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 Tips, Tricks, and Pitfalls 

•     Three different standard types of liver 
bipartition producing six different types 
of grafts can be created with different 
hepatic segments (S):
 –    Splitting for adult and pediatric 

recipients with left lateral graft, S 
II-III (LLG) and right extended graft, 
S I, IV–VIII (REG)  

 –   Splitting for two adult recipients or 
for adult and pediatric recipient of 
large size recipients with creation of 
right graft, S I, V–VIII (RG) and left 
graft, S II–IV (LG)  

 –   Splitting for two adult recipients with 
creation of full left graft, S I–IV (FLG) 
and full right graft, S V–VIII (FRG)     

•   The absence of an extrahepatic portal 
vein bifurcation is an absolute contrain-
dication to liver splitting.  

•   Division of the portal branches to S I 
optimizes the freeing/lengthening of the 
left portal vein for the implantation  
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13.1           Introduction 

 The shortage of liver grafts available for trans-
plantation from deceased donors (DD) prompted 
several transplant centers during the early 1990s 
to seek alternatives to conventional liver trans-
plantation such as split-liver transplantation and 
partial grafts from living donors. 

 Waiting list mortality is approximately 
15–20 % in Europe and 14 % in the United States 

[ 1 ,  2 ], and approximately 2,500 patients die every 
year in the United States for lack of a suitable 
liver donor. Split-liver transplantation (SLT), a 
procedure in which one donor liver is divided 
into two hemilivers, is an important method to 
overcome organ shortage. To date, the principal 
benefi ciaries of this procedure have been adult/
pediatric pairs, and excellent outcomes have been 
reported by the majority of pediatric transplant 
centers; where the waiting list mortality has been 
approximately 0 % in the last few years.  

13.2     Historical Background 

 The transplantation of partial-liver allografts in 
children was initially advocated by Smith, who in 
1969 proposed that the left lateral graft was suit-
able for children [ 2 ]. This technical option was 
revisited in the 1980s when the increasing demand 
for pediatric liver transplantation resulted in an 
insuffi cient pool of deceased donors (DD) and an 
increased waiting list mortality. 

 Initial attempts to reduce pediatric waiting list 
mortality targeted the surgical reduction of an 
adult DD liver to fi t the abdominal cavity of a 
child, a procedure called “reduced-liver transplan-
tation” (RLT). Split-liver transplantation (SLT) 
began in the 1980s as a response to the disparity 
between adult and pediatric recipients; the waiting 
list mortality in the pediatric population exceeded 
25 % at major transplant referral centers. 

 The fi rst successful RLT was simultaneously 
reported by Bismuth [ 3 ] and Broelsh [ 4 ] in 1984. 
Later studies demonstrated that the use of RLT 
grafts in children achieved success rates equal to 
or better than those of whole cadaver organs. 
However, the simple surgical reduction of a liver 
graft from an adult deceased donor (DD) failed to 
expand the donor pool and simultaneously 
increased competition problems between adult 
and pediatric transplant candidates. After sub-
stantial ethical debate [ 5 – 8 ], the surgical reduc-
tion techniques were also extended to adults of 
small size. 

 In 1989, Pichlmayr et al. and Bismuth et al. [ 9 , 
 10 ] almost simultaneously reported the successful 
ex situ division of a deceased donor liver into a left 

•   Identifying the portal tract entering the cau-
date process at its lower aspect is helpful in 
preparing for the division of the hilar plate.  

•   Early dissection of the Arantius remnant 
allows a safe encircling and control of 
the left hepatic vein (LHV)  

•   In the adult and pediatric in situ splitting 
technique, a 1–2-min selective clamping 
of the LHV may provide assurance that 
the hepatic venous drainage of S IV is 
not jeopardized.  

•   Recognition of independent S II and III 
suprahepatic venous outfl ow (<5 % of 
cases) is crucial in the adult and pediat-
ric splitting procedure.  

•   Segment IV hypoperfusion is a potential 
pitfall during liver splitting for adult and 
pediatric recipients.  

•   During adult and pediatric split-liver 
procedure, parenchyma transection can 
be achieved according to the transhilar 
approach or the transumbilical approach.  

•   In the liver-splitting technique for two 
adult recipients, the “hanging maneuver” 
can be helpful in defi ning the correct plane 
of transection.  

•   In the rare cases of remarkable MHV 
dominancy during split-liver procure-
ment, for two adult recipients, the ex situ 
splitting of the vena cava and/or MHV 
can be considered possible options to 
avoid the complex reimplantation of all 
tributaries of the MHV and the conges-
tion of S IV, V, and VIII.    
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lateral graft (LLG), segments (S) II and III, for 
transplantation into a pediatric recipient, and a 
right extended graft (REG), S I, IV–VIII for trans-
plantation into an adult. As a prerequisite of this 
new SLT surgical procedure, a dedicated “bench-
ing” period was required for further dissection, 
which substantially increased the organ cold isch-
emia time. Goss and colleagues at University of 
California, Los Angeles (UCLA) proposed in situ 
separation as a procedure to reduce cold isch-
emia time and enhance the identifi cation of biliary 
and vascular structures. During this procedure, the 
liver was divided within the adult DD during pro-
curement without any special equipment. The in 
situ technique was initially performed at UCLA in 
1992. Important clinical reports in 1997 by Goss 
[ 11 ], Azoulay [ 12 ], and Rogiers [ 13 ] showed the 
signifi cant advantages of this technique in avoid-
ing the period of bench surgery necessary to per-
form the ex situ splitting procedure with the related 
complications of the prolonged cold ischemia time 
of the graft. Performed on selected DDs, the in situ 
liver-splitting procedure offered the benefi ts of 
pediatric living donor liver transplantation (LDLT) 

without the donor risk, and this has now become 
the fi rst choice for the transplantation of infants 
and small children in the majority of centers. 

 In 1999, Colledan et al. reported the fi rst suc-
cessful in situ split liver procedure from a 
deceased donor for two adults, obtaining a full 
right graft (FRG) and a full left graft (FLG).  

13.3     Anatomic Principles 

 Any technical description of split, reduced, or 
living donor liver transplantation must begin 
with the acknowledgment of the anatomic clas-
sifi cation of the liver described by Couinaud [ 13 ] 
and refi ned by Bismuth [ 14 ] (Fig.  13.1 ), which 
has been universally accepted by the transplant 
communities of Europe, Asia, and North 
America as the reference for describing different 
portions of partial-organ allografts. The liver is 
divided into eight functional units, termed “seg-
ments” which receive separate hilar pedicles. 
Each pedicle contains a portal venous branch, 
hepatic arterial branch, and a bile duct pedicle 
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  Fig. 13.1    The 
segmental anatomy of 
the liver as described 
by Couinaud and 
Bismuth. Each 
anatomic segment 
receives a unique portal 
pedicle consisting of a 
portal venous branch, 
hepatic arterial infl ow, 
and bile duct. Each 
segment is drained by 
unique hepatic venous 
outfl ow branches and 
separated by 
connective tissue 
scissurae       
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with unique drainage through individual venous 
branches. Hepatic parenchyma transection corre-
sponds so called to “scissurae,” connective tissue 
planes that separate each individual liver 
“segment”.

   Couinaud’s classifi cation permits the creation of 
functionally distinct partial-organ allografts (Fig. 
 13.2 ). The division of the hepatic parenchyma at 
the falciform ligament yields an S II/III left lateral 
graft (LLG), which is 25 % of the total liver volume 
and approximately 250–350 cc, for pediatric recip-
ients, and a remnant right extended graft (REG) 
(Couinaud S I and IV–VIII) of approximately 900–
1100 cc, for transplantation into adults. The LLG 
can be further reduced to a “monosegment graft” 
(S III) for very small infants and neonates.  

