG
allows for perfect drainage of the anterior sector, it
transfers the risk of liver congestion to the donor.
Most centers now perform a MRLG, partially or 
completely excluding the MHV during procurement.

RHV reconstruction

The RHV forms the primary outflow pathway for the
right graft. The transplant surgeon must be cognizant of
the fact that the outflow created must allow for 
unobstructed drainage not only in the immediate post
transplant period, but also once the partial graft 
regenerates. RHV stenosis is common after graft 
regeneration, leading to beaking at the caudal end of
the anastomosis (2). It is now therefore standard 
practice to incised and widen the RHV opening on the
graft as well as the RHV opening on the IVC caudally
prior to implantation. Certain centers also perform a
hemi-circumferential augmentation patch plasty of the
graft RHV to increase outflow diameter (3). The 
long-term patency of the RHV is as important as that of
the MHV for adequate graft function.

MHV reconstruction

In MRGL, reconstruction of the venous drainage of
the anterior sector is an integral part of back table
preparation of the graft. It is strongly recommended
that all veins larger than 5 mm draining segments 5 and
8 are reconstructed into a neo-MHV (4). A caudal slit
incision of the orifices of V5 and V8 may increase 
the orifice diameter up to three-fold and prevent 
anastomotic stenosis. 

The choice of venous graft for this purpose may be
native tissue (internal iliac vein, umbilical vein, internal
jugular vein, aorta and its branches, IVC, portal vein) 
or prosthetic grafts [Dacron, expanded-polytetra-
fluoroethylene (e-PTF)] (5-7). Patency rates in most
studies are comparable between native and prosthetic
grafts of 90% at 1 month and >60% at 6 months. Long
term patency of the graft is usually of limited clinical
consequence. While native grafts offer the benefit of
lower cost, minimal tissue reaction and no requirement
for antiplatelet drugs, they are limited by their lack of
widespread availability. 

The RHV and neo-MHV may be anastomosed 
separately to the RHV, MHV-LHV orifices on the IVC 
(fig. 3) to form a dual outflow or joined and anasto-
mosed as a single orifice to the IVC (figs. 4, 5). While a
single orifice outflow may provide the potential benefit
of a shorter warm ischemia time because of a single
anastomosis, two separate outflows ensure a higher
patency rate in the short (in case of early thrombosis in
one outflow) and medium term (compression of 
outflow secondary to graft regeneration) (8). 

For an ERLG outflow may similarly be reconstructed

Figure 1 - Harvesting of MHV in an extended right lobe graft

Figure 2 - Reconstruction of a Neo-MHV using a ringed Dacron
graft. The RHV orifice has been incised caudally to increase 

circumferential outflow
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as a singular anastomosis following a unification veno-
plasty of RHV-MHV followed by a direct anastomosis
onto the IVC or after creation of a redundant dome
shame reservoir (quilt-venoplasty) between the 
RHV-MHV and the IVC. Alternatively an interposition
graft may be placed and the MHV anastomosed

Right inferior hepatic vein (RIHV) 
reconstruction

Posterior sectoral drainage is often complicated
by the presence of multiple short inferior hepatic
veins draining directly in to the IVC. Bench tech-
niques to unify these smaller multiple orifices into a
common, larger orifice using quilt venoplasty (fig. 6),
utilization of a boat graft or a double caval technique
help in easier implantation and preventing graft 
congestion due to IVC compression. (9)

The ERL graft may be considered in certain cases.
More than 15 branches may from drain segment 5
and segment 8 into the MHV. A MRL graft with a neo
MHV therefore will always provide inferior drainage
compared to ERLG. Patients with severe portal
hypertension, acute on chronic liver failure and high
MELD scores receiving a partial liver graft would 
benefit from a perfect outflow. The previously 
published Florence Nightingale algorithm for 
utilizing of ERLG includes donor age <35 years,
FLR>30% of TLV, steatosis <15%, presence of a 
segment 4b vein and right AS veins < 5 mm (10).

