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Adult-to-adult living donor liver transplant (LDLT) frequently depend on using the right-lobes of the donor for
obtaining adequate graft-to-recipient weight ratio (GRWR) of over 0.8% in the recipient. However, left-lobes
remain an important option in adults, since the morbidity in the donor is considerably less with left donor
hepatectomy when compared with right side liver resection. Further benefits of left-lobes in LDLT include
more predictable anatomy of the left hepatic duct and left portal vein, which are usually long and single result-
ing in easier anastomosis in the recipient. Likewise, left-lobe grafts are easier to implant with an excellent ve-
nous outflow through the combined orifice of left and middle hepatic vein, as opposed to the complex hepatic
vein reconstruction required in right-lobe grafts. However, left hepatic artery is often multiple unlike the right
hepatic artery. The holy grail of left-lobe transplants is avoidance of small for size syndrome (SFSS) in the re-
cipients. The strategies for overcoming SFSS currently depend on circumventing portal hyperperfusion in the
graft. Measurement of portal pressure and modulating it if high, by splenic artery ligation, splenectomy, or
hemiportocaval shunts are proving successful in avoiding SFSS. The future aim in adult LDLT should be to use
the left-lobe as much as possible for the benefit of the donor at the same time avoiding SFSS even at very low
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GRWR for the benefit of the recipient. (J CLIN Exp HEPATOL 2012;2:181-187)

he initial venture into living donor liver transplan-

tation (LDLT) started with pediatric recipients us-

ing the left lateral segment of the liver (Couinaud
segments 2 and 3)."% Excellent results of pediatric LDLT
led to an explosion of its use, especially in Asia where de-
ceased donors were a rarity.>* In liver transplantation, a
liver mass amounting to approximately 1% of the weight
of the recipient is required to be implanted for maintain-
ing basic metabolic functions of the liver in the postopera-
tive period. This is usually expressed as a graft-to-recipient
weight ratio (GRWR) of 1%.> A left lateral segment of a
60 Kg adult typically weighs around 250 g (20% of the total
liver weight) and would suffice for children weighing up
to 25Kg. This would still leave almost 80% of liver in the
donor and not resultin any major untoward consequences.
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Intuitively, LDLT using the left lateral segment of a donor
seemed to be a sound procedure and did not lead to much
controversy. This was soon followed by the use of whole
left-lobe grafts (segments 2, 3, and 4) and left-lobe with
caudate lobe (segments 2, 3, 4, and 1) for larger children,
again without much dispute in the transplant commu-
nity, as all this entailed equally small surgical risk to the
central individual, the donor.

Subsequently, the first successful adult LDLT was per-
formed in Japan in 1993, by transplanting a whole left-
lobe.® Application of LDLT for larger adolescents and
adults led to unearthing of the ‘small for size syndrome’
(SFSS), which merely denoted early liver dysfunction due
to inadequate hepatocyte mass.>” Small for size syndrome,
hitherto unheard of, in whole liver transplants referred to
the constellation of persistent ascites, cholestasis, coagu-
lopathy, and encephalopathy in the setting of a partial
liver graft with GRWR <0.8% without a technical cause.
Small for size syndrome resulted in higher incidence of
septic complications and increased mortality. By and
large, it is agreed that SFSS can be avoided if GRWR is
greater than 1%, and there is an increased frequency of
SFSS when GRWR is <0.8%.>7% So, the obvious way to
avoid SFSS would be to use right-lobe grafts that would
increase GRWR but on the other hand create a higher risk
to the donor, a contradictory setting!

