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   Foreword  

  For this book edited by Paolo Aseni, Antonino M. Grande, and Luciano De 
Carlis, contributing authors were requested to discuss the latest advances in 
donor management and surgical techniques for multiorgan procurement. 
Today, modern transplant medicine can guarantee excellent short- and long-
term results for all types of transplants, with survival rates of up to 80 % after 
5 years and about 60–70 % after 10 years. In no other fi eld of surgery, with 
the exception of benign or functional disorders, can such excellent results be 
achieved following complete failure of an organ. Currently two factors limit 
broader use of organ transplantation: on the one hand, the shortage of organ 
donors and, on the other hand, the increase in donors who are not ideal 
because their organ function is impaired. These two limitations prevail despite 
the fact that donor willingness in the general public is satisfactory to high 
throughout. Several other factors contribute here to play an equally important 
role like the lack of established ubiquitous facilities for donor recognition and 
the lack of logistics in donor management in several Central European coun-
tries or regions. New discussions on the defi nition of brain death in Germany 
and the increasing fi nancial pressure on all hospitals are further aspects. 

 The fi rst two parts provide a comprehensive look at problems ranging 
from donor recognition, general ethical aspects, but also the principles under-
lying the concept of brain death, the diagnosis and management of persons 
dying from intracranial pressure to organ harvesting with all its metabolic and 
hemodynamic alterations. No less important with a view to increasing trans-
plants is the non-heart-beating concept that for health caregivers, but also for 
society and particularly the next of kin, can present emotionally exceptional 
circumstances and presumably only marginally improve the shortage of 
organs. 

 Part   3     and   4     deal with the role of surgery in organ harvesting, which in the 
case of multiorgan donors is usually conducted in brain dead patients. In 
addition to abundantly illustrated tips and tricks, these chapters demonstrate 
the enormous importance of this act in the transplant setting. Organ quality is 
not only infl uenced by donor factors. Indeed, damage and complications that 
can occur in the course of organ procurement can be deleterious for the recip-
ient. The consequences can be impaired organ function, higher re-transplant 
frequency, and poorer survival. While countless discussions and the literature 
evidence this fact, it is given too little attention in daily routine. Principles 
such as “the best or the most experienced transplant surgeon” should harvest 
the organs are only rarely implemented, with as much to be said for the level 

http://dx.doi.org/10.1007/978-3-319-28416-3_3
http://dx.doi.org/10.1007/978-3-319-28416-3_4


viii

of anesthesiological management requiring the same standard of care when 
transferring the patient from the ICU to the operating room. This book also 
takes a look at special techniques such as liver splitting or bench surgery, 
namely, the preparation of donor organs for implantation. The interested 
reader will fi nd answers and information on most questions related to organ 
donation that can infl uence work with other medical professionals on a daily 
basis. 

 The last section of this book, part 5, concerns live donation of liver and 
kidney. Much more important than the technical aspects and challenges of the 
donor operation, which today can be minimally invasive and still provide 
excellent results for donor and recipient, is the fact that a healthy person 
undergoes surgery for the removal of a kidney or part of his liver. This act of 
solidarity is unique among medical procedures. Here, donor safety must take 
priority over all other aspects and calls for a multistep workup algorithm that 
is not invasive whenever possible. In addition to psychological exploration 
and counseling, determination of the voluntary nature of the organ donation 
takes priority. By the same token, any fi nancial motive should be ruled out as 
completely as possible. For living organ donation the highest surgical and 
anesthesiological expertise is required, because an avoidable complication is 
deemed bodily harm. A fl at learning curve, which is a fact for many surgical 
innovations but also for inexperienced surgeons, is not justifi able here. 

 Finally, I would like to again emphasize the importance of this book and 
congratulate the editors as well as all the contributing authors on having 
brought together the important aspects of organ donation in such an excellent 
manner. This work should be considered a mandatory reading for all col-
leagues involved in the organ donation process and above all be a tribute to 
the donors, who through their solidarity help lessen suffering and sustain life. 

 Tuebingen,   Germany   Alfred Königsrainer  

Foreword
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      Ethics of Organ Donation                     

     Antonino     M.     Grande      and     Paolo     Aseni    

1.1            Basic Principles in the 
Ethics of Organ 
Donation 

 The fi rst ethical issue in organ transplantation 
involves organ shortage. Although researchers 
apply all their efforts to increase the donor pool, 
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 Key Points 

•     The fi rst basic principle is that all individ-
uals can donate as well as receive an organ.  

•   A balance of all possible ethical consid-
erations should be discussed, including 
transplant benefi t and clinical utilitarian 
demand, with respect for an individual’s 
choice whether to donate an organ in 
life or after death.  

•   The increasing success of living donor 
transplants (above all renal transplants) 
is the primary justifi cation for using liv-
ing donors, which can be considered a 
“regrettable necessity” due to the con-
tinuing shortage of deceased donors.  

•   A full informed consent is the minimum 
prerequisite for an altruistic living 
donor, and this consent can only be 
obtained if the donor has a proper under-
standing and correct information about 
the risk for the donation procedure and 

the donor mortality rate which is up to 
approximately 12–13 per 6,000 cases 
(0.2 %, including donors of left or right 
liver lobes and donors to both adult and 
child recipients) [ 1 ].  

•   It is inappropriate to discuss brain death 
and the consequences with the patient’s 
family without also respecting donors 
and families in terms of the dignity, hon-
esty, and authenticity of each person 
involved in the donation path.  

•   Criteria for the acceptance of living unre-
lated donors should be fully discussed by 
the local ethical committee and, as usu-
ally required by the majority of countries, 
by permission of the special legal courts.  

•   Living donor transplantation for com-
mercial motivations must be strongly 
discouraged and is considered unaccept-
able by the majority of International 
Societies of Transplantation.    

mailto:amgrande@libero.it
mailto:paoloaseni@gmail.com
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there are more people in need of a transplant than 
there are organs available. 

  Decision to Donate     The choice to donate 
involves two different points of view: 
     (a)    One’s own organ donation after death   
   (b)    Organ donation of a next of kin      

 Whether to donate an organ for transplanta-
tion is a personal decision that should be well 
informed and freely chosen. Information should 
be disseminated by establishing and implement-
ing educational programs that address the key 
aspects of organ donation and transplantation. 
Organ donation is a “gift of life” with the aim of 
saving human lives. Furthermore, the establish-
ment of potential donor registration consent in 
driver’s licenses or other documents, including 
Internet sites, has been employed. However, 
these attempts have scarcely increased organ 
donation from deceased donors [ 1 – 7 ]. 

 The majority of religions, including Christianity, 
Judaism, and Islam, do not object to this funda-
mental principle. For Catholics, transplants are 
morally and ethically acceptable, and organ dona-
tion is encouraged as an act of charity; Pope Pius 
XII [ 8 ] in 1956 declared that “A person may will to 
dispose of his body and to destine it to ends that 
are useful, morally irreproachable and even noble, 
among them the desire to aid the sick and suffer-
ing… This decision should not be condemned but 
positively justifi ed.” In August 2000, Pope John 
Paul II at the International Congress on Transplants 
in Rome [ 9 ] said “There is a need to instil in peo-
ple’s hearts, especially in the hearts of the young, a 
genuine and deep appreciation of the need for 
brotherly love, a love that can fi nd expression in 
the decision to become an organ donor.” The 
Conservative Movement’s Committee on Jewish 
Laws and Standards has stated that organ dona-
tions after death represent not only an act of kind-
ness but are also a “commanded obligation” that 
saves human lives. Leviticus 19:16 orders, “Do not 
stand by while your neighbor’s blood is shed,” 
which suggests that one should apply any resource 
to save a life. Islam allows and encourages dona-
tions by living and deceased donors. The fi rst pre-
cept of Buddhism is to relieve suffering, and organ 

donation is considered as an act of generosity. 
Hinduism does not prohibit organ donations. 
Jehovah’s Witnesses are often considered to be 
against organ donation because they oppose blood 
transfusion. However, a decision for or against 
transplantation is as an individual choice, because 
organ donation and transplantation can be accepted 
under the assumption that no blood is transfused 
during the transplant procedure [ 10 ]. 

 A real increase in organ donation has been 
obtained in some countries in which the concept of 
“presumed consent” has been approved. This 
model implies that every adult individual who dies 
is a potential donor unless he has indicated his 
objection while alive and regardless of the wishes 
of his family. This mechanism is also called “silent 
consent”—the silence equals consent, in effect, 
and explicit opposition to donation should be 
expressed during life. Several countries in Europe 
and Asia, such as Spain and Singapore, have 
accepted this principle on moral and legal grounds 
and have increased organ donation from the aver-
age 20/million people seen in the United States, 
United Kingdom, and Canada to almost 40/million 
people in silent consent countries [ 2 ,  11 ]. 

 The principle of presumed consent has created 
a real increase in donation, but is this strategy 
ethically acceptable? First, all the citizens should 
be correctly informed about presumed consent. 
Others can assert that people are neither the 
administrators nor the owners of their bodies. 
The respect for the dead person does not equate 
to the body’s inviolability; organ use may be jus-
tifi ed by the purpose of this practice—solidarity 
with those who suffer from highly disabling and 
debilitating diseases for which the only therapy is 
organ replacement. Therefore, behind the princi-
ple of presumed consent is the hope of creating 
greater awareness that individuals can donate 
body parts after death. The presumed consent to 
donate organs is justifi ed by the fact that through-
out the course of their life, individuals have never 
given explicit consent to join the society where 
they live. Consequently, there are no reasons to 
justify a different treatment when individuals die, 
as though they depart from the society where 
they lived; it is better to give priority to the rela-
tionship toward other members of the society of 

A.M. Grande and P. Aseni
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which we have been a part during the course of 
life rather than a narrow and limited concept to 
maintain body integrity. However, while educa-
tional programs are essential, it is equally impor-
tant to avoid creating clamor in the press 
surrounding particular medical situations for 
comatose patients. It is easy to fi nd newspaper 
articles in which the donor is described as a man 
waiting to be executed. Readers would certainly 
be shocked to learn that just before the “execu-
tion,” the donor suddenly and miraculously 
recovered. Therefore, for those that work every 
day in transplant surgery, it is not rare to read 
 sensational headlines such as “The boy who 
came back from the dead: experts said car crash 
teen was beyond hope. His parents disagreed… 
His devastated parents were even asked to con-
sider donating his organs,” which goes on to read, 
“Convinced they saw a ‘fl icker’ of life as Steven 
lay in a coma, John and Janet T. rejected advice 
to switch off his life support machine. They 
begged for another opinion – and it was a deci-
sion that saved him. A neurosurgeon found faint 
signs of brain activity, and two weeks later, 
Steven woke from his coma. Within seven weeks, 
he had left hospital. And four years on, the trainee 
accounts clerk says he owes everything to the 
persistence of his parents” [ 12 ]. 

 Organs are priceless and donated on altruistic 
grounds, and all people can be regarded as poten-
tial organ donors after death has been declared. 
Even carriers of hepatitis B or C may donate 
organs. Special consideration needs to be given 
to the potential role of prisoners and people sen-
tenced to death. On the one hand, death row 
inmates have asked for the right to donate their 
organs after execution [ 13 ]. Other attempts have 
been made to acquire organs from executed pris-
oners [ 14 ,  15 ]. 

 In 2007, US senator Anderson proposed one 
bill that would release prisoners 60 days early for 
donating bone marrow and another that would 
give good behavior credit of up to 180 days to 
“any inmate who performs a particularly merito-
rious or humanitarian act,” which would include 
living kidney donation [ 16 ]. Nevertheless, capital 
punishment remains ethically controversial and 
is unacceptable in a democratic state according to 

Beccaria [ 17 ], speaking in the eighteenth century. 
Ethical and moral antagonism to capital punish-
ment are gaining ground and will undoubtedly 
compromise proposals to use organs from exe-
cuted prisoners. Allegations have been made of 
prisoner executions and immediate organ har-
vesting in China [ 18 ].  

1.2     Distribution of Available 
Organs 

 Organ allocation may be accomplished according 
to several criteria:

    1.     Age . To reduce patient waiting times for trans-
plantation, a “preferred status” concept has 
been introduced. Consequently, several mod-
els of priority considering age have been pro-
posed. Veatch [ 19 ] proposed a model known 
as “over-a-lifetime perspective.”   

   2.     Maximum benefi t . A second model of alloca-
tion criteria is to obtain the maximum benefi t, 
i.e., to increase the number of successful 
transplants. Examples of these criteria include 
the following:
•    Grade of urgency. The sickest patients have 

a preferred status; criticism to this criterion 
is that patient evaluation will not be objec-
tive if the physician is involved in the care, 
and there may be discrimination against 
patients who are healthier.  

•   Probability that transplantation is success-
ful, allocating organs to the patients who 
will presumably survive the longest.  

•   Selection of organ recipients on the basis 
of their behavior. Sometimes this choice 
can be incredibly challenging. Consider 
the case reported by Dr. Cooley, pioneer in 
heart transplantation. A 17-year-old boy, 
living with a girlfriend who was 2 months 
pregnant by him and already had a 2-year- 
old child, was hospitalized for a cardiomy-
opathy related to cocaine and alcohol 
abuse. He underwent a heart transplant at 
the Texas Heart Institute (THI) in Houston, 
Texas, and he initially received regular 
immunosuppressive therapy. Then, the boy 
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went to Indiana, sporadically took his med-
ication, and was incarcerated for assault 
and battery on his girlfriend. He started to 
have heart failure and returned to THI 
where he underwent an emergency implan-
tation of a percutaneous ventricular assist 
device. His heart began to recover, and the 
device was removed after 72 h. At this 
point, he needed another transplant. The 
medical review board considered his eligi-
bility and turned him down, considering 
that others on the waiting list were more 
deserving of a transplant and that re- 
transplantation has a poorer success rate 
than initial transplantation [ 20 ].      

   3.     Length of wait . A third model is the duration 
of waiting—the oldest patients on the list 
should have priority over those who come 
later. This model can be punitive for patients 
enrolled in several transplant centers.   

   4.     Culpability . A recipient can be judged for 
their style of life, e.g., drug abuse, alcoholism, 
and smoking. Is it ethical to prioritize patients 
for organ allocation according to their contri-
bution to society? Does this value discrimi-
nate against other individuals on the list?   

   5.     Recipient organ donor . This means that to 
increase organ donation, transplant preference 
is given to people who previously registered 
as organ donors (or possibly registered in the 
same or nearest geographical areas).      

1.3     Living Organ Donors 

 Taking organs from living donors represents a 
medical intervention that is totally different from 
ordinary surgical procedures. Individuals take 
risks or undergo harm for the sake of others, 
rather than for themselves, which is in sharp con-
trast to the ancient Latin ethical principle, “pri-
mum nihil nocere (fi rst, do no harm).” Most organ 
donations occur after the donor has died, but 
some organs and tissues can be donated from liv-
ing donors, and donor shortage is strongly sup-
ported by living donation. Living donation has 
increased as an alternative to deceased donation, 
and in the United States in 2013, 5,733 kidney 

grafts came from living donors [ 21 ]. Family 
members, friends, and even anonymous individu-
als can become living donors if they meet the 
requirements to donate. 

 Moreover, organ donation from living 
donors—of kidneys, bone marrow, and more 
recently, liver lobes and lungs—presents risks 
that vary from very low to high according to each 
of these procedures and that depend on several 
factors that do not always show predictable pat-
terns. Therefore, living donation implies that the 
recipient knows and accepts that someone else 
will jeopardize his or her health for their survival. 
These grounds are clearly understandable and 
readily reconcilable in the case of donation to a 
next of kin. It is completely different in places 
that allow commercial organ gifting in exchange 
for monetary reward. There are several ways to 
bypass national laws against all forms of trading 
in organs; one of the most common is “transplant 
tourism.” “Transplant tourists” are patients who 
travel to established destinations to fi nd readily 
accessible organs for transplantation; these 
organs are available from the poor of that destina-
tion country who sell mostly kidneys but in some 
instances, a lobe of the liver or a cornea [ 22 ]. 
These practices have been well known for more 
than a decade. In 2004, the World Health 
Assembly (WHA) issued a resolution urging 
member states “to take measures to protect the 
poorest and vulnerable groups from transplant 
tourism and the sale of tissues and organs, includ-
ing attention to the wider problem of interna-
tional traffi cking in human tissues and organs.” 

 Antagonists of a market trade in human organs 
may affi rm that an organ market exploits the help-
lessness of the poor, who would be attracted to the 
ability to alleviate his indigence at great risk to his 
health. Trade supporters may reply that any indi-
vidual, even the most deprived, has the right to 
choose to self-harm, assuming “it is better to be 
without a kidney than without money.” At the 
same time, the surgeon has a great moral responsi-
bility: he will not be responsible for an individual 
being poor, but he will be responsible for his lack 
of an organ [ 23 ]. Greene makes this point in  The 
Tenth Man: Chavel a wealthy lawyer, is impris-
oned in France during the German occupation. 
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One night a resistence team shot up a nazi and the 
reprisal is immediate. A german guard comes to 
inform that three of 30 prisoners will be executed 
in the morning. The Third Reich does not care 
which three and the decision is up to the prisoners. 
They draw lots and Chavel is among the damned. 
But rather than accept his fate, Chavel will trade 
his position to a man named Janvier for his opu-
lent wealth in favour of his mother and sister.  
What torments the protagonist is not Janvier’s 
death before a Nazi fi ring squad, but the fact that 
he is at least partly morally responsible for his 
death. The novel shows Chavel’s efforts to purge 
himself of the guilt that he feels about bartering for 
his life [ 24 ]. 

 Despite the legislature governing the donation 
of human tissue (Human Tissue Act) [ 25 ] or its 
equivalent stating “It is an offense to charge a fee 
in relation to the donation of human organs,” the 
buying and selling of organs for transplantation is 
rapidly increasing worldwide. The use of terms 
such as “rewarded gifting” or the idea of donors 
being transformed into vendors recalls symbolic 
fears of a Pandora’s box [ 23 ]. Cameron and 
Hoffenberg [ 26 ] feel strongly that arguments in 
favor of the sale of organs were suffi ciently per-
suasive and compelling to warrant further discus-
sion. However, some interesting opposing 
positions (pros and cons) have been discussed by 
these authors about the ethics of living organ 
donation. 

  Pros : the supply of blood is only maintained 
by offering money; altruism will fail to supply all 
organs to meet demand:

•    Payment to a live donor is compensation for 
pain, discomfort, inconvenience, and risk of 
operation.    

  Cons : organs should be considered priceless 
and donated for altruistic reasons, observed as a 
gift, freely given, and never bought or sold:

•    Paid organ donation can inhibit cadaver dona-
tion with the risk that payment be demanded 
by relatives of deceased donors.  

•   Paid living transplantation is performed in 
poor circumstances and increases risks to the 

donor (these conditions are medically far from 
ideal, and success rates are low).  

•   A commercial objective encourages poor pre-
operative care for donors with inadequate 
screening for associated diseases, thus increas-
ing the risk to the donor and the recipient 
beyond the actual risk of loss of life during 
kidney donation, which is estimated to be 
0.03 %. The marginalization of paid living 
donation leads to its performance in less than 
ideal circumstances.  

•   The purchase of organs allows rich individuals 
to “jump the queue,” thereby denying equity 
(access is denied to poor recipients because of 
lack of money, thus denying the basic ethical 
principle of justice). All organs would be sold 
to a central public agency that should be prop-
erly controlled to minimize exploitation, 
thereby ensuring informed consent from the 
donor; adequate pre-donor screening would 
be easily performed; the public agency would 
ensure that the organs are properly stored and 
matched to the best recipients and not to the 
highest bidder.    

 Some other ethical issues are particularly rel-
evant for living donor liver transplantation 
(LDLT), a well-established strategy to decrease 
mortality for patients with end-stage liver disease 
on a waiting list and particularly for those affected 
by hepatocellular carcinoma (HCC), who are at 
high risk of dropping out from the waiting list. 
The scarcity of livers from deceased donors is 
one of the main obstacles of transplantation, and 
the waiting list mortality is approximately 20 % 
in Europe and 14 % in the United States. Living 
donor liver transplantation (LDLT) seems to offer 
some advantages over deceased donor transplan-
tation. Advantages include the controlled timing 
of the procedure, the detailed collection of ana-
tomical and biological information in the donor 
and recipient, and the control of immunological 
factors that may affect graft outcomes. However, 
a decline in the number of these procedures per-
formed during the last decade in Western coun-
tries is evident, and LDLT remains highly 
scrutinized because donor deaths have been 
reported as have consistent morbidities, espe-
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cially biliary tract complications, in the recipient. 
As a matter of fact, the Organ Procurement and 
Transplantation Network (OPTN) requires all 
living donor deaths to be reported within 72 h of 
the transplant center obtaining knowledge of said 
death. However, transplant centers have not 
always abided by the requirement, and the inci-
dence of death among right-lobe donors is 
thought to be 1 % or greater [ 27 ]. Living donor 
liver transplantation (LDLT) is associated with a 
low but fi nite and well-documented risk of donor 
morbidity and mortality; therefore organizations 
and individuals involved in this activity must 
accept that donor death is a question of “when, 
not if” [ 28 ]. Candidate selection for particular 
patients, especially those waiting for liver trans-
plantation for HCC, presents different challeng-
ing issues when we try to fi nd thresholds for 
defi ning transplant benefi t, justice, utility, and 
urgency. To limit futile organ transplantations, 
each one of these issues (benefi t, justice, utility, 
and urgency) requires a perfect balance among 
different principles and criteria. Many scoring 
systems and other methodologies of transplant 
benefi t evaluation are utilized in clinical practice. 
These scoring systems have advantages and dis-
advantages in clinical practice, especially when 
used for small subgroups of patients waiting for 
liver transplantation who are the sickest ones in 
the waiting list or have a growing HCC and are at 
risk to drop out. These issues are currently 
debated and offer some of the most challenging 
ethical dilemmas about living donor liver trans-
plantation for transplant surgeons and hepatolo-
gists. Due to these considerations, the number of 
living donor liver transplants in adults peaked 
from 2001 to 2002 in Europe and the United 
States; then the procedure started to be used less 
in the United States, and there was no further 
increase in Europe. Split-liver transplantation, a 
procedure where one donor liver is divided into 
two hemilivers for two recipients, was considered 
an important method to overcome the organ 
shortage. To date, the principal benefi ciaries have 
been adult/pediatric pairs with excellent out-
comes for the adult and pediatric recipients. 
However, partial-liver grafts are predisposed to a 
higher rate of complications, resulting from 

anatomic variation, smaller graft size, and diffi -
culty in vascular and biliary reconstruction, espe-
cially when the splitting procedure is performed 
for two adult recipients [ 29 ]. Despite some 
encouraging results in terms of survival, the ethi-
cal dilemma is that at present, the splitting proce-
dure for two adults has not been fully validated in 
terms of real transplant benefi t for two adult 
recipients receiving the left or the right hemiliver 
when compared to the single recipient receiving 
the whole liver [ 30 ]. Improving allocation poli-
cies for exchanging liver grafts among centers 
and close cooperation among centers with ade-
quate experience in particular challenging surgi-
cal procedures should be encouraged; this 
interaction represents another important issue in 
the complex ethical debate.     
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       The growing imbalance between patients on 
waiting lists and organ availability for 
transplantation is the core problem for the 
transplantation community. This has been the 
case since the mid-1980s when the Spanish 
model stated, “ Sin donante no hay transplante ” 
(no donor, no transplant) and thus identifi ed the 
crucial step of the donation-transplantation 
process. The search for strategies to increase the 
number of donors is still the priority of all trans-

plant organizations, and all have learned from the 
Spanish ONT, which was by far the most effec-
tive organization, thanks to the establishment of 
the Hospital Transplant Coordinator, established 
in Catalonia in 1984. 

 The Spanish model predicts that transplanta-
tion is a health procedure that becomes possible 
if it is included in a circle where “the community 
gives and the community receives.” The role of 
the transplant professional is as the tool that soci-
ety uses to make this circle real; for this reason, 
health organizations should be organized to har-
monize the different steps of the donation- 
transplantation process and leave nothing to 
improvisation. One of the attributes of the 
Spanish model was the separation of organ pro-
curement from transplantation and the identifi ca-
tion of a key donation person inside the procuring 
hospital, an experienced and trained health pro-
fessional who is responsible for organ and tissue 
donor procurement. At the same time, organ allo-
cation and exchange should be optimized but 
managed by professionals with special and dif-
ferent organizational skills. 

 The donation-transplantation process is a path 
defi ned by a series of different steps that are 
closely connected in a continuum from donor 
identifi cation all the way through to organ trans-
plantation. The process requires several hours to 
be completed, and a very large number of profes-
sionals participate, each having precise knowledge 
of the procedure and full awareness of their role. 

 Key Steps to Expand the Potential Donor 

Pool 

     1.    Identify a key donation person in each 
procuring hospital   

   2.    Optimize the management of each step 
of the donation-transplantation process   

   3.    Improve the organizational models 
through the integrated work of 
procurement-donation professionals   

   4.    Expand the donor selection criteria and 
optimize the use and suitability of 
organs     
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 In Italy, Law 91, dated 1 April 1999, has 
acknowledged the system complexity and the 
need to defi ne rules and precise procedures to 
make the process effective. In recent years, the 
organ procurement and transplantation system 
has grown as a network and is currently orga-
nized on three levels:

    Local : the key fi gure is the Hospital Transplant 
Coordinator, an expert in the identifi cation 
and management of the potential organ and 
tissue donor. The coordinator is entrusted with 
numerous tasks (e.g., monitoring the registry 
of patients who die in the hospital, identifying 
all potential donors, interviewing the donor 
family for death communication and consent 
to donate, assessing donor safety and 
suitability, etc.)  

   Regional : in each region, a Regional Transplant 
Center (CRT) is identifi ed. The CRT has orga-
nizational functions concerning the procure-
ment, allocation, and transplantation of organs 
and tissues, the application of the National 
Guidelines, the management of waiting lists, 
and monitoring the posttransplant patient.  

   National : this includes the CNT and the Technical 
Advisory Board, which is responsible for the 
strategic and technical-operational planning. 
Recently, the CNT has also acquired 
operational functions in organ allocation for 
the national programs (urgent, pediatric, or 
highly sensitized patients) in collaboration 
with CRTs.    

 We have depicted the recent scenario, as it has 
evolved since the end of the 1990s, but it would 
be useful to recall how transplant organizations 
were created in Europe and Italy at the dawn of 
the transplantation era. 

2.1     Brief History of North Italy 
Transplant Program (NITp) 

 In the late 1960s, renal transplantation activity 
was beginning in many European Countries, and 
it soon became clear that organ allocation should 
be separated from transplantation. At that time, 

several transplant organizations were founded in 
Europe with the aim to coordinate the procure-
ment-transplant process and allocate organs. In 
Italy, the fi rst Regional References Centre (CRR) 
was founded in 1974, established by the Lombardy 
Region at the Immunology Service of the 
Maggiore Policlinico Hospital of Milano. 
Subsequently, in 1976, a collaborative agreement 
between the CRR and the Veneto Region pro-
duced the fi rst Interregional References Centre 
(CIR) in Italy. At the same time, professors Piero 
Confortini, Edmondo Malan, and Girolamo 
Sirchia founded the North Italy Transplant pro-
gram (NITp), the fi rst transplant organization in 
Italy. The NITp References Centre was located in 
Milano and had the primary tasks of donor safety 
and suitability assessment, patient and donor 
immunological evaluation, and organ allocation. 
In the course of time, thanks also to the great dedi-
cation of Claudia Pizzi, Mario Scalamogna, and 
Francesca Poli, the NITp included other regions, 
such as Liguria, Marche, Friuli Venezia Giulia, 
and the Autonomous Province of Trento and 
included eighteen million inhabitants, corre-
sponding to about one third of the Italian popula-
tion. Some of the CIR tasks have been delegated 
to the respective CRT of the region that partici-
pates in the program. 

 The intuition that a large procurement area and 
a common pool of patients on the waiting list 
might improve the transplant chances of the most 
critical patients (urgent, long waiting, highly sen-
sitized) has been the basis of the CIR success. 
Furthermore, the operation of a complex system 
such as the donation-transplantation process in a 
multiregional area can be a critical element. To 
add effi ciency to the whole process, a model of 
“central” coordination was chosen. NITp CRR is 
entrusted with the tasks of receiving the referral of 
potential donors, allocating organs, managing 
patients on the waiting list for transplants, per-
forming pre-transplant histocompatibility testing, 
surveying adverse events, and performing post-
transplantation follow-up. NITp CRR therefore 
has an onerous task but also a great opportunity to 
be the connection between organ procurement 
and transplantation units. For this reason, the 
NITp working groups were born (e.g., kidney 
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transplant, liver transplant, organ and tissue pro-
curement, pediatric transplant, etc.). Each group 
consists of the specifi c professionals, who, 
together with the NITp CRR coordinators, discuss 
the problems of the program, develop operational 
protocols, report critical cases, and propose strate-
gies for improvement. The meetings, structured 
and constant over time, strengthen relations 
between operators, facilitating collaboration not 
only on the technical operations but also on the 
scientifi c side. The annual technical-scientifi c 
meeting is the opportunity to report to the NITp 
transplant community the work of all groups. 

 At the beginning of the 1990s, the NITp fol-
lowed the Spanish model by also identifying the 
need of a continuous education program not only 
on the procurement side but also dedicated to all 
professionals involved in the donation- 
transplantation process. Thanks also to the con-
tinuous exchange with the associations of patients, 
the NITp has contributed to the development of the 
culture of donation in our country, and the collab-
orative structure of our program helped the pro-
curement and transplantation units to share their 
experience. We have learned the lesson that donor 
procurement starts at the moment of donor identi-
fi cation, and the path proceeds through different 
phases; every pause along the path means “non-
use” of the donor and “no transplant” for the 
patients. It is essential that the key donation person 
make every effort to remove all the obstacles that 
may interrupt the path in his hospital. The NITp 
has helped transplant coordinators to be recog-
nized in their role and handle the crucial steps, 
identifying the best organizational model through 
the integrated work of all those who are involved 
in the path.  

2.2     Donation-Transplantation 
Process 

     Identifi cation and referral of the donor : the pres-
ence or absence of a neurosurgery department, 
the hospital organizational arrangement, and 
the type of intensive care are important factors 
that infl uence the organ donation rate, but the 
Transplant Donor Coordinator, a specifi cally 

trained professional, is the key fi gure in each 
hospital who can operate on all the factors to 
improve organ procurement.  

   Consent to donate : the identifi cation of potential 
donors is essential to the process, but without 
the family consent to donate, there is no 
progression. The cultural aspects of society 
are certainly relevant, but a well-trained 
coordinator is essential for the approach to the 
donor’s family.  

   Evaluation of the donor : great attention should be 
paid in donor selection, aimed at minimizing 
the risk of disease (infections, tumors) trans-
mission with organ transplantation. The NITp 
References Center has an important role in this 
activity, and it is managed in collaboration with 
the other network professionals (intensive care 
unit staff, transplanting experts, counselors, 
and clinicians). This is a critical activity that 
requires great experience and clinical 
expertise.  

   Maintenance of the donor : a specifi c knowledge 
and expertise is required to contrast the effects 
of the catecholamine storm at the time of brain 
death, with the aim of maintaining an optimal 
oxygenation and perfusion of organs.  

   Suitability of organs : once donor safety is 
assessed, with the identifi cation of a risk level 
in accordance with the national guidelines, it 
is necessary to defi ne the functional quality of 
the individual organs through laboratory tests 
and radiological and/or histological 
evaluations. It is essential that the donor- 
procuring hospital set up a dedicated 
organization procedure to make all 
investigation facilities available in the short 
period of time for donor selection.  

   Organ allocation : regional reference centers are 
in charge of this step of the process. Criteria 
should be shaped on the principles of the 
organs’ best use, transparency, and equity. It is 
essential that allocation centers operate on an 
adequate pool of recipients in a way that 
facilitates organ allocation to “diffi cult” 
patients (highly sensitized, urgent, pediatrics).  

   Activation of the transplant team : this is the task 
of the CRT and requires a high organizational 
capacity. All retrieval equipment should be 
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moved to the operation theater with the proper 
transportation mode with consideration for 
organizational criticalities and organ ischemia 
times.  

   Organ retrieval  is a delicate moment that requires 
careful organization and good interaction 
among different surgical teams. It is also an 
important moment for completing the 
evaluation of the donor and/or organs.  

   Monitoring transplant and posttransplant : data 
collection and analysis are intended to monitor 
the program and verify the impact of the vari-
ables on transplant results, in terms of transplant 
complications and patient and graft survival.    

 A more careful monitoring and implementa-
tion of all these phases has allowed, over the 
years, not only an increase in the number of 
reported donors but also a minimization of the 
gap between donors referred and used. 

 In 1999, the Council of Europe acknowledged 
the importance of the process and established a 
working group to prepare guidance on the 
standards required and the quality assurance that 
should be achieved in services for organ and 
tissue transplantation. The fi rst edition of the 
guide was published in 2002, and the document 
provides guidance for all the professionals 
involved in the donation-transplantation path to 
maximize organ and tissue safety and quality and 
to minimize the risks of the procedure. A mem-
ber of NITp participated in the working group.  

2.3     Increasing the Number 
of Donors 

 In the last few years, the population of cadaver 
donors changed signifi cantly in terms of age and 
comorbidities, and the new challenge was to iden-
tify strategies to expand the criteria for donor 
selection. In the NITp since the early 1990s, donor 
age >60 years was not considered an exclusion 
criterion, and this policy allowed a total 10-year 
increase of 347 donors (approximately 10 % of 
the total) and 778 transplanted organs, with post-
transplant survival results similar to those using 
organs from donors younger than 60. Since 2010, 
more than 50 % of the donors used were 60 years 
or older [ 1 ]. Figure  2.1  shows the procurement-
transplantation activity since the beginning.

   Expanding donor selection criteria may 
increase the risk of disease transmission with 
transplantation. Since the late 1990s, in the NITp 
area, the principle has been adopted that every 
donor carries a standard unavoidable risk and that 
the greatest risk for a patient on the waiting list is 
to not receive the transplant. Consequently, the 
approach to the assessment of donor safety has 
changed dramatically. Instead of absolute 
donation exclusion criteria, each donor can be 
associated with a degree of relative risk, which 
should be balanced with the potential benefi t of 
the recipient. This policy was strongly supported 
in 2003 with the implementation of the fi rst 
edition of the national guidelines on donor safety 

52.875

89%

30.000

40.000

50.000

60.000

60%

80%

100%

Donors

Transplants

10.229

30.573

0

10.000

20.000

1972 1978 1987 1996 2005 2014
0%

20%

40%
Waiting list

1-year surv.

kidney liver heart lung Intestine

  Fig. 2.1    Procurement and 
transplantation activity in 
North Italy Transplant 
program since 1972       

 

T.M. De Feo et al.



15

and with the formal identifi cation of second opin-
ion fi gures, experts in the fi eld of infectivology 
and pathology who can be contacted 24 h/day to 
receive advice on peculiar donor- transmittable 
diseases. Following the adoption of the national 
guidelines and the support of the second opinion, 
several donors previously considered unsuitable 
(e.g., HCV- or HBsAg- positive donors) have 
been used for proper recipients with good results 
(Fig.  2.2 ). Since 2003, the use of extended crite-
ria for donor has been increasing (Fig.  2.3 ), but 
the total number of used donors remained steady 
in the last few years because the number of 
younger donors is continuously decreasing.

    The transplantation community has recently 
doubled efforts to identify new sources of organs. 
Some countries have developed protocols to uti-
lize organs from non-heart-beating donors 
(NHBDs); in Italy, this program is poorly imple-
mented, due to the organizational diffi culties 
caused by the different legislations on cardiac 
death certifi cation, which impose a longer “no 
touch” period before organ harvesting and cause 
uncontrolled ischemic damage to organs. The 
program started in the Pavia hospital, where ten 
kidneys from NHBDs were transplanted, after 
the evaluation of their vascular resistance by a 
specifi c perfusion machine [ 2 ]. The extension of 
the use of these perfusion machines seems to 
open a horizon even for the harvesting of livers 
from this type of donor. Just as important and 

potentially promising, a recent double-lung trans-
plant from a NHBD was performed in Milan. In 
this case also, a specifi c perfusion machine 
(EVLP) was used for “reconditioning” and using 
the lungs; the same protocol has also been 
adopted in the case of “marginal” lungs harvested 
from heart-beating donors and previously consid-
ered unsuitable for transplant [ 3 ]. 

 Living donors represent another important 
source of organs. In Italy, kidney transplants 
from living donors represent only approximately 
7 % of the total number of transplants compared 
with much higher percentages in other developed 
countries. In the last few years, new efforts have 
been promoted, also by the Centro Nazionale 
Trapianti, to improve the number of kidney 
transplants from living donors. This increase 
could be achieved through an improved awareness 
by doctors in the dialysis centers of the potential 
benefi t of this therapy for the patient and the 
safety for the donor. Thus, information about this 
opportunity should be given to the patient at the 
time of enrollment on the waiting list. In recent 
years, the donation of a kidney by a living donor 
has become even safer, thanks in part to the 
development of techniques for mini-invasive 
surgical harvesting. Figure  2.4  shows the living 
donor kidney transplantation activity since 2003.

   Some countries have developed special pro-
grams to overcome the immunological incompat-
ibility of the donor-recipient pair in kidney living 
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transplantation. The program, named crossover, 
consists of substituting familial with immuno-
logically compatible pairs; the transplantation 
chain results from the donor of an incompatible 
pair becoming the donor of a compatible one, 
with a different recipient. The complexity of the 
program is created by the organizational diffi -
culty of performing the transplants of all the pairs 
in the chain in a short period of time to avoid the 
risk that a donor whose recipient has already 
been transplanted will refuse donation for the 
subsequent pair. In this program, the transplanta-
tion chains may also be triggered by a “Samaritan” 
donor who liberally donates his/her kidney for 
the benefi t of patients on the waiting list. 
Recently, the fi rst case of a kidney transplant 
from a Samaritan donor was successfully per-
formed in Italy, and the resulting chain allowed 
fi ve other patients on the waiting list to be 
transplanted. 

 In 2001 in the NITp area, the fi rst living donor 
liver transplant between two adults and one 
between an adult and a pediatric patient have 
introduced a new potential donation method. 
The delicate and challenging process of assess-
ing donor suitability and the surgical complexity 
of intervention have reduced the initial 
expectations.  

2.4     Increasing the Number 
of Organs 

 Alongside the identifi cation of strategies for 
increasing the number of donors, the principle of 
a good use of the organs has been consolidated. 
In the 1990s, the technique for dividing the donor 
liver into two parts (split liver) optimized the use 
of a “scarce resource,” allowing the transplanta-
tion of an adult and a pediatric recipient with a 
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single organ. Following the implementation of 
this strategy, the prognosis of children on the 
waiting list in the NITp area changed radically: 
the higher mortality rate in the pediatric list at 5 
years was soon reduced to 3 % compared with 16 
% in the pre-split liver era and has dropped to 
zero since 2005 [ 4 ]. Moreover, an improvement 
has also been highlighted on the adult waiting 
list, as adults no longer suffer from the competi-
tion with the pediatric list for the use of the whole 
liver [ 5 ]. After improving mortality in the pediat-
ric list, efforts were concentrated on the adult list. 
In the late 1990s, the split technique was evolved 
for transplanting two adults [ 6 ]. The procedure, 
however, is more complex than the standard 
adult/pediatric one, especially with relation to 
donor selection and dimensional donor/recipient 
matching. For this reason, it remains an option in 
selected cases, despite the experience gained [ 7 ]. 
Another signifi cant procedure experienced in the 
late 1990s was the simultaneous transplant of two 
kidneys in a single recipient, in the case of older 
donors and/or donors with a nonoptimal kidney 
function. Kidneys are deemed suitable for a sin-
gle/double graft transplantation on the basis of a 
histological score; the rationale of this program is 
to measure and allocate the adequate “nephron 
mass” to the recipient, using donors who were 
previously discarded [ 8 ]. To date, approximately 
700 dual kidney transplants (DKTs) were per-
formed in the NITp area (Fig.  2.5 ), and the annual 
number is steadily increasing in association with 
a constant increase in the mean age of donors 
with very satisfactory results.

   Last, considering all the effort produced by 
the transplant community to use all possible 
donors and organs, much more consideration 
should be given on the side of recipient informa-
tion. All patients should be informed at the time 
of waiting list enrollment about the possibility to 
receive organs from standard or marginal donors, 
and their consent should be acquired to ease their 
decision whether to accept the organ at the time 
of donor availability.     
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      Preoperative Evaluation 
and Arrangements for Multiorgan 
Donation: General Principles 
and Contraindications                     
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3.1           Organizational Problems: 
Donor Coordinators 

 In Italy, the United States, and the majority of 
Europe, the management of the patient after brain 
death, but before organ donation, has tradition-
ally become a task under the responsibility of 
transplant coordinators. 

 Donor coordinators often have many years’ 
experience in nursing or other similar health dis-
ciplines, but they are usually not physicians. 
Intensivists in the intensive care unit tend to 
decrease the time caring for patients after brain-
stem death to provide more support to those who 
are still living [ 1 ]. 

 Intensivists use their resuscitative skills to con-
tinue to provide care to a patient who they cared 
for before the declaration of brain death, and each 
donor can be a potential source of organs for a 
number of patients on transplant waiting lists. 
When managing donors, evidence- based care 
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 Key Points of Coordinator Roles 

•     Promote and facilitate the entire dona-
tion process.  

•   Provide support to families regarding 
organ and tissue donation respecting 
individual and cultural differences.  

•   Be involved in the process of consent 
for donation.  

•   Ensure that donation proceeds in line 
with national legislation, policies, and 
procedures.  

•   Obtain all information to allow trans-
plant centers to assess the suitability of 
potential donors.  

•   Assist in the optimization of organs for 
transplant through appropriate donor 
management.  

•   Maximize the placement of organs for 
transplant.  

•   Train donation services’ team members.  

•   Collect data for organ donation-related 
audits.  

•   Facilitate and support the education of 
healthcare professionals and the general 
public.    

 Modifi ed from Akyol M. and Tswen Wen 
VL. [ 1 ] 
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should be applied to allow the best care for donor 
stabilization to optimize organ condition. 

 The lack of standardization of donor manage-
ment is one of the reasons for failure to retrieve as 
many organs as possible [ 2 ]. For this reason, pro-
tocols for the organization and management of 
patients after brain death should be developed 
and implemented by all organ procurement orga-
nizations [ 3 ]. 

 Donor coordinators have become an important 
role during the last 15 years, and they have con-
tributed to the successful maximization of the 
number of potential donors in Spain and world-
wide [ 4 ]. 

 Coordinators may be affi liated with transplant 
centers or be part of an independent organization. 
Transplant coordinators who remain affi liated with 
transplant units and serve a dual role as donor and 
recipient coordinators may fulfi ll each role equally 
effectively, and this model may have important 
benefi ts. However, in terms of one of the most 
important outcome measures—maximizing the 
potential from deceased donation—international 
experience and the balance of evidence suggest 
that a superior framework involves dedicated donor 
coordinators based in potential donor hospitals. In 
some of the countries with the highest deceased 
donation rates, such as Spain, Portugal, and Italy, 
there are donor coordinators based in every hospi-
tal in the country [ 5 ]. They play an important role 
in increasing and maintaining donation awareness 
and provide education and support to the staff of 
potential donor hospitals. Donor coordinators will 
often help approach the donor family, participate in 
acquiring consent or authorization for donation, 
provide help with donor management in the critical 
care unit, and support the donor family during the 
process of donation. Donor coordinators will also 
liaise with legal authorities to facilitate donation 
and ensure that surmountable legal obstacles do 
not prevent organ donation. Donor coordinators 
will then inform organ retrieval teams and coordi-
nate the retrieval process. The responsibility for 
transporting retrieval teams to donor hospitals and 
organs to their destinations may rest with the donor 
coordinator, with the transplant units, or be shared 
between them. The regionalization of donation ser-
vices, together with a uniform approach to the 

travel arrangements, is probably going to improve 
the quality and safety of the travel services for the 
donor team [ 1 ]. 

 Donor coordinators also share the responsibil-
ity for the appropriate documentation of donor 
details and the submission of information to the 
National Transplant Database as well as individ-
ual transplant units. 

 The coordinator should check the blood group 
and examine all the potential donor parameters—
blood pressure, heart rate, temperature, urine out-
put, central venous pressure, wedge pressure if a 
Swan-Ganz catheter is present, diuresis, and 
mechanical ventilator parameters—and provide 
warming to maintain a body temperature above 
36.5 °C.  

3.2     Exclusion Criteria 
for Infection Transmission 
from Organ Donors 

 Brain death predisposes a patient to infections as 
a result of severe injury to the cellular immune 
system [ 6 ] and hemodynamic instability with 
consequent bacterial translocation from the 
bowel [ 7 ]. Nevertheless, there is a strong trend 
toward expanded donation criteria or, as it is 
commonly stated, using borderline donors. 
Therefore, positive cultures or a clinical diagno-
sis of infection is not currently an absolute con-
traindication for organ donation. 

 The transmission of infections from the donor 
to the recipient constitutes a rare complication of 
transplantation that is frequently associated with 
signifi cant morbidity and mortality because 
immunosuppressant drugs decrease resistance to 
infection [ 8 ,  9 ]. 

 Most donor infection transmissions are 
expected, because laboratory screening allows 
the knowledge of donor infective status before 
transplantation. Infections, including cytomega-
lovirus (CMV) and hepatitis B virus (HBV), may 
occur and are monitored and treated with pre-
emptive therapy and universal prophylaxis [ 10 ]. 
In other cases, the accepting center should match 
the risk of disease transmission with the risk 
 tolerance and medical status of the recipient. 
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 In addition to laboratory screening, it is manda-
tory to stratify risk from the donor medical and 
social history and a careful physical assessment 
[ 10 ]. In the United States, risk stratifi cation consid-
ers donors either at increased risk or without identi-
fi ed risk for the transmission of infectious diseases; 
in Europe, a classifi cation system was initially 
developed in 2002 by the Italian National Center 
for Transplantation (CNT) [ 11 ] and the CNT/
European risk system [ 12 ] defi ned the risk for the 
transmission of infectiuos disease. According to 
this classifi cation, donors are defi ned as follows:

    1.     Unacceptable risk  includes absolute contrain-
dication, with the exception of some life- 
saving transplantation procedures in the 
absence of other therapeutic options on a 
case-by-case basis.   

   2.     Increased but acceptable risk  includes cases 
where transmissible organisms or diseases are 
identifi ed during the evaluation of the donor, 
but organ utilization is justifi ed by the specifi c 
health situation of the recipient or the severity 
of their clinical condition.   

   3.     Calculated risk  (criteria referring to protocols 
for elective transplants) includes all cases 
where, even in the presence of transmissible 
diseases, transplantation is allowed for recipi-
ents with the same disease or with a protective 
serological status; this risk also applies to 
donors with documented bacteremia and/or 
bacterial meningitis provided that the donor 
was on targeted antimicrobial treatment for a 
minimum duration of 24–48 h.   

   4.     Not assessable risk  includes cases where the 
evaluation process does not allow an appropri-
ate risk assessment for transmissible 
diseases.   

   5.     Standard risk  includes cases where the evalu-
ation process did not identify a transmissible 
disease.    

  The following laboratory tests must be per-
formed prior to organ evaluation [ 13 ] (Table  3.1 ):

   Positive culture results or a clinical infection 
diagnosis should not lead to an absolute contrain-
dication of organ donation. Many reports show 
that even Gram-negative bacteremia donors can 

provide favorable outcomes in kidney, liver, and 
heart transplantations [ 14 ,  15 ]. Decisions regard-
ing organ retrieval from donors with active or 
suspected infections are affected by the recipient 
status/urgency and by the availability of other 
organ donors. The recipient, furthermore, should 
be adequately informed for consent. 

 The evaluation of a large series of donors [ 16 , 
 17 ] showed the presence of bacteremia in approx-
imately 5 % at the time of organ retrieval, but no 
case of transmission of the isolated microorgan-
ism from donor to recipient was documented; 
bacteremia in the donor did not worsen the clini-
cal outcome of solid organ transplant recipients. 
Cerutti et al. studied 610 consecutive liver trans-
plants in a 5-year period at the Liver Transplant 
Center in Torino (Italy) [ 18 ]. In the study, one or 
more cultures were positive in 293 of 610 donors 
(48 %). Samples collected before harvesting were 
positive in 82 of 610 donors (13 %), and samples 
collected at harvesting and from preservation 

   Table 3.1    Obligatory laboratory screening tests for the 
donors   

 Test  Interpretation of a positive reaction 

 HBsAg  Organs are usually not accepted 

 Anti- Hbc  All organs can be used for recipients 
who are HBsAg, Anti-Hbc or Anti-Hbs 
positive 

 Livers can be used for recipients without 
HBV markers, but lifelong antiviral 
treatment and surveillance is required 

 Non-liver organs can be used for 
recipients without HBV markers; a single 
dose of Hepatitis B Immuno Globuline 
(HBIG) prior to revascularization should 
be given, and short-term antiviral 
treatment should be considered. If the 
donor is also anti-HBs positive, HBIG is 
not required 

 Anti- HBs  In combination with anti-HBc reactivity, 
see above 

 If anti-HBc test is negative, all organs 
can be used (no risk, anti-HBs reactivity 
most likely due to previous 
immunization of donor) 

 Anti- HCV  Organs are usually not accepted but may 
be accepted if donor is HCV-positive 

 Anti- CMV 
IgG 

 Organs are accepted 

 Anti- HIV  Organs are not accepted 
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fl uid were positive in 256 of 610 donors (42 %). 
Culture-positive donors were signifi cantly older 
and presented longer lengths of ICU stay than 
culture-negative donors. 

 Donors with hepatitis B or C, previously 
considered as absolute contraindications, can 
now have their livers harvested and implanted 
in recipients infected by the same viruses pro-
vided only  minimal histologic changes (Ishak 
fi brosis and portal infl ammation) are present in 
the graft [ 19 ]. 

 Cytomegalovirus (CMV) carried within 
organs can determine CMV infection in recipi-
ents, especially in those who are CMV negative 
at the time of transplantation. Routine prophy-
laxis against CMV in these cases is mandatory 
and has markedly reduced CMV mortality and 
morbidity [ 20 ].  

3.3     Donor Heart Exclusion 
Criteria 

 Improvement in the medical and surgical treat-
ment of cardiac diseases has enhanced the lon-
gevity of the population and led to a constant 
increase in heart failure cases; after the clinical 
introduction of cyclosporine in the early 1980s, 
heart transplantation has represented the treat-
ment of choice for end-stage heart failure. 
Through June 30, 2013, 116,104 cardiac trans-
plants have been performed in more than 416 
hospitals worldwide [ 21 ]. The notable increase 
of patients listed for heart transplantation has 
demanded a consequent modifi cation of stan-
dard and traditional donor criteria [ 22 ] that 
were introduced in the early years of the car-
diac transplant programs. Moreover, the 
increase in organ demand caused a shortage of 
available hearts, producing, in turn, the adop-
tion of more severe recipient criteria that limit 
the number of patients in transplant lists [ 23 , 
 24 ]. For this reason, certain donor criteria have 
been expanded to raise the available donor 
pool, considering and accepting the so-called 
marginal donors. In this case, we emphasize 
that attention should be oriented toward an 
individual evaluation of the recipient/donor, 

recognizing the patient hemodynamic status/
urgency and not only the expanded criteria. 
Each potential recipient should be accurately 
evaluated, avoiding transplantation in patients 
with serious generalized disease, e.g., a septic 
status. Clinical judgment is needed to decide 
which marginal donor is adequate for our 
patient transplantation. 

 When wall motion abnormalities are found at 
echocardiography and the left ventricular ejec-
tion fraction is <0.45, even though the donor is 
stable with inotropic support, before the organ is 
refused, hemodynamic and metabolic manage-
ment should be performed [ 25 ,  26 ]; stress echo-
cardiography can be helpful in recognizing hearts 
eligible for donation. 
  Stress Echocardiography     Dipyridamole stress 
echocardiography, performed in brain-dead 
potential donors with left ventricular resting 
global or discrete wall motion abnormalities, 
identifi es hearts with severe morphologic abnor-
malities that were not considered for donation 
from eligible donors who showed an improve-
ment in regional wall motion during stress (via-
bility response) and normal function and coronary 
anatomy following transplantation [ 27 ].  
  Age and Ischemic Time     In the early phases of 
transplant programs, donors older than 40 were 
excluded from the donor pool. However, donor 
shortage promoted the acceptance of donors up 
to 50 or 60 [ 28 – 31 ]. Using hearts from older 
donors, the outcome depends on other factors, 
chiefl y ischemic time, which, when longer than 
3–4 h, is associated with increased early mor-
tality [ 32 – 37 ]. Lamour et al. [ 38 ] found that a 
40-year-old recipient with congenital heart dis-
ease who received a 50-year-old donor heart 
with 3-h ischemic time had a 15 % probability 
of death within 1 year, compared with a 40 % 
probability of death within 1 year if that 
donor’s ischemic time was 5 h. As indicated by 
the International Society of Heart and Lung 
Transplantation guidelines for the care of heart 
transplant recipients [ 37 ], donors younger than 
45 may be acceptable even with undesirable 
characteristics such as prolonged ischemic 
time, recipient comorbidities, and previous 
recipient operations with hemodynamically 
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destabilizing bleeding. Hearts from donors 
between the ages of 45–55 should safely 
implant when the projected ischemic time is 
≤4 h and the potential recipient does not have 
comorbidities or surgical issues; donor hearts 
>55 years should be accepted carefully and 
balance the pros and cons for the recipient 
(Table  3.2 ).   

 Advanced age is a risk factor for death from 
any cause [ 39 ] and from early graft failure [ 40 ]. It 
is well known that at the beginning of the heart 
transplantation program, the donor upper age 
limit was 35 years, but after almost 50 years, this 
limit has progressively increased such that 
50–55-year-old donors are now routinely consid-
ered. Nonetheless, serious well-known concerns 
about older donors are related to the transmission 
of coronary artery disease (CAD), hypertensive 
heart disease, or valvular degeneration from the 
donor heart. Many single-center analyses report 
that older donor hearts have not affected post-
transplant survival [ 41 – 46 ]. 

 Conversely, large multi-institutional studies 
[ 32 ,  33 ] and the International Heart and Lung 
Transplantation Registry [ 47 ] reported increased 
mortality in heart transplant recipients receiving 
older donor hearts. These differences are proba-
bly due to the smaller number of patients and 
short follow-up time in individual studies. Lietz 
et al. [ 48 ] found a direct correlation between 
increasing donor age and the risk of transplant- 
related coronary artery disease. At the fi rst annual 

coronarography, they found that when compared 
with donors younger than 20, the third, fourth, 
and fi fth decades of donor life increase the risk of 
CAD by 2.2-, 2.4-, and 2.6-fold, respectively. 

 Furthermore, the International Society for 
Heart and Lung Transplantation (ISHLT) registry 
data and other independent investigators [ 14 – 16 ] 
have suggested that an ischemic time >4 h may 
increase the risk for death in recipients receiving 
hearts from donors older than 50 years. Lietz [ 48 ] 
revealed that ischemic time >4 h and donor death 
resulting from cerebrovascular accident signifi -
cantly contributed to poor early posttransplant 
outcomes. At the same time, it is important to 
consider that end-stage heart failure presents a 
signifi cant risk of death while awaiting heart 
transplantation. The UNOS registry data (in the 
period 1991–1996) reveal that patients with 
blood group O have a median waiting time of 332 
days; the median waiting time for patients 
>18 years old was 230 days [ 49 ]. Bennett et al. 
[ 50 ] outlined that despite the high risk resulting 
from the heart transplant, there was a clear long- 
term survival benefi t for status I recipients who 
received older donor hearts. The data described 
by Lietz [ 48 ] are signifi cant: in patients in status 
1 (see Table  3.3 ), 6-month mortality of 70 % was 
observed when on a waiting list, and the risk of 
death was 8.5 times higher than that of status 1 
patients who received an allograft from donors 
>40 years old, with a resulting 14 % 6-month 
mortality; when an older donor heart was 
implanted, mortality increased 1.6 times but was 
not statistically signifi cantly different from recip-
ients who received hearts from younger donors.     Table 3.2    Old donor heart criteria and extended criteria 

to increase donor pool   

 Donor heart allocation standard vs. extended criteria 

 Standard criteria 
 Extended 
criteria 

 Age <55 years  Age >55 up to 
70 years 

 No known cardiac disease. Ischemic 
time <120 min (Donor in the same 
center) 

 Ischemic time 
> 360 minutes 

 No high doses inotropes: Dopamine 
at a dose of 20 μg/kg/min or similar 
doses of other adrenergic agents 
(norepinephrine ≤ 0.2μg/kg/min) 
despite aggressive optimization of 
preload and afterload 

 High-dose 
inotropes >0.2 
μg/kg/min 

 Donor 
comorbidities 

   Table 3.3    There are four United Network of Organ 
Sharing (UNOS) status classifi cations based on condition   

  Status 1A or urgent need : requires intensive care 
hospitalization, life-support measures, certain cardiac 
supporting intravenous medications with a Swan-Ganz 
catheter, or mechanical-assist device(s) 

  Status 1B : dependent on intravenous medications or a 
mechanical-assist device—in the hospital or at home 

  Status 2 : stable on oral medications and able to wait at 
home 

  Status 3 or inactive list : inactive due to a change in 
condition—patients do not lose time they have already 
accrued 
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 Heart donors older than 70 should not be 
accepted; in our experience, two transplants 
utilizing 70-year-old donors were followed by 
early graft failure despite a short ischemic time. 

 In conclusion, if an older donor heart is trans-
planted, it is mandatory to avoid other known risk 
factors, e.g., a prolonged ischemic time. 

  Infections     According to the guidelines of the 
ISHLT, hearts from donors with severe infections 
can be accepted if (1) the donor infection is com-
munity acquired and donor death occurs rapidly 
(within 96 h); (2) repeat blood cultures before 
organ procurement are negative; (3) pathogen-
specifi c antimicrobial therapy is administered to 
the donor; (4) donor myocardial function is nor-
mal, and at the surgical inspection, endocarditis 
is absent [ 37 ] (Aug. 4, 2010).  

  Drug Intoxications     Cocaine abuse increases the 
risk of acute myocardial infarction by increasing 
blood epinephrine and norepinephrine levels that 
in turn increase systemic blood pressure, heart 
rate, and myocardial oxygen demand. In the ves-
sels, these effects create a defi ciency of 
endothelium- derived relaxation factor with 
increased risk for intravascular thrombosis and 
decline of cardiac contractility [ 51 ,  52 ]. Direct 
toxic effects on the myocardium have been 
described, such as scattered foci of myocyte 
necrosis, and in some studies, contraction band 
necrosis, myocarditis, and foci of myocyte fi bro-
sis [ 53 ]. These abnormalities may lead to cases of 
cardiomyopathy. Because intravenous (IV) 
cocaine is more toxic to the heart compared to 
non-IV cocaine, ISHLT recommends not accept-
ing hearts from IV cocaine abusers [ 37 ,  54 ]. 
However, hearts from donors with a history of 
non-IV cocaine abuse appear to be safe in terms 
of the early postoperative period [ 37 ].  

  Alcohol Abuse     Alcohol alters energy stores in 
the heart, reducing the effectiveness of calcium 
uptake by the sarcoplasmic reticulum [ 55 ] and 
reducing sodium-potassium adenosine triphos-
phatase (ATPase) activity, and it interferes with 
calcium- troponin binding, thus collectively 

reducing myosin-actin interaction. Early survival 
and graft function are inferior in the recipients of 
hearts from donors with a history of alcohol 
abuse [ 56 ,  57 ]. Nevertheless, there are reports 
where grafts from alcohol abusers did not show a 
survival disadvantage [ 58 ] or even had a protec-
tive effect [ 59 ]. In our personal experience at 
Divisione Cardiochirurgia Policlinico San Matteo 
Pavia, at least two hearts from alcohol abusers 
had early graft failure.  

  Carbon Monoxide Poisoning     Carbon monoxide 
competes with oxygen to form carboxyhemo-
globin (HbCO) instead of oxyhemoglobin; it has 
210 times the affi nity of oxygen for hemoglobin. 
Therefore, in an atmosphere of 21 % oxygen and 
0.1 % carbon monoxide, the blood leaving the 
lungs will be approximately 50 % saturated with 
oxyhemoglobin and 50 % saturated with car-
boxyhemoglobin. At the cellular level, there is a 
leftward shift of the oxyhemoglobin dissociation 
curve with reduced oxygen delivery to the tis-
sues and an impairment of mitochondrial cellu-
lar respiration due to the competition of carbon 
monoxide with oxygen for cytochrome a3 [ 60 ]. 
Because the myocardium is vulnerable when 
deprived of its oxygen, the consequent myocar-
dial injury may determine a primary graft failure 
in the immediate postoperative period.  

 Reports on the outcomes of hearts from donors 
with carbon monoxide intoxication have yielded 
confl icting results [ 37 ,  61 ,  62 ]. As recommended 
by ISHLT [ 37 ], before accepting a graft from a 
donor who died from carbon monoxide poisoning, 
the graft should be carefully evaluated by ECG 
and echocardiogram with a minimal elevation of 
cardiac markers and minimal inotropic require-
ments; furthermore, the ischemic time should be 
short with a favorable donor to recipient weight 
ratio and low pulmonary vascular resistance. 

  Other Poisonings     Grafts from donors with other 
types of poisonings, including cyanide [ 63 – 65 ], 
methanol, and ecstasy [ 66 ], have been trans-
planted with satisfactory outcome. In these cases 
also, cardiac clinical tests should be carefully 
evaluated.  
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  Cardiac factors :

•    Intractable ventricular arrhythmias represent a 
defi nitive contraindication.  

•   Valvular heart disease. A bicuspid aortic valve 
is not contraindicated if the valve function is 
maintained [ 37 ]. A moderate aortic insuffi -
ciency, not diagnosed prior to organ retrieval, 
may cause improper myocardial protection 
during cardioplegic infusion. Most valvular 
pathologies in the donor graft are considered a 
contraindication to heart transplantation; 
however, there are reports indicating success-
ful bench repair or posttransplant repair/
replacement for aortic and mitral valves 
[ 67 – 70 ].  

•   Coronary artery disease. Coronary artery dis-
ease in the transplanted heart represents a major 
concern for physicians involved in heart trans-
plant programs. Coronary disease can be unrec-
ognized, due to the lack of coronary angiography 
in the donor, or known. In both cases, there is a 
subsequent risk of early graft failure. 
Considering patients with early graft failure, the 
prevalence of coronary disease was 22.8 % [ 71 ]; 
moreover, some reports indicate that a transmit-
ted coronary disease may accelerate graft vascu-
lopathy [ 72 ,  73 ]. Grauhan [ 74 ] showed that 
when donor grafts with more than single-vessel 
disease are used, the risk of early graft failure is 
elevated; the risk is 6.3 % in donors without 
coronary disease, 7.5 % in donors with single-
vessel disease, and 42.3 % in grafts with double- 
and triple- vessel disease. In contrast, Marelli 
et al. [ 75 ] reported the transplant of donor grafts 
with coronary disease in patients who were 
urgent cases or who would otherwise not have 
been offered heart transplants due to associated 
medical risk (alternate recipients, see below); 
59 % of the patients received a concomitant 
coronary bypass procedure. The study reported 
that in the patients listed in status I, actuarial sur-
vival at 2 years was 50 vs. 81.3 % in the “alter-
nate” recipients.  

•   Donor left ventricular hypertrophy. This is an 
important risk factor determining early graft 
failure, particularly when left ventricular 
donor wall thickness is >14 mm [ 76 ].  

