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Abstract
Mini invasive techniques are taking over conventional 
open liver resections in the setting of left lateral seg-
mentectomy for living liver donation, and hydride pro-
cedure are being implemented for the living related 
right hepatectomy. Our center routinely performs lapa-
roscopic left lateral segmentectomy for pediatric recipi-
ent and has been the first in the Europe performing an 
entirely robotic right hepatectomy. Great emphasis is 
posed on living donor safety which is the first priority 
during the entire operation, then the most majority of 
our procedures are still conventional open right hepa-
tectomy (RHLD), defined as removal of a portion of 
liver corresponding to Couinaud segments 5-8, in order 

to obtain a graft for adult to adult living related liver 
transplant. During this 10 years period some changes, 
herein highlighted, have occurred to our surgical tech-
niques. This study reports the largest Italian experience 
with RHLD, focused on surgical technique evolution 
over a 10 years period. Donor safety must be the first 
priority in right-lobe living-related donation: the cat-
egorization of complications of living donors, specially, 
after this “highly sensitive” procedure, reflects the need 
for prompt and detailed reports.

© 2013 Baishideng. All rights reserved.
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Core tip: A 12 years Italian single center experience 
is herein reported, focusing on the live donors who 
underwent conventional open right hepatectomies for 
adult to adult living related liver transplantations. In 
light of this experience we individualized three area of 
interest where we accomplished remarkable goals over 
this time period: donor nutritional status and rescue of 
steatotic donors; analysis of post hepatectomy liver re-
generation; surgical technical developments. 
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INTRODUCTION
In July 2013 we have been communicated by the edito-
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rial board of  the World Journal of  Gastroenterology that our 
paper “Analysis of  Surgical and Perioperative Complica-
tions in Seventy-five Right Hepatectomies for Living 
Donor Liver Transplantation” published in May 2008[1], 
had been cited, up to now, more than 27 times in the 
world English literature. This figure supported by data 
banks such as Scopus and ISI web of  Science, made this 
scientific article entering in the 1% most cited papers of  
ever. Prompted by this achievement we reviewed our 12 
years single Italian center experience with hepatic right 
lobe living donation. Indeed, we were particularly glad to 
contribute with this retrospective clinical report, to the 
special number of  the World Journal of  Gastroenterology, 
published to celebrate the 50th year’s anniversary of  liver 
transplantation[2].

Although in the last 6 years the number of  proce-
dures performed each year has been dramatically fallen 
down, our center is still, by far, the busiest living related 
liver transplant program in Italy (Table 1). 

Herein, we will focus our attention on live donor of  
conventional right lobe (Coineaud segment 5-8) and only 
marginally on live donor of  open left lateral segments 
(Coineaud segments 2-3)[3,4]. To further improve the 
outcome of  these complex procedures, refinements in 
the surgical technique and better comprehension of  the 
interrelations between post resectional liver regeneration, 
and donor nutritional status is, in our opinion, needed. 

We individualized three area of  interest where we ac-
complished remarkable goals over a 12 years period: nu-
tritional status and rescue of  steatotic donors[5]; analysis 
of  liver regeneration in donors[1]; technical developments 
in conventional open resection for living donation[6]. 

PATIENTS POPULATION
At the “Istituto Mediterraneo per i Trapianti e Terapie 
ad Alta Specializzazione” in Palermo, Italy, from Janu-
ary 2002 to April 2013, we performed an overall of  107 
live donor hepatectomy of  which in details: 95 for adult 
patients and 12 for pediatric recipients. One additional 
case of  potential right hepatectomy was aborted after the 
beginning of  the surgery because of  an abnormal venous 
outflow discovered at the intra-operative ultrasound and 
not previously detected at the pre operative imaging. 

In the early phase of  our experience two of  the adult 
patients received a full left lobe (Coineaud segment 2-4), 
while the others adult recipients received a right lobe 
(Coineaud segments 5-8); in one case the right hepatic 
graft was harvested using a totally robotic procedure of  
retrieval. This case, the first performed in Europe and the 
second in the world, will not be treated here. 

The pediatric recipients always received an anatomical 
left lateral segmentectomy (Coineaud segments 2, 3); in 8 
cases we have performed entirely laparoscopic harvesting 
procedures and details of  these procedures will not be 
discussed here[7].

No living donor mortality, neither administration of  
heterologous blood transfusion were reported; 25 (27.1%) 

living donors presented 1 or more episodes of  complica-
tion in the post-operative period. 

One case of  HCV infection was revealed after dona-
tion[8,9]. 

Regarding recipients, the patient and graft survival 
at 1, 3 and 5 year after right hepatectomy (RHLD) were 
89.3%, 83.2%, 77.8% and 83.4%, 77.3%, 71.9% respec-
tively. 