 In order to transplant two recepients from one 
adult DD, the liver can be divided along a sagittal 
plane directed to the right or to the left side of the 
middle hepatic vein. The parenchyma transection 
along the chosen specifi c plane is able to create 

three types of liver bipartition with different per-
centages of parenchyma volume for the two hemi-
grafts (Fig.  13.2 ). Depending on the recipient’s 
body weight, there are three standard techniques to 
split the liver and six different potential grafts:

    (a)    Split liver for adult and pediatric recipients 
with a LLG (S II, III) of approximately 25 % 
of total volume and a REG (S I, IV–VIII) of 
approximately 75 % of total volume. 
(Fig.  13.3a ).

       (b)    Split liver for two adult or for an adult and 
pediatric recipients of large size of about 
25–35 kg) with the creation of a left graft 
(LG) including S II, III, and IV, with approxi-
mately 35 % of total volume, and a right graft 
(RG) (S I, V–VIII) with approximately 65 % 
of total volume.   

   (c)    Splitting for two adult recipients with the cre-
ation of a full left graft (FLG) including S I–IV 
with approximately 40 % of total volume and a 

A

B

  Fig. 13.2    Surgical division of the liver along the mid-
dle hepatic vein ( yellow line  labeled “ A ”) yields a full 
left graft (FLG) S I–IV and full right graft (FRG) S V–
VIII that can be utilized in SLT for two adults. Division 

along the falciform ligament ( green line  labeled “ B ”) 
yields the pediatric left lateral graft (LLG) S II–III and 
the remnant, adult right extended graft (REG) S I, 
IV–VIII       
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  Fig. 13.3    Schematic representation of split liver for adult 
and pediatric recipients ( a ) and split liver for two adults 
( b ). For simplifi cation and to expose details of the supra-
hepatic veins the vena cava has not been drawn. In our 
experience in NITp area, the common bile duct ( CBD ) is 

usually retained with the right extended graft and with the 
full right graft. The celiac trunk ( CT ) is usually retained 
with the left lateral graft and with the full left graft whereas 
the main portal trunk is  retained with the right extended 
graft ( a ) and with full left graft ( b )       
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full right graft (FRG) including S V–VIII with 
approximately 60 % of total volume (Fig.  13.3b ).    

  Liver graft volume can be roughly estimated pre-
operatively. Its volume is about a 1.8 % and a 2.2 %, 
for female and male respectively (Table  13.1 ), of the 
total body weight of the donor. A more accurate 
formula taking into account the body surface and 
gender can give more accurate values of estimated 
liver volume [ 15 ]. Because a remarkably close cor-
relation exists between the liver weight and the vol-
ume of water at 25 ° C, liver volume can be 
converted to liver weight on a one-to-one basis.

   Partial-liver graft recipients with a graft 
weight to recipient weight ratio (GW/RW) less 
than 0.8–1 % are reported to have a higher inci-
dence of postoperative complications [ 16 ], 
including small-for-size syndrome (SFSS) espe-
cially in patients with portal hypertension. 

 The decision whether to split a DD liver and 
whether to perform the procedure in situ or ex situ 
depend on a number of variables that have different 

degrees of impact on decision-making [ 5 ,  17 – 22 ]. 
These variables include formal donor-related data, 
the given anatomical situation, the macroscopic 
appearance of the liver, the weight and clinical sta-
tus of the potential recipients; moreover we have to 
take into account the availability of an experienced 
surgeon and logistics. An ideal liver to be split 
(Table  13.2 ) would be from a young donor with no 
history of liver disease, normal liver values (par-
ticularly the γ-glutamyl-transpeptidase), and short 
intensive care stay. The optimal donor should be 
hemodynamically stable before and during the 
donor operation. The ideal liver should have a mac-
roscopically soft consistency, with sharp edges, 
and preferably with a large left lateral lobe (unless 
the recipient of this part is a small child); a separate 
right or left replaced hepatic artery can be advanta-
geous. Whenever possible and in consideration of 
optimal logistics, the donor should be submitted to 
multiorgan procurement in the transplant center 
itself, thus providing the best conditions for in situ 
splitting. However, this condition is rarely 
achievable

13.4        Split-Liver Transplantation: 
General Aspects 

 Split-liver transplantation for adult and pediatric 
recipients has become a standard procedure with 
results equivalent to those with whole liver trans-
plantation (Figs.  13.3  and  13.4 ).

   Two different techniques can be distinguished: 
split liver ex situ, i.e., performed on the back-
table in the ice bath after the perfusion and 

   Table 13.1    Six different types of grafts with estimated 
graft weight for a standard body weight of 70 kg   

 Type of graft 
 Couinaud 
segments 

 Percentage 
of total 
volume (%) 

 Estimated 
graft weight in 
g or ml (for a 
female-male 
of 65–70 Kg 
of BW) 

 Right 
extended 
graft (REG) a  

 S I, IV–VIII  75  900–950 

 Left lateral 
graft (LLG) a  

 S II–III  25  300–350 

 Right graft 
(RS) with 
caudate lobe b  

 S I, V–VIII  65  800–850 

 Left graft 
(LG) without 
caudate lobe b  

 S II–IV  35  400–450 

 Full right 
graft (FRG) c  

 S V–VIII  60  750–800 

 Full left graft 
(FLG) c  

 S I–IV  40  450–500 

   a For adult and pediatric recipient 
  b For adult and pediatric recipient of larger size 
  c For two adults  

   Table 13.2    Optimal donor parameters for liver splitting   

 Young, healthy donor (<40–50 years of age) 

 No history of liver disease/injury 

 Normal liver enzymes (AST, ALT, γGT) 

 Hospitalization < 5 days, short ICU stay (≤2 days) 

 Hemodynamic stability 

 Macroscopically normal liver 

 Multiorgan heart-beating deceased donor 

 Minimal to moderate vasopressors (dopamine < 15 
mcg/kg/min) 
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harvesting of the whole liver; in situ split liver, 
i.e., preformed inside the heart-beating donor 
prior to the perfusion and harvesting of the liver. 

 All types of splitting procedures can princi-
pally be performed ex situ as well as in situ. 
Because contrast-enhancement scans are rarely 
available for the majority of DDs, the anatomy 
of the biliary and hepatic vein system remains 
unknown until the liver is surgically divided. 
The liver’s extrahepatic vascular anatomy should 
be determined during the procedure by recogniz-
ing the different types of the vascular anatomical 
pattern. Identifying an extrahepatic left portal 
vein or a variant, the presence of multiple or a 
standard single hepatic arterial supply and their 
branching modality into the right and left arterial 
supply are the most important early surgical 
steps. Surgeons are sometimes required to mod-
ify the transection line according to their intra-
operative observations and their personal 
knowledge of the liver’s anatomy and its varia-
tions [ 21 ,  23 ]. 