•   Cardiac tumors. At echocardiography, a myx-
oma can be diagnosed. A right atrium myx-
oma can be bench removed, and there is only 
an embolic risk in the pulmonary circulation 
(lungs should not be evaluated in this case). 
When a myxoma is situated in the left atrium, 
there is a high risk of coronary embolism at 
the moment of cardiac harvesting when the 
aorta is clamped [ 77 ].  

•   Hemodynamic instability. It is well known that 
donor hemodynamic instability represents an 
important contraindication to heart retrieval. 
Hemodynamic instability appears primarily 
after the “catecholamine storm” when vasople-
gia and hypotension may irreversibly compro-
mise donation. For this reason, there is increasing 
evidence that the moderation of pathophysiolog-
ical changes by active management in an inten-
sive care unit can increase available grafts for 
transplantation, also recruiting donors consid-
ered marginal [ 78 – 80 ]. This active management 
is realized through the following approaches:
 –    Swan-Ganz catheter insertion for cardiac 

index and wedge pressure measurements; 
central venous pressure alone is not a suf-
fi cient diagnostic tool for fl uid administra-
tion monitoring.  

 –   If vasopressor drugs are needed, vasopres-
sin at 2.4 units h −1  may reduce catechol-
amine administration; high doses of 
norepinephrine, > 0.2 μg/kg/min should be 
avoided. Canadian guidelines recommend 
vasopressin as a fi rst-choice drug [ 81 ].  

 –   The management of electrolyte distur-
bances in the Eurotransplant region from 
1997 to 2005 increased recipient mortality 
when donor sodium concentrations were 
<130 or >170 mmol/ l  −1  (BJA).     

•   Alternate recipient list. An alternate recipient 
list was proposed by Lacks [ 82 ] to transplant 
heart recipients at high risk and without stan-
dard criteria. These patients are coupled to 
marginal donor organs refused by other cen-
ters. The most frequent donor risks for the 
alternate recipient list were high inotropic 
doses, left ventricular hypertrophy, and hepati-
tis C seropositivity. A signifi cant mortality was 
reported in the alternate recipient list [ 83 – 85 ], 
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although other reports show a survival similar 
to patients in the standard list [ 86 ].     

3.4     Donor Lung Exclusion 
Criteria 

 Lung transplantation is hindered by donor short-
age: less than 25 % of all brain-dead donors are 
deemed suitable for lung transplantation. Therefore, 
a very signifi cant number of donor lungs are never 
used, despite consent. Aspiration, contusion, and 
infections are important events that occur as a con-
sequence of brain death. The following two impor-
tant factors play a key role in irreversibly 
(permanently) deteriorating lung function. 

  Hemodynamic Instability     The mechanism caus-
ing the “catecholamine storm” (described above) 
is responsible for increased minute ventilation, 
hypertension, tachycardia, and cardiac arrhyth-
mias. There is a net shift of blood volume from 
systemic circulation to the low-resistance pulmo-
nary circulation, resulting in increased pulmonary 
venous pressure, which, in turn, causes transuda-
tive pulmonary edema. The acute increase in cap-
illary pressure induces barotrauma capable of 
damaging the capillary-alveolar membrane. The 
structural damage to the pulmonary endothelium 
ultimately leads to vascular leakage and persistent 
protein-rich pulmonary edema [ 87 ,  88 ]. The end 
result is a neurogenic pulmonary edema.  

  Activation of Infl ammatory and Immunological 
Pathways     After brain death, there is an increase 
in infl ammatory molecules that may threaten the 
lung function in the pre-donation period. When 
lung transplantation has been performed, isch-
emia can trigger the activation of macrophages, 
which release proinfl ammatory cytokines and 
result in an ischemia-reperfusion injury [ 89 ].  

 According to the ISHLT data, the criteria for 
the “ideal” donor are shown in Table  3.4  [ 90 ,  91 ]. 
In older donors, early and late survival was 
decreased, and if older donor age is matched with 
graft ischemic times longer than 6 h, this effect 
was pronounced. Moreover, De Perrot (Toronto 
Lung Transplant Program) [ 92 ] did not fi nd a sig-

nifi cant difference in 30-day mortality related to 
donor age, although mortality was signifi cantly 
higher in recipients with pulmonary fi brosis and 
pulmonary hypertension compared to those with 
cystic fi brosis or emphysema. In the study, recipi-
ents from donors aged 60 or older had decreased 
5- and 10-year survival compared with recipients 
from younger donors; the cause of death was pre-
dominantly bronchiolitis obliterans syndrome 
(BOS) in the older donor group, whereas it was 
predominantly sepsis in the younger group.

   Most transplant centers prefer an ischemic 
time between 4 and 6 h. Lung preservation with 
an extracellular solution allows good results with 
ischemic times greater than 10 h [ 93 ,  94 ]. 

 Gas exchange is considered the most impor-
tant parameter for assessing lung function. The 
PaO 2 /FIO 2  ratio should be >300 mmHg (obtain 
PaO 2  value, convert FIO 2  % in decimal value). 
However, the ratio can be easily modifi ed by 
secretions, pulmonary edema, atelectasis, and 
aggressive donor management (recruitment 
maneuvers, low tidal volume, PEEP of 15 H 2 O 
cm, bronchial aspiration, and bronchoscopy). 
Direct left and right pulmonary vein blood gas 
sampling is sometimes very important in reas-
sessing the lungs individually, and partial pulmo-
nary vein oxygen pressure was reported to 
correlate much more reliably than PaO 2  with the 
outcome in the recipient. By separate sampling of 
pulmonary vein PaO 2 , it is possible to harvest at 
least one lung if the PaO 2 /FIO 2  ratio is much 
 better than in the sample obtained from the arte-
rial peripheral catheter. Sometimes in young 
donors gas exchanges may be satisfactory also in 
case of severe chest trauma, but chest CT can 
show important massive, bilateral pulmonary 

   Table 3.4    The “ideal” lung donor criteria   

 Age <55 years 

 PaO 2  >300 mmHg on FIO 2  1.0, PEEP 5 cm H 2 O 

 Clear chest X-ray 

 No chest trauma 

 No evidence of aspiration or sepsis 

 Tobacco history <20 pack-years 

 AB0 compatibility 

 Absence of organism on sputum stain 

 Absence of purulent secretions at bronchoscopy 

 No prior cardiopulmonary surgery 
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contusions, pneumopericardium and hemopneu-
mothorax (Fig.  3.1  ). 

 During the harvesting procedure, signifi cant 
fl uid losses are found. Additionally, 8 L of infused 
fl uid are required, and most of this volume is 
blood, crystalloid, and colloid. If lungs are evalu-
ated for transplantation, it is preferable to admin-
ister crystalloid to restrict hypovolemia. It is 
thought that large amounts of colloid can pass 
into the extracellular space due to endothelial 
permeability modifi cation by the infl ammatory 
molecules and can worsen lung function after 
transplantation by increasing the oncotic pres-
sure. A large quantity of crystalloids may also 
produce a considerable increase of the central 
venous pressure and, if prolonged over time, may 
produce edema of the liver parenchyma and ham-
per liver graft function after transplantation. Liver 
edema may also have an adverse effect on bleed-
ing during the splitting procedures of the liver. 

 At surgery, lungs are directly inspected to 
check zones of atelectasis, hemorrhagic contu-
sion, edema, nodules that must undergo intraop-
erative wedge biopsy, and pneumonic infi ltration. 
Then, lung compliance should be evaluated under 
direct vision by performing the “collapse test”: 
an endotracheal tube is disconnected from the 
ventilator, and if the lungs remain infl ated or 
slowly collapse (more than 10 s), this is a sign of 
interstitial space edema, infection, or emphysema 
(small airway obstructive disease). 

 A positive gram stain of tracheal aspirate 
should not preclude lung donation. The amount 

of secretions is much more signifi cantly associ-
ated with a negative outcome. The University of 
Alabama at Birmingham showed that a positive 
donor gram stain is not necessarily associated 
with pneumonia development [ 95 ]. 

  Alcohol Abuse     Donor chronic alcohol abuse has 
been correlated with an increased risk of primary 
graft dysfunction. Pelaez et al. showed that donor 
alcohol abuse may have a great impact on the risk 
of primary graft dysfunction and that there is a 
clearly established link between alcohol abuse and 
ARDS (acute respiratory distress syndrome) [ 96 ].  

  Donor History of Asthma     Asthma in the donor 
has been often considered a contraindication to 
lung transplantation primarily for the preoperative 
airway infl ammation status that can affect trans-
plantation outcome. Fatal asthma donors predis-
pose the recipient to early and late graft dysfunction, 
especially refractory acute rejection [ 97 ]. However, 
the use of grafts from carefully selected donors 
with a history of asthma increases the donor pool 
and has satisfactory long-term results [ 97 ].  

  Ex Vivo Lung Perfusion     Ex vivo lung perfusion 
(EVLP) was developed in the late 1990s by 
researchers at Lund University, in Lund, Sweden, 
who studied non-heart-beating donor lungs with 
the objective of increasing the number of organs 
suitable for transplantation [ 98 ]. Through experi-
mental studies on pigs, a perfusion solution was 
developed to prevent edema formation and the 

  Fig. 3.1    Contrast-enhanced axial computed 
tomography scan through the thorax of a 
19-year-old man after a motor vehicle accident 
shows massive, bilateral pulmonary contusions 
and hemothorax. At FIO 2  of 0.40 and 1, the 
PaO 2  was respectively 131 mmHg and 
441 mmHg       
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loss of lung function. The solution was desig-
nated Steen Solution® (Vitrolife; Gothenburg, 
Sweden). Steen Solution is an extracellular solu-
tion for lung preservation composed of electro-
lytes, dextran, and albumin. A noteworthy feature 
of the solution is its high oncotic pressure [ 99 ]. 
The fi rst clinical use of EVLP [ 100 ] was described 
in 2001: the donor was a 54-year-old man who 
had suffered cardiac arrest due to acute myocar-
dial infarction. The transplantation to a recipient 
patient with pulmonary emphysema was success-
ful. ELVP has been performed by several lung 
transplant centers worldwide with good results. 
At the Toronto Lung Transplant Program, from 
September 2008 to December 2011, 253 lung 
transplants were performed with conventional 
preservation lungs. Primary graft dysfunction 
grade three at 72 h was recorded in 2 % EVLP vs. 
8.5 % control ( P  = 0.14), and time on mechanical 
ventilation, extracorporeal life support, ICU stay, 
hospital stay, and 30-day mortality were not dif-
ferent. Furthermore, similar 1-year survival rates 
were observed: 87 % for the EVLP group vs. 
86 % for the standard group [ 101 ].   

3.5     Liver Donor Exclusion 
Criteria 

 For heart and lung donation, the only absolute 
exclusion criteria are human immunodefi ciency 
virus infection (HIV), uncontrolled tumor disease, 
and bacterial or viral infections, as previously 
 discussed. All general clinical conditions, includ-
ing biochemical, morphological, and functional 
conditions, must be considered for the donors and 
their organs to balance the decision regarding 
whether a liver graft can be used. 

 The classical clinical and morphological 
exclusion criteria of the hepatic donor, which 
years ago would have absolutely contraindicated 
donation, have now become relative contraindi-
cations. These criteria must only be considered if 
several contraindications occur simultaneously. 
Based on different studies, the principal liver 
viability marker is its gross and microscopic 
inspection. Less than 40 % steatosis evaluated on 
liver biopsy is fundamental to assure the normal 

function of the implanted graft, but in the absence 
of other contraindications, a steatosis of 50 % can 
be considered for the transplantation of the whole 
liver for special recipients at risk of dropout from 
the waiting list (HCC patients). Split-liver trans-
plantation, a procedure where one donor liver is 
divided into two hemilivers for two recipients, is 
an important tactic for overcoming organ short-
age. To date, the principal benefi ciaries have been 
adult/pediatric pairs, and excellent outcomes 
have been described. However, the criteria for the 
liver-splitting technique require much more 
restrictive criteria than for conventional whole 
livers. Donor eligibility criteria for the split-liver 
procedure were as follows: age 55 or younger, no 
cardiac arrest episodes, less than 5 days in inten-
sive care, low inotropic support (dopamine 
≤5 mg/kg/min, dobutamine ≤10 mg/kg/min, and 
no epinephrine or norepinephrine requirement), 
Na+ ≤155 mg/L, liver enzymes no more than 
double the normal, and no macroscopic evidence 
of hepatic steatosis, or less than 20 % hepatic ste-
atosis if a biopsy was taken, because liver biopsy 
was not routinely performed. Liver-splitting 
techniques for two adults are still experimental 
surgical procedures, and they have interesting 
results when these restrictive criteria are 
employed for donors and for particular pairs of 
recipients in which one is of small size [ 102 ]. 

 Livers from elderly donors undoubtedly repre-
sent a diffuse problem: age limit criteria have 
become more fl exible in recent years due to the 
worldwide decrease of young donors. The trans-
plant teams have perceived that the most effective 
method to increase the number of donors is to 
increase their age acceptance; octogenarian donors 
can be considered, provided liver biopsy results in 
the absence of fi brotic changes [ 103 ]. Livers from 
positive HCV donors represent a small percentage 
of other possible sources. Hepatic donors’ accep-
tance criteria that permit the use of HCV-positive 
donors without liver disease for HCV-positive 
recipients are increasing. The short-term results of 
these transplants do not differ from those obtained 
in HCV-positive recipients from HCV-negative 
donors. Recent reviews report studies in liver trans-
plants with HCV- positive donor livers in HCV-
positive recipients and showed similar graft 
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survival, patient survival, and hepatitis C recur-
rence in the recipient and in an HCV-positive 
hepatic recipient group in whom livers from HCV-
negative donors were transplanted [ 104 ]. Although 
there are fewer data than for kidney transplants, 
somewhat encouraging results are seen with 
hepatic grafts from non- heart- beating donors; 
5-year survival is slightly greater than 50 % [ 105 ]. 

 Several additional contraindications pertain-
ing to the living donor are the same as those 
stated below for living donor liver transplantation 
(LDLT). In addition to the contraindications pre-
viously mentioned, there are some particular 
absolute contraindications for a living donor. 
Donors having macrosteatosis (>20 %) on liver 
biopsy are rejected. Remnant liver volume cannot 
be less than 25 %. This is an issue especially 
when the right lobe graft is large. It is never an 
issue when the left lateral segment is the pro-
posed graft and is rarely an issue if the left lobe 
graft is taken. The Human Organ Transplantation 
Act, in some countries, does not allow unrelated 
donation; this is to prevent donation under any 
type of coercion and to avoid any organ trade. 
The living donor should be between 18 and 55 
years of age. A body mass index >30 for the 
donor is generally associated with a consistent 
degree of macrosteatosis; donors should be 
encouraged to reduce weight, and a liver biopsy 
should rule out liver steatosis >20 %. A liver 
attenuation index <5 on a plain CT scan is sug-
gestive of steatosis. Such donors are either 
rejected or, in the absence of other donors, need 
to reduce weight, and a biopsy should be per-
formed to rule out macrosteatosis >20 % [ 3 ]. 
Donors are also rarely rejected for anatomical 
reasons. Double artery, double portal vein, or 
multiple hepatic veins such as a V8 or a V6 can 
be anastomosed using specifi c surgical tech-
niques, and these presentations should no longer 
preclude donation. However, multiple anatomical 
anomalies, e.g., a portal vein trifurcation with a 
right bile duct draining the segment IV, double 
right hepatic arteries in the donor, or multiple 
right-sided segmental portal vein tributaries 
draining into the left portal vein, are considered 
contraindications for LDLT. The majority of bili-
ary anatomy in the donor is acceptable [ 106 ].  

3.6     Kidney Donor Exclusion 
Criteria 

 The successful retrieval and transplantation of 
kidneys, pancreas, and other organs is dependent 
on the optimal perfusion of the donor and from 
all management strategies with particular respect 
of the hemodynamic stability. Allograft renal 
function after transplantation may be infl uenced 
by donor management. Although the use of dopa-
mine as a renal protective agent in the general 
critical care population is inappropriate, 
Schnuelle and colleagues demonstrated in a 
European multicenter trial that donor pretreat-
ment with low-dose dopamine can reduce the 
need for dialysis after kidney transplantation 
[ 107 ]. Absolute kidney donor exclusion criteria 
(Table  3.5 ) shared by the donors of other organs 
are the same as those for other organs and include 
HIV infection, malignant neoplasms (including 
in the central nervous system), sepsis, dissemi-
nated infections uncontrolled with antimicrobial 

    Table 3.5    Kidney and pancreas exclusion criteria   

 Kidney and pancreas exclusion criteria: absolute 
contraindications 

 HIV (or risk group) 

 Sepsis or uncontrolled disseminated infection 
(bacteria, viruses, fungi) 

 Multiorgan failure 

 Malignant tumor disease with metastasizing capacity 

 Creutzfeldt-Jakob, Kuru, Gerstmann-Straussler- 
Scheinker, fatal familial insomnia 

 Diabetes type I 

 Chronic pancreatitis 

 Pancreatic trauma (only for pancreas) 

 Patients treated with cadaver-derived pituitary 
hormones 

 Chronic kidney failure (structural damage) 

 Age >80 for kidneys and >45 for pancreas 

 Arterial hypertension 

 Diabetes type II 

 Acute renal failure 

 Chronic alcohol abuse 

 Prolonged warm ischemia 

 Glomerulonephritis and other nephropathies in normal 
renal function phase 

 Donors with positive serology for hepatitis B and C 
viruses unless for patients with hepatitis HBV and HCV 
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therapy (including bacteria, viruses, and fungi), 
multiorgan failure, and uncommon diseases such 
as Creutzfeldt-Jakob and those caused by prions 
such as Kuru. Donors with hepatitis B and C may 
be accepted for donation to recipients who are 
carriers of the same viruses. Thus, kidneys from 
AgHBs carrier donors may be used in AgHBs(+) 
recipients. Additionally, the use of renal grafts 
from donors with HCV-positive antibodies in 
HCV-positive recipients can be considered with-
out apparently increasing major morbidity or 
mortality. Chronic renal failure is also an abso-
lute renal donor exclusion criterion.

3.7        Pancreas Donor Exclusion 
Criteria 

 The pancreas shares the same donor selection crite-
ria with the kidney, with the specifi c characteristic 
that pancreatic donors cannot have a personal back-
ground of alcoholism, a personal or familiar back-
ground of diabetes, signifi cant alterations in the 
serum amylase values, or an age greater than 45–50 
(Table  3.5 ). The best indication of the suitability of 
a pancreas allograft for transplantation is the 
appearance of the organ at the time of procurement. 
After completing the surgical maneuvers, the pan-
creatic parenchyma should be carefully evaluated 
for its procurement in terms of fat content, edema, 
or fi brosis and for quality of the vasculature. All 
aspects of the pancreas should be inspected for 
injury to the pancreatic parenchyma and for the 
presence of hematomas, masses, or nodular areas. 
Most centers avoid transplanting organs with calci-
fi cations, extensive fi brosis, fatty infi ltration, severe 
edema, or signifi cant visceral atherosclerosis. 
Depending from different center policies, pancreas 
procurement may be cancelled for technical rea-
sons such as abnormal arterial vascularization 
between the liver and the pancreas, which may 
occur with a right replacing hepatic artery originat-
ing from the superior mesenteric artery and would 
render a successful and correct split and the trans-
plantation of both organs diffi cult. Surgical injuries 
that occur during pancreas procurement may lead 
to complications after transplantation, impaired 
function of the allograft, graft loss, or even death of 
the patient. These injuries may be so dangerous that 

the pancreas harvesting must be considered an 
absolute contraindication. In such cases, pancreatic 
islet transplantation can be considered. Proper pro-
curement and the constant training of surgeons for 
pancreatic procurement are therefore very impor-
tant to maintain high-quality pancreas procurement. 
Some recent reports show that vascular lesions are 
observed in 16.7 % of pancreatic grafts and suggest 
that surgical procedures of pancreas procurement 
may be improved by better surgical training and the 
standardization of the surgical technique. Some 
studies have shown that pancreatic allografts have 
been frequently refused during back-table inspec-
tion, partly because of multiple surgical injuries to 
the artery, veins, and duodenum [ 108 ]. Donor age 
and procurement by centers not performing pan-
creas transplantations were both found to signifi -
cantly increase the probability of pancreas refusal. 
The quality of pancreas procurement may thus be 
improved by the specifi c training of surgeons who 
specifi cally perform pancreas transplantations.  

3.8     Intestinal and Multiorgan 
Exclusion Criteria 

 There are very few absolute contraindications to 
intestinal donation, and they can be grouped into 
four broad categories: (1) severe intestinal trauma, 
(2) malignancy outside of the central nervous system 
(CNS), (3) active infections, and (4) infl ammatory 
bowel disease (IBD) or the same contraindications 
for liver procurement in the case of combined liver 
and intestinal transplantation. Ideal donors are pref-
erably younger (<45 years) and with little or no use 
of vasoactive drugs. 

 Patients with short bowel syndrome present 
with the abdominal cavity retracted, thus requir-
ing smaller donors (30–40 % less of the calcu-
lated body surface area). Preference is given to 
ABO identity. With the development of effective 
drugs for prophylaxis and the treatment of cyto-
megalovirus, seropositive donors are accepted 
and are avoided only for recipients with negative 
serology. The decontamination of the gastroin-
testinal tract and the use of antibodies in donor 
lymphocytes showed no benefi ts related to infec-
tion, rejection episodes, or incidences of graft 
versus host disease. Typically, in these donors 
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also liver and pancreas are retrieved. Due to the 
shared bloodstream, the simultaneous harvesting 
of these grafts can be a challenge but is possible 
to perform the procedure without compromising 
other grafts [ 109 ] (Table  3.6 ).
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      Brain Death Diagnosis                     

     Antonino     M.     Grande      and     Paolo     Aseni   

        I know when one is dead and when one lives. 
 She’s dead as earth. Lend me a looking-glass. 
 If that her breath will mist or stain the stone,
Why then, she lives.  

 W. Shakespeare, King Lear, Act V, Scene III 

   During Shakespeare’s time in the late sixteenth 
and early seventeenth century, not breathing and 
the absence of blood circulation were universal 
criteria to declare someone dead. For almost two 
centuries, doctors have been using the stethoscope 
to diagnose death. In the twentieth century, the dis-
covery of cardiopulmonary resuscitation, defi bril-
lation, and pharmacologic therapies to counteract 
heart arrest changed the defi nition; cardiac arrest 
could be established as a clinical death, giving rise 
to the possibility of post-arrest resuscitation. For 
almost 50 years, doctors have thus been diagnos-
ing death by applying neurological criteria. 

 The brain is anatomically divided into the 
cerebrum, with its outer shell, the cortex; the cer-
ebellum; and the brain stem, composed of the 
midbrain, the pons, and the medulla oblongata. 
Traditionally, the cerebrum has been considered 
the “higher brain” because it has primary control 

of consciousness, thought, memory, and feeling. 
The brain stem is the “lower brain,” because it 
organizes spontaneous, vegetative functions such 
as swallowing, yawning, and sleep–wake cycles. 
At the same time, “higher brain” functions such as 
cognition or consciousness are not mediated 
strictly by the cerebral cortex, but they result from 
complex interactions between the brain stem and 
the cortex. Breathing is controlled in the brain 
stem, particularly the medulla. Neural impulses 
originating in the respiratory centers of the 
medulla stimulate the diaphragm and intercostal 
muscles, which cause lung infl ation and defl ation. 
Generally, respiratory centers adjust the rate of 
breathing to maintain the correct levels of carbon 
dioxide and oxygen. During heavy exercise, sigh-
ing, coughing, or sneezing, other areas of the 
brain regulate the activities of the respiratory cen-
ters or even briefl y take direct control of respira-
tion. The destruction of the brain’s respiratory 
center stops respiration, thus causing a sudden 
loss of oxygen to the heart that causes it to cease 
functioning. Therefore, the traditional signs of 
life, respiration and heartbeat, disappear: the per-
son is considered dead.

   The irreversible loss of the capacity for con-
sciousness combined with the irreversible loss of 
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the capacity to breathe is acknowledged globally 
as death. Death is a result of the irreversible loss 
of both these functions in the brain [ 1 ]. 
Specifi cally a brain stem failure can originate 
from an intracranial lesion (trauma, hemorrhage, 
ischemia) or from an extracranial cause (cardio-
respiratory arrest, cerebral anoxia). The idea of 
brain death arose in the 1950s when physicians 
began sustaining patients who lacked brain func-
tion by mechanical ventilation; these patients 
appeared “alive” based on regular heart rhythm 
and blood pressure. It was clear that the advent of 
mechanical ventilation halted the unavoidable 
circulatory breakdown that always follows respi-
ratory arrest. Therefore, in those cases, it became 
necessary to diagnose death with neurological 
criteria. In 1959, Wertheimer et al. [ 2 ] described 
the “death of the nervous system.” And in the 
same year, the French neurophysiologists 
Mollaret and Goulon [ 3 ] defi ned a state of coma 
in which the brain appeared irreparably damaged 

and ceased to function but in which the heart and 
lung function could be maintained artifi cially. 
They called this state “coma depassè.” A few 
years before, in 1954, Joseph Murray, Nobel 
Laureate in 1990, performed the fi rst human 
organ transplant by taking a kidney from an iden-
tical twin, and in 1962; he performed the fi rst 
successful kidney transplant from a human 
cadaver [ 4 ]. One year later, Starzl et al. [ 5 ] per-
formed the fi rst liver transplant, and Hardy et al. 
[ 6 ] performed the fi rst lung transplant. For all 
these transplants, donors were transferred into 
the operating room, and mechanical ventilation 
was stopped; organ retrieval could start only 
when the donor’s heart stopped beating. At this 
time, donors were declared dead by classic car-
diorespiratory criteria [ 7 ]. In 1963, Guy 
Alexandre, a Belgian surgeon at the Catholic 
University of Louvain, performed the fi rst trans-
plantation using a heart-beating, brain-dead 
donor (Fig.  4.1 ). Mechanical ventilation was not 

  Fig. 4.1    From the fi rst page of “La Libre Belgique,” 
August 10–11, 1963. “Two patients survive several weeks 
after transplantation of a kidney previously removed from 

a cadaver. Important contribution of a young Belgian 
investigator”       
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discontinued, and the team did not wait for the 
donor’s heart to stop beating [ 8 ,  9 ]. 

 The graft worked immediately after transplant, 
and serum creatinine levels were normal after a 
few days; however, the recipient died of sepsis on 
postoperative day 87 [ 8 ]. Dr. Alexandre’s criteria 
for brain death criteria are shown in Table  4.1 .

   In 1966, Richard Lillehei and William Kelly 
et al. performed the fi rst successful pancreas trans-
plant [ 10 ,  11 ]. In 1967, Dr. Christiaan Barnard, in 
Cape Town, South Africa, performed the fi rst heart 
transplant [ 12 ]. The surgical team brought a brain-
dead donor into the operating room with the recip-
ient; the mechanical ventilation was stopped, and 
everyone waited for the donor’s heart to stop beat-
ing. Technically, the donor was not “brain dead” at 
the time of organ retrieval, but he was declared 
dead by classical cardiorespiratory criteria [ 13 ]. 
Even Barnard [ 12 ] stated, “As soon as the donor 

had been certifi ed dead (when the electrocardio-
gram had not shown activity for 5 minutes and 
there was absence of any spontaneous respiratory 
movements and absent refl exes)… the donor chest 
was then opened rapidly.” 

 The following year in the United States, due to 
organ transplantation’s worldwide diffusion, the 
“Ad Hoc Committee of the Harvard Medical 
School” established criteria for brain death before 
organ retrieval [ 14 ]. In a comatose patient, the 
Commission defi ned brain death as a condition 
characterized by unresponsiveness, a lack of 
receptivity, and the absence of movements, 
breathing, and brain stem refl exes (Table  4.2 ).

   Furthermore, the declaration of death should 
be performed by physicians that were not 
involved in transplantation procedures and 
would not participate in the process of 
transplantation. 

   Table 4.1    Dr. Alexandre’s criteria for brain death diagnosis   

  Precondition : severe craniocerebral injury 

  Criteria  for brain death diagnosis: 

 1. Complete bilateral mydriasis 

 2.  Complete absence of refl exes, both natural and in response to profound pain 

 3.  Complete absence of spontaneous respiration, 5 min after mechanical respiration has been stopped 

 4.  Falling blood pressure, necessitating increasing amounts of vasopressor drugs (adrenaline) or Neo-Synephrine 
(phenylephrine hydrochloride) 

 If all conditions are met, observation is <6 h, and EEG must be fl at 

   Table 4.2    Harvard criteria for brain death diagnosis   

  Precondition :  Irreversible cerebral damage 

 Exclusion of two conditions: hypothermia (below 90 °F) and central nervous system depressants, 
such as barbiturates 

  Criteria :  Pupil fi xed and dilated and will not respond to a direct source of bright light 

 Non-receptivity and unresponsiveness to even the most intensely painful stimuli 

 Ocular movement (to head turning and to irrigation of the ears with ice water) and blinking are 
absent 

 No evidence of postural activity (decerebrate or other) 

 Swallowing, yawning, vocalizations are absent 

 Corneal and pharyngeal refl exes are absent 

 Stretch of tendon refl exes cannot be elicited; plantar or noxious stimulation gives no response 

 No movements or breathing 

 Observations covering a period of at least 1 h by physicians are adequate to satisfy the criteria of 
no spontaneous muscular movements or spontaneous respiration [established by turning off the 
respirator for 3 min] or response to stimuli such as pain, touch, sound, or light 

 All of the above tests shall be repeated at least 24 h later with no change 

 Flat EEG 
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 The same day, on August 5, 1968, the 22nd 
World Medical Assembly, meeting in Sydney, 
Australia, announced the Declaration of 
Sydney [ 15 ] (Table  4.3 ). In this document, it 
was stated not only that “Death is a gradual 
process at the cellular level with tissues vary-
ing in their ability to withstand deprivation of 
oxygen” but also that death “lies not in the 
preservation of isolated cells but in the fate of 
a person.”

4.1       Brain Stem Damage 

 In 1971, Mohandas and Chou [ 16 ] described 
lesions to the brain stem as a critical constituent 
in brain damage. This consideration was later 
confi rmed by the Conference of Medical Royal 
Colleges and their Faculties in the United 
Kingdom [ 17 ], where brain death was stated as 
an overall irreversible loss of brain stem function. 
This announcement, made in 1981, allowed the 
subsequent conclusions and guidelines of the 
President’s Commission for the Study of Ethical 
Problems in Medicine and Behavioral Research 
[ 18 ] that enacted the Uniform Determination 
Death Act [ 19 ] (UDDA): “An individual who has 
sustained either (1) irreversible cessation of cir-
culatory and respiratory functions, or (2) irre-
versible cessation of all functions of the entire 

brain, including the brain stem, is dead. A deter-
mination of death must be made in accordance 
with accepted medical standards.” In other words, 
“death is a unitary phenomenon which can be 
accurately demonstrated either on the traditional 
grounds of irreversible cessation of heart and 
lung functions or on the basis of irreversible loss 
of all functions of the entire brain [ 18 ].” The 
UDDA defi nes that “for legal and medical pur-
poses an individual who has sustained irrevers-
ible cessation of all functioning of the brain, 
including the brain stem, is dead.” 

 Neurological criteria can indicate death by 
attesting the loss of the whole brain, including, 
but not limited to, the brain stem [ 20 ]. A subject 
may be artifi cially supported for respiration and 
circulation after all brain functions irreversibly 
cease, but physicians have developed techniques 
for diagnosing the loss of brain functions while 
cardiorespiratory support is given. 

 Once the brain is deprived of adequate stores 
of oxygen and glucose, its neurons will irrevers-
ibly lose any activity. In the adult, this depriva-
tion for more than a few minutes causes some 
neuron loss [ 21 ]. Thus, even in the absence of 
direct trauma and edema, brain activity can be 
lost if its circulation is disrupted. If blood fl ow is 
discontinued, the nervous tissue damage is char-
acterized by complete self-digestion (autolysis) 
patterns over the ensuing days. If the brain lacks 

   Table 4.3    Declaration of Sydney         

 Determining the time of death is in most countries the legal responsibility of the physician and should remain so. 
Usually the physician will be able without special assistance to decide that a person is dead, employing the classical 
criteria known to all physicians. Two modern practices in medicine, however, have made it necessary to study the 
question of the time of death further: 1—the ability to maintain by artifi cial means the circulation of oxygenated 
blood through tissues of the body which may have been irreversibly injured, and 2—the use of cadaver organs such 
as heart or kidneys for transplantation. A complication is that death is a gradual process at the cellular level, and 
tissues vary in their ability to withstand oxygen deprivation. However, clinical interest lies not in the preservation of 
isolated cells but in the fate of a person. Here, the point of death for the different cells and organs is not as important 
as the certainty that the process has become irreversible by whatever techniques of resuscitation may be employed. 
This determination will be based on clinical judgment supplemented if necessary by a number of diagnostic aids, of 
which the electroencephalograph is currently the most helpful. However, no single technological criterion is entirely 
satisfactory in the present state of medicine, nor can any one technological procedure be substituted for the overall 
judgment of the physician. If transplantation of an organ is involved, the decision that death exists should be made by 
two or more physicians, and the physicians determining the moment of death should in no way be immediately 
concerned with the performance of transplantation. Determining the point of death of the person makes it ethically 
permissible to cease attempts at resuscitation and, in countries where the law permits, to remove organs from the 
cadaver provided that prevailing legal requirements of consent have been fulfi lled. 

A.M. Grande and P. Aseni



41

all functions, consciousness is gone. Whereas 
some spinal refl exes often persist in such patients 
(because circulation to the spine is separate from 
that of the brain), all refl exes controlled by the 
brain stem, as well as cognitive, affective, and 
integrating functions are absent. Respiration and 
circulation in these bodies may be made by a 
mechanical ventilator together with massive 
medical management. In adults who had irrevers-
ible cessation of the functions of the entire brain, 
this artifi cial performance can last a short time, 
but the heart usually stops beating within 2–10 
days. However, a small child who has lost all 
brain functions will have a cardiac arrest within 
several weeks [ 22 ]. 

 A less severe injury to the brain can cause 
mild to profound damage to the cortex, lower 
cerebral structures, cerebellum, brain stem, or 
some combination thereof. The cerebrum, espe-
cially the cerebral cortex, is damaged fi rst and 
more easily than the brain stem by the loss of 
blood fl ow; a 4–6 min loss of blood fl ow caused 
by a cardiac arrest will create permanent damage 
in the cerebral cortex, whereas the relatively 
more resistant brain stem may continue to func-
tion [ 21 ]. In this case, the main functions of the 
cerebrum are irrevocably lost, and the patient 
remains in a “persistent vegetative state” [ 23 ]; the 
patient may show spontaneous, involuntary 
movements such as yawns or facial grimaces, 
their eyes may be open, and they may be capable 
of breathing without assistance. However, lack-
ing the superior cerebral function, any patient’s 
movement does not mean that he is aware of him-
self or his environment. This was the case for 
Karen Ann Quinlan, for whom medical and nurs-
ing care, including feeding through intravenous 
or nasogastric tubes, and antibiotics for recurrent 
pulmonary infections allowed a survival longer 
than 10 years [ 24 ]. 

 The cranial nerves, except I, II, and the spinal 
component of XI, originate in the brain stem, and 
the diagnosis of their functional loss confi rms 
irreversible damage to this structure and by asso-
ciation to the reticular activating system and 
medulla oblongata. The following cranial nerve 
refl exes must be examined to diagnose their 
absence (Fig.  4.2 ).

•     Pupils should be fi xed in diameter and unre-
sponsive to light (midposition with respect to 
dilation, 4–6 mm), absence of papillary refl ex 
to light: cranial nerves II and III.  

•   When each ear is instilled with iced water, 
nystagmus or any eye movements are absent 
(vestibuloocular refl ex): cranial nerves II, IV, 
VI, VIII.  

•   Absence of corneal refl ex: cranial nerves V, 
VII.  

•   No facial or limb movement when supraor-
bital pressure is applied: cranial nerves V, VII.  

•   Oculocephalic refl ex: eyes remain midline 
when the head is turned rapidly horizontally 
and vertically: afferent limbs labyrinth, ves-
tibular nerve, neck proprioceptors, efferent 
limbs cranial nerves III and VI.  

•   Absence of response to painful stimuli on 
supraorbital pressure or deep pressure on 
both condyles of the temporomandibular 
joint: afferent limb V nerve, efferent limb 
VII nerve.  

•   Absence of coughing in response to tracheal 
suctioning and absence of gag refl ex after 
stimulation of the posterior pharynx: cranial 
nerves IX and X.  

•   Apnea testing positive.    

 When all cranial nerve refl exes are absent, the 
apnea testing is performed to establish the clini-
cal diagnosis of brain death. 

 In apnea testing, the patient is disconnected 
from the respirator, and a cannula, supplying 
pure oxygen at a rate of 4–10 l/min, is carried 
into the endotracheal tube down to the level of 
the carina. The cannula will ensure suffi cient 
alveolar ventilation and the transport of oxy-
gen to the blood in absence of respiratory 
movements. Before testing, preoxygenation 
with 100 % O 2  should be performed for at least 
10 min to avoid hypoxia. Preoxygenation arte-
rial PO 2  values should be ≥200 mmHg, which 
helps avoid possible hypocapnia that may be 
caused by hyperventilation or by high tidal 
volume settings on the mechanical ventilator. 
The corporeal temperature should be ≥32 °C, 
and it is important to ensure that the arterial 
PCO 2  or PaCO 2  is normal or greater than 
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40 mmHg. A systolic blood pressure of at least 
90 mmHg is recommended. Apnea testing is 
completed when no breathing effort is observed 
at a PaCO 2  of 60 mmHg or with a 20 mmHg 
increment from baseline; in this case, the test 
result is positive and confi rms the diagnosis of 
brain death [ 25 ]. 

 When the clinical examination establishes a 
diagnosis of brain death, it is fundamental to 
exclude the possibility of misdiagnosis, and con-
fi rmatory tests are recommended [ 26 ]. 

 The misdiagnosis of brain death is possible in 
the following conditions: hypothermia, drug 
intoxication, and locked-in syndrome. In hypo-
thermia, the brain stem refl exes are not present if 
the core temperature is <28 °C; these defi cits can 
be reversible [ 27 ]. 

 Many sedative and anesthetic drugs can 
imitate brain death status, but some aspects of 
brain stem function, for instance, the pupillary 
response to light, are preserved. If ingested in 
large doses, many drugs can cause a partial 

a
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  Fig. 4.2    Brain stem refl exes in brain death ( a ) Light refl ex. ( b ) Corneal refl ex. ( c ) Vestibuloocular refl ex. 
( d ) Oculocephalic refl ex. ( e ) Absent response to pain stimuli. ( f ) Cough refl ex. ( g ) No breathing       
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loss of brain stem reflexes. A practical 
approach to drug/toxin exposure can be as 
follows:

    (a)    Drug or poison is known, but the substance 
cannot quantifi ed: patient should be observed 
for a period at least four times the elimina-
tion half-life of the substance.   

   (b)    Drug not known, but there is high suspicion: 
patient should be observed for 48 h to observe 
any change in brain stem refl exes; if there is 
no change, a confi rmatory test must be per-
formed [ 28 ].     

 The locked-in syndrome is usually due to the 
destruction of the base of the pons. The patient 
cannot move the limbs, grimace, or swallow, but 
blinking and vertical eye movements are preserved 
because the upper rostral mesencephalic structures 
are not involved. Consciousness persists because 
the tegmentum and the reticular formation are not 
damaged [ 26 ,  29 ]. This syndrome is often caused 
by an acute embolism of the basilar artery. Another 
pathology that mimics brain death is the reversible 
Guillain–Barré syndrome involving all the periph-
eral and cranial nerves. The progression can be 
recorded over a period of days [ 30 ]. 

 Confi rmatory testing is required by law in sev-
eral European, Central and South American, and 
Asian countries; in Sweden, only cerebral angi-
ography is required, and in the United States, the 
selection of tests is up to the physician [ 26 ]. In 
Italy, brain death is diagnosed according to the fol-
lowing criteria established by Italian law [ 31 ]: (a) 
deep coma; (b) absence of brain stem refl exes; (c) 
absence of motor responses after painful stimuli in 
trigeminal areas; (d) apnea (PaCO 2  > 60 mmHg); 

(e) fl at electroencephalogram; (f) observation 
lasting 6 h for adults, 12 h for children younger 
than 5 years of age, and 24 h for newborns and 
infants younger than 2 months of age; and (g) 
cerebral blood fl ow test to demonstrate the arrest 
of cerebral circulation when factors affecting clin-
ical evaluation and/or electroencephalography are 
present (e.g., toxic, metabolic factors, or sedative 
administration). Table  4.4  shows the main confi r-
matory testing for brain death diagnosis.

   Two models of brain death are widely 
accepted: whole brain death and the death of the 
brain stem. For this reason, there are different 
brain death criteria in different countries: whole 
brain death is accepted by the United States, 
Italy, and most European countries, whereas 
brain stem death has been adopted fi rst by the 
United Kingdom [ 31 – 37 ]. When whole brain 
death is considered, only cerebral fl ow examina-
tions (angiography and SPECT) are suitable and 
are considered the gold standard [ 35 ]. 

 When the clinical criteria of brain death have 
been diagnosed, the physician should inform the 
close relatives and discuss organ donation with 
them. After the fi rst clinical examination of the 
patient, an observation period, usually 6 h for 
adults and children >1 year old, is organized to 
rule out any clinical signs that are incompatible 
with brain death. A clinical assessment is 
repeated. In some individuals, cranial or cervical 
lesions, hemodynamic instability, or other rea-
sons may preclude a defi nitive clinical assess-
ment. In these cases, a confi rmatory test is 
mandatory to diagnose brain death. 

 Different legal defi nitions of death have 
evolved in different countries over time. In 
Europe, the United States, and almost worldwide, 

   Table 4.4    Confi rmatory testing for brain death diagnosis   

 Cerebral angiography (conventional, computerized tomography, magnetic resonance, and radionuclide): absence of 
intracerebral fi lling at the level of carotid bifurcation or the circle of Willis 

 Electroencephalography: absence of electrical activity during at least 30 min of recording (note that the intensive 
care setting can result in an altered reading due to electronic artifacts) 

 Transcranial Doppler ultrasonography: small systolic peaks in early systole without diastolic fl ow showing very 
high vascular resistance associated with abnormal increased intracranial pressure (~10 % of patients may not have 
temporal insonation windows because of skull thickness) 

 Nuclear brain scanning: brain death is confi rmed by the absence of isotopic uptake in cerebral parenchyma 
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the following two types of donation after death 
are commonly employed: (a) donation after brain 
death (DBD) and (b) donation after circulatory 
death (DCD). 

 Although kidney transplantation in the 1950s 
and 1960s was primarily from live donors, at the 
dawn of transplantation, all organs were retrieved 
from patients immediately after cardiorespiratory 
arrest, i.e., from “non-heart-beating” donors 
(NHBDs) that are recently better defi ned DCD. 
Upon the acceptance of the brain death defi ni-
tion, “heart-beating” donors rapidly became the 
primary source of organs for transplantation. 
However, the number of heart-beating donors is 
now progressively decreasing due to the great 
improvements in the diagnosis and treatment of 
severe brain injuries, and fewer young people are 
dying from severe trauma or catastrophic cere-
brovascular events [ 7 ,  38 ,  39 ]. The number of 
DCD is slowly increasing worldwide, and in the 
United Kingdom, a steady increase in DCD activ-
ity from 5.6 % (42/745) in 2001/02 to 36.93 % 
(373/1010) in 2010/11 was reported [ 39 ,  40 ].     
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      Movements in Brain Death                     

     Antonino     M.     Grande    

       In Milan, in an old hospital made of red bricks, at 
1 a. m., a stretcher is pushed by two porters 
through the double doors of an aged operating 
room where urgent cases were once treated but 
that is now used only for multiorgan retrieval pro-
cedures. The incessant beeping of a monitor is 

heard in the room; the anesthesiologist is venti-
lating the donor with the Ambu bag. The man 
died of a cerebral hemorrhage, is tall, and has a 
muscular body. Suddenly, a scream of a fellow 
echoes through the room: “It’s moving, he wants 
to get up!” The donor has just moved his right 
arm and is lifting his right thigh from the stretcher. 
The panic spreads among the nurses, but some 
doctors also appear perplexed; the anesthesiolo-
gist spends at least 15 min calming tempers in the 
operating room. He protests loudly, excitedly 
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 Key points 

     1.    Spontaneous movements and refl exes in 
brain death can occur and these move-
ments arise from spinal cord neurons.   

   2.    They do not preclude the diagnosis of brain 
death and are considered spinal refl exes.   

   3.    Plantar responses, muscle refl exes by 
stretching, and jerking movements of 
the fi ngers; abdominal contraction is 
present in 60 % of donors when the 
peritoneum is incised.   

   4.    Refl ex movements originate from the 
spinal cord starting from the C1 metamer, 
and they involve a variable number of 
inferior metamers.   

   5.    A pathophysiological explanation could 
be the occurence of superior control loss 

of phylogenetically more recent struc-
tures over the inferior, spinal cord, more 
archaic. When the subject is treated by 
ventilatory support and pharmacologi-
cal therapy, spinal cord neurons are oxy-
genated by the blood supply. In this 
way, spinal cord shock is resolved, and 
neuronal function recovery can trigger 
refl ex movements.   

   6.    Sensational headlines where the donor 
just before the “execution” suddendly 
recovered are presented and discussed. 
It should be clear that there is a com-
plete discrepancy between a coma and a 
vegetative state, and the headlines con-
fusing the two situations are signifi -
cantly hindering organ donation.     
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waving a piece of paper—the death certifi cate—
and then he explains more calmly that all exami-
nations and tests have established the cerebral 
death of the man. The donor is taken again to the 
operating room after a momentary hesitation that 
was useless for all; the man died “again,” and the 
multiorgan harvesting procedure could begin. 

 In another instance, a donor was ready for the 
last phase in organ retrieval in the operating 
room. All vascular structures emerging from the 
heart were isolated and encircled, and just when 
the ascending aorta was clamped, the donor 
moved and delivered with his left arm a powerful 
punch to the abdomen of my assistant. After a 
moment of hesitation, the aortic clamp was 
released, and the blood fl ow was resumed in the 
aorta; the donor was still moving—this time his 
right leg. With a thousand thoughts in my mind, 
seconds felt like hours. The glazed look in the 
scrub nurse’s eyes and the echoing nurses excited 
words, somebody screams that this is a desperate 
act of a man against the donation. The abdominal 
surgeon appears extremely resolute and exclaims, 
“clamped the aorta, we start the perfusion,” and 
in an automatic way, I do the same, without hid-
ing my anxiety and nervousness. 

5.1     Historical Background 

 Movements after death have been described 
many times; perhaps Descartes in 1637 fi rst 
wrote of this phenomenon in his work  Discourse 
on the Method , where “heads of animals, a little 
after decapitation, are still observed to move and 
bite the earth, notwithstanding that they are no 
longer animate…” [ 1 ]. In 1887, two French doc-
tors, Regnard and Loye [ 2 ], witnessed an execu-
tion by guillotine and reported: “Two seconds 
after decapitation, the cheeks were still rosy, the 
eyes wide open, with moderately dilated pupils, 
the mouth fi rmly closed. No fi brillary  contractions 
could be observed. When the fi nger was placed 
close to one eye, no change of expression took 
place; but on touching an eye or the tips of the 
lashes, during the fi rst fi ve seconds, the lids 
closed just as in life. This refl ex action could not 
be elicited from the sixth second after decapita-

tion. The jaws were tightly clenched and could 
not be opened by manual force; no similar mus-
cular contraction could be detected in the trunk or 
extremities. 

 One minute after death, the face began to turn 
pale, the trunk remained fl accid, the carotids con-
tinuing to throw out blood remaining in the circu-
latory area. At the end of four minutes the face 
was quite pale, the upper lids were half closed, 
the jaws less fi rmly clenched than before. 

 Irritation of the cut surfaces of the spinal cord 
failed to produce refl ex movements either in the 
trunk or on the face. For twenty minutes there was 
no change; then the necropsy was begun. There 
were signs of old pleurisy and alcoholism. The 
heart beat actively. On opening the pericardium, 
the ventricles and auricles continued to pulsate for 
twenty-fi ve minutes; the former then ceased to 
beat, but the auricles went on for forty minutes 
longer. Thus the heart beat for an hour after 
decapitation. Then, its chambers were laid open; 
the left ventricle was fi rmly contracted, the right 
relaxed. There was emphysema at the edges of the 
left lung, as is nearly always observed after death 
by the guillotine. There were bubbles of air in the 
vessels of the pia mater, and much air in the sub-
arachnoid space. The knife had passed through 
the lower part of the fourth cervical vertebra . ”  

5.2     Pathophysiology of Spinal 
Cord Movement 

 It is well known that spontaneous movements 
and refl exes can occur in brain death subjects. 
These movements arise from spinal cord neu-
rons, do not preclude the diagnosis of brain death, 
and are considered spinal refl exes—plantar 
responses, muscle refl exes by stretching, and 
jerking movements of the fi ngers. Abdominal 
contraction is present in 60 % of donors when the 
peritoneum is incised [ 3 ]. In the past, death has 
always been synonymous with immobility, but 
the idea of brain death has led to an evolution of 
this concept, because different types of move-
ment have been described in this condition. 

 In 1982, Medel et al. [ 4 ] reported the case of a 
28-year-old brain-dead man who spontaneously 
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presented extension movements of both upper 
limbs; the hands were held in a praying pose and 
arms fl exed at the elbow, and this was followed 
by abduction, separation of the hands, and the 
falling of the arms alongside the trunk. The man 
also had fl exion/extension activity in the lower 
limbs and walking-like movements. These move-
ments could also be caused by harmful stimula-
tion of the limbs, fl exion of the neck, or plantar 
stimulation. Ropper [ 5 ] reported fi ve cases of the 
classic Lazarus’ sign in brain-dead heart-beating 
donors during apnea testing when a ventilator 
was disconnected: bilateral arm fl exion to the 
trunk, shoulder abduction, and hand raising 
above the chest and moving up the neck. Similar 
episodes were also reported in non-hypoxic situ-
ations such as arterial hypertension, tachycardia, 
and facial fl ushing [ 6 ,  7 ]. 

 The head can also be involved in these spon-
taneous movements, as described by Christie 
et al. [ 8 ] and Wu and Balaguer [ 9 ]. The head 
movements are controlled by the sternocleido-
mastoid, trapezium, and anterior vertebral mus-
cles, and the nerves involved are the accessory 
nerve (cranial nerve XI) and the direct branches 
of the cervical plexus (C1–C2 for the sternoclei-
domastoid muscle; the trapezium is innervated 
by the branches of the ansa cervicalis and the 
spinal accessory nerve from 3rd and 4th cervical 
roots; the anterior vertebral muscles receive 
innervation from the second to seventh cervical 
nerves). It is well understood that the head 
movements are primarily regulated by spinal 
cord innervation, which explains the nature of 
these refl exes. 

 Saponisk et al. [ 10 ] examined 107 patients 
with brain death and found that plantar with-
drawal responses, muscle stretch refl exes, 
abdominal contractions, Lazarus’ sign, and 
respiratory- like movements, which are all con-
sidered spinal refl exes, were present in as many 
as 40–50 % of heart-beating cadavers. Table  5.1  
shows the various documented spontaneous 
movements in brain-dead individuals.

   There are many explanations for the refl ex 
movements exhibited by brain-dead patients, but 
the mechanisms that underlie these movements 
remain unclear. 

 Refl ex movements originate from the spinal 
cord starting from the C1 metamer, and they 
involve a variable number of inferior metamers. 
A pathophysiological explanation is still specula-
tive; the mechanism shown in Fig.  5.1  is a rea-
sonable explanation of the phenomenon: there is 
a superior control loss of phylogenetically more 

   Table 5.1    Movements found in brain-dead heart-beating 
cadavers   

 Flexor/extensor plantar responses 

 Triple fl exion response 

 Abdominal refl ex 

 Cremasteric refl ex 

 Tonic-neck refl exes 

 Isolated jerks of the upper extremities 

 Unilateral extension-pronation movements 

 Asymmetric opisthotonic posturing of trunk 

 Undulating toe fl exion sign 

 Myoclonus 

 Lazarus sign 

 Respiratory-like movements 

 Quadriceps contraction 

 Eye opening response 

 Leg movements mimicking periodic leg movement 

 Facial myokymia 

  From Saponisk et al. [ 10 ]  

Neuronal function recovery
Neuronal hyperexcitability

Spinal cord shock resolution

Spinal cord neurons’ oxygenation
(Ventilatory support and pharmacologic therapy)

Spinal cord without superior control
Spinal cord shock

Brain death
Superior control loss (Cerebral cortex, Brainstem)

Brain death and spinal reflexes

  Fig. 5.1    Mechanism responsible for refl ex movements        
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recent structures is favored over the inferior, 
more archaic spinal cord. When the subject is 
treated by ventilatory support and pharmacologi-
cal therapy, spinal cord neurons are oxygenated 
by the blood supply. In this way, spinal cord 
shock is resolved, and neuronal function recov-
ery can trigger refl ex movements.

5.3       Anesthesia in Organ Donors 

 In June 1999, the recommendation of the 
Intensive Care Society (UK) regarding anes-
thesia and clinical management during the 
donation operation was: “Brainstem dead 
patients do not require analgesia or sedation 
…” for surgery for the retrieval of donor organs 
[ 11 ]. However, the report states that in the 
operative phase, neuromuscular blocking 
agents should be given to prevent refl ex muscle 
contraction and that systemic arterial hyperten-
sion may be treated with sodium nitroprusside 
or a volatile anesthetic agent such as isofl urane. 
It is well recognized that systemic arterial pres-
sure often increases when the donor’s skin is 
incised and when sternotomy is performed; 
inotropic drugs can be decreased and also with-
held. The systemic hypertension and tachycar-
dia that accompanies the donation operation 
can be distressing for operating theater person-
nel to witness, and for this reason, anesthesia 
or agents to control these refl exes should 
always be administered. Wetzel et al. [ 12 ] 
reported that the retrieval procedure can induce 
a mean increase in blood pressure of 31 mmHg 
and a mean heart rate increase of 23 beats 
min −1 . This effect on blood pressure and heart 
rate most likely indicates an organism in dis-
tress and most likely occurs at a spinal level, 
but we are unaware of EEG studies during 
organ collection to confi rm this idea [ 13 ]. 
Therefore, anesthesia during organ retrieval is 
performed for the preservation of hemody-
namic stability, for neuromuscular blocking, 
and possibly for ischemic preconditioning of 
the retrieved organs, but not for the benefi t of 
the deceased patient [ 14 ].  

 Anesthesia in brain-dead heart-beating donors 
is not practiced to block pain perception, which is 
not felt at the cortical level, but to abolish neuro-
vegetative refl exes that can stabilize the blood 
pressure, pulse frequency, and peripheral 
circulation.  

5.4     Newspaper Headlines 

 It is easy to fi nd newspaper articles in which the 
donor is described as a man waiting to be exe-
cuted. Readers will certainly be shocked to learn 
that just before the “execution,” the donor sud-
denly and miraculously recovered. Therefore, 
for those who work every day in transplant sur-
gery, it is not rare to read sensational headlines 
such as, “The boy who came back from the dead: 
experts said that car crash teen was beyond hope. 
His parents disagreed… His devastated parents 
were even asked to consider donating his organs” 
[ 15 ], “Man who was declared dead feels ‘pretty 
good’” [ 16 ], “Poised to Donate Organs, 21-year-
old Emerges From Coma” [ 17 ], and “Syracuse 
hospital patient awakens just before organs were 
to be harvested” [ 18 ]. In the latter case, “Doctors 
at a Syracuse hospital came within inches of har-
vesting the organs of a live woman who woke on 
the operating table, despite previous reports by 
nurses indicating she was alive” [ 18 ]. Here, 
briefl y, is her story. C. S. B., a 41-year-old 
woman, had overdosed on alprazolam, diphen-
hydramine, and a muscle relaxant and slipped 
into a deep coma as it would later be revealed. 
She was declared brain dead by hospital doctors, 
and a relative gave permission to take her off life 
support and retrieve her organs. The day before 
the organ harvesting operation, a nurse noticed 
that her toes curled when performing a simple 
refl ex test of running a fi nger along her foot. This 
and several other signs that followed were shock-
ingly ignored by doctors, and before surgery, the 
woman’s nostrils were fl ared as though she was 
breathing independent of her respirator. Her lips 
and tongue were also moving. Despite these 
signs, the doctor’s notes show no acknowledge-
ment of the woman’s movements, and in the 
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operating room, when the harvesting procedure 
was starting, she opened her eyes and gazed up 
at the bright lights hanging over her. The lady 
was later discharged after a 2-week stay. It is 
important to note that neither the woman nor the 
family fi led a lawsuit against the hospital or the 
doctors. Nonetheless, the hospital was fi ned 
$6000 by the New York Department of Health. 
The state also ordered the hospital to hire a con-
sultant to review the facility’s quality assurance 
program, to implement that consultant’s recom-
mendations, and to hire a consulting neurologist 
to teach the staff how to accurately diagnose a 
brain death [ 18 ]. What happened in Syracuse 
was truly exceptional, due mainly to the physi-
cians’ negligent behavior that allowed an incred-
ible misdiagnosis. Despite this case, nobody 
who is accurately declared brain dead ever wakes 
up or is sometimes “feeling pretty good” [ 16 ]; 
moreover, it should be clear that there is a com-
plete discrepancy between a coma and a vegeta-
tive state, and the headlines confusing the two 
situations are signifi cantly hindering organ 
donation. 

 The vegetative state is a clinical status of 
complete unawareness of the self and the sur-
rounding environment; it is associated with 
sleep-wake cycles and with either complete or 
partial  preservation of hypothalamic and brain 
stem autonomic functions. Therefore, an indi-
vidual in a vegetative state does not have evi-
dence of sustained, reproducible, purposeful, or 
voluntary behavioral responses to visual, audi-
tory, tactile, or noxious stimuli; they exhibit no 
evidence of language comprehension or expres-
sion, and they show bowel and bladder inconti-
nence. However, there are variably preserved 
cranial nerve and spinal refl exes [ 21 ]. This con-
dition is called a persistent vegetative state 1 
month after acute traumatic or nontraumatic 
brain injury or degenerative/metabolic disor-
ders. In other words, an individual can sponta-
neously breathe, open his eyes, and look aware, 
but he will not respond in any way; he is not 
brain dead. This explains the confusion and 
mystifi cation that create the sensational head-
lines and stories (Table  5.2 ).
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 Key Points 

•     Transplantation results are signifi cantly 
better when organs are obtained from 
live donors compared with organs from 
brain-dead and from non-heartbeating 
donors.

•     This outcome is closely related to acute 
and widespread physiological changes 
occurring during brain death that, if 
untreated, cause organic deterioration 
and cardiac arrest.  

•   Infl ammatory and hormonal changes, if 
not carefully diagnosed and treated, 
may adversely affect donor organ func-
tion after transplantation and suscepti-
bility to rejection.  

•   In brain death, the impairments eventu-
ally developed are initially caused by 
the physiological response and then 

aggravated by the lesion/injury and the 
medications given.  

•   Cardiovascular changes in the donor 
during the observation period and the 
harvesting procedure may jeopardize 
the functionality of potential transplant-
able organs.  

•   The increasing intracranial pressure 
produces a compensatory arterial hyper-
tension that is followed by sympathetic 
overactivity, which in turn induces a 
“catecholamine storm” with increased 
cardiac output, heart rate, and systemic 
vascular resistance.  

•   Treatment algorithms for donor man-
agement in some common clinical set-
tings are shown.  

•   Management of glycemic homeostatic 
derangements, acid-base alterations, 
fl uid, electrolyte changes and pulmo-
nary changes are discussed.    
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        Transplantation results are signifi cantly better 
when organs are obtained from live donors com-
pared with organs from brain-dead and from non- 
heart- beating donors [ 1 – 3 ]. This outcome is 
closely related to acute and widespread physio-
logical changes occurring during brain death that, 
if untreated, cause organic deterioration and car-
diac arrest. Furthermore, infl ammatory and hor-
monal changes, if not carefully diagnosed and 
treated, may adversely affect donor organ func-
tion after transplantation and susceptibility to 
rejection [ 4 – 7 ]. 

 In brain death, the impairments eventually 
developed are initially caused by the physiologi-
cal response and then aggravated by the lesion/
injury and the medications given. Table  6.1  shows 
the main physiological impairments in brain-
dead donors.

6.1      Cardiovascular Changes and 
Management 

 Irreversible damage to the central nervous system 
leads to severe systemic disturbances [8]. The 
pathophysiologic mechanism can be explained 
by considering that the cerebrum, brain stem, spi-
nal cord, cerebrospinal fl uid (CSF), and blood are 
inside a noncompliant skull and vertebral canal. 
All these components form a nearly incompress-
ible system with the exception of a small com-
pressibility in the intervertebral spaces. The 
normal combined volume of the intracranial con-
tents is approximately 1450 mL distributed as 
follows: 1300 mL of brain, 65 mL of CFS, and 
110 mL of blood. 
 The pressure within the dura and skull is called 
the intracranial pressure (ICP). Normal ICP is 
usually 5–15 mmHg [9, 10]. The Monroe–Kellie 
hypothesis asserts that the sum of intracranial 
volumes (brain, CSF, blood) should be constant 
[11, 12]. Consequently, an increase in any of 
these components must be counterbalanced by a 
decrease in another constituent to prevent an 
increase in ICP. The cerebral perfusion pressure 

(CPP) depends on the mean systemic arterial 
pressure  (MAP) and ICP:
  CPP MAP ICP= −    

where MAP = 1/3 systolic blood pressure + 2/3 
diastolic blood pressure [13], remembering that 
diastole counts twice as much as systole because 
2/3 of the cardiac cycle is in diastole. An MAP of 
approximately 60 is necessary to perfuse coro-
nary arteries, brain, and kidneys. 

 According to this formula, CPP reduction can 
be made by an increase in ICP or by a decrease in 
MAP. An increase in ICP is caused by an expand-
ing intracranial volume distributed uniformly 
inside the skull. Normally, these changes are well 
compensated, and the cerebral blood fl ow (CBF) 
is preserved when CPP ranges from 50 to 
150 mmHg. However, at some point, even a small 

   Table 6.1    Main physiological impairments in brain-dead 
donors   

 Impairment  Possible cause 

 Hypothermia  Hypothalamic damage, ↓ 
metabolic rate, vasodilation and 
heat loss 

 Hypotension  Vasoplegia, hypovolemia, ↓ 
coronary blood fl ow, myocardial 
dysfunction 

 Diabetes insipidus  Posterior pituitary damage 

 D.I.C. a   Tissue factor release, 
coagulopathy, platelet function 
initiation by catecholamines 

 Cardiovascular  Cathecholamine storm, 
myocardial damage, ↓ coronary 
blood fl ow 

 Pulmonary edema  Acute blood volume diversion, 
capillary damage 

 Electrolytes  Cellular membrane permeability 
alteration, diabetes insipidus 

 Glucose  ↓ Insulin, insulin resistance 

 TSH  Irreversible damage to 
hypothalamus and pituitary 
gland 

 Pulmonary  Pneumonia risk, aspiration of 
gastric contents, neurogenic 
pulmonary edema 

    a  D.I.C . disseminated intravascular coagulation  
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change in intracranial volumes results in a con-
siderable change in ICP. There are homeostatic 
mechanisms that elevate MAP to overcome an 
increase in ICP, but these mechanisms eventually 
fail when the CPP falls under 50 mmHg, result-
ing in cerebral ischemia. The brain autoregula-
tory mechanism causes a vasodilation of cerebral 
vessels when CPP decreases to ensure adequate 
CBF. However, persistent vasodilation may cause 
an increase in ICP that, in turn, reduces CPP 
(vasodilatory cascade). Increasing the CPP 
causes a vasoconstriction of cerebral vessels that 
can reduce ICP. 