NUTRITIONAL STATUS AND RESCUE OF 
STEATOTIC DONORS
In our center a comprehensive step-by-step donor work-
up protocol is designed to ensure donor and recipient 
safety. 

Donors with hepatic steatosis > 30% are excluded 
from donation, due to reported impairment of  both graft 
and patient survival after living donor liver transplanta-
tion (LDLT)[10]. 

Donors with body mass index (BMI) ≥ 30 kg/m², 
a significant correlation between BMI and overall grade 
of  steatosis is well known[11] and/or steatosis at imaging 
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Table 1  Living liver donor potential candidates and type of 
surgical procedures performed at the Mediterranean Institute 
for Transplantation and Advanced Specialized Therapies, and 
the University of Pittsburgh Medical Center in Italy  n  (%)

Statistics

Exclusion criterion1

   Donor-related reasons  158 (44.0)
   Donor withdrawal    43 (12.0)
   Donor death    1 (0.3)
Exclusion at work-up:
   ABO incompatible  11 (3.1)
   Psychology  18 (5.0)
   Clinical/biochemistry  27 (7.5)
   At imaging 
CT scan  30 (8.4)
MRCP scan  10 (2.8)
   At liver biopsy  17 (4.7)
   Other    1 (0.3)
Recipient-related reasons    93 (25.9)
Death awaiting LDLT  21 (5.8)
Drop-out (HCC progression)  21 (5.8)
LDLT refusal  12 (3.3)
Unsuitable to LDLT  10 (2.8)
Cadaveric OLT  29 (8.1)
Total excluded  251 (69.9)

Partial liver living graft2

   For adult recipients
      Full left lobe    2 (0.6)
      Right lobe    94 (26.2)
   For pediatric recipients  12 (3.3)
      Left lateral segment  12 (3.3)
      Total included  108 (30.1)
      Overall 359 (100)

1Potential donors; 2Suitable donors. CT: Computed tomography; MRCP: 
Magnetic resonance cholangiopancreatography; HCC: Hepatocellular 
carcinoma; LDLT: Living donor liver transplant; OLT: Orthotopic liver 
transplant.



(ultrasonography, computed tomography or magnetic 
resonance imaging) or at histology underwent dietician 
consult and then re-evaluated within 3 mo.

After nutritional assessment [nutritional and dietary 
anamnesis, life-style evaluation and resting energy expen-
diture (REE) calculation] the dietician arranged a per-
sonal diet (carbohydrates 55%-57%, proteins 17%-19%, 
and lipids 24%-27%) and encouraged the donor to do 
physical activity. 

Dietetic compliance of  the donor was monthly re-
assessed. 

Acceptable monthly weight loss was considered 2-4 
kg, with a final gained BMI of  < 30 kg/m². 

Eighteen potential living donors (age 27-59 years, 
male/female 14/4) were treated with diet. Nine out of  
18 donors didn’t complete the 3-mo dietary follow-up for 
donor-unrelated reasons. In 9 donors who successfully 
completed the 3-mo treatment a liver biopsy was per-
formed. In all cases a hepatic steatosis degree < 30% was 
found and they became eligible as donors (Figure 1). 

After LDLT, none of  them experienced life-threat-
ening complications or died. Liver function in both rem-
nant liver donors and transplanted grafts showed a good 
outcome, with no differences (in terms of  hospital length 
of  stay, liver function parameter normalization after re-
section, and liver regeneration) between them and other 
LDLT without hepatic steatosis.

Surprisingly, in a very recent multicentric study, ac-
cording to data maintained in the LiverMetSurvey da-
tabase, a paradoxical survival advantage was observed 
in patients with steatosis undergoing liver resection for 
colorectal liver metastases (CLM)[12]. 

This data has generated a fascinating hypothesis that 

of  excess body adiposity has a survival protective effect, 
concept which warrants further research. 

DONOR LIVER REGENERATION 
Based on the evidence that an exposure of  a small graft 
to persisting hyperdynamic circulation and high portal 
blood inflow may induce impairment of  liver regenera-
tion, and hepatic dysfunction[13,14], we have translated in a 
population of  70 donors who underwent right hepatecto-
my the analysis of  the impact of  the donor regeneration 
predictors on post hepatectomy outcomes[1].

Liver regeneration was evaluated with multidetector 
computed tomography (MDCT) at a mean of  61.07 d 
after surgery. 

We have examined the possible impact of  pre-surgical 
variables (e.g., age, weight, height, BMI, liver function 
tests, creatinine levels, platelet counts, international nor-
malized ratio, and glucose levels) and variables detected 
with preoperative MDCT imaging [e.g., main portal vein 
diameter, steatosis, original liver volume, and spleen vol-
ume (SV)]. The future remnant liver volume (FRLV) was 
preoperatively calculated with a virtual surgical cut. Do-
nor BMI was 23.7 ± 2.9 kg/m2, and was used to physi-
ologically assess nutritional status. 