This review focuses on the pros and cons of left-lobe grafts
and ways to ameliorate SFSS when used for adult LDLT.
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LEFT-LOBE LIVER TRANSPLANTS IN ADULT LDLT

DONOR SAFETY IN RIGHT AND LEFT
HEPATECTOMY

Do we have any evidence that right hepatectomy carries
more risk than left hepatectomy in a living donor setting?
As the transection plane for right and left hepatectomies
is more or less the same, hypothetically the blood loss
and resultant complications of both procedures should
be comparable. Nonetheless, the remnant liver volume
in a donor is much less after the right hepatectomy and
there could be an association between residual liver vol-
ume and complications. Unfortunately, there is a compar-
ative data vacuum on our knowledge of the catastrophic
complications arising from live donor hepettectomy?’13
Four recent reports did specifically look at complications
between the left- and right-lobe donations.!*17 Although
the incidence of major complications following the
right-lobe donation is significantly more when compared
with the left-lobe donation (17% vs 2.6%), the mortality
risk did not vary significantly (3.3/1000 vs 2.8/1000).1413
In the latest A2ALL report, left-lobe donation was
unexpectedly associated with a higher risk of complica-
tions (Hazard ratio=1.55; 95% confidence interval 0.96-
2.51; P value 0.08).1¢ Nevertheless, it can be generalized
that right-lobe donors entail greater surgical stress, take
longer to recover, and face higher risk of major complica-
tions, liver failure, and mortality than the nonright-lobe
donors.

Needless to mention, while performing LDLT, balanc-
ing the risk to the donor with the safety for the recipient is
paramount too. There is some evidence that the use of
left-lobe grafts with comparable graft weight and GRWR
to right-lobe grafts still resulted in higher mortality in re-
cipients (6.9% for the right vs 18.8% for the left) and raised
the query of gram-to-gram equivalence of the right- and
left-liver grafts.18 This article by Chan et al additionally
showed that the left-lobe recipients took significantly
longer duration (455 minutes vs 405 minutes), sustained
more blood loss (405 mL vs 300mL), and had prolonged
instensive therapy unit (ITU) stay (8.5 days vs 4 days) as
compared with the right-lobe graft recipients.!® However,
on closer scrutiny of their data, the right-lobe (n=29) and
left-lobe (n=16) recipient groups do not appear to be simi-
lar. Left-lobe donation comprised only 16 of the total 213
LDLT (7%), which probably imply unfamiliarity with the
procedure as attested by the authors. The left-lobe group
had higher number of high urgency transplants (56% vs
34%), higher number of acute liver failures (31% vs 0%),
and lesser number of transplants for hepatocellular carci-
noma which usually have better preserved underlying liver
function (6% vs 34%).!® These confounding factors could
have contributed to the ostensibly poorer outcomes in the
left-lobe group like a self-fulfilling prophecy and may not
reflect the true superiority of the right-lobe grafts as sug-
gested by the authors.

182

SUDHINDRAN ET AL

Advantages of Left-lobe Grafts

Left-lobe grafts may be harvested in three ways: (a) left-
lobe without middle hepatic vein (MHV), (b) left-lobe with
MHYV (extended left-lobe), and (c) extended left-lobe with
the caudate lobe."” Although the addition of caudate lobe
may increase the left-lobe graft weight by 5-10%, this has
not been a routine practice in most centers due to its tech-
nical complexity.

The outflow of the left-lobe is via the left hepatic vein
(LHV) and MHYV. Uniformly good drainage of the graft is
crucial for the satisfactory function of the graft in the re-
cipient, particularly for avoidance of SFSS. The MHV is
almost always included in the left-lobe grafts, since the
MHYV typically joins the LHV before entering into the infe-
rior vena cava (IVC). Even if the MHV opens separate from
the LHV into IVC, their reconstruction into a single wide
orifice for implantation into the recipient IVC is relatively
straightforward and results in excellent graft outflow.!
For similar good drainage of right-lobe grafts, particularly
the anterior segments 5 and 8, either harvesting of MHV
or separate drainage of segments 5 and 8 would be re-
quired, making the procedure infinitely more complex
(Figure 1). Furthermore, the inclusion of MHV along with
right-lobe grafts does affect the donor recovery in terms of
the alteration of prothrombin time, bilirubin, and transam-
inases.!” On the other hand, while using the extended left-
lobe with caudate lobe, additional reconstruction of the vein
draining caudate lobe is often required.® This technical in-
tricacy probably precludes most living donor surgeons from
using the caudate lobe along with extended left-lobe grafts.