 ICP elevation eventually causes cerebral isch-
emia. Considering the brain damage, it is possi-
ble to identify the following situations:
•    Mesencephalon ischemia causes parasympa-

thetic activation and sinus bradycardia.  
•   Ischemia of the pons results in excessive sym-

pathetic stimulation and hypertension 
(Cushing’s refl ex).  

•   Abnormalities in the blood supply to the 
medulla oblongata enhance the tension of 
the sympathetic system, which coexists with 
an inhibition of baroreceptor refl exes. 
Sympathetic stimulation results in high 
 concentrations of circulating endogenous 
catecholamines [14], which creates a “vege-
tative storm”—vasoconstriction, hyperten-
sion, tachycardia, and a negative oxygen 
balance of the myocardium. The spasm of 
coronary vessels reduces oxygen supply to 
the myocardium, which results in subendo-
cardial ischemia, myocytolysis, necrosis of 
contractile proteins, subendocardial hemor-
rhages, edema, and leukocyte infi ltrations.    
 Brain death is often characterized by the onset 

of arrhythmias and conduction abnormalities, 
which are well-known direct consequences of 
decreased vagal nerve tonus, excessive sympa-
thetic stimulation, myocardial ischemia, or elec-
trolyte disturbances caused by the increase in the 
total amount of drugs administered. Moreover, 
brain death induces hormonal disturbances: 
hypophysis insuffi ciency, which causes diabetes 

insipidus, a condition that develops in more than 
80 % of all donors. 

 Cardiovascular changes in the donor during 
the observation period and the harvesting proce-
dure may jeopardize the functionality of poten-
tial transplantable organs. The increasing 
intracranial pressure produces a compensatory 
arterial hypertension [15] that is followed by 
sympathetic overactivity, which in turn induces a 
“catecholamine storm” [16, 17] with increased 
cardiac output, heart rate, and systemic vascular 
resistance. There is a simultaneous central redis-
tribution of blood volume, increased afterload, 
and visceral and myocardial ischemia. The 
severity of changes is associated with the speed 
of brain death onset; an experimental canine 
model showed circulating epinephrine concen-
trations increased more than 1000-fold when the 
ICP increased rapidly. Slower increases in ICP 
resulted in diminished increases in catechol-
amine concentrations (200-fold) and a lower 
incidence of myocardial ischemic damage (93 % 
and 23 % in the rapid ICP increase and slower 
ICP increase groups, respectively) [18]. In man, 
myocardial injury occurs in 20–25 % of brain 
death, and myocardial dysfunction is verifi ed by 
echocardiography in ~40 % of brain-dead donors 
[19, 20]. After the catecholamine storm, there is 
a loss of sympathetic tone and peripheral vasodi-
lation that, if untreated, can cause hypoperfusion 
and ischemia in all potential transplantable 
organs. 

 Repeated measurements of troponin levels are 
recommended in this phase and are very impor-
tant when evaluating a potential donor. Elevated 
troponin levels indicate myocardial damage and 
may determine graft dysfunction after heart 
transplantation. Therefore, the troponin level 
should always be considered during the selection 
of recipients: a value signifi cantly exceeding nor-
mal is a risk factor for postoperative cardiac fail-
ure, especially in conjunction with long-term 
ischemia (>4 h) [21]. 

 In case of hemodynamic instability with an 
inability to maintain adequate systemic blood 
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pressure, aggressive fl uid resuscitative therapy 
directed at restoring and maintaining intravascu-
lar volume that can be achieved applying the 
“Rule of 100” [ 22 ] (Table  6.2 ): systolic blood 
pressure greater than 100 mmHg, urine output 
greater than 100 mL · h −1 , PaO 2  greater than 
100 mmHg, hemoglobin concentration greater 
than 100 g · L. Fluid replacement should be 
administered, using isotonic crystalloids and col-
loid, fresh frozen plasma (FFP), and red blood 
cells (RBCs), to attain a satisfactory central 
venous pressure (CVP) of 8–10 mmHg. Note that 
if the lungs are evaluated for retrieval, starch-
based colloids should be avoided. Monitoring the 
central or mixed venous oxygen saturation is 
indicated in all donors with hemodynamic 
instability.   

 Medications should be administered and tai-
lored with a targeted SVO2 ≥60 %. 

6.1.1    Hypotension 

 Hypotension is defi ned as a mean arterial blood 
pressure (MAP) of <60 mmHg measured from an 
indwelling arterial catheter. Donor organs are 
likely at more risk from hypotension than hyper-
tension [ 23 ]; this condition may be a direct con-
sequence of all pathologies that have determined 
a shock state, or it may occur after brain death 
because the lost function of the cerebral vasomo-
tor centers causes vasodilation, reduced cardiac 
contractility, and hypovolemia related to the dia-
betes insipidus. 

 During the retrieval procedure, one of the 
main causes of hypotension is related to the sur-
gical maneuvers; prolonged upward tilting of the 
right liver lobe can cause torsion of the abdomi-

nal vena cava, which causes deep hypotension. 
Torsion of the small bowel and of the mesenteric 
vascular pedicles during the Cattell–Braasch 
maneuver can cause severe hypotension due to 
the pooling of a large volume of venous blood in 
the splanchnic viscera. These surgical maneuvers 
should be avoided or their duration limited when 
donors are hemodynamically unstable. 

6.1.1.1    Treatment 
 A MAP <60 mmHg is dangerous and for this rea-
son avoid surgical maneuvers that can cause deep 
and prolonged hypotension. Check medical 
records to rule out hemorrhagic anemia due to a 
previous acute hemorrhage; test hematocrit and 
coagulation to determine if coagulopathy is pres-
ent. If hematocrit is <28 %, blood transfusion is 
mandatory, and RBCs and FFP are required. 
 Treat polyuria if present. 

 Check medical records for evidence of severe 
infection, drugs, other allergic reactions, or car-
diac tamponade (after echocardiography) and 
pneumothorax (chest x-ray). 

 ECG should be repeated to rule out myocar-
dial ischemia or infarction. 

 If the donor, after volemic correction and 
attaining a CVP of 8–10 mmHg, is still unstable, 
it is time to consider the insertion of a Swan–
Ganz catheter to direct the therapy. At this point, 
it is possible to understand the following hemo-
dynamic parameters: pulmonary artery pressure, 
wedge pressure, cardiac output, cardiac index, 
systemic vascular resistance, left ventricular 
stroke work index, and pulmonary vascular resis-
tance. Knowing these hemodynamic data makes 
it possible to titrate the most appropriate 
therapy. 

 Below we consider treatment algorithms for 
donor management in some common clinical 
setting. 
•     A donor presents hypotension (MAP 

<60 mmHg). After controlling any blood loss 
source (external, gastroenteric tract, urinary, 
abdominal), the fi rst therapeutic action is vol-
ume replacement if preload is low according to 
the Swan–Ganz catheter. CVP is 10 mmHg, pul-
monary capillary wedge pressure is 15 mmHg, 
cardiac index <3.2 L · min · m 2 , left ventricular 

   Table 6.2    Intensive care management for hemodynamic 
instability   

 Rules of 100s 

 Maintain systolic blood pressure >100 mmHg 

 Maintain heart rate <100/min 

 Maintain Hb >100 g · L 

 Maintain urinary output >100 mL/h 

 Maintain PaO 2  >100 mmHg 
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stroke work index 50 g/m 2 , and systemic vascu-
lar resistance (SVR) >1800 dyn · s · cm −5 . In this 
case, vasodilator infusion should be started 
together with a moderate inotropic support using 
dopamine infusion. In this clinical setting, a 
vasopressor such as norepinephrine should be 
avoided, because a peripheral vascular resistance 
increase can cause severe hypotension and 
decrease splanchnic organ perfusion with major 
damage, especially to the bowel and to the liver.  

•   In another clinical setting, a donor shows a low 
systemic vascular resistance <1100 dyn · s · cm −5 , 
and a vasopressor (e.g., norepinephrine, phen-
ylephrine) is the vasoactive drug of choice 
that is titrated to maintain the MAP 
>60 mmHg. If the left ventricular stroke work 
index (LVSWI) is low (<35 g · m/m 2 ), a posi-
tive inotropic agent (e.g., dopamine, dobuta-
mine) should be used. Vasoactive therapy 
should be diminished and removed as soon as 
possible if an MAP >60 mmHg is attained, 
because vasoactive therapy decreases 
splanchnic organ perfusion. Subsequent devi-
ations may require a return to the algorithm 
application [ 22 ].  

•   If we consider a donor showing wedge 
 pressure >25 mmHg, cardiac index 
< 2.2 L · min · m 2 , left ventricular stoke work 
index <45 g/m 2 , and systemic vascular resis-
tance >2000 dyn · s · cm −5 , this individual 
should not be considered as an organ donor for 
thoracic organs. These hemodynamic data 
refl ect the worst prognosis in an intensive care 
patient [ 23 ,  24 ].    

•     When a donor presents hypotension, MAP 
<60 mmHg, CVP <10 mmHg, and wedge 
pressure <12 mmHg. Treatment should be as 
follows:    

 –     Low CVP and wedge pressure, high SVR: 
increase volemia (Table  6.3 ), perform pre-
load optimization, and avoid epinephrine 
and norepinephrine if SVR is high.   

 –   Endpoints reached: observe hemodynamic 
data.  

 –   Endpoints still not reached: start vasopres-
sor protocol (Table  6.4 ).   

 –   Endpoints reached: titrate vasopressor to 
minimum effective dose.  

 –   MAP still <60 mmHg: echocardiography; 
evaluate vasopressin and/or epinephrine 
infusion if SVR is low or normal.    

 As matter of fact, harvested organs may dete-
riorate after transplantation, and marginal grafts 
(see Chap.   3    ) are more at risk for failure. 
However, we should be aware that the organs’ 
function might deteriorate even before retrieval 
for several reasons, as shown in Table  6.5 .  

 In Table  6.5 , points 1 and 2 indicate that organ 
function is correlated to its pre-harvesting status, 
and each organ must be accurately studied and 
evaluated before its acceptance. From point 3, we 
know that therapy for an acutely injured brain 
causes organ alterations. To maintain cerebral per-
fusion, the following methods are commonly used:
•    Sedatives (barbiturates and propofol) [25] are 

given for cerebral metabolic suppression to 
induce a pharmacological coma and are par-
ticularly potent in hypovolemic patients; they 
cause hypotension corrected with vasocon-
strictor agents, which, in turn, can lead to sub-
endocardial ischemia.  

   Table 6.3    Control of volemia by CVP and recommended 
amount of infusion   

 CVP/wedge mmHg  Volume (cc) 

 <5  1000 

 5–10  500 

 10–15  250 

 >15  0 

   Table 6.4    Hemodynamic algorithm   

 Vasopressor protocol 

 Start dopamine 5 mcg/kg/min 

 Titrate dopamine to MAP endpoint 

 Maximum dopamine dose: 10 mcg/kg/min 

 Add norepinephrine 0.05 up to 0.15–0.2 mcg/kg/min 
(if heart considered) 

 Titrate norepinephrine to maximum dose 2.0 mcg/kg/
min (if heart not considered) 

    Table 6.5    Causes of organ impairment   

 1. Primary organ pathology 

 2. Chronic comorbidities 

 3. Brain resuscitation therapy 

 4. Pathophysiology of brain death 
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•   Osmotherapy [26] can cause cardiovascular 
collapse and respiratory failure.  

•   Inotropic agents are given to increase MAP, 
which may damage the heart but have no con-
sequences on kidney function [27].      

6.1.2    Hypertension 

 Hypertension is rare after brain death but can 
occur before an established diagnosis. MAP 
should be kept <90 and >60–65 mmHg. 

6.1.2.1    Treatment 
 Diminish or stop any inotropic or vasopressor 
drug. Start therapy if MAP is >95 mmHg for 
30 min after brain death; start labetalol 20 mg IV 
bolus and repeat every 20 min, controlling the 
heart rate. If after two doses MAP is still high, 
start nicardipine IV 5 mg/h titrating up to 
15 mg/h.    

6.2     Hormonal Changes 
and Replacement Therapy 

 Various functional components of the pituitary 
and hypothalamic regulatory systems may 
become affected as brain ischemia spreads, caus-
ing a drop in the circulating levels of triiodothyro-
nine (T3), cortisol/adrenocorticotrophic hormone 
(ACTH), insulin, and arginine vasopressin. 
Recently, hormonal replacement therapy was 
reported to result in the rapid recovery of cardiac 
function in both experimental animals and humans 
and to enable signifi cantly more organs to be 
transplanted [ 28 ,  29 ]. Mi et al. Cooperative 
Studies Program Coordinating Center, VA 
Maryland, U S A performed an important retro-
spective and epidemiologic study [ 30 ] on this 
topic using data from the United Network for 
Organ Sharing (UNOS) in a total of 71,571 poten-
tial organ donors during the 10-year period, from 
January 1, 2000 to December 31, 2009. Data were 
analyzed from a subset of 40,124 deceased sub-
jects who were not donors after cardiac death 
(donation after cardiac death, DCD) and for 
whom complete data on the hormonal therapy 

administered (if any) were available. The study 
found that thyroid hormone (T3 or T4), a cortico-
steroid, and antidiuretic hormone played impor-
tant roles in the management of the donor if 
transplantation was to be maximized, and the 
combination of thyroid hormone, a corticosteroid, 
antidiuretic hormone, and insulin was the optimal 
hormonal therapy to maximize multiple organ 
procurement. In contrast, considering pancreas 
transplantation alone, insulin administration was 
detrimental. Authors stated that livers were 
retrieved from a signifi cantly greater number of 
donors (>80 %) compared with any other organ 
(considering a pair of kidneys or lungs as a single 
organ) ( P  < 0.0001) irrespective of the hormonal 
treatment that the donor received. Thus, the liver 
(even when the donor is untreated) is perhaps 
more resistant to brain death-associated injury 
than other organs and shows a greater adaptability 
to chemical, nutritional, and immunogenic stimuli 
than other vital organs. Furthermore, corticoste-
roids are not always benefi cial to the procurement 
of the heart, perhaps because T3/T4 is particularly 
effective in increasing myocardial energy stores 
and in reducing the infl ammatory response, which 
may counteract the weaker effect provided by cor-
ticosteroids [ 29 ].  

6.3     Management of Glycemic 
Homeostatic Derangements 

 Both hypoglycemia and hyperglycemia can be 
harmful to donor organs [ 31 ]. Serum glucose 
should be checked every 4 h, and fi nger-stick glu-
cose should be measured every 2 h. 

6.3.1     Hypoglycemia 

 Treat if glycemia <75 mg/dL by administering 
preloaded dextrose 50 % (D50) syringes 
 containing 25 g of dextrose in 50 mL of water 
(0.5 g/mL). If D50 syringes are not available, use 
a dextrose vial or alternative dextrose concentra-
tion D10 W and give 250 mL of this fl uid (25 g of 
dextrose). Check glycemia again in 30 min; if 
<75 mg/dL, repeat D50.  
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6.3.2     Hyperglycemia 

 Hyperglycemia may be determined by infused 
glucose and by elevted circulating “stress” hor-
mones like cortisol, glucagone and catechol-
amine that cause insuline resistance. 

 Treat if serum glucose >150 mg/dL. Check 
and remove glucose infusion in all IV fl uids 
unless required by administered drugs. Start sub-
cutaneous insulin every 4 h (see algorithm, 
Table  6.6 ); if glycemia ≥225 mg/dL, supplemen-
tal intravenous insulin is administered hourly fol-
lowing Table  6.6 . If glucose remains >250 mg/dL, 
insulin infusion should be started.

6.4         Acid–Base Alterations 
and Therapeutic 
Management 

 Acid–base monitoring in the donor and the cor-
rection of all the imbalance states is paramount 
for a good organ perfusion and preservation with-
out exception for any organ. 

6.4.1     Assessment 

 The blood indicates the acid–base status of the 
tissues, respiratory function through the release 
of volatile carbon dioxide from the lungs, and 
the interaction of serum electrolytes and pro-
teins. An acid–base imbalance in the blood is 
revealed by a modifi cation in the blood 

pH. Because local tissue factors infl uence 
venous blood pH, an arterial blood gas (ABG) 
test should be performed. Arterial pH (normally 
7.36–7.44) is a logarithmic calculation of the 
concentration of hydrogen ions within the arte-
rial blood sample. 

 Altered blood acid–base balance is always a 
symptom of an underlying metabolic or respira-
tory condition that causes changes in ABG. It is 
very important to consider that alterations initi-
ated by a change in PaCO 2  are referred to as 
respiratory disorders; those initiated by a change 
in plasma bicarbonate concentration are known 
as metabolic disorders. Regardless, a change in 
the acid–base status alone can cause its own 
symptoms, and the treatment should be directed 
not only to treat acidemia or alkalemia but also to 
identify the origin of the disorder [ 32 ]. 

  Alkalemia may cause  [ 32 ]:
•    Coronary artery constriction  
•   Reduced ionized calcium (arrhythmias and 

decreased cardiac contractility)  
•   Decreased potassium (arrhythmias, ammonia 

production, and polyuria)  
•   Increased production of lactic and keto acids  
•   Reduced magnesium and phosphorus 

(arrhythmias)  
•   Increased binding between hemoglobin and 

O 2  (reduced O 2  deliver to tissues).    

  Acidemia may cause :
•    Reduced cardiac contractility  
•   Cardiac arrhythmias  
•   Increased pulmonary artery constriction  
•   Increased blood volume  
•   Reduced blood fl ow to kidneys and liver  
•   Reduced response to catecholamines  
•   Insulin resistance  
•   Increased potassium  
•   Inhibition of phosphofructokinase and 

decreased glycolytic fl ux and O 2  consumption    

 Acid–base modifi cations can be caused by 
respiratory and metabolic causes; therefore, the 
treatment of ABG alterations should fi rst be 
directed toward changing parameters on the 
mechanical ventilator, using the PaCO 2  to modify 

    Table 6.6    Algorithm to control glycemia in brain death 
donors   

 Glucose mg/dL  Subcutaneous insulin units 

 100–150  No 

 151–175  7 

 176–200  12 

 201–225  16 

 >225  must add IV insulin 

 226–250  5 IV insulin 

 251–275  8 IV insulin 

 276–300  10 IV insulin 

 >300  Consider insulin infusion 
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pH. When PaCO 2  is <35 mmHg, usually hyper-
ventilation should be controlled; conversely, 
PaCO 2  > 45 mmHg can indicate hypoventilation. 

  Respiratory alkalemia  is a frequent situation 
caused by treatment. Cerebral blood fl ow is reduced 
in the case of head injury, and if still present after 
brain death is established, appropriate corrective 
actions are made in ventilator tidal volume or respi-
ratory rate to augment PaCO 2  following the reac-
tion: CO 2  + H 2 O → H 2 CO 3  → H +  + HCO 3 . 

 The hydrogen ions formed in this reaction will 
reduce pH. Donor CO 2  elimination depends on the 
following reaction:  ventilation  = ( tidal volume  –  dead 
space )  × respiratory rate . Therefore, increasing dead 
space or reducing tidal volume or respiratory rate will 
augment CO 2  retention and PaCO 2 . 

 Modifi cations in tissue and organ metabo-
lism can cause metabolic alkalemia or acidemia. 
Considering ABG bicarbonate, it is possible to 
comprehend the acid–base imbalance: bicar-
bonate values >28 mmol/L reveal metabolic 
alkalosis; values <20 mmol/L indicate meta-
bolic acidosis. Moreover, base excess or base 
defi cit specifi es the amount of strong acid or 
base to add for pH normalization when PaCO 2  is 
normal. Base excess (and defi cit) is normally 
zero, and this value is preceded by a – or +. The 
amplitude of the value shows the level of meta-
bolic imbalance; the plus sign indicates meta-
bolic alkalosis, and the minus sign indicates an 
acidotic status [ 32 ]. 

 Metabolic alkalosis can be caused by hypovo-
lemia caused by the administration of diuretics 
and mannitol for high intracranial pressure treat-
ment. Furthermore, alkalemia is found in the case 
of a large loss of gastric acid contents or when 
potassium is low. 

 Hydrochloric acid or sodium bicarbonate may 
be administered to correct the calculated meta-
bolic acid–base defi cit. In the case of metabolic 
alkalosis, the amount of HCl to be administered 
is calculated as follows: mEq HCl needed = (103 – 
donor Cl − ) × 0.5 (donor weight in kg). 

 In metabolic acidosis, which is usually more 
common in donors, bicarbonate administration 
can be calculated by this equation: mEq HCO 3  ‾  
needed = (24 – donor HCO 3 ‾) × 0.4 (donor weight 
in kg). 

 Always try to ascertain and treat the metabolic 
alkalosis causes, not only by administering bicar-
bonate but also by controlling potassium and 
diuretic suspension (if previously prescribed). 

  Blood lactate monitoring : serial lactate mea-
surements should be taken. Normal blood lactate 
concentration is 1–0.5 mmol/L. Lactic acid is the 
endpoint of the anaerobic breakdown of glucose in 
the tissues. The lactate exits the cells and is trans-
ported to the liver, where it is oxidized back to glu-
cose. With tissue hypoxia, lactic acid is produced in 
the anaerobic cycle and utilized for energy produc-
tion. If the organism remains in the clinical state of 
a persistent oxygen debt, therefore overcoming the 
body’s buffering abilities, lactic acidosis will ensue. 
Hyperlactatemia is defi ned as mild to moderate 
when the blood lactate concentration is between 2 
and 4 mmol/L without metabolic acidosis, and lac-
tic acidosis is characterized by persistently high 
blood lactate levels, usually >4–5 mmol/L, in asso-
ciation with metabolic acidosis [ 33 ]. If lactate lev-
els are high or increasing, the etiology should be 
discovered (see above, acid–base alterations).   

6.5     Fluid and Electrolyte 
Changes and Therapeutic 
Management 

6.5.1     Assessment 

 Electrolyte levels should be maintained within the 
normal limits; therefore, the laboratory testing of 
sodium (Na), potassium (K), chloride (Cl), bicar-
bonate (HCO 3 ), magnesium (Mg), phosphorous 
(P), and ionized Ca (Ca ++ ) should be performed 
every 4 h (Table  6.7 , normal electrolyte values), 
remembering that any testing should be delayed 

   Table 6.7    Normal electrolyte levels   

 Na 136–142 mEq/L 
(mmol/L) 

 Mg 1.5–2.3 mg/L 
(0.65–1.05 mmol/L) 

 K 3.5–5.0 mEq/L 
(mmol/L) 

 P 2.3–4.7 mg/dL 
(0.74–1.52 mmol/L) 

 Cl 96–106 mEq/L 
(mmol/l) 

 Ca (ion.) 2.3–2.54 mEq/L 
(1.15–1.27 mol/L) 

 HCO 3  21–28 mEq/L 
(mmol/L) 
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30 min after electrolyte administration. The human 
body is placed within a water-based medium, the 
solvent. The total body water (TBW) is divided into 
the intracellular (IC) (60 % of TBW) and extracel-
lular (EC) (40 % of TBW) spaces. EC spaces are 
then divided into the  intravascular (plasma) (8 % 
TBW), interstitial (around the cells but outside cap-
illaries) (28 % TBW), and transcellular (4 % TBW) 
areas [ 33 ,  34 ]. Ions, glucose, hormones, and other 
substances are dissolved in TBW as solutes. They 
are spread unevenly in the various compartments of 
the TBW because of a variety of cellular membrane 
permeability differences, active ionic pumps, 
molecular size considerations, osmolar gradients, 
and electrochemical or hormonal factors [ 34 ].

6.5.2        Treatment of Sodium 
Abnormalities 

 Disorders of the serum sodium concentration 
present particular problems in cadaveric organ 
donors with brain death. Severe hypernatremia, 
sometimes up to 180 mmol/L, can be observed.  

6.5.3     Hypernatremia 

 Polyuria and hypernatremia are common prob-
lems during the pre-transplant care of brain-dead 
donors. They not only have important role in 
hemodynamic stability but also may infl uence 
organ transplantation outcomes. The negative 
infl uence of donor hypernatremia in liver trans-
plantation has been reported, and several studies 
have also shown that elevated serum sodium in 
the donor can have adverse effects on kidney 
allograft function [ 35 ]. 

 Hypernatremia should be treated when Na is 
>150 mEq/L. If polyuria is present, (>250 cc of 
urine above intake per h; see below polyuria treat-
ment). Without polyuria, administer 1 L 0.2 % 
saline, hypotonic solution as a rapid infusion and 
replace the same amount of urine output with 
0.2 % saline. All medications must be mixed in 
0.45 % or 0.2 % saline if pharmaceutically possi-
ble and any maintenance IV is dextrose 5 % and 
0.2 % saline; avoid diuretics.  

6.5.4     Hyponatremia 

 If Na is <125 mEq/L, NaCl 3 % (513 mEq/L) 
30–40 mL/h x 3 h should be infused (central line 
is preferred); all medications administered by IV 
should be in 0.9 % (154 mEq/L) saline solutions 
when possible. In this way, natremia can 
increase ~ 10–15 mEq/L in 24 h. 

 If hyperglycemia is present, the serum Na 
may be low because of the high blood glucose. 
Increasing blood sugar (>300) causes a con-
temporary rise in osmolality; water shifts from 
the intracellular to the extracellular compart-
ment and causes hyponatremia. In this case, 
insulin administration is mandatory rather than 
correcting hyponatremia. Remember that as a 
rule of thumb in clinical medicine, the serum 
sodium concentration decreases by 1.6 mEq/L 
for every 100 mg/dL increase in glucose con-
centration [ 36 ].  

6.5.5     Potassium Abnormalities 

 Potassium is mainly an intracellular electrolyte 
and its regulation is impaired in in organ donor. 
While hyperkalemia is rare, hypokalemia is 
found in about 90 % of cases.  

6.5.6     Hyperkalemia 

 Hyperkalemia (>7.0 mmol/L) is commonly asso-
ciated with acute renal failure, concerns the car-
diac conducting tissue, and can cause arrhythmia 
including ventricular fi brillation and asystolic 
arrest. The ECG changes include tall T waves 
>5 mm (K 6–7), small broad P waves or absent P 
waves, wide QRS complex (K 7–8), sinusoidal 
QRST (K 8–9), and atrioventricular dissociation 
or ventricular tachycardia/fi brillation (K >9) 
[ 37 ]. If renal failure is present, an urgent 
 hemodialitic treatment is the only available thera-
peutic option. 

 If K is ≥5.8 mEq/L, it should be treated 
unless the laboratory reports the specimen 
“hemolyzed” and repeats the test. First, remove 
K from all infusions, and control K every hour. 
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Administer D50 (prefi lled syringe, 25 g dex-
trose) and insulin 15 units IV, NaHCO 3  50 mEq 
IV, 20 milliliters 10 % Ca gluconate is given 
intravenously in adults (0.5 mL/kg in children) 
over 5–10 min and may be repeated as neces-
sary. The onset of action is immediate, but its 
duration is only a few minutes [ 38 ,  39 ]. Control 
K with 1–2 h intervals and readminister the 
above medications if hyperkalemia is still pres-
ent; consider sodium polystyrene sulfonate 
resin for binding K in the intestinal lumen, 
especially the large bowel and ileum.  

6.5.7     Hypokalemia 

 Start treatment when K is ≤3.9 mEq/L and stop 
diuretic therapy. 

 Consider that the maximum rate of intra-
venous replacement is 20 mEq/h with conti-
nuous ECG monitoring (the maximum rate 
should be increased to 40 mEq/h in emergency 
situations):

•    K 3.6–3.9 mEq/L, administer potassium chlo-
ride 20 mEq IV over 2 h; central catheter is 
preferred.  

•   K 3.4–3.5 mEq/L, administer 20 mEq over 2 h 
plus 10 mEq in 1 h × 1.  

•   K 3.1–3.3 mEq/L: 20 mEq over 2 h × 2 and 
recheck potassium at the end of infusion.  

•   K 2.6–3 mEq/L, start KCl 20 mEq IV over 2 
h × 2 and 10 mEq IV over 1 h; control potas-
sium level at the end of infusion.  

•   K 2.3–2.5 mEq/L, administer KCl 20 mEq IV 
over 2 h × 3.     

6.5.8     Magnesium Abnormalities 

 Magnesium is the second most abundant intracel-
lular cation after potassium and the fourth most 
abundant cation of the body after calcium, potas-
sium, and sodium. Mg is involved in hundreds of 
enzymatic reactions, is essential for life, is an 
important cofactor for many biologic processes, 
and has an important role in controlling parathy-
roid hormone (PTH) activity.  

6.5.9    Hypermagnesemia 

 This disorder has a low incidence because the kid-
ney can eliminate excess magnesium by rapidly 
reducing its tubular reabsorption to almost negli-
gible amounts. The most common cause of hyper-
magnesemia is renal failure, and when there is a 
breakdown or destruction of cell body, the elec-
trolyte magnesium shifts outside the cell wall and 
causes the decreased excretion of potassium. It is 
usually concurrent with hypocalcemia and/or 
hyperkalemia, and if so, intravenous calcium glu-
conate can be used, because the effects of magne-
sium in neuromuscular and cardiac function are 
antagonized by calcium. Intravenous diuretics, in 
the presence of normal renal function and in the 
absence of polyuria, can also be employed.  

6.5.10     Hypomagnesemia 

 Mg reduction decreases the release of PTH and 
causes skeletal resistance to PTH and severe 
hypocalcemia. Therefore, Mg depletion causes 
tetany, cardiac arrhythmias, and bone instability. 
The normal adult level of magnesium is 1.5–
2.5 mg/dL. Hypomagnesemia should be treated 
when Mg is <1.5 mg/dL.

•    Administer 4 g MgSO 4  in 2 h; if still low, 
repeat.  

•   Often, Mg depletion is associated with other 
abnormalities such as hypoalbuminemia, 
hypophosphatemia, and hypokalemia; in these 
cases, management should be considered in 
conjunction with the treatment of the associ-
ated electrolyte abnormalities [ 40 ].     

6.5.11     Calcium Abnormalities 

 Almost 98 % of the total body calcium is in the 
bones; in serum, calcium is bound to protein or 
other anions as ionized calcium, which is the bio-
logically active form. Normal values for calcium 
are as follows: ionized (preferable to control), 
1.0–1.4 mmol/L (4.0–5.6 mg/dL), and total cal-
cium, 2.12–2.62 mmol/L (8.5–10.5 mg/dL).  
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6.5.12     Hypercalcemia 

 This is rare and is commonly caused by a preex-
isting parathyroid gland disorder, kidney failure, 
malignancy, or the use of thiazide diuretics; 
hypercalcemia may increase polyuria or increase 
the potential for toxic side effects from digitalis.  

6.5.13     Hypocalcemia 

 This condition is often observed in organ donors, 
and the most frequent causes are chronic kidney 
failure, parathyroid disease, rhabdomyolysis, and 
sepsis. Consider that alkalemia increases cal-
cium–protein binding and thus decreases ionized 
calcium; hypocalcemia is also present in hypo-
magnesemia and may produce dangerous cardiac 
arrhythmias, decreased cardiac contractility, and 
hypotension. Treatment is as follows: one 10 mL 
ampule of 10 % calcium gluconate IV bolus over 
10 min (in emergency, the administration may be 
as quickly as over 4 min [ 41 ]); one 10 mL ampule 
of 10 % calcium chloride via slow IV bolus over 
15 min. In 1 h, recheck ionized Ca and readmin-
ister calcium gluconate.  

6.5.14     Phosphorus Abnormalities 

 Normal levels of phosphorus are 0.89–
1.44 mmol/L (2.5–4.5 mg/dL). It is primarily an 
intracellular ion (85 %).  

6.5.15    Hyperphosphatemia 

 Hyperphosphatemia is rare in donors, and it is 
found in advanced or chronic renal failure and 
may occur with severe muscle or red blood cell 
breakdown and acidosis; it can favor the develop-
ment of hypocalcaemia.  

6.5.16    Hypophosphatemia 

 Hypophosphatemia is frequent in donors and 
may be a consequence of diuretic effects or a 

loss of fl uid content from the gastrointestinal 
tract; it may also be a consequence of respira-
tory alkalemia during dextrose or insulin 
administration. The effects are as follows: 
decreased cardiac contractility, red blood cell 
and muscle breakdown (rhabdomyolysis), low 
platelet levels (induce thrombocytopenia), and 
reduced white blood cell function [ 32 ]. 
Treatment is as follows: if  P  < 2.2 mg/dL 
(0.71 mmol/L), 30 mmol potassium phosphate 
IV over 2–3 h, or 30 mmol sodium phosphate 
IV over 2–3 h (preferred if serum potassium 
>4.0 mmol/L) and repeat (total 2 doses); if P is 
still low, administer 30 mmol potassium phos-
phate IV over 2–3 h. 

  Chloride  is largely present in the EC space, 
and its changes are not treated (do not require 
specifi c treatment). 

  Bicarbonate  is usually not treated unless as an 
adjunct therapy in selected cases of 
hyperkalemia.  

6.5.17     Polyuria Treatment 

 Polyuria is defi ned as a urine output >3 L/day in 
adults or 2 L/m 2  in children and may lead to 
severe metabolic and hemodynamic changes 
during organ harvesting. In this case, replace-
ment with common electrolyte solutions can 
create fl uid and electrolyte balance disturbances 
(edema, hyperosmolarity, hypernatremia, and 
hypokalemia) with a deterioration of cell mem-
branes and ultimately of the organs that should 
be harvested [ 43 ,  44 ]. Almost half of the donors 
present with polyuria (urine output greater than 
125 mL/h) and hypernatremia. Polyuria and 
hypernatremia could be induced by central dia-
betes insipidus resulting from insuffi cient blood 
levels of antidiuretic hormone from the poste-
rior pituitary gland of brain-dead patients. 
Polyuria inducing hypovolemia and an impair-
ment of the balance in electrolytes causes a 
decrease in blood pressure and impairment in 
organ perfusion. To avoid the latter, it is neces-
sary to evaluate urine output and serum electro-
lytes every 2–4 h.  
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6.5.18     Assessment 

•     Evaluate blood sugar by laboratory or fi nger- 
stick measurement. Glucose values >200 mg/
dL may contribute to polyuria.  

•   Discontinue any prescribed diuretic therapy.  
•   Calculate recent fl uid intake/output balance 

and adjust intake to be 100 mL/h less than total 
output. If urine output over the last 3 h aver-
aged approximately 400 mL/h, total IV fl uid 
intake should be approximately 300 mL/h.  

•   Monitor serum Na and glucose levels at 2-h 
intervals.  

•   Serum Na > 148 mEq/L indicates water loss.  
•   If Na 135–147 mEq/L, control urine output 

and maintain hourly fl uid intake 100 mL less 
than urine output.     

6.5.19     Treatment 

•     Discontinue unnecessary fl uid intake (main-
tain intake 100 cc less than output until intake 
and output are equal and then maintain 
intake = output).  

•   If urine output >250 cc above IV intake for the 
last 2 h and serum Na > 145 mEq/L when last 
measured, give 1 μg desmopressin (DDAVP) 
IV.  

•   Begin the replacement of urine output each 
hour cc/cc with 0.2 % saline hypotonic 
solution.    

 If urine output has not declined below 200 mL 
above intake (urine out >200 mL above fl uid 
intake) in the next hour, give an additional 1 μg of 
DDAVP intravenously [ 42 ].   

6.6     Pulmonary Changes 
and Management 

 A pulmonary impairment is frequent in the brain- 
dead donor and may be due to pneumonia, espe-
cially in long-term patients, the aspiration of 
gastric contents, neurogenic pulmonary edema, 
or pulmonary trauma causing a massive pulmo-
nary contusion. 

 It is very important to adopt a protective ventila-
tory strategy in potential lung donors that involves 
the following: small tidal volumes, PEEP of 5 cm 
H 2 O, alveolar recruitment maneuvers after each 
disconnection of the ventilator, and bronchial suc-
tioning of the secretion using a closed system 
(Table  6.8 ). Tidal volumes passed [ 45 ] from 
10–15 mL kg −1  to 6–8 mL kg −1 , because lower tidal 
volume ventilation has shown an improved out-
come in acute lung injury and its introduction has 
been associated with a greater number of trans-
plantable lungs [ 46 ]. Tracheal cuff pressure should 
be 25 cm H 2 O, and the head of the donor should be 
elevated to avoid aspiration [ 18 ]. 

 Considering pulmonary infections, quantita-
tive cultures of specimens obtained with bron-
choscopic or nonbronchoscopic techniques, such 
as bronchoalveolar lavage (BAL) and/or pro-
tected specimen brush (PSB), could improve the 
identifi cation of patients with true ventilator 
associated pneumonia and facilitate decisions 
whether to treat and thus to improve clinical out-
come [ 47 ,  48 ].  

   Table 6.8    Mechanical lung ventilation in potential 
donors   

 1. Peak airway pressure (AWP) < 40 cm H 2 O 

 2. Plateau AWP < 35 cm H 2 O 

 3.  FIO 2  the lowest to keep SpO 2  > 92 % and 
PaO 2  > 70 mmHg 

 4.  PEEP ≤ 5 cm H 2 O; if lungs not considered, adjust to 
maintain PaO 2  > 70 mmHg. 

 5. Auto PEEP should be avoided 

 6. Tidal volumes 6–8 mL/kg body weight 

 7.  Rate adjusted to maintain minute ventilation of 
approximately 8–10 l/min or to maintain 
PaCO2 > 16 mmHg and <60 mmHg to maintain 
arterial pH at 7.35–7.45. 

 8.  Flow rate – usually approximately 60 L/min; adjust 
to minimize peak AWP; beware of auto PEEP as 
fl ow rate is slowed; a higher fl ow rate may be 
needed to minimize auto PEEP. 

 9.  Inspiratory pressure setting – to limit peak airway 
pressure at 35–40 cm H 2 O, consult with respiratory 
care practitioner for fi nal pressure limit setting due 
to various ventilator types. 

 10. Adequate suctioning of excessive sputum. 

 11.  Bronchodilators are administered if wheezing or a 
peak airway pressure – plateau airway pressure 
gradient of >10 cm H 2 O. 
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6.7     Management 
of Hypothermia 

 Hypothalamic collapse after brain death also 
impairs temperature regulation. A decreased meta-
bolic rate and the absence in muscular activity 
 further contribute to reduced heat production. 
Thus, heat dispersal due to peripheral vasodilation 
should be considered. This condition is predictable, 
and consequently, the heat loss should not be 
allowed by using these therapeutic maneuvers:

•    Administering warmed intravenous fl uids  
•   Warming blankets  
•   Using heated and humidifi ed inspired gases  
•   Warming splanchnic viscera by using heated 

abdominal surgical swabs  
•   Increasing the ambient temperature

6.8           Management of Anemia 
and Coagulation 
Abnormalities 

 These conditions are mainly due to hemorrhage, 
but the requirements of various harvesting teams 
for blood draws for laboratory testing may also 
play a signifi cant role. 

6.8.1     Assessment 

 First, a low hematocrit value, 28–30 %, can be 
caused by overhydration that increases the plas-
matic level and decreases the relative volume of 
hematocrit. 

 If anemia is confi rmed, control for and exclude 
bleeding sources, including external wounds and 
IV sites; examine gastric contents, observe uri-
nary tract, and exclude hematochezia and intra- 
abdominal bleeding (sometime after percutaneous 
liver biopsy). If hematocrit is <28–30 %, trans-
fuse 2 units red blood cells, and 1 h after the last 
unit, repeat hematocrit; if still <30 %, transfuse 
again 2 units red blood cells. 

 If no active bleeding sites are found, check 
for a possible coagulopathy; order PT, PTT, 
fi brinogen, and a platelet count. Disseminated 

intravascular coagulation (DIC) or a massive 
transfusion is a consequence of post-traumatic 
and surgical hemorrhage. Bleeding following 
massive transfusion may be due to hypothermia, 
dilutional coagulopathy, platelet dysfunction, 
fi brinolysis, or hypofi brinogenemia; the transfu-
sion of 15–20 units of blood products causes 
dilutional thrombocytopenia, and platelet trans-
fusions may be required, especially if platelet 
counts fall below 20,000/microL [ 49 ]. 

 Coagulation alterations causing bleeding in 
brain death donors are primarily caused by the 
following issues: plasminogen activator and 
thromboplastin (largely available in the brain) 
released by brain tissue lesions, platelet function 
altered by catecholamine increase, and low plate-
let count due to consumption in DIC platelets and 
hypothermia [ 50 – 53 ].      
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      Non-Heart-Beating Donors                     

     Antonino     M.     Grande      and     Carlo     Pellegrini   

       Since the dawn of transplantation organs have 
been retrieved from patients immediately after 
circulatory arrest, specifi cally from “non-
heart-beating” donors. When the Harvard 
Medical Committee [ 1 ] in 1968 defi ned the 
concept and the diagnostic criteria of brain-
death, organ retrieval began to be performed in 

patients whose death was ascertained after 
brainstem testing. These “heart-beating” 
donors have become the main source of organs 
for transplantation. However, the number of 
heart- beating donors is now declining because 
fewer young people are dying from severe head 
trauma or catastrophic cerebrovascular events 
[ 2 ], and the diagnosis and management of brain 
injuries have improved. Therefore, the scarcity 
of donor organs is the primary limiting factor 
of transplantation worldwide, and this condi-
tion causes an increased time span between 
listing and transplantation and prevents the 
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 Key Points 

•     Since the dawn of transplantation 
organs have been retrieved from patients 
immediately after circulatory arrest, 
specifi cally from “non-heartbeating” 
donors.

•     When the Harvard Medical Committee 
in 1968 defi ned the concept and the 
diagnostic criteria of brain-death, organ 
retrieval began to be performed in 
“heart-beating” donors that will soon 
become the main source of organs for 
transplantation.  

•   The number of  heart-beating donors is 
now declining because fewer young 

people are dying from severe head 
trauma or catastrophic cerebrovascular 
events and the diagnosis and manage-
ment of brain injuries have improved.  

•   The constantly increasing gap between 
donors and patients on waiting lists has 
prompted donation after circulatory 
death (DCD) or “non-heart-beating 
donors” (NHBDs) that represent a valid 
source of organs for transplantation uti-
lizing mechanical support with 
Extracorporeal Membrane Oxygenator 
(ECMO).  

•   ECMO may be used as a bridge to organ 
donation in NHBDs.    
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death rate on the waiting list from improving. 
For this reason, selection criteria for organ 
donors have changed, and grafts from “mar-
ginal donors” have been used. These are older 
than optimal donors or present mild to moder-
ate grade of organ dysfunction (such as diabe-
tes mellitus, hypertension, renal insuffi ciency) 
or may transmit infectious diseases (CMV or 
HCV hepatitis). However, “marginal donors” 
do not affect outcomes in selected cases. 
Finally, the constantly increasing gap between 
donors and patients on waiting lists has 
prompted donation after circulatory death 
(DCD) or “non-heart-beating donors” 
(NHBDs). A substantial number of patients 
with brain death after cardiac arrest represent a 
valid source of organs for transplantation. 
Therefore, aggressive medical management of 
brain-death donors has signifi cantly increased 
the number of transplanted organs by prevent-
ing cardiovascular collapse and the subsequent 
loss of organs, thus enhancing the number of 
potential organ donors [ 3 ,  4 ]. Extracorporeal 
membrane oxygenation (ECMO) has been 
increasingly used in patients with acute cardiac 
failure and in patients after cardiac arrest, both 
in and out of the hospital [ 5 ,  6 ]. 

 At the same time, it is well known that donors 
often present hemodynamic instability despite 
maximal inotropic administration; therefore, 
mechanical circulatory support with ECMO may 
prevent loss of organs through haemodynamic 
stabilization of donor. Several reports have 
recently shown the use of ECMO as a bridge to 
organ donation [ 7 ,  8 ]. 

 DCD donors are usually identifi ed according 
to Maastricht classifi cation [ 9 ] based on the 

 circumstances of death and, consequently, the 
warm ischemic time (Table  7.1 ). Donors in cate-
gories I, II, and V are considered “uncontrolled” 
because they are unplanned and often present in 
the emergency department; donors in categories 
III and IV are considered “controlled”.

7.1       Controlled Donors 

 Controlled donors primarily consist of terminally 
ill patients whose relatives ask for the discontinu-
ation of life-sustaining treatments. After informed 
consent for organ donation is obtained, life- 
sustaining measures are withdrawn in a con-
trolled setting. When respiration and circulation 
cease and do not return spontaneously within a 
few minutes, the patient is declared dead, and 
organ preservation can be initiated. Because the 
suspension of treatments is controlled, the warm 
ischemic damage is minimized.  

7.2     Uncontrolled Donors 

 Uncontrolled donors are usually people who 
have had unexpected cardiac arrest. The unpre-
dictable occurrence of the fatal event and the 
potential delay and/or the inadequate imple-
mentation of cardiopulmonary resuscitation are 
responsible for the very low level of survival, 
which is <10 % with a return of spontaneous cir-
culation (ROSC) and <1 % without ROSC. After 
the declaration of circulatory death (in most 
countries, this is after a 5-min “no touch” period 
of asystole, whereas in Italy, the ascertainment 
is performed with a 20-min continuous EKG 
registration), authorization for donation is 
requested from relatives, and if consent is 
obtained, interventions to preserve organs are 
performed. 

 The use of organs from DCD donors implies 
two consequences:

•    Limited warm ischemic damage (see Box  7.1 )  
•   Organ function evaluation, especially for 

uncontrolled categories    

   Table 7.1    Maastricht classifi cation for DCD donors   

 I  Dead on arrival  Uncontrolled 

 II  Unsuccessful resuscitation 

 III  Awaiting cardiac arrest 
following withdrawal of care 

 Controlled 

 IV  Cardiac arrest after brainstem 
death 

 V  Cardiac arrest in a hospital 
inpatient 

 Uncontrolled 
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   Consequences of ischemia/reperfusion injury 
include liver failure in association with remote 
organ failure in more severe cases, both of which 
have signifi cant rates of morbidity and mortality. 
Experimental models of warm hepatic ischemia/
reperfusion injury have provided a greater under-
standing of the events that contribute to the 
pathogenesis of this syndrome and have prompted 
several clinical approaches to the prevention and 
treatment of organ dysfunction caused by hepatic 
ischemia/reperfusion. 

 Cold in situ perfusion (ISP) is among the fi rst 
techniques used for the preservation of donor 
kidneys, cooling the organs without adding oxy-
gen to the circuit [ 12 ]. The temperature decrease 
is not homogeneous, and organs from DCD suf-
fer from longer warm ischemia (starting from the 
suspension of circulation to the administration of 
cold preservation solution or the institution of 

regional perfusion). Delayed graft function 
(DGF) [ 13 ] and primary nonfunction (PNF) [ 14 ] 
occur frequently after transplantation, and 
depending on the severity of the ischemic dam-
age, DGF and PNF may affect 20–80 % and 
15–25 % of kidney transplants from DCD, 
respectively [ 15 ]. Therefore, it is of utmost 
importance to decrease the ischemia–reperfusion 
injury as this will reduce the incidence of DGF 
and PNF and will allow a signifi cant expansion of 
the donor pool. 

 ECMO has been suggested to minimize the 
effects of warm ischemia resulting from cardio-
circulatory arrest. 

 To evaluate the function of organs from DCD, 
different procedures for the normothermic perfu-
sion of isolated kidneys or lungs have entered 
clinical transplantation practice in the last few 
years [ 16 ,  17 ].  

7.3     ECMO Technique 

 ECMO is a device that can replace both the heart 
and the lung function; oxygen is added to the 
donor’s blood circulating in a closed circuit. It is 
composed of a centrifugal pump, an oxygenator, 
venous and arterial cannulas, and tubing. An 
additional component of ECMO is the heat 
exchanger to regulate the blood temperature dur-
ing perfusion (i.e., hypothermic or normothermic 
perfusion) (Fig.  7.1 ).

   The centrifugal pump, by the transfer of 
kinetic energy, allows the blood to fl ow through 
the oxygenator, the tubing, and the arterial can-
nula. The movement of the rotating part of the 
pump also causes a negative pressure that facili-
tates the drainage of venous blood through the 
venous cannula. Hollow fi ber oxygenators are 
currently used. In the last 10 years, silicone fi bers 
have been replaced by methyl-pentane fi bers, 
thus allowing longer supports and less frequent 
plasma leakage. 

 Donor acceptance criteria are as follows: wit-
nessed cardiac arrest, maximum no-fl ow period of 
15 min, low fl ow time (cardiopulmonary resusci-
tation length) less than 150 min, age less than 60 

  Box 7.1. Warm Ischemia 

 The interruption of blood fl ow to an organ 
or tissue produces ischemia and the follow-
ing reperfusion causes an acute infl amma-
tory response that may create signifi cant 
cellular damage and organ dysfunction. For 
instance, warm ischemia/reperfusion injury 
of the liver has been shown in a large num-
ber of clinical settings, including hepatic 
resectional surgery, liver transplantation, 
and hemorrhagic shock with fl uid resusci-
tation [ 9 ,  10 ]. In transplantation, two dis-
tinct periods of warm ischemia are usually 
considered: (1) ischemia during organ 
retrieval, the time from cross clamping (or 
from cardiac arrest in non-heart- beating 
donors) until cold perfusion is commenced 
and (2) ischemia during implantation, the 
period from removal of the organ from ice 
until reperfusion. These periods of warm 
ischemia differ in their nature and the mag-
nitude of their pathophysiologic conse-
quences. The term “warm ischemia” is 
used to describe both of these periods in 
much of the medical literature [ 11 ]. 
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years, no recent history of cancer or drug abuse, 
and no aortic dissection. Depending on the coun-
try’s laws and/or institutional ethics committee 
authorization, donor cannulation and the initiation 
of perfusion may be allowed before donation con-
sent has been obtained. In our experience, we 
obtain donation consent from relatives fi rst. 

 The cannulation of femoral vessels can be per-
formed either surgically or percutaneously. At 

the beginning of our experience, surgery repre-
sented the preferred choice for ECMO implanta-
tion. While automated chest compression is being 
conducted, a groin incision is performed on either 
the right or left side (Fig.  7.2 ).

   After the dissection of subcutaneous tissue, 
both the femoral artery and vein are isolated. 
Purse-string sutures are performed on both ves-
sels with 5/0 polypropylene suture. After vessel 
incision and the progressive enlargement of the 
path, a cannula is introduced and connected to 
the respective tubing (venous or arterial part). 
Heparin is administered (5000 IU), and extracor-
poreal circulation is started (ECMO fl ow = 2.4 L/
min/m 2  of body surface). On the site opposite of 
cannulation, another incision is performed, and 
the femoral artery is isolated. After performing a 
purse-string suture to control bleeding, an 
occluder balloon catheter is introduced into the 
vessel and brought to approximately the dia-
phragmatic hiatus. After the infl ation of the cath-

  Fig. 7.1    ECMO systems       

  Fig. 7.2    Surgical cannulation of femoral vessels       
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eter balloon (with a mix of saline and radiopaque 
dye that allows visualization on radiographs), the 
thoracic aorta is occluded, and both femoral 
arteries are ligated around the ECMO arterial 
cannula and the balloon catheter. In this way, the 
ECMO constitutes a recirculating closed circuit 
system that will not perfuse the superior district 
of the body and the lower limbs. ECMO fl ow is 
reduced to 2.2–2.4 L/min (Fig.  7.3 ). The proper 
positioning of the occlusion balloon immediately 
above the diaphragm is confi rmed by a chest 
radiograph.

   There are two different approaches, depend-
ing on the perfusate temperature:

    1.    Organs are immediately cooled; this tech-
nique is called total body cooling.   

   2.    Organs are perfused in normothermia, and cir-
culating blood is heated to maintain the tem-
perature of approximately 37 °C; this is 
normothermic ECMO (N-ECMO).     

 In both cases, blood samples are withdrawn to 
determine activated clotting time (>160 s < 200 s) 
and biochemical (including acid–base status) and 
hematological parameters. 

 Alternatively, femoral artery and vein cannu-
lation can be performed percutaneously under 
ultrasound control (Fig.  7.4 ).

   In this case, a vascular linear probe is used 
to puncture the vessels, and by Seldinger’s 

technique, a 1.5-m metal wire is inserted in 
each vessel. After enlarging the subcutaneous 
path with increasing dilators, cannulas are 
introduced both in the artery and the vein, and 
the extracorporeal circulation is started. 

 The donor is then taken to the operating 
room with the ECMO running. The maximum 
length of ECMO is 240 min. A standard surgi-
cal operation is performed, because there is no 
urgency to cool the organs for preservation. 
Because the usual preoperative donor diagnos-
tic screening is not performed, thorough 
abdominal and thoracic cavity exploration is 
mandatory. 

 After organ isolation, ECMO is stopped, and 
the arterial cannula is used to perfuse 3–4 L of a 
cold preservation solution. Organ protection is 
enhanced by topical cooling with sterile ice and 
cold saline.  

7.4     Advantages of ECMO 
in Organ Preservation 

 Normothermic circulation with ECMO allows a par-
tial restoration of the energetic status of the organs, 
which severely declines during warm ischemia. 

 In brain-dead patients, high serum catechol-
amine reduces β-adrenergic receptor density, 
which can increase the possibility of graft dys-
function. Conversely, the use of ECMO could 

  Fig. 7.3    The occlusion balloon catheter is inserted in the femoral artery opposite to ECMO arterial cannula ( left ); chest 
x-ray showing occlusion balloon position ( right )       
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better preserve the organs limiting catecholamine 
administration [ 18 ]. 

  Experimental Studies     As demonstrated by 
Arias-Diaz et al. [ 19 ], normothermic recircula-
tion allowed the partial restoration of the adenine 
nucleotide (ATP) and reduced glutathione (GSH) 
content in pig liver and kidneys exposed to 
30 min of warm ischemia followed by both 
30 min of normothermic perfusion and 100 min 
of hypothermic fl ow. The restored ATP and GSH 
levels were retained after the period of hypother-
mic perfusion.  

 In the study by Net and colleagues, cardiocircu-
latory arrest and the subsequent normothermic 
recirculation were considered to be similar to isch-
emic preconditioning, and its effi cacy was attrib-
uted to the maintenance of adequate levels of ATP 
and xanthine levels. After the start of normother-
mic recirculation, the mean arterial blood pressure 
immediately increased and continued to increase 
during the subsequent hours. Moreover, tissue 
oxygen saturation, blood CO 2  content, plasma 
potassium concentration, and blood pH recovered 
to pre-arrest levels in a few minutes [ 20 ]. 

 Finally, the normothermic perfusion of organs 
after cardiocirculatory arrest provides signifi cantly 
better short-term graft survival compared to hypo-
thermic circulation. In the study published by 
Garcia Valdecasas et al. [ 21 ], graft survival after 5 
days was compared in three groups of pig liver 
transplants (group 1 = heart-beating donor, no 
warm ischemia; group 2 = 20 min of warm isch-
emia and hypothermic extracorporeal recircula-
tion for 15 min; group 3 = 20 min of warm ischemia 
and normothermic extracorporeal recirculation for 
30 min). Organ preservation before harvesting was 
obtained by in situ cooling. Graft survival in 
groups 1 and 3 was 100 %, and it was 0 % in group 
2 ( p  < 0.03). Normothermic recirculation had a sig-
nifi cant effect on endothelial damage decrease 
( p  < 0.05) and on the reduction of histological 
changes after reperfusion ( p  < 0.04). 

  Clinical Practice     In 1989, Koyama published 
the first description of the clinical use of hypo-
thermic ECMO in DCD to preserve the kid-
neys [ 22 ]. In the early cases, the extracorporeal 
support was not limited to the abdomen. The 
first application of normothermic reperfusion 

  Fig. 7.4    Femoral vessels puncture technique under ultrasound control,  CFA  common femoral artery,  CFV  common 
femoral vein,  SV  saphenous vein,  P  ultrasound probe       
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   Table 7.2    Main studies on kidney transplantation in ECMO in DCD   

 Center  Type of study 
 Type of 
preservation  Signifi cant results  Drawbacks  References 

 Barcelona 
(Spain) 

 Non-
randomized 
retrospective 
comparative 

 N-ECMO 
 H-ECMO 
 vs. 
 cold ISP 

 1.  Incidence of PNF and 
DGF lower in N-ECMO 
vs. H-ECMO and ISP 

 2.  Duration of DGF shorter 
in H-ECMO compared to 
ISP organs 

 Both ECMO 
groups were 
small ( N  = 8) 

 [ 24 ] 

 Madrid 
(Spain) 

 Non-
randomized 
retrospective 
comparative 

 N-ECMO 
 H-ECMO 
 vs. 
 DBD 

 1.  1- and 5-year graft 
survival of DCD organs 
was comparable with 
young 
(< 60 years) DBD donors 
and was better than older 
(> 60 years) DBD donors 

 No comparison 
between 
hypothermic 
and 
normothermic 
perfusion 

 [ 25 – 27 ] 

 St. 
Petersburg 
(Russia) 

 Retrospective  N-ECMO  1.  Absence of PNF despite 
long warm ischemia time 
(mean = 76 ± 16 min) 

 2.  30 % of immediate 
resumption of function 

 3.  Nearly normal creatinine 
level 3 months after 
transplantation 

 No control 
group 

 [ 28 ] 

 La 
Pitiè- 
Salpetriere 

 Non-
randomized 
retrospective 
comparative 

 N-ECMO 
 vs. 
 cold ISP 

 1.  Earlier function recovery 
in the N-ECMO group 

 2.  Lower level of serum 
creatinine 1 month after 
transplantation 

 Retrospective 
study 

 Presented at the 
fi rst International 
Meeting in 
Ischemia 
Reperfusion in 
Transplantation 
(2012) 

 Taipei 
(Taiwan) 

 Retrospective 
comparative 

 MC II, III, 
IV 
 vs. 
 DBD and 
living 
donors 

 1.  5-year graft survival 
identical in the three 
groups 

 2.  The longer the ECMO was 
run, the longer the DGF 

 Retrospective 
study 

 [ 29 – 31 ] 

 Winston- 
Salem 
(USA) 

 Retrospective 
comparative 

 N-ECMO 
 vs. 
 DCD direct 
aortic 
perfusion 

 1.  N-ECMO donors had 
reduced DGF rate 
( p  < 0.016) 

 Retrospective 
study 
 Organ 
harvested 
locally 

 [ 32 ] 

 University of 
Michigan 
(USA) 

 Retrospective 
comparative 

 N-ECMO 
 vs. 
 DBD 

 1.  N-ECMO donors had 
reduced DGF rate (no 
signifi cant), 1 case PNF in 
DBD group 

 Small numbers  [ 33 ] 

   N-ECMO  normothermic ECMO,  H-ECMO  hypothermic ECMO,  ISP  in situ perfusion,  DBD  brain-death donor,  DCD  
cardiac-death donor,  PNF  primary nonfunction,  DGF  delayed graft function,  MC  Maastricht donor category  

in humans was performed with kidney trans-
plantation from uncontrolled DCD [ 12 ]. 
Several reports have shown that ECMO can be 
safely utilized to hemodynamically sustain 
and secure systemic oxygenation in patients 
with cardiac or respiratory failure. Thus, 
ECMO represents a bridge to organ donation 

after brain or circulatory death for optimal 
organ perfusion until procurement [ 23 ]. 
Several groups reported their experience with 
either the hypothermic or normothermic extra-
corporeal perfusion of uncontrolled donors.  

 The results of the main studies on kidney 
transplantation are summarized in Table  7.2 .
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   Although not all studies in the medical litera-
ture are double blind, and they are often per-
formed on a limited number of donors, it can be 
observed from these data that ECMO techniques 
have the possibility to expand the supply of 
organs for transplantation. Considering these 
methodological limitations, ECMO techniques 
must be further studied to ameliorate graft sur-
vival and transplantation outcome.     
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      Multiple Organ Retrieval: General 
Principles, Organ Preservation, 
and New Strategies                     

     Riccardo     De Carlis     ,     Raffaella     Sguinzi    , 
    Antonino     M.     Grande    , and     Paolo     Aseni   

8.1           General Principles 

8.1.1     Organizational 
and Preoperative Aspects 

 Organ procurement has been defi ned as “the life-
blood of organ transplantation.” It is the fi rst part 
of the whole transplant procedure and decisively 
contributes to its success or failure, because every 
mistake at this stage can render an organ unsuit-
able for transplantation or lead to serious compli-
cations in the recipient [ 1 ]. 
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 Key Points 

•     Organ procurement is the fi rst stage of 
the transplant procedure, and it deci-
sively contributes to transplantation suc-
cess or failure.  

•   In stable donors, we recommend fi rst 
gaining access to the retroperitoneal 
space with control of the inferior vena 
cava and the abdominal aorta, and soon 
after, we recommend accurate dissec-
tion of the hepatic hilum and the recog-
nition of any vascular abnormalities 
before in situ cooling.  

•   The purpose of organ preservation is to 
slow the unavoidable biological deterio-
ration and damage that occurs between 
harvesting and reperfusion, thus buying 

time to organize staff and facilities, to 
transport organs, and, when necessary, 
to perform histological examinations.  

•   Simple cold storage is the most widely 
used preservation method, which relies 
on the effects of hypothermia supple-
mented by the use of special preserva-
tion solutions.  

•   Machine perfusion provides the unique 
opportunity to evaluate the functional 
performance of the graft prior to trans-
plantation, likely allows a longer and 
safer cold ischemia time, and, in the 
near future, will allow the administra-
tion in the perfusion system of innova-
tive pharmacological agents for ex vivo 
organ damage repair.    
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 Ideally, the retrieval team should be self- 
suffi cient and not require any support from the 
donor hospital other than an operating theater 
and a local staff member. In practice, most 
retrieval teams also require a donor hospital anes-
thetist and a scrub nurse to be present during the 
procedure. Surgical teams from the transplant 
center to which the graft will be transplanted usu-
ally harvest the organs. Teams from cardiotho-
racic transplant centers almost always perform 
cardiothoracic organ retrievals. For the retrieval 
of all other organs, ideally a single abdominal 
organ retrieval team should be available. The 
presence of a single retrieval team, rather than 
individual organ teams, streamlines the process 
and ensures a uniform approach to the abdominal 
retrieval, which is an important factor, particu-
larly when operating in different environments. 
Local teams sometimes retrieve kidneys for other 
transplant centers [ 2 ]. The donor transplant coor-
dinator plays an important role in organizing 
organ procurement, arranging the transport of the 
surgical team to and from the donor hospital, and 
performing much of the administrative tasks [ 1 , 
 3 ]. All retrieval teams should be equipped with a 
bag containing surgical instruments needed for 
the procedure. Perfusion solutions are kept refrig-
erated with ice in proper thermal containers. 
Some instruments are not always available in the 
donor hospital, and therefore, the contents of the 
bag should be checked periodically, in particular 
before leaving from the transplant center. The 
bag should also contain drugs that may be diffi -
cult to obtain in the donor hospital, for example, 
prostacyclin, antifungal agents, and some antibi-
otics for the decontamination of the duodenal 
lumen during pancreas procurement [ 2 ]. Surgical 
instruments vary according to the necessities and 
preferences of each retrieval team. Table  8.1  
shows a representative list of the retrieval team 
equipment.