In 26 of  the 70 donors analyzed (37.14%), 100% or 
greater hepatic regeneration had occurred at 2 mo. 

There was no association between the clinical out-
come and the liver regeneration rate. A stepwise multiple 
regression analysis showed that a higher BMI (coefficient 
= 0.035, P < 0.0001) and preoperative parameters such as 
a smaller FRLV (coefficient = -0.002, P < 0.0001) and a 
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Figure 1  Two histologic examinations of liver parenchyma with steatosis, before and after intensive dietary treatment in the same donor. 10/18 donors 
successfully completed the 3-mo treatment (body mass index < 30 kg/m²). In all 10 treated donors, hepatic macrosteatosis < 30% was found (range: 2%-15%) and 
therefore they were considered eligible for donation. 
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particular we fell that the modifications we adopted con-
cerning the transection of  the accessories veins and final 
severing of  the vascular stumps contributed to fasten, 
ameliorate and make safer the entire procedure. 

Those technical development were possible using 
tools, strategies and experiences gained in laparoscopic 
surgery. 

The operation is lately (after March 2008) being per-
formed (last 10 cases, 9.2%) with a right renal flap inci-
sion while we were used to start with a bilateral subcostal 
incision, with upper midline extension (Mercedes inci-
sion). In the setting of  the left lateral donation even an 
upper midline incision has been employed. For the right 
hepatectomy our original technique has been described 
elsewhere[15]. 

We later adapted our technique to all type of  anatom-
ic variants. In the case of  a right dominant hepatic vein, 
when a tributary of  the hepatic venous system larger than 
5 mm was encountered in the transection plane a test 
clamp was performed in order to see whether the liver 
parenchyma became dusky, after which a decision was 
made as to whether to preserve the branch. 

This practice was lately substituted by the preopera-
tive use of  the MEVIS Hepavision® system in order to 
obtain a more detailed analysis of  the outflow venous 
drainage. 

In case of  preservation we severed the accessory he-

greater SV/FRLV ratio (coefficient = 1.196, P < 0.0001) 
were predictors of  greater liver regeneration (Figure 2). 

TECHNICAL UPDATES
The most majority of  our procedures are still conven-
tional open RHLD, defined as removal of  a portion of  
liver corresponding to Couinaud segments 5-8, in order 
to obtain a graft for adult to adult living related liver 
transplant. 

While in the setting of  the left lateral segment pro-
curement open procedures are reserved only to rare cases 
presenting vascular anomalies. 

During this 12 years period some changes, herein 
highlighted, have occurred to our surgical techniques. In 
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Figure 2  Locally Weighted Scatterplot Smoother graphics of the overall 
population, evidencing the association of percentage of liver regeneration 
with levels of body mass index (A), future remnant liver volume (B) and 
spleen volume/future remnant liver volume (C). FRLV: Future remnant liver 
volume; SV: Spleen volume; BMI: Body mass index.

Figure 3  A large accessory hepatic vein draining the right lobe along with 
the right hepatic vein is encircled using a vessel loop (A). The measure-
ment of the accessory hepatic vein [major of 5 mm, (B)] was performed for deci-
sion making to transect it with a vascular stapler, only when transections of liver 
parenchyma and of the structures of hepatic pedicle were almost complete. 
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patic vein, regardless was anterior or posterior, with the 
Endopath vascular staples (35 mm long, 12.3 mm wide; 
Ethicon Inc., Somerville, NJ) (Figure 3). 

This step was originally taken using straight pediatric 
Pott vascular clamp and then suturing the two stumps of  
the vein. 

This ultimate practice allowed us to avoid a com-
plex manual suture especially in case of  medial tributary 
when the parenchyma is not yet completely transected. 
Subsequently, once the parenchyma had been completely 
divided, the vascular stumps of  the right branch of  the 
portal vein, of  the right hepatic vein and of  the ipsilateral 
hepatic artery were sectioned with the Endopath vas-
cular staples (35 mm long, 12.3 mm wide; Ethicon Inc., 
Somerville, NJ), while before the traditional Satinsky and 
Pott vascular clamps with subsequent manual suture were 
used. 

In the setting of  the left lateral segmentectomy, after 
mobilization of  the left anatomic lobe and after perform-
ing the parenchymal transection as described above for 
the right counterpart, we lately substituted the conven-
tional use of  vascular Satinsky clamps with endo- vascu-
lar stapler. 

In particular, while the vascular stumps of  the left 
portal vein and of  the left hepatic artery were treated 
with the Endopath vascular staples (35 mm long, 12.3 
mm; Ethicon Inc., Somerville, NJ), the left or the com-
mon middle and left stumps of  the hepatic veins was 

treated with Endo GIA™ Universal 12 mm vascular sta-
pler (Covidien, New Haven, CT). 