Biliary complication is Achilles” heel of LDLT. This is pri-
marily due to the smaller luminal diameter and short length
of the hepatic ducts. Biliary anatomical variations requir-
ing multiple anastomoses are more frequently encountered

Segment 5 vein -7
1
1
1

1
1

Figure 1 Usual anatomy of hepatic veins. Dashed line—standard tran-
section line for the right and left hepatectomies. For the right-lobes, re-
construction of segment 5 and 8 veins would be required for complete
drainage. For the left lobe, no complex reconstruction is required as
the MHV joins the LHV.

IVC: inferior vena cava; LHV: left hepatic vein; MHV: middle hepatic
vein; RHV: right hepatic vein.
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in the right-lobe grafts than in the left-lobe grafts. For in-
stance, >20% of the right posterior sectoral bile duct joins
the left duct, necessitating multiple biliary anastomoses if
the right-lobe is chosen as the graft.?’ Conversely, almost all
left-lobe grafts have a single left hepatic duct orifice, result-
ing in a technically easier biliary anastomosis and a much
lower incidence of bile leaks.?! There is, however, an
increased risk of damage to the remnant right posterior

Right
anterior

Right
posterior .

Figure 2 Right posterior bile duct joining left duct. Dashed line—
transection for left-lobe giving one duct for anastomosis. Dotted line—
transection for right-lobe will have two ducts for anastomosis. Black
solid line—if on left-lobe donation, transection is made here, injury to
right posterior duct occurs in the donor.
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segmental duct by the unwary in cases where it opens into
the left duct, if the left duct division is unknowingly made
distal to its entry into the left hepatic duct (Figure 2).
Like the bile ducts, multiple portal veins are more com-
mon on the right while the left portal vein is usually single
and longer ensuing an easier anastomosis in the recipi-
ent.?> As shown in Figure 3, the anterior and posterior
branches of the right portal vein often do not join to form
asingle right portal vein (type 2 and 3 portal vein), in which
case complex bench reconstruction would be required if
the right graft is used.?? Such situation is extremely rare

with the left-lobe grafts.

Disadvantages of Left-lobe Grafts

Origin of the segment 4 artery, usually termed the middle
hepatic artery, can be from the right hepatic or the left
hepatic artery in almost equal proportions (Figure 4).%°
If arising from the right hepatic artery, using the left-lobe
would necessitate two arterial reconstructions (one to the
left hepatic artery and another to the segment 4 artery).
Typically, the diameter of the left hepatic artery is smaller
even when single, compared with the right and can result
in higher incidence of hepatic artery thrombosis.

Right
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Right
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N Left
Left portal vein

portal vein

Type 2 Type 3

Figure 3 Types of portal vein. Dashed line—transection for left-lobe giving one portal vein in all types. Dotted line—transection for right-lobe will

have two portal veins in types 2 and 3.
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Figure 4 Origin of hepatic artery to segment 4. Dotted line—transection for left-lobe giving one hepatic artery. Dashed line—transection for left-lobe

will give two arteries.
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LEFT-LOBE LIVER TRANSPLANTS IN ADULT LDLT

The positioning of the left liver graft could be challeng-
ing during the transplant operation, particularly in the
presence of splenomegaly. The left-lobe is usually one-
third of the size of the whole liver and when used on a
smaller sized recipient than the donor, the new graft be-
comes larger than the original left-lobe producing signifi-
cant space constraint.

Hepatic outflow block is one of the major complica-
tions leading to severe graft dysfunction after LDLT. Left-
lobe grafts are prone to pivoting around the IVC if the
graft is not held tightly in its position by fixing the falci-
form ligament in the graft to the anterior abdominal
wall.'® Rotation of the left-lobe grafts to the vacant right
subphrenic space in the postoperative period can result in
a functional Budd-Chiari like effect due to kinking of the
hepatic vein orifice. Moreover, the left-lobe grafts seem
to have more active regeneration after surgery and they
rotate further from their position at implantation than
the right-lobe grafts, because the smaller left-lobe grafts
regenerate toward the right and posterior side. This again
can cause a horizontal shift in the lie of the MHV and LHV
resulting in kinks and outflow issues.?* In contrast, the
right-lobe graft resides comfortably in the limited right
subphrenic cavity and regenerates toward the left and an-
teromedial sides with little positional change of the graft
hepatic veins.