   Organ procurement should be performed in a 
peaceful and dignifi ed atmosphere. In general, a 
respectful treatment of the organ donor is a con-
dition  sine qua non  for each person involved in 
the organ donation, and the remaining wishes of 
the donor or the relatives must be respected. 
Communication is essential to ensure that a 

smooth retrieval process is achieved. Competition 
or a lack of communication between the mem-
bers of organ retrieval teams may lead to surgical 
injury of the organs or inadequate preservation 
[ 1 ,  3 ]. After arrival in the donor hospital, the pro-
curement surgeon should introduce himself or 
herself and the procurement team. If different 
surgical teams are involved in the procurement, 
they must discuss the details of the technique and 
sequence they want to adopt before starting the 
procedure [ 3 ]. Every organ is important and must 
be removed from the donor without jeopardy to 
any of the individual grafts, especially in the case 
of anatomical or vascular confl ict detected during 
preliminary dissection. In general, the order of 
multiple organ procurement gives priority to the 
heart and lungs; then the liver, pancreas, and 
small bowel; and fi nally to the kidneys, vascular 
grafts, and tissues [ 2 ,  4 ]. 

 The key responsibility and an absolute impera-
tive for the lead surgeon of the retrieval team is the 
correct identifi cation of the donor prior to the 

   Table 8.1    Retrieval team equipment   

 Gigli saw (or sternal saw) 

 Finochietto rib retractor 

 Autostatic abdominal retractors 

 Overholt forceps 

 Monopolar forceps 

 Aortic clamp 

 Sterile aortic and sterile venous cannulae 

 One-way and two-way rapid perfusion system 

 Gastrointestinal anastomosis (GIA) linear stapler 
(for pancreas procurement) 

 Vascular stapler 

 Multi-fi re clip applier (with medium and small clips) 

 Histological biopsy needle 

 Toomey syringe 

 Blunt needle (for bile duct fl ushing) 

 Sterile bags for organ packing 

 Sterile containers (urine collection type) 
for vascular grafts 

 Impermeable plastic aprons 

 Sterile gloves 

 Prostacyclin 

 Amphotericin B (for gastroduodenal decontamination 
in the case of pancreas procurement) 

 Preservation solution (in thermal containers with ice) 
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operation and the check of its blood group compa-
tibility. The lead surgeon must also check that the 
diagnosis of death has been made appropriately 
and documented correctly and that the consent or 
authorization for donation has been obtained and 
documented. Preoperative checks should also 
ensure that all other necessary information about 
the donor is available, as summarized in Table  8.2 . 
Clinical examination of the donor should be per-
formed, including inspection of the entire body for 
any skin lesions, palpation of the breast (in both 
male and female donors!), and digital rectal exam-
ination to identify possible malignancies.

8.1.2        Preventable Errors in Organ 
Procurement 

 Severe adverse events in organ transplantation 
are quite rare. Nevertheless, the scientifi c litera-

ture and the media have reported a small number 
of cases where organ recipients died or had seri-
ous injuries as a result of errors during the trans-
plantation process [ 5 ]. Clinicians and surgeons 
traditionally equate medical errors with human 
shortcomings and often fail to understand the 
importance of redesigning the systems and pro-
cesses of care to anticipate potential failures that 
can lead to errors. Organ transplantation is a par-
ticularly complex procedure of healthcare and 
routinely stresses nearly all of the systems and 
processes of surgical care, offering a unique 
opportunity to proactively identify vulnerabilities 
and potential failures. Initial steps have been 
taken to understand these issues through the 
United Network for Organ Sharing (UNOS) 
Operations and Safety Committee, which has 
collected data about preventable errors in organ 
transplantation and shown that 55 % of reported 
adverse events are due to miscommunication and 
errors in documentation and data entry. Separate 
data about kidney and liver transplantation have 
confi rmed that failures in communication and the 
coordination of care are signifi cant contributors 
to preventable errors. Moreover, errors with 
labeling and packing have been reported by the 
UNOS Operations and Safety Committee as a 
recurrent problem across transplant centers, and 
between 2006 and 2010, they accounted for 38 % 
of the reported errors [ 6 ]. A national commission 
instituted in Italy after three cases in 2007 of 
transplant-related human immunodefi ciency 
virus (HIV) transmission released some 
recommendations to improve transplant safety: 
automatic transcription of test results from 
laboratory instruments to laboratory information 
systems and donors’ medical records, 
centralization of donor laboratory tests, and 
training to develop a proactive quality and safety 
culture in regional donation and transplantation 
networks [ 5 ]. Checklists can play an important 
role in surgery; the World Health Organization 
(WHO) released its surgical safety checklist in 
June 2008 and demonstrated its impact in a 2009 
study of eight international hospitals. The rate of 
death was 1.5 % before the checklist was 
introduced and declined to 0.8 % afterward; 
inpatient complications occurred in 11 % of 

   Table 8.2    Checklist for the lead surgeon and specifi c 
responsibilities of the retrieval team   

 Identify the donor 

 Brainstem death tests performed and documented 
appropriately 

 Consent for organ donation 

 Blood group 

 Virology status, medical history, and other blood tests 

 All of the following conditions should be reported to 
the transplant coordination center and to all centers 
involved in organ transplantation: 

   If the donor is contaminated with microorganisms 

   Systemic sepsis or endocarditis 

   HCV, HBsAg (with some exceptions), and 
HIV-positive donors 

   Malignancies (with some exceptions: low-grade 
prostate cancer, some brain tumors, and 
nonmelanoma cutaneous neoplasm) 

   Coronary heart disease 

   Valvular heart disease 

   Inadequate ventricular function 

   Systemic vascular disorders 

   Hypotensive and hypertensive episodes, necessity to 
give amines 

   Documentation of key retrieval events 

   Completion of appropriate documentation 

   Completion of procedure summary in medical notes 

   Correct labeling of the organs, blood, and tissue 
samples 
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patients at baseline and in 7 % after the 
introduction of the checklist. However, each 
transplant center has its own systems and 
checklists for procedures, because at this point 
there are no international standard guidelines 
specifi c to transplantation [ 7 ].  

8.1.3     High Infectious Risk Donors 

 High infectious risk donors (HRDs) are non-ideal 
donors that are considered suboptimal because 
they are thought to carry an increased risk of 
infectious transmission. The defi nition of HRDs 
was introduced in 1994 when the Centers for 
Disease Control and Prevention (CDC) devel-
oped guidelines to identify persons at risk of 
transmitting infectious disease through 
transplantation. HRDs are defi ned as persons 
meeting one of the following behavioral criteria:

•    Men who had sex with other men (MSM) in 
the preceding 5 years  

•   Persons who report the nonmedical 
intravenous, intramuscular, or subcutaneous 
injection of drugs in the preceding 5 years  

•   Persons with hemophilia or related clotting 
disorders who have received clotting factor 
concentrates  

•   Commercial sex workers (CSWs) who have 
engaged in sex in exchange for money or 
drugs in the preceding 5 years  

•   Persons who have had sex in the preceding 12 
months with any person described above or 
with a person known or suspected to have HIV 
infection  

•   Persons exposed in the preceding 12 months 
to known or suspected HIV-infected blood  

•   Inmates of correctional systems (incarcerated 
donors)    

 All donors are tested for infectious disease; 
thus, the HRD designation is currently used to 
identify those donors at risk of acquiring an 
infection in the weeks or months before death 
and those likely to have false-negative serologic 
tests due to the associated window period. 
Despite controversy surrounding their use, organs 

from HRDs benefi t the transplant community as 
a whole by expanding the supply of available 
organs and decreasing waiting times for patients 
with high waitlist mortality. Special informed 
consent use can mitigate legal risk. 
Communicating infectious risk to patients is 
extremely diffi cult because the true infection risk 
is unknown and varies widely depending on 
individual donor risk factors. Putting the issue in 
terms the patients can understand is also 
challenging. Nucleic acid testing (NAT) mitigates 
infectious risk by decreasing the window period, 
and it is therefore recommended for HRDs to 
reduce the risk of infectious transmission [ 8 ].  

8.1.4     Surgical Technique: Main 
Principles 

 The surgical technique for multiple organ 
procurement will be extensively discussed in the 
following dedicated chapters. Here we only focus 
on some essential general aspects of the 
procedure. Regardless of the technique adopted, 
the fi rst operative step must include a careful 
exploration of the thoracic and abdominal cavities 
to exclude gross pathological conditions that 
contraindicate the procedure. This inspection 
completes the preoperative evaluation of the 
donor and helps minimize the risk of disease 
transmission to the recipient. 

 The guiding principle of all procurement 
techniques is the avoidance of warm ischemia. 
This can be achieved with in situ organ cooling 
by the carefully timed and controlled intravascular 
infusion of cold preservation solutions at the time 
of circulatory arrest [ 4 ]. Therefore, the organ 
procurement procedure is generally divided into 
two parts (called “warm” and “cold” phases), 
depending on which comes before or after in situ 
fl ushing. 

 The surgical techniques for multiple organ 
procurement have undergone progressive changes 
over time. The fi rst techniques used during the 
1970s and early 1980s required the exposure and 
complete dissection of each organ while the heart 
was still beating, during the warm phase. This 
was obviously time consuming, particularly as 
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less experienced surgeons were increasingly 
involved in the procedure and become a deterrent 
to collaboration between abdominal and cardiac 
teams [ 9 ,  10 ]. Starzl and colleagues described the 
“fl exible technique” for organ procurement in 
1984, in which all donor organs to be procured 
were rapidly cooled in situ, simultaneously 
removed in a bloodless fi eld, and further dis-
sected on a back table [ 4 ,  9 ,  11 ]. Several teams 
subsequently introduced the in situ fl ush and cold 
dissection technique, initially recommended for 
instable donors, as a rapid procurement method 
for all multiorgan retrievals [ 9 ]. Thus, surgical 
techniques for abdominal organ procurement can 
be roughly divided in two main categories: the 
warm dissection technique and the rapid retrieval 
technique (“dissection in the cold”). In the warm 
dissection technique, organ dissection takes place 
before the cannulation of the aorta and cold 
perfusion. Conversely, the rapid retrieval 
technique aims fi rst to achieve control of the 
aorta and its cannulation to rapidly start cold 
perfusion. Sometimes, isolated kidney retrieval 
needs to be performed if no other organ is suitable 
for transplantation [ 3 ]. 

 We think that donor surgeons must be familiar 
with both the cold and warm dissection 
techniques, because they have complementary 
roles. We recommend the rapid retrieval 
technique only if the donor becomes unstable, 
because this procedure minimizes warm ischemic 
times during hemodynamic instability and can be 
safely performed in critical situations by non- 
expert surgeons. However, one well-known 
disadvantage of this rapid technique is the 
diffi culty in recognizing any possible accessory 
or replacing blood vessels, which during the cold 
phase turn into non-pulsating, non-bleeding 
structures. Thus, a rapid perfusion is usually 
obtained at the expense of the subsequent cold 
phase and back table surgery, which consequently 
requires more time and increases the risk of 
injury to cooled grafts [ 2 ,  10 ]. In stable donors, 
we recommend instead a combined technique, 
which fi rst involves gaining access to the 
retroperitoneal space and the control of the 
abdominal aorta (to easily convert to the rapid 
technique if the donor suddenly becomes unstable 

during the procedure) and is followed by an 
accurate dissection of the hepatic hilum and the 
recognition of any vascular abnormalities before 
in situ cooling. In our experience, this technique 
is instructive for the surgeon in training and 
minimizes the risk of not recognizing vascular 
abnormalities in exchange for a negligible 
number of graft injuries during the warm phase if 
a well-trained surgeon assists the procedure. 
Moreover, additional time for warm dissection 
does not hamper collaboration between different 
transplantation teams if the donor remains stable. 
There is little evidence that manipulation and 
dissection prior to perfusion can cause vasospasm 
and increase oxygen consumption of the 
abdominal organs (especially the liver), leading 
to poor preservation [ 3 ,  9 ]. In our opinion, this 
effect is insignifi cant and may be overcome by 
the faster cold phase and back table surgery, 
which expose the graft for a shorter time to a 
temperature that is greater than the optimum for 
proper preservation.   

8.2     Organ Preservation 

8.2.1     Ischemia-Reperfusion Injury 
Physiopathology 

 The exact underlying mechanisms of both 
primary nonfunction and delayed graft function 
remain unclear but most likely involve ischemia- 
reperfusion injury, which develops soon after 
transplantation [ 12 ]. Once removed from the 
donor, the organ undergoes a period of ischemia 
and incurs subsequent damage. The longer the 
organ is removed from blood, oxygen, and 
nutrients, the less likely it will be able to return to 
normal function after transplantation. The injury 
process that begun during hypothermia is 
exacerbated by the rewarming as the organ is 
being implanted [ 13 ]. A wide range of 
pathological processes contributes to ischemia 
and reperfusion-associated tissue injury. 

 The ischemic period in particular is associated 
with signifi cant alterations in the control of gene 
expression. For example, ischemia is associated 
with the inhibition of oxygen-sensing 

8 Multiple Organ Retrieval: General Principles, Organ Preservation, and New Strategies



84

prolylhydroxylase (PHD) enzymes, because they 
require oxygen as a cofactor. The hypoxia- 
associated inhibition of PHD enzymes leads to 
the posttranslational activation of hypoxia and 
infl ammatory signaling cascades, which control 
the stability of the transcription factors, hypoxia- 
inducible factor (HIF) and nuclear factor-κB 
(NF-κB), respectively [ 14 ]. Changes in gene 
expression seem to be the earliest indicators of 
ischemia-reperfusion-related injury that are 
measurable in the graft, and quantitative gene 
expression analysis in postreperfusion biopsies 
may be a valuable tool to postoperatively identify 
patients at risk of early clinical allograft 
dysfunction after transplantation [ 12 ]. Several 
studies have suggested a functional role for 
microRNAs in ischemia and reperfusion. 
Pharmacological approaches to inhibit 
microRNAs seem likely to become treatment 
modalities for patients in the near future [ 14 ]. 

 Once the oxygen supply has been exhausted, 
the cells transfer from aerobic to anaerobic 
metabolism, which quickly becomes self-limiting 
due to the production of lactate and protons. 
Membrane ion transport begins to shut down 
without excess adenosine triphosphate (ATP) to 
fuel the pumps, and passive redistribution occurs, 
resulting in cellular swelling as water osmotically 
corrects the imbalance. Taken together, these and 
other changes lead to the activation of cell death 
programs, including apoptosis and necrosis [ 13 ]. 

 Necrotic cells are highly immunostimulatory 
and lead to infl ammatory cell infi ltration and 
cytokine production. Ischemia and reperfusion 
activate a host immune response in a sterile 
environment. This sterile immune response 
involves signaling events through pattern 
recognition molecules such as Toll-like receptors 
(TLRs), which can be activated by endogenous 
molecules in the absence of microbial compounds, 
particularly in the context of cell damage or 
death. Many studies suggest that inhibitors of 
TLR signaling could be effective for the treatment 
of sterile infl ammation induced by ischemia and 
reperfusion. Ischemia and reperfusion also elicit 
a robust adaptive immune response that involves, 
among other cell types, T lymphocytes. In 
contrast, regulatory T cells appear to have a 

protective role in ischemia and reperfusion injury. 
A series of studies have shown that neo-epitopes 
expressed on ischemic tissues are targets for 
natural antibody binding during the reperfusion 
phase with subsequent complement activation, 
neutrophil recruitment, and tissue injury. The 
production of reactive oxygen species (ROS) at 
sites of sterile infl ammation alters cellular 
proteins, lipids, and ribonucleic acids, leading to 
cell dysfunction and death [ 14 ]. 

 Oxidative stress associated with reperfusion 
results in further free radical damage to the 
organs [ 13 ]. Xanthine oxidase may serve as the 
initial source of free radical generation in 
ischemia-reperfusion injury. With the onset of 
ischemia, ATP is degraded to hypoxanthine. 
Simultaneously, xanthine dehydrogenase is 
converted by ischemia to xanthine oxidase. 
Although the concentrations of substrate and 
enzyme are high during ischemia, the absence of 
oxygen prevents purine oxidation until 
reperfusion. During reperfusion, oxygen becomes 
available, suddenly and in excess, and the 
oxidation of hypoxanthine proceeds rapidly, 
generating a burst of superoxide radical 
by-products [ 2 ]. In this way, reperfusion- 
dependent events further aggravate ischemia- 
induced parenchymal injury either by prolonging 
focal ischemia (due to direct free radical damage 
on pericytes) or from the release of 
proinfl ammatory mediators that promote 
leukocyte infi ltration and local activation [ 13 ]. 
Attenuated vascular relaxation after reperfusion 
due to injured pericytes can result in a no-refl ow 
phenomenon characterized by the increased 
impedance of microvascular blood fl ow after 
reperfusion [ 14 ].  

8.2.2     Strategies for Organ 
Preservation 

 The transplant process requires the retrieval of an 
organ from the donor and the preservation of it 
throughout its implantation in the recipient. 
Preservation is logistically essential for organ 
transplantation because it buys time to organize 
staff and facilities, transport organs, and perform 
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necessary laboratory tests. The purpose of organ 
preservation is to slow extracorporeal biological 
deterioration that occurs in organs during the 
time between harvesting and reperfusion, 
providing a viable graft with primary function 
after transplantation [ 11 ,  15 ]. Good organ 
preservation has proven to be a major determinant 
of graft outcome after revascularization [ 12 ]. 

 Clinical organ transplantation has moved 
forward from an experimental procedure in the 
early 1950s to the current treatment of choice for 
patients with end-stage organ disease, and the 
development of organ preservation techniques 
has fl anked and supported the success of this 
procedure. With the shortage of organs available 
for transplant, “marginal donors” have become 
an important source to expand the donor pool. 
For these organs, preservation is of even greater 
importance and remains a subject of ongoing 
research [ 11 ]. 

 There are currently two approaches of 
preservation for most transplantable organs: 
static or dynamic. Both preservation modalities 
are preceded by the donor procurement phase, in 
which access to the required organs is surgically 
achieved by introducing chilled solutions in 
suffi cient volumes into the major vascular 
channels to wash out the blood and achieve 
moderate cooling before fi nal removal from the 
body [ 11 ]. 

 Simple cold storage (SCS) is the easiest and 
most widely used preservation method in organ 
transplantation. SCS relies on the effects of 
hypothermia supplemented by the use of special 
preservation solutions that are aimed at inhibiting 
the unavoidable deterioration. Hypothermia 
represents a compromise between the benefi ts 
and detriments of cooling. The standard 
recommended temperature for SCS is 4 
°C. Below this point, organs can freeze, which 
will result in coagulative necrosis upon 
reperfusion. Temperatures above 4 °C are 
associated with increased metabolic activity, ATP 
depletion, lactic acid buildup, and mitochondrial 
disturbances, resulting in severe parenchymal 
and endothelial injury. Clinical hypothermia 
slows total cellular metabolism, reduces the 
requirements for oxygen, and inhibits the activity 

of hydrolytic enzymes to prevent tissue injury 
[ 11 ,  13 ]. 

 In contrast, machine perfusion constitutes a 
method for dynamic preservation in which the 
organ, after an initial washout of blood, is 
connected to a perfusion device, and a solution is 
pumped through its vasculature [ 16 ]. This 
continuous perfusion permits the delivery of 
oxygen and nutrients to the parenchyma and the 
removal of toxic metabolites. Various 
temperatures have been used from hypothermic 
perfusion at 4 °C to normothermic perfusion at 
37 °C; the latter maintains the organ in a more 
physiological and metabolically active state. 
With normothermic perfusion, organs resume 
their function. Solutions used as perfusate also 
vary from low potassium crystalloid solutions to 
blood-based solutions. The fl ow can be 
continuous or pulsatile, mimicking the 
physiological variation in systolic and diastolic 
pressure [ 17 ]. 

 Although machine perfusion was the original 
preservation technique used for organ 
transplantation, the early perfusion devices 
required signifi cant resources and customized 
vans to transport them between donor and 
recipient hospitals. The introduction of 
conventional preservation solutions for SCS 
overshadowed for years the more complicated 
use of machine perfusion in clinics [ 13 ]. In an era 
of donor shortage and the increased use of 
suboptimal grafts and organ exchange across 
sometimes distant geographical areas, SCS has 
reached its limits. Machine perfusion has 
reemerged, and new portable devices have been 
developed, with the largest clinical experience 
acquired in kidney and lung transplantation [ 17 ]. 
In kidney transplantation, several studies 
including an international randomized controlled 
trial have shown a reduced rate of delayed graft 
function and better graft survival after 
hypothermic machine perfusion versus static 
cold perfusion [ 16 ,  18 ]. One clinical study has 
been published comparing 20 adult liver 
recipients after hypothermic machine perfusion 
with a historically matched group of recipients 
after SCS with a reduction in early allograft 
dysfunction [ 19 ]. The results of an international 
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multicenter trial randomizing standard donor 
lungs for preservation with SCS versus machine 
perfusion are awaited [ 20 ].  

8.2.3     Most Common Cold Static 
Preservation Solutions 

 The most common solutions used for cold static 
preservation are compared in Table  8.3 . When 
cold ischemic times are limited, most studies in 

the liver, kidney, and pancreas transplantation 
found equivalent outcomes for histidine- 
tryptophan- ketoglutarate and Celsior versus 
University of Wisconsin solution [ 21 ].

8.2.3.1       Collins’ Solution 
 Developed in 1969, Collins’ solution was based 
on a combination of high-potassium ion content, 
to mimic intracellular composition, and osmotic 
barrier supported by glucose, to suppress cell 
swelling [ 11 ]. Magnesium was added to act as a 

   Table 8.3    Comparison of the most common cold static preservation solutions   

 Euro-Collins  UW  HTK  Celsior 

  Electrolytes  

 Na +  (mmol/L)  10  25–30  15  100 

 K +  (mmol/L)  115  125–130  10  15 

 Ca 2+  (mmol/L)  –  –  0.015  0.25 

 Mg 2+  (mmol/L)  –  5  4  13 

 Cl -  (mmol/L)  15  –  50  41.5 

  Buffers  

 Phosphate(mmol/L)  57.5  25  –  – 

 Bicarbonate(mmol/L)  10  –  –  – 

 Sulfate (mmol/L)  –  5  –  – 

 Histidine(mmol/L)  –  –  198  30 

  Impermeants  

 Mannitol(g/L)  –  –  30  60 

 Raffi nose(mmol/L)  –  30  – 

 Lactobionate(mmol/L)  –  100  –  80 

 Hydroxyethyl starch (g/L)  –  50  –  – 

 Glucose(mmol/L)  198  –  –  – 

  Energetic substrates  

 Adenosine (mmol/L)  –  5  –  – 

 Alpha-ketoglutarate(mmol/L)  –  –  1  – 

 Tryptophan(mmol/L)  –  –  2  – 

 Glutamate(mmol/L)  –  –  –  20 

  Antioxidants  

 Allopurinol (mmol/L)  –  1  –  – 

 Dexamethasone (mg/L)  –  16  –  – 

 Glutathione(mmol/L)  –  3  –  3 

  Others  

 Insulin (U/L)  –  40  –  – 

 Penicillin G (U/L)  –  200,000  –  – 

  General properties  

 pH  7.0  7.4  7.2  7.3 

 Osmolarity (mOsm/L)  375  320  310  320 

 Viscosity (cP at 4 °C)  N/A  5.7  1.8  1.15 

   HTK  histidine-tryptophan-ketoglutarate,  UW  University of Wisconsin  
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membrane stabilizer, but in the presence of phos-
phate, the magnesium phosphate formed crystal 
precipitates, which was reported when using the 
original solution. To eliminate this problem, a 
modifi ed Collins’ solution was developed in 
Europe (named Euro-Collins) that omitted the 
magnesium and used mannitol in place of glu-
cose [ 13 ]. Collins’ solution and its more recent 
variant Euro-Collins were widely distributed for 
organ preservation until the advent of the 
University of Wisconsin solution in the late 
1980s [ 11 ,  21 ].  

8.2.3.2     University of Wisconsin (UW) or 
Belzer Solution 

 Originally developed by Belzer and Southard 
for pancreas preservation in 1987, the 
University of Wisconsin (UW) solution is cur-
rently the most commonly used static cold 
preservation solution for abdominal organs 
[ 21 ]. It is a potassium-rich, sodium-depleted, 
osmotically active solution that is supple-
mented with a precursor of ATP (adenosine) 
and antioxidant agents (allopurinol, reduced 
glutathione). Osmotically active substances 
(raffi nose and lactobionate) prevent cellular 
swelling but generate high viscosity. The col-
loid hydroxyethyl starch permits more effec-
tive fl ushing [ 11 ,  21 ]. Potential risks include 
hyperkalemic cardiac arrest at reperfusion, 
ischemic-type biliary complications, and 
microcirculatory disturbances as a result of 
particle formation. These disadvantages are 
not clinically relevant in most cases because 
UW solution yields prolonged safe preserva-
tion for abdominal organs [ 21 ].  

8.2.3.3     Histidine-Tryptophan- 
Ketoglutarate (HTK) Solution 

 Originally designed as a cardioplegic solution in 
1980 by Bretschneider, histidine-tryptophan- 
ketoglutarate (HTK) solution represents an 
alternative to UW solution. It is a crystalloid 
solution with an osmolarity slightly higher than 
that of the intracellular space [ 12 ,  21 ]. Its major 
components are a strong buffer (histidine), 
osmotic barrier (mannitol), and low-permeabil-
ity amino acids (tryptophan and alpha-ketoglu-

taric acid), which help to stabilize cell 
membranes and may be substrates for anaerobic 
metabolism. The electrolyte composition is 
characterized by low concentrations of potas-
sium, which therefore allow a safe, direct release 
into the recipient’s blood circulation. The lower 
viscosity of HTK solution provides more effec-
tive fl ushing and the rapid cooling of organs. 
Because HTK is less expensive and lower pres-
ervation costs per donor can be obtained, it has 
become increasingly popular over the last 20 
years, especially in developing countries [ 11 ]. 
HTK solution has been reported to have less 
biliary complications than UV solution, but 
contrary to most clinical trials, US national reg-
istry data in the kidney, pancreas, and liver 
transplantation demonstrate more detrimental 
effects and earlier graft loss after preservation 
with HTK versus UW solution [ 21 ,  22 ].  

8.2.3.4     Celsior Solution 
 Initially formulated specifi cally for heart pres-
ervation in 1995, Celsior solution is now 
widely utilized for abdominal and thoracic 
organ storage [ 21 ]. It adopts many of the prin-
ciples of UW solution (impermeants lactobion-
ate and mannitol) and the strong buffer of HTK 
solution (histidine), but in contrast with UW 
solution, reduced glutathione is the only anti-
oxidant agent included. Celsior solution con-
tains relatively lower potassium levels 
compared with UW solution and Euro-Collins’ 
solution. It has the advantage of being less vis-
cous than UW solution and can rapidly perfuse 
large parenchymal volumes, such as the liver 
and lungs [ 2 ,  11 ].   

8.2.4     Some Special Considerations 
on Perfusion Preservation 
of the Heart Graft 1  

 Perfusion preservation provides oxygen and 
metabolic substances to harvested donor organs, 
thus improving their reperfusion function and 
the survival of the transplanted patient. If we 

1   Written by A.M. Grande. 
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consider the heart graft, the transplant proce-
dure remains consistently feasible for only 4–6 
h. In fact, even beyond 3 h of storage, recipient 
mortality has been demonstrated to increase 
exponentially [ 23 ]. Therefore, current research 
is directed to improve the existing perfusion 
solutions by adding or omitting various compo-
nents. The composition of the preservation solu-
tion is intended to represent some important 
variables that affect graft survival. Preservation 
solutions are frequently classifi ed into two 
broad categories on the basis of electrolyte 
content:

•     Intracellular  type, characterized by high 
potassium and low sodium (Celsior solution, 
Euro-Collins’ solution)  

•    Extracellular  type, low potassium and high 
sodium (UW solution, HTK solution, Belzer- 
Machine Perfusion solution)    

 Intracellular-type storage solutions may 
decrease the ATP requirements of the preserved 
organ by reducing the energy production needed 
to maintain membrane Na + /K +  ATPase activity 
[ 24 ]. However, the mere fact that more than 150 
different organ preservation solutions are used 
in the United States alone explains that the opti-
mal heart preservation solution remains to be 
defi ned [ 25 ]. As a matter of fact, the initial cel-
lular and functional preservation of the myocar-
dial tissue is achieved with hypothermia and 
mechanical arrest. ATP is consumed at a minor 
level, even during mechanical cardiac arrest, 
allowing the breakdown of ATP, which is pro-
duced by anaerobic glycolysis during the isch-
emic time. If the ATP reserve is depleted 
irreversibly, myofi ber contracture may occur 
[ 26 ]. The perfusion solutions should also main-
tain ion homeostasis, and even though Na + /K +  
ATPase activity is signifi cantly reduced by 
hypothermia, ions fl ow down their concentra-
tion gradient; intracellular hydrogen ions are 
exchanged for extracellular sodium ions that, in 
turn, are replaced by calcium ions. This process 
increases the concentration of calcium ions 
inside the sarcolemma, thus damaging cardiac 
myofi bers during reperfusion.   

8.3     New Strategies 

8.3.1     Machine Perfusion and Ex 
Vivo Graft Conditioning 

 Machine perfusion creates a window between 
procurement and transplantation during which 
functional performance and the viability of the 
organ can be evaluated prior to transplantation. 
Different physiological parameters can be 
measured, and various biochemical markers 
released in the perfusate can be analyzed, but the 
exact value of these markers to predict functional 
performance after transplantation is not clear and 
needs to be further investigated [ 17 ]. For the 
kidneys, vascular resistance correlates with 
delayed graft function and 1-year graft failure, 
but the predictive value is low, making this 
information inadequate as a stand-alone viability 
parameter to accept or discard a given kidney. 
More accurate prediction of graft outcome will 
require the integration of perfusion parameters 
and biomarker concentrations into multifactorial 
graft quality scoring systems [ 27 ]. Machine 
perfusion provides a unique opportunity to 
administer innovative pharmacological agents for 
ex vivo repair and the improvement of graft 
quality prior to transplantation. Few papers have 
been published on organ therapy during machine 
perfusion, and they are generally limited to 
preclinical large animal models; however, the 
potential for this approach is great because 
important graft improvements can be 
accomplished through the relatively simple 
addition of a specifi c pharmaceutical agent to the 
preservation solution [ 28 ]. The use of 
mesenchymal stem cells (MSCs) has gained 
attention in the fi eld of organ transplantation 
because of their pro-regenerative, anti- 
infl ammatory, and immunomodulatory 
properties. The administration of MSCs has been 
shown to enhance recovery from ischemia- 
reperfusion- induced acute renal failure in rats. 
The role of autologous MSCs as an induction 
therapy to promote graft acceptance has also 
been studied in a randomized controlled trial 
after living-related kidney transplantation. 
Machine perfusion offers a unique platform to 
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selectively administer these MSCs directly into 
the donor organ, overcoming the issues of 
homing, traffi cking, and safety [ 17 ].  

8.3.2     Donation After Cardiac Death 

 The use of non-heart-beating donors, today better 
known as donation after cardiac death (DCD), 
has been extensively discussed elsewhere in a 
dedicated chapter. Here we only focus on some 
essential aspects. The potential of DCD has been 
recognized since the early days of kidney trans-
plantation and has recently undergone a resur-
gence of interest to expand the donor pool. In 
DCD, the cessation of circulatory and respiratory 
function happens fi rst, leading to warm ischemia 
during the period between circulatory dysfunc-
tion and subsequent cold perfusion by the pro-
curement team. This is in contrast with the 
heart-beating cadaver donor, defi ned by the irre-
versible cessation of all brain functions but with 
full circulatory and respiratory functions until 
cold perfusion, resulting in minimal organ isch-
emia or preservation injury. Thus, in DCD, the 
effects of injury sustained during warm ischemia 
are superimposed on subsequent cold preserva-
tion injury [ 29 ]. DCD can be controlled or uncon-
trolled. In the uncontrolled situation, the donor is 
declared dead on the arrival at the hospital or fails 
to respond to cardiopulmonary resuscitation after 
circulatory arrest. This is an unplanned situation, 
and there is no opportunity to organize the pro-
cess of organ donation in advance; true organ 
ischemia and damage occur before procurement. 
In controlled DCD, the donor experiences circu-
latory arrest after a process of planned with-
drawal of support when further treatment is 
deemed futile. There is usually an opportunity to 
obtain family consent and mobilize the retrieval 
team prior to the withdrawal of support, and for 
this reason, the warm ischemia time is usually 
shorter [ 29 ,  30 ]. The outcomes for organs trans-
planted after cardiac death are similar to those for 
organs transplanted after brain death. However, 
the length of time that organs can be deprived of 
oxygen and still be transplanted successfully var-
ies; it is best to retrieve the liver less than 30 min 

after the withdrawal of life-sustaining measures, 
whereas the kidneys and pancreas can often be 
recovered up to 60 min after this withdrawal [ 31 ]. 
A femoral cannula can be placed after or before 
cardiac arrest; organs are cold fl ushed after the 
declaration of death and retrieved as in the afore-
mentioned rapid technique [ 29 ].      
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 Tips, Tricks, and Pitfalls in Heart Retrieval 

•     Evaluate wall motion; check carefully 
for scars or contusions.  

•   Palpate and control coronary arteries for 
atherosclerosis and calcifi cations.  

•   Avoid manipulating sinoatrial area.  
•   If you do not remain at the operating 

table during the abdominal surgery 
period, scrub before the aorta and infe-
rior vena cava are cannulated and ligated 
by the liver/kidney team.  

•   Determine whether abdominal surgeons 
want to vent into the pericardium or 
through the infrarenal inferior vena cava.  

•   Administer heparin i.v. before aortic 
crossclamping.  

•   Secure cardioplegic cannula via a purse 
string.  

•   Be sure that liver/kidney/lung teams do 
not start their perfusions until the heart 
is satisfactorily vented.  

•   Tie or clamp superior vena cava.  
•   Anteriorly incise inferior vena cava.  
•   Cut left inferior pulmonary vein or, if 

lungs are being retrieved, the left atrial 
appendage to vent the left ventricle.  

•   Crossclamp ascending aorta above car-
dioplegic cannula insertion.  

•   Start cardioplegic infusion.  
•   Pour crushed ice over the heart, and 

place a sucker into the inferior vena 
cava to draw the warm runoff.  

•   During cardioplegia infusion, always 
control the ascending aorta pressure and 
prevent left ventricular distention.  

•   Left ventricular distention can be con-
trolled by releasing the aortic cross-
clamp for a few seconds.  

•   Avoid right and/or left ventricle disten-
sion, thus controlling possible insuffi -
cient venting, especially if the lungs are 
retrieved In this case, the lung perfusate 
returning in the left atrium must be 
vented.  

•   When cardioplegic infusion is com-
pleted, the heart is excised. Divide infe-
rior vena cava, right and left pulmonary 
veins and arteries, superior vena cava, 
and the aorta at the arch level; if the 
lungs are being retrieved, an atrial cuff 
must be tailored along the pulmonary 
veins (see Chap.   10    ).  
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9.1           Introduction 

 Legal restrictions, such as safety belts, helmets for 
motorcycle drivers, and speed limits, and improve-
ments in car design, have reduced the number of 
serious brain injuries, and roadside and emer-
gency room resuscitation have become more 
aggressive, lessening the degree of injuries. Over 
a 10-year period, we have examined 153 hearts 
and 118 pairs of lungs; 106 hearts (69.28 %) and 
38 pairs of lungs (47.5 %) were considered suit-
able for transplantation. However, when we com-
pare the years 1995–1999 (period A) with the 
years 2000–2005 (period B), it is interesting to 
note that 14 % of hearts (13/92) in period A vs. 
56 % (34/61) in period B were unsuitable and 
41 % of lungs (21/51) in period A vs. 88 % (59/67) 
in period B were unsuitable (both  p  < 0.001, 
Fisher’s exact test) [ 1 ]. We examined all the 
organs of this series in the operating room, apply-
ing the same criteria that, as years pass, become 
less strict. Consequently, it is not rare to examine 
unsuitable donors offered by intensive care and 
transplant coordination centers. Therefore, in tho-
racic transplantation, it is necessary not only to 
increase and widen the donor pool (considering 
older subjects aged over 65 years and those with 
systemic disease, infections, etc.) but to identify 
donors suitable to perform the transplant proce-
dure safely; the relaxing of donor eligibility crite-
ria allows not only more donors but also creates 
more risk for recipients. The number of patients 
requiring heart transplants is continuously increas-

ing, but  surgeons have become more demanding 
about the organs they are willing to use. Khush 
et al. [ 2 ] analyzed Organ Procurement and 
Transplantation Network (OPNT) data evaluating 
all potential adult  cardiac organ donors between 
1995 and 2010; there were more than 80,000 
potential donors, and of these, 34 % were accepted 
and 48 % refused. There was a signifi cant decrease 
in donor heart acceptance from 44 % in 1995 to 
29 % in 2006, which was followed by an increase 
to 32 % in 2010. Older donor age, female sex, and 
medical comorbidities predicted nonacceptance. 
Donor age and comorbidities increased during the 
study period, with a concomitant decrease in the 
acceptance of hearts from donors with undesir-
able characteristics. This is quite understandable, 
and it is mandatory to support all efforts aimed at 
ascertaining evidence-based criteria for donor 
heart evaluation and acceptance for cardiac trans-
plantation. Consequently, heart harvesting is the 
most important and delicate portion of the cardiac 
transplantation procedure.  

9.2     Donor Evaluation 

 When a patient is pronounced brain dead and the 
next of kin has given consent for organ donation, 
medical evaluation will start, including the acqui-
sition of complete medical and social history from 
the family of the deceased. The assessment of a 
potential donor heart is accomplished by echocar-
diography and coronary angiography, especially in 
older male candidates (>40 years). Furthermore, 
donors should not present an active infectious pro-
cess or malignancy and should not have had a pro-
longed cardiac arrest. Other donor factors should 
also be considered, including age, the presence of 
diabetes or lung disease, cigarette smoking, and 
alcohol or drug abuse. Moreover, the surgeon must 
reexamine all the clinical information in the chart 
to guarantee that no relevant medical fi ndings 
were unreported or unappreciated by the coordina-
tor center. The key responsibility for the lead sur-
geon of the retrieval team is the correct 
identifi cation of the donor prior to the operation 
and to check its blood group compatibility. 

 It is very important to evaluate the recipient 
status. If the recipient had previous heart surgery, 

•   Bench surgery: prepare the heart by 
dividing the pulmonary trunk at the 
bifurcation, inspect the valves for 
defects or vegetations, check for atrial 
septal defects or patent foramen ovale, 
and check for adequate rim of atrial tis-
sue along the coronary sinus.  

•   Maintain the cardioplegic cannula; this 
will facilitate cardioplegic infusion at 
the time of heart implantation.  

•   Pack the heart in cold saline solution or 
in iced cardioplegic solution.    
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more time will be required for the implanting sur-
geon, and precision timing should be individually 
determined by the coordinator. Moreover, in most 
cases anesthesia induction is delayed until the 
donor heart is considered suitable for transplanta-
tion. Therefore, good communication between 
harvesting teams is obligatory to reduce donor 
organ ischemic time [ 3 ]. 

 When the donor is older than 40 with a hyper-
tensive and cigarette smoking history, coronary 
angiography is mandatory. Occasionally, coro-
nary angiography can initially appear normal, 
but a careful study can show irregularities and 
fl ow impairment. It is not infrequent to see coro-
nary angiographies within the accepted normal 
range but upon surgical inspection to fi nd athero-
sclerotic plaques and calcifi cations. Figure  9.1  
shows coronary angiography in a 48-year-old 
man who died of cerebral hemorrhage; angiogra-
phy reported diffuse coronary narrowing as “cor-
onary irregularities.” At surgical inspection 
(Fig.  9.2 ), coronary arteries were diffusely 
calcifi ed.

    Therefore, aspects that could be regarded as 
normal in subjects over the age of 40 should not 
always be considered normal in donors. 
Figure  9.3  shows cardiac inspection in a 48-year- 
old woman who died of cerebral hemorrhage 
during surgery; there is an important left ante-
rior descending coronary calcifi cation. In this 
case, coronary angiography showed a slowing of 

coronary fl ow that could hide alterations in coro-
nary vessels.

9.3        Surgical Technique 

 It is important to underline that chest inspection 
is essential to prevent infective or neoplastic 
transmission to recipients. 

 The mediastinum is checked for nodules 
immediately before incising the pericardium. 
The same control must be performed for the pleu-
ral cavity, especially if a chest CT was not avail-
able preoperatively. The inspection of lungs for 
nodules, particularly in heavy smokers, and the 
inspection of parietal pleura for malignant meso-
thelioma should also be performed. 

 The most common malignancies transmitted 
are as follows: renal cell carcinoma, adenocarci-
noma of the lung, glioblastoma multiforme, and 
lymphoma. Therefore, an accurate inspection of 
the chest cavity should be performed to discover 
any suspicious lesion or nodule that could be either 
a primitive or secondary neoplasm. Additionally, 
infective nodules can be a source of infectious dis-
ease. Every suspicious node should be biopsied. 

 Most drugs (anticonvulsants, pain medications, 
gastrointestinal motility agents, eyedrops, antihy-
pertensive and antinausea agents, subcutaneous 
heparin, osmotic agents) are unnecessary during 
donor operation and should be discontinued. 

  Fig. 9.1    Coronary angiography showing diffuse narrowing       
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 The donor is transferred in the operating room, 
and invasive monitoring is mandatory for check-
ing systemic blood pressure, pulmonary pres-
sures, and right atrial pressure; these parameters 
are useful in guiding fl uid therapy and adminis-
tering vasoactive drugs. The administration of 
fl uids can limit the excessive intake of inotropic 
drugs at high doses and may have deleterious 
effects and an ischemic action on the myocar-
dium and the other organs. Therefore, especially 
when hemoglobin is approximately 10 g/dL, it is 

preferable to transfuse 1–2 units of packed red 
cells in case of possible bleeding during the sur-
gical procedure. 

 We believe that the heart-harvesting procedure 
represents the last and also one of the most 
defi ned chances to evaluate the capability of the 
organ before transplantation. 

 The donor is placed in a supine position, and 
his skin is prepped and draped. The procedure is 
always started by the heart surgeon with a mid-
line incision through the skin from the jugular 

  Fig. 9.2    Surgical 
inspection. Left anterior 
descending (LAD) 
coronary results calcifi ed 
(same case as Fig.  9.1 )       

  Fig. 9.3    Coarse calcifi ca-
tions on the medium tract 
of the LAD coronary artery       
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notch to the xiphoid process. Hemostasis is 
achieved using electrocautery; subcutaneous tis-
sue and presternal fascia are incised, and the bone 
is divided using a sternal saw. The thymus gland 
residue is divided to facilitate the exposure of the 
mediastinal structures. The anterior pericardium 
is incised on the midline and then suspended. 

 At this point, it is possible to perform a careful 
inspection of the donor heart through the follow-
ing sequence of steps:

•    Evaluate left and right ventricle contractility.  
•   Evaluate right heart volume overload assessed 

by pulmonary trunk distension.  
•   Evaluate hypovolemia by assessing pulmo-

nary trunk collapse.  
•   Perform epicardial inspection for ecchymosis 

and hematoma caused by trauma.  
•   Carefully inspect coronary artery and pal-

pate to fi nd any arterial calcifi cations and 
atherosclerosis.  

•   Evaluate valvular disease by assessing valvu-
lar bruits.  

•   Look for congenital defects.    

 In the case of right heart overload, which 
causes right ventricular distension and depressed 
right ventricular function, the anesthesiologist 
can force diuresis by diuretic administration. In 
 contrast, hypovolemia is corrected by fl uid infu-
sion or red blood cell transfusion in the case of 
anemia. Ecchymosis and hematomas can reduce 
heart contractility; coronary artery disease, espe-
cially if the coronary angiogram was not per-
formed, can severely threaten the subsequent 
transplant. 

 When the donor is unstable and inotropic 
agents are administered for pressure support, it is 
mandatory to monitor central venous pressure 
(CVP). CVP provides a window into the right 
ventricular response to various loading condi-
tions; an elevated CVP indicates a high right end 
diastolic pressure. A Swan-Ganz catheter may be 
placed to measure donor pulmonary pressure and 
vascular resistance, which can be elevated with 
neurologic pulmonary edema or acute respiratory 
distress syndrome (ARDS) caused by trauma. In 
these cases, the harvesting team should try to 

increase the inotropic support, force the diuresis, 
and turn off the positive end-expiratory pressure 
(PEEP) on the respiratory ventilator. After all, if 
in the donor the CVP remains high and the right 
ventricular distension is still observed, the same 
aspects will most likely be present in the recipi-
ent, especially in the case of elevated pulmonary 
pressure. 

 Another important issue is the inability to wean 
the donor heart from high doses of inotropic agents, 
which sometimes is unrelated to cardiac insuffi -
ciency but instead caused by the loss of sympa-
thetic tone after brain death. In this case, high-dose 
inotropic agents are necessary for their vasocon-
strictive effects on systemic blood pressure. In 
other cases, myocardial dysfunction may be due to 
a contusion or subendocardial damage from trauma 
or hypotension. At this time a Swan-Ganz catheter 
will be helpful; an abnormal high cardiac output 
and a low systemic vascular resistance will reveal 
the preservation of cardiac function. 

 After careful evaluation, if the donor heart is 
considered suitable for transplantation, the aorta 
is divided from the pulmonary trunk and encircled 
with an umbilical tape. The superior vena cava 
(SVC) is also encircled with two heavy silk liga-
tures or a tourniquet is passed around it; we do not 
routinely encircle the inferior vena cava (IVC). 

 When abdominal surgeons are ready, the 
donor is heparinized, and a cannula is inserted 
into the ascending aorta and connected to a pres-
surized bag of crystalloid cardioplegia. The SVC 
is doubly ligated or the tourniquet previously 
passed around is tightened, and the IVC is cut 
while the abdominal surgeon is pushing the liver 
toward the donor’s feet (this maneuver avoids 
damage to the suprahepatic veins; Fig.  9.4 ). A 
suction tube is inserted inside the IVC that was 
just incised, and the heart is allowed to beat for 
fi ve or six cardiac cycles to accomplish cardiac 
emptying and to avoid distension. Then, the aor-
tic clamp is applied, and cardioplegic solution is 
instilled in the ascending aorta. The next step is 
to incise the left inferior pulmonary vein (Fig.  9.5 ) 
and to pour cold saline solution at 4 °C in the 
pericardial sac for topical cooling. Blood is 
sucked; the heart should rapidly stop in diastolic 
phase, and the surgeon controls aortic valve 
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competence. The cardioplegic solution should 
always create distension and high pressure in the 
aortic portion between the aortic clamp and the 
valve.

    When cardioplegia is completely instilled, 
the cardioplegic cannula can be removed, and 
the purse string can be tied. Many surgeons keep 
the cardioplegic cannula because it will facili-
tate cardioplegic infusion at the time of heart 
implantation. The aorta is divided just below the 
crossclamp, the SVC is resected, and the IVC 
division is completed. Then, the heart is lifted 
upward, the pulmonary veins are separately 
divided, and fi nally the pulmonary trunk is 
divided near its bifurcation. The harvested heart 
(Fig.  9.6 ) is placed in a basin and inspected. In 
case an open foramen ovale is found, it is closed 
using a 5–0 polypropylene suture from either 
the right or left side. The heart is then placed in 
a sterile bag containing cold saline solution 
(some surgeons use cardioplegia); this bag is 
placed in a second one fi lled with cold saline. 

The organ is placed in a plastic container fi lled 
with saline and crushed ice, avoiding the inclu-
sion of any air (which would interfere with insu-
lation and cause warming), and is transported in 
this insulated bag.

9.4        Heart Procurement 
for Heterotopic Heart 
Transplantation 

 This technique was introduced by Losman and 
Barnard and connects the donor heart in parallel 
with the recipient heart [ 4 ,  5 ]. There are anasto-
moses between the donor and recipient left atria, 
the right atria, and the aorta and the pulmonary 
arteries; the latter is accomplished by the inser-
tion of a tubular prosthesis. The retrieval proce-
dure is quite similar to the one described for 
orthotopic transplantation with the exception of 
leaving a long tract of superior vena cava.     

  Fig. 9.4    Inferior vena cava ( IVC ) is incised while the 
abdominal surgeon is pulling down the liver to avoid 
suprahepatic vein lesions; the  red line  represents sche-
matically the diaphragm ( RA  right atrium)       

  Fig. 9.5    Heart retrieval, starting the procedure: SVC 
tourniquet is tightened, IVC is cut, aorta is crossclamped, 
cardioplegic solution is instilled, and LIPV is incised in 
order to avoid left ventricular distension.  SVC  superior 
vena cava,  IVC  inferior vena cava,  CC  cardioplegic can-
nula,  LIPV  left inferior pulmonary vein,  LSPV  left supe-
rior pulmonary vein,  RPV  right pulmonary veins,  LA  left 
atrium,  RA  right atrium,  Ao  aorta,  PT  pulmonary trunk       
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10.1           Introduction 

 Donor lung shortage represents the major factor 
limiting lung transplantation, and lung organ 
procurement rates have consistently been signifi -
cantly lower than those for the kidney, liver, and 
heart. One of the main factors further limiting 
increases in the number of lung transplantations 
is the shortage of donor lungs, and even in the 
most active centers, the median number of lungs 
retrieved represents only 15 % of all cadaver 
donors, whereas the kidneys and livers are har-
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 Tips, Tricks, and Pitfalls in the Lung Retrieval 

Operation 

•     Avoid manipulating the sinoatrial area.  
•   Do not eviscerate the lungs from the 

pleural cavity.  
•   Provide the dissection of the interatrial 

sulcus, or Waterston’s groove, to obtain 
a larger left atrial cuff.  

•   Direct pneumoplegia cannula toward 
the pulmonary valve.  

•   Incise the left atrial appendage fi rst and 
the inferior vena cava next to obtain 
complete decompression of both ventri-
cles; perform this step before the peri-
cardial cavity is fl ooded by blood vented 
from the incised inferior vena cava.  

•   Cut directly left atrial appendage without 
the previous application of a vascular 
clamp (which carries a risk of lacerating 
the appendage and damaging the circum-
fl ex coronary artery).  

•   Just before aortic cross clamping, admin-
ister prostaglandin E1 bolus in the pul-
monary trunk   

•   Once the heart is empty, cross clamp the 
ascending aorta.  

•   Start cardioplegia and pneumoplegia 
solutions.  

•   During cardioplegia infusion, always 
control the ascending aorta pressure.  

•   Left ventricular distention can be con-
trolled by releasing the aortic cross 
clamp for a few seconds.  

•   Control possible pneumoplegic cannula 
displacement.  

•   During pneumoplegia infusion lungs 
should turn white: if a color mismatch is 
present, the solution went preferentially 
into one lung.     
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vested from 88 % of donors and hearts are har-
vested from 30 % of deceased donors [ 1 ]. This is 
most likely due to the high susceptibility of the 
lungs to complications arising before donor 
brain death, such as thoracic trauma and the 
aspiration of gastric contents, and to other com-
plications after brain death, such as ventilator-
associated lung injury, pneumonia, or neurogenic 
pulmonary edema [ 2 ].  

10.2     Donor Evaluation 

 Arriving at the hospital where a potential lung 
donor has been reported, the retrieval team must 
take the following steps. 

10.2.1     Chest Imaging Studies 

 The harvesting surgeon should oversee all chest 
imaging studies. If CT of the chest is not avail-
able, a chest X-ray should be carefully evalu-
ated; donors with important unilateral 
abnormalities should not be excluded for dona-
tion of the contralateral lung [ 3 ]. Diffuse bilat-
eral lung infi ltrates indicate a developing 
pneumonia, especially in a patient with high 
temperature and purulent secretions. These lungs 
should not be retrieved if important, pneumonic 
infi ltrates are confi rmed at surgical inspection 
[ 4 ]. In trauma donors, not all chest radiographic 
abnormalities are caused by pulmonary paren-
chymal injury, and at the same time, overlying 
chest wall contusion can sometimes mask an 
adequate donor lung [ 5 ].  

10.2.2     Gram Stains and 
Bronchoscopy Findings 

 Sputum Gram stains and cultures are routinely 
performed on all lung donors either by suction 
catheter or bronchoscopy. A positive donor 
Gram stain is not necessarily correlated with 
posttransplant pneumonia, insuffi cient oxygen-
ation, or the duration of posttransplant mechan-
ical ventilation [ 6 – 8 ]. The incidence of donor 

infection was reported to be 52 %, and trans-
mission to the recipient occurred in 8.1 % of 
cases despite appropriate antibiotic prophy-
laxis [ 9 ]. The Newcastle group reported poor 
early graft function and decreased survival in 
patients with positive cultures of donor bron-
choalveolar lavage (BAL), indicating that lower 
airway colonization may be indicative of an 
increased risk of postoperative graft infection 
and dysfunction [ 10 ].  

10.2.3     Donor Age 

 Given the lack of organ donors, lungs from 
donors aged 60 years or more are commonly 
considered for transplantation. Previous studies 
have shown that older donor age had lower early 
and late survival [ 11 ,  12 ], and when combining 
older donor age with graft ischemic times lon-
ger than 6 h, this effect is augmented. 
Nonetheless, de Perrot (Toronto Lung Transplant 
Program) [ 13 ] did not fi nd a difference in hospi-
tal mortality related to donor age, but reported a 
lower 10-year survival related to older donor 
age and more recipients from older donors dying 
from bronchiolitis obliterans. Considering the 
analysis of the International Society for Heart 
and Lung Transplantation (ISHLT) registry data 
between 1995 and 2005, donor age is only a 
borderline risk factor ( p  = 0.083) for 1-year mor-
tality but is still a signifi cant factor ( p  = 0.008) 
for 5-year mortality [ 14 ]. These data were con-
fi rmed by 2014 ISHLT report that indicates 
advanced donor age is a risk factor for 1-year 
mortality in adult heart-lung transplant recipi-
ents ( p -value = 0.00195) [ 15 ].  

10.2.4     Gender 

 A recent analysis showed that female to male 
transplantation, even after adjusting for size mis-
match and diagnosis, was associated with higher 
30-day mortality; instead, female to female was 
benefi cial, and donor and recipient sex mismatch 
was signifi cantly associated with decreased long- 
term survival [ 14 ,  16 ,  17 ].  
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10.2.5     Graft Ischemic Time 

 Most transplant centers perform lung trans-
plants with an ischemic time between 4 and 6 h. 
A negative effect on survival with ischemic 
times beyond 5 h has been reported [ 18 ], but 
according to ISHLT registry data, graft ischemic 
time is not an increased risk factor for 1- and 
5-year survival after lung transplantation [ 14 , 
 15 ]. Most transplant centers using extracellular 
solution for lung preservation report good 
results with ischemic times greater than 10 h. 
Therefore, an expected long ischemic time is 
not considered an absolute contraindication for 
a long-distance donor when the donor lungs are 
in good condition [ 4 ].  

10.2.6     Gas Exchange 

 Good oxygenation is the most important marker 
for evaluating the functional effi ciency and 
characteristics of the donor lung. Arterial blood 
gas analysis in a donor is easily repeated to fol-
low the gas exchange evolution. It is very 
important to evaluate the PaO 2 /FiO 2  ratio (arte-
rial oxygen tension/fractional inspired oxygen); 
marginal donor lungs are usually indicated 
when the PaO 2 /FiO 2  ratio is less than 320 [ 19 ]. 
However, good oxygenation is not always a cri-
terion for lung donor assessment. Sometimes in 
young donors gas exchanges may be satisfac-
tory also in case of severe chest trauma, but 
chest CT can show important massive, bilateral 
pulmonary contusions, pneumopericardium 
and hemopneumothorax (see Chap. 3). 
Moreover, extravascular lung water (EVLW) 
has also been used as a sensitive prognostic 
indicator of pulmonary edema and to control 
arterial blood gases and the lung functional sta-
tus [ 20 ]. Active hemodynamic management is 
performed to achieve a cardiac index exceeding 
2.5 L/min/m 2  with central venous pressure 
(CVP) and pulmonary capillary wedge pressure 
(PCWP) at 10 mmHg or less and mean arterial 
pressure (MAP) at 65–85 mmHg. At the same 
time, fl uid administration should be restricted 
to small amounts of blood (to achieve a hemo-

globin level ≥ 10 g/dL); diuretics are adminis-
tered to decrease CVP and PCWP, and gelatin 
colloid is used to maintain CVP/
PCWP. Systemic vascular resistance must be 
kept in the range of 800–1200 dyn · cm/s by 
actively substituting, for instance, vasopressin 
for norepinephrine [ 19 ].   

10.3     Surgical Technique 

 After median sternotomy and cardiac evaluation, the 
pleural spaces are bilaterally opened without electro-
cautery to avoid unintentional burn injury to the 
lungs. It is mandatory to conduct an accurate inspec-
tion of the lungs and of the pleural wall for nodules. 
Every suspicious nodule should be biopsied. 

 The lungs are palpated and visually examined. 
The recruitment of all atelectatic lung segments 
is obtained by gentle massage of both lungs as 
the anesthesiologist infl ates them to a sustained 
30 cm H 2 O pressure and a positive end- expiratory 
pressure of 15 cm H 2 O. 

 Lung compliance is mandatory, and it is evalu-
ated under direct vision through the “collapse test”: 
the endotracheal tube is disconnected from the ven-
tilation, and if the lungs are infl ated or slowly col-
lapse, the test is positive. This is an indirect sign 
that the lungs are infi ltrated and have fl uid accumu-
lation, infective diseases, emphysema, or bronchial 
plugging. It is advised not to eviscerate the lungs 
from the pleural cavity for the precise purpose of 
recruiting the atelectatic portions of the lungs; oth-
erwise, there may be severe lung hyperinfl ation and 
injury to hilar structures, and the hemodynamic sta-
tus may worsen and also compromise multiple 
organ retrieval [ 21 ]. The inspection of the lung is a 
very delicate and important act: a large hematoma 
or multiple parenchymal contusions can jeopardize 
the transplantation outcome (Fig.  10.1 ).

   The pulmonary trunk and the right pulmonary 
artery are cautiously dissected from the aorta 
using electrocautery; then the superior vena cava 
is mobilized dividing the attachments between 
the latter and right pulmonary artery. It is impor-
tant to avoid grasping with forceps the periauric-
ular tissue of the right atrium containing the 
sinoatrial node. Start from the right side in the 
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previous area dissected for mobilizing the right 
pulmonary artery; the superior vena cava is dis-
sected free all the way to its bifurcation into the 
left innominate vein and encircled with a heavy 
silk. Identify and ligate the azygous vein, and do 
not divide it—it is unnecessary and may cause 
hemorrhage and damage to the adjacent upper 
lobe branch of the right pulmonary artery [ 21 ]. 
The left innominate vein is mobilized free and 

encircled, and the same procedure is performed 
on the innominate artery. The anterior aspect of 
the trachea is found immediately underneath the 
innominate artery (Fig.  10.2 ). The pretracheal 
fascia is opened longitudinally, and gentle dissec-
tion is performed on both sides of the trachea 
along the cartilaginous rings to the posterior 
membranous tissue; by gentle digital dissection 
or using a blunt right-angle instrument, it is 
 possible to mobilize and encircle the upper por-
tion of the trachea [ 22 ].

   Then, the following step at this preparatory 
stage is the dissection of the interatrial sulcus, or 
Waterston’s groove, to obtain a larger left atrial 
cuff; the interatrial sulcus is opened longitudi-
nally along the atrial axis, and the right atrium is 
tractioned and pulled to the left, thus exposing a 
portion of the left atrial wall that had been cov-
ered by the right atrium (Fig.  10.3a ).

   The cardioplegia cannula is inserted in the 
anterior midportion of the ascending aorta and 
secured by a 4-0 polypropylene purse string. In 
the distal pulmonary trunk, a cannula for pneu-
moplegia is secured in the same way. Note that 
the tip of the cannula should be pointed toward 
the pulmonary valve to prevent a selective perfu-

  Fig. 10.2    Left innominate vein ( LIV ) and 
superior vena cava ( SVC ) are pulled toward 
the right; the innominate artery ( IA ) is gently 
mobilized to the left: underneath the IA the 
trachea can be easily visualized ( T  trachea, Ao 
aorta,  PT  pulmonary trunk,  RPA  right 
pulmonary artery,  LPA  left pulmonary artery, 
 RA  right atrium)       

  Fig. 10.1    Posterior aspect of right inferior lobe showing 
a large hematoma       
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  Fig. 10.3    Right and left pulmonary cuff preparation. ( a ) 
The interatrial groove is exposed using a No. 11 scalpel or 
sharp scissors; the left atrium is entered leaving at least 
1 cm of atrial tissue around the right pulmonary veins. ( b ) 
The heart is elevated, and the entry of the left pulmonary 
veins is exposed into the pericardium; the incision is con-

tinued to the left, halfway between the coronary sinus and 
the origin of the pulmonary veins from the left atrium, and 
extended to the base of the left atrial appendage. ( c ) The 
incision is then carried around the superior portion of the 
left atrium, reaching the incised interatrial groove on the 
right       
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sion of one lung (often the left lung because the 
left pulmonary artery rises directly from the 
trunk). 

 Once the dissection of all donor organs has 
been accomplished, heparin is administered fol-
lowed by the prostaglandin E 1  500 μg bolus into 
the pulmonary trunk. Note that the lungs are con-
tinuously ventilated with low rate and low vol-
ume until the trachea is divided. 

 The superior vena cava is ligated, and the left 
atrial appendage is resected to vent the left 
atrium and to decompress the left ventricle. 
Never clamp the atrial appendage, due to the 
risk of atrial lacerations and circumfl ex coro-
nary artery damage. Afterward, incise the infe-
rior vena cava to obtain complete decompression 
of the right ventricle. Once the heart is empty, 
cross clamp the  ascending aorta, and immedi-
ately start cardioplegia and pneumoplegia infu-
sions. Cardioplegia is infused at a pressure of 
80–100 mmHg, and pneumoplegia is infused at 
gravity pressure. 

 At the end of pneumoplegia infusion, both 
lungs should turn white; if there is a color mis-
match, the solution went preferentially into one 
lung. 

 The inferior vena cava is completely 
divided; the heart is then retracted to the left to 
expose the previous dissection in the interatrial 
groove. Using a No. 11 scalpel or sharp scis-
sors, the left atrium is entered leaving at least 
1 cm of atrial tissue around the right pulmo-
nary veins (Fig.  10.3a ). Next the heart is ele-
vated, and the entry of the left pulmonary veins 
is exposed into the pericardium; the incision is 
continued to the left halfway between the coro-
nary sinus and the origin of the pulmonary 
veins from the left atrium (Fig.  10.3b ). This 
incision is extended to the base of the left atrial 
appendage, taking care to tailor an adequate 
left pulmonary vein cuff. The incision is then 
carried around the superior portion of the left 
atrium, reaching on the right the incised inter-
atrial groove (Fig.  10.3c ). 

 The superior vena cava and the azygous 
vein are divided; the innominate and left 
carotid arteries are divided, and the aortic arch 

is cut after the origin of the left carotid artery. 
The pulmonary trunk is transected at the pneu-
moplegia cannulation site. At this point, the 
heart can be disconnected and placed in a ster-
ile plastic bag. 

 After heart excision, some surgeons complete 
lung protection by performing an additional ret-
rograde pneumoplegia infusion. The lungs are 
still ventilated with low rate and low volume. 
The pericardium is incised at the diaphragmatic 
level, and both inferior pulmonary ligaments are 
transected, taking care to avoid damaging the 
lower lobes. Next, the pericardium is divided on 
the midline and will act as a guide behind which 
to perform the remaining dissection. The right 
lung is carefully pulled out of the pleural cavity 
and put into the left hemithorax; the avascular 
plane above the aorta and esophagus is dissected, 
and the same action is performed for the left 
lung. Afterward, the lungs are repositioned in 
their anatomical site, and all the mediastinal tis-
sue localized above the trachea is transected on 
both sides. Next, the trachea is pulled forward. 
The lungs are gently infl ated to approximately 
80 % of their volume, and the endotracheal tube 
is removed. The trachea is stapled twice  and it is 
transected between the staple lines; the division 
should be performed two rings above the carina. 
At this point, the lungs can be pulled outside the 
thoracic cavity, inspected, and accurately pack-
aged using a three-bag technique: the inner bag 
contains the lungs and pneumoplegic solution, 
and the other two are fi lled with slush ice and 0.9 
% saline. The packed lungs are then positioned 
in a cool box.  