ADVANCEMENTS IN PORTAL VEINADVANCEMENTS IN PORTAL VEIN
RECONSTRUCTIONRECONSTRUCTION

Advancements in operative technique mean 
variations in portal vein anatomy are rarely contra-
indications to liver donation. Extreme care must be
taken to ensure there is no portal vein stenosis on the

donor side after graft excision. Multiple portal vein 
orifices may be reconstructed into a single outflow
using a cadaveric or native (from the explanted liver)
venous graft (fig. 7).

Figure 4 - Quilt venoplasty into a single orifice using a venous
patch to allow for easy anastomosis into the IVC

Figure 3 - Outflow reconstruction with a Y shaped Dacron graft 
utilized to reconstruct V5 and V8 and anastomosis to the MHV-LHV

orifice. RHV to RHV anastomosis is not shown in this picture
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Incidence and background

The prevalence of non-tumoral portal vein 
thrombosis in cirrhotic patients at evaluation or at
the time of transplantation ranges between 5% to
26% while a sizeable percentage develop de novo
PVT while on the waiting list (11). Length of time on
the waiting list, age, prior variceal bleed, ascites,
NASH, obesity and diabetes have been identified as
risk factors leading to development of PVT (12-14).
While initially considered an absolute contra-
indication to liver transplant, advancements in 
surgical techniques have led to patients with even
complex PVT now achieving excellent outcomes (15).

Preoperative treatment/optimization

Spontaneous recanalization of PVT is rare and 
further progression of PVT may lead to clinical 
deterioration that may leave a potential recipient
unfit for transplant, it is prudent to consider pre-
operative treatment of the PVT. Treatment may be
initiated in the form of anticoagulation including low
molecular weight heparin and vitamin k antagonists
showed some element of recanalization in up to 71%
of patients (fig. 8) (16). Alternatively successfully
place TIPS may achieve portal recanalization in up to
80% of patients (17).

Grading

Yerdel grading is most commonly utilized to 
delineate the extent of thrombosis and surgical 

management at the time of LT (18). Yerdel grade I and
II involve <50% and >50% thrombosis of the portal
vein, with grade III involving thrombosis of the 
proximal SMV as well. While Yerdel grade IV refers 
to extensive mesenteric thrombosis in addition to 
portal thrombosis, it is not useful for guiding 
management. Jamieson (19) and Charco (20) provide
additional information in extensive (Grade IV Yerdel)
thrombosis. Grade III and Grade IV in both classifica-

Figure 7 - Dual portal veins on the recipient side reconstructed
using a Y shaped graft from the recipient portal vein

Figure 5 - Wide ostium created on the IVC just prior to 
reconstruction

Figure 6 - Quilt venoplasty into a single orifice using multiple
venous patches 
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tions refer to extensive portomesenteric thrombosis
with and without large accessible collaterals 
respectively which impacts choice of inflow.

Physiological vs non physiological inflow

Establishment of portal inflow may be physiological
in which case all or part of splanchnic blood flow is
directed to the liver via anastomosis to the native 
portal vein, a large portosystemic collaterals or of 
the drainage vessel of the shunt to the IVC (21).
Alternatively portal inflow may be non-physiological in
the form of renoportal anastomosis in the absence of 
a shunt, cavoportal anastomosis and portal vein 
arterialization (22–24). Physiological restoration of
blood flow is always preferred as it leads to resolution
or reversal of portal hypertension, but non physio-
logical inflow may actually lead to worsening of pre-
existing portal hypertension (25).

Intra operative management

Sound support from the anesthesia team is 
critical during manipulation of the thrombus and
successful establishment of portal flow. Grade I and
II PVT can be successfully managed with eversion
thrombectomy (fig. 9) or thromboendovenectomy
which involves resection of the thrombus along with
the involved portion of the portal vein (26,27). An
insufficient length of recipient portal vein may be 
supplemented by utilizing an iliac vein graft or 
augmented saphenous vein graft (28). Before
attempting any portal vein manipulation, it is 
essential to ensure adequate exposure of the spleno-
mesenteric junction for safety and for completeness
of the thrombectomy.