In extended left-lobe grafts, MHV is usually harvested
with the graft and therefore the liver on the recipient side
is free of any congestion. However, the remnant liver in the
donor can have congestion of the anterior sectors 5 and 8
if their predominant drainage was through the MHV. This
can lead to transient dysfunction in the donor and poor
regeneration.”®

Ways to Avoid Small for Size Syndrome

The holy grail of the left-lobe grafts is the avoidance of
SFESS. Small for size syndrome represents a distinct dis-
ease entity related to partial liver grafts denoting its inabil-
ity to meet the functional demands of the recipient
resulting in hepatic dysfunction. This usually manifests as
coagulopathy, ascites, hyperbilirubinemia, and encepha-
lopathy and is often associated with pulmonary failure,
renal failure, and sepsis, leading to higher mortality of the
recipient. There is no doubt that the incidence of SESS is
higher when smaller grafts with GRWR <0.8% is used.>’
Inadequate hepatic venous outflow of partial grafts can
lead to a situation similar to SFSS but this is a problem
more often seen in right-lobe grafts. In any case, outflow
obstruction is a technical problem and all such surgical
issues need to be excluded before the diagnosis of SFSS
can be made.

An essential factor that influences the functional
capacity of the partial graft is the presence of steatosis.?®
When using left-lobes for adult LDLT, it is critical that
good quality livers devoid of any degree of steatosis should
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be chosen to avoid SFSS. Otherwise, the pitfalls of an in-
herently low GRWR of the left-lobe graft would be com-
pounded by its steatosis.

There is considerable human and animal evidence im-
plicating portal hyperperfusion in the pathogenesis of
graft injury in SFSS.?”"? The partial grafts in LDLT are
subjected to the portal flow destined for a whole liver, re-
sulting in portal hyperperfusion. Recipient hemodynam-
ics too plays a part, as cirrhotic recipients demonstrate
higher portal flow due to splanchnic vasodilatation.
Animal models have demonstrated multiple microvascu-
lar injuries after reperfusion inversely related to graft size
while diversion of portal flow to graft showed an absence
of microvascular injury and improved graft function.?”?8
Hence, most clinical strategies to avoid SFSS have focused
on ways to decrease portal hyperperfusion in the new
graft. Boillot first made use of this hypothesis to overcome
SFSS successfully by diverting the excessive portal flow
through a mesocaval shunt after ligation of recipient su-
perior mesenteric vein (Figure 5).%? Others have used simi-
lar methods for portal flow diversion such as inferior
mesenteric vein to the left renal vein shunts or the innova-
tive hemiportocaval shunts (Figure 6), where the right
branch of the portal vein (which is free in the left-lobe
transplants) is connected to the IVC either directly or
using interposition grafts such as recipient portal vein or
synthetic grafts.3*3* However, sometimes the diverted

Left hepatic vein to IVC

IVC

Portal vein joined to
left portal vein of graft

Splenic vein

Ligation of SMV

Mesocaval shunt

Figure 5 Boillot shunt.
IVC: inferior vena cava; SMV: superior mesenteric vein.
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Table 1 Salient differences between right- and left-lobe grafts.