13.4.1      Ex Situ Split-Liver 
Technique for Adult 
and Pediatric Recipients 

 In the ex situ split-liver technique, the whole 
organ is retrieved according to the standard 
techniques of multiple organ procurement and 
whole liver procurement. The whole liver is pre-
served with the preferred perfusion solution. 
Grafts are usually prepared at the recipient 
transplant center and placed in an ice bath of 
perfusion solution. Predissection, cholangiogra-
phy and arteriography can be performed at the 
back table during the ex situ technique in order 
to delineate the anatomy more precisely, but 
these procedures are time consuming. Otherwise, 
a thin metal cannula may be used to gently probe 
the hepatic artery and the bile duct to facilitate 
the detection of aberrant anatomy. As a general 
rule a successful liver division should share vas-
cular and biliary structures between the two 
sides but without handicapping either and, when 

CBD

CT
MPT

LLG
25%

REG
75%

  Fig. 13.4    Schematic drawing of split liver for adult and 
pediatric recipients. The parenchyma transection line is 
immediately lateral to the falciform ligament, yielding a 
left lateral graft (LLG, S II/III) for pediatric recipients of 
approximately 250–300 cc (25 %) and a right extended 

graft (REG S I, IV–VIII) of approximately 900–950 cc 
(75 %). Usually in NITp area the celiac trunk ( CT ) is 
retained with LLG (S II–III); the main portal trunk ( MPT ) 
and common bile duct ( CBD ) are retained with REG (S I, 
IV–VIII)       
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possible, provide either graft with single fi rst 
order arterial and biliary elements. Dissection of 
the portal triad is performed to separate the 
branches of the hepatic artery, portal vein, and 
right and left hepatic ducts. It is matter of 
debate which half of the liver should retain the 
entire hepatic/celiac trunk and the main trunk of 
the portal vein. In the majority of cases, the com-
mon bile duct is retained with the right graft. The 
rationale for determining which graft should 
receive the major vascular pedicle is explained 
by the anatomy of the components of the porta 
hepatis [ 24 ]. In the majority of cases, the left 
portal vein, the right hepatic artery, and the left 
bile duct should be sectioned because they are 
anatomically longer than the contralateral pedi-
cles, thus facilitating the anastomoses to the 
recipient vessels. The absence of extrahepatic 
portal vein bifurcation is a contraindication to 
liver splitting. Because microsurgical hepatic 
artery reconstruction is now commonly per-
formed, retaining the sectioned left hepatic 
artery with the LLG is usually preferred and is 
more commonly performed in North Europe 
centers during in situ splitting (Fig.  13.5 ). Biliary 
anatomy can be carefully explored by probing 
the main bile ducts, because an extensive dissec-
tion of the bile ducts may hamper the peri-biliary 
vascular plexus. The left hepatic duct is prefera-

bly sectioned because it is usually single. When 
the left hepatic duct is absent, the left lobe drains 
S IV and S II–III, thus confi guring with the right 
duct a bile duct trifurcation; this allows a favour-
able plane of transection between S IV and S II–
III in cases of liver splitting for adult and 
pediatric recipient. With regard to the possible 
extension of the arterial graft, interposition 
grafts by allogeneic iliac, splenic, superior, or 
inferior mesenteric arteries are usually employed. 
For portal vein extension, donor iliac veins can 
be used to extend both the right and left sides. 
Dissection of the hepatic hilum should be per-
formed only from the left side keeping the right 
side untouched.  After completing the resection 
of the gallbladder, the portal vein, the hepatic 
artery, the bile duct, and the hepatic vein are 
identifi ed as well as the segment IV artery. After 
transaction of the left hepatic artery distally to 
the origin of segment IV artery, the small portal 
branches from the left portal vein supplying S IV 
are ligated and transected. In case of an adult and 
pediatric liver transplant recipients, the line of 
parenchyma transection extends from the confl u-
ence of the middle and left hepatic veins 0.5 cm 
on the right side of the falciform ligament to 
approximately 1 cm until the right side of the 
umbilical fi ssure up to the hilar plate. Splitting 
the liver parenchyma step by step along with 

  Fig. 13.5    Ex situ 
split liver for adult and 
pediatric recipient at 
the end of parenchyma 
transection: many 
centers prefer to retain 
the celiac trunk with 
the REG (Courtesy 
of Dr. Roberto Troisi, 
Ghent University 
Hospital and Medical 
School)       
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umbilical scissure is  continued from downward 
to upward ligating all tiny vessels. Parenchyma 
dissection can usually be performed with the 
mosquito or Kelly fracture technique or with 
scalpel transection with ligation of the single 
elements of the intrahepatic portal triad struc-
tures. The left bile duct is fi nally transacted as 
well as the left portal vein and the left hepatic 
vein close to suprahepatic inferior vena cava, 
leaving a suitable stump. The left hepatic vein is 
retained with the left graft. The right and middle 
hepatic veins in continuity with the vena cava are 
retained with the REG. Infusion of cold preser-
vation solution via portal vein and hepatic artery 
can help to check for leaks. In order to reduce 
bleeding from the surfaces of the grafts, the 
majority of surgeons use sealing products such 
as fi brin glue, collagen, or polyglactin mesh.

   In early experience and until the late 1990s, 
the ex situ liver split procedure was the most 
widely used method to transplant two patients 
with one liver [ 25 ]. Recently, few centers are still 
using this approach [ 26 – 28 ]. The ex situ splitting 
of the liver allograft on the bench is considered a 
time-consuming procedure and usually results in 
a long ischemic time. During the splitting 
procedure into right and left grafts, some allograft 
rewarming occurs; even if slight, it can be associ-
ated with increased susceptibility to hepatic isch-
emic/reperfusion injury. When a second recipient 
operating room is not immediately available, or if 
one of the hemiliver grafts must be transported to 
another center, the prolonged ischemic time can 
hamper the recipient outcome. Prolonged isch-
emia and rewarming during the ex situ split pro-
cedure exposes the graft to injury, with a higher 
incidence of poor graft function unless the split-
liver transplant is organized in a very favourable 
environment and conditions. Thus, the ex situ 
technique may be restricted to some elective and 
selective cases, particularly for adult and pediat-
ric recipients who can be simultaneously trans-
planted in the same transplant centers [ 17 – 20 ] or 
when a donor becomes unstable during the in situ 
procedure. Some authors [ 29 ] have reported 
encouraging results with the ex situ split tech-
nique for two adult recipients by splitting the 
vena cava and the middle hepatic vein (see below 
Sect.  13.4.3 ).  

13.4.2     In Situ Splitting Technique 
for Adult and Pediatric 
Recipients 

 In situ splitting in the heart-beating DD is a 
modifi cation of the ex situ splitting technique; it 
is an extension of the techniques established for 
living related donor procurement, which is asso-
ciated with a lower rate of biliary complications, 
intra-abdominal hemorrhage, and primary non-
function of the graft compared with other 
series of ex situ splitting techniques [ 26 ,  27 ]. As 
for the ex situ technique, only hemodynamically 
stable DDs are considered suitable for in situ 
splitting. It is important that donor hospitals and 
other procurement teams are notifi ed as soon as 
possible of the decision to split the liver in situ, 
and the decision to proceed should be unani-
mous among different organ teams. No special 
equipment is needed; standard surgical facilities 
for a multiorgan procurement are usually used. 
The procedure requires an extra 2–3 h compared 
to the standard multiorgan technique. Before 
starting the splitting procedure, the standard 
surgical steps of abdominal organ procurement, 
including supraceliac and infrarenal aortic dis-
section and cannulation of the inferior mesen-
teric vein, should be completed. With this 
strategy, if a donor becomes unstable, the split-
ting procedure could be aborted with quick aor-
tic cannulation, aortic cross-clamping, and 
organ cold perfusion. 