Eventually we like to report on the utility of  vascular 
endo-stapler into the open transplantation surgery, in 
the setting of  the use of  vascular graft. Indeed in few 
cases, the usage of  several vascular staplers were crucial 
to shapes and employees a heterologous venous conduit, 
previously harvested from a deceased donors, for a back-
table reconstruction of  a large accessory hepatic vein 
which was connected to the recipient inferior vena cava 
of  a LRLT (Figure 4). 

DISCUSSION
Deceased donor quality is worsening in Italy, the average 
of  donor age in our center is much better in the living 
counterpart (Figure 5). However living donation carries a 
special risk and donor safety must be the first priority in 
liver living-related donation. 

Indeed, the categorization of  complications, the de-
velopments of  new surgical tips, the changes matured 
over time in terms of  donor selection and match needs 
to be promptly reported in details[16].

Herein, we separately analyzed three area of  inter-
est in live donor hepatectomy that have been exposed to 
some changes and ameliorations since the beginning of  
our practice.

 We found that the reduction of  hepatic steatosis to a 
values of  < 30%, could be obtained with a strategic nu-
tritional assessment and arranging an adequate personal 
diet. This concept is guiding our strategy in order to 
expand the live donor pool without affecting donor and 
recipient safety.

At this regard, the paradoxical survival advantage 
observed in patients with steatosis undergoing liver resec-
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Figure 4  Usage of several vascular staplers were crucial to shapes and 
employees a heterologous venous conduit (A), previously harvested from 
a deceased donors, for a back-table reconstruction of a large accessory 
hepatic vein (B) to be connected to the recipient inferior vena cava in the 
LERLT. 
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Figure 5  Linear regression models were used for explaining differences 
in terms of age between deceased and living liver donors over the last 
decade at the Mediterranean Institute for Transplantation and Advanced 
Specialized Therapies, and the University of Pittsburgh Medical Center in 
Italy. In our series of 677 cadaveric liver transplantation and 105 living donor 
liver transplantation, the deceased donor age has been increasing with a sig-
nificative difference of average values between deceased and living liver donor 
age (95%CI: 0.9-1.3), P < 0.0001.
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tion for CLM might create a new fascinating scenario, 
in which overweight living donor could be suitable for 
transplantation[12]. 

However it is too early to conclude that peri-diagnosis 
overweight is a good prognosticator after a major liver 
resection, because its impact upon long-term survival is 
less well documented. 

Further clinical studies with large series, comparing 
patients and potential live donors with different BMI, 
grade of  liver steatosis and nutritional marker, will be 
necessary to obtain convincing evidence.

Assuming that preoperative nutritional status is one 
of  the key points for successful resection in living-related 
liver donors, we have recently put emphasis not only on 
the evaluation of  the ratio between donor and recipient 
liver volume but also on the predictors of  optimal early 
liver regeneration in the donors.

Historical series suggested that in adult-to-adult living 
related liver transplantation one of  the most challenging 
tasks is to match an optimal size graft, balancing the clini-
cal condition of  the sick recipient and the safety of  the 
healthy donor. In this setting, particularly care must be 
taken in the pre operative imaging evaluation of  liver and 
spleen volume[17-19]. 

Eventually, in the scenario of  the surgical refinements 
obtained over a 12 years period the adoption into the 
open conventional surgery of  tools created for laparo-
scopic surgery such as the endo-mechanical stapler for 
vascular structures allowed us to make safer a unique sur-
gical operation such as the living donor hepatectomy. 

At this regard, we like to mention that traditionally 
one of  the most stress full point of  the operation is 
the positioning of  the vascular clamp around the right 
hepatic vein or the common trunk of  the middle and 
left hepatic vein and the subsequent manual suture of  a 
potentially long vascular stump. Indeed, no matter how 
safely the clamp is placed the length of  remnant vein 
to be sutured in the donor side might be short, and any 
moment the clamps could be displaced with detrimental 
consequences. 

On the other hand, using the vascular stapler will 
make this step faster and safer with no consequence on 
the recipient side, once the stumps are opened on the 
back-table and the graft is flushed. 

Adult-to-Adult Living-related Donor Liver Transplan-
tation remains the greatest most recent and challenging 
evolution of  liver transplantation, both from a technical 
and ethical point of  view, which has contributed to re-
duce donor shortage[20]. Stringent criteria of  donor selec-
tion criteria and peri-operative care were implemented 
following one of  the first reported case of  living donor 
death in 2002, and a smaller number of  centers with large 
experience refined the surgical technique, selection and 
clinical management of  both donors and recipients[21]. 
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