Right-lobe

Characteristics Left-lobe
Donor
Sex Male preponderance
Postoperative liver Less rise of prothrombin time, bilirubin, and
function transaminases
Hospital stay Shorter
Morbidity Probably less
Graft
Weight Less than right (average 450g)
Bile duct Usually one
Portal vein Usually one

Hepatic artery

40% have two when segment 4 artery arises from
the right

Hepatic vein Simple reconstruction into single common orifice of
LHV and MHV
Recipient
Body weight Lower than the right-lobe (usually around 55 Kg)

Positioning in recipient
GRWR or GV/SLV

Difficult due to lack of space on the left
Lower than the right (usually GRWR around 0.8 or

Female preponderance

Significantly higher values, especially if MHV is
included

Longer

Probably more

More than left (average 600g)
Multiple in 50%

Two in 30%

Usually one

Complex reconstruction of segment 5 and
8 veins or of MHV required

More (usually >65 Kg)
Easier due to space on the right side
More than the left (usually GRWR around 0.95

GV/SLV 40%)
? Lower scores
Higher risk (20%)

MELD score
SFSS occurrence

or GV/SLV 50%)
? Higher scores
Lower risk (10%)

GRWR: graft-to-recipient weight ratio; GV/SLV: graft volume/standard liver volume; LHV: left hepatic vein; MELD: model for end-stage liver disease;

MHV: middle hepatic vein; SFSS: small for size syndrome.

Left hepatic vein to IVC

IVC

Right portal vein
to IVC shunt

Left portal vein
to portal vein

Figure 6 Hemiportocaval shunt.
IVC: inferior vena cava.

flow through the shunts away from the graft liver maybe
too excessive resulting in gradual liver atrophy and may
even necessitate subsequent surgical closure of the shunts.
The novel use of ligamentemteres of the recipient contain-
ing the umbilical vein as the interposition graft may obvi-
ate the need for subsequent closure of the shunt.?® In the
immediate postoperative period, the high portal pressure
in the graft will keep the ligamentem teres shunt open and
prevent SFSS. Later as the liver regenerates, the portal
pressure will come down. This will gradually obliterate the
ligamentemteres, spontaneously close the portocaval
shunt and prevent liver atrophy later.

By far the simplest method to decrease portal pressure is
ligation of splenic artery to reduce the prograde flow through
splenic vein into the portal vein, but its effect on portal pres-
sure may not be strong enough.“’"37 Splenectomy is proba-
bly the most widely practiced modality now for portal flow
modulation asitis technically familiar to most surgeons?g’39

Measurement of portal pressure on the table after im-
plantation, to make a decision regarding necessity for ma-
neuvers to reduce portal pressure, has become a routine
practice in many liver-transplant centers. Attaining a por-
tal pressure <15 mmHg has been claimed to be the key to
avoiding SFSS.? Nonetheless, the requirement and the
type of intentional techniques to reduce portal pressure as
well as the success of the different procedures in obviating
mortality due to SFSS still remain a moot question.
Sufficiently robust data for the use of low GRWR grafts
along with portal pressure modulation for satisfactory
outcome of the recipient are still lacking. There is scope
for lot more research!

Use of Dual Left-lobes

Use of two donors, each of whom donated their left-lobe,
was initially performed in Korea to avoid the use of right-
lobe for recipients who require large grafts.*® This was
based on the assumption that the right hepatectomy is
more dangerous than the left hepatectomy for the donor.
Although that maybe true, does the morbidity and mor-
tality risk of one right hepatectomy outweigh that of two
left hepatectomies? The recipient surgery is extremely com-
plex and may not be applicable to most centers.
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CONCLUSION

Left-lobe grafts harvesting cause much less morbidity in
the donor when compared with the right-lobe grafts.
Probably, the risk of life-threatening complications such
as liver dysfunction and mortality too is lower in the left-
lobe donors. Left-lobe grafts have the additional benefit of
better anatomy of the left bile duct and left portal vein
which usually being long and single result in easier anas-
tomosis in the recipient. Likewise, the left-lobe grafts are
easier to implant with a better venous outflow through
the combined orifice of LHV and MHV. However, the left-
lobe grafts may have more chance of having multiple
hepatic artery anastomosis. The biggest disadvantage of
the left-lobe grafts is smaller graft weight and possibility
of SFSS in the recipient. The primary strategy for this
currently depends on circumventing portal hyperperfu-
sion in the graft. The future aim in adult LDLT should be
to use the left-lobe as much as possible for the benefit of
the donor, at the same time avoiding SFSS even at very low
GRWR for the benefit of the recipient.
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