  Isolation of the Left Hepatic Vein (LHV)     Segments 
II and III of the liver are mobilized. The dissec-
tion is always initiated with the division of the 
umbilical ligament, which is tied and gently held 
up to expose the umbilical fi ssure. Dissection of 
the falciform ligament is prolonged to the level 
of the diaphragm, with identifi cation of the 
hepatic veins. By opening the gastrohepatic liga-
ment and pulling up the left lobe (Fig.  13.6 ), it is 
possible to identify and section the fi brotic rem-
nant of the ductus venosus Arantii which con-
nects the left portal vein to the root of the left 
hepatic vein. Section and division of the fi brotic 
remnant near to the LHV enable isolation and 
encircling of the LHV with a vessel loop; this 
manoeuvre becomes easier and safer if directed 
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both ventrocranially and dorsocaudally by an 
Overholt dissector. A 1–2 min selective clamp-
ing of the LHV can ensure that the middle 
hepatic venous drainage of S IV, V, and VIII is 
not jeopardized. Occasionally, S II and III have 
independent orifi ces to the vena cava. The recog-
nition of independent S II and S III veins is criti-
cal, and inadvertent injury to these veins should 
be carefully avoided. However, this condition 
requires that both orifi ces are incorporated on a 
common caval patch. A common middle and left 
hepatic vein requires careful separation after 1–2 
cm of parenchyma division.
     Parenchyma Dissection and Division of the 
Umbilical Plate     There are two primary ways to 
dissect and divide the umbilical plate: (a) the 
transhilar division and (b) the transumbilical 
division. Both techniques have been well 
described by Broelsh [ 30 ] and more recently by 
J. De Ville De Goyet [ 31 ], and their use has 
largely depended on the surgeon’s education and 
personal preference.  

 (A) In the transhilar (TH) approach, the LLG 
should be prepared beginning with hilar dissec-
tion at the base of the round ligament, with isola-
tion of the left hepatic artery, the left portal vein 
branch, and the left bile duct. During the last 
decade, a signifi cant debate has developed around 
how and when to preserve the artery for S IV 
(Fig.  13.7 ). The segment IV artery originates 
very near the arterial bifurcation, rarely from the 
right and more commonly from the left hepatic 
artery with some anatomical variability as 
follows:

     (a)    A unique branch from left hepatic artery (80 %)   
   (b)    As a middle trunk of trifurcation of the 

hepatic artery (middle hepatic artery)   
   (c)    From the right hepatic branch when a replaced 

left artery arises from the left gastric artery   
   (d)    From the right hepatic branch when a replaced 

right hepatic artery arises from SMA   
   (e)    Multiple small branches, the main from the 

left hepatic artery    

LL

HGL

ALHA

LGA

  Fig. 13.6    The left lobe ( LL ) is pulled upward and the 
hepatogastric ligament ( HGL ) is divided to expose the 
ligamentum venosum Arantii. Care must be taken to 

 preserve an accessory left hepatic artery ( ALHA ) from left 
gastric artery ( LGA )       
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  However, one should be aware of the fact 
that the majority of S IV artery branches are 
functionally accessory branches rather than 
replaced arteries and that intrahepatic collateral 
circulation exists with a valuable supply. As a 
result, when the S IV artery arises from the left 
hepatic artery and do not appear to provide sig-
nifi cant arterial infl ow, it can be tied and sacri-
fi ced. In some particular cases, when the S IV 
artery shows a caliber ≥ 2 mm or if partial dis-
coloration of segment IV is produced after 1–2 
min occlusion of the same artery, it is better to 
preserve it, leaving the celiac trunk with REG 
or cutting the S IV branch at its origin of the 
left hepatic artery and re-anastomosing it with a 
microvascular technique with the gastroduode-
nal artery. Some concerns have also been raised 
for S I, the caudate lobe: when the right hepatic 
artery is divided at its origin and the celiac 
trunk is retained with the LLG, the vascular ele-
ments for the caudate lobe are removed with the 
left graft. In our experience during several hun-
dred adult and pediatric split liver procurements 

in the North Italy Transplant program (NITp) 
area, the celiac trunk was usually retained with 
the LLG, and the S IV artery has been ligated 
and sacrifi ced if considered functionally an 
accessory branch. Only in some few cases when 
the S IV artery was considered functionally rel-
evant (discoloration after clamping test or 
diameter ≥ 2 mm), the celiac trunk was retained 
with the REG. This technical option of keeping 
the celiac trunk usually with the LLG still 
remains a common agreement among surgeons 
of the NITp area and was never considered in 
our experience a possible cause of graft loss for 
ischemic necrosis of S I or S IV. Furthermore, 
one should be aware that the ultimate evalua-
tion of S IV and S I viability can be better 
obtained after graft reperfusion during the 
transplant procedure. When REG reperfusion 
shows some areas of marked discoloration in S 
IV or S I, removing the segments or a portion of 
them it is an option that can be weighed against 
the high risk of ischemic necrosis and possible 
biliary fi stula. 

Segment IV artery

Left branch of 
portal veinCommon bile duct

Arterial bifurcation

  Fig. 13.7    The segment IV artery originates very near the arterial bifurcation, rarely from the right and more commonly 
from the left hepatic artery       
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 The TH phase continues with the dissection 
of small portal venous branches to S IV (usually 
6–8), which are ligated with 5–6/0 Prolene 
suture and divided laterally to the umbilical fi s-
sure to isolate the entire left portal branch (Fig. 
 13.8 ). Some small portal branches to segment I 
should be preserved, because they originate from 
the main and not the left portal vein. When total 
vascular control of the left lateral segments is 
completed, parenchyma transection should 
began by marking with electrocautery the liver 
capsule 5 mm to the right side of the falciform 
ligament (Fig.  13.9 ). The parenchyma division 
proceeds until the hilar plate is divided at the 
right side of the umbilical fi ssure line (0.5–1 cm 
to the right) and ends precisely at the Arantius 

remnant line with the exclusion of the caudate 
segment (S I), which is not included in the graft. 
Dissection of the anterior liver parenchyma is 
obtained by a Harmonic scalpel, by CUSA, by 
bipolar electrocautery and water sealing, or by 
simply electrocautery and gentle Kelly fracture. 
The dissection is directed between the LLG and 
S IV and should be carried out to 1 cm above the 
ductal plate surrounding the left bile duct in the 
umbilical fi ssure. The MHV is retained with the 
right graft. Some small penetrating vessels drain-
ing S IV in the left venous system and some 
small biliary orifi ces should be divided and 
suture ligated as required. However, if any large 
vein from S IV is draining in the LHV, a short 
test clamping of 1–2 min of the LHV can be 
helpful to test the functional relevance of the 
same vessel.

    The main advantage of the TH approach is 
that the surgeon can easily move the division 
line to the right providing a larger LLG includ-
ing S II, III, and the small part of S IV). This 
fl exibility can be helpful when the LLG is rela-
tively small or when there is a need to provide a 
larger liver mass. The parenchyma division 
should proceed until the hilar plate is divided at 
the right of the umbilical fi ssure line (0.5–1 cm), 
and it should end precisely at the Arantius rem-
nant line. In this way, S I is not included in the 
graft. It is necessary to divide the plate and the 
portal pedicle for S I to completely free the hilar 
plate and the LLG not only from the caudate 
lobe but also from its paracaval portion by ligat-
ing some very small ascending portal branches. 
Finally, a sharp division of the hilar plate is per-
formed between the main bifurcation of the 
hepatic vascular structures and the umbilical fi s-
sure; this allows to obtain a single biliary orifi ce 
in the majority of cases. 