While thrombectomy may be attempted in grade
III PVT, it is rarely successful because of the diffuse
extension of the thrombus. It is prudent to consider

a jump graft from the superior mesenteric vein and
splenic or rarely the left gastric vein. The jump graft
is generally taken form the anterior surface of 
the SMV, tunneled through the mesocolon and 
anastomosed end – side to the graft portal vein. 

For even more extensive type IV PVT, it is 
essential to plan portal inflow in the preoperative
stage. Physiological inflow is always preferred in 
the form of a reno portal anastomosis if there is
presence of a pre-existing spleno renal shunt.
Alternatively, a large pericholedochal varix or coro-
nary vein may be utilized. 

In the absence of pre-existing portosystemic
shunts, non-physiological sources of inflow may be
utilized in decreasing order of preference; reno-
portal anastomosis, cavo-portal anastomosis, portal
vein arterialization and multivisceral transplant. A
more extensive algorithm for PVT management may
be found in a recent paper by Bhangui et al (21).

Figure 9 - Portal vein thrombectomy in a case of chronic portal
vein thrombosis 

aa bb

Figure 8 - Pre (a) and Post (b) CT images demonstrating recanalization of a completely thrombosed portal vein
after 3 months of heparin therapy
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In cases where there is an unexpected intra 
operative finding of a PVT, it is important to 
differentiate between a soft fragile acute thrombus
that can be easily dissected from the venous wall or a
chronic calcified thrombus that is densely adhered. A
detailed intra operative Doppler ultrasound assess-
ment establishes the extent of the thrombus and the
patency of the remaining portomesenteric axis.

Outcomes

Outcomes of LT for patients with PVT are 
influenced by the grade of PVT as well as the surgical
procedure performed. Regardless of extent of 
thrombosis, if an end to end porto-portal anastomosis
was successfully performed in patients with PVT, the 1
and 5 year survival was similar to patients without
PVT and ranging from 84-86% and 65%-80% respec-
tively (11). A meta-analysis published recently
demonstrated increased mortality in patients with
PVT (14%) when compared to those without PVT (7%
(OR 2.29; 95%CI, 1.43-3.68, p<0.0001). The 30 day
mortality was higher in patients with complete
occlusive vs partial non occlusive PVT (OR 5.65;
95%CI 2-15.96, p=0.001) (29). Non physiological
reconstruction is associated with a higher incidence
of post-operative morbidity and mortality (11,25).

Anticoagulation

Prospective data on need for post procedure anti-
coagulation is scarce. It may be prudent to administer a
short course of fractionated heparin in the early post-
operative course, but long term anticoagulation 
should be reserved for patients with non-physiological
restoration of portal flow (11).

ADVANCEMENTS IN ARTERIAL ADVANCEMENTS IN ARTERIAL 
RECONSTRUCTIONRECONSTRUCTION

In the initial years of liver transplantation, complica-
tion rates post hepatic arterial reconstruction ranged
between 15-25%, establishing this as a crucial step in
this complex procedure (30). Complications were 
generally associated with significant morbidity, graft
loss and commonly death. LDLT was especially 
challenging due to variable vascular anatomy, sizes,
hemodynamics and differing orientation of the 
vascular structures between the graft and the recipient. 

Numerous technical advancements, foremost being
the standardization and application of microsurgical
techniques to anastomosis, the complication rates have
now declined to less than 3-5% in most high volume
centers (31).

The main factors responsible for a successful 
reconstruction are; correct choice of inflow vessel, 
minimal periarterial dissection allowing for a higher
quality of recipient vessel at the time of anastomosis
and most crucially a standardized anastomotic 
technique.