10.4     Heart-Lung Block Retrieval 

 The harvesting team should check donor hemo-
dynamic and ventilatory parameters, reports on 
the chest X-ray, chest CT, echocardiography, 
electrocardiogram, and coronary angiography 
when available. Heart-lung retrieval is  techni-
cally easier than harvesting separately heart and 
lungs. After sternotomy and pericardial opening, 
the superior vena cava (above the azygous vein) 
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and the trachea are isolated. After aortic cross-
clamping, administer prostglandin E1 bolus in 
the pulmonary trunk and start cardioplegia and 
pneumoplegia infusions. The left ventricle is 
vented by incising the left atrial appendage; the 
superior vena cava and the inferior vena cava are 
divided, the trachea is stapled  and it is transected 
between the staple lines. The heart and lung block 
is then mobilized from its mediastinal attach-
ments in the same fashion as described above 
(Fig.  10.4 ).  

 Then, the block is checked for any missed 
pathology (e. g., patent foramen ovale, atrial sep-
tal defect, lung mass, iatrogenic injury).   
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11.1           Abdominal Exploration 
and Evaluation 

 The key responsibility for the lead surgeon of the 
retrieval team is the  identifi cation of the donor 
prior to the operation and to check its blood 
group compatibility. According to medical 
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 Tips, Tricks, and Pitfalls 

•     Sternotomy is a mandatory surgical step 
for carefully inspecting the thorax and 
mediastinum.  

•   Accurately inspect all abdominal 
organs.  

•   Perform liver biopsy whenever liver ste-
atosis is evident to have a better evalua-
tion of macroscopic and microscopic 
steatotic components.  

•   Try to recognize an accessory or 
replaced right hepatic artery from the 
superior mesenteric artery and consider 
that it is present in approximately 18 % 
of cases.  

•   Preserve a left accessory or replaced left 
hepatic artery from the left gastric artery 
running throughout the lesser sac.  

•   Polar renal arteries arising from the iliac 
arteries should be carefully checked. If 
present, care should be taken to preserve 
polar renal arteries; iliac cannulation 
before the origin of the polar artery must 
be performed.  

•   When the supraceliac abdominal aorta 
is diffi cult to control, consider cross- 
clamping the thoracic aorta as an 
 alternative to supraceliac aortic 
cross-clamping.  

•   In case of rapid donor destabilization 
during the procedure, consider quick 
cannulation of the inferior abdominal 
aorta above the iliac vessels and a blind 
cross-clamping of the descending tho-
racic aorta.  

•   Before perfusion, remember to fl ush the 
gallbladder and clear the common bile 
duct of retained bile.    
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 literature about organ procurement [ 1 – 10 ], this 
can be divided into three steps:

    (a)    Accurate surgical inspection   
   (b)    The identifi cation and preparation of the all 

vessels with respect to specifi c surgical 
requirements for fl ushing and organ 
preservation   

   (c)    The fi nal “cool phase” characterized by the 
harvesting of the different organs    

  A correct position of the donor on the operat-
ing table should be selected according to differ-
ent technical requests from cardiothoracic and 
abdominal teams. Usually an ideal position for 
all teams requires the arms at the sides and the 
head reclined; the limits of the operative fi eld 
extend from the neck, jugulum, the central part of 
the thorax and abdomen, and pubic symphysis 
down to the upper third of the thigh, which should 
be left uncovered by the sterile drapes and free 
from all monitoring devices and infusion cannu-
lae. A midline incision from the sternal notch to 
the pubis provides maximal exposure. Sternotomy 
is always a mandatory surgical step, even when 
the cardiothoracic team is not involved for heart 
and lung procurement. In the case of kidney-only 
retrieval, thoracic and mediastinal exploration 
should be performed by the kidney-harvesting 
team. Sternotomy allows the abdominal surgeon 
to carefully inspect the thorax and the mediasti-
num and to vent the suprahepatic inferior vena 
cava (IVC) when perfusion is started above the 
diaphragm; it also allows an easier cross- 
clamping of the thoracic aorta as an alternative to 
supraceliac aortic cross-clamping. This maneu-
ver can be helpful when the supraceliac abdomi-
nal aorta is diffi cult to control, such as in some 
overweight patients or when the left hepatic 
artery arises from the left gastric artery. A sternal 
saw is not always available in the donor operating 
room; thus, it can be helpful if the abdominal sur-
geons are equipped with a Gigli saw, and abdom-
inal surgeons should be trained to use it. 

 After sternotomy, the hemostasis of the spongy 
bone of the sternum is achieved with electrocau-
tery; hemostasis with bone wax is unsafe due to 
the risk of small wax fragments migrating inside 
the lumen of the suprahepatic veins during organ 

perfusion. The positioning of the auto-static ster-
nal retractor (Finocchietto) between two surgical 
pads can often simply and rapidly achieve hemo-
stasis of the spongy bone by simple compression. 
After sternotomy, a longitudinal or “Mercedes 
shape” pericardiotomy is performed to com-
pletely inspect the mediastinum and to control the 
intrapericardial portion of the IVC. 

 If the donor has previously undergone sternot-
omy, it would be better to perform a thoraco- 
phreno- laparotomy at the level of the seventh 
right intercostal space; this approach can avoid 
massive bleeding and cardiac damage during 
redo-sternotomy, which would require a much 
longer time. Thoraco-phreno-laparotomy incision 
allows the full exploration of the right thorax, and 
after fl ushing the abdominal organs, the surgeon 
can than extend and complete a manual inspection 
of the mediastinum and the left thorax. 

 If the cardiothoracic team is present, the fi rst 
step is always a median sternotomy with the 
exploration and evaluation of the heart and lung 
functions for the fi nal evaluation of thoracic 
organs’ suitability for transplantation. After the 
cardiothoracic evaluation, a wide median lapa-
rotomy extending the incision from the xiphoid 
to the pubis is then performed (Fig.  11.1 ).

   After median laparotomy, the ligamentum 
teres is divided and double ligated; the falciform 
ligament is also dissected to explore the anterior 
and diaphragmatic surface of the right and left 
lobe of the liver. This maneuver allows the fi rst 
impression of the suitability of liver retrieval and 
transplantation by visual inspection and by 
palpation. 

 To evaluate the suitability of all the abdominal 
organs for transplantation, an accurate anatomi-
cal inspection should be performed utilizing all 
other information previously obtained from the 
donor’s clinical report, including biochemical 
parameters and radiological imaging. The fi rst 
step requires an accurate exploration of all the 
abdominal quadrants, searching for pathological 
nodules or tissue swelling that, when found, are 
to be sampled and immediately sent for histo-
pathological evaluation. 

 At this time, the abdominal surgeon should 
express his decision to harvest the liver for trans-
plantation. Touching the liver by gentle palpation 
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can reveal nodularities that must be sampled and 
gives information about parenchymal 
consistence. 

 The normal color of the liver is reddish brown. 
A pale color or an increased parenchymal consis-
tency may be detected in those donors with large 
amine infusion with hemodynamic instability. In 
donors with a prolonged amine administration 
and hardening of the parenchyma, a liver biopsy 
should be performed. 

 A yellowish liver parenchyma, usually more 
evident by gentle fi nger compression on the liver 
surface, and a smoothed liver edge may suggest 
marked steatosis. In such case, a liver biopsy 
must be performed to better evaluate liver dam-
age and the percentage of micro- and macro- 
steatotic components. The criteria for evaluating 
the viability of liver grafts with steatosis are vari-
able among centers and depend on several clini-
cal factors. However, the decision to retrieve 

steatotic liver can sometimes be diffi cult and 
involves two different considerations: the risk of 
primary graft dysfunction of the graft and the risk 
of lost opportunity to save the life of a cirrhotic 
patient. Usually, in the absence of other risk fac-
tors, macro-steatosis not greater than 50 % is the 
upper limit usually accepted by the majority of 
centers in the absence of other risk factors. 

 A murky parenchyma and its hardening by fi n-
ger palpation may reveal fi brotic changes or a 
venous stasis. Also in this case, a liver biopsy can 
offer some useful information. In all HCV-Ab- 
positive donors, liver biopsy is mandatory. 
Sometimes, liver biopsy by a percutaneous tech-
nique should be performed before taking the donor 
to the operating room. Percutaneous liver biopsy in 
donors is not free from complications, such as 
parenchymal hematoma or even hemoperitoneum, 
which can lead the donor to hemodynamic instabil-
ity. After negative exploration of the abdomen, the 

Pericardium

Diaphragm

Divided
ligamentum teres

  Fig. 11.1    Extending 
median sternotomy to 
median laparotomy with 
full thoracic and 
abdominal organ 
exposure       
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liver, pancreas, intestine, and kidneys are consid-
ered for fi nal judgment of suitability for transplan-
tation. The donor is than considered at “standard 
risk”, and the surgeon can alert the transplant cen-
ters and proceed with the identifi cation and prepa-
ration of all the vascular anatomical structures for 
abdominal organ perfusion and for a more rapid 
retrieval technique after organ perfusion. 

 There is some experimental evidence that dis-
section prior to perfusion can cause vasospasm 
by increasing the oxygen consumption of the 
abdominal organs (especially of the liver). 
Usually, the time needed by the thoracic retrieval 
team (20–30 min) will allow the full reversal of 
these changes. However, if thoracic organs are 
not being allocated, a recovery period of 
20–30 min for compensation of the induced vaso-
spasm can be helpful before perfusion is started. 
In a warm dissection technique, while preparing 
the perfusion system and equipment, leaving the 
abdominal fi eld untouched for 20 min can allow 
and restore a full circulatory compensation. 
There are two basic techniques to retrieve abdom-
inal organs: (1) the “warm dissection technique,” 
in which the dissection of all organs takes place 
before cannulation and perfusion; and (2) the 
rapid technique, or “dissection in the cold” (man-
datory for hemodynamically unstable donors), 
which minimizes operating time during the warm 
phase, prolonging the organ retrieval during the 
cool phase.  

11.2     Warm Dissection: Basic 
Surgical Strategy 
for the Control of Thoracic 
and Abdominal Aortae 

 A self-retaining retractor is used to widen the 
opening of the abdominal wall. The control of 
major abdominal vessels requires an extended 
Kocher plus Cattell and Braasch maneuver [ 11 ], 
moving the ascending colon toward the left 
across the midline and completely mobilizing the 
distal small bowel, right colon, and duodenum. 
The correct line of dissection continues among 
Gerota’s fascia, Toldt’s fascia, and the pre- 
duodenopancreatic fascia or Fredet’s area [ 12 ]. 

 If bowel procurement must be performed 
without pancreas procurement, a complete duo-
denal mobilization with Kocher’s maneuver 
should extend to the third and fourth portion of 
the pancreas to gain the Treitz ligament and the 
retro-pancreatic fascia. The Cattell and Braasch 
maneuver, when complete, provides full expo-
sure of the infrahepatic vena cava and complete 
control of the left renal vein (Fig.  11.2 ).

   The infrahepatic vena cava is then dissected 
and doubly encircled with an umbilical tape 
below the origin of the right renal vein and above 
the iliac bifurcation. A simple fi ngertip touch of 
the distal aorta can reveal atherosclerotic plaques; 
in case of diffuse atherosclerotic aortic calcifi ca-
tions, ligation and cannulation of the abdominal 
aorta should be avoided, and iliac arteries’ can-
nulation is preferred. If the aorta has no diffuse 
calcifi cations, an upward dissection of the distal 
aorta above the iliac bifurcation for a tract of 
5 cm is performed up to the origin of the inferior 
mesenteric artery (IMA). When the intestine is 
not retrieved, the IMA can be doubly ligated and 
dissected to allow better control of the distal aorta 
and easier introduction of the perfusion cannula. 
However, sometimes the preservation of the infe-
rior mesenteric artery (IMA) is recommended, 
because it can be useful for pediatric recipients 
during split-liver procedures; in such cases, the 

  Fig. 11.2    After extended Kocher plus Cattell and 
Braasch maneuver, the right colon, distal small bowel, and 
duodenum are mobilized toward the left side across the 
midline exposing completely the IVC and left renal vein       
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IMA can be retrieved with an aortic patch for 
arterial reconstruction of the pediatric liver graft. 

 The abdominal aorta immediately above iliac 
bifurcation is then encircled with umbilical tape 
and a silk thread. Some 2–3 retro-aortic lumbar 
arteries can be ligated to avoid backfl ow during 
cannulation. One or more inferior polar renal arter-
ies arising from the iliac arteries should be care-
fully assessed. If present, care should be taken to 
preserve the polar renal artery. Cannulation of the 
distal iliac artery 4–5 cm below the origin of the 
polar renal artery is mandatory to ensure a com-
plete perfusion of the kidney. If the iliac artery can-
nulation is performed, the contralateral iliac artery 
should be controlled and occluded by a vascular 
clamp before perfusion. If the abdominal aorta 
presents diffuse atherosclerotic damage, the distal 
iliac artery and a thoracic aortic cross-clamping are 
highly recommended. In such cases, organ perfu-
sion depends almost totally on a good portal vein 
perfusion. In some patients with a devastating and 
diffuse abdominal aortic atherosclerotic barrage, a 
retrograde cannulation of the ascending or descend-
ing thoracic aorta is theoretically the only available 
option for systemic organ perfusion [ 13 ,  14 ]. The 
control of the descending thoracic aorta can be 
obtained by opening the left pleural space, retract-
ing the left lung anteriorly and upward. The visual-
ization of the descending thoracic aorta is quite 
diffi cult without squashing the heart and causing 
hemodynamic instability in the donor. For this rea-
son, either cross-clamping or the retrograde tho-
racic aortic cannulation must be the fi nal steps 
before organ perfusion is started. In the case of 
rapid donor destabilization, a blind cross-clamping 
of the descending thoracic aorta is also possible 
and faster than supraceliac aortic cross-clamping.  

11.3     Warm Dissection: IVC 
and IMV for Portal Perfusion 

 During the IVC dissection phase and during con-
trol with tape, attention must be paid not to encir-
cle for ligation the right ureter, which may run 
attached to the right lateral border of the IVC. In 
the majority of older donors and in the absence of 
intestinal and pancreatic retrieval, we prefer to 

perfuse the liver by double perfusion throughout 
the aortic and portal vein. This can be advanta-
geous in elderly donors with diffuse atheroscle-
rotic arterial damage in whom the possible 
coexistence of various degrees of celiac trunk 
stenosis may hamper homogeneous liver perfu-
sion. The cannulation of the portal vein is 
obtained through access of the inferior mesen-
teric vein (IMV). The IMV lies in or adjacent to 
the ligament of Treitz and passes below the lower 
border of the pancreas to join the splenic vein. 
Once recognized, the IMV is dissected and dou-
ble encircled with two 3/0 silk ties 10 cm distally 
from the ligament of Treitz. The IMV is now pre-
pared for quick cannulation by a Bardic cannula 
(14–16 Fr), which should be advanced just before 
the portal vein bifurcation during the next phase 
of perfusion (Fig.  11.3 ).

11.4        Warm Dissection: Control 
of Supraceliac 
Abdominal Aorta  

 To obtain control of the supraceliac aorta, the left 
hepatic lobe should be fully mobilized; the left tri-
angular ligament is dissected with a complete 
 subdiaphragmatic mobilization until the left supra-
hepatic vein is visible. While the second operator is 
retracting the stomach on the left side, the gastrohe-
patic ligament is examined by the help of the 
 operating light, searching for an accessory or 
replaced left hepatic artery from the left gastric 
artery running throughout the lesser sac. If one is 
noted, it will be preserved. After the dissection of 
the lesser sac,  pars fl accida  and  pars condensa , the 
supraceliac aorta can be identifi ed by palpation. To 
reach the supraceliac aorta, the caudate lobe is dis-
placed upward to the right side by Leriche’s valve. 
The diaphragmatic crura with some muscular bun-
dles and the periaortic neuro-fi bromatous tissue 
should be dissected by electrocautery. The esopha-
gus is then retracted to the left side (Fig.  11.4 ). 
After the incision of periaortic serosa, the aorta can 
be dissected for 2–3 cm and encircled with a right 
angle blunt O’Shaughnessy with a thick silk wire. 
Care should be taken to avoid damage to the dia-
phragmatic veins and the esophagus. If a left 
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Mesenteric
cannula should
be advanced
just before the
portal
bifurcation

  Fig. 11.3    Positioning of 
portal and aortic cannula 
for perfusion       
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  Fig. 11.4    Warm 
dissection: control of 
supraceliac abdominal 
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hepatic artery from the left gastric artery is found, 
we suggest the dissection and preparation of the 
left hepatic artery during the warm phase by ligat-
ing all of the very thin and short arteries for the 
greater gastric curve. When a left accessory hepatic 
artery is found, the risk to damage this small vessel 
during the supraceliac aorta dissection is very 
high. In such case, we prefer to perform the 
cross- clamping of the descending thoracic aorta.

11.5        Dissection and Control 
of the Thoracic Aorta 

 The parietal pleura should be widely opened. To 
cross-clamp the descending thoracic aorta, the left 
lung should be fully mobilized by dividing the left 
inferior pulmonary ligament. To avoid arrhythmia 
and hemodynamic instability, this maneuver 
should be performed at the end of the surgical pro-
cedure, unless hemodynamic instability will occur. 
The left lung should be retracted anteriorly and 
upward; however, the direct visualization of the 
descending thoracic aorta is almost impossible 
with the donor in a supine position. The descend-
ing thoracic aorta lies posterior and medially in the 
left chest, running along the left paravertebral 
space and anteriorly to the thoracic spine; it is eas-
ily felt by two fi ngers when the esophagus is rec-
ognized for the presence of the nasogastric tube. 
This allows the blind identifi cation of the adjacent 
aortic wall. The parietal pleura that cover the 
descending aorta should be grasped with forceps 
to create a fi rst small incision; this small incision 
can be widened with the fi ngers by bluntly dissec-
tion of the pleura for 3–4 cm, and the aortic cross-
clamping can be easily obtained. To maintain 
hemodynamic stability, the blind clamping of the 
thoracic aorta is only possible at the end of the sur-
gical procedure when the left lung can be retracted 
medially and upward.  

11.6     Identifi cation and Control 
of All the Elements 
of the Hepatic Hilum 

 The portal triad is now examined, and an aberrant 
(accessory or replaced) right hepatic artery, if 

present, should be identifi ed on the right edge of 
the porta hepatis, posteriorly to the bile duct and 
on the right side of the portal vein. The hilum 
 dissection can be limited to the division of the 
common bile duct when the donor is unstable. 

 The dissection of the peritoneum around the 
hilum is the fi rst step. The dissection of the ante-
rior portion of the duodenum and of the pancre-
atic head is performed by the ligation of the 
pyloric vein and the ligation of the left gastric 
vein, which will later allow easy control of the 
splenic artery. 

 Mascagni’s lymph node is easy to identify, 
and it is used to expose the main bile duct. The 
bile duct is minimally dissected and ligated in the 
preduodenal portion. The distal common bile 
duct is then transected by the cold scalpel, and 
the terminal orifi ce is left open (Fig.  11.5 ). Two 
choledochal arteries are identifi able in the bile 
duct wall; hemostasis by electrocautery should 
be performed at minimal electric power to avoid 
ischemic damage to the biliary duct.

   The identifi cation and encircling of the gastro-
duodenal artery (GDA) (Fig.  11.6 ) 2 cm from the 
origin of the common hepatic artery may allow 
its utilization as a conduit for bench reconstruc-
tion of an accessory right hepatic artery from the 
superior mesenteric artery (SMA).

   The GDA is identifi ed and encircled. A check 
for the GDA is always advisable. Encircling the 
GDA by a 3/0 silk tie, which is pulled up, the 
pulse of the hepatic artery should be appreciable 
by the operator’s fi ngers (Rio-Branco maneuver); 
if the pulse of the hepatic artery disappears, it 
may be caused by stenosis or even by obstruction 
of the celiac trunk with a retrograde fl ow of the 
hepatic artery provided from the SMA through 
the GDA. In the case of a replaced infrapancre-
atic right hepatic artery from the SMA, celiac 
trunk atherosclerotic stenosis or a median arcuate 
ligament syndrome can be other possible causes 
of hepatic artery pulse absence and should care-
fully be excluded. 

 If there is no pulse on the hepatic artery with-
out any aberrant artery from the SMA, the GDA 
must be preserved along with the entire SMA 
axis with an aortic Carrel patch until the 
 anatomical condition can be recognized during 
bench surgery. 
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 Usually, portal venous perfusion is abandoned 
during pancreas procurement according to the 
majority of pancreas procurement teams who 
consider the risk to induce pancreatic edema very 
high. However, in the presence of aortic athero-
sclerotic fi ndings, when there is a consistent risk 
of suboptimal liver perfusion, portal perfusion 
with a portal vent technique may be considered. 
In such case, the portal vein can be identifi ed, 
gently dissected, and encircled with a rubber 
tape. It is then possible to use a tourniquet around 
the portal vein; a small venotomy below the por-
tal tourniquet can induce the venting of the 
splanchnic blood fl ow, which avoids pancreatic 
edema. A small resection of the splenic inferior 
pole can also be useful to maintain a low perfu-
sion pressure in the splanchnic area. 

 After the ligation of the coronary (left gastric) 
vein located in the inferior part of the lesser 
omentum, the hilum dissection is continued along 
the pre-pancreatic lymphnodal plane located in 
the upper border of the pancreas where the 
splenic artery runs deeper by a 90° direction from 
the common hepatic artery; the splenic artery is 
dissected and then encircled. 

 The left gastric artery is also identifi ed near 
the lesser curve of the stomach. If an aberrant 
(accessory or replaced) left hepatic artery from 
the left gastric artery (Hyrtl’s artery) is present, 
this should be dissected during the warm phase. 
The ligation of all the small collaterals after the 
origin of the left accessory hepatic artery during 
the warm phase can be advantageous. We prefer 
to perform this phase of identifi cation and the 
dissection of all small collaterals during the 
warm phase of the surgical procedure to reduce 
the time of cold ischemia during the cool phase 
and during bench surgery. Many other centers 
prefer to perform the dissection and ligation of 
small collaterals after fl ushing during bench sur-
gery to minimize manipulation during the warm 
phase. An incision in the gallbladder fundus is 
performed, and the gallbladder is fl ushed with 
Ringer solution to clear the common bile duct of 
retained bile. This step can be important, 
because biliostasis is known to increase the risk 
of  developing non-anastomotic stenosis during 
prolonged ischemia, especially when adequate 

GDA

Common bile duct

a

b

  Fig. 11.5    Section of the common bile duct ( a ) and iden-
tifi cation of the GDA ( b )       

  Fig. 11.6    Identifi cation and control of the portal vein, 
GDA, splenic, and left gastric arteries       
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fl ushing of bile from the bile ducts is not 
achieved [ 15 ]. 

 At this time, the warm dissection has been 
completed, and we have encircled by different 
ties the following arteries and veins:

•    Infrahepatic IVC above the right renal vein  
•   Infrarenal IVC  
•   Supraceliac abdominal aorta  
•   Distal aorta before the iliac bifurcation or iliac 

arteries  
•   IMV  
•   All the elements of hepatic hilum (GDA, left 

gastric, splenic artery, portal vein) (Fig.  11.6 )     

11.7     Rapid Retrieval Technique or 
Cold Dissection 

 Some centers prefer to use this technique with 
the assumption that less manipulation of the 
anatomical structures could be advantageous 
during reperfusion [ 8 ,  16 ,  17 ]. We use this tech-
nique only in unstable donors, because major 
evidence for the superiority of the cold tech-
nique versus the conventional warm technique 
by controlled prospective studies is lacking. The 
initial steps are the same as in the warm tech-
nique with less blunt dissection in favor of a 
wider use of diathermy transection to gain time 
for hemostasis. 

 The following steps are quickly performed:

•    Sternotomy and laparotomy.  
•   Longitudinal opening of the pericardium from 

the apex of the heart to the venous brachioce-
phalic trunk.  

•   Exploration of all abdominal and thoracic 
organs; careful checking for all pathologies 
and judgment for suitability of organs for 
transplantation.  

•   Self-retaining retractor for the thorax and 
abdomen is rapidly placed.  

•   Quick cannulation and retrieval preparation 
by exposure of the abdominal aorta and com-
mon iliac arteries; at this time if major insta-
bility of the donor is present, the perfusion 
line should be prepared and perfusion started.  

•   If the donor is hemodynamically stable, the 
exposure of the abdominal aorta, the common 
iliac arteries, and the IVC should be 
performed.  

•   Incision of peritoneal duplicature of the distal 
ileum and cecum (Cattell-Braasch and 
Kocher’s maneuver).  

•   Complete exposure of the infrahepatic IVC 
from the aortic bifurcation to the upper margin 
of the left and right renal veins.  

•   Identifi cation of aortic bifurcation and proxi-
mal common iliac arteries with particular 
attention to the renal lower pole arteries origi-
nating from the common iliac arteries (1–3 % 
of all donors); in such case, cannulation of the 
iliac arteries below the origin of polar arteries 
is mandatory.  

•   Dissection and encircling of the distal abdom-
inal aorta by two large ties for later fi xation of 
the perfusion cannula.     

11.8     Last Step: Perfusion 
of the Abdominal Organs 

 In both warm and cold techniques, the fi nal steps 
are identical; nevertheless one should remind that 
the cold technique requires an extra time for 
organ dissection after perfusion. Two perfusion 
lines are set up, and a careful control of two per-
fusion lines should be organized to minimize the 
risk of air introduction in the perfusion system. 
The line for the aortic perfusion is brought to the 
height of 120–150 cm, and the line for the portal 
perfusion is elevated to 50–60 cm. The two lines 
are fi lled with perfusion solution, avoiding air 
bubble formation. Systemic heparin is adminis-
tered i.v. (300 units/kg body weight). 

 A Bard cannula 14–16 Fr. is inserted through 
a small venotomy (3 mm) into the lumen of the 
inferior mesenteric vein (Fig.  11.7 ) where it is 
introduced and advanced into the portal vein up 
to 2 cm before its bifurcation and securing by a 
double silk tie.

   After distal clamping of the aorta, the pre-iliac 
aortic tract is ligated, and a large-bore cannula is 
introduced through a transversal arteriotomy 
(Fig.  11.8 ) into the distal aorta and connected to 
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a large syringe fi lled with Ringer solution. The 
correct intraluminal position of the aortic cannula 
should be checked by refi lling blood into the 
syringe. The cannula is then fi xed with silk tie 
and connected to the perfusion aortic line, avoid-
ing the introduction of air bubbles.

   The two abdominal perfusion lines (the aortic 
and portal) (Fig.  11.9 ) are connected, and the 
abdominal and thoracic teams are ready for 
perfusion.

   Soon after the aortic cross-clamping of the 
thoracic team, the inferior suprahepatic vena cava 
should be completely transected for wide vent-
ing. Consider that heart transplantation almost 
never requires a bicaval anastomotic technique; 
for this reason, a gentleman’s agreement between 
abdominal and cardiothoracic surgeons usually 
involves leaving at least 5 mm of vena cava cuff 
to the liver for the suprahepatic anastomosis of 

the liver graft [ 18 ]. The cardiothoracic surgeon 
starts the cardioplegic perfusion. The supraceliac 
aorta is now ligated (or the descending thoracic 
aorta is clamped). The IVC upon the iliac bifur-
cation is ligated, and the perfusion of the abdomi-
nal organs can now begin. 

 The abdomen is fi lled with a large quantity of 
slushed ice mixed with cold Ringer solution to 
achieve the best hypothermic condition for all the 
abdominal anatomical compartments. 

 We usually use 4–5 L of low viscosity solution 
introduced through the aorta and 2 L introduced 
through the portal vein. Effective suction of all 
the warm blood effl uent can help to more quickly 
achieve good hypothermic conditions. After 
fl ushing the thoracic organs, heart procurement 
will be performed fi rst; then the lungs, liver, pan-
creas or small intestine, kidneys, and fi nally vas-
cular grafts are procured.     

  Fig. 11.7    Small venotomy on IMV for cannulation and portal perfusion       
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a

b

C

  Fig. 11.8    The pre-iliac 
aorta is ligated and a 
large-bore cannula is 
introduced through a 
transversal arteriotomy. 
( a ) Some lumbar 
arteries are ligated and 
distal aorta encircled 
with ties. ( b ) 
Transverse aortotomy. 
( c ) Positioning of the 
cannula       
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12.1           Hepatic Hilum Dissection 
and Hepatectomy 

 Abdominal organs are always retrieved after the 
removal of the thoracic organs [ 1 – 4 ]; soon after 
heart and lung procurement, the surgical proce-
dures for procuring each abdominal organ can 
begin. 

 All maneuvers must be essential and fast to 
avoid prolonged cold ischemia during multi-organ 
retrieval [ 5 ,  6 ]. When the essential organ dissec-
tion and the recognition of all vascular pedicles are 
performed during the warm phase, it is easier to 
proceed quickly during the fi nal steps of liver 
procurement. 

 Opening the esophageal hiatus with a wide inci-
sion on the right and left crura of the diaphragm 
facilitates the subsequent surgical steps (Fig.  12.1 ).

   The hepatoduodenal and gastrohepatic liga-
ments should be dissected as near as possible to 
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 Tips, Tricks, and Pitfalls 

•     After perfusion, avoid prolonged time 
during organ retrieval.  

•   Hepatoduodenal and gastrohepatic liga-
ments should be dissected as near as 
possible to the lesser curve, avoiding 
damage to the accessory (or replaced) 
left hepatic artery from the left gastric 
artery.  

•   Excessive tractions or rotations of the 
liver can cause tearing of the Glisson’s 
capsule and liver parenchyma.  

•   Transection of the right adrenal gland 
suggests the correct plane of division of 
the infrahepatic vena cava, thus avoid-
ing injury of the right renal vein.  

•   Avoid any manipulation of the pancre-
atic parenchyma.  

•   Remember to rinse the common bile 
duct with perfusion solution shortly 
after liver retrieval.  

•   Flush the liver again through the portal 
stump at the back table soon after 
retrieval.    
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the lesser gastric curve, avoiding possible damage 
to an accessory (or replaced) left hepatic artery 
(ALHA) from the left gastric artery (LGA). The 
LGA is divided and tied distally from the origin of 
the ALHA. The gastroduodenal artery (GDA) 
should also be divided; its distal stump can be 
suture marked with a 6/0 Prolene stitch if its 
revascularization is planned during pancreas 
transplantation. However a proximal stump of the 
GDA of at least 0.5 cm is helpful for bench recon-
structions with an accessory (or replaced) right 
hepatic artery if present (ARHA). 

 The bowel is displaced upward in the thorax, 
and the root of mesentery is identifi ed. Taking as 
reference the aortic axis, the superior mesenteric 
artery (SMA) is easily found deep in the fi bro-
fatty tissue of the mesenteric root of the small 
bowel. When the pancreas is not harvested, the 
SMA can be encircled, ligated, and taken together 
with the liver for a length of 8–10 cm. Care 
should be exercised during the dissection and 
division of the SMA not to damage a previously 
unrecognized ARHA from the SMA. Even if 
unrecognized, an ARHA from the SMA should 
be suspected until proven otherwise after a 
detailed surgical inspection of the hepatic hilum 
(Fig.  12.2 ). The SMA can then be dissected up to 
its aortic origin; after cleaning the aortic wall of 
fi bromuscular tissue, the aorta can be divided 
along a 45° plane of dissection with particular 
care not to damage the renal arteries that run a 

few millimeters below the origin of SMA. The 
distal end of the SMA is tied and retracted on the 
right side and upward by the second operator, 
who will also displace the head of the pancreas 
and duodenum on the left side and downward.

   If portal perfusion has been utilized in combi-
nation with aortic perfusion, the perfusion can-
nula is removed, and transection of the portal 
vein at the spleno-mesenteric confl uence is done. 
If a long portal vein is needed, such as in recipi-
ents with portal vein thrombosis, it is possible to 
transect the pancreatic isthmus, thus dividing the 
portal vein beyond the spleno-mesenteric confl u-
ence, provided the pancreas will not be 
procured. 

 During liver and pancreas procurement, a 
2-cm segment should remain with the pancreatic 
graft. The short cuff of the pancreatic portal vein 
can be suture marked with a 5/0 Prolene stitch to 
facilitate its identifi cation during the bench sur-
gery of the pancreas [ 7 – 9 ]. 

 In case of liver procurement without pancreas 
procurement, a 5–6-cm segment of the splenic 
artery can be taken with the liver for possible 
reconstruction during bench surgery with an 
ARHA. A gentle traction of the GDA and the 

Esophageal hiatus

Diaphragm with anterior crura

  Fig. 12.1    Opening the esophageal hiatus with a wide 
incision on the right and left crura of the diaphragm facili-
tates the subsequent surgical steps       

ARHA from SMA

  Fig. 12.2    Care should be exercised during the dissection 
and division of the SMA not to damage a previously 
unrecognized ARHA from the SMA. Even if unrecog-
nized, an ARHA from the SMA should be suspected until 
proven otherwise after a detailed surgical inspection of the 
hepatic hilum       
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splenic and left gastric arterial stumps on the 
right side will allow an easier identifi cation and 
dissection of the celiac trunk at its origin from the 
infradiaphragmatic portion of the aorta. Once the 
celiac trunk is recognized, a wide section of 
the posterior diaphragmatic crura allows the dis-
section of the aorta up to the vertebral plane. A 
fi nal 5-cm length aortic patch will then be made 
available by cutting the supraceliac aorta above 
the diaphragmatic hiatus. This aortic patch (oval 
or cylindrical) includes the SMA, any ARHA 
from the SMA, the celiac trunk with the common 
hepatic artery, and a 4–5-cm stump of both the 
splenic and left gastric arteries with any ALHA 
from the LGA. The complete excision and 
removal of the liver requires the dissection of the 
right inferior pulmonary ligament and the 
 transection of a wide diaphragmatic patch anteri-
orly and posteriorly to the vena cava following a 
line that should cross through the right adrenal 
gland (Fig.  12.3 ). During this phase, heavy trac-
tions or rotations of the liver can cause tearing of 
the Glisson’s capsule and liver parenchyma. To 
minimize venous vascular damage during this 
phase, the left index fi nger of the operator should 
be placed within the lumen of the vena cava to 
protect the vena cava and the suprahepatic veins.

   After the transection of the right adrenal gland, 
the infrahepatic vena cava should be divided 

above the renal veins where a tie was previously 
placed. Diaphragmatic dissection is concluded 
with the transection of all remaining lower dia-
phragmatic crura attached to the liver. The graft is 
now freed from any adjacent anatomical struc-
tures and placed in a bag previously fi lled with 
cold perfusion solution; the bag should lie in a 
large bowl with ice and cold Ringer solution. 
Soon thereafter, the graft should receive an addi-
tional 1 liter of cold perfusion through a cannula 
inserted into the portal vein on the back table. The 
common bile duct is also gently rinsed with 
100 cc of the same solution. The liver will be 
packed in three different bags; the internal one is 
fi lled with perfusion solution, and the others are 
fi lled with minced ice. No ice rocks should remain 
in contact with the liver due to the risk of ice burns 
to the liver parenchyma.  

12.2     En Bloc Liver and Pancreas 
Procurement 

 If both the liver and pancreas have to be procured, 
the so-called en bloc procurement is a procedure 
sometimes adopted by some centers [ 8 ,  9 ]; the 
procedure is obviously mandatory when a com-
bined liver and pancreas transplantation is 
planned for the same recipient. Otherwise, they 
can be retrieved with the en bloc technique and 
then divided during bench surgery, especially 
when both grafts are allocated to the same trans-
plant center. 

 When the combined liver and pancreas pro-
curement procedure is adopted, the sterilization 
of the gastroduodenal contents is required; gas-
trointestinal decontamination is achieved through 
the nasogastric tube with a solution containing 
saline, 10 % Betadine, and one ampule of ampho-
tericin B, colimycin, and vancomycin. 

 The warm dissection proceeds with the same 
technique. Care should be taken to avoid any 
manipulation of the pancreatic parenchyma. 
Portal perfusion should be avoided; in a few cases 
where it is strongly advised, such as in donors 
with atherosclerotic vessels, a vent for pancreatic 
venous outfl ow should be created to avoid pan-
creatic edema during organ perfusion. However, 

  Fig. 12.3    Complete excision and removal of the liver 
with the transection of a wide diaphragmatic patch anteri-
orly and posteriorly to the vena cava following a line that 
should cross through the right adrenal gland       
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we suggest the aortic perfusion only, whenever 
possible, to avoid pancreatic edema. At the end of 
the organ perfusion, the gastrocolic ligament will 
be opened and dissected from the right colic fl ex-
ure to the left colic fl exure reaching the lesser sac 
with the subsequent division and ligation of the 
right gastroepiploic and right gastric artery. 

 The transection of the gastrosplenic and 
spleno-colic ligaments of the pancreas is per-
formed, using the spleen as a handle (“le poignet 
du pancreas”) (Fig.  12.4 ). After the ligation of 
short gastric vessels, the dorsal side of the pan-
creas and the spleen is mobilized and dissected. 
The mesocolon is then dissected with separate 
ligation of all mesenteric vessels. A section of 
proximal duodenum is obtained by stapling dis-
tally to the pylorus using a GIA stapler device.

   The inferior border of the pancreas is dissected, 
and mesenteric veins and all collaterals are divided 
and sutured quite distally from the inferior pancre-
atic border with multiple ties or with a mechanical 
suture stapler device; care must be taken to avoid 
even small lesions of the pancreatic capsule. The 
distal duodenum is now stapled 10 cm from 
Treitz’s angle using a mechanical stapling GIA 
device (Fig.  12.5 ). After the complete dissection of 
the posterior border of the pancreas from the pre-
vertebral plane, the aorta will be divided immedi-
ately below the SMA ostium with a caudo-cranial 
section plane of 45°. Care should be taken not to 
damage the orifi ces of both renal arteries.

   At this time, the maneuvers and surgical tech-
niques are exactly the same as for liver procure-
ment alone with the exception of the vasculo-biliary 
elements of the hepatic hilum, which should 
remain untouched for their identifi cation and sepa-
ration during the back-table procedure when trans-
planted for two recipients. However, in the case of 
simultaneous liver and pancreas transplantation, 
the hepatic hilum can remain intact depending on 
the specifi c technique of combined organ trans-
plantation utilized. Prevertebral muscular and 
fi bro-connective tissue is than divided with the 
proximal aorta including both the celiac and SMA 
trunk, and the release of the liver and pancreas is 
completed. At the end of the procedure, the liver, 
duodenum, and pancreas are removed en bloc with 
the spleen and all vascular elements (Fig.  12.6 ).

   An additional 1 liter cold perfusion should be 
added throughout the celiac trunk and through the 
SMA during bench perfusion. Remember that dur-
ing perfusion a 5 cm vent incision on the lower pole 
of the spleen can be useful to improve the perfusion 
outfl ow and minimize the risk of pancreatic edema.  

12.3     Multivisceral Procurement 

 A dedicated chapter in this textbook by Di 
Benedetto and Tarantino [ 10 ] will describe the 
detailed surgical procedure of the intestinal and 
multivisceral procurement for “cluster transplan-
tation.” Beyond the isolated intestinal transplanta-
tion, there are at least three types of multivisceral 
transplantation: (a) the combined liver and intesti-
nal transplantation; (b) the multivisceral trans-
plant which includes the liver, stomach, 
duodenum, pancreas, and small bowel; and (c) the 
modifi ed multivisceral transplant in which the 
liver is not included and the stomach may or may 
not be included (Fig.  12.7 ). We summarize here 
only the main surgical of the fi rst two procedures. 
During the observation of the donor, the gastroin-
testinal tract should be irrigated through a naso-
gastric tube with 500 ml of saline solution 
containing Betadine (10 %), two vials of vanco-
mycin, two vials of colimycin, and two vials of 
amphotericin B.

   The initial maneuvers of liver dissection are 
the same as those for whole-liver procurement. 
After the dissection of the ligamentum teres hepa-
tis and the falciform ligament, a defi nitive deci-
sion for small bowel procurement should be made 
by evaluating the macroscopic appearance of the 
splanchnic organs; desirable criteria include mini-
mal intestinal edema, the absence of intestinal 
wall congestion, normal intestinal motility, the 
absence of intestinal adhesions, no hematoma, 
and no signs of recent intestinal contusion. 

 Some unique steps in the technical procedure 
for the en bloc procurement of the liver, stomach, 
duodenum, pancreas, and small intestine are 
required [ 9 ,  11 ,  12 ]. 

 The hepatic hilum should remain untouched, 
and the common bile duct, the gastroduodenal 
artery, and portal vein should not be dissected. 
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Stomach

Splenic vein

Colon

  Fig. 12.4    Care 
should be taken to 
avoid any 
manipulation of the 
pancreatic 
parenchyma. The 
spleen is used as a 
handle (“le poignet 
du pancreas”)       
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 The following steps are necessary:

•    A Cattell-Braasch maneuver is necessary to 
displace the whole bowel to the root of the 
mesentery.  

•   A wide Kocher maneuver.  
•   The dissection of the gastrocolic ligament 

(with the preservation of an ALHA), the 
spleno-colic ligament, and the reno-colic 
ligament.  

•   The mobilization of the distal duodenum and 
sectioning of the ligament of Treitz.  

•   The celiac and inferior mesenteric artery is 
included in the aortic patch.  

•   The inferior mesenteric vein is preserved with 
the portal vein.  

•   The aorta and IVC are encircled twice.  
•   The division of the gastrocolic omentum.  
•   The mobilization of the left colon.  
•   The dissection with the complete colon and 

the exposure of all colic vessels.  

  Fig. 12.5    Section of proximal duodenum is obtained by 
stapling distally to the pylorus using a GIA stapler device. 
Distal duodenum is also stapled 10 cm from Treitz’s angle       

Renal
arteries

  Fig. 12.6    The liver, duodenum, and pancreas are removed “en bloc” with the spleen and all vascular elements: the 
aortic patch includes the celiac trunk and SMA       
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The mesenterico–
portal and
mesenterico-aortic
anastomosis in case
of intestinal
transplantation alone.

Inferior
pancreaticoduodenal artery

Inferior
vena cava

Middle colic
artery

Superior
mesenteric
vesselsInferior

pancreaticoduodenal vein

Aorta

  Fig. 12.7    The multivisceral procurement includes the 
liver, stomach, duodenum, pancreas, and small bowel: this 
technique can be modifi ed in the combined liver and intes-

tinal procurement or in a modifi ed multivisceral procure-
ment in which the liver is not included and the stomach 
may or may not be included       

•   The decompression of the intestine as pro-
posed by some centers should be discouraged 
due to the risk of mechanical damage caused 
by this traumatic manouvre.  

•   The dissection proceeds laterally and distally 
along the mesocolon outside of the ileocolic 
and superior mesenteric arterial arcade until 
the inferior mesenteric vein (no cannulation of 
the inferior mesenteric vein is performed for 
portal perfusion).  

•   Complete colectomy (or left hemicolectomy if 
the right hemicolon is to be procured with the 
small intestine).  

•   The isolation of the cardia and the terminal 
ileum (or transverse colon) exposing the entire 
mesenteric root.  

•   The medial visceral rotation and the mobiliza-
tion of the pancreatic tail and spleen.  

•   The transection of lesser omentum and the 
preservation of the ALHA.  

•   All collaterals from the SMA are identifi ed 
and respected.  

•   Complete isolation of the proximal and distal 
part of the abdominal aorta (for cross- 
clamping) and fl ush the gallbladder.  
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•   The perfusion is performed only through an 
aortic cannula after systemic heparinization. 
Hyperperfusion of the intestine should be 
avoided by the redistribution of liquid perfu-
sion by gentle manual compression.  

•   Intraluminal perfusion is recommended by 
some centers; however, data on the benefi ts 
are inconsistent.  

•   En bloc removal of the liver, stomach, duode-
num, pancreas, jejunum, and distal ileum (with 
or without the right colon) is performed with 
the upper section of the esophagogastric junc-
tion after establishing GIA stapler mechanical 
sutures and with the lower section of the termi-
nal ileum. Donor thoracic aorta is used to create 
a conduit for the anastomosis with the recipient 
abdominal aorta. The vascular pedicle of this 
multivisceral en bloc procurement consists of 
12 cm of thoracoabdominal aorta above the 
renal arteries, including the celiac trunk ostium, 
the SMA ostium, the inferior vena cava above 
the renal veins’ confl uence, and a cuff of the 
suprahepatic inferior vena cava.        
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     Abbreviations 

   DD    Deceased donor   
  FLG    Full left graft   
  FRG    Full right graft   
  GW/RW     Graft weight to recipient weight boby 

ratio   
  LHV    Left hepatic vein   
  LLG    Left lateral graft   
  LDLT    Living donor liver transplantation   
  LG    Left graft   
  LHV    Left hepatic vein   
  MHV    Middle hepatic vein   
  NITp    North Italy Transplant program   
  RHV    Right hepatic vein   
  RLT    Reduced liver transplantation   
  REG    Right extended graft   
  RG    Right graft   
  S    Segment   

  SLT    Split-liver transplantation   
  SFSS    Small-for-size syndrome   
  TH    Transhilar   
  TU    Transumbilical   
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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.    

P. Aseni et al.



133

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 

VII

VIII

V

IVa

IVb

VI

I
II

III

  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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a

b

CBD

CBD

CT

CT

75% 25%

60% 40%

  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 ]       
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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       

 

P. Aseni et al.



149

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 
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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)       

 

P. Aseni et al.



151

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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      Small-Bowel and Multivisceral 
Procurement                     
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14.1           Introduction 

 The constant progress in intestinal transplanta-
tion (ITx) over the last decade is secondary to a 
combination of several factors: a better defi nition 
of the indications and timing of referral for trans-
plant; improved immunosuppression strategies 
based on both induction therapy and calcineurin 
inhibitors; the introduction of different methods 
to monitor bowel graft status such as zoom ileos-
copy, cytoscan and intestinal biopsies and fi nally 
better control of infectious complications and 
post-transplant lympho-proliferative disease 
(PTLD) [ 1 ]. The combination of all these factors 
determined an increase in both patient and graft 
survival, as well as an increase in the number of 
organs transplanted and centres performing this 
type of complex procedure worldwide. 

 The history of ITx goes back about a century 
referring to the innovative work of Alexis Carrel 
with experimental animal studies [ 2 ], and later in 
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 Tips, Tricks and Pitfalls 

     1.    Careful selection must be paid to donor 
selection and size matching of donor 
with recipient.   

   2.    Exploration of the abdominal cavity is a 
fundamental step during small-bowel 
and multivisceral procurement.   

   3.    Attention must be paid after Kocher 
plus Cattell–Braasch manoeuvre, isolat-
ing the inferior mesenteric vessels for 
possible injuries to the right ureter, 
especially if there are anatomical 
variants.   

   4.    Utmost attention should be paid to the 
possible presence of a right branch for 
the liver from the superior mesenteric 
artery, and/or of a left hepatic artery 
from the left gastric artery.   

   5.    Henle’s trunk (when present), or the 
inferior pancreaticoduodenal vein itself, 
must be preserved so as not to damage 
pancreatic vascularization. At the same 
time, it is possible to damage the jejunal 

branches of the superior mesenteric 
artery, thus compromising the fi rst part 
of the bowel graft.   

   6.    After perfusion, the graft should be 
wrapped inside a towel, to prevent ice 
burns.     
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the middle of the twentieth century by Lillehei 
et al. [ 3 ] as an isolated graft, and then by Starzl 
and Kaupp [ 4 ] as part of a multivisceral homo-
transplantation in a canine model. During the fol-
lowing decades, poor results came from various 
attempts to perform ITx because of the onset of 
technical complications, sepsis or rejection. Only 
a few sporadic successful cases at the end of the 
1980s included the fi rst successful multivisceral 
transplant in Pittsburgh, USA, in 1987 [ 5 ], fol-
lowed by the fi rst successful isolated ITx in 
1989 in Germany [ 6 ], then in France [ 7 ] and in 
Canada [ 8 ]. 

 Only after the introduction of calcineurin 
inhibitors, namely, tacrolimus, in the early 1990s, 
was ITx an available therapeutic option for 
patients affected by intestinal insuffi ciency [ 9 ], 

and thus increasing patient and graft survival 
rates. 

 These results were further improved with 
advances in induction protocols, post-transplant 
care, and operative techniques. 

 The defi nition of types of intestinal grafts 
originates from the ‘cluster’ approach fi rst 
described Starzl [ 4 ,  5 ,  8 ] in his manuscripts that 
reported the use of intestinal and multivisceral 
grafts (Fig.  14.1 ). There is general consensus to 
defi ne isolated ITx as the implantation using the 
jejunoileal axis alone, with vascular anastomoses 
based on the superior mesenteric vessels, as well 
as the use of the term liver–intestine for grafts 
that include a hepatic graft with the small bowel. 
The latter can be defi ned as ‘non-composite 
liver–intestine transplant’ when separate vascular 

  Fig. 14.1    Cluster theory 
for intestinal and 
multivisceral procurement 
and transplantation (From 
Casavilla et al. [ 19 ])       
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anastomoses are performed for each of the 
hepatic and intestinal grafts. On the other hand, 
while these kinds of transplantations represent 
exact descriptions, the term ‘multivisceral trans-
plantation’ is used for the transplantation of any 
small bowel-contained visceral allograft (liver, 
pancreas, duodenum, small bowel) which 
includes ‘stomach’. This can be ‘full’ or ‘modi-
fi ed’ according to the inclusion or exclusion of 
donor liver, respectively. A full multivisceral 
graft is usually defi ned when the liver, stomach, 
pancreas, duodenum and small bowel are 
included. Also right colon and ileocecal valve 
implantation has been reported by some authors 
[ 10 ], in particular in recipients affected by dys-
motility disorders and minimal native rectosig-
moid colon.

14.2        Donor Selection 

 Harvest begins with a careful selection of the 
donor in each case, paying utmost attention par-
ticularly to body weight and residual abdominal 
cavity of the recipient: size-matching donor with 
recipient is the fi rst pitfall in intestinal transplanta-
tion and probably one of the most important ones, 
because a mistake can lead to transplant failure. 

 The management of the abdominal wall clo-
sure is considered to be a fundamental step in the 
process of ITx that refl ects the importance of 
careful candidate selection, during the matching 
of donor/recipient and during the planning of the 
surgical procedure. Nowadays, several tools are 
available to help with a lack of abdominal domain 
and can mainly be divided into two groups. The 
fi rst aims to reduce the abdominal content (using 
small donors, or reduced grafts) and the second 
focuses on enlarging the abdominal domain. 
Examples of these strategies are the use of rota-
tional fl aps [ 10 ]; the use of permanent non- 
biological re-absorbable or non-reabsorbable 
meshes [ 11 ] and the use of the acellular dermal 
matrix from donated human skin. More recently, 
a new technique has been developed using a vas-
cularized composite tissue graft from the donor’s 
abdominal wall used as a free fl ap. This process 
is known as ‘abdominal wall transplant’ [ 12 ]. 

The wall graft can be implanted into the recipient 
iliac vein and artery or directly to the recipient 
epigastric vessels by using microsurgical anasto-
mosis. This procedure presents different advan-
tages such as a low immunogenicity and the 
possibility to be performed during the transplant 
or later from a different donor. Another possibil-
ity is to use the fascia of the rectum muscle as a 
non-vascularized graft for abdominal wall clo-
sure. This procedure can be easily performed, 
does not present any extra cost and presents low 
immunogenicity. The fascia is then covered by 
the recipient skin closure, integrating to the 
abdominal wall, and thus creating a fi rm scar tis-
sue that would substitute the original fascia ten-
sile strength avoiding the development of 
incisional hernias. 

 Donor obesity is a relative contraindication to 
harvest, because the fatty and heavy mesentery 
can cause thrombosis of the vascular anastomo-
ses of the recipient. 

 Donors with negative serology for cytomega-
lovirus (CMV) have been, for a long time, pre-
ferred to CMV-positive donors; however, 
nowadays the increasing need for transplantation 
and the shortage of donors have made the use of 
CMV-positive donors into CMV-positive or naive 
recipients common. In fact, the use of viral 
 pre- emptive therapy determines no signifi cant 
difference in outcome compared with the use of 
negative donors; thus, CMV matching is not con-
sidered mandatory anymore [ 13 ]. 

 Cause of death is nowadays still considered 
essential in donor selection: even though a trauma 
donor should not be eliminated from selection 
because most abdominal traumas affect liver and 
spleen while the bowel can be protected by its 
natural relative mobility inside the abdomen. 

 Heart-beating donors are still the preferred 
cadaveric donors. Donation after cardiac death is 
currently not utilized for the retrieval of intestinal 
grafts. On the other hand, the possibility to use 
donors with previous cardiopulmonary resuscita-
tion is still a matter of debate and, however, is 
seen as a contraindication. Nevertheless, a recent 
study [ 14 ] reported that the utilization of these 
kinds of donors showed no differences compared 
with ideal donors in terms of recipient length of 
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hospital stay, graft survival, time for total paren-
teral nutrition discontinuation or incidence and 
degree of rejection. The use of amine is histori-
cally considered controversial, but the fi ne ves-
sels composing the arterial arcades of the jejunal 
and ileal loops are particularly sensitive to isch-
emia induced by pressors. 

 Blood group identical donors are preferred, 
but compatible mismatch donors have been suc-
cessfully used in isolated and multi-organ trans-
plant recipients in urgent need of transplantation 
[ 15 ]. Furthermore, patients undergoing ITx are 
likely to have up to 30 % chance of having high- 
panel- reactive antibody titres. Until recently, ITx 
was not indicated in those cases with a positive 
T-cell cross-match, but this limit can nowadays 
be overcome with the application of immuno-
modulation strategies. 

 Ideally most of donors should be under 
40 years of age, died of cerebrovascular accident, 
be haemodynamically stable and with minimal or 
no vasoactive amine support: the importance of 
age can be questionable, but younger donors have 
statistically less possibilities to have bowel polyps 
(or cancer) than older ones. 

 If judged suitable, the donor undergoes selective 
bowel decontamination, performed through a naso-
gastric tube, with antibacterial and antifungal 
drugs, to avoid bacterial overgrowth and subse-
quent translocation during cold ischemia time. 

 After laparotomy, we carefully evaluate the 
liver (in case of multivisceral harvest with liver) 
and all the digestive tract and, if there is any 
doubt, we always do not proceed with the opera-
tion: the presence of bowel mass should exclude 
the use of the donor, such as mesenteric hemato-
mas; reperfusion of the intestine can be, in those 
last cases, disastrous.  

14.3     Surgical Technique 

 During inspection of the bowel, utmost atten-
tion should be paid to colour, oedema, peri-
stalsis and pulses. The presence of Meckel 
diverticula does not compromise the harvest. 
The first step of intestinal or multivisceral 

procurement is isolation of the superior mes-
enteric artery (SMA) origin from the aorta: to 
achieve this, we perform a Kocher plus 
Cattell–Braasch manoeuvre, mobilizing the 
ascending colon toward the left (Fig.  14.2 ), 
cutting the Treitz ligament and all the mesen-
teric ligaments as well and tying the inferior 
mesenteric vessels [ 16 ]. The main pitfall dur-
ing this manoeuvre can be injury to the right 
ureter, especially if there are anatomical vari-
ants. In this way, discovering completely the 
left renal vein and the mesenteric root, we can 
isolate the SMA origin, cutting part of the 
celiac ganglion surrounding the artery. Utmost 
attention should be paid to the possible pres-
ence of a right branch for the liver from the 
SMA [ 17 ]. The second step is the dissection of 
the coloepiploic ligament and the opening of 
the lesser sac with isolation of the middle colic 
vein: this is mandatory during isolated intesti-
nal harvest to reach and isolate the superior 
mesenteric vein (SMV), and it is necessary for 
multivisceral harvest as well to create the dis-
tal part of the graft, represented by the trans-
verse colon with the middle colic vein. For 
this purpose, a GIA 75 linear stapler can be 
used to cut the transverse colon on the left 
anatomical side of the middle colic vein, thus 
preserving it with the graft.

   The colon is necessary to properly orientate 
the graft and can also be used as part of isolated 
or multivisceral transplant. 

 During this manoeuvre, it is possible to injure 
Henle’s trunk (when present) or the inferior pan-
creaticoduodenal vein itself, damaging pancre-
atic vascularisation. At the same time, it is 
possible to damage the jejunal branches of the 
SMA, often running parallel to the SMV main 
trunk, thus compromising the fi rst part of the 
bowel graft (Fig.  14.3 ).

   The third step is the isolation of the proximal 
part of the graft, duodenum for the isolated small 
bowel and oesophagus for the multivisceral; the 
duodenum should be cut using a GIA 75 stapler 
in its 4th part, already isolated in previous steps. 
Cutting the left triangular ligament of the liver 
and the diaphragmatic crura, we reach the 
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oesophagus, dividing the distal part of the 
oesophagus again with the aid of a GIA 75 linear 
stapler: attention should be paid to not damaging 
a possible left branch of the liver arising from 
left gastric artery. Then the warm phase can be 
ended by complete mobilization of the graft 
from distal oesophagus (or duodenum if isolated 

small bowel) to transverse colon, cutting all the 
ligaments with electrocautery: bleeding from 
these small mesenteric vessels at reperfusion can 
lead to tedious haemostasis and should be 
avoided. The last step of the warm phase during 
multivisceral harvest is the isolation of the pan-
creas and the aortic origin of the celiac trunk: to 

  Fig. 14.2    Cattell–Braasch 
manoeuvre: mobilization 
of the ascending colon 
toward the left till the 
hepatic fl exure       

  Fig. 14.3    Isolation of 
superior mesenteric vein 
( SMV ) and superior 
mesenteric artery ( SMA )       
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obtain this, we mobilize the spleen from the ret-
roperitoneum (Fig.  14.4 ), and, working on a sur-
gical plane above the left Gerota’s fascia, we 
completely mobilize the tail and the body of the 
pancreas and the pancreaticoduodenal block, 

thus reaching the origin of the celiac trunk 
(Fig.  14.5 ). Attention should be paid not to injure 
the spleen itself and the left kidney. The celiac 
trunk must be freed from the celiac ganglia sur-
rounding it. Then we complete isolation of the 

  Fig. 14.4    Mobilization 
of the spleno-pancreatic 
block       

  Fig. 14.5    Complete 
exposition of 
retroperitoneal vessel 
and isolation of SMA 
and coeliac trunk       
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  Fig. 14.6    Multivisceral 
graft       

proximal and distal part of the abdominal aorta 
(for cross-clamping) and fl ush the gallbladder.

    The graft should be wrapped inside a towel, 
to prevent ice burns. After cross-clamping and 
cold perfusion, the intestine should blanch 
homogenously. Avoiding portal cannulation is 
mandatory. During multivisceral harvest, we 
create an enlarged aortic patch including the ori-
gin of the SMA and the celiac trunk, paying 
attention not to damage the renal arteries. On the 
SMA and SMV origins, a Prolene suture should 
be placed (usually in the right vascular wall) for 
orientation of the bowel graft. In case of multiv-
isceral retrieval without the liver, earlier in the 
‘warm’ phase we prepared the hepatic hilum 
[ 18 ], isolating the main biliary duct, proper 
hepatic artery and  portal vein: these structures 
must be shared with the liver team, and usually 
the main biliary duct is cut just above the duode-
num, proper hepatic artery close to the gastro-
duodenal artery (GDA) origin and portal vein is 
shared with the liver team. In cases of the right 
branch from the SMA or the left branch from 
the left gastric artery, the multivisceral harvest 
should be aborted in favour of the liver, even if 

some vascular reconstructions at the back table 
are still possible. Theoretically right hepatic 
artery can be reconstructed on donor’s GDA, if 
both vessels show comparable calibre. On the 
other hand, SMA could alternatively be cut just 
below the right hepatic accessory artery. This 
procedure should be discussed among the liver 
and small-bowel procurement teams. Indeed, 
the presence of the right branch does not exclude 
the simultaneous multi-organ harvest of the 
liver, pancreas and isolated small bowel. If mul-
tivisceral harvest with liver is necessary, a total 
hepatectomy is associated to the procedure, cut-
ting the inferior vena cava above the diaphragm 
and above the origin of the renal veins, being 
careful not to damage them (Fig.  14.6 ). The 
operation must be concluded harvesting the iliac 
vessels as vascular grafts, watching both ureters. 
An aortic conduit (in cases of multivisceral 
transplantation) can be created harvesting the 
thoracic aorta. In this way, we minimize the 
‘cold’ part of the harvest and the ischemia time, 
and the back table is a fast procedure, requiring 
only preparation of the origin of the vessels for 
anastomosis purposes (Fig.  14.7 ).
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  15

 Tips, Tricks, and Pitfalls 

•     The technique and quality of pancreas 
procurement signifi cantly infl uence the 
outcome of pancreas transplantation.  

•   The quality of the procurement of the pan-
creas is a multifactorial reality essentially 
infl uenced by donor quality, excellent and 
experienced procurement surgeon, and 
precise standardized technique.  

•   After accurate donor selection and donor 
management at ICU, a perfect pancreas 
procurement is based on a wide anatomi-
cal knowledge, an accurate inspection of 
the graft, a gentle and precise prepara-
tion of the pancreas, and adjacent vascu-
lar structures in different phases.  

•   Prolonged time to remove the organs 
after cold perfusion increases the risk of 
rewarming and could lead to organ dys-
function posttransplantation.  

•   Every pancreas procurement surgeon 
should be aware of the complex vascular 
anatomy of the pancreas including its 
potential anatomical variations.  

•   Because of the potential risks of duode-
nal distension and enteric contamination 
in vivo, it is advisable to delay stapling 
of the distal duodenum/proximal jeju-
num until just prior to start with the 
removal of the pancreas.  
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15.1           Introduction 

 The pillars of successful pancreas transplantation 
in chronological sequence are represented by (1) 
donor selection, (2) pancreas procurement, (3) 
logistic and shipping, (4) pancreas recipient, (5) 
preparation of the pancreas graft at back table, 
and (6) implantation of the pancreas graft. 

 Among the above-reported factors, the quality 
of the procurement of the pancreas plays a central 
role in the outcome of pancreas transplantation. It 
is a multifactorial reality essentially infl uenced by 
donor quality, excellent and experienced procure-
ment surgeon, and precise standardized technique. 

 In this chapter, we will mainly concentrate on 
single pancreas procurement from brain dead 
donors, and we will go through the following 
aspects infl uencing the quality of pancreas 
retrieval and consequently the outcome of pan-
creas transplantation:

    1.    Pancreas donor profi le   
   2.    Anesthesiological and ICU management of 

pancreas donor   

   3.    Pancreas procurement surgeon   
   4.    Anatomical backgrounds   
   5.    Isolated pancreas procurement operation   
   6.    Other aspects:

•    En bloc pancreas and liver procurement  
•   Pancreas procurement from DCD donors       

15.2       Pancreas Donor Profi le 

 There are different ways and different parameters 
used to defi ne the ideal pancreas donor. Age, 
BMI, cause of death, sodium, and pancreas 
enzymes are the most used variables with differ-
ent ranges. Although most of the authors con-
sider 50 years as the older age for acceptance, 
Stegall proposed to extend the acceptance over 
50 years [ 1 ]. On the opposite side, Brockmann 
[ 2 ] and Biglarnia [ 3 ] demonstrated the feasibility 
of pancreas transplantation even with small pedi-
atric donors. 

 In general, the “ideal” pancreas donor ranges 
in age from 10 to 40 years, has a BMI <27 kg/m 2 , 
and is a brain-dead donor as a result of trauma 
rather than cerebrovascular disease [ 4 ]. 

 Other centers consider also additional 
parameters like the presence/absence of abdom-
inal trauma, signs of pancreatitis or pancreas 
edema at imaging [ 5 ], or the amount of blood 
substitution occurred before pancreas procure-
ment [ 6 ] .  

 The most used scores actually used for identi-
fi cation of ideal pancreas donor are represented 
by the pre-procurement pancreas suitability score 
P-PASS (Table  15.1 ) and by the pancreas donor 
risk index (P-DRI) (Table  15.2 ).

     The P-PASS was introduced in Eurotransplant 
area 2008 by Vinkers et al. [ 7 ,  8 ] in order to 
 identify/select the ideal pancreas donor who is 
usually characterized by a score ≤17. Although 
the P-PASS was able to infl uence the acceptance/
refusal rates of pancreas grafts [ 7 ], it did corre-
late with the postoperative outcome but did not 
correlate with the long-term outcome [ 9 ]. 

 Axelrod et al. [ 10 ] introduced in 2010 the pan-
creas donor risk index (P-DRI), a more reliable 
score than the P-PASS which has been now 

•   Shortening the portal vein has the 
advantages of both preventing a kink 
and conferring protection from com-
pression by the surrounding tissues.  

•   Minimizing cold ischemia (<12 h) is 
one of the single most important predic-
tors of success in pancreas transplanta-
tion irrespective of donor quality or 
method of preservation.  

•   Pancreas should be mobilized medially 
up to the aorta taking care not to injure the 
left renal vein, SA, or SV using the spleen 
as a handgrip (no-touch technique).  

•   Iliac graft vessels for bench reconstruc-
tion should be procured by an experi-
enced surgeon since improper technique 
or traction injuries may affect the out-
come of the transplant procedure.    
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  Table 15.2    Pancreas donor risk index (P-DRI) [ 10 ]   

 Donor characteristics 
 Reference donor 
 ( DRI  = 1.00)  Change factor value to  DRI 

 Gender  Male  Female  0.87 

 Age  28  45  1.56 

 Black race  No  Yes  1.27 

 Asian race  No  Yes  1.17 

 BMI  24  30  1.17 

 Height (cm)  173  190  0.90 

 Cause of death: CVA/stroke  No  Yes  1.23 

 Cause of death: CVA/stroke in PAK  No  Yes  0.93 

 Pancreas preservation time (h)  12  20  1.13 

 DCD  No  Yes  1.38 

 SCr >2.5  No  Yes  1.22 

   From Axelrod et al. [ 10 ]. 
 BMI  body mass index,  CVA  cardio vascular accident,  DCD  donor after circulatory death,  PAK  pancreas after kidney 
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 Donor characteristics  One point  Two points  Three points 

 Age (year)  <30  30–40  ≥40 

 BMI (kg/m 2 )  <20  20–25  ≥25 

 ICU stay (day)  <3  3–7  ≥7 

 Cardiac arrest (min)  No  Yes, <5  Yes, ≥ 5 

 Sodium (mmol/L)  <155  155–160  ≥160 

 Amylase (U/L)  <130  130–390  ≥390 

 Lipase (U/L)  <160  160–480  ≥480 

 (Nor)adrenaline  No  <0.05 gamma  ≥0.05 

 Dobuta-/dopamine  No  <10  ≥10 

 Total points  9  18  27 

  Table 15.1    Pre-
procurement pancreas 
suitability score 
(P-PASS) [ 8 ]  

adopted US wide and in most of Western world. 
According to Axelrod et al., a P-DRI <1,57 rep-
resents an ideal pancreas donor. 

 However, many centers do not consider any of 
the above mentioned parameters and use their 
own selection criteria. For example, in Innsbruck 
[ 5 ], the following parameters have been consid-
ered: age 5–55 (high risk >45), BMI <30, ICU 
stay <7 days, no signs of pancreatitis (acute/
chronic), no abdominal trauma, no intra- 

abdominal infection, and no severe pancreas 
edema or lipomatosis (based on imaging 
fi ndings). 

 If from one side one could be tempted to 
extend the selection criteria, from the other side it 
would be advisable to be more restrictive as 
 possible. At this regard, the intestinal donor 
 profi le reported by Fischer-Frohlich et al. [ 11 ]. 
Table  15.3  may represent a sort of super selected 
ideal pancreas donor as well.  
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15.3     Management of Pancreas 
Donor at ICU 

 General anesthesiological and ICU management 
of BDDs is in the meanwhile a standardized pro-
cedure mainly focused on restoration of physio-
logical and metabolic homeostasis of the 
transplantable organs and tissues [ 12 ,  13 ]. 

 The actual targets of perioperative parameters 
in multiorgan BDDs are summarized in 
Table  15.4 .

   With special regard to pancreas donation, 
particular care should be taken in the following 
conditions:

•    Review fl uid balance and correct hypovole-
mia; be aware that vascular tone may be 
impaired. Use cardiac output monitoring if 
possible to titrate fl uids and inotropic or 
 pressor drugs to intended goals as guided by 
retrieval team. In the setting of low systemic 
vascular resistance and hypotension, vaso-
pressin or norepinephrine may be considered, 

especially in combination with infusion of an 
inotrope such as epinephrine [ 2 ] although the 
use of high doses of vasopressors can induce 
unpredictable effects in the splanchnic circu-
lation with reduced portal fl ow and intestinal 
ischemia.  

•   Administer maintenance fl uids (enteral 
route can be used), but avoid positive bal-
ance and hypernatremia. Correct electrolyte 
abnormalities to normal values. Correction 
of serum sodium levels to <155 mEq/dL is 
recommended.  

•   Maintain and start enteral feeding as soon as 
possible.  

•   For treatment of diabetes insipidus, replace 
fi rst the free water defi cit, and second, give 
desmopressin short thereafter. Inadequate 
treatment of this condition causes severe 
hypernatremia, hypocalcemia, hypokalemia, 
hypophosphatemia, and hypomagnesemia. 
The use of desmopressin in pancreas donors is 
controversial; univariate analysis of a large 
series showed a signifi cantly higher risk of 
pancreas graft thrombosis if the organ came 
from a desmopressin-treated donor.  

   Table 15.4    Summary of target perioperative parameters 
in multiorgan donors   

 Systolic blood pressure   > 90 mmHg 

 Mean arterial pressure   > 60 mmHg 

 Heart rate   < 100 bpm 

 Central venous pressure  8–10 mmHg 

 Systemic vascular 
resistance 

  > 1000 dyne per s per 
cm 

 Arterial saturation   > 90 % 

  P aO 2    > 60 mmHg ( > 8 kPa) 

  F iO 2    < 40 % 

 Positive end-expiratory 
pressure 

  > 7.5 cmH 2 O 

 Peak inspiratory pressure   < 30 cmH 2 O 

 Tidal volume  6–8 mL/kg 

 pH  7.35–7.40 

  P CO 2   35–45 mmHg 
(4.67–6.0 kPa) 

 Na+   < 155 mEq/dL 

 Urine output  0.5–2.5 mL/kg/h 

 Blood glucose target 
concentrations 

 4–8 mmol/L 

  Table 15.3    Currently proposed standard inclusion crite-
ria for intestinal and multivisceral donors   

 Donor data  Range in an ideal donor 

 Age  0–50 years 

 Donor-recipient size 
match 

 DRWR and DRHR compatible 

 BMI  <28 

 ICU Stay  <1 week 

 Enteral nutrition  Initiate within 25 h after 
admission 

 CPR  <10 min 

 Trauma mechanism  Absence of direct or blunt 
abdominal trauma 

 Sodium  Most recent <155 mmol/L peak 
 (last 24 h) <165 mmol/L 

 Transfusions  No signifi cant ongoing 
requirements at time of 
procurement 

 Medication  Standard donor therapy 

 Preservation 
solution 

 HTK or UW (HTK should be 
preferred) 

 Blood  Identical or compatible 

  From Fischer-Frohlich et al. [ 11 ] 
  CPR  cardio pulmonary resuscitation,  QRWR  donor-recipient 
weight ratio,  DRHR  donor-recipient height ratio,  ICU  stay 
intensive care unit  
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•   Hormonal therapy with triiodothyronine, 
insulin, and steroids in BDDs has been shown 
to lead to metabolic and hemodynamic stabil-
ity, reducing wastage of organs and improving 
function after transplantation [ 2 ]. Intravenous 
infusion of insulin (1 unit/h minimum) is rec-
ommended for rapid correction of hyperglyce-
mia and avoidance of islet cell exhaustion. 
However, hyperglycemia, unless due to preex-
isting diabetes, in a brain-dead donor does not 
appear to affect pancreas function after 
transplantation.  

•   In case of imaging studies that show evidence 
of pancreatic edema, one may consider 
administering intravenous mannitol and col-
loids [ 4 ].     

15.4     Pancreas Procurement 
Surgeon 

 The procurement surgeon does represent a pivotal 
role in pancreas retrieval. In fact, it is extremely 
regrettable when a pancreas graft that is otherwise 
appropriate for transplantation is not retrieved 
either because of avoidable surgical damage, atypi-
cal anatomy, or the lack of availability of an expe-
rienced pancreas procurement surgeon [ 4 ]. 

 The pancreas procurement surgeon should be 
preferably an experienced pancreas transplant 
surgeon him/herself. His/Her quality and reliabil-
ity should be guaranteed through specifi c trainee/
fellowship (see UK and US model), audits, and 
analysis of quality reports. 

 It would be preferable if the procurement sur-
geon belongs to the same recipient’s transplant 
center [ 4 ,  5 ,  14 ,  15 ]. 

 As demonstration of the high relevance of this 
topic, J. Loss et al. [ 16 ] published recently about 
the different criteria that play a role when decid-
ing to accept/reject a pancreas graft. The lack of 
confi dence in the donor surgeon’s competence 
might infl uence the decision-making to accept/
refuse a pancreas offer. One of the main parame-
ters in this context was the confi dence of the 
recovery team in evaluating the quality of the 
pancreas (i.e., pancreas macroscopy) and techni-
cal quality of pancreas procurement.  

15.5     Anatomical Backgrounds 

 Every pancreas procurement surgeon should be 
aware of the complex vascular anatomy of the 
pancreas including its potential anatomical varia-
tions. Here are some essential points of vascular 
anatomy to be taken in consideration when per-
forming a pancreas procurement procedure [ 17 ]. 

15.5.1     Arterial Supply 
of the Pancreas 

15.5.1.1     Normal Anatomy 
  The head and uncinate process are supplied by 
the pancreaticoduodenal arcade, which consists 
of two to several loops of vessels that arise from 
the superior pancreaticoduodenal artery (SPDA) 
(branch of GDA, which usually arises from the 
common hepatic artery (HA) as it crosses the 
portal vein (PV) above the pancreas border and 
the dorsal pancreatic artery (DPA), arising from 
the splenic artery (SA)) and inferior pancreatico-
duodenal artery (IPDA) (branch of the SMA). 
The arcades run on the anterior and posterior sur-
face of the pancreas next to the duodenum, and 
the anterior arcade is lying somewhat closer to 
the duodenum (Fig.  15.1 ). 

 The body and the tail of the pancreas are 
mainly supplied by a second system arising from 
the splenic artery (SA), which gives rise to three 
arteries into the dorsal surface of the gland. The 
dorsal pancreatic artery (DPA) is the most medial 
of the three and the most important. It anastomo-
ses with the pancreaticoduodenal arcade in the 
neck of the pancreas.  

15.5.1.2     Anatomical Variations 
 In approximately 25 % of individuals, the right 
hepatic artery (RHA) arises partially or com-
pletely from the superior mesenteric artery. In 
such cases, we talk about accessory or replaced 
right hepatic artery (RRHA) (Fig.  15.2 ).

   Rarely, the right or left hepatic arteries origi-
nate independently from the celiac trunk or 
branch after a very short common hepatic artery 
origin from the celiac, and the GDA may origi-
nate from the right hepatic artery. 

15 Pancreas Procurement
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 The presence of an RRHA should not represent 
a contraindication either to pancreas retrieval or 
pancreas acceptance. It is important not to prepare 
the RRHA along its course behind the pancreas 
head but to identify and divide it as it emerges 
from superior border of pancreatic head [ 18 ,  19 ]. 

 The IPDA can arise alone from the SMA or 
can share a common trunk with the jejunal artery, 
with the RRHA, or with the dorsal pancreatic 
artery. A relevant anatomical variation which 
should be taken in serious consideration is when 
the DPA arises from CHA (Fig.  15.3 ).

15.5.1.3        Venous Anatomy 
of the Pancreas 

 Venous drainage generally follows arterial sup-
ply (Fig.  15.1 ). The veins of the body and the 
tail of the pancreas drain into the splenic vein, 
where it lies partly embedded in the posterior 
surface of the gland. These veins are short and 
fragile. The head and uncinate process veins 

drain into the superior mesenteric vein (SMV) 
and portal vein on the right lateral side of these 
structures. Uncinate veins often drain into a 
large fi rst jejunal tributary vein, which then 
empties into the SMV. This vein usually passes 
behind the SMA. A nearly constant posterior 
superior pancreaticoduodenal vein enters the 
right lateral side of the portal vein at the level of 
the duodenum [ 17 ]. 

 The superior mesenteric vein ( SMV ) at the 
root of the lesser omentum is usually a single 
trunk; two or sometimes even three branches may 
join as the vessel enters the tunnel beneath the 
neck of the pancreas (shaded in Fig.  15.1 ) to form 
a superior mesenteric trunk. This trunk ascends 
behind the neck of the pancreas and is joined by 
the splenic vein ( SV ), which enters it from the left 
to form the portal vein ( PV ), which emerges from 
the retroperitoneal upper border of the neck of the 
pancreas and ascends toward the liver within the 
free edge of the lesser omentum, lying behind the 

  Fig. 15.1    Vascular anatomy of the pancreas.  CT  coeliac 
trunk,  SMA  superior mesenteric artery,  SA  splenic artery, 
 SV  splenic vein,  TPA  transverse pancreatic artery,  DPA  
dorsal pancreatic artery,  IMV  inferior mesenteric vein, 
 MCA  middle colic artery,  SMV  superior mesenteric vein, 

 IPDA  inferior pancreato-duodenal artery,  IPDV  inferior 
pancreato-duodenal vein,  RRA  right renal artery,  GDA  
gastro-duodenal artery,  BD  bile duct,  PV  portal vein,  CHA  
common hepatic artery       
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  Fig. 15.3    Variation of the arterial blood supply of the pancreas from Wunderlich et al. [ 24 ].  CHA  common hepatic 
artery,  GDA  gastro-duodenal artery,  SA  splenic artery,  TPA  transverse pancreatic artery,  DPA  dorsal pancreatic artery       

CHA

SMA

RRHA

  Fig. 15.2     RRHA  replaced right hepatic artery,  CHA  common hepatic artery,  SMA  superior mesenteric artery       
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bile duct and the hepatic artery and surrounded 
by the lymphatics and nodes of the lesser omen-
tum. During this course, it receives blood through 
the coronary vein ( CV ), which communicates 
with esophageal venous collaterals, which con-
nect with the gastric vein and the esophageal 
plexus. Sometimes a separate right gastric vein 
enters the PV in this area. A superior pancreati-
coduodenal vein often enters the PV just above 
the level of the pancreas, and several smaller 
veins enter the SMV and PV from the right side 
beneath the neck of the pancreas. It must be noted 
that there is little variation in the portal venous 
anatomy [ 17 ].    

15.6     Surgical Procedure 

15.6.1     Exploration 

 After opening the abdomen (usually through a 
midline incision extended to median sternotomy), 
the procurement surgeon should perform a gen-
eral exploration of the abdominal cavity and the 
organs followed by an accurate inspection of each 
single abdominal organ planned to be procured. 

 Before starting any organ preparation and 
manipulation, the cannulation accesses (i.e., sub-
diaphragmatic aorta, distal aorta, and iliac arter-
ies) must be secured and prepared to be ready at 
any time for a crash perfusion and procurement 
in case of acute hemodynamic decompensation 
of the donor. For a rapid and almost complete 
exposure of distal aorta and infrahepatic IVC, a 
Cattell–Braasch maneuver (i.e., medial mobiliza-
tion of the right colon with distal ileum and the 
duodenum) and an extended Kocher maneuver 
are usually performed. 

 After that, the entire root of the small bowel 
mesentery is mobilized up to the superior mesen-
teric artery (SMA) and inferior border of the 
pancreas. 

 Additional exposure of the pancreas can be 
obtained by transecting the gastrohepatic liga-
ment to gain access to the lesser sac, which 
allows for inspection of the superior border of the 
pancreas and visualization of the splenic artery 
(SA). Care must be taken to identify and preserve 

an accessory left hepatic artery from the left gas-
tric artery. Further exposure of the pancreas is 
obtained by transecting the gastrocolic ligament 
along the greater curvature of the stomach to per-
mit full inspection of the anterior wall of the 
pancreas. 

 In general, the presence/absence of the fol-
lowing parameters should be considered during a 
detailed pancreas exploration to judge its quality 
and transplantability:

•    Edema  
•   Pancreatitis (acute/chronic)  
•   Injury  
•   Fat content  
•   Hematoma  
•   Fibrosis  
•   Texture (fi rm, hard, woody)  
•   Tumor  
•   Quality of vessels (i.e., visceral arteriosclerosis)  
•   Congenital abnormalities (e.g., like duodenal 

diverticula)    

 The vascular anatomy (see above) may also 
represent a critical factor for pancreas transplan-
tation or acceptance in case of:

•    Replaced RHA from SMA  
•   Contemporaneous isolated intestinal procure-

ment (see below, preparation of mesenterial 
root)    

 Finally, it is of paramount importance to com-
municate these fi ndings in details as well as the 
general impression of transplantability of the 
graft not only to the local organ procurement 
organization but mainly to the recipient center, 
directly by phone or even through multimedia 
support (e.g., submission of digital pictures via 
Internet/smartphones) [ 4 ].  

15.6.2     Preparation of the Pancreas 
In Situ (Vessels, Borders, 
Mesenteric Root) 

 The procurement surgeon has two possibilities to 
dissect and prepare the pancreas in situ:
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    1.    Dissection with intact circulation (“warm” 
preparation)   

   2.    Dissection after cross-clamp and cold perfu-
sion (“cold” preparation)     

 The advantages/disadvantages of the two pro-
cedures have been summarized in Table  15.5 .

   But, independently from when the preparation 
of pancreas graft has being performed, it is essen-
tial to remember that this phase is based on the 
principle of a “no-touch” procedure, i.e., extremely 
cautious handling of pancreas graft and the neigh-
boring organs and vascular structures. 

15.6.2.1     Preparation of the Arteries 
     1.    Gastroduodenal artery (GDA): 

 The belonging of an adequate long stump 
of GDA (to the liver or to the pancreas) may 
be a matter of debate between liver and pan-
creas transplant centers. 

 The GDA should be prepared to guarantee 
enough of its length in both directions (i.e., 
CHA and the pancreas head); this is to avoid 
to cut the GDA directly at its origin from CHA 
with consequent impairment of the vascular 
pedicle for the liver (Fig.  15.4 ). Additionally, 
in case of compromised perfusion of the pan-
creas head via IPDA (e.g., due to anatomical 
variations, simultaneous intestinal procure-
ment, lesions) or in case of the absence of 
cross-circulation between the SA and SMA, a 
well-prepared distal stump of GDA may allow 
the revascularization of the pancreas head 
through a so-called “triple” arterial recon-
struction in conjunction with the GDA, SMA, 
and SA at the back table (Fig.  15.5 ) [ 20 ,  21 ].

        2.    Common hepatic artery (CHA): 

 The CHA should be prepared only along 
its upper border avoiding consequently any 
risk of injuries of the pancreatic parenchyma. 

 In this phase, it is also important to exclude 
the presence of dorsal pancreatic artery as 
branch of CHA (Fig.  15.3d ). In such a case, 
the pancreas surgeon should also consider the 
possibility of later dividing the CHA before 
the CT. This is only after feedback with liver 
surgeon and according to the need of liver 
recipient center.   

   3.    Splenic artery (SA) and coeliac trunk (CT): 
 Similarly to what reported above about the 

GDA, SA should be prepared long enough to 
later guarantee a safe cut few mm after its 
branching from CT without compromising the 
utilization of CT by the liver transplant 
 surgeon (Fig.  15.4 ). On the other side, the SA 
should not be prepared to much along the 
 pancreas body due to the high risk of associ-
ated parenchyma injuries. However, it is 
important to remember that after division 
close to its celiac origin, the SA should be 
marked with a fi ne vascular suture because it 
tends to retract into the pancreatic tissue. 

 It would be desirable, after communication 
with the liver procurement surgeon, if the CT 
and SMA could be so prepared to be lately 
procured in a single common aortic patch 
together with the pancreas in order to avoid 
risky vascular reconstructions and consequent 
vascular complications (Fig.  15.6 ). In fact, in 
case of standard liver transplantation, the 
integrity of the CT is not required anymore 
since the arterial anastomosis is usually per-
formed at the bifurcation of CHA with GDA.

       4.    Superior mesenteric artery (SMA): 
 The SMA should be identifi ed at its origin 

under the inferior pancreas border already 

 Parameter  Warm preparation  Cold preparation 

 Vasospasm  −  + 

 Time-consuming  −  + 

 Parenchyma and vascular injuries  −  + 

 Bleeding control  +  − 

 Identifi cation of vascular Anatomy  +  − 

 Length of fi rst warm ischemia  +  − 

  Table 15.5    Pros (+) and 
cons (−) of warm vs. cold 
preparation in situ of the 
pancreas  
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CHA

GDA

SA

SMA
DO DON’T

  Fig. 15.4    Preparation of the gastroduodenal artery ( GDA ).  CHA  common hepatic artery,  SA  splenic artery,  SMA  supe-
rior mesenteric artery       

GDA
SMA

SA

IPDA

  Fig. 15.5    Triple arterial reconstruction after conjunction with the  GDA , SMA, and SA       
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during the preparation of big vessels for can-
nulation. A too wide dissection and encircling 
of SMA with vessels loops should be avoided 
in order to minimize damage to the paren-
chyma and SMA itself. It is not advisable to 
look for a replaced RHA (RRHA) from SMA 
at this place and this time. Eventually, the 
presence/absence of RRHA can be demon-
strated by means of an “SMA test” which con-
sists in clamping the SMA at its origin with 
microvascular clamp for a very short time. In 
case of the presence of an RRHA, the arterial 
pulse at hepatoduodenal ligament may disap-
pear, or an ischemic demarcation of the right 
liver lobe can be observed.      

15.6.2.2     Preparation of Superior 
Mesenteric Vein (SMV) 
and Portal Vein (PV) 

 The pancreas and liver allografts both require an 
appropriate length of portal vein. From a pan-
creas perspective, it is preferable that the portal 
vein be transected halfway between the superior 

border of the pancreas and the inferior border of 
the liver. Most recovery surgeons transect the 
portal vein in situ at the level of the coronary or 
left gastric vein, which may or may not allow an 
adequate length of portal vein with the pancreas 
allograft. As long as the venous confl uence is 
intact, however, the pancreas can usually be 
transplanted. Rarely, donor iliac vein may be 
required for venous lengthening if the portal vein 
stump is <1 cm in length depending on the venous 
anatomy in the recipient. At the back table, an 
elongation of PV can be performed: the portal 
vein is placed on gentle traction with fi ne sutures 
and dissected back toward the confl uence of the 
SMV and SV, ligating and dividing the superior 
pancreaticoduodenal and coronary veins if pres-
ent. Some centers prefer to shorten the portal vein 
as much as possible by dividing it just distal to 
the confl uence of the SV and SMV. Although it 
becomes technically more diffi cult to perform the 
venous anastomosis in the recipient, shortening 
the portal vein has the advantages of both pre-
venting a kink and conferring protection from 

  Fig. 15.6    Single common aortic patch. ( CHA  common hepatic artery,  CT  common trunk,  SMA  superior mesenteric 
artery,  SA  splenic artery)       
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compression by the surrounding tissues, which 
acts almost like a tortoise shell around the venous 
anastomosis. 

 However, since the length of PV still repre-
sents a matter of major confl ict between the liver 
and the pancreas surgeon, the communication 
between procurement surgeons and recipient 
centers is essential to fi nd a friendly agreement. 

 During the Cattell–Braasch maneuver, the 
IMV should be doubly ligated beyond the infe-
rior border of the pancreas near the ligament of 
Treitz, taking care not to narrow the SV.  

15.6.2.3     Preparation of the Mesenteric 
Root 

 The mesenteric root should not be divided until 
most of the aortic fl ush is complete to allow pas-
sive portal fl ush via mesenteric venous return. In 
fact, a premature ligation and division of the base 
of the mesentery may cause bowel infarction, 
which could result in bacterial translocation and 
portal endotoxemia. 

 At the time of pancreas retrieval, the line of 
transection of mesenterial root is defi ned by 
“scoring” the visceral peritoneum above and 
below the mesenteric root along the proposed 
line of transection which should be at least 2 cm 
away from the head of the pancreas and uncinate 
process to avoid injury to the inferior pancreati-
coduodenal arcade. After that, the mesenteric 
root is usually divided by using vascular staplers 
(Fig.  15.7 , stapler). Due to the fact that such sta-

plers do not always provide adequate hemostasis, 
it is advisable to oversew the mesenteric staple 
line at the back table. Alternatively, another tech-
nique is to individually ligate and divide the mes-
enteric vessels in situ as the base of the mesentery 
is dissected and serially transected [ 4 ].

   The colonic mesentery, consisting primarily 
of the right and middle colic vessels, is divided in 
similar technique and timing as reported above 
for the mesenteric root of the small bowel. 

 Following transection of the root of the mes-
entery, the small bowel can be eviscerated to fur-
ther improve exposure of the retroperitoneum. 

 In case of separate donation of pancreas and 
intestinal allograft, the base of the small bowel 
mesentery just distal to the pancreas must be 
carefully dissected taking maximal care of main-
taining the integrity of IPDA. This danger par-
ticularly occurs when the colon is included in the 
intestinal graft. In this case, the middle colic 
artery – emerging from SMA only few millime-
ters after the IPDA – should be also procured 
(Fig.  15.8 ) [ 4 ]. The reason of this problem is that 
the SPDA is the terminal branch of the GDA that 
is ligated while removing the liver. The addi-
tional loss of the IPDA will devascularize the 
head and part of the uncinate process of the pan-
creas. In case of isolated small bowel procure-
ment, the risk of damaging the IPDA is minimized 
by limiting the dissection of the SMA to a level 
just proximal to the origin of the fi rst jejunal 
trunk [ 4 ,  14 ].

  Fig. 15.8    Emerging of the middle colic artery ( MCA ) and 
inferior pancreaticoduodenal artery ( IPDA ) ( SMV  supe-
rior mesenteric vein,  SMA  superior mesenteric artery)       

  Fig. 15.7    Division of the mesenteric root by stapler 
( SMV  superior mesenteric vein,  SMA  superior mesenteric 
artery)       
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15.6.2.4       Preparation of Duodenum 
 The pancreas is procured en bloc with the duode-
num, which acts as a reservoir and allows the 
anastomosis to the recipient bowel or bladder for 
exocrine drainage. 

 The duodenum is usually exposed with an 
extended Kocher maneuver during the initial 
phase of exploration of the abdominal cavity and 
retroperitoneum. 

 During the retrieval procedure, the proximal 
duodenum is typically stapled and divided just 
distal or proximal to the pylorus (Fig.  15.9 ) and 
again at the fourth portion of the duodenum or 
the proximal jejunum near the ligament of 
Treitz.

   Dividing the pancreas before the pylorus may 
reduce the risk of injury of the pancreas head at 
procurement. Anecdotally, it could be suggested 
to let the duodenal stumps as long as possible 
giving the transplant surgeon to adapt the length 
of duodenum at back table according to the local 
needs and surgical procedure typical of recipi-
ent’s center. 

 Because of the potential risks of duodenal dis-
tension and enteric contamination in vivo, it is 
advisable to delay stapling of the distal duodenum/
proximal jejunum until just prior to start with the 
removal of the pancreas. In this context, it is helpful 
to “milk” or decompress the contents of the duode-
num distally before applying the distal staple line 
to prevent duodenal distension prior to removal. 

 In the past, recovery surgeons routinely fl ushed 
the donor duodenum (prior to cross- clamping) 
through a nasogastric tube with amphotericin B 
solution and/or iodine solution as an intraluminal 
sterilization maneuver. However, this step may not 
be necessary for enteric-drained allografts and has 
become a less common practice. 

 Finally, the pancreas allograft side of the com-
mon bile duct must be ligated during the portal 
triad dissection of the liver and eventually over-
sewn at back table [ 4 ].  

15.6.2.5    Preparation of the Spleen 
 It is advisable not to prepare and mobilize the 
spleen from retroperitoneum during the warm 

  Fig. 15.9    Division of the proximal duodenum distal ( 1 ) or proximal ( 2 ) to the pylorus       
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phase in order to avoid unpleasant spleen lacera-
tion and consequent bleeding which may com-
promise the whole MOP procedure. The 
mobilization of the spleen and dissection of vasa 
brevia from the stomach should be performed 
lately during the cold phase at pancreas removal.  

15.6.2.6    Perfusion 
 Static cold storage procedures remain the preser-
vation technique used for the vast majority of 
pancreas transplants performed worldwide [ 22 ]. 

 There are many controversies about the “ideal” 
preservation solution during pancreas procure-
ment as pointed out by Barlow AD [ 22 ]. In a ret-
rospective analysis performed by Becker et al. 
[ 23 ], there was no signifi cant difference between 
histidine–tryptophan–ketoglutarate (HTK) and 
University of Wisconsin (UW) solution. Both 
solutions have been shown to be safe for pancreas 
preservation. So, in Western Europe, the routinely 
used HTK solution seems to have no impact on 
the posttransplant pancreas graft function [ 24 ]. 

 On the contrary, in the USA, the UW solution 
is still the preferred one since some investigators 
have reported a higher incidence of reperfusion 
pancreatitis and early pancreas graft failure asso-
ciated with using HTK solution for pancreas 
preservation, particularly with higher in situ fl ush 
volumes and longer cold ischemic times (above 
12–14 h) [ 4 ]. 

 Preliminary experiences using other extracel-
lular preservation solutions such as Celsior (a 
low-viscosity, colloid-free preservation solution) 
and IGL-1 (similar to UW except for inversion of 
the sodium and potassium content and replace-
ment of hydroxyethyl starch with polyethylene 
glycol) in clinical pancreas transplantation have 
yielded acceptable results, particularly for cold 
ischemia times below 12–14 h [ 25 – 28 ]. 

 The total amount of infusate is guided by blanch-
ing of the organs and estimation by palpation of the 
degree of cooling. It is important to avoid both 
venous hypertension and overperfusion of the 
intestine and pancreas. Clinical experience has 
demonstrated that this high-volume fl ush may 
not be necessary and in fact may be detrimental, 
particularly for pancreas preservation. Limiting 
the fl ush volume until the venous effl uent is 

clear may be more practical and cost- effective. 
Furthermore, in situ perfusion through the por-
tal vein or one of its tributaries is not recom-
mended [ 14 ]. 

 Also fl ushing of the pancreas ex vivo is prob-
ably not necessary and may be harmful to the 
microcirculation 

 However, it is become increasingly apparent 
that minimizing cold ischemia (<12 h) is one of 
the single most important predictors of success in 
pancreas transplantation irrespective of donor 
quality or method of preservation [ 29 ].  

15.6.2.7     Removal of the Pancreas 
from Abdominal Cavity 

 The removal of the isolated pancreas occurs gener-
ally after the removal of the intestine and liver based 
on the abovementioned “no-touch” procedure. 

 After division of vascular structures and divi-
sion of proximal and distal duodenum, the stom-
ach is usually rotated cranially to further improve 
exposure of the pancreas. Now the spleen can be 
carefully mobilized medially by dividing the 
short gastric vessels and its ligamentous attach-
ments to the colon and diaphragm, allowing for 
mobilization and elevation of the tail of the pan-
creas from its retroperitoneal bed. Using the 
spleen as a handle, the tail and body of the pan-
creas can be mobilized medially up to the aorta 
taking care not to injure the left renal vein, SA, or 
SV (Fig.  15.10 ). Because the SA may be tortuous 
and is often extrapancreatic and cephalad to the 
superior border of the pancreas, one must specifi -
cally avoid surgical damage or traction injury to 
this vessel.

   After the complete mobilization of the pan-
creas from retroperitoneum, the graft can be now 
completely removed from the abdominal cavity 
and placed in a bowl containing ice cold water at 
back table. 

 It is important to consider that the spleen 
should be kept with the pancreas. Material for 
crossmatch needed for organ allocation can be 
taken from upper and lower pole of the spleen. 

 At the back table, the pancreas graft is fi nally 
accurately explored to check the vascular anat-
omy, to exclude relevant injuries and to confi rm 
the transplantability of the graft. 
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 Finally, the pancreas is packed according the 
standardized guidelines in a three-bag system 
[ 24 ] and prepared to be shipped to the recipient’s 
center together with the vascular grafts needed 
for vascular reconstruction.  

15.6.2.8     Procurement of Iliac Vessels 
(“Y-Grafts”) 

 Currently, the most common technique for arterial 
reconstruction is to retrieve a naturally bifurcating 
artery from the donor to be used as an arterial 

“Y”-graft. The most commonly used bifurcation is 
that of the common iliac artery into the internal 
and external iliac arteries, which are anastomosed 
to the SA and SMA, respectively (Fig.  15.11 ) [ 4 ].

   Alternative “Y”-grafts include the brachioce-
phalic trunk, the aortic cross, carotid artery 
Y-graft, and either the donor or recipient internal 
iliac artery [ 30 – 32 ]. It is essential that also these 
vessels are procured by an experienced surgeon 
because the failure to identify atherosclerotic vas-
cular disease or surgical damage to these vessels 

  Fig. 15.10    “Spleen 
handle”: removal of the 
pancreas from the 
abdominal cavity using 
the spleen as a handle       
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from improper technique or traction injuries may 
affect the outcome of the transplant procedure.    

15.7     Other Techniques 

15.7.1     En Bloc Procurement 

 Traditionally, organs are removed individually 
in a fi xed sequence (the heart, lungs, intestine, 
liver, pancreas, and kidneys). There is evidence 
that intra-abdominal temperature does not drop 
as rapidly as previously thought, despite intra-
vascular as well as topical cooling. Additionally, 
a prolonged time to remove the organs after 
cold perfusion increases the risk of rewarm-
ing (especially of the pancreas) and could 
lead to organ dysfunction posttransplantation. 
Therefore, to avoid these potential problems, the 
 en bloc procurement of the liver and pancreas  
has been advocated. This reduces the dissec-
tion and removal time, is associated with fewer 
 procurement- related  injuries, and may be associ-
ated with a better initial organ function [ 4 ]. 

 Published for the fi rst time in 1992 by Nakazato 
et al. [ 33 ], different technical variations of the en 

bloc procurement of visceral organs have been 
proposed up to now [ 14 ,  26 ]. Wunderlich et al. 
described in detail the procedure of “en bloc liver 
and pancreas removal” [ 24 ]:

•    Incision of the diaphragm on the left side until 
the esophagus and on the right side until the 
adrenal gland with much care not to cause 
lesions to the right liver capsule due to 
traction.  

•   Division of the right gastroepiploic and right 
gastric artery using ligation.  

•   Stapling of the proximal duodenum directly 
distally to the pylorus.  

•   Ligation of the left gastric artery and vein.  
•   Clipping and ligating of the inferior mesen-

teric vein at the distal border of the pancreas.  
•   Dissection and transection of the superior 

mesenteric artery and vein at the third portion 
of the duodenum next to the inferior part of 
the head of the pancreas. The mesenteric root 
can be transected using a GIA stapler. The sta-
pler line should not be too close to the lower 
part of the uncinate process to avoid incidental 
injury/closure of the pancreaticoduodenal 
artery.  

SMA

GDA

SA

  Fig. 15.11    Arterial reconstruction with “Y-graft”       
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•   Stapling of the proximal jejunum distal to the 
ligament of Treitz.  

•   Transection of the splenocolic ligament while 
lifting up the tail of the pancreas using the 
spleen as a handgrip.  

•   Mobilization of the dorsal side of the pancreas 
using electrocautery.  

•   Dissection of the aortic part of the superior 
mesenteric artery under visualization of the 
left and right renal arteries.  

•   Freeing of the infrahepatic IVC displaying the 
origins of the right and left renal veins and 
transection of the IVC just above the renal 
veins.  

•   Division of the right paravertebral muscle 
layer and transection of the right adrenal 
gland.  

•   Division of the left paravertebral muscle lay-
ers and transection of the left adrenal gland up 
to the sling/clamp of the proximal aorta.  

•   Release of the bloc is complete once the pre-
vertebral connective tissue is divided and the 
SMA is cut out with the proximal aorta includ-
ing the coeliac trunk. Special care must be 
taken here not to injure the main renal arteries 
because of their proximity to the SMA.  

•   Accurate separation of the organs at back 
table according the technical and anatomical 
pitfalls mentioned above for the standard 
procurement.     

15.7.2     Pancreas Procurement 
from DCD Donors 

 The technique for pancreas retrieval in DCD 
donors is a combination of standard retrieval 
techniques and protocols for achieving rapid 
cross-clamp in the unstable brain-dead donor set-
ting. Aberrant arterial vasculature is particularly 
vulnerable since dissection is performed in a cold 
fi eld without blood fl ow or pulses evident to 
assist inidentifi cation of the vascular anatomy. 
The liver and pancreas are usually removed en 
bloc and separated on the back table. 

 With short periods of warm and cold ischemia 
in the setting of young, thin, and otherwise stable 
individuals without aforementioned risk factors, 

excellent results can be obtained in DCD donor 
pancreas transplantation, particularly in SPK 
transplantation. 

 In recent years, organ recovery from DCD 
donors has increased steadily. It should be noted, 
however, that pancreas transplantation from DCD 
donors has yet to gain widespread acceptance 
especially in the USA and in UK [ 4 ,  34 ,  35 ]. 

 Since DCD grafts are subjected to greater isch-
emic damage, improved preservation techniques 
are likely to improve outcomes. At this regard, 
there are a number of preservation techniques 
already in clinical use for other organs that could 
potentially have benefi ts in DCD pancreas trans-
plantation. These include the “two- layer method,” 
persuffl ation, hypothermic machine perfusion, and 
ex vivo normothermic perfusion [ 22 ].   

    Conclusions 

 The technique and quality of pancreas pro-
curement signifi cantly infl uence the outcome 
of pancreas transplantation. 

 After accurate donor selection and donor 
management at ICU, a perfect pancreas procure-
ment is based on a wide anatomical knowledge, 
an accurate inspection of the graft, a gentle and 
precise preparation of the pancreas, and adjacent 
vascular structures in different phases. 

 In order to minimize the risk of surgical 
errors, it is essential that an experienced pan-
creas transplant surgeon performs such a 
detailed procedure.     
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 Tips, Tricks, and Pitfalls 

•      Tip : Preserve long ureters.
 –     Trick : Keep the ureters away from 

the operating fi eld when not working 
on them.  

 –    Pitfall : It is easy to damage the ure-
ters when dissecting the anatomical 
structures close to them.     

•    Tip : Preserve the left renal vein carefully.
 –     Trick : Before splitting the aorta, sus-

pend, cut, and retract the left renal vein.  
 –    Pitfall : It is easy to damage the left 

renal vein when splitting the aorta if 
the vein is not dissected and retracted 
suffi ciently.     

•    Tip : Preserve the renal pedicles carefully.
 –     Trick : When dissecting the great ves-

sel after perfusion, stay close to the 
prevertebral muscular plane.  

 –    Pitfall : It is easy to damage the renal 
pedicles when dissecting them from 
the posterior plane.     

•    Tip : Preserve polar arteries.
 –     Trick : Explore the aorta and the iliac 

vessels for any polar arteries.  
 –    Pitfall : It is easy to cut polar arteries, 

if not clearly identifi ed previously, 
while conducting the mediolateral 
dissection.  

•    Tip : Try to not dissect the plane between 
the aorta and vena cava and the 
kidneys.  

•    Tip : Mobilize medially the kidneys from 
the perinephric tissue preserving the 
Gerota’s fascia.     

•    Tip : Preserve the renal capsule.
 –     Trick : When examining the kidney 

after its procurement, fi nd the right 
plane to dissect in order to avoid 
damage to the kidney capsule.  

 –    Pitfall : Especially in old donors, the 
perirenal fat may not be dissociable 
from the kidney capsule.       

mailto:paoloaseni@gmail.com


184

 The purpose of this chapter is to describe the 
surgical techniques adopted in all these condi-
tions; the kidney procurement from a living 
donor using a laparoscopic or robotic approach 
will be discussed later in Chap.   22    . 

16.1     Kidney Procurement 
During Multi-organ 
Recovery 

 Kidneys are removed from brain-dead multi- 
organ donors after the liver and pancreas [ 1 – 3 ]. 
The entire dissection is performed in a cold and 
bloodless surgical fi eld. First, ureters should be 
identifi ed at the cross with iliac vessels (on the 
left side, the sigmoid mobilization should be per-
formed previously). Ureters should be dissected, 
preserving the surrounding fatty tissue to avoid 
devascularization and cut close to the urinary 
bladder. Hemostat such as light  mosquitoes  could 
be applied to the periureteral fat at the distal end 
of the ureters in order to allow gentle traction. 
The dissection should be conducted up to the kid-
ney lower pole. When ureteral dissection is com-
pleted, the ureters should be kept away from the 
operative fi eld in order to avoid injury during the 

following maneuvers. The two kidneys can be 
retrieved singularly or en bloc. 

 In the fi rst case, the inferior vena cava is cut 
just above the iliac bifurcation, and the left renal 
vein is cut and detached at its origin in order to 
expose the aorta. The inferior vena cava remains 
with the right kidney and could be useful to 
extend the right renal vein on the back table 
(Fig.  16.1 ).

   The aorta is than transected just above the iliac 
bifurcation and dived in two parts on a longitudi-
nal plane. The renal artery origins should be care-
fully identifi ed and preserved during this 
maneuver. Special care should be taken to avoid 
damage in the presence of polar arteries originat-
ing from the aorta or from the iliac branches. 
Dissecting cranially and caudally the perinephic 
fat from the Gerota’s fascia the right kidney can 
be easily mobilized medially and then removed; 
with the left hand, the surgeon should lift the 
veva cava and the right hemi-aorta and dissect 
them from the vertebral plane. The dissection 
continues to the right on the psoas anterior face 
until the right vascular pedicle is completely 
freed. Then the surgeon can mobilize the left kid-
ney and its fat from the left to right, always lifting 
the organ and its vascular-ureteral pedicle and 

  Fig 16.1    The inferior vena cava remains with the right kidney and could be useful to extend the right renal vein on the 
back table       
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completing the dissection along the prevertebral 
plane to avoid injury. 

 Before removing the left kidney, the left 
colon should be medialized. The line of Toldt 
is incised, and the colon is retracted medially 
until the left perirenal fat is completely 
exposed. The left ureter should be fi nd lateral 
to the sigmoid colon near the pelvic inlet where 
it cross the iliac artery and than divided. If an 
accurate mobilization is performed. After dis-
tal transection, the ureter and the mesoureter 
can also be medialized throughout the left 
mesocolon with the left gonadal vein. The 
splenic and diaphragmatic ligaments are sev-
ered. Thereafter the removal of the left kidney 
proceeds as described for the right kidney.  

16.2     En Bloc Removal Technique 

 When retrieving the two kidneys en bloc, the aorta 
and inferior vena cava (IVC) are severed trans-
versely just above the iliac bifurcations; the left 
renal vein is not detached from the IVC, and the 
aorta is not split (Fig.  16.2 ). The dissection from 
the vertebral plane is conducted by lifting the great 
vessels until the renal vascular pedicle is free; the 
two kidneys are mobilized laterally as described 
previously, and the removal is completed [ 4 ].

   This technique is particularly useful in mar-
ginal donors when usually one have to perform a 
dual kidney transplant. In such cases, bilateral 

renal biopsies are mandatory to determine whether 
the two kidneys could be transplanted in  different 
recipients (classic kidney transplant) or in a single 
recipient (dual kidney transplant) or whether they 
could be rejected for transplantation. On one hand, 
this technique allows to save time during the pro-
curement and the splitting of the kidneys, tailoring 
them to the needs of the dual kidney transplanta-
tion; on the other hand, this technique requires a 
slightly longer back-table time to split them. 

 Once the organs are removed from the donor’s 
abdomen, they should be examined carefully, and 
biopsies should be performed on the superior 
pole when necessary. This procedure should be 
performed by plunging the kidney in cold 
Ringer’s solution or in the preferred perfusion 
solution.  

16.3     Kidney Procurement Alone 

 For some donors, kidneys are the only harvest-
able organs. In such cases, the same incision for 
multi-organ donation (from the sternal notch to 
the pubis) is performed to allow accurate explo-
ration and the best exposure. The right colon, 
small bowel, and duodenum are mobilized as 
described in Chap.   11    . 

 The inferior mesenteric artery is ligated and 
cut, and the aorta and IVC are isolated and sus-
pended just above the iliac bifurcation. The small 
bowel is retracted upward to expose the superior 
mesenteric artery, which is identifi ed and encir-
cled just above the left renal vein. The suprace-
liac aorta is suspended. The hepatic pedicle is 
also suspended as for Pringle maneuver. If conve-
nient, the celiac trunk can be clamped to save 
perfusion liquid later on. 

 After systemic heparinization with 300-U/kg 
body weight, the lower aorta is cannulated, the 
lower IVC is ligated at the iliac bifurcation level, 
incised above the diaphragm just below the right 
atrium and the perfusion is started. The suprace-
liac aorta is cross-clamped or ligated. To perfuse 
both kidneys selectively, the superior mesenteric 
artery is ligated, and the previously suspended 
hepatic pedicle can be as for Pringle manoeuvre. 
Ice and cold saline are packed in the abdomen 
to refrigerate both kidneys. When the perfusion 

  Fig. 16.2    En bloc removal technique: the aorta and infe-
rior vena cava (IVC) are severed transversely just above 
the iliac bifurcations; the left renal vein is not detached 
from the IVC, and the aorta is not split       
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ends, the aorta and the IVC are cut transversely 
above the renal vessel origin. The removal of the 
kidneys proceeds as previously described for 
multi-organ procurement.  

16.4     Kidney Procurement 
from Non-heart-Beating 
Donor (Table  16.1 ) (donation 
after circulatory death) 

    Non-heart-beating donors [ 5 – 8 ] are grouped 
according to the Maastricht classifi cation. 
Kidneys can be harvested from donors in class II 
or above. Once the cardiac death is assessed, 
CPR and mechanical ventilation should start. 
This procedure allows the fl ow of oxygenated 
blood, thus reducing the damage the organs will 
suffer. Careful recording of the warm ischemic 
time (time from the cardiac arrest to resuscitation 
procedures and from resuscitation procedures to 
the cool perfusion starts) should be registred. 
Heparinization (300-U/kg body weight) should 
start as soon as possible. Some authors recom-
mend the use of phentolamine (0.125 mg/kg) to 
induce vasodilatation of the renal vessels before 
the infusion and thus to facilitate a rapid decrease 
in temperature. Surgical dissection and cannula-
tion of the femoral vessels are performed; then 
the cold perfusion starts. 

 The perfusion can be performed completely in 
situ or with the help of a cardiopulmonary bypass 
(CPBP) machine. 

 In the fi rst case, a three-chamber catheter with 
two balloons is inserted into the aorta through the 
femoral artery. The two balloons are infl ated to 
isolate the abdominal aorta. The perfusion starts, 
and the solution mixed with blood is removed by 
the cannula in the femoral vein. Anaise [ 9 ] 
reports that 70 mmHg of pressure increases the 
drop in temperature (up to 15 °C in 5 min); lower 
pressure would permit the release of renin- 
angiotensin and would increase the renal vascular 
resistance, promoting a decrease in renal blood 
fl ow and poor hypothermia. 

 Using the CPBP machine, the extracorporeal 
circulation is connected to the femoral cannulas 
[ 10 ]. Cannulating the contralateral femoral artery 
allows the placement of a Fogarty into the aorta. 
The Fogarty balloon is infl ated above the renal 
arteries, excluding the celiac and supraceliac 
aorta. The main difference between the in situ 
perfusion technique and body cooling with car-
diopulmonary bypass is that in the latter case, the 
blood volume of the donor is maintained without 
exsanguination. The CPBP ensures the revers-
ibility of the process and the ability to wait longer 
if further authorization is necessary to confi rm 
the deceased as an organ donor. 

 In both cases (in situ and bypass perfusion), 
continuous hypothermic peritoneal saline infu-
sion should be performed to refrigerate the sur-
face of the abdominal organs. 

 Once the donor is taken to the operating room, 
the removal of kidneys is performed as described 
for brain-dead donors.  

   Table 16.1    Maastricht classifi cation for non-heart- beating donor   

 Group  Category  Description 

 Uncontrolled 
death 

 I  Includes victims of accident and suicide (some centers exclude suicide victims from 
their programs) who are found dead at the scene and for whom resuscitation is 
deemed pointless (e.g., fatal cervical spine fracture). These are the worst group of 
potential donors because of the unknown primary warm ischemic time 

 II  Donors who are victims of unsuccessful resuscitation after sudden cardiac (the 
majority) or cerebral catastrophe who either are brought to emergency departments 
while being resuscitated by ambulance personnel or who died in the department. 
Other sources include patients suffering isolated brain injury, anoxia, stroke and 
victims of major trauma who died soon after hospital admission 

 Controlled death  III  Encompasses patients who are dying, often in an intensive care unit; they are not 
eligible for any other treatment of resuscitation 

 IV  Patients who develop unexpected cardiac arrest during or after the diagnosis of 
brain death 
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16.5     Kidney Procurement 
by Open Access 
from Living Donor  

 Seldom, a minimally invasive approach for a liv-
ing kidney donor is not suitable [ 11 ,  12 ]. In these 
cases, lombotomic, minilombotomic or trans-
peritoneal nephrectomy could be considered 
appropriate. 

  Lombotomic and minilombotomic Nephrectomy     
The donor is placed in the lateral position (lomb-
otomic position); the operating table is fl exed to 
expose the fl ank completely. A 15-20 cm inci-
sion is performed on the fl ank, between the lower 
margin of the 12th rib and the lateral edge of the 
rectus abdominis. The external and internal 
oblique muscles are sectioned as are the trans-
versus abdominis to access the retroperitoneum. 
The kidney is dissected gently. The ureter is 
identifi ed and sectioned distally. The renal ves-
sels should be identifi ed close to their origins 
from the aorta and IVC. On the left side, careful 
dissection should be performed to identify, 
ligate, and cut the adrenal and gonadic veins 
(originating from the left renal vein). At this 
point, after mild heparinization, an excellent 
urine fl ow should be evident from the severed 
ureter (diuretic stimulation could be helpful). 
After clamping and cutting the renal vessels 
(possibly artery fi rst and vein afterward), the 
kidney can be removed and fl ushed with cold 
preservation solution through the artery for the 
next step of bench surgery.  

  Transperitoneal Nephrectomy     The donor is 
placed in a supine position. A 20-cm, J-shaped 
paramedian transrectal incision is performed 
3 cm from the right or left subcostal margin and 
up to 3 cm from the pubis. On the right side, the 
right colon is mobilized medially, and the IVC is 
exposed after an appropriate Kocher maneuver. 
The right renal vein is encircled to show the right 
renal artery. The ureter should be identifi ed at the 
cross with the iliac vessels and severed distally in 
the prevesical tract. The right kidney is mobilized 
and removed after clamping and cutting the ped-
icle as described above.  

 On the left side, the left colon is mobilized 
medially and freed from the spleen ligament until 
the perirenal fat is exposed. The kidney should be 
mobilized from the lateral side. The ureter is iden-
tifi ed and severed as described for the right kid-
ney. The left renal vein is identifi ed, suspended, 
and detached from the adrenal and gonadic veins. 
The left renal artery is encircled close to its aorta 
origin. As for the right kidney, an excellent urine 
fl ow should be assessed before proceeding with 
the renal vessel clamping and cutting. 

 Sistemic heparinization  (5000 UI) is adminis-
tered. Once the right or left kidney is removed, 
immediate fl ushing with cold perfusion through-
out the artery should be performed. 

 Before wound closure, drainage is placed.     
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      Vascular Homograft Procurement                     

     Paola     Tracanelli      and     Federico     Romani   

        Homograft  is a tissue graft obtained from an 
organism of the same species of the recipient. 

 In vascular surgery, homograft is the name 
used for transplanted cadaveric vascular seg-
ments, also called allografts. 

 Allografts have been used for more than a cen-
tury. In 1903 Hopner tried to replace the carotid 
artery of a dog with the femoral one of another. 

 In 1912 Carrell introduced aortic replacement 
using cadaveric artery allograft and Gross in 
1948 treated an aortic coarctation using a human 
arterial allograft. 

 Then in 1952 Dubost replaced the infrarenal 
aorta with a fresh aortic allograft. 

 In the 1960s, the development and success of 
synthetic prostheses led homograft fell into dis-
use: the use of synthetic grafts became a standard 
vascular procedure, thanks to their long- term sta-
bility and their industrial manufacturing that 
made them widely available. 

 A new interest in allografts came back since 
1988, thanks to a French surgeon, E. Kieffer, who 
employed aortofemoral allografts in the treatment 
of abdominal aortic infected prostheses. Kieffer 
et al. at the beginning used fresh allografts; there-
after, they preferred cryopreserved arterial seg-
ments due to structural pathological changes that 
led to reoperation in 9 % of patients [ 1 – 3 ]. 

 In fact all the fi rst allografts used to replace 
infected infrarenal aortic synthetic prostheses 
were fresh aortic homografts, stored at 4 ° C for 
48 hours [ 2 ]. 

 Tips, Tricks, and Pitfalls 

•     During cannulation for organ cooling, 
section the aorta next to renal arteries 
origin and perform an atraumatic distal 
aortic clamping.  

•   During organ procurement, pay atten-
tion that liver and kidney surgeons limit 
their dissection, preserving the most 
extended part of aorta that they can.  

•   Before vessel harvesting, carefully 
observe their morphological features, 
avoiding vessels not suitable for 
reimplantation.  

•   During vessel isolation, don’t pull them 
strongly, to prevent dissection and inti-
mal lesions.  

•   Try always to get the longest segment of 
a vessel, in order to have many chances 
of use.    
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 CardioToracoVascular Department , 
  Niguarda Hospital ,  Milan ,  Italy   
 e-mail: ptracanelli@gmail.com  

    F.   Romani    
  Vascular and General Surgeon, 
Vascular Surgery Division ,  CardioToracoVascular 
Department ,   Niguarda Hospital ,  Milan ,  Italy   
 e-mail: ptracanelli@gmail.com  

 17

mailto:ptracanelli@gmail.com
mailto:ptracanelli@gmail.com


190

 Fresh allografts are destined to devitalization, 
with alterations as a result of noncalcifi c medial 
degeneration that caused spontaneous ruptures, 
thrombosis, and late aneurysmal formation [ 2 ]. 

 A new inspiration came from the favorable 
experience with cryopreserved allograft heart 
valves: these were used with success in septic 
heart pathologies, such as endocarditis or aortic 
root abscesses. Why don’t try to extend their pos-
itive results to the whole vascular tree? 

 In fact cryopreserved allograft heart valves 
proved their durability (up to 7 years from surgery) 
and resistance to infection, maybe because they 
contained viable fi broblasts, produced collagen 
and seemed able to continuous self-repairing. 

 Even today clinical data showed that cryopre-
served homografts won the challenge with the 
fresh ones, because the latter show early postop-
erative mortality caused by allograft rupture and 
allograft-related late death, involving 5 % of the 
patients treated for aortic graft infection. 

 In 2011 Vogt et al. found that cryopreserved arte-
rial homografts were safer, cheaper and more effec-
tive in treating mycotic aneurysms and infected 
vascular prosthesis than conventional grafts. 

 The allograft-treated group showed statisti-
cally signifi cant better results in mortality (both 
surgical or infection related), disease- related sur-
vival free of reoperation, duration of ICU stay, 
global hospitalization, postoperative antibiotic 
therapy, complication rate and eradication of 
infection and cost-effectiveness (with an overall 
cost-reduction of 40 %) [ 2 ]. 

 In literature, cryopreserved allografts have 
been particularly useful in the treatment of 
patients with aortoenteric, aortoesophageal or 
aortobronchial fi stula, leading to 1-year mortality 
rate reduction, from 34 % of conventional tech-
niques to 9 % after allograft implantation in two 
consecutive studies of the same institution [ 4 ,  5 ]. 

 Due to the reduced frequencies of these life- 
threatening conditions, at the moment the versatil-
ity and potential of cryopreserved allografts have 
been showed by small series and case reports. 

 Homografts have been used with success in the 
treatment of peripheral vascular infections, too. 

 Cases of replacement of arterial segments 
with homograft and in contemporary vertebral 
stabilization have been described in patients 

where a polysegmental spondylitis coexisted 
with infected abdominal aorta aneurysm. 

 At last homografts have been used also in 
patients undergoing simultaneous gastrointestinal 
and aortic surgery, in those at risk of infection 
due to long-term immunosuppression or in case 
of surgery for thoracic malignancies involving 
major intrathoracic vessels, in order to reduce the 
incidence of infection of prosthetic material. 

 Table  17.1  shows some indications adopted 
for allografts in vascular surgery [ 6 ].

   Using homografts the main advantages are:

•    allografts allow in situ replacement of infected 
vascular or prosthetic segments, avoiding com-
plex extra-anatomic reconstructions and their 
possible disadvantages (mainly aortic stump 
blowout syndrome, reinfection of implanted new 
graft, almost lifelong antibiotic treatment). 

 For certain sites of infection (transverse 
aortic arch, proximal ascending aorta, upper 
abdominal aorta), they represent the optimal 
solution, because extra-anatomic reconstruc-
tions here are diffi cult or impossible.  

•   allografts can restore the natural direction of 
blood fl ow.  

•   some authors propose in limited prosthetic 
vascular infections (involving just an 
anastomosis or a branch of a prosthetic graft, 

    Table 17.1    Main indications used for allografts in vas-
cular surgery [ 6 ]   

 Indication 
 Implanted arterial 
allografts  % 

 Infected prosthetic material  1373  54.8 

 Infected native artery  72  2.9 

 Mycotic aneurysm  119  4.8 

 Critical ischemia  372  14.8 

 Arterial injury  48  1.9 

 Prosthetic graft thrombosis  40  1.6 

 Entero-vascular fi stula  47  1.9 

 Aneurysm of native artery  15  0.6 

 Allograft failure  22  0.9 

 Tumor  10  0.4 

 Aortic coarctation  3  0.1 

 Congenital cardiac surgery  378  15.1 

 Heart transplantation  4  0.2 

 Intolerance of vascular 
prosthesis 

 3  0.1 
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such as in aortobifemoral reconstructions) the 
substitution just of the infected prosthetic 
segment, in order to be less invasive and 
reduce reinfection rate.  

•   allografts don't cause perigraft fl uid accumu-
lation and scar formation around the implanted 
graft, reducing the risk of local wound prob-
lems or reinfections.  

•   antifungal and antibiotic therapy can be limited 
in time: it can be stopped after 3–6 months post 
surgery, avoiding long-term or lifelong admin-
istration even for microbiological aggressive 
pathogens like  Pseudomonas aeruginosa , 
 Candida albicans  or  Aspergillus fumigatus , 
well known for their multidrug resistance [ 2 ].    

 Main disadvantages of allografts are:

•    the prolonged time necessary to the acquisition 
of the optimal homograft for any individual 
case; in fact, they cannot be stocked in every 
single hospital and so it’s impossible to face 
emergency situations.  

•   long-time preparation: for the correct use of 
cryopreserved grafts is necessary to follow a 
precise protocol of thawing and washing 
before implantation. 

 Furthermore, in case of long vascular seg-
ment substitution, homografts required a long 
surgical preparation, such as ligation of side 
branches or end-to-end anastomosis of two or 
several short allograft segments.  

•   they are more expensive than prosthetic grafts.  
•   cryopreserved homografts are not an everlast-

ing vascular graft: explanted arterial allografts 
were fi brotic, acellular, nonvital and without 
endothelial cells, with weak and focal T-cell 
infi ltrations, while the only fi brous tissue was 
preserved.    

 Vogt et al. observed the narrowing over time 
of allografts with smaller diameter, like a sign of 
chronic rejection [ 2 ]. 

 This observation was previously supported 
also by other authors, such as A.D. Callow, who 
noticed that the larger smooth muscle cells 
composition in muscular arteries (such as the 
femoral or the popliteal ones) and, on the other 
hand, the greater elastic content of iliac and aortic 

segments, make the former more antigenic than 
the latter. The antigenicity of muscular and elastic 
arteries must be greatly reduced by the process of 
cryopreservation; antigenicity caused also the 
unsuccess of vein allografts, affected by 
immunologically induced thrombosis as a 
consequence of endothelial damage [ 3 ]. 

 Nowadays, the indications for cryopreserved 
arterial allografts are few and limited to  
complicated thoracic cases, and in abdominal 
aorta the occurrence of complications of 
conventional surgical techniques can be treated 
with cryopreserved grafts [ 2 ]. 

 In conclusion, as Vogt et al. state, “cryopre-
served arterial and aortic allografts represent an 
additional powerful biological tool in patients 
with life-threatening vascular infection, improv-
ing early and late mortality and reducing the inci-
dence of late complications and reoperations in 
patients with major aortic infections [ 2 ].” 

 In alternative to arterial homografts autologous 
venous segments were proposed: they showed 
increased operating times, the same morbidity of 
arterial ones, with sacrifi ce of healthy tissue. 

 Cryopreserved venous grafts also showed to 
be resistant to infections, thrombosis and 
aneurysm formation, but without the same dura-
bility of arterial segments [ 2 ]. 

 As established in the CVHG 1  protocol, vessel 
procurement begins after organ harvesting. 

 Donor exclusion criteria are the same adopted 
in NITp 2  for organ and donors and are also 
recommended by the Europe General Standards 
for Tissue Banking:

•    risk factors for HIV, hepatitis and other trans-
missible diseases in donor anamnesis  

•   actual signs of symptoms of transmittable 
diseases (malignancies included)  

•   donor serology positive for HIV-1, HIV-2, 
HbsAg, HCV or syphilis [ 1 ]    

1   CardioVascular HomoGraft. 
2   North Italy Transplant program, a transplant organiza-
tion (the fi rst Italian one) that coordinated organ procure-
ment and transplantation activity since 1972 and serves an 
area of about 19 milion of inhabitants in Lombardia, 
Liguria, Veneto, Friuli-Venezia Giulia, Marche and 
Trento. 
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 Vessels retrieved are sections of thoracic aorta, 
the abdominal aortoiliac tract and femoral arteries 
(both deep and superfi cial) [ 1 ]. 

 Finding surgical strategies for procurement of 
vascular segments is important to reach a 
compromise between the need of organs and 
vascular structure harvesting [ 7 ]. 

 In fact on one hand, we have to preserve the 
vascular peduncle of every single organ to make 
possible transplantation; on the other hand, we 
have to try to collect the longest vascular segment 
from every organ removal. 

 The fi rst concern is cannulating for organ 
cooling: generally it’s used an infrarenal 
aortotomy to cannulate aorta, clamping at the 
thoraco-abdominal passage. 

 Section of the aorta should be near to renal 
arteries origin. 

 Distal aortic clamping should be atraumatic 
for the vessel’s wall; it can be used  a tourniquet. 
Some surgeons suggest an endoluminal clamping 
with a double-balloon catheter, in order not to 
pinch the artery wall. 

 This device can be introduced through a 
section on the descending aorta (anterograde 
access) or through a hypogastric artery (retrograde 
access). 

 The latter permits to avoid section on the 
aortic wall, and it’s easiest to perform because the 
donor is supine and the approach is a median 
sternotomy. 

 After aorta cannulating and perfusion of 
splanchnic organs and kidneys, the fi rst step is 
procurement of heart and then lungs, liver and 
pancreas and kidneys. 

 Liver surgeons have to try to limit aorta 
dissection in a cranio-caudal direction, respecting 
the right renal artery and vein. Kidney surgeons 
have to limit aorta dissection too, in order to 
preserve the largest aortic segment as they can. 

 At last vessel harvesting can be performed, pre-
viously exploring them in order to avoid those 
with extended involvement of atheromasic lesions. 

 First, the thoracic descending aorta is isolated 
on a periadventitial plane, then intercostal arter-
ies are divided at 0.5 cm from their origin. 

 By gently pulling the aorta anteriorly, these 
collaterals can be seen, avoiding to create lesions 

of the wall that could cause dissection after the 
implant. 

 Collateral branches are not sutured until the 
moment of their use, after cryopreservation. 

 Even the aortic arch is harvested and it’s 
useful for reconstruction of bifurcated tracts. For 
this purpose, its branches are dissected the most 
distally as it’s possible. 

 After the section of the left anonymous vein, 
it’s possible to dissect in a cranial direction and 
harvesting a long trait of common carotid artery 
up to its bifurcation. These arterial segments can 
be useful in liver transplant for vascular recon-
struction, preserving infrarenal aorta and com-
mon iliac arteries, including their bifurcation. 

 Even if the liver surgeon prefers to harvest 
iliac arteries, these should be isolated together 
with infrarenal aorta up to its carrefour and 
properly conserved; in this way, if the harvested 
vascular segments won’t be used within 48 hours, 
they should be sent to the homograft bank for 
cryopreservation and storing. 

 Iliac axes have to be harvested for all their 
extension, including the fi rst tract of hypogastric 
artery, till their fi rst collateral branch, in order to 
get used during a transplant or for reconstruction 
of another bifurcation [ 7 ]. 

 The same technique is used for superfi cial 
femoral arteries, sectioning their collaterals at 
one centimeter after their origin [ 7 ]. 

 A series of procedures are necessary to pre-
serve homograft. Banking of the tissues is the 
name given to all these procedures that include 
isolation, preparation, conservation and 
distribution of the homograft. 

 The harvested homografts are kept into a trans-
port solution at 4 °C till their arrival at the bank. 

 Allograft dissection and evaluation have to be 
performed as soon as it’s possible, within 24 
hours after procurement. 

 This is the moment where a fi rst classifi cation 
of homografts is realized, based on macroscopical 
analysis of the graft collected. 

 They are divided into:

•    fi rst class: for arterial grafts, the existence of 
aneurismatic lesions or two blisters in the 
arterial wall, transmural calcifi cation for more 
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than 50 % of diameter, intimal ulcers make 
them not acceptable. 

 For venous segments, they are completely 
unuseful if they look frankly varicose veins or 
with an extended wall fi brosis.  

•   second class: arteries are considered “accept-
able with reserve” if they are ectatic or in pres-
ence of fi brocalcifi c thickening or calcifi c 
atheromas without ulcerative areas. Venous 
allografts with focal ectasia or thickened seg-
ments are also defi ned in this way.  

•   third class: normal arteries for diameter 
and morphology, with small traces of athero-
sclerosis and veins without pathological 
lesions can be considered acceptable [ 8 ].    

 As following step, the homografts are kept at 
4 ° C for 96 hours on average with antibiotics; 
after this phase of sterilization, the tissue has to 
be frozen, thanks to a homogenous and controlled 
thermic decrease. Storing takes place at 
−150/−180 ° C in fumes of liquid nitrogen till 
homograft employment; this technique allows 
long-term conservation. 

 All these procedures of cryopreservation aim 
to maintain the structural and functional integrity 
of cells and tissues; the thermic decrease has to 
avoid damages to cellular vitality and function 
and especially of tissue structure in toto. 

 Some cryoprotector agents are employed to 
reduce the concentration of solutes, the cellular dehy-
dration and the formation of micro–macro crystals. 

 The next step is establishing the adequacy of 
the homograft, studying bacteriological and viral 
aspects. Viral screening is performed on the 
donor’s blood and the bacteriological tests are 
performed on tissues and fl uids. 

 In every step of banking, information about 
the donor and tissues are recorded on paper and 
database, allowing a detailed collection of data 
for every single homograft [ 7 ]. 

 An important and large experience was the 
one of the European Homograft Bank, in activity 
since 1991. 

 They have prepared, stored in liquid nitrogen 
vapor below −130 °C and distributed different 
kinds of arterial allografts throughout Europe and 
elsewhere [ 6 ]. 

 All the tissues are prepared according to the 
European regulations and standards. 

 From 1991 to 2011, 1428 batches of cryopre-
served arteries were distributed all over European 
countries; the most important indications for 
allograft (Table  17.1 ) implantation were infections 
(65 %), critical limb ischemia (15 %) and congeni-
tal cardiac malformations (15 %). Two percent of 
homografts were used for repairment of arterial 
injury, 1.5 % for prosthetic graft thrombosis,  0.4 
% for tracheal replacement in case of cancer. 

 The upper age limit for artery donors was 55 
years for males and 60 years for females without 
cardiovascular risk factors. 

 Donors with a history of malignant, bacterial, 
viral or other transmittable diseases weren’t 
accepted; also arteries with morphological 
alterations were excluded. Morphological 
features leading to artery exclusion were 
atheroma or calcifi cations, luminal stenosis, 
ulcerative lesions, dilatation or aneurysms, 
important wall hematomas, wall infections and 
tears during recovery or preparation. 

 Allografts came from heart-beating multiorgan 
donors in brain death or non-heart-beating 
deceased donors recovered within 24 hours after 
cardiac arrest with a warm ischemia time of 6 
hours (before the refrigeration of the body at +2 
to +8 °C). The process must begin as soon as pos-
sible, with a maximum delay of 24 hours. In fact, 
the total ischemia time should not be more than 
72 hours. 

 Once tissues (heart and arteries) had been 
explanted, they were rinsed with sterile saline and 
packed in triple sterile plastic bags, fi lled with 
cold saline (+4 °C), closed and put into a polysty-
rene box on wet ice bed, together with blood sam-
ples for serology evaluation of the donor.  Then 
they were transferred to EHB within 24 hours 
from tissue recovery or cardiac arrest. When the 
material arrived at EHB, the technical staff veri-
fi ed the packaging, labeling and transport condi-
tions of the tissues and blood samples. Then the 
donor/tissue record was created after anonymiza-
tion and coding of the donor and tissue. 

 In the same way also for the EHB, the fi rst 
morphological evaluation was the following 
stage, with measurement of proximal and distal 
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diameters and performing histological exam at 
both extremities of the conduit. 

 All the morphologically acceptable tissues 
were put into a solution of three antibiotics 
(vancomycin, polymixin B and lincomycin) for 
48 hours at 4 ° C,  then they passed to the second 
morphological analysis. 

 The allograft was put in 100 ml of a 
cryoprotectant solution of 10 % dimethyl 
sulfoxide in medium 199. 3  

 Cryopreservation was achieved with a 
controlled-rate freezing program of 1 °C/min, 
down to −40 °C, and of 5 °C/min down to −100 
°C by means of liquid nitrogen. 

 The cryopreserved tissues were stored in a 
permanently monitored storage tank in liquid 
nitrogen at temperatures below −130 °C. 

 All donor blood samples were routinely 
screened for hepatitis B and C, HIV, HTLV, 
syphilis, malaria, viral myocarditis, Q fever and 
tuberculosis. 

 Bacteriological cultures were taken for aerobic 
and anaerobic organisms, yeasts and fungi from 
transport solution with tissue samples (control A), 
a decontamination solution with tissue samples 
(control B) and a preservation solution (control C). 

 Histological examination of the extremities of 
the artery was performed in order to exclude 
malignancies and active infections. 

 EHB is responsible of the selection of the 
proper allograft: depending on indications, 
degree of emergency, and availability of the 
allografts, the EHB proposed a specifi c allograft 
for every request. 

 Even the shipment of the allograft was organized 
by EHB, through two kinds of shipment: in a dry 
shipper in liquid nitrogen at temperature below 
−130 °C or in dry ice at −78 °C. The fi rst one was 
preferable because it allowed the safe return of the 
biological material in case of no implantation. 

 The last step was the implanting surgeon’s 
evaluation of allograft morphology and quality of 
tissue preservation, with a complementary 
bacteriological evaluation, too, to exclude any 
possible contamination. 

3   A nutritional source with different components, created 
in 1950s by Morgan et al. 

 After implantation, a traceability form had to 
be fi lled and sent back to EHB. 

 In 20 years, EHB collected an increasing 
number of arteries, as shown in Fig.  17.1 , 
reaching a maximum number of 138 batches of 
arteries per year in 2011. Not all the explanted 
arteries could be turn into cryopreserved allograft: 
only 68 % of arteries could be accepted, while 32 
% of them were discarded mainly because of bias 
in morphology (58 %) and positive bacteriology 
(31 %) (Fig.  17.2 ). The most frequently implanted 
were femoral arteries, followed by descending 
aorta (Fig.  17.3 ) [ 6 ].

     The following table (Table  17.2 ) shows the 
most common complications of the EHB’s 
arterial allografts that didn’t allow the use of the 
same grafts.

   Even in Italy the experience of homograft 
banking has been realized: one of the most 
important tissue banks is Centro Cardiologico 
Monzino, where vascular (arteries and veins) and 
cardiac tissues (aortic, mitral, and pulmonary 
valves) are harvested. 

 This bank was founded in 1993 with the name 
“BIO” (Banca Italiana Omoinnesti); it was part 
of the hospital called “Centro Cardiologico 
Monzino,” and its aim at the beginning was just 
to harvest cardiac tissues for the hospital itself. 

 In 1994 the activity was enlarged, including 
vascular tissues and involving other hospitals, 
allowing them to use the harvested homografts. 
In the same year, the bank began its collaboration 
with NiTp. 

 In 1997 the BIO became member of the 
European Association of Tissue Bank (EATB). 

 In 2000 the Italian Health Ministry approved 
BIO’s procedures as national guidelines for pro-
curement and transplant of cardiovascular tissues. 

 From 2003 the bank was certifi ed according to 
UNI EN ISO 9001, and from 2005 BIO was rec-
ognized as a “certifi ed tissue bank” within the 
program of CNT (Centro Nazionale Trapianti) 
for its activities of harvesting, processing, storing 
and distribution of cardiac and vascular tissues. 

 Since that time, the bank continues its activity 
of vascular and cardiac tissue procurement and 
storing, satisfying the needs of almost all 
Northern Italy [ 9 ].    
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  Fig. 17.1    Batches of arteries harvested and treated between 1991 and 2011 in EHB       
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  Fig. 17.2    Main causes of 
discarding harvested arteries 
between 1991 and 2011 in 
EHB       
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  Fig. 17.3    Types of arteries used for implants.  FA  femoral artery,  IA  iliac artery,  AoBif  aortic bifurcation,  DA  descending 
aorta,  AA/Arch  ascending aorta/arch,  nvPC  pulmonary bifurcation without valve       

   Table 17.2    Complications occurred to the EHB’s arte-
rial allografts that made them unuseful for surgery   

 Complications  Number  % 

 Thawed, not implanted  36  83.7 

 Allograft tear during thawing  5  11.6 

 Bag rupture  1  2.3 

 Temperature fl uctuation  1  2.3 
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 Tips, Tricks and Pitfalls 

    Liver
•    Carefully dissect the donor inferior vena 

cava, especially in the suprahepatic 
region, where the adventitia is fi rmly 
adherent to the surrounding diaphragm, 
and on the posterior side to avoid uncon-
trollable posterior bleeding during 
implantation.  

•   Recognize hepatic artery variations 
(Michel’s classifi cation) when examin-
ing the superior mesenteric artery.  

•   Dissect the hepatic artery from the aor-
tic patch to the level of bifurcation of the 

gastroduodenal artery, cleaning off the 
celiac plexus and fi brofatty tissue envel-
oping the vessels.  

•   Do not ligate the small collaterals too 
near to the vascular ostia, especially in 
atheromasic arteries.     

  Kidney
•    Carefully remove the perinephric fat 

without skeletonizing the ureters; avoid 
extensive opening and massive cleaning 
of perinephric fat in kidneys from older 
donors.  

•   Mark and subtend both the ureters with 
light mosquito forceps to avoid their 
accidental shortening and injury.  

•   Cut the left renal vein along the left mar-
gin of the vena cava.  

•   Choose the right renal vein elongation 
technique that is most appropriate 
according to the shape of the vein.  

•   Pay special attention to the inferior polar 
arteries, which often originate far from 
the main renal artery, from the inferior 
abdominal aorta, or from the iliac axis.     

  Pancreas
•    Manipulate the pancreas parenchyma 

very carefully to minimize edema, inju-
ries, and bleeding, factors which increase 
the risk of acute pancreatitis of the graft.       
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       The back-table procedure constitutes the fi nal 
stage of organ procurement and requires defi ni-
tive inspection, careful dissection, and prepara-
tion of the retrieved organ. It is important to 
maintain adequate cold preservation during the 
surgical maneuvers. The fi rst step is macroscopic 
organ inspection to detect any injury or suspected 
lesion; then vascular preparation is performed. 
This technique requires a precise knowledge of 
physiological and anatomical variations in vascu-
lar patterns and an accurate dissection of all ele-
ments to perform the anastomosis on the 
recipient. Vascular reconstructions with homolo-
gous or heterologous grafts may be necessary. 
The tightness of every vascular element is sys-
tematically verifi ed. In this chapter liver kidney 
and pancreas technical features of the back table 
are described with particular attention to anatom-
ical descriptions of vascular patterns and surgical 
techniques. 

18.1     Liver Back-Table Surgery 
and Vascular Graft 
Preparation 

18.1.1     General Principles 

 The back-table surgery for the liver graft is an 
important step before orthotopic liver transplan-
tation (OLTx); it constitutes the fi nal stage of 
liver procurement and is the fi rst back-table pro-
cedure in the recipient operating room when 
back-table should be performed by the same 
surgical team. The total operation time for organ 
harvesting and the consequent warm and cold 
ischemia can affect the success of the subse-
quent liver transplant procedure. Cold storage of 
the organ by dipping in cold preservation solu-
tion, a fast bench surgery and fast implantation 
are also important factors to reduce the overall 
ischemic time and to maintain graft quality by 
reducing the “preservation injury” (PI). PI can 
occur at any time during the agonal phase of the 
cardiocirculatory activity, after aortic cross 
clamping and cardiac arrest, during the cold 
phase of organ harvesting, and fi nally during the 
implantation of the graft into the recipient. 
Multiple potential factors leading to primary 

graft dysfunction (PGD) can contribute to the 
graft damage of PI. These include donor dis-
eases, drug toxicity, prolonged hypotension, 
unrecognized trauma of the graft, metabolic 
abnormalities triggering graft edema and an 
improper perfusion technique. 

 It is important to keep the liver as fully 
immersed in the cooled preservation solution 
as possible during the entire bench surgical 
procedure and to limit exposure to the relevant 
anatomy. Large pieces of ice in the liver bag 
should also be avoided, because they can dam-
age the liver. 

 The surgeon performing the back-table pro-
cedure (an assistant is desirable) creates a cold 
solution fl uid with a fi ne ice slurry bath from 
four 1 liter bags of frozen lactated Ringer’s 
solution added to the perfusion fl uid in the 
back-table basin, maintaining the solution tem-
perature of approximately 4 °C. The donor liver 
graft is then covered with cold wet swabs to 
protect the organ from direct contact with ice 
and to avoid freezing damage of the surface 
liver tissue. 

 After perfusion, the exsanguinated liver graft 
is further inspected to confi rm its degree of ste-
atosis and suitability for transplantation.  

18.1.2     Inferior Vena Cava 
Preparation 

 One important step during the back-table proce-
dure is the careful dissection and preparation of 
the donor inferior vena cava (IVC) to identify 
and ligate its tributaries. Failure to control these 
veins or to identify any iatrogenic injury to the 
IVC and hepatic veins will result in trouble-
some hemorrhage after reperfusion and require 
diffi cult maneuvers for the mobilization of the 
graft to identify and suture the bleeding sites. 
This maneuver increases the risk of ischemia to 
the new liver and strains the vascular anasto-
motic sites, which can result in further 
bleeding. 

 The IVC of the donor liver is prepared for 
transplantation on the bench. Dissection is started 
on the posterior aspect of the suprahepatic IVC 
and continues down to the infrahepatic IVC, 
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dissecting and dividing the left hepatocaval liga-
ment at the level of the left edge of the caudate 
lobe. Suffi cient width of the posterior vena cava is 
mobilized to facilitate the cavo-cavostomy and 
this can usually be achieved without dividing any 
venous tributaries that drain the caudate lobe. The 
diaphragmatic and fatty tissue around the supra-
hepatic IVC is carefully dissected; there are usu-
ally 1–2 small phrenic veins on the right and 1–2 
larger veins on the left that must be tied at this 
stage. A Watson-Cheyne probe can help identify 
these branches. The left hepatic vein is thin-walled 
and is prone to injury during this dissection. 

 The cut ends of the suprahepatic and infrahe-
patic IVC are stretched out by the assistant sur-
geon. The posterior aspect of the IVC and the 
right lobe of the liver are dissociated from all 
extraneous tissue including pieces of diaphragm 
and the right adrenal tissue. The right adrenal 
vein and the inferior phrenic veins, usually 2–4, 
require ligation. Great care should be taken in the 
region of the suprahepatic IVC, because the 
adventitia of the right and left hepatic veins 
adheres fi rmly to the surrounding diaphragm. 
Inappropriate dissection can lead to the injury of 
these veins which, following repair, may com-
promise hepatic venous outfl ow. The caudate 
lobe is partially dissected from the IVC by fi rst 
dividing the right hepatocaval ligament 
(Makuuchi’s ligament) where it inserts into the 
right edge of the caudate lobe. Some very small 
hepatic veins may need to be ligated and divided 
near to the superior caval outfl ow to obtain an 
adequate caval patch. The IVC should be 
inspected for defects that require oversewing 
with Prolene 6/0 or 7/0. Water tightness is con-
fi rmed by applying a vascular clamp subse-
quently to both ends of the IVC and fl ushing with 
20–30 mL of Celsior solution from the free side 
using a 50-mL catheter-tipped syringe. It is very 
important to verify the tightness of the vena cava 
wall and to maintain the vena cava length to allow 
the surgeon to determine its length during graft 
implantation. In the case of the piggyback anas-
tomotic technique, excess infrahepatic vena caval 
tissue should be removed (Fig.  18.1 ). The inferior 
edge of the IVC is then closed and sutured with 
4-0 Prolene running sutures or with a vascular 
stapler device.

18.1.3        Portal Vein Preparation 

 The portal vein is dissected free for an adequate 
length, almost 3–5 cm to the level of its bifurca-
tion, and 1–2 small tributaries (coronary left gas-
tric vein) are ligated. The portal vein must be 
confi rmed as watertight: Some perfusion solution 
is fl ushed with a catheter-tipped syringe, using 
two fi ngers to close the hilar side fi lled with bath 
fl uid and test for any points of leakage. Every 
injury of the vein must be repaired with 6/0 
Prolene stitches [ 1 – 3 ].  

18.1.4     Hepatic Artery Variations 

 During liver transplantation, the recognition of 
hepatic artery variations (HAV) is mandatory for 
the safety of the graft and of the recipient 
(Fig.  18.2 ).

   There are ten types of anatomical pattern presen-
tation according to  Michel’s classifi cation  [ 4 – 9 ]:

•    Type 1 (70 %): classic anatomical pattern in 
which the common hepatic artery arises from 
the celiac trunk to form the gastroduodenal 
and proper hepatic arteries, the latter dividing 
distally into right and left branches.  

•   Type 2 (9.7 %): a replaced left hepatic artery 
arises from the left gastric artery.  

•   Type 3 (7.8 %): a replaced right hepatic artery 
originates from the superior mesenteric artery.  

•   Type 4 (3.1 %): a replaced left hepatic artery 
arises from the left gastric artery and a 

  Fig. 18.1    Suture of the distal IVC (vascular stapler)       

 

18 Transplantation Bench Surgery of the Abdominal Organs



200

  Fig. 18.2    Michel’s classifi cation: ten types of hepatic artery variations according to Michel’s classifi cation with two 
new types not previously included       
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replaced right hepatic artery originates from 
the superior mesenteric artery.  

•   Type 5 (3.9 %): an accessory left hepatic 
artery originates from the left gastric artery.  

•   Type 6 (0.6 %): an accessory right hepatic artery 
arises from the superior mesenteric artery.  

•   Type 7 (0.6 %): an accessory left hepatic 
artery originates from the left gastric artery, 
and an accessory right hepatic artery origi-
nates from the superior mesenteric artery.  

•   Type 8 (0.3 %): a replaced left hepatic artery 
originates from the left gastric artery and an 
accessory right hepatic artery originates from 
the superior mesenteric artery or vice versa.  

•   Type 9 (2.5 %): the common hepatic artery 
originates from the superior mesenteric artery.  

•   Type 10: the common hepatic artery arises 
from a left gastric artery.    

 The two new types not included in Michel’s 
classifi cation are as follows:

•    Type 11 (0.3 % of cases in the literature): the 
common hepatic artery arises from the supe-
rior mesenteric artery and an accessory left 
hepatic artery is a branch from the left gastric 
artery.  

•   Type 12 (0.7 % of cases in the literature): the 
common hepatic artery originates directly 
from the aorta.    

 In 1971, Suzuki et al. contributed an article on 
the surgical importance of anatomic variants of 
the hepatic arteries; it emphasized the detailed 
hepatic arterial variation at the hepatic hilum. 
Suzuki presented a new classifi cation based on 
the hepatic arterial pattern at the hilar region; 
according to  Suzuki’s classifi cation , the numbers 
of hepatic arteries constitute the primary factor in 
classifying variations of the artery. 

 These are classifi ed into three groups:

    Group I  has one hepatic artery (proper hepatic 
artery).  

   Group II  has two independent hepatic arteries 
with four presentation patterns.  

   Group III  has three or more hepatic arteries enter-
ing the liver at the hilar region.    

 Each group is divided into three types in cor-
respondence with the arteries from which the 
hepatic artery originates.

   In the celiac type, the hepatic artery is derived 
from the celiac trunk or its branches.  

  In the mesenteric type, the hepatic artery arises 
from the SMA or its branches.  

  In the mixed type, the hepatic artery originates 
from both the celiac and superior mesenteric 
arteries or, very rarely, from the celiac and 
abdominal aorta.     

18.1.5     Hepatic Artery Preparation 

 Aberrant hepatic arteries should be sought and, if 
present, dissected for an appropriate length. Once 
the variations are recognized, the second step is 
performed during back-table surgery; an optimal 
arterial supply must be assured for the liver graft 
by adequate harvesting of the vascular donor 
graft. Only accurate microvascular technique 
with the help of magnifying glasses can assure 
the patency of the anastomoses and minimize the 
risk of immediate arterial thrombosis and organ 
failure. The hepatic artery is then evaluated and 
cleared of adventitia, celiac plexus nerves, and 
lymphatic tissue. The celiac trunk is prepared and 
the distal end of the donor SMA is dissected 
along its longitudinal axis to identify the right 
accessory (Type 4) or replaced artery (Type 9). In 
the case of a classic anatomical pattern with a 
unique hepatic artery, the arterial infl ow is dis-
sected from the aortic patch to the level of bifur-
cation of the gastroduodenal artery, cleaning off 
the celiac plexus and fi brofatty tissue enveloping 
the vessels and avoiding the skeletonization of 
the arterial axis. A small quantity of fi brous tissue 
around the proper hepatic artery will prevent vas-
cular kinking or twisting of the artery in that area. 
The superior mesenteric artery should be exam-
ined carefully to detect an accessory or replaced 
right hepatic artery. Finally, an aortic patch of 
approximately 2.0 cm × 1.5 cm is created. The 
splenic artery, the left gastric artery, and the ori-
gin of the gastroduodenal artery are ligated. 
Especially in atheromasic arteries, it is important 
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not to ligate small collaterals too near to the vas-
cular ostia to avoid the danger of forming intimal 
fl aps. If an accessory left hepatic artery originat-
ing from the left gastric artery is present, it is dan-
gerous to explore its patency with a blunt needle, 
because it has very small caliber. In this case, it 
will be better to leave some adventitial fi brofatty 
tissue to avoid the skeletonization of the artery 
and subsequent kinking or twisting. All small 
collaterals (vasa gastrica breviora) must be care-
fully ligated, and the left hepatic artery should be 
hydro-pneumatically tested by injecting a small 
quantity of solution from the ostium of the celiac 
trunk [ 2 ,  3 ]. If an accessory hepatic artery origi-
nating from the SMA is present, there is no stan-
dard technique of vascular reconstruction; the 
goal of reconstruction is to obtain a unique celiac 
common trunk to be anastomosed with the recipi-
ent’s hepatic artery with a satisfactory result at 
bench time. After more than 300 cases of hepatic 
artery reconstruction performed in over 1800 
liver transplantations (from 1985 to 2015), we 
were able to outline some general principles 

about bench surgery reconstructive techniques. If 
the accessory right hepatic branch diameter is 
suffi ciently large (>2 mm), an end-to-end recon-
struction with the splenic artery may be the best 
choice to achieve a unique arterial infl ow from 
the celiac trunk (Fig.  18.3 ). If the accessory right 
hepatic branch diameter has a small caliber 
(<2 mm), an anastomosis with the stump of the 
gastroduodenal artery can be realized (Fig.  18.4 ).

    In the case of accidental sectioning of the right 
accessory branch, two possibilities of reconstruc-
tion are available according to our experience:

    (a)    If the residual stump is very short, an end-to- 
end anastomosis between the right accessory 
hepatic branch and the gastroduodenal artery 
(also utilizing an interposition graft by a short 
arterial segment of adequate diameter, as 
splenic or left gastric artery) can be performed.   

   (b)    If the section is proximal to the mesenteric 
branch, an end-to-end anastomosis with the 
splenic, left gastric artery or with the gastro-
duodenal artery is always possible.     

Left gastric artery

hepatic artery

Splenic artery

Accessory hepatic
artery from SMA

Celiac trunk

Common bile duct
Left accessory
hepatic artery

  Fig. 18.3    Reconstruction of an accessory right hepatic artery (from SMA) on the splenic artery (7/0 monofi lament) 
and preservation of accessory left hepatic artery from the left gastric artery       
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 In Fig.  18.5  some other possible reconstruc-
tion techniques are shown; every case is different 
and must be analyzed according to each individ-
ual arterial segment in consideration of its length 
and different angulations of vascular insertion 
relative to the longitudinal axis. Sometimes due 
to the recipient’s arterial damage (stenosis or 
fl apping), an interposition jumping graft with the 
iliac donor artery graft on the recipient’s aorta is 
necessary during the transplant procedure or, 
more frequently, during liver retransplantation 
(Fig.  18.6 ).

18.1.6         Biliary Tract Identifi cation 
and Completion of Liver 
Back-Table Transplantation 

 It is better to prepare the biliary tract directly on 
the recipient after the reperfusion of the graft, 
thus avoiding any dissection at the back table to 
prevent common bile duct devascularization of 
the graft. 

 Depending on the delay from the completion of 
the back-table procedure to implantation, the liver 
should either be re-bagged and placed in another 
thermostatic container with ice or kept in a cool 
room until the time of reimplantation. In the case 
of early implantation, the liver should be wrapped 
in a pack and kept fully immersed in the same 
basin with perfusion solution and slush ice packed 

all around it but not directly in contact with the 
graft. When ready, just before implantation, the 
graft can be fl ushed with 500 mL of Ringer’s solu-
tion to dilute the excess potassium [ 10 – 13 ].  

18.1.7     Arterial Graft Preparation 

 After the liver back-table preparation, it is impor-
tant to prepare donor iliac arterial and venous 
grafts, not only for a scheduled retransplantation 
procedure but also in case of any unexpected 
damage or thrombosis of the recipient’s hepatic 
artery or portal vein. Donor iliac arteries may be 
used as a conduit between the recipient’s infrare-
nal aorta and the donor’s graft hepatic artery. 
Occasionally, the right common/external iliac 
artery or the suprarenal aorta may be used for 
infl ow to the conduit. The recipient’s hepatic 
artery can be unsuitable to provide a correct 
hepatic infl ow. In these cases, the hepatic artery 
is implanted into the recipient’s infrarenal aorta 
with the interposition of an iliac “jumping graft” 
with an end-to-side anastomosis between the 
common iliac artery graft on the recipient’s aorta 
and an end-to-end anastomosis of the external 
iliac artery on the recipient’s hepatic artery at the 
level of the origin of the gastroduodenal artery 
(internal iliac artery graft is sectioned and ligated 
at its origin). Sometimes in the case of portal vein 
thrombosis, donor iliac veins may be used as 

a b

  Fig. 18.4    Two most common types of reconstruction for the accessory right hepatic artery depending on caliber and 
length ( a ) with the splenic stump and ( b ) with the GDA stump       
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b

a

c

Accesory right hepatic
artery form SMA 

  Fig. 18.5    Arterial reconstruction techniques in the pres-
ence of an accessory right hepatic artery: ( a ) aortic patch 
with celiac trunk and SMA can be divided, obtaining two 
single patches for end-to-end anastomosis; ( b ) end-to-end 

anastomosis performed between the common hepatic 
artery and the SMA of the graft; and ( c ) end-to-end anas-
tomosis between SMA and recipient’s hepatic artery       

Iliac artery
jumping graft

Short segment of an
accesory right hepatic artery

Portal vein

  Fig. 18.6    Right accessory 
hepatic artery with a short 
section line too near to 
hepatic hilum: arterial 
reconstruction with an 
iliac jumping graft of the 
same donor during a liver 
retransplant       

 

 

S. Raffaella et al.



205

conduits between the recipient’s superior mesen-
teric vein (SMV) and the donor’s portal vein with 
an end-to-side anastomosis. Iliac arterial and 
venous graft preparation must be meticulous, 
removing all connective tissue around the vascu-
lar walls and suturing with 7/0 monofi lament all 
small collaterals and all the little venous and arte-
rial holes along the vascular conduits [ 14 ,  15 ].   

18.2     Kidney Back-Table Surgery 

18.2.1     General Principles 

 The kidney back-table procedure can sometimes 
be the last procedure of bench surgery; it is often 
performed by surgeons who have been involved 
in the liver back-table surgery for many hours. It 
is important to be systematic in organ preparation 
to minimize the possibility of mistakes that may 
compromise the implantation. The purpose of the 
back table for the explanted kidneys is to exam-
ine the organ under hypothermic conditions in a 
cold fl uid prepared with frozen lactated Ringer’s 
solution added to the preferred perfusion solution 
in a basin at a temperature of approximately 
4°C. A living-donor kidney must be immediately 
perfused with 500–600 cc of UW or perfusion 
solution and usually no more preparation is 
needed after living-donor nephrectomy, unless 
double or multiple renal arteries are present; 
organs from deceased donors require meticulous 
preparation prior to transplantation.  

18.2.2     Systematic Macroscopic 
Exploration of Kidney 

 The opening of Gerota’s fascia soon after har-
vesting the kidney is a standard kidney donor 
procedure to exclude the presence of renal tumors 
and to evaluate the perfusion status of both kid-
neys. However, extensive opening and massive 
cleaning of perinephric fat should be avoided in 
kidneys from older donors, in which the peri-
nephric fat is strongly adherent to the renal sur-
face and capsular damage can be easily produced. 
Perinephric fat should also be carefully removed 

to maintain the ureteral vascular supply without 
skeletonizing the ureters. Both the ureters are 
then marked and subtended with light mosquito 
forceps laterally. The vascular pedicle for the 
vascular anastomosis is then prepared; renal 
arteries and veins and vascular patches must be 
dissected from perivascular tissue [ 3 ,  16 ]. If the 
kidneys have been harvested en bloc, they should 
be separated; the aortic segment is cut along the 
midline of its longitudinal axis, taking care not to 
get too close to the renal aortic ostia. A wide aor-
tic patch should be provided for both kidneys 
(Fig.  18.7 ). The left renal vein should be cut 
along the left margin of the vena cava. The vena 
cava is usually kept with the right kidney for 
elongation venoplasty of the short right renal 
vein. However, some centers cut the vena cava 
into two hemi-veins along the longitudinal axis 
leaving one venous patch for each kidney.

18.2.3        Renal Vein Preparation 

 After the separation of the right and left renal 
grafts, the fi rst step is renal vein dissection. The 
left kidney renal vein is prepared by ligating all 
venous collaterals, in particular the adrenal vein 
and the gonadic vein with the intention not to dis-
sect close to the hilum. For the right kidney, the 
right renal vein must also be reconstructed and 
elongated. 

 Three techniques of right renal vein recon-
struction are usually employed; the “standard 
technique” consists of lengthening the vein and 
reshaping the adjacent vena cava to the right 
renal vein using two transverse incisions directed 
toward the ostium of the left renal vein, which are 
joined with continuous sutures of nonabsorbable 
material (Fig.  18.8a ). This technique is the most 
commonly used for its simplicity and ease to per-
form; it provides an elongated segment that is 
more similar to the renal vein. The second tech-
nique consists of elongating the right renal vein 
through an oblique section of the cava that runs 
from the right upper edge of the right renal vein 
ostium to the lower edge of the left renal vein, 
forming a type of “pipe” (Fig.  18.8b ). A disad-
vantage of this technique is that the distal part of 
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  Fig. 18.7    If the kidneys have been explanted en bloc, 
they should be separated; the inferior vena cava remains 
with the right kidney and could be useful to extend the 

right renal vein; the aortic segment is cut along the mid-
line of its longitudinal axis, taking care not to get too close 
to the renal aortic ostia       

the elongated segment is broad, and the reno-iliac 
anastomosis could be too large. The third elonga-
tion technique is used when the right kidney 
brings only half of the vena cava, which is cut 
longitudinally during the removal of the kidneys. 
In this case, both vena cava fl aps can be joined 
along the longitudinal axis of the right renal vein 
[ 17 ,  18 ] (Fig.  18.8c ).

18.2.4        Preparation of Renal Arteries 

 Arterial branches are completely dissected with 
the intention not to dissect too close to the hilum. 
Small collaterals from the renal artery, such as a 
lower adrenal gland artery, must be ligated or 
overstitched. Multiple renal transplant arteries or 
accessory polar arteries must be identifi ed. 
Special attention should be paid to the inferior 
polar arteries, which often originate far from the 
main renal artery, especially from the inferior 
aorta or from the iliac axis. The use of grafts with 
multiple renal arteries can pose a challenge to 

the transplant surgeon. Various reconstruction 
techniques are described in the case of multiple 
renal arteries, differing according to the sur-
geon’s experience and the arteries’ anatomical 
position and orientation. Two main arterial sec-
tioning techniques at procurement are described: 
the fi rst is commonly used when the renal arter-
ies’ ostia are near and consists of dissecting and 
separating the emergence of both renal vessels 
from the aorta, leaving behind a wide aortic 
Carrel patch. 

 An alternative approach is to cut the artery and 
perform a second end-to-side anastomosis in the 
main renal artery of the graft without a Carrel 
patch (Fig.  18.9 ). The latter option is mandatory 
in living-donor nephrectomy when the aortic 
“patch” cannot be obtained. If a common patch is 
impossible to preserve, we suggest patches for 
each artery. Preferably, all arteries should be 
located on a single patch by suturing the two 
hemi-patches (Fig.  18.10 ). However, when the 
distance between the arteries is suffi ciently short 
(no more than 2 cm), no further reconstruction is 
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needed, and a unique end-to- side anastomosis is 
performed between the donor aortic patch and 
the recipient’s common iliac artery in the lower 
right iliac abdominal quadrant, if possible.

    Several other possible techniques [ 19 – 22 ] 
have been described when there is great distance 
between the arteries: aortic patch can be divided 
into two for sequential anastomosis, or it can be 
shortened by a segment resection with side-to- 
side anastomosis using 7–8/0 stitches. Truncated 
accessory or polar renal arteries during harvest-
ing or bench surgery should be reconstructed by 
end-to-end anastomosis by microsurgical 
 technique. Alternatively, the truncated vessel 
should be used for sequential end-to-side anasto-
mosis to the recipient without a patch. If possible, 
we usually do not perform end-to-side anastomo-
sis to the main renal artery because of the high 

risk of vascular thrombosis of both vessels lead-
ing to graft loss. Small polar arteries showing a 
strong backfl ow when perfused by the main 
artery can be closed if sequential anastomosis 
seems unreasonably diffi cult or dangerous, 
remembering that a lower polar artery may be 
crucial for the perfusion of the ureter and renal 
pelvis. Cutting a lower polar artery may lead to 
distal necrosis of the ureter followed by urinary 
leakage. 

 Atherosclerosis is frequently found in donor 
organs; while mild, it has no effect on the tech-
nique. However, when severe, it requires special 
attention. Along with atherosclerosis, the risk of 
renal dysfunction and vascular occlusion is aug-
mented due to preexisting renal artery stenosis of 
the donor and intimal injury. The renal artery 
should be analyzed for proximal stenosis; the 

a

cb

  Fig. 18.8    Three different types of right renal vein recon-
struction and elongation. ( a ) “standard technique”: con-
sists of lengthening the vein and reshaping the adjacent 
vena cava to the right renal vein using two transverse inci-
sions directed toward the ostium of the left renal vein, 
which are joined with continuous sutures of non-absorb-
able material. ( b ) “second technique”: consists of elongat-
ing the right renal vein through an oblique section of the 

cava that runs from the right upper edge of the right renal 
vein ostium to the lower edge of the left renal vein, form-
ing a type of “pipe”. ( c ) “third technique”: used when the 
right kidney brings only half of the vena cava, which is cut 
longitudinally during the removal of the kidneys. In this 
case, both vena cava fl aps can be joined along the longitu-
dinal axis of the right renal vein       
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  Fig. 18.10    Arterial anastomosis with unique patch       

  Fig. 18.9    Alternative approach in the case of double 
renal artery when a Carrel patch is too large (wide dis-
tance between two arteries); the inferior artery is cut and 

an end-to-side anastomosis to the main renal artery of the 
graft is performed       

presence of stenosis or intimal desquamation 
within the patch or proximal artery requires 
shortening of the renal artery. Due to this risk, 
we avoid a further back-table perfusion in the 

case of atherosclerotic plaques near the renal 
ostium. In affected areas where atherosclerotic 
plaques cannot be safely removed, some 
“Kunlin” stitches can be used to minimize the 
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risk of ongoing dissection and vascular occlu-
sion by the intimal fl ap. However, aortic patches 
with severe atherosclerosis and intimal lesions 
should instead be removed and the shortened 
artery fi nally anastomosed end to side without a 
patch. When a donor kidney has two arteries of 
unequal size, it is preferable to anastomose them 
individually rather than perform an end-to-side 
or side-to-side bench surgery, which has the 
potential risk of compromising the lumen of the 
larger renal artery. The larger of the two arteries 
is anastomosed fi rst. A distal side-to-side anasto-
mosis is favored for two vessels of similar diam-
eter, whereas an end-to- side anastomosis is 
preferred for vessels showing discrepancies in 
diameter. We suggest sequential anastomosis if 
one common aortic patch is lacking. Whenever 
possible, sequential end-to-side anastomoses are 
prepared with patches. However, a suitable 
length of the arteries is even more important than 
the existence of patches. Common and external 
iliac arteries may be used for up to three or more 
sequential anastomoses. 

 As another option, damaged or supernumerary 
renal arteries can be anastomosed end to side to a 
biological vascular patch, which is then anasto-
mosed to the recipient’s iliac artery [ 23 ]. 

 Multiple renal arteries are found unilaterally 
in 25 % and bilaterally in 10 % of the popula-
tion. The existence of multiple renal arteries 
(more than two) has been considered a relative 
contraindication because of the incidence of vas-
cular and urologic complications. Recently, 
multiple studies have shown that despite techni-
cal diffi culties, grafts with multiple arteries 
present similar indexes of surgical complica-
tions and outcome compared to grafts with a 
single artery [ 19 ,  20 ]. 

 Venous and arterial water tightness must be 
confi rmed by fl ushing with perfusion solution. A 
test for any points of leakage should be performed 
with a 30-mL syringe fi lled with bath fl uid gently 
inserted in the renal artery and vein after fi nger 
clamping the distal hilar side. It is very important 
to take care not to damage the intimal side of ves-
sels, and we prefer blunt tip needles for arteries 
and conic needles for veins. Every injury or leak 
of the renal vein and artery must be repaired with 

Prolene 7/0 stitches. The kidney can fi nally be re-
bagged, wrapped in a pack, and kept well 
immersed in the preferred perfusion solution with 
slush packed all around it.   

18.3     Living Donor Kidney 
Back- Table Surgery 

 Living donor kidney back-table surgery is a very 
important step for the implementation and suc-
cess of renal transplantation and it needs special 
attention. 

 The kidney must be immediately perfused 
with 600–800 cc of low viscosity perfusion solu-
tion with the perfusion bag 90 cm above the 
organ. A careful dissection of some small clus-
ters of perirenal fat can be removed; care must be 
taken around the ureter, the renal pelvis and their 
vascularization. The renal hilum must be prepared 
by dissecting the renal vein and tying together the 
adrenal vein and the gonadic vein for the left kid-
ney. Some small collaterals of the main renal vein 
can be safely ligated and sectioned because of the 
presence of multiple collaterals in the venous 
system. In the case of a short right renal vein, it 
can be elongated with a caval patch using a 
venous homograft procured within 48 h from 
deceased donors or from the tissue bank when 
correctly preserved. 

 In the case of multiple renal arteries, the tech-
nique should be individualized on the basis of 
the caliber and length of the multiple renal arter-
ies. It becomes more challenging when there are 
more than two arteries, because there is no vas-
cular graft available from a living-donor kidney 
unless recently (less than 48 h) retrieved and 
 correctly preserved from a deceased donor. 
Depending on the vascular graft available from a 
tissue bank or from recent deceased donor graft 
procurement, various operative techniques can 
be utilized for the vascular reconstruction of kid-
neys with multiple arteries. In the majority of 
cases, separate anastomoses of the renal arteries 
to the common, to the external and/or to the 
internal iliac artery can be performed. The most 
common arterial reconstructive technique with-
out an available vascular graft is a side-to-side 
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reconstruction (syndactylization) performed on 
the back table by “spatulating” both arteries and 
joining them to form a common ostium for the 
anastomosis to the recipient iliac artery. Some 
allografts have small accessory arteries near the 
upper renal pole that do not supply the ureter or 
pelvis and are less than 1 mm in diameter; these 
can be safely ligated as they most likely supply 
less than 10 % of the kidney parenchyma. Other 
techniques involve two separate anastomoses to 
the recipient artery; a smaller accessory renal 
artery can be anastomosed end to side to the 
main renal artery [ 21 ]. The inferior epigastric 
artery can be also used as infl ow to lower pole 
accessory arteries [ 22 ]. Some cases with three 
arteries and in the absence of atherosclerotic 
damage, the internal iliac artery with the two 
main collaterals from the recipient can be har-
vested, thus allowing three distal branches for 
bench reconstruction. 

 A novel technique described in the literature 
allows multiple renal arteries to be anastomosed 
to the gonadal vein Carrel patch, which is anas-
tomosed to the side of the external iliac artery 
[ 24 ]. This technique enables multiple renal arter-
ies to be parallel to each other to avoid the risk of 
kinking. The gonadal vein can be obtained with 
the ureter during live donor nephrectomy; it can 
also be considered a technical resource during 
live donor kidney transplantation. The gonadal 
vein has also been used to extend the right renal 
vein using a spiral fashion vein or as a conduit 
for an end-to-end anastomosis to the renal vein 
when the gonadal vein is larger, particularly in 
female donors. Recent improvements in surgical 
techniques with laparoscopic or robotic equip-
ment have made the recovery of renal allografts 
with multiple arteries safe feasible, and therefore 
more common; a proper reconstruction does not 
increase the risk of renal artery thrombosis [ 25 ]. 
After kidney preparation, vascular water tight-
ness must be confi rmed by fl ushing with perfu-
sion solution using a blunt tip needle as 
previously described. A basic training in vascu-
lar surgery and creative problem solving with the 
ability to provide solutions to unforeseen sce-
narios are usually required for transplant 
surgeons.  

18.4     Pancreas Back-Table Surgery 

 The back-table preparation of the pancreas is best 
performed at the recipient hospital, because the 
procedure requires special surgical precision and 
attention. Sometimes, the liver and pancreas are 
retrieved en bloc by surgical teams and should be 
transported to different transplantation centers; in 
that case, the ex vivo separation of the two organs 
must be performed at the donor hospital 
(Fig.  18.11 ). A cold fl uid bath is prepared with 
frozen lactated Ringer’s solution added to the 
usual perfusion solution in a basin at 0–4 °C. A 
whole pancreaticoduodenal graft that includes the 
whole pancreas and the fi rst, the second and a seg-
ment of the third duodenal portions should be 
fully immersed in the cold bath solution because 
the bench procedure can sometimes require more 
than one hour. The ends of the duodenal segments 
are further stapled with a GIA stapler 60 to form a 
14–15 cm segment starting from the lower pylo-
rus and arriving to the second duodenal tract. 
Encroachment upon the ampulla of Vater must be 
avoided. Both extremities of the suture can be 
reinforced with 4/0 reabsorbable purse-string 
sutures according to the surgeon’s experience. 
Every small arterial and venous vessel at the head 
of the pancreas is closed with sutures to prevent 
bleeding during reperfusion of pancreas, espe-
cially in diabetic recipients who suffer from para-
sympathetic dysfunction and who will not have an 
adequate full adrenergic response to blood loss. A 
second 4/0 Prolene ligature on the distal bile duct 
as well as on the distal tract of the gastroduodenal 
artery can be useful, although some centers use 
the revascularization of the gastroduodenal artery. 
Ligatures must not be too near the intersection 
with the pancreaticoduodenal artery. The distal 
splenic artery and the distal splenic vein are 
ligated separately and the spleen is then removed. 
Finally, a donor Y graft from the common iliac 
axis and its bifurcation of the external and internal 
iliac branches is usually employed to create a sin-
gle arterial pedicle, by anastomosing their periph-
eral branches to the SMA and to the splenic artery 
of the graft (Fig.  18.12 ) with end-to-end 6-0 
Prolene running sutures. In case of compromised 
perfusion of the head of the pancreas due to 
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Splenic artery

SMA

Renal
arteries

  Fig. 18.11    Separation of liver and pancreas after “en bloc” liver and pancreas procurement       

SMA

Splenic arteryDonor iliac
graft 

Portal vein stump

  Fig. 18.12    Posterior view of spleno-duodeno-pancreatic graft before bench reconstruction with the Y-shaped donor 
iliac graft       
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anatomical variations, a correct preservation of 
the GDA may allow the revascularization of the 
pancreas head through a so-called “triple” arterial 
reconstruction  (for details see Chap.   15    ).

    In the case of donors with atheromasic lesions 
on the iliac vascular graft that seem unsuitable for 
anastomoses, a donor carotid axis with internal/
external bifurcation, usually with lower incidence 
of atheromasic lesions, can be retrieved and used to 
create the “Y” vascular conduit. A section of the 
portal vein of the pancreatic graft is then completed, 
leaving a portal vein cuff not longer than 1.5–2 cm; 
the pancreatic portal segment should be suffi ciently 
long to permit its anastomosis on the recipient com-
mon iliac vein, but it should not be so long that it 
increases the risk of venous kinking and consequent 
thrombosis. A fi nal low pressure tight test is neces-
sary and is performed by the gentle injection of 
100 mL of cold perfusion solution in the common 
iliac conduit of the graft; this will allow the identifi -
cation and the tying of all vascular orifi ces of small 
vessels. The pancreatic graft can now be considered 
suitable and ready for implantation [ 3 ,  26 ].     
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     Abbreviations 
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 Tips, Tricks, and Pitfalls 

•     Successful donor outcome and the 
recipient’s hope for the highest proba-
bility of a successful transplant are rele-
vant factors that ethically support the 
choice for LDLT.  

•   The absence of an extrahepatic portal 
vein bifurcation is an absolute contraindi-
cation to living donor liver procurement.  

•   Living donor liver transplantation 
should fulfi ll the same minimal criteria 
established for deceased donors liver 
transplantation.  

•   The liver’s extrahepatic vasculobiliary 
anatomy should be carefully determined 
by recognizing preoperatively all differ-
ent types of the anatomical pattern.  

•   Graft weight/recipient weight (GW/
RW) ratio >0.8 % and a graft volume/
standard liver volume (GV/SLV) ratio 
>40 % are the safe limits for donor graft 
size to avoid a small for size syndrome 
(SFSS).  

•   During right hemihepatectomy leave 
untouched the left triangular ligament or 
the gastrohepatic ligament, because 
their section may result in excessive 
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19.1          Basic and Ethical Principles 
of Living Liver Donor 
Transplantation 

 Since the late 1980s, the shortage of livers for 
transplantation has prompted several transplant 
centers to seek alternatives to conventional 
deceased donor (DD) liver transplantation, such 
as split liver transplantation from DD, livers from 
non-hearth beating donors or donation after car-
diac death (DCD) and partial grafts from living 
donors. Living donor liver transplantation 
(LDLT) has become an alternative to conven-
tional liver transplantation due to the refractory 
shortage of DD organs. The procedure requires a 
major hepatectomy to be performed on a healthy 
individual who has no medical indication other 
than the desire and willingness to offer a part of 
his/her liver to a sick recipient. If there is a DD 
organ available, the benefi t to the recipient of liv-
ing donation is inconsequential because the 
recipient risk of morbidity rate for the procedure 
is higher than 30 % [ 1 ], and the risk of donor 
death is estimated at around one fatal event for 

every 500 procedures. However, in some geo-
graphic areas, such as in Asia where there is 
almost no alternative to living donation, recipient 
benefi t from LDLT is maximal, and donor risk is 
acceptable. In the USA, the higher the mean 
MELD (model for end-stage liver disease) score 
in a specifi c area, the higher the presence of 
active living donor programs [ 2 ]. According to 
the World Health Organization, approximately 
20 % of all solid organ transplantations are livers, 
and about one-fi fth of these are from living 
donors [ 3 ]. However, LDLT poses some chal-
lenging ethical and technical questions. 
“Equipoise” (the equilibrium of risk to the recipi-
ent and the donor) and “double equipoise” (from 
both points of view) are some of the many facets 
of the current ethical debate. When a donor takes 
the risk to provide the recipient with a benefi t, the 
donor hopes for the highest probability of a suc-
cessful recipient outcome and a successful dona-
tion; the recipient hopes to minimize donor risk. 
Successful donor outcome and the recipient’s 
hope for the highest probability of a successful 
transplant are relevant factors that ethically sup-
port the choice for LDLT [ 4 ,  5 ]. However, LDLT 
is a complex surgical procedure that requires sig-
nifi cant surgical expertise and planning to allow 
good outcomes for both donors and recipients. 
Although the recipient benefi t from LDLT is well 
documented, with 5-year survival after transplan-
tation ranging from 80 to 85 %, the successful 
application of LDLT imposes unique surgical and 
medical restraints and particular donor consider-
ations; the procedure has a signifi cant complica-
tion rate (from 30 to 50 %) resulting from 
anatomic variations that require prompt and tech-
nically challenging solutions to allow the trans-
plantation of a partial liver graft.  

19.2     Historical Background 

 The fi rst liver transplantation in the pediatric 
population was reported by Raia et al. in Brazil in 
1989; however, the fi rst two recipients died due 
to medical complications within the early periop-
erative period [ 6 ]. In 1990, the fi rst successful 
case was published by Strong et al. from Australia 
concerning a 15-month-old child who received 

mobility of the left lobe with possible 
torsion or kinking and outfl ow occlusion 
of the remnant graft.  

•   Throughout the hilar dissection, extreme 
care should be employed to avoid the 
devascularization of the common bile 
duct with possible ischemic biliary 
stricture in the donor.  

•   The preservation of the mean hepatic 
vein avoids the congestion of S IV and 
subsequent liver dysfunction in the 
donor.  

•   Try to perform extensive revasculariza-
tion of all hepatic vein tributaries of the 
mean hepatic vein (V5, V8) and all 
accessory hepatic veins (V6 and V7) 
when with caliber >4 mm.  

•   To maintain the correct parenchyma 
transection plane, the “hanging maneu-
ver” may be useful.    
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living related liver donation from his mother [ 7 ]. 
In the early 1990s, Broelsch et al. established the 
fi rst program for living related liver transplanta-
tion at the University of Chicago. He reported the 
fi rst series of 20 cases under prospective scrutiny 
and was able to demonstrate the benefi t of this 
procedure for both donor and recipient [ 8 ]. 
Equivalent results were obtained by Tanaka et al. 
in Kyoto, providing evidence of the clinical 
effectiveness of LDLT in children [ 9 ]. The proce-
dure was gradually adopted more widely, espe-
cially in Asian countries, where DD were rarely 
available. In 1994, Yamaoka et al. fi rst reported 
the use of a right lobe for transplantation, and 
Marcos et al. demonstrated in their fi rst series of 
30 patients that right lobe LDLT can be per-
formed with minimal risk to the donor and recipi-
ent [ 10 – 12 ] (Fig.  19.1 ).

19.3        General Rules to Accept 
Living Donor Liver Donation 
and Preoperative 
Assessment 

 At present, most experts agree that recipients 
considered for LDLT should fulfi ll the same min-
imal criteria established for DD liver 
transplantation. 

 To optimize the ratio of donor risk to recipient 
benefi t, a careful preoperative assessment of the 
donor is mandatory for each individual patient. 
Clinical examinations, imaging studies, special 
examinations, biochemical parameters, and psy-
chosocial evaluation prior to donation vary 
among centers. 

 Liver anatomy is fi rst assessed by standard 
ultrasound (US) and Doppler US with special 
emphasis on the liver parenchyma. The US 
evaluation enables the fi rst assessment for ste-
atosis and any lesion, the distribution, number 
and caliber of hepatic veins and the presence of 
accessory hepatic veins (AHVs) and all rele-
vant hepatic veins tributaries (HVTs) of the 
mean hepatic vein (MHV) [ 13 ]. Triphasic com-
puted tomography (CT) is then performed with 
a serial coronal section view that is especially 
useful for evaluating the hepatic veins 
(Figs.  19.2  and  19.3 ) and portal vein variants 
(Figs.  19.4  and  19.5 ) and the volumetric of the 
graft and remnant liver. Magnetic resonance 
(MR) angiography can allow vascular evalua-
tion, and magnetic resonance cholangiopancre-
atography (MRCP) is useful for biliary anatomy 
evaluation. All efforts are made to detect all 
biliary abnormalities especially for distribution 
of the posterior biliary branch from S VI and S 
VII (Fig.  19.6 ). A recent study has reported a 

RL  LL  

  Fig. 19.1    Right lobe 
liver donation from a 
living donor: right lobe 
( RL ) and left lobe ( LL ) 
with the relevant 
vascular and biliary 
anatomy       
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  Fig. 19.2    Anatomical variations and classifi cation in 
four patterns of hepatic veins in right living donors 
according to Varotti et al. [ 13 ] ( RHV  right hepatic vein, 

 LHV  left hepatic vein,  MHV  mean hepatic vein,  IRHV  
inferior right hepatic vein,  S5  vein from segment V,  S8  
vein from segment VIII)       

  Fig. 19.3    Triphasic computer tomography for vasculobiliary anatomical evaluation: a very large AHV V6 (right infe-
rior hepatic vein)       
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new classifi cation of biliary pattern which can 
be of clinical relevance since it can predict the 
specifi c risk to develop biliary complications in 
relation to the pattern of the right bile duct 
(RBD) anatomy. In this study the infra- portal 
and long RBD variants showed 0 % biliary 
complications, whereas supra-portal with a 

short caudal segment showed the highest com-
plication rate of 52.6 % [ 14 ].

       The liver’s extrahepatic vasculobiliary anat-
omy should be carefully determined by recog-
nizing all different types of the anatomical 
pattern. The absence of extrahepatic portal vein 
bifurcation is the only unquestionable anatomical 

RAPV

RPPV

LPV

RPV

MPV

LPV
LPVRAPV

RPPV

MPV

RPPV

RAPV

MPV

Type1 Type 2 Type 3

  Fig. 19.4    Anatomic variations of donor portal vein in right lobe living donor procurement: three patterns.  RAPV  right 
anterior portal vein,  RPPV  right posterior portal vein,  MPV  main portal vein,  LPV  left portal vein       

a        b  

Right anterior
portal vein

Right posterior
portal vein

Right posterior
portal vein

Right anterior
portal vein

Main portal
trunk Main portal trunk

Left portal
vein Left

portal vein

Type 3

  Fig. 19.5    Schematic representation of some challenging portal anatomical variations in right lobe procurement from 
living donors. ( a ) Portal vein trifurcation. ( b ) Right anterior portal vein from the left portal branch       
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 contraindication to right lobe hemihepatectomy. 
However, the study of the intrahepatic portal 
vein pattern, the multiple or standard single 
hepatic arterial supply, the branching modality 
of the artery into the right and left arterial sup-
ply, and a detailed examination of the biliary 

branching pattern are all paramount to ensure the 
donor safety. 

 At the end of radiological workup, a review of 
the images with radiologists for complex cases 
with multiple anatomical variations allows 
 surgeons to plan the possible parenchyma divi-

P

LHD

A

CHD

P

LHD

A

CHD

P

LHDA
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P

LHD

A

CHD

  Fig. 19.6    Most common types of biliary anatomical distribution of posterior ( P ) biliary branch from segments S VI and 
VII (according to Nakamura [ 26 ])       
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sion or vascular reconstruction strategy accord-
ing to preoperative observations. In some 
particular cases, the multiple anatomical varia-
tions preclude a safe liver resection (Fig.  19.7 ).

19.4        Right Graft  Versus Left 
Liver Graft  

 During the early experience, efforts in LDLT 
focused on left lateral segment (LLS) grafts in 
pediatric recipients, because they were initially 
disadvantaged on the waiting list. 

 Right hemihepatectomy (RH) performed for 
adult-to-adult LDLT has a higher risk of morbidity 
and mortality compared with the resection of the 
left lateral segment (LLS) employed for  children. 
A higher rate of complications is also reported in 
recipients when RH is compared to left hemihepa-
tectomy (LH) for adults. However, when the com-
peting risk for the recipient receiving RH or LH is 

fully evaluated, a higher incidence of SFSS occurs, 
and a higher risk of death has also been docu-
mented when using smaller grafts from LH [ 15 ]. 
CT scan volumetry and 3D reconstruction are rou-
tinely utilized in clinical practice to calculate the 
standard liver volume. Previous literature has sug-
gested that a graft weight/recipient weight (GW/
RW) ratio >0.8 % and a graft weight/standard liver 
volume (GV/SLV) ratio >40 % are the safe limits 
for donor graft size to avoid SFSS. The incidence 
of SFSS is also dependent on several other factors 
related to the presence of signifi cant portal hyper-
tension. Recipients with a hepatic venous pressure 
gradient >15 mmHg seem at higher risk [ 16 ,  17 ]. 
However, because the donor safety of RH was 
confi rmed in several studies, in our center we 
will continue to advocate the use of RH grafts 
whenever possible, since in our experience the cal-
culated GW/RW and GW/SLV ratios was almost 
always >1 % and >40 %, respectively, for all 
recipients.  

LPV

RBD
LHD

RPB

RAA LHA LHA
RAA

a b

c d

  Fig. 19.7    Multiple portal, biliary, and arterial anatomic 
variations in this patient were considered a contraindica-
tion to LDLT: ( a ) right portal branch ( RPB ) arising from 

left portal vein ( LPV ), ( b ) right bile duct ( RBD ) to left 
hepatic duct ( LHD ), ( c ,  d ) right accessory artery ( RAA ) 
from left hepatic artery ( LHA )       
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19.5     Right Hemihepatectomy: 
Open Surgical Technique 

 RH in LDLT is a nearly standardized procedure 
worldwide, but some points of discussion are still 
open. During the fi rst decade of experience, one 
important point of debate was whether the MHV 
should be harvested during RH. Careful technical 
evaluation is therefore mandatory and should be 
based on a detailed preoperative study of the 
 relevant liver anatomy for each single donor, 
including the artery, portal vein, hepatic veins, 
and bile duct [ 18 – 20 ]. Multiple and small arteries 
and portal vein pattern requiring reconstruction 
(Fig.  19.4 ) are relative contraindications, whereas 
the absence of extrahepatic portal bifurcation 
(nondivision of the main portal vein with the 
absence of a separate left main portal vein) is an 
absolute contraindication for LDLT. 

 The donor’s abdomen is opened through a 
right subcostal incision with a vertical extension 
to the xiphoid. The falciform ligament is 
divided, and the sulcus between the right hepatic 
vein (RHV) and MHV is clearly defi ned by 
clearing the surrounding connective tissue. No 
attempt is made to divide either the left triangu-
lar ligament or the gastrohepatic ligament, 
because this may result in excessive mobility of 
the residual left lobe with possible torsion or 

kinking and outfl ow occlusion of the remnant 
graft. Cholecystectomy is routinely performed; 
then an intraoperative cholangiogram is consid-
ered to be useful in many centers to provide ana-
tomical information about any biliary 
abnormalities, particularly regarding the level 
of confl uence of the common hepatic duct and 
the presence, number, and size of any aberrant 
segmental bile ducts from the right lobe drain-
ing into the left hepatic duct. Multiple ducts, 
depending on their size and number, may neces-
sitate additional biliary anastomosis or recon-
struction during bench surgery. Some other 
centers prefer to place a plastic probe inside the 
right hepatic duct as an anatomical guide to pre-
vent unnecessary dissection in this area. The 
right hepatic artery is exposed and mobilized 
from the hepatic parenchyma to the right border 
of the common hepatic duct. Throughout the 
hilar dissection, especially where the right 
hepatic artery comes into contact with the bile 
duct, extreme care should be employed to avoid 
the devascularization of the common bile duct 
with possible ischemic biliary stricture in the 
donor. After mobilizing the right hepatic artery, 
the portal vein is identifi ed, encircled with a 
vessel loop and completely mobilized to the 
maximum length to permit a comfortable place-
ment of vascular clamps (Fig.  19.8 ).

RHA

RPV

RBD

  Fig. 19.8    The portal vein 
is identifi ed, encircled with 
a vessel loop and 
completely mobilized to 
the maximum length to 
permit a comfortable 
placement of vascular 
clamps. Right portal vein 
( RPV ), right hepatic artery 
( RHA ), and right bile duct 
( RBD )       
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   The right lobe of the liver is mobilized by sec-
tioning its diaphragmatic attachments and right 
triangular and coronary ligaments. The dissec-
tion of the hepato-caval ligament, which is pres-
ent in two-thirds of cases, allows total control of 
the right hepatic vein, which is encircled with 
tape. The retrohepatic vena cava is exposed and 
dissected, preserving all signifi cant AHVs drain-
ing the right lobe, in particular those with a cali-
ber greater than 4 mm (Fig.  19.9 ). Intraoperative 
ultrasound (US) is used to defi ne the course and 

relationship of the MHV to the RHV as they 
drain into the inferior vena cava. It is also para-
mount to detect the presence and hemodynamic 
relevance of all HVTs draining the right anterior 
segment S V and S VIII into the MHV (Fig.  19.10 ) 
and all AHVs draining S VI and S VII (posterior 
segments) into the vena cava. These veins may 
contribute signifi cantly to the venous drainage of 
the right lobe, and their division and ligation may 
result in venous congestion after the implantation 
of the graft. During this time, temporary clamping 

V6

  Fig. 19.9    A large 
inferior right hepatic 
vein V6 of 1 cm is 
preserved for 
revascularization       

V8 

V5 MHV 

a  b 

  Fig. 19.10    ( a ) Intraoperative US is used to defi ne the 
course and relationship of the MHV. ( b ) It is paramount to 
detect the presence and hemodynamic relevance of tribu-

tary veins draining the right lobe, particularly those drain-
ing segment S V and S VIII into the MHV       
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of AHVs from S VI and S VII followed by the 
evaluation of the surface color of the right lobe 
should be assessed to determine whether the ves-
sels could be safely divided or should be pre-
served. If venous congestion occurs in S VI or S 
VII, separate hepatic vein anastomoses must be 
performed to ensure adequate venous outfl ow of 
the graft. Otherwise, all irrelevant short AHVs 
draining the posterior sector of the right lobe are 
then ligated and divided.

    The line of parenchyma transection is deter-
mined, occluding the right hepatic artery and the 
right portal vein with an atraumatic bulldog 
clamp for approximately 1 min to delineate a 
demarcation area between the right and left lobes 
that is marked with electrocautery (Fig.  19.11 ). A 
mapping of the course of the middle hepatic vein 
is identifi ed with US, and the line of transection 
is consequently adjusted at 1 cm to the right of 
the middle hepatic vein. The MHV is kept with 
the left remnant lobe, where it provides venous 
drainage for S IVa and S IVb. The preservation of 
the MHV avoids the congestion of S IV and sub-
sequent liver dysfunction in the donor. A consid-
erable discrepancy of the demarcation surface 
between the right and left lobes associate to a 
small caliber RHV may suggest an important 
dominance of the MHV with the possibility of 
harvesting the MHV which has never been per-

formed in our experience. In such case, we prefer 
the extensive revascularization of all HVTs of the 
MHV (V5, V8) and all AHVs (V6 and V7) [ 19 , 
 21 ,  22 ].

   Parenchyma transection is performed at the 
anterior edge of the liver and proceeds cranially 
toward the hilar plate and posteriorly to the RHV; 
no vascular occlusion is performed to avoid 
 ischemia and organ dysfunction in the donor and 
recipient livers. The cavitron ultrasonic surgical 
aspirator (CUSA) is useful to expose the blood 
vessels within the hepatic parenchyma. Smaller 
vessels are then coagulated using the harmonic 
scalpel, and vessels smaller than 4 mm are ligated 
and divided. Bipolar coagulation can provide 
additional hemostasis to the surface of the cut 
edge. Using this combination of instruments, the 
parenchyma transection can be performed in less 
than 2 h with minimal blood loss. To maintain the 
correct parenchyma transection plane, the “hang-
ing maneuver” (Fig.  19.12 ) is performed; an 
umbilical tape is passed between the RHV and 
MHV (anteriorly) and then behind the posterior 
of the right lobe along the anterior vena cava 
wall. The tape is then brought out at the level of 
the hilum behind the hilar plate. This technique is 
useful to keep the vessels down and out of the 
transection plane. Parenchyma division will con-
tinue along the main portal fi ssure with the sur-
geon’s left fi ngertips positioned behind the right 
lobe anterior to the inferior vena cava. By this 
technique, the MHV should be retained with the 
left lobe. Venous tributaries from S V and S VIII 
draining into the MHV are evaluated and pre-
served after tape encircling. A 1- to 2-min clamp-
ing test without parenchyma discoloration may 
suggest that they are insignifi cant for the outfl ow 
(Fig.  19.13 ), and they can be divided and ligated. 
The hemodynamic evaluation of all AHVs and 
HVTs can also be achieved with a 5 min clamp-
ing test as suggested by Makuuchi and Sugawara 
[ 21 ]; the author advocates the aggressive recon-
struction of all veins draining the right parame-
dian sector in the living donor right lobe when the 
MHV is not harvested with the right lobe. The 
use of intraoperative US Doppler can be helpful 
in the evaluation of the draining relevance of a 
single AHV after a 5 min test by clamping both 

  Fig. 19.11    Line of demarcation after 1-min clamping of 
the right vascular pedicle is evident: on the left side of the 
Cantlie’s line, an area of mild congestion of the left rem-
nant liver (S IVa) can be observed as a temporary 
phenomenon       
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the hepatic artery and venous branches of the 
MHV; the evidence of a hepatofugal portal fl ow 
in the paramedian portal branch will strongly 
suggest the reconstruction of the occluded para-
median vein.

    All signifi cant vessels and bile ducts are closed 
with surgical clips or fi ne Prolene suture. Before 
completing the parenchyma transection, the right 
hepatic duct is again identifi ed and sharply divided 
with scissors, avoiding the encroachment of the 

confl uence and left hepatic duct. Monopolar or 
bipolar coagulation is generally not used to pre-
vent burn injury and consequent stricture. The 
bile duct stump remaining with the donor is 
sutured with a 5-0 Prolene suture. 

 After the parenchyma and the bile duct are 
divided, the right lobe of the donor is attached by 
only the right hepatic vein, portal vein, hepatic 
artery (Fig.  19.14 ), and one or two preserved trib-
utaries of the MHV or AHVs to the retrohepatic 
vena cava. At this point, 40 IU/kg heparin is 
administered to the donor, and the right hepatic 
artery, right portal vein, right hepatic vein, and all 
AHVs are clamped and divided, allowing the 
removal of the right lobe graft from the donor. 
The RHA is clamped and divided, leaving ade-
quate length for the closure of the proximal 
stump. The distal transected portion of the RHA 
is left to back bleed. Next, the RPV is clamped, 
stapled by linear endovascular stapler, and 
divided leaving a bulldog clamp on the graft side. 
It is very important to not apply the stapler too 
close to the portal vein bifurcation. All the AHVs 
and HVTs are ligated and divided after applying 
clips or divided and preserved as previously indi-
cated. The RHV is then clamped, stapled by 
endovascular staple, and divided. The graft is 
passed off the back table and perfused with low- 
viscosity cold perfusion (Fig.  19.15 ).

a
 

b
 

  Fig. 19.12    ( a ) Parenchyma transection employing 
CUSA. ( b ) Tape-assisted (hanging maneuver) paren-
chyma transection is useful to keep the vessels down and 

out of the transection plane and leads more easily to the 
anterior wall of the inferior vena cava       

  Fig. 19.13    Evaluation of the surface color of the right 
lobe by temporary clamping of all HVTs and AHVs with 
or without the Makuuchi test enables to determine whether 
the vessels could be safely divided or should be 
preserved       
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    The stump of the right hepatic artery is 
sutured. RHV and portal vein of the donor rem-
nant liver are sutured whenever vascular stapler 
devices are not used. The bile duct stump of the 
donor is closed with 5-0 monofi lament in running 
sutures. After complete hemostasis, 10 ml of 
physiologic (or indigo carmine) solution is 
injected via the cystic duct tube into the biliary 
system. When physiologic solution (or dye) leak-
age is identifi ed, additional monofi lament sutures 
are placed and the solution injection is repeated 

to confi rm the leakage is repaired. One or two 
drains are placed at Winslow’s foramen or the cut 
surface of the liver.  

19.6     Back Table Reconstruction 

 The right hepatic duct is fl ushed with a syringe 
containing perfusion solution and the graft is 
weighed or its volume is measured by water dis-
placement. At the back table, the graft is usually 
immersed in ice sludge and fl ushed with a low- 
viscosity preservation solution through the portal 
vein. Perfusion of the bile duct should gently be 
performed without damaging the bile lumen. 

19.6.1     AHV Reconstruction 

 The major controversy with right lobe LDLT lies 
in the necessity of including the MHV in the graft 
and the concerns for the safety of the donor. The 
MHV collects important venous drainage for the 
right anterior segments and is essential for per-
fect graft function of right lobe LDLT [ 19 ,  20 , 
 23 ]. In the absence of the MHV with the right 
lobe, we attempt to reconstruct all relevant HVTs 
of the anterior sectors with a diameter larger than 

a b

V8

  Fig. 19.14    ( a ) The parenchyma transection is completed and a double biliary duct is evident. ( b ) The right lobe of the 
donor is attached by only the RHV, portal vein, hepatic artery, and a preserved V8 tributary to the MHV       

  Fig. 19.15    Back table: the right lobe graft is fl ushed with 
low-density perfusion solution via the portal vein       
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4 mm. In our center in the presence of consistent 
MHV dominancy and with a Makuuchi positive 
test [ 18 ], various interposition venous grafts have 
been used for reconstruction of all tributaries of 
the MHV. These interposition grafts have 
included autologous vein grafts harvested from 
the recipient’s dilated venous collaterals or from 
the greater saphenous vein or eterologous venous 
graft, when available from a DDs, within 48 h of 
the retrieval (Fig.  19.16 ). Usually interposition 
grafts were anastomosed end-to- end to the V5 
and/or V8 on the back table using two continuous 
6-0 polypropylene sutures. The reconstructed 
HVTs are then anastomosed to the MHV and 
LHV vein stump or retrohepatic vena cava in the 
recipient. When a V8 is located near the RHV 
orifi ce, a common orifi ce with the RHV is usu-
ally obtained. In the case of double V5 branches, 
venoplasty of the two V5 is performed to achieve 
a large, single orifi ce; if venoplasty cannot be 
performed, the largest of the V5 can be anasto-
mosed to the interposition graft in end-to-end 
fashion and then anastomosed to the IVC in an 

end-to-side fashion [ 22 ]. In some cases, when 
complex multiple reconstructions of relevant 
AHVs are required, new solutions can be sug-
gested to overcome specifi c problems by innova-
tive surgical techniques.

19.6.2        Hepatic Artery Reconstruction 

 Hepatic artery reconstruction is a crucial step in 
LDLT [ 23 ]. The selection of the recipient artery 
is critical for successful anastomosis. The artery 
is chosen according to the patency, size, match, 
length, and direction. To solve the discrepancy in 
size, different techniques have been described, 
and single stitch or running sutures are debated. 
High hilar dissection has the advantage of 
 providing distal small arteries, providing the lux-
ury of a choice in terms of optimal size match 
with the recipient stump. To overcome the risk of 
intimal dissection, the use of a microclamp 
instead of ligation to occlude the vessel is recom-
mended. We use the “parachute” technique, 

V5

  Fig. 19.16    Reconstruction of HVTs V5: a jumping 
venous graft from V5 to recipient IVC. The interposition 
allograft is anastomosed end-to-end to the V5 (on the 

back table) and end-to-side (during LDLT) to recipient 
IVC using two continuous 6-0 polypropylene suture       
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maintaining the two distant arterial stumps, with 
one running 8-0 polypropylene suture and using 
(2.5×) loupe magnifi cation. Arterial fl ow is rees-
tablished before the suture is tied to allow further 
expansion. A Doppler US is routinely performed 
at the end of the anastomosis, at the end of sur-
gery, and daily until po day 7. The “parachute” 
technique with running suture compared with 
interrupted suture can avoid repeatedly tied and 
excessive vessel manipulation. The use of a 
microscope allows more precise and easy arterial 
anastomosis; however, an accurate surgical tech-
nique using 2.5× loupe magnifi cation can afford 
remarkable results.  

19.6.3     Biliary Reconstruction 

 The overall early and late biliary complication 
rate remains high in LDLT, ranging from 5.3 to 
40.6 % [ 24 ]. In the last few decades, the technical 
aspects of biliary reconstruction have been 
debated for their impact on biliary complications 
and they remain the “Achilles heel” of the proce-
dure. The “best surgical technique” is still 

debated; direct duct-to-duct biliary reconstruc-
tion is the fi rst technical choice even in case of 
multiple ducts. However, when two bile duct ori-
fi ces are very near (approximately 20 % of cases) 
(Fig.  19.17 ), a common orifi ce can be obtained to 
provide an end-to-end anastomosis with the 
recipient’s common bile duct. In case of distant 
bile duct double orifi ces, a bilio-jejunostomy on a 
Roux-en-Y loop should be performed in the 
recipient (Fig.  19.18 ). At the end of the back table 
procedure, the graft is packed in sterile chilled 
solution until implantation.

    In conclusion, the major task in LDLT is 
related to diffi culty to balance the donor risk in 
relation to the recipient outcome. Further studies 
should be addressed for early and long-term 
donor safety such as hypercoagulable states in 
donors after hepatectomy, small-for-size grafts, 
venous outfl ow obstruction, and hepatic artery 
thrombosis and impact of long-term steatosis 
[ 25 ]. As allocation systems evolve to ensure that 
limited organs from DD can be given to those 
recipients with maximal transplant benefi t, LDLT 
should be considered a signifi cant therapeutic 
resource.      

DBDO 

  Fig. 19.17    Anatomical 
variation of the right 
hepatic duct.  DBDO  
double biliary duct 
opening       
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      Pure Laparoscopic Left Lateral 
and Full Left Hepatectomy 
Including the Middle Hepatic Vein 
in Living Donors                     

     Roberto     Ivan     Troisi       and     Andrea     Gatti    

20.1           Introduction 

 Minimally invasive liver surgery has been widely 
used for the treatment of different liver diseases. 
In comparison with standard liver surgery, the 
laparoscopic approach has the advantage of 
reducing surgical morbidity, postoperative pain, 
and recovery time [ 1 – 3 ]. Further developments in 
laparoscopic surgery have demonstrated its tech-
nical feasibility in living donor hepatectomy [ 4 –
 6 ]. The fi rst laparoscopic living donor liver 
transplantation (LDLT) procedure was described 
in 2002, and since then, this procedure has taken 
some time to be accepted, most likely because of 
inherent technical diffi culties and the highly 
demanding surgical skills required to performing 
it [ 4 ]. Later on, specialized units have performed 
minimally invasive living donor hepatectomy 
with either the pure (full laparoscopic) technique 
or the hybrid technique (including hand-assisted 
procedures and single-port incision [ 5 – 9 ]. 
Different types of graft harvesting, including left 

lateral sectionectomy and left and right hepatec-
tomy, have been performed [ 10 – 13 ]. Comparative 
analyses of conventional surgery and minimally 
invasive techniques for living donor hepatectomy 
have previously been described [ 14 – 16 ]. However, 
because of the limited number of reports compar-
ing both techniques and especially because of the 
low number of patients, it is still not yet clear 
which method is more benefi cial to the donor. 
According to the 2nd International Consensus 
Conference on Laparoscopic Liver Surgery, such 
procedures are classifi ed as Balliol 2b, meaning 
the need for institutional oversight and a registry 
to determine short- and long-term outcomes in 
both donor and recipient (balance of harms) [ 17 ].  

20.2     Surgical Technique 

     (a)    Left Lateral Sectionectomy procedure 
 The donor is placed in a supine position with 
the legs apart. Usually, four trocars are placed 
on the upper abdominal quadrants; an 8–10-
cm suprapubic incision is done and a GelPort 
device (Applied Medical, USA) is used to 
maintain the pneumoperitoneum (Fig.  20.1 ). 
After localization of the middle hepatic vein 
by ultrasonography, dissection of the hilum to 
expose the left hepatic artery and the left por-
tal vein is performed with scissors and bipolar 
forceps. The left triangular ligament is divided 
and the Arantius  ligament is dissected and cut, 
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exposing the space below the common trunk 
of the middle and left hepatic veins. The cho-
lecystectomy is usually not performed. The 
hilum is gently dissected using scissors and 
bipolar device aiming to free the left hepatic 
artery eventually preserving the branch for 
segment IV. Parenchymal dissection is per-
formed with the laparoscopic ultrasonic dis-
sector and without Pringle maneuver. The 
transection line could be done at the level of 
ligamentum teres (Hamburg technique) or 
1 cm on the medial side of this (Tanaka tech-
nique). Approaching the ligamentum teres 
allows to preserve in most of the cases the SIV 
artery and the SIV duct [ 2 ,  3 ] for biliary anas-
tomosis is higher (Fig.  20.2 ). Non-resorbable 
clips (Hem-o- Lok, TFX Medical Ltd., 
Durham, USA) are systematically placed on 
intrahepatic vessels while dissecting the 
parenchyma. The site of transection of the left 

hepatic duct is close to the Rex recessus and is 
not requiring the real- time cholangiography 
because the site is at the distance of the S IV 
duct (especially when using the Hamburg 
technique). The left hepatic bile duct is 
secured by a couple of titanium clips or, alter-
natively, by closing it with non-resorbable 
stitches. Afterward, we divide and cut the por-
tal vein and bile duct tributaries to the caudate 
lobe originating from the left portal branch. 
Following the administration of systemic hep-
arin (5000 units), the left hepatic artery is 
clipped and divided. Then, a prompt linear 
stapler division of the left portal vein (Endo 
TA 30 mm, Covidien, Mansfi eld, USA) and 
the common left and middle hepatic vein 
trunk (Endo GIA60 mm curved, Covidien) is 
placed and fi red, allowing a manual graft 
extraction through the suprapubic incision. 
The graft is fl ushed on the back table with 2 L 
of HTK solution:

        (b)    Pure Full Left Hepatectomy including the 
Middle Hepatic Vein 
 Preoperative liver donor evaluation is much 
more demanding for a fully laparoscopic liv-
ing donor left hepatectomy (LLDLH) for 
adult LDLT. The preoperative evaluation is 
completed by means of the 3D reconstruc-
tion of donor graft volume and vascular 

  Fig. 20.1    Trocar position for laparoscopic LLS. (1) 
Pfannenstiel incision; (2) previous midline laparotomy 
(Reproduced with permission from Troisi et al. [ 25 ])       

A B

  Fig. 20.2    Left lateral split and resection lines: ( a ) Tanaka 
technique; ( b ) Hamburg technique (Reproduced with per-
mission from Rogiers and Troisi [ 26 ])       
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anatomy. We use the Vincent Synapse 3-D 
Fuji (Japan) (Fig.  20.3 ). Donor demograph-
ics and graft characteristics are summarized 
on Tables  20.1  and  20.2 . Usually fi ve trocars 
are used (four 12 mm and one 5 mm) due to 
the need for exchanging the CUSA instru-
ment according to the angle of the resection 
line (Fig.  20.4 ). Differently from the proce-

dure (a), the trunk of the middle and left 
hepatic vein is encircled with a tape using 
the Goldfi nger device (Ethicon Endo 
Surgery, Cleveland, USA), which will be 
successively used, for a “hanging over” 
maneuver at the completion of the paren-
chyma liver division close to the caval vein 
(Fig.  20.5 ). There is an absolute need for a 

a

c

b

d

  Fig. 20.3    Synapse Vincent 3D evaluation of donor anatomy; ( a ) graft measuring 485 ml; ( b ) intrahepatic anatomy plus 
remnant −63.6 %-; ( c ) biliary anatomy; ( d ) cutting edge including the MHV       

    Table 20.1    Donor demographics and operative data   

 Sex 
 (M/F)  Age (y)  BMI 

 Anesth Time 
(min) 

 OP Time 
(min) 

 Res Time 
(min)  Bleeding (ml)  WIT (min) 

 4/7  41 ± 9 a   24 ± 3.8  516 ± 83  476 ± 64  149 ± 29  105 ± 81  4 ± 2.3 

   a Data are in mean ± SD  

    Table 20.2    Graft characteristics   

 Double HA  Formal bile anat  GV a   Actual GV  Remnant (%)  GW (g)  Actual GRBWR 

 3/8  5/6  434 ± 92  395 ± 84  69 ± 5  348 ± 67  0.73 ± 0.3 

  Data in mean ± SD 
  a Estimated graft volume  
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real-time cholangiography to exactly localize 
the cut point of the left hepatic duct. In some 
cases we try to understand the role of indo-
cyanine green near-infrared fl uoroscopy in 
helping us to identify this point. In any case, 
the point is marked with a titanium clip as 
landmark [ 18 ,  19 ]. The resection is done 
after cholecystectomy and US evaluation of 
the MHV and tributaries coming from the 
anteromedian sector along to the Cantlie’s 
line. The MVH is preserved until the trunk, 
which has been previously dissected and pre-
pared with a tape. Final phases are identical 
as that of procedure ( a ). At the end of the 
procedure, a cholangiogram with methylene 
blue test is routinely performed to check the 
integrity of the biliary anatomy of the right 
lobe, and a combined methylene blue test is 
associated (Fig.  20.6 ).

        A video clip showing a pure laparoscopic 
full left hepatectomy is added to this chapter 
(Video  20.1 ).      

20.3     Results 

 Eleven donors reported in this series are, to date, 
alive and well. Conversion has been recorded in 
one case due to unclear exposure of the left 
hepatic duct (short median incision). Neither 
bleedings episodes nor biliary fi stulas have been 
recorded so far. Late reoperation has been done in 
another one due to an increased in cholestatic 
enzymes with normal serum bilirubin (type C1 
biliary anatomy). The cholangio-MRCP con-
fi rmed a sectoral dilatation of the right posterior 
duct. Although no symptoms where present, we 
decided to drain this duct with a Roux-en-Y loop 
following unsuccessful percutaneous dilatation 
[ 11 ]. Overall median length of hospital stay is 
4–5 days. Donor and graft characteristics are 
reported on Tables  20.1  and  20.2 .  

20.4     Discussion 

 According to our systematic review with meta- 
analysis of laparoscopic live donor hepatectomy, 
we found no difference in donor safety between 
minimally invasive and open approaches and 
found lower blood loss associated with laparo-
scopic LLS for pediatric transplant [ 20 ]. In a 
recent publication, comparative postoperative 
outcomes of liver and kidney donors showed a 
signifi cantly lower number of minor complications 

  Fig. 20.4    Trocar position for laparoscopic full left hepa-
tectomy. The gel port system through a Pfannenstiel inci-
sion is positioned just before graft extraction       

  Fig. 20.5    Dissection between the IVC and the trunk of 
the middle hepatic vein with the Goldfi nger dissector in 
order to achieve a hanging over maneuver       
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in liver donors, as compared to kidney donors, 
and an identical number of major complications 
in both groups. A comparable comprehensive 
complication index was observed between liver 
and kidney donors with complications [ 21 ]. This 
study is the fi rst validation of laparoscopic donor 
hepatectomy and suggests that the laparoscopic 
approach along the open should become, simi-
larly to laparoscopic donor nephrectomy, a stan-
dard of care. 

 A different situation is concerning the full 
LLDH. To our best knowledge, our group has 
fi rstly showed the procedure during the IHPBA 
2012 in Paris [ 22 ]. Left hepatectomy donor mor-
bidity and mortality is well known to be associated 
with an overall decreased risks compared to that of 
right hepatectomy [ 23 ,  24 ]. For this reason, advo-
cating shifting the risks from the donor to the 
recipient side by proposing left lobe adult LDLT 
could be an option. Donor morbidity is indeed 
intensely scrutinized in Western countries where 
liver transplantation from a living donor is not 
considered a fi rst choice treatment. The concept of 
applying a laparoscopic technique is attractive 
because it can potentially further reduce donor 
morbidity. Unfortunately, two main disadvantages 
have to be anticipated: the long learning curve of 
laparoscopy and the specifi c experience of partial 
liver transplants from living donors. LLDH must 

be considered as the ultimate evolution of the lapa-
roscopic technique. The learning curve also 
depends on the background in general laparo-
scopic surgery that would facilitate laparoscopic 
HPB procedures (provided one has already gained 
experience in open HPB and transplant surgery). 
The rationale behind the concept of pure laparo-
scopic fully left living donor hepatectomy for cal-
culated small-for-size living donor liver 
transplantation is based on the possibility that the 
laparoscopic technique could further reduce donor 
morbidity, enabling a successful transplantation in 
selected recipients. In our opinion there are two 
critical points for fully laparoscopic procurement: 
the small size of the left hepatic artery and the 
exact localization of the cutting place of the left 
bile duct. The fi rst condition can increase the risk 
of intima damage during dissection while the sec-
ond can induce late biliary stenosis in the donors, 
especially in case of anatomical variations. A rela-
tion between these complications and the laparo-
scopic approach can neither be confi rmed nor 
denied at this point but living donor safety may 
possibly suffer in this type of procedure. The 
major problematic issue during laparoscopic 
donor operations is the optimal intraoperative 
visualization of the biliary duct anatomy and the 
cutting point. The real-time cholangiogram is in 
our opinion mandatory to confi rm the cut point of 

a b

  Fig. 20.6    Standard intraoperative donor cholangiogram: 
( a ) landmark clips before cutting the biliary duct in the 
donor ( red arrow ); ( b ) methylene blue test at the end of 

the donor procedure showing no contrast leak on the cut-
ting edge and on the biliary stump ( white arrow ) (Adapted 
from Troisi et al. [ 11 ])       
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the biliary ducts. Additionally, ICG near-infrared 
fl uoroscopy could be of utility; however, doses, 
injection route, and time are to date not yet well 
defi ned [ 19 ]. 

  In conclusion , our small experience proves the 
feasibility of laparoscopic full left lateral sectio-
nectomy for pediatric LDLT and also the left liver 
procurement for adult LDLT. Although it seems 
that laparoscopic LLS could be the standard of 
care in highly specialized centers, full LLDH is 
still far from a standardization of the procedure 
with unknown risks for the donors. Full LLDH is 
a consistent attempt to reduce donor morbidity: 
the potential of this technique and the long-term 
results in donors and recipients but especially its 
reproducibility must be validated.      
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      Totally Laparoscopic Right 
Hepatectomy for Living Donors                     

     Choon     Hyuck     David     Kwon      and     Jae-Won     Joh   

       Living donor liver transplantation (LDLT) has 
been proposed as an alternative source of organs 
and is an accepted treatment strategy especially 
in regions where deceased donors are scarce. 
However, the donors, despite their altruistic action, 
suffer substantially from medical and psychologi-
cal burden [ 1 ,  2 ]. Laparoscopic approach for liver 
resection is known to decrease pain, reduce hos-
pital stay, offer early recovery to normal life, and 
is more cosmetically acceptable and has gained 
much popularity in recent years [ 3 ]. However, due 
to the technical diffi culty of the operation and the 
concern of safety in living donors, it has not been 
performed widely [ 4 ]. There have been several 
reports with left side donors and its acceptance as 
a possible alternative to open hepatectomy is gain-
ing momentum [ 5 ]. However, despite the fact that 
the right liver is more often used for adult LDLT 
due to the graft size, because right hepatectomy is 
known to be more technical demanding and more 
dangerous compared to left side, very few centers 
are performing laparoscopic right hepatectomy 
for donors, and most reports are just case reports 
[ 6 ]. Currently more evidence with larger numbers 
of cases will be necessary and for the time being, 
laparoscopic right donor hepatectomy will not be 
accepted widely among the surgeons in this fi eld. 
Nevertheless with the development of new instru-
ments and accumulation of experience in the lapa-
roscopic fi eld, laparoscopic right hepatectomy will 
probably gain wider acceptance than the present 
time. 

        C.  H.  D.   Kwon      (*) •    J.-W.   Joh    
  Department of Surgery ,  Samsung Medical Center 
Sungkyunkwan University School of Medicine , 
  Seoul ,  Korea   
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 Tips, Tricks, and Pitfalls 

•     Only patients without any anatomical 
variations of the artery, portal vein, and 
bile duct should be selected.  

•   For easy dissection and mobilization of the 
right liver, dissect the coronary ligament 
and inferior triangular ligament fi rst and 
have the patient tilted left side down and 
retract the liver using both the ligamentum 
teres and the gallbladder in addition to a 
gentle push using a snake retractor.  

•   Check the division plane of the bile duct 
with a radiopaque marker and cholangio-
gram. Have two bulldog clamps applied 
on both sides before cutting the bile duct 
to prevent troublesome bleeding.  

•   Do not hesitate to apply intermittent infl ow 
occlusion and increase the intra- abdominal 
pressure to balance the CVP whenever nec-
essary to control major bleeding events.  

•   Place the right liver inside a plastic bag 
and have the end lace of the bag drawn 
out through the wound incision before 
ligating the vessels to decrease warm 
ischemic time.    
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 Before describing in more detail, I would like 
to note that all the comments concerning the 
operative technique described in this chapter are 
solely based on personal experience, and there 
may be other variations in performing this opera-
tion. Also, it is very important that the surgeon 
should be experienced in both living donor hepa-
tectomy and laparoscopic liver resection before 
proceeding laparoscopic donor hepatectomy 
since no mistakes is allowed during the operation 
of the donor. 

21.1     Selection of Patient 

 It is important to select the proper patient for 
laparoscopic donor hepatectomy. Selection of 
patients with anatomic variations that requires 
additional technical sophistication should not be 
done. 

21.1.1     Patient’s Clinical 
Characteristics 

 Most centers experienced in LDLT remain very 
strict in the selection process of the donors. At 
our institution, all donors (1) should not have 
other comorbidity which may hinder the safety of 
the donor, (2) should be less than 65 years of age, 
(3) should have macrosteatosis of less than 30 %, 
and (4) should have an expected remnant liver of 
more than 30 %. However, for safety reasons, the 
selection criteria for laparoscopic approach is 
more conservative, and we only select patients 
under 60 years old and with a remnant of more 
than 35 %.  

21.1.2     Hepatic Artery 

 Bleeding from hepatic artery stumps in donors 
have been reported and may have very serious 
consequences. Clips or Hem-o-Lok, by nature, is 
removed more easily compared to open surgical 
ties, so it is important to leave enough end stump 
during division of the hepatic artery. Therefore 
patients with early bifurcation of the right ante-

rior and posterior hepatic artery with a short right 
hepatic artery should not be selected for laparo-
scopic donor hepatectomy.  

21.1.3     Portal Vein 

 We have experienced two cases of portal vein 
complication out of 40 cases done so far. Both of 
them had portal vein variation, one type 2 and 
one type 3. In patients with early division of ante-
rior and posterior portal veins, the right glisso-
nian trunk is usually wide and thick which 
increases the diffi culty of the operation and is not 
recommended for laparoscopic approach.  

21.1.4     Bile Duct 

 Even in open donor hepatectomy, division of the 
bile duct is one of the most critical and stressful 
step during donor hepatectomy. Therefore, we 
recommend laparoscopic approach only for 
patients with normal biliary anatomy. According 
to our experience, patients with bile duct varia-
tion had postoperative biliary complication rate 
of over 40 % compared to less than 10 % in nor-
mal anatomy. Additionally, in order to increase 
the safety of the operation and improve out-
come, we perform an intraoperative cholangio-
gram to all donors before and after the division 
of the bile duct.   

21.2     Surgical Procedure 

21.2.1     Anesthesia and Position 
of the Patients 

 Good collaboration and teamwork between the 
surgical team and the anesthesiologist are very 
important for a smooth and safe operation. We 
do not routinely insert a central venous line 
but less than 500 mL per hour of crystalloid 
is given throughout the operation to maintain 
low-volume anesthesia. Under these circum-
stances, if excessive bleeding occurs or the 
intra-abdominal pressure is increased for a pro-
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longed period, circulatory collapse may easily 
happen. Therefore, it is very important that the 
anesthesiologist is informed of any events dur-
ing the operation so that precautious may be 
taken beforehand. 

 Serious complications have been reported on 
donors after epidural anesthesia, so intrathecal 
morphine injection in addition to local pain con-
trol (Fig.  21.1 ) is used instead of epidural anes-
thesia. Early recovery after surgery protocol may 
be applied using this method of pain control.

   The patient is placed in a modifi ed lithotomy 
position, so-called “French” position, and the 
operator stands between the patient’s legs while 
the camera operator and fi rst assistant stand on 
the left side of the patient. Generally three 
12 mm and two 5 mm trocar ports are used as 
shown in Fig.  21.1 . The camera is placed through 
the umbilical port. I recommend using a fl exible 
camera because it provides a better view, espe-
cially of the upper area around the coronary liga-
ments compared to rigid scope, which is vital for 
the safety of the donor. The intraperitoneal pres-

sure is maintained at 11 mmHg. After pneumo-
peritoneum is established, a wedge liver biopsy 
is done for fi nal confi rmation of the liver 
histology.  

21.2.2     Mobilization of the Liver 

 The round ligament and falciform ligament is 
fi rst dissected using either an advanced bipolar 
device or ultrasonic shear until the IVC is visual-
ized. Then the right coronary ligament is dis-
sected from left to right as far as possible followed 
by dissection of the inferior side of the right tri-
angular ligament. Having the upper and lower 
ligaments dissected fi rst before dissecting the 
right side of the triangular ligament makes the 
mobilization of the liver easier. Instruments used 
for retraction during laparoscopic approach are 
usually sharper compared to the hand or instru-
ments used in open hepatectomy and may result 
in a tear of the liver. So it is important to simulta-
neously have the patient tilted left side down 

  Fig. 21.1    Position of the 
trocar ports and surgeons. 
The umbilical port is used 
to insert the camera, two 
12 mm ports are used by 
the operator and two 5 mm 
ports by the assistant       
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(15  to 30 degree), retract the liver using both the 
ligamentum teres and the gallbladder, and fi nally 
apply a gentle traction using a snake retractor. 

 Unlike in open donor hepatectomy where the 
caval ligament is divided at the initial stage, the 
angle of approach is not safe in laparoscopic 
approach, so I recommend mobilizing the liver 
only until the caval ligament is exposed and 
divide the caval ligament after the parenchymal 
division has been fi nished (Fig.  21.2 ).

21.2.3        Dissection of the Hilar Plate 

 After the cystic artery and duct is clipped and 
divided, the right hepatic artery is dissected fol-
lowed by the portal vein. Left cephalad traction of 
the plate using the cystic duct by the assistant 
helps gain a better operative view. I prefer using a 
blunt bipolar forceps and suction tip to dissect the 
vessels (Fig.  21.3 ). Division of the caudal portal 
branch eases the dissection around the right portal 
vein. After the right hepatic artery and portal vein 
is isolated, it is temporarily clamped with a bull-
dog, and the demarcation line between left and 
right liver is marked using a monopolar electro-
cautery. Unexpected bleeding requiring infl ow 
control may occur at any stage of the operation, so 
the hepatoduodenal ligament should be looped  

for possible application of infl ow control (Pringle 
maneuver) before proceeding with the parenchy-
mal transection.

21.2.4        Parenchymal Transection 

 Before starting parenchymal transection, lapa-
roscopic USG is used to verify the location of 
the middle hepatic and the main hepatic vein 
branches (V5 and V8). Usually division of the 
parenchyma up to 2 cm from the capsule does 
not require fi ne dissection and may be carried 
out using either advanced bipolar device using 
Kelly crush technique or ultrasonic shear. 
When dissecting the deeper area where main 
hepatic vein branches may be present, cavitron 
ultrasonic surgical aspirator (CUSA) or gentle 
dissection using ultrasonic shear is recom-
mended. The CUSA is one of the best instru-
ments for precise parenchymal transection and 
most frequently used among surgeons perform-
ing donor hepatectomy. However, its mainte-
nance for optimal function requires much work 
from the nursing side and the hand piece is 
heavy and not very ergonomic. The ultrasonic 
shear, along with suction, may be used like the 
CUSA to dissect the liver parenchyma, and this 
has become my preferred method. 

  Fig. 21.2    Right side mobilization is done only until the 
caval ligament ( black arrow ) and IVC ( dotted line ) is 
visualized. The liver is retracted to the left side using a 
snake retractor in addition to left down tilt of the patient 
and retraction of the liver using ligamentum teres and the 
gall bladder       

  Fig. 21.3    Dissection of the hepatic artery and portal vein 
is done by blunt dissection using bipolar forceps and suc-
tion tip. The hepatic artery ( black arrow ) is looped with 
vessel sling or the soft tissue around perihilar area is 
retracted cephalad and leftward to gain a better view dur-
ing portal vein dissection       
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 Small branches (less than 2 mm) are usually 
divided with energy devices and branches 
between 2 and 5 mm are clipped. When hepatic 
vein branches requiring reconstruction at the 
back table are encountered, they are double 
clipped on both sides and divided. 

 After the anterior area of the parenchyma is 
transected so that the entire glissonian branch is 
exposed, the caudate is transected. The assistant 
should have the hilar plate retracted gently ceph-
alad to obtain a good surgical fi eld, and the sur-
geon should transect the caudate as much as 
possible from the inferior side of the glissonian 
branch. This will greatly facilitate transection of 
the remnant superior area of the caudate lobe 
which will be done after the bile duct division.  

21.2.5     Bile Duct Division 

 The whole glissonian structure other than the dis-
sected artery and portal vein is left intact to pre-
serve the microcirculation around the biliary tree 
to decrease the bile duct complication of the 
recipient. After a radiopaque marker is sutured at 
the expected line of division, an intraoperative 
cholangiogram is taken to verify the correct divi-
sion plane. One bulldog clamp is applied on each 
side of the glissonian structure before dividing 
the bile duct since troublesome bleeding usually 
occurs (Fig.  21.4 ). The remnant bile duct stump 

is sutured using a back and forth continuous run-
ning suture with Prolene 5-0 or PDS 5-0 
(Fig.  21.5 ). After suturing the bile duct, the bull-
dog clamp is removed and additional bleeding 
control is done with Prolene 5-0 sutures. 
Monopolar and/or bipolar coagulation is gener-
ally not used to prevent burn injury which may 
result in bile duct stricture. The bulldog clamp on 
the graft side is left clamped and is removed at 
the back bench. The minor bleeding control 
around the graft bile duct is performed on the 
recipient side after reperfusion.

21.2.6         Final Steps and Retrieval 
of the Graft 

 After dividing the bile duct, the remnant paren-
chymal transection is performed. Care must be 
taken when dissecting along the IVC where there 
may be unexpected short hepatic veins. After the 
right hepatic vein has been exposed, the liver is 
placed inside the plastic bag. The abdomen is 
defl ated, and a Pfannenstiel incision of 10–15 cm 
long is made at the suprapubic area (Fig.  21.1 ). 
After the lace of the plastic bag is drawn out 
through the incision, a wet gauze and 5–6 towel 
clips are applied at the wound area to prevent air 
leak, and the abdomen is infl ated again. 

 The hepatic artery is double clipped and 
divided. The remnant side of the right portal vein 

  Fig. 21.4    Division of the bile duct. The Glisson branch 
after dissecting the hepatic artery and portal vein is encir-
cled with a tape, and a bulldog clamp ( open arrow ) is 
applied on the remnant side. Bile duct is divided along the 
radiopaque mark ( black arrow ) after confi rming with 
intraoperative cholangiogram       

  Fig. 21.5    Suture of the remnant bile duct. The Glisson, 
including the right bile duct ( black arrow ), is sutured 
using Prolene 5-0 or PDS 5-0 by continuous running 
method. The graft side bulldog is left clamped ( open 
arrow ) and removed at the back table       
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is stapled using endo-TAE, a bulldog clamp is 
applied on the graft side portal vein and the portal 
vein is divided. It is important to not apply the 
stapler too close to the left side since portal vein 
stricture may occur (Fig.  21.6 ). Then the remnant 
side of the right hepatic vein is stapled with endo-
TAE and divided. The caval ligament is divided 
at this point either after applying clips or using a 
 vascular endo-GIA. The right liver, which has 
been already placed inside the plastic bag, is now 
gently taken out of the abdomen by pulling the 
lace of the plastic bag through the incision. By 
having the right liver placed in the plastic bag and 
the end of the lace brought out through the inci-
sion before starting vessel ligation, warm isch-
emic time may be reduced, usually to less than 
5 min. The graft is perfused using HTK solution 
mixed with 2000–3000 IU of heparin at the back 
table. All clips of the V5 and V8 branches are 
removed, and the hepatic artery is also fl ushed 
gently taking care not to injure the intimal layer 
of the artery.

   Irrigation and hemostasis is performed. Bile 
leakage test using indigo carmine dye is done to 
verify open bile ducts or leakage points at the 
suture site. A fi nal intraoperative cholangiogram 
is performed to confi rm presence of stricture in 
the remnant bile duct. Two Jackson-Pratt drains 
are placed in the right fossa and at the perihilar 
area.  

21.2.7     Management of Major 
Bleeding Event 

 Major bleeding, especially from hepatic vein 
branches and/or IVC has always been a big 
challenge during major liver resection. The sur-
geon should try to best of his or her ability to 
prevent any injury of the veins which may lead 
to massive bleeding or transfusion. However in 
case of major bleeding event, there are two 
important strategies that I use. First is the appli-
cation of intermittent infl ow occlusion (Pringle 
maneuver). Although frequent application of 
infl ow control may increase the postoperative 
liver enzyme especially in patients with macro-
steatosis, survival of the recipient is not 
affected, and one should not hesitate to use 
intermittent infl ow occlusion in case of bleed-
ing events [ 7 ]. The second strategy is the fl exi-
ble application of intra-abdominal pressure. 
The intra-abdominal pressure is kept as low as 
possible, usually at 11 mmHg, during the whole 
operation to minimize the consequences of pro-
longed increased intra- abdominal pressure such 
as acidosis or elevated PCO 2 . However, in case 
of large vein injury resulting in profuse bleed-
ing, it may be sequentially increased up to 
15 mmHg until balance is achieved with the 
CVP. This balancing process allows the opera-
tor suffi cient time to repair the injury with min-
imal bleeding. Simultaneously, only a small 
amount of gas embolism occurs so the side 
effects related to gas embolism may be pre-
vented. We have used this method routinely in 
over 200 cases of major liver resection without 
experiencing any adverse effect related to mas-
sive gas embolism.   

21.3     Postoperative Recovery 

 Intrathecal morphine injection in addition to 
local pain control with bupivacaine using com-
mercially available catheter (Fig.  21.1 ) usually 
offers suffi cient pain control, so early recovery 
after surgery protocol may be applied. Oral fl uid 
is started on day 1 and soft diet on day 2. Total 

  Fig. 21.6    Division of hepatic artery and portal vein. The 
hepatic artery is double clipped and divided ( black arrow ). 
The portal vein is stapled using a vascular TAE. Care must 
be taken not to apply the stapler too close to the remnant 
portal vein since stricture may occur ( open arrow ). The 
liver has already been placed inside the plastic bag       
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bilirubin level of the drains and routine DISIDA 
scan is taken on day 5 before removal of the 
drains to evaluate possible biliary leakage. The 
patient is discharged on day 7 and Doppler USG 
and abdomen CT is done at the outpatient during 
follow-up. 

 Total laparoscopic right hepatectomy for liv-
ing donors is still a very challenging procedure 
requiring the cutting-edge techniques of HBP 
surgery. Surgeons willing to perform this 
 operation should be experienced both in living 
donor hepatectomy and laparoscopic liver resec-
tion. However, according to our results after 
more than 40 cases, it may be performed rela-
tively safely with major complication rate of 
less than 10 % and now takes up about 25 % of 
our living donor program. This operation will 
provide liver donors, who are not patients per 
se, to recover with less pain, have a more cos-
metically satisfying wound, and return to nor-
mal life earlier.     
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      Laparoscopic and Robot-Assisted 
Nephrectomy                     

     Alessandro     Giacomoni     ,     Lucrezia     Furian     , 
    Giacomo     Concone    , and     Paolo     Rigotti   

        The scientifi c community has largely demon-
strated that living donor kidney transplantation 
(LDKT) is a valid alternative for patients with 
end-stage renal disease (ESRD). When consider-
ing long-term patient and graft survival, the 
results of LDKT are signifi cantly better than the 
ones obtained with deceased kidney transplanta-
tion [ 1 ,  2 ]. Moreover, LDKT offers several 
advantages when compared to deceased kidney 
donations as the recipient experiences better 
quality of life and better immediate graft out-
come. Moreover, LDKT offers the possibility of 
transplanting patients either pre-emptively or 
after a shorter dialysis period. 

 Over the last decade, the United Network for 
Organ Sharing (UNOS) has reported that LDKT 
is performed more and more frequently, so as to 
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 Tips, Tricks and Pitfalls 

•     Examine carefully the position of the 
donor preoperatively, to avoid discom-
fort for the patient and for the surgeons.  

•   Communicate with all the members of 
the surgical team, including anaesthesi-
ologists and nurses, to clarify the main 
phases of the operation.  

•   Get ready for a rapid open conversion, 
drawing on the body of the donor the 
midline incision.  

•   Remind that hand-assisted technique 
can become useful to manage unex-
pected diffi culties.  

•   Avoid the use of non-tissue affi xing 
ligation technique for renal vessels.  

•   Plan a strategy to maximize the length 
of renal vessels, using Endoscopic GIA 
or TA stapling device, keeping away 
from early bifurcations.  

•   Note the advantages of using a Ligasure TM  
vessel sealing for dissection, to shorten 
operative time and to avoid clips interfer-
ing with the stapling suture line.  

•   Pay a lot of attention to haemostasis of 
the Pfannenstiel incision, since the hep-
arin bolus effect may result in subcuta-
neous hematoma.    
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exceed the number of transplantation with 
deceased donors. The reasons for fostering the 
living kidney donations may depend on the dem-
onstrated advantages of the LDKT when com-
pared to deceased donor transplantations as well 
as on the diffusion of minimally invasive surgical 
procedures for kidney harvesting. Minimally 
invasive techniques appear to be more acceptable 
for the donors, most likely because of the signifi -
cant reduction in postoperative pain, decreased 
length of hospital stay, rapid patient rehabilita-
tion and better cosmetic results. Because of that, 
the laparoscopic approach for living donation 
nephrectomy, fi rst reported by Ratner in 1995 [ 3 ], 
has been performed in increasing number of 
cases, both for hand-assisted and for totally lapa-
roscopic procedure. 

22.1     Preoperative Evaluation 
and Intraoperative 
Management 
of Living Donor  

 Besides the nephrological and psychosocial eval-
uations, which have to be made in accordance 
with the clinical practice guidelines, the study of 
the surgical and anaesthesiologic risk of the liv-
ing donor has to be cautiously considered, allow-
ing for only those subjects ASA Class I or II 
(American Association of Anaesthesiologists 
Physical Status Classifi cation) to become donors. 

 Moreover, as with the open procurement pro-
cedure, preoperative considerations of anatomy 
and functional status of the donor kidneys are 
crucial for the side of the nephrectomy proce-
dure. It is mandatory to clarify whether one kid-
ney has a lower function (through a nuclear scan 
with split renal function), abnormalities of the 
parenchyma (cysts, angiomyolipoma, ptosis) or 
of the urinary tract (lithiasis, ureteral duplicity, 
pyelectasis) through ultrasound and urographic 
exams or vascular abnormalities (multiple renal 
arteries, circumaortic or retroaortic renal veins) 
through three-dimensional spiral CT or magnetic 
resonance angiography. 

 The kidney with worse or imperfect features 
will be harvested, although in case of absence of 

signifi cant abnormalities, generally the left kid-
ney is preferentially used, because of the anatom-
ically longer renal vein at this side. 

 The contraindications to laparoscopic donor 
nephrectomy are the same as those established for 
open nephrectomy, although a previous abdomi-
nal surgery may increase the complexity of the 
procedure through a transperitoneal approach. 
Nevertheless, overweight or slightly obese sub-
jects should preferentially undergo laparoscopic 
procedures, because of the minor risk of wound 
complications, better postoperative respiratory 
performance and early mobilization [ 4 ,  5 ]. 

 Donors are at moderate risk of developing 
venous thromboembolism and should receive 
prophylactic low-molecular-weight heparin 
(starting before surgery and continuing for at 
least 5 days or until discharge), supplemented 
with graduated stockings and/or intermittent 
pneumatic compression devices. Since pneumo-
peritoneum increases intra-abdominal pressure, 
causing a decrease in renal blood fl ow and glo-
merular fi ltration rate resulting in oliguria, 
administration of IV fl uids the night before sur-
gery may be useful. 

 Fasting before operation and induction of anaes-
thesia lead to relative hypovolemia and the goal is 
to compensate this before pneumoperitoneum is 
started. To counterbalance the increased intra-
abdominal pressure, vigorous IV hydration during 
laparoscopic donor nephrectomy is nowadays rec-
ommended in an attempt to optimize preload and 
promote diuresis [ 5 ]. The adequacy of intravascu-
lar volume expansion can be monitored by the tur-
gor of the renal vein; a collapsed renal vein signals 
the need for more liberal use of intravenous fl uids. 
A brisk diuresis is stimulated throughout the proce-
dure by an 80 mL bolus administration of manni-
tol. Just before removing the kidney, the donor is 
given 20 mg of furosemide and 5000 UI of heparin. 
When the kidney has been removed, protamine is 
generally given to reverse completely the antico-
agulant effect of heparin. Moreover, the role of the 
anaesthesiologist is to obtain a suffi cient laparo-
scopic working space; therefore the patient must be 
kept completely relaxed. 

 In the postoperative analgesia, non-steroidal 
anti-infl ammatory drugs (NSAIDs) are generally 
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avoided because of their potential nephrotoxic-
ity; intravenous analgesia (paracetamol) is lim-
ited to the fi rst postoperative day, and patients 
should be converted to oral analgesic when clear 
liquids are introduced on the second postopera-
tive day. Special attention should be paid to the 
prevention of complications related to lateral 
position (nerve damage, airway compromise, 
pressure sores, venous access compromise).  

22.2     Laparoscopic Living Donor 
Nephrectomy: Operative 
Procedure 

 Before proceeding with the positioning of the 
patient, it is useful and recommended to mark 
with a dermographic pen the midline, the supra-
pubic Pfannenstiel line and the standard position 
of the trocars. The line marks will become very 
helpful in case of need of a rapid open conversion 
or, more frequently, to achieve a better cosmetic 
result for the Pfannenstiel incision, which is 
made when the rotation of the patient may lead to 
a distorted incision (Fig.  22.1 ). The marks for the 
trocar introduction are particularly convenient for 
patients with global abdominal enlargement.

   The positioning of the patient is a modifi ed 
lateral decubitus position, with the hips rotated 
back and the arms extended above the head 
(Fig.  22.2 ). The table is only slightly fl exed, to 
expand the area between the costal margin and 
the pelvis. It is important to make sure that the 
sternal support of the surgical table is placed cra-
nially enough in order to not interfere with the 
actions of the hand of the fi rst operator. The arm 
of the patient lays over the contralateral, and no 
supports are needed, since they could hamper 
free movements of the surgeon. A 12 mmHg 
pneumoperitoneum is established with the 
Hasson open technique. Instead of the traditional 
periumbilical incision, a 2 cm paramedian inci-
sion slightly above the umbilicus (between the 
umbilicus and the Palmer’s point) can lead to 
some advantages, because it is a safe incision 
with no muscle cutting, with low risk of inci-
sional hernia. The fascia is incised and the perito-
neum is grasped and opened. Care is taken to 

ensure that there is no bowel attached. Two stay 
sutures are placed in the fascia around the open-
ing to secure the Hasson cannula that is placed 
into the peritoneal cavity in order to avoid leak-
age of the CO 2  gas used for insuffl ation. We con-
sider safer and recommend the open approach, 
although the Cochrane Database of Systematic 
Reviews 2012 concluded that the open entry 
technique is associated with a signifi cant reduc-
tion of failed entry (compared to the closed entry 
technique), with no difference in the incidence of 
visceral or vascular injury [ 6 ]. The videoendo-
scope is inserted in this fi rst port, and three more 
operative ports are placed: a 12 mm in the iliac 
fossa on the middle clavicular line (between the 
umbilicus and the anterior superior iliac spine), a 
5 mm in the hypochondrium on the middle cla-
vicular line (two fi ngerbreadths below the costal 
margin) and a fourth 5 mm trocar for the assistant 
in the fl ank (Fig.  22.3 ). As far as the left sided 
procedure is concerned, after the exploration of 
the abdominal cavity, the ascending and sigmoid 
colon are taken down starting from the splenic 
fl exure by dividing the lateral attachments with 
DeBakey graspers and curved scissors. The colon 
is refl ected medially with exposition of the 
Gerota’s fascia. The dissection can subsequently 
be accomplished bluntly, reducing the risk of 

  Fig. 22.1    Midline, suprapubic line marks and position of 
the trocars       
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 buttonholing the mesocolon, sweeping the tissue 
medially and developing a natural plane between 
the mesocolon and Gerota’s fascia. Once the 
colonic mobilization has been completed, the left 
ureter and gonadic vessels are easily identifi ed. 
The next step is full mobilization of the ureter 
and the gonadic vessels, which will be separated 
from the surrounding structures but not divided. 
By tracing the gonadal vein in a cephalad direc-
tion, the renal vein is exposed. Through the fourth 
port, a retractor is manoeuvred by the third oper-
ator gently pushing the tail of the pancreas away 
from the upper margin of the renal vein. The 
renal vein has to be cleared completely of the 

 surrounding tissue, and the adrenal, gonadal and 
lumbar branches are cut. The fi rst branch to be 
cut is the adrenal vein, which is kept in light trac-
tion by the integrity of the gonadal vein. The use 
of a bipolar, vessel-sealing device (Ligasure™) 
instead of clips-and-cuts allows to shorten the 
operative time and avoids the presence of clips in 
the stapling suture line of the renal vein, but it 
seals vessels less than 7 mm in diameter; there-
fore it cannot be used for hypertrophic branches. 
The fi rst operator can introduce the device 
through the fl ank port in order to obtain an opti-
mal direction for reaching the adrenal vein 
(Fig.  22.4 ).

     The gonadal vein can be easily divided with 
the same device through the hypochondrium 
5 mm port, whereas much attention needs to be 
paid for the dissection and division of the lumbar 
vein, which is often short and with early bifurca-
tions. To expose the lumbar vein, it is necessary 
to elevate and pull towards the hilum the lower 
pole of the kidney with DeBakey grasper, in 
order to proceed with its ligation (Fig.  22.5 ).

   The renal artery, which lies posterior to the 
vein, can be exposed through such elevation of the 
lower pole of the kidney and has to be  separated 
from the surrounding nervous plexus at the level of 
its origin form the aorta. To complete the dissec-
tion, the adrenal gland is separated from the upper 
pole of the kidney, using Ligasure™ device, to 
avoid bleeding from the small arterial adrenal 

  Fig. 22.3    Introduction of the laparoscope and sites of 
operative trocars       

  Fig. 22.2    Modifi ed 
lateral decubitus 
position       
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branches and to obtain an effective synthesis of the 
lymphatic tissue on the cephalic side of the renal 
artery, otherwise causing lymphatic extravasation 
and chyloperitoneum. Once the main renal vessels 
are fully dissected, the procedure continues with 
full mobilization of the kidney from the Gerota’s 

fascia starting from the lower pole upward, along 
the lateral surface of the kidney, completely mobi-
lizing the kidney except for the renal pedicle. The 
gonadal vein, ureter and mesoureter are then sepa-
rated from the psoas muscle and dissected free, 
and the ureter is cut. A fl ow of urine is expected to 

  Fig. 22.4    Section 
of the left adrenal vein 
by a Ligasure™ device 
inserted through the 
fl ank 5 mm port       

  Fig. 22.5    Ligation of the 
lumbar branch by 
Ligasure™ device       
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be seen from the ureter,  demonstrating a good per-
fusion of the kidney during the procedure. In case 
such fl ow should not be observed, a 10–15 min-
utes resting with interruption of the pneumoperito-
neum is advisable. 

 At this point of the surgical procedure, the 
7 cm Pfannenstiel incision just above the pubis is 
made, and the Endo Catch™, a retriever pouch 
device, is introduced. To ensure the persistence 
of pneumoperitoneum without leak of gas, a pure 
string using size 0 monofi lament suture is placed 
to surround the device’s entry, and some wet lap 
sponges are positioned around. The kidney is 
loaded in the bag and then lifted with some 
stretching of the renal vessels, heparin 5000 UI is 
administered and a vascular endoscopic GIA sta-
pler is used to divide the renal artery followed by 
the vein (Fig.  22.6 ). It is necessary to retain that 
using a non-tissue affi xing ligation technique is 
no longer acceptable and that hem-o-lock® liga-
tion system is contraindicated for ligation of the 
renal artery during laparoscopic nephrectomy by 
a FDA recall since 2006 [ 7 ].

   The kidney, fully loaded inside the endobag, is 
removed through the Pfannenstiel incision, and 
protamine is usually given to reverse completely 
the anticoagulant effect of heparin. 

 For right-sided procedures, port placement is a 
mirror image of that used for the left-sided proce-
dure as well as the other surgical steps; the main 
variations of the technique are aimed to preserve 

maximal renal vein length. After the institution of 
pneumoperitoneum and the exploration of the 
abdominal cavity, the cecum is mobilized and 
refl ected medially, the liver is lifted away from the 
upper pole of the kidney using a retractor through 
the fourth fl ank port. Isolation of the ureter and 
gonadal vein does not differ from that described for 
the left-sided procedure. The gonadal vein can be 
divided from the vena cava between clips, far enough 
from the renal vein, without troubling the stapler 
section of the main vessels. Usually no branches of 
the renal vein are present, although much attention 
has to be paid to lumbar veins originating from the 
inferior vena cava, during the isolation of the renal 
artery. Separation of the adrenal gland can be 
obtained by Ligasure™ device, as in the left-sided 
procedure, allowing the isolation of the upper mar-
gin of the renal vein. Aiming to maximize the length 
of the renal vein, the introduction of a hand port at 
the level of the Pfannenstiel incision would allow the 
kidney to be lifted on its pedicle under stretch, before 
the division of the vessels. Moreover, in case of early 
artery bifurcation, the hand port would allow to 
mobilize the kidney medially, facilitating the full 
control of the artery proximally to its origin. 

 The division of the renal vein has to be per-
formed in a plane parallel to the inferior vena 
cava, introducing the endoscopic GIA device into 
the right lower quadrant port. The skill of Endo 
GIA to articulate allows achieving such parallel 
plane (Fig.  22.7a, b ).

  Fig. 22.6    Kidney 
loaded into the 
Endobag and Endo 
GIA stapler division 
of the renal vein       
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   Considering that such device results in the loss 
of approximately 1–1.5 cm of length of renal 
vein, the use of an Endo-TA can be planned. 
Nevertheless, with this device, no articulation is 
possible; therefore a decision has to be taken in 
choosing between the advantage of sparing few 
millimetres of the vein length with the TA stapler 
or optimizing the direction of the suture line, 
based on the anatomical situation during surgery. 

 The peritoneum and the fascia of the 
Pfannenstiel incision are closed with absorbable 
sutures. The operative fi eld is checked for bleed-
ing and a drain is left in place; the 12 mm port 
site has to be verifi ed to make sure that no lesions 
of the epigastric vessels are present, and no suture 
is needed if bladeless trocars are used, otherwise 
a fi gure-of-eight absorbable suture aided by the 
Carter-Thomas instrument is recommended. 

 The technique described is essentially a pure 
laparoscopic approach, although the availability of 
a hand-assisted device should always be equipped, 
not only in the right side nephrectomy, to better 
attain the length of the vessels, but also in the left-
sided procedures. As a matter of fact, in case of a 
lack of gas pressure of the  pneumoperitoneum 

after the Pfannenstiel incision, or to retract the 
colon for some moderately obese patients, or 
fi nally to handle some complications, the intro-
duction of the operator hand may prevent the need 
for open conversion. Although the hand- assisted 
technique is an available option, in our experience, 
pure laparoscopic approach is feasible for both left 
and right nephrectomies [ 8 ].  

22.3     Robotic-Assisted Technique 
for Kidney Living Donation 

a b

  Fig. 22.7    Insertion ( a ) and appropriate direction parallel to the inferior vena cava ( b ) can be obtained with the articulating 
Endo GIA       

 Tips, Tricks and Pitfalls 

•     Do not put metallic clips where you will 
need to use staplers.  

•   Place the patient in order to avoid colli-
sions among robotic arms and between 
robotic arms and the patient itself.  

•   For donor safety concerning renal artery:
 –    It’s better to use TA instead of GIA 

stapler to avoid the risk of stapler 
malfunctioning.  
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   In 2002 Horgan S. et al. described the fi rst series 
of robotic-assisted nephrectomy (RAN) for liv-
ing donor kidney transplantation [ 9 ]. Since then, 
few reports described this procedure with various 
changes of the surgical technique [ 10 – 15 ]. No 
matter how the different techniques adopted for 
this procedure, all articles confi rmed the safety 
and feasibility of the RAN [ 16 – 19 ]. 

 Robotic-assisted surgery is often replac-
ing traditional surgery because it seems to offer 
clear advantages when compared to traditional 
 laparoscopy. Robotic assistance provides various 
comforts to the surgeon, such as 3D stable view of 
the operative fi eld, endowrist instruments that are 
easy to use and the possibility to reduce the pos-
tural fatigue which is very common among sur-
geons performing laparoscopy. Those comforts 
play an important role in a successful outcome of 
the surgical procedures [ 20 ]. As a result, robotic 
instruments allow the surgeon to replicate move-
ments of the traditional open technique in a mini-
mally invasive environment. Knots and sutures, 
for instance, can be very easily performed using 
the robot while they represent a crucial issue in the 
traditional laparoscopy. All these factors represent 
a valuable advantage when compared to the long 
and complex laparoscopic surgical  operations 

which induce mental and physical stress and may 
well lead to a progressive decrease of the sur-
geon’s lucidity and concentration. The simplifi ca-
tion of surgical procedure determines an increased 
safety for the patient, this being the main reason 
to adopt this kind of technique for living donors. 
Comparing the different series of RAN, various 
surgical strategies exist, from the hand-assisted 
to the totally robotic nephrectomy, depending 
on the centre-by-centre experience [ 9 – 19 ,  21 ]. 
Robotic technology is evolving. In the next future 
robotic stapler will be available making the last 
“laparoscopic” step of this procedure safer and 
under robotic control. Probably a smaller robotic 
Ligasure will be commercialized along with a 
new surgical bed that could be moved without 
undocking the robot.  

22.4     Totally Robotic Nephrectomy 

22.4.1     Donor Selection 

 Donor selection criteria do not differ from the 
general accepted criteria for laparoscopic sur-
gery. Previous multiple abdominal surgery can 
be considered a relative contraindication to min-
imally invasive donor nephrectomy (with case-
by- case analysis). According to literature 
evidence, the left kidney has to be considered the 
fi rst choice even in the presence of vascular 
anomalies [ 13 ]. 

 The left kidney harvesting guarantees a longer 
stump of the renal vein as well as the absence of 
liver interposition. 

 The choice of harvesting the right kidney depends 
on the preoperative radiological detection of a clear 
functional dominance of the left kidney that has to 
be preserved in order to guarantee the donor safety. 
All candidates need to be informed about the risk of 
the conversion to the open approach.  

22.4.2     Patient Positioning 

 After general anaesthesia, the patient is placed in 
completely right lateral 90° decubitus. In order to 
obtain an adequate exposure of the kidney region, 

 –   The section should be done with 
robotic scissors after placement of an 
hem-o-lock on the arterial stump.     

•   Always administer one bolus of curare 
together with heparin to facilitate the 
kidney extraction.
   Left Nephrectomy     

•   Extend the dissection of the splenopan-
creatic block up to the left diaphrag-
matic crura.  

•   Renal vein should be encircled with an 
elastic tape after the section of gonadic 
and adrenal veins in order to:
 –    Easily recognize it during posterior 

isolation of the kidney  
 –   Modulate robotic arm’s strength with 

adequate traction during dissection 
manoeuvres and staplering.       
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the break of the surgical bed has to lay on the 
transtubercular plane. In order to avoid confl icts 
with the robotic arms, the lower leg of the patient 
should be bent at 90 °, while the upper leg must 
be completely stretched (Fig.  22.8 ).

22.4.3        Incision and Trocar Placement 

 The fi rst surgical step is a Kustner preparatory 
incision of around 8–10 cm, with opening the 
fascia and the peritoneum. 

 A camera trocar (12 mm) is placed using the 
intra-abdominal hand control throughout the 
Kustner incision about 5–6 cm off the umbilical 
scar (on the mid-clavicular line ipsilateral