 (B) In the transumbilical (TU) approach, the 
 Rex recessus  (the distal portion of the left portal 
vein running after a sharp bend between S IV 
and the LLG) should be exposed soon after the 
preparation of the extrahepatic structures. The 
peritoneum of the umbilical fi ssure is opened 
from the umbilical ligament to the porta hepa-
tis. All venous branches of the  Rex recessus  
draining into S IV are divided. The left portal 

  Fig. 13.8    Ligation and transection of the portal branches 
to segment IV (transumbilical approach) [ 32 ]        

  Fig. 13.9    Transection line of the liver parenchyma dur-
ing split liver for adult and pediatric recipient runs 5 mm 
on the right side of the falciform ligament [ 32 ]       

 

 

P. Aseni et al.



143

vein at the Rex  recessus  is shifted to the left 
until the umbilical plate where division for S II 
and S III will take place and then fully exposed 
(Fig.  13.10 ). The left hepatic artery is also pro-
gressively mobilized during the latter manoeu-
vre; eventually, the artery for S IV is divided, 
and the plate attached to S IV will go with the 
right split graft. The division of the S IV artery, 
arising more often from the left hepatic artery, 
follows the same general rules described for the 
TH approach. After a common agreement 
among different surgical teams of the NITp 
area, the celiac trunk is always retained with the 
LLG unless different anatomical evidence for 
possible ischemia of S IV is recognized (Fig. 
 13.4 ). The division of the liver parenchyma 
exactly follows the line of insertion of the falci-
form ligament at fi rst and ends at the conver-
gence between the LHV and MHV. In the same 
manner as for TH, the parenchyma division is 
guided to reach anteriorly the middle line of the 
umbilical plate, previously prepared, and along 
the Arantius remnant posteriorly. This approach 
results in dividing the plate more to the left 
compared with the TH technique, leaving in 
place the portal pedicle supplying the caudate 
lobe process. The remaining left hilar plate and 
bile duct are sharply transected with scissors or 
a scalpel close to the liver surface (Fig.  13.11 ), 

and biliary drainage to segment IV should be 
preserved. Vascularization and the perfusion of 
S IV can be more easily evaluated during the in 
situ procedure in the heart-beating DD. 
Hypoperfusion of S IV is a potential pitfall, and 
segmentectomy or subsegmentectomy of S IV 
may sometimes be considered. At the end of the 
parenchyma dissection, the LLG is separated 
from the remaining extended right liver graft 
parenchyma with its own vascular pedicle and 
venous drainage.

    At the end of the dissection, two liver grafts 
are procured, each with a preserved vascular ped-
icle and venous drainage in a bloodless fi eld. 
Some microfi brillar collagen sheets or a hemo-
static sponge can be applied to the cut surfaces, 
and organ procurement continues with a subse-
quent perfusion phase and cooling of the donor 
organs. After organ perfusion and cooling, the 
right hepatic artery, the left portal vein, and the 
left hepatic veins are divided. At the end of the 
procedure, the main portal vein, the common bile 
duct, and the right hepatic artery stay with the 
right graft unless some particular anatomical 
conditions are evident as discussed before. The 
right graft is removed in the usual fashion, retain-
ing the entire vena cava, while the LLG retains 
the left suprahepatic vein. The left bile duct and 
the common bile duct are gently fl ushed with 50 
ml of perfusion solution prior to the storage of 
both grafts. 

Rex recessus

Portal venous branches 
of the Rex recessus

  Fig. 13.10    In the transumbilical ( TU ) approach, the  Rex 
recessus  should be exposed soon after the preparation of 
the extrahepatic structures. All venous branches of the 
 Rex recessus  draining into S IV are divided       

  Fig. 13.11    Division of the hilar plate: a blunt right-angle 
dissecting forceps is passed to encircle the hilar plate. The 
left hepatic duct(s) is visible within the hilar plate       
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  Main Steps for Bench Surgery     The transplan-
tation of the LLG retaining the LHV requires 
the preservation of the native inferior vena cava 
in the recipient. After further fl ushing with the 
perfusion solution throughout the portal vein, 
the parenchyma surface is carefully inspected 
during back-table preparation for possible vas-
cular and biliary leaks that are oversewn. Bench 
surgery depends on the particular technique 
of transplantation of the LLG. During recipi-
ent operation, the right hepatic vein orifi ce to 
the vena cava is suture ligated, as are all the 
smaller accessory hepatic veins along the infe-
rior vena cava. The left and middle hepatic 
vein orifi ces are opened in order to form a 
large common trunk for hepatic venous anasto-
mosis. Anastomosis of the portal vein will be 
performed end-to-end utilizing nonabsorbable 
monofi lament suture. For infants and neonates, 
the anastomosis may be a running (continuous) 
suture on the posterior wall and interrupted 
suture anteriorly. If the celiac trunk has not been 
retained with the LLG, the donor left hepatic 
artery can be anastomosed to the recipient com-
mon hepatic artery provided a long branching of 
the left artery can be obtained in the recipient. 
Otherwise, the anastomosis can be performed 
with the infrarenal aorta by artery interposition 
of a graft harvested from the DD. Biliary anas-
tomosis is occasionally performed duct-to-duct 
but is more frequently performed by an end-to-
side Roux-en-Y hepaticojejunostomy.  

 Preparation of the REG during bench surgery 
for transplantation includes the removal of rem-
nant diaphragm from the liver bare area, ligature 
of phrenic vein origins, and closure of the orifi ces 
of the left hepatic vein, left portal vein, and left 
hepatic artery origin in those cases where the 
celiac trunk is retained with the right graft. In some 
cases of an S IV relevant artery, its revasculariza-
tion, using the recipient gastroduodenal artery, can 
be considered; the left bile duct remnant is over-
sewn. Gently fl ushing each structure may help 
to identify small vascular orifi ces. The orifi ce of 
the LHV is fi nally sutured by a transverse over-
sewn. The REG is ready for transplantation, utiliz-
ing standard whole-organ techniques.  

13.4.3       Split-Liver Procedure 
for Two Adult Recipients 

 The initial steps in the donor operation are per-
formed as in any other multiple organ harvesting 
procedure. One should remember that before pere-
forming any split procedure, the standard tech-
niques of abdominal organ procurement, including 
supraceliac and infrarenal aortic dissection and 
cannulation of the inferior mesenteric vein, should 
be completed. In this way if a donor becomes 
unstable, the splitting procedure can be aborted 
with rapid progression to aortic cannulation, aortic 
cross-clamping, and organ cold perfusion. 

 The right hepatic pedicle is fi rst dissected 
with the usual extrahepatic intra-Glissonean 
approach, and the right hepatic artery and right 
branch of the portal vein are isolated and encir-
cled with different colored vessel loops 
(Fig.  13.12 ). The right liver lobe should be fully 
mobilized, and all the short hepatic veins to the 
retrohepatic vena cava are isolated and saved to 
preserve adequate venous outfl ow. The paren-
chyma bridge, when present, from S IV to S III 
around the IVC must be divided. The right 
hepatic vein is isolated and taped with a vessel 
loop. After the isolation of all short hepatic 
veins, a tape can be positioned from the groove 
between the RHV and MHV to the groove 
between the right and left Glissonean sheaths via 
the posterior hepatic surface (hanging maneu-
ver). The lateral end of the tape is carried behind 
all the retrohepatic vein branches draining from  
the right liver lobe. To complete the hanging 
maneuver, the end of the tape is passed ventral to 
the right hepatic artery and right portal vein. In 
this way, the vessel loop defi nes a transection 
plane leading from the bifurcation of the hepatic 
artery and portal vein to a point between the 
right and middle hepatic veins. Before transec-
tion, ultrasound can be performed intraopera-
tively, whenever possible, to detect major S V 
and S VIII veins crossing the transection plane at 
the line of Cantlie. The “tape-assisted” paren-
chyma transection leads the surgeon more easily 
to the anterior wall of the inferior vena cava, 
potentially with better preservation of the caudal 
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lobe venous outfl ow (Fig.  13.13 ). At the end of 
the parenchyma transection and division of the 
right bile duct, the organ-procurement procedure 
is continued with the standard technique, and 
organ perfusion and cooling can be initiated. The 
right hepatic vein, right hepatic artery, and right 
portal vein are divided at the end of organ perfu-
sion, usually leaving the right hepatic branch, 
the right portal vein, and the common bile duct 
with the right graft. A FRG and a FLG are 