More than 90% of arterial anastomosis are
anatomical ones, referring to recipient hepatic 
arteries (RHA/LHA/CHA/PHA) used for anastomosis
to the graft hepatic artery. Anatomic reconstruction
allows for correct size matching, proper orientation
and technical ease. Alternate non anatomical inflows
may be obtained when anatomic reconstruction is
not feasible from the splenic artery (fig. 10), right
gastroepiploic, gastroduodenal, jejunal arteries or a
radial artery interposition graft from the aorta (32).
Reconstruction using non anatomical inflow was
recently shown to not be associated with arterial
complications, graft or patient survival (33). 

High hilar dissection as initially propagated by the
Korean groups has become the standard technique
of performing recipient hepatectomy and serves to
save both the biliary blood supply and maximal
length of the recipient arterial tree (34). Early 
placement of a non-traumatic bulldog clamp on the
common hepatic artery minimizes the risk of arterial
dissection (35).

Arterial anastomosis may be performed under a
microscope or under loupe magnification. Transplant
and HPB surgeons are not very well versed in working
under a microscope and additional specialized micro-
surgical training s required for them to reliably perform
the anastomosis confidently (36). The operating micro-
scope provides the benefit of a sound evaluation of
donor and recipient vessels to search for and eliminate
dissection of the intima, flaps or soft thrombi which

Figure 10 – Utilization of Splenic artery as the arterial inflow
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may lead to post-operative hepatic artery thrombosis.
Alternatively, there is now growing evidence that 
suggests reconstruction under loupe provides equitable
outcomes with the added benefit of convenience and
ease of use as compared to the logistical difficulties
associated with a microscope (31,37).

An expanding donor pool which includes older
donors and recipients with portal vein thrombosis or
having undergone TARE/TACE mean the quality of
graft and recipient arteries may be suboptimal.
TARE/TACE which have been linked to a higher inci-
dence of hepatic arterial dissection. (38) Evolution of
techniques to tackle hepatic arterial dissection have
been described by Banshodani and Gupta (39,40).
Gupta et al proposed a useful classification for
hepatic arterial dissection that may be used as an aid
to surgical management including at technique to
approximate the dissected arterial intima to the
media as a way of reversing dissection (40).

Anastomosis may be performed using an 
interrupted, continuous or continuous suture and
interrupted tie technique may be performed.
Continuous anastomosis provides the potential
advantages of speed and the ability to easily adapt to
size mismatches. However, care must be taken in
cases of arterial dissection and the development of a
purse string like effect. A back wall first technique
has been described in cases of short graft hepatic
arterial stumps that might preclude rotation (41).

In case of dual HA supply, reconstruction of multiple
arteries is more often sought for right lobe grafts as
compared to left lobe grafts. A useful intraoperative
trick is to divide the smaller artery earlier to the larger
artery during graft harvesting and anastomosing it after
anastomosing the larger artery during reconstruction.
This allows for observation of (if any) brisk pulsatile
backflow in the smaller artery both after division as well
as after anastomosis of the larger artery indicating 
presence of adequate intra-hepatic arterial plexuses
(fig. 11).

Post anastomotic arterial flow may be compromised
by kinking, undue angulation, spasm or development of
acute thrombosis at the anastomotic site. Arterial
spasm is commonly encountered especially if there is
excessive dissection or handling of recipient vessels.
Arterial spasm can be reversed by watchful waiting for
spontaneous resolution, portal vein clamping for 5 to
10 seconds to allow for compensatory increase in 
arterial flow or alternatively by administration of PGE1
(42). If there is presence of kinking or angulation, there
exists little option but to revise the HA anastomosis.

ADVANCEMENTS IN INFLOW ADVANCEMENTS IN INFLOW 
MODULATIONMODULATION

Transplant surgeons have gained significant 
experience and understanding of arterial, venous and
biliary anatomy of the liver and donors are now seldom
rejected for anatomical variations (4). Graft size is a 
limiting factor for prospective liver donation. The 
traditionally accepted safe lower limits of good-quality
livers that are sufficient are a 30% future liver remnant
after donor hepatectomy (43) and a 40% standard liver
volume equating to a GRWR of 0.8%) for a transplant
recipient (44). Liver volumes below this threshold were
considered to impact both donor safety as well as 
recipient outcomes. 