obtained, and the left and right bile ducts are 
gently fl ushed with the perfusion solution prior 
to the storage of both grafts. Almost all centers 
in the NITp area typically retain the common 
bile duct with the right graft and the common 
trunk of the portal vein and the celiac trunk with 
the left graft. However, in particular anatomical 
situations concerning both the donor and the 
recipient, some variations from the standard 
technique can be discussed. There are three 
modalities for liver-splitting techniques for two 
adults: (a) liver splitting into FLG S I–IV and 
FRG S V–VIII which is the most used in our 
experience, (b) liver splitting into FLG S II–IV 
and FRG S I, V–VIII, and (c) ex situ splitting 
with standard technique or splitting the vena 
cava and middle hepatic vein (FLG S I–IV and 
FRG S V–VIII).

      (a)     Split Liver for Two Adult Recipients with 
Creation of FLG S I–IV and FRG S V–VIII     

  This is the technique most frequently used for 
adult recipients, and it has developed in parallel 
with the one of the right lobe living donor pro-
curement [ 31 – 34 ] (Fig.  13.14 ). Usually, left lobe 
grafts of approximately 450–500 g with S I–IV 
are used for adults weighing from 45 to 50 kg and 

Right branch
of portal vein 

Right hepatic artery

  Fig. 13.12    The right 
hepatic pedicle is 
dissected with the 
extrahepatic intra-
Glissonean approach; 
the right hepatic artery 
and right branch of the 
portal vein are isolated 
and encircled with 
different colored vessel 
loops [ 32 ]       

  Fig. 13.13    The “tape-assisted” parenchyma transection 
leads more easily to the anterior wall of the inferior vena 
cava, with better preservation of the caudal lobe venous 
outfl ow [ 32 ]       
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in select circumstances, depending on donor size, 
for heavier recipients. The FRG, S V–VIII, of 
approximately 750–800 g, generally allows 
donor graft-to-recipient body weight ratios of 
more than 1.0 %. The procedure is similar to the 
one described earlier (Sect.  13.4.3 ). The hepatic 
veins are identifi ed, and the right hepatic vein is 
encircled with a vessel loop. All diaphragmatic 
attachments to the liver are released, and the dis-
section proceeds from the right lobe to the infe-
rior vena cava. There is no need to dissect the left 
border of the inferior vena cava. Minor and major 
accessory hepatic veins are usually encountered 
in about one half of DDs; these are individually 
preserved with a small caval patch for implanta-
tion only if ≥ 5 mm in diameter.

   The hepatoduodenal ligament is opened to 
expose the hilum after retrograde cholecystectomy. 
The right hepatic artery is identifi ed and exposed 
lateral to the common hepatic duct. Lateral expo-
sure can avoid skeletonization of the proper hepatic 
bifurcation, thereby preserving any possible arte-
rial supply to S IV from the right hepatic artery. 
The right portal vein should be approached from 
the lateral right side of the hilum and dissected to 
the level of the bifurcation where it is encircled 
with a vessel loop. A short and selective Pringle 

maneuver of the left hilum is then performed to 
create a demarcation line for parenchyma division. 
Once the hilar plate has been identifi ed, the left bile 
duct (unique or double duct orifi ces) is sharply 
divided, and the remnant orifi ce is closed with a 6/0 
monofi lament; bleeding from hilar plate points can 
be secured with 5–0 nonabsorbable monofi lament 
suture. Parenchyma division will continue along 
the main portal fi ssure with the surgeon’s left fi n-
gertips positioned behind the right lobe anterior to 
the inferior vena cava. The hanging maneuver can 
be helpful and leads the surgeon more easily to the 
anterior wall of the inferior vena cava, with better 
preservation of the caudal lobe venous outfl ow. The 
MHV is retained with the FLG; for this reason, 
some S V and S VIII venous tributaries draining in 
the MHV are sharply divided and ligated when of 
small diameter (≤4 mm) (Fig.  13.15 ). Later revas-
cularization of some venous tributaries to the MHV 
can be evaluated for vessels with a diameter larger 
than 5 mm or when a Makuuchi 5-min clamping 
test indicates its utility. In living donor liver trans-
plantation (LDLT), Makuuchi [ 35 ] advocates 
aggressive reconstruction of all veins draining the 
right paramedian sector in the living donor right 
lobe when the MHV is not harvested with the right 
lobe. This author suggests the use of intraoperative 

CBD

FRG
FLG

CT

  Fig. 13.14    In split 
liver for two adults, the 
common bile duct 
( CBD ) is usually 
retained with the 
FRG. The celiac trunk 
( CT ) is usually retained 
with the FLG to 
maximize arterial 
supply to S IV       
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ultrasound Doppler evaluation after a 5-min test by 
clamping both the hepatic artery and the branches 
of the MHV; the evidence of a portal hepatofugal 
fl ow in the paramedian portal branch will suggest 
the reconstruction of the occluded paramedian 
venous branch. After the completion of paren-
chyma division, the right hepatic vein, right portal 
vein, and right hepatic artery remain intact for 

organ cold perfusion. At this point, heparin is 
administered and aortic cannulation is achieved. At 
the end of cool perfusion, graft  separation should 
be performed including sharp division of the right 
portal vein immediately distal to the bifurcation 
and transection of the right hepatic artery immedi-
ately distal to its takeoff from the proper hepatic 
artery (Fig.  13.16 ). The rationale for preserving the 

Small vein
from S VIII

  Fig. 13.15    Split liver 
for two adults: FRG 
and FLG with creation 
of FLG S I–IV and 
FRG S V–VIII; some S 
V and S VIII venous 
tributaries draining in 
the MHV are divided 
and ligated when of 
small diameter       

CBD

FRG FLGRPV

RHA

  Fig. 13.16    Split liver 
for two adults. FRG 
and FLG. Graft 
separation should be 
performed including 
sharp division of the 
right portal vein ( RPV ) 
immediately distal to 
the bifurcation and 
transection of the right 
hepatic artery ( RHA ) 
immediately distal to 
its takeoff from the 
proper hepatic artery. 
The common bile duct 
( CBD ) is retained with 
FRG       
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celiac axis with the left graft is to maximize arterial 
supply to S IV as its arterial supply is  routinely 
derived more from branches of the left than from 
branches of the right hepatic artery. The right 
hepatic vein is divided from the suprahepatic vena 
cava as a patch, and the FRG S V–VIII is removed. 
Because more common biliary variants are 
described in the right lobe, the common bile duct is 
retained with FRG (Fig.  13.16 ) and is fl ushed prior 
to cold storage in the cold perfusion solution. The 
FLG S I–IV graft is also removed, utilizing stan-
dard organ recovery techniques followed by the 
irrigation of the left bile duct and storage in cold 
preservation solution.

      (a1)     Main steps of bench surgery and recipient 
operation     

  The  ex situ  preparation of the FRG S V–VIII graft 
includes suture ligature of small biliary radicles 
and the potential restoration of all MHV branches 
draining S IV, S V, and S VIII to avoid congestion 
of the paramedian sector. Additionally, large 
accessory hepatic veins from S VI and S VII, 
when larger than 5 mm in diameter, should be 
anastomosed either directly to the vena cava or 
more optimally to some other venous conduit 
harvested from the donor (Fig.  13.17 ). This anas-
tomosis can be performed with different tech-

niques by employing donor iliac venous grafts 
and their secondary branches or the donor mes-
enteric vein.  Ex situ  preparation includes closure 
of the right portal vein orifi ce, the right hepatic 
vein orifi ce, and the right hepatic artery orifi ce 
from the common hepatic artery of the FLG S I–
IV. All small parenchyma biliary orifi ces should 
be recognized and ligated. The FRG S V–VIII 
requires the recipient’s inferior vena cava. The 
FRG is positioned orthotopically with a graft 
hepatic vein anastomosis to the recipient right 
hepatic vein orifi ce or to a common trunk formed 
by the recipient’s remnant left, middle, and right 
hepatic vein orifi ces. End-to-end anastomosis of 
the  portal vein is frequently possible, as the anas-
tomosis of the right hepatic artery with the recipi-
ent common hepatic artery. Donor iliac arteries 
or veins may also be used for interposition graft-
ing. Biliary drainage may be achieved in the 
recipient with an end-to-end anastomosis to the 
common bile duct. The FLG can be transplanted 
in the standard orthotopic manner with or with-
out venovenous bypass or by a piggyback tech-
nique; biliary drainage is usually obtained with 
the left bile duct by Roux-en-Y bilio-jejunostomy 
or by an end-to-end anastomosis of the left duct 
with the donor common or left duct.

     (b)     Split Liver for Two Adult Recipients or for 
Adult and Pediatric Recipient of Large Size 
with the Creation of a LG S II–IV and an RG 
S I, V–VIII     

  Grafting of the left lobe S II–IV weighing 
approximately 400–450 g is usually performed 
for smaller adults or for larger pediatric recipients 
weighing 35–45 kg. This procedure is technically 
more diffi cult than the previous ones and requires 
particular skill and experience in splitting the liver 
[ 28 ]. The middle and left hepatic veins should be 
retained together with the FLG; they are encircled 
together with a vessel loop to guide parenchyma 
dissection. In this procedure, the “hanging manoeu-
vre” by retrohepatic tape can also be helpful to 
guide parenchyma dissection. Unlike the previous 
technique, the tape should be passed not on the 
right but on the left side of the caval border, leav-
ing the caudate lobe with the RG S I, V–VIII. For 
this purpose, the tape should be positioned from 

IVC

VC

  Fig. 13.17    FRG presents large accessory hepatic vein 
from S VII larger than 5 mm in diameter: an anastomosis 
with the inferior vena cava ( IVC ) is performed utilizing a 
venous conduit ( VC ) harvested from the donor       
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the groove between the right and middle veins to 
the groove between the right and left Glissonean 
sheaths along the posterior hepatic surface of 
the LLS and lying on the remnant of the  ductus 
Arantii . The left bile duct, left hepatic artery, and 
left portal vein are identifi ed and encircled by a 
vessel loop. The dissection should be performed 
distally along the entire extrahepatic length to the 
level of the round ligament. Left hepatic artery 
branch (or branches) servicing S IV must be pre-
served. The main difference in this technique is 
that the left portal vein should be freed along its 
entire length, and careful division of some small 
portal branches for caudate lobe (usually 1–5) is 
paramount to completely free the LG from the 
caudate lobe, which should be retained with RG 
S I, V–VIII. However, because some small portal 
branches are servicing the caudate lobe from the 
posterior wall of the portal vein, a complete dis-
section of these posterior small branches from the 
left portal vein can be better and safely performed 
only after cool perfusion and during bench sur-
gery when their orifi ces can be suture ligated. 

 A temporary left pedicle occlusion, of both the 
left portal vein and the left hepatic artery, gener-
ates a clear demarcation plane for parenchyma 
transection. The plane is marked by electrocau-
tery on the Glissonean capsule, and dissection 
proceeds to the hilar plate with the available sur-
gical tools (CUSA, Harmonic Scalpel, monopo-
lar electrocautery, and water cooling or simply 
by Kelly fracture and bipolar electrocautery). 
During this step, some parenchyma vessels are 
encountered and ligated. The left bile duct is 
sharply transected at the level of the hilar plate, 
whereas the left hepatic artery and left portal 
vein are preserved to ensure organ cold perfu-
sion. After the administration of heparin, aortic 
cannulation, cross-clamp, and organ cold perfu-
sion are started. Post-perfusion time requires the 
procedure to continue rapidly with sharp transec-
tion of the left portal vein immediately distal to 
the bifurcation and with transection of the right 
hepatic artery immediately distal to its takeoff 
from the proper hepatic artery. This technique 
requires that the common trunk of the portal 
vein and common hepatic duct are maintained 
with the right graft while preserving the celiac 

axis with the left graft as in the adult-to-pediatric 
technique. Because less collateral circulation 
is available in a small left lobe, the preserva-
tion of the celiac axis with the left graft can be 
paramount to maximize arterial supply to S IV, 
although some small branches can originate both 
from the left and from the right hepatic artery. 
The vena cava is retained with the RG S I, V–
VIII. The left and middle hepatic veins are taken 
from the suprahepatic vena cava as a common 
venous cuff, and the left bile duct retained with 
the LG is fl ushed with perfusion solution prior 
to cold storage. This technique increases the risk 
of vascular and biliary complications because the 
perfusion of S IV may be sometime suboptimal. 
Complete dissection of the left portal vein can 
sacrifi ce some small portal branches to S IV; this 
manoeuvre associated with the arterial hypoper-
fusion of the same segment can lead to partial 
necrosis and bile leakage in that area.

    (b1)     Main Steps for Bench Surgery and Recipient 
Operation      

 Ex situ graft preparation of LG S II–IV only 
requires the identifi cation and repair of cut- 
surface biliary orifi ces. For both FLG S II–IV and 
FRG S I, V–VIII, after standard organ recovery, 
the irrigation of the common bile duct should be 
performed, and grafts should be stored in cold 
perfusion solution. Vascular reconstruction with 
donor-derived conduit vessels may be required 
for the FRG. 

 The implantation of RG S I, V–VIII into an 
adult is accomplished in the standard ortho-
topic manner with or without venovenous 
bypass with a piggyback technique. An over-
sewing of the common vein orifi ce of the left 
and middle hepatic vein can compromise the 
suprahepatic vena caval cuff in width; the ori-
fi ce can be kept open for a running suture to the 
recipient caval cuff using the piggyback tech-
nique. The right hepatic artery and the com-
mon trunk of the portal vein are  anastomosed 
end-to-end with the recipient hepatic artery 
and portal vein. Interposition vascular venous 
and arterial grafts must be used for anastomo-
sis to a suitable source of arterial infl ow. 
Biliary reconstruction can be performed by 

13 Split Liver: Surgical Techniques for Adult and Pediatric Recipients and for Two Adult Recipients



150

choledochocholedochostomy for RG with a 
T-tube, which reduce the biliary back pressure 
in order to prevent some bile leakage from the 
cut surface of the liver. The LG can be trans-
planted into a child or small adult with the 
preservation of the recipient vena cava. The 
middle and left hepatic vein cuff is anasto-
mosed to the suprahepatic vena cava of the 
patient. However, because of size discrepancy, 
various venoplasty maneuvers must be often 
performed to avoid graft kinking. The majority 
of these techniques have been described by 
several authors [ 31 – 34 ]. Portal vein recon-
struction must be individualized to the recipi-
ent’s anatomy. In some cases, a direct 
end-to-end anastomosis is contraindicated, and 
anastomosis to the confl uence of the splenic 
and superior mesenteric veins is required. In 
some cases, an extension venous graft is neces-
sary to provide a tension-free anastomosis, but 
the use of venous grafts should be limited 
while the longest recipient portal axis should 
be preserved during hepatectomy. Hepatic 
artery reconstruction can be performed either 
to the hepatic artery of the recipient or to the 
aorta with a transmesocolic infrarenal iliac 
graft arterial conduit. If the left hepatic artery 
is retained with the LG, a microsurgical recon-
struction by end-to-end anastomosis to the 
proper hepatic artery of the recipient should be 
performed. The left graft biliary tract recon-
struction is usually accomplished by a Roux-
en-Y left hepaticojejunostomy, and in one 
fourth of LG S II–IV, there are two or more 
separate bile ducts.