While certain groups reported acceptable outcomes
with GRWR < 0.8% without the need for portal flow
modulation (45–47), there existed a general skepticism
to utilize smaller grafts for fear of development of small
for size syndrome (SFSS). SFSS manifests as prolonged
post-operative hyperbilirubinemia, intractable ascites,
sepsis and eventually increased mortality (48). A 
number of factors are known to additionally contribute
to development of SFFS including degree of portal
hypertension, portal pressure and portal vein flow
velocity, venous outflow reconstruction, MELD and the
quality of graft (49). A new concept of a “Small-
for-Flow” syndrome (SFFS)  serves to explain the 
pathophysiology of SFSS as a difference between liver
mass and portal flow with the focus on matching the
portal flow to the amount of liver tissue (50). 

Portal inflow modulation (PIM) to modulate the
pressure and flow velocity of portal blood to the graft
has been increasingly used to prevent the graft from
injury second to portal hypertension. Combined with
liberal PIM, grafts with GRWR <0.6% have shown 
equivalent graft and patient outcomes when compared
to larger grafts with GRWR > 0.8% (51).

A normal healthy liver has a portal flow of approxi-
mately 100ml/min/100gm graft weight. Graft portalFigure 11 - Dual arterial anastomosis in a right lobe graft 
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flow greater than 250ml/100g/min has been shown to
trigger the pathophysiology of small for size syndrome
(SFSS) (52). Other studies report portal pressures over
15 mmHg being detrimental to the graft (53).

There are three main strategies for modulation of
portal inflow; splenic artery ligation, splenectomy and
creation of portosystemic shunts.

SPLENIC ARTERY LIGATIONSPLENIC ARTERY LIGATION

Splenic artery ligation (SAL) was first described 
by Makuuchi as a method to reverse post transplan-
tation thrombocytopenia (54). Nishida et al had 
previously demonstrated a 20-30% decrease in PVP
and PVF after occlusion of the splenic venous blood
flow (55). SAL is being utilized as a useful method to
prevent graft damage from mild to moderate portal
hyper perfusion (fig. 12) (56). SAL alone proves 
incapable of reducing graft damage when PVF > 400
ml/min/100 g graft weight, PVP >20 mm Hg or GRWR
lower than 0.70. 

SPLENIC DEVASCULARIZATIONSPLENIC DEVASCULARIZATION

A more aggressive form of SAL in the form of
splenic devascularization involving ligation of the
splenic artery, right gastroepiploic artery and 
division of the gastrosplenic ligament including the
short gastric arteries has been proposed by Moon et
al as a means to reduce portal flow more than a 
standard SAL (57). The attendant benefits of this 
procedure are a significant decrease in complications
as compared to splenectomy (1.6% vs 11.3%).

SPLENECTOMYSPLENECTOMY

Splenectomy is recognized to be more efficacious
than SAL in reducing PVP (58). Splenic size has been
found to correlate with the degree of portal hyperten-
sion (59). Splenectomy has been shown to decrease

PVP by an average of 4 mm hg (60). A number of groups
from Japan have reported consistently good outcomes
utilizing splenectomy for PIM (61,62). Splenectomy is
however associated with an increase in incidence of
post-operative hemorrhage (up to 18.9%), lethal 
infectious complications including overwhelming post
splenectomy sepsis (up to 10%),  new onset portal vein
thrombosis (upto 40%) and leak from pancreatic stump
(1-5%) (63,64). Technical advancements such as dissec-
tion using vessel sealing systems and endo-stapling
devices along with gentle handling and mobilization
have led to a decrease in the complication rate (60).

PORTO-SYSTEMIC SHUNTSPORTO-SYSTEMIC SHUNTS

Around 40% of cirrhotics develop compensatory
porto-systemic shunts with the frequency increasing
with increasing severity of cirrhosis (65). Spontaneous
or surgically created PSS are the most efficient method
of lowering portal hypertension. 

A number of portosystemic shunts develop 
spontaneously during the natural history of portal
hypertension (66). These shunts reduce portal
hypertension and blood loss and should be 
preserved during recipient hepatectomy phase of
transplant. PSS serve as double edged swords as
uncontrolled lowering of portal flow may lead to a
devastating portal steal syndrome with graft 
dysfunction (67,68). During acute cellular rejection,
as the graft resistance increases uninterrupted 
portosystemic shunts are likely to drain blood away
from the graft worsening ischemic damage (69). 

Calibrated hemiportal shunts to modulate portal
flow were thus proposed (70). Hemiportocaval shunts
provide an alternative to splenectomy where GRWR 
< 0.7% and significant reduction in PVP is required. The
purported benefits of the HPCS include a greater 
reduction in PV flow, avoidance of splenectomy 
related complications, relative ease in performing the
procedure, shorter operating time and the potential for
reversibility (50). In a recent study Soin et al demon-
strated a SFSS rate of 4.2 % and 3.7 % in grafts 
with GRWR of 0.54- 0.69% and 0.70-0.74% with liberal
usage of HPCVS. Shunt flow was documented as 
33-50% of the total portal venous flow. On follow up,
surgical shunts showed spontaneous closure rates of
18.8% at 3 months and 61.5% at 5 years (71).

Pharmacologic interventions to lower portal flow
offer some promise especially in the post operative 
period. A randomized control trial by Troisi showed
somatostatin reduced portal pressure by up to 29%.
(72).Figure 12 - Splenic Artery Ligation to decrease portal vein inflow
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WHEN TO USE WHICHWHEN TO USE WHICH

SAL is a safe first line modulation for portal flow
modulation that is useful in lower degrees of portal
hypertension. More data is needed to define the
place of splenic devascularization in this clinical
space. With small grafts (GRWR < 0.7) and severe 
portal hypertension, splenectomy and HPCS are
excellent interventions for graft protection.

ADVANCEMENTS IN BILIARY ADVANCEMENTS IN BILIARY 
RECONSTRUCTIONRECONSTRUCTION

Biliary complications still represent the biggest
thorn in the side of living donor liver transplantation.
Despite numerous advancements and technical 
refinements the incidence of biliary complications
remain in the range of 7.4% to 39% (73,74).

Minimizing biliary complications begins from the
adequate planning in the preoperative stage with
donor selection and detailed evaluation of biliary
anatomy. Magnetic resonance cholangiography is 
performed as a standard part of preoperative donor
evaluation. There exists significant discordance
between MRC and IOC visualization of biliary anatomy
(75). Therefore most centers therefore continue to 
perform real time IOC, utilizing a radio opaque marker
to tag the site of division of the biliary tree to mini-
mize the number of graft duct openings without
compromising on donor safety (4). With the advent
of minimally invasive and robotic donor hepatectomy,
indocyanine green fluorescence cholangiography is
increasingly being used an adjunct to delineate and
map three dimensional biliary anatomy (76). Huang’s
classification of biliary anatomy is used as the standard
classification for preoperative planning (77).

The development of the high hilar dissection and
the Glissonean sheath approach aimed to minimize
dissection of the donor hilum without disturbing the
peribiliary plexus (34,78). The ‘Glissonean bundle
vessel subtraction technique’ left a thick cover of
sheath around the graft hepatic duct that preserved
the extensive perihilar vascular network, provided a
sturdy wall to hold sutures and prevents the retrac-
tion of small hepatic duct keeping it in its natural lie
to facilitate a twist-free anastomoses (34,79). Donors

with multiple ducts (≥ 2) can also be safely accepted
with this technique. The right hepatic artery is a
major artery supplying the hilar plate and bile ducts
(80) and keeping the plane between the RHA and the
bile duct has been advocated as a way to minimize
ductal ischemia (81,82).

Over the past few decades numerous technical
advancements have been made while keeping in mind
the fundamental principles of biliary anastomosis
which include tension free anastomosis, proper place-
ment of sutures, mucosa to mucosa approximation and
an uninterrupted blood supply.

In the early years, RYHJ was the standard tech-
nique of biliary reconstruction because of its wide
applicability, ease of use, wide applicability allowing
consistent tension free anastomosis and the 
supposed rich vascular supply of the jejunum (83).
RYHJ has however been replaced by duct-duct 
anastomosis as the preferred procedure because of
its technical ease, shorter operative time, and a
more physiological nature minimizing enteric 
contamination (84). DDA also allows for early
resumption of oral intake and easy endoscopic 
intervention in case of biliary complications.  There
has been no consensus with a meta-analysis and 
systemic review showing conflicting results regarding
the superiority of one technique over the other.
(85,86). No matter which technique is utilized, the
incidence of biliary complications increases with
number of ductal openings (87).

Historically, T-tubes were used across CC in a bid
to reduce biliary complications with mixed results.
While patient related discomfort was a constant, the
clinical benefit to the patient was questionable. A
meta analysis on its utility favored abandonment of
T tubes during liver transplantation. The position of
T tubes was soon taken by internal biliary stents (88).
Stents were thought to be adjuncts to lower the
rates of biliary leaks and strictures again with mixed
results. While a recently conducted RCT demonstrated
a sizeable increase in biliary complications in the trans-
duodenal internal biliary stent group (89), groups
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from Asan medical center have shown a distinct
decrease in the incidence of biliary complications
after external biliary stenting (4).

Certain eastern groups have shown consistent
good results with transcholedochal interno-external
biliary stents (90,91). Technically, an ideal DDA 
anastomosis avoids luminal narrowing while 
minimizing inter suture tissue edema. Common
errors include overly deep, thick, tensional, or loose
stitches on the bile ducts. Multiple, small and deep
lying ducts however continue to be risk factors for
complications despite optimum technique. External
drainage tubes offer several advantages. Firstly, it
prevents catching of the posterior bile ductal wall
during anastomosis of smaller ducts. It maintains
patency of the ductal system and reduces intraductal
pressure at the site of anastomosis. Additionally bile
quality and output provides information on graft
function and allows for cholangiography in case of
biliary complications. There does however exist risk
of bile leak and biliary sepsis during or after removal
of the catheter (92).

A novel technique from the Korean group involved
anastomosis of the graft duct to the inner epithelial
layer of the recipient duct and not to the whole duct,
thereby in a way “telescoping” one duct in another
(93). The telescoping allows for a ready management of
potential size mismatched ducts along with utilizing the
inner richly vascular endothelial layer for anastomosis.

A similar technique was described by Vij et al (94)
with the addition of corner sparing sutures to mucosal
eversion lowered biliary complication rate in his series
to 3.7%. With peribiliary arterial plexuses running at 3
and 9 o clock location avoidance of placement of
sutures at corners seems prudent and scientifically
sound.

Microsurgical biliary reconstruction performed in
certain centers has shown excellent results. The 
purported advantages include enhanced visualization
of the operative field under magnification to minimize
trauma to the bile duct epithelium, preservation of 
vascularity and more precise placement of sutures 
during anastomosis especially when dealing with 
multiple ducts (95). Lin et al demonstrated an overall
biliary complication rate of 8.9% using microsurgical

techniques with progressively improving results after
the initial learning curve was overcome (96).

The approach towards choosing the number and
type of anastomosis when multiple graft ducts are
encountered has become fairly standardized over the
past decade. An excellent detailed description of the
various graft-recipient ductal scenarios has been
described by Lin et al in a recently published review and
is worthy of the reader’s consideration. (96) When the
two orifices are close together, a ductoplasty (if
achieved without tension) performed followed by a 
single anastomosis seems to be the preferred method
of biliary reconstruction (fig. 13). However, ductoplasty
performed for ducts that are further apart than the
diameter of the larger duct or lie in different planes are
doomed to fail (fig. 14) (4).

Figure 13 - Back wall plasty of 2 closely positioned bile ducts 
to allow for a single anastomosis

Figure 14 - 2 separate ductal anastomosis planned for 2 ducts 
far apart on the graft side
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