    (c)     Ex Situ Splitting for Two Adult Recipients: 
Standard Technique and Splitting of the 
Retrohepatic Vena Cava and Middle Hepatic 
Vein     

  The main surgical steps for ex situ splitting tech-
nique have been described above in paragraph 
Sect.  13.4.1 . Only the lack of an extraepatic por-
tal vein biforcation can be considered an abso-
lute barrier to ex situ splitting. The liver can be 
divided through the middle of segment IV, 
retaining the MHV with the right graft. In some 
cases, the liver can be divided along the Cantlie 

line (the main portal scissure) separating the 
right and the left lobes and obtaining a FRG (S 
SV–VIII) and a FLG (SI, S II–IV) (Figs.  13.18 , 
 13.19 ,  13.20 ); in this case all portion of S IV is 
allocated to the left graft to increase the graft-to-
recipient body weight ratio. The middle hepatic 
vein can be kept on the left in continuity with the 
common trunk of the left and middle hepatic 
veins. The cutting lines are the same as for left 
hemihepatectomy in living donors. In this case, 
ex situ splitting may offer the advantage of full 
anatomical access to create the best optimal 
venous outfl ow in both grafts.

     Sometimes the main problem associated 
with liver splitting for two adults is the possible 
congestion of the paramedian segments, S V, S 
VIII, and S IV, which can be evident only after 
revascularization; all these segments have some 
venous effl uent to the MHV. Congestion of one 
or more than one segment with a higher proba-
bility of “small-for-size syndrome” and post 
transplant liver failure can be clearly evident 
during parenchyma division during in situ tech-
nique. In ex situ technique the lack of optimal 
blood fl ow in the paramedian segments can be 
recognized only after revascularization. At this 
regard some Authors have proposed the possi-
bility to split longitudinally the inferior vena 
cava (IVC) into two parts [ 29 ]. Hilar dissection 
should start by the usual identifi cation and 
preparation of the hepatic artery bifurcation 

  Fig. 13.18    Ex situ split liver for two adult recipients: 
parenchyma transection (Courtesy of Dr. Roberto Troisi, 
Ghent University Hospital and Medical School)       
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and the S IV artery. The artery transection will 
depend on the origin of the  S IV artery and on 
its functional relevance. The portal vein is dis-
sected down to the main bifurcation, and the 
main portal vein is retained, as usual, with the 
left hemiliver to preserve the S I branches. The 
division of the bile duct retains the main bile 
duct with the right liver lobe due to the fre-

quency of more biliary variants in the right 
hemiliver. Before starting the parenchyma tran-
section, the dorsal and ventral wall of the IVC 
is cut along the midline, acquiring two hemi-
cava patches (Fig.  13.21 ). Transection of the 
dorsal and ventral wall of the IVC in the mid-
plane to conceive two hemicava patches is 
performed before starting the parenchyma 

  Fig. 13.19    Anterior view 
of split liver for two adults 
at the end of the procedure: 
the full right and full left 
liver graft (Courtesy of 
Dr. Roberto Troisi, Ghent 
University Hospital and 
Medical School)       

  Fig. 13.20    Ex situ split 
liver for two adults at the 
end of the procedure, view 
of the inferior surface of 
the full right and full left 
liver graft (Courtesy of 
Dr. Roberto Troisi, Ghent 
University Hospital and 
Medical School)       
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 transection, which is conducted later by the 
sharp knife technique along the line of Cantlie.

   The MHV is then cut from inside the IVC, 
preserving the half of the MHV for each of the 
two hemilivers. The parenchyma can be cut 

outside the IVC from S VIII 1–2 cm on the 
right side of the MHV, thus leaving its main ori-
fi ce for the left graft and two portions of the 
MHV for each graft. At the end we will have 
two graft each of them with a large hemicava 
patch including two halves of the MHV with 
orifi ces of all draining veins (Fig.  13.22 ). Then, 
the split portion of the MHV of the left hemili-
ver is reconstructed with half an iliac artery, 
and for the right portion, an entire iliac vein 
graft is used (Fig.  13.23 ). Implantation of the 
grafts is performed using the standard tech-
niques. For the venous outfl ow, a large venous 
anastomosis is performed using a cavo-cavos-
tomy technique. The hemicava patch of the 
right graft can also be anastomosed by longitu-
dinal extension of the opening of the recipient’s 
right hepatic vein. Splitting of the MHV 
requires extra time for the ex situ venoplasty 
reconstruction with a longer ischemic time, 
which may increase the recipient morbidity, 
especially for biliary complications. For this 
reason, in our opinion this technique has a very 

  Fig. 13.21    Splitting of the vena cava: the posterior wall 
of the vena cava is divided longitudinally (Courtesy of Dr. 
Roberto Troisi, Ghent University Hospital and Medical 
School)       

  Fig. 13.22    Splitting of the vena cava and MHV: the MHV is cut from inside the IVC, preserving the half of the MHV 
for each of the two hemilivers       
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limited application in clinical practice. It can be 
taken into consideration when a high number of 
accessory hepatic veins from S IV, S V and S 
VIII are draining into the MHV with a strong 
dominance which may hamper the vasculariza-
tion the right paramedian sector and S IV.     

13.5    Conclusions 

 The widespread utilization of split-liver trans-
plantation is hampered by diffi culties in sharing 
liver grafts between centers, especially when the 
liver is split for two adults. Most centers agree to 
partial-liver grafts from deceased donors only 
when shared between adult and pediatric recipi-
ents, as excellent outcomes have been described 
[ 26 ]. Considering the good results in a large series 
of split-liver transplantation for adult and pediat-
ric recipients and the excellent results also 
reported in living donor liver transplants [ 26 – 28 ], 
many centers are questioning the value of split-
liver procedures for two adults in light of the dif-
ference between the benefi t of the transplant 
community and the cost to the individual trans-
plant recipients. As a matter of fact, a higher risk 
of morbidity and mortality for patients after liver 
transplantation exists with marginal whole organs 

compared to optimal split-liver grafts, although 
no randomized studies exist or will most likely 
ever exist on this issue. Some concern remains 
about the signifi cant learning curve for the split-
ting procedures for two adults, and some ques-
tions remain unanswered about the risk of low 
volume of the split grafts, which can put the recip-
ient at risk of small-for-size syndrome with subse-
quent liver failure, in particular for those patients 
with portal hypertension. However, a multicenter 
study has recently reported encouraging results 
when donors and recipients are carefully selected 
and meticulous techniques are adopted [ 1 ,  26 – 28 , 
 33 ,  34 ]. A cooperative split-liver transplant pro-
gram among different centers may investigate bet-
ter allocation policies and most likely will allow 
better results provided that close supervision is 
ensured by more experienced centers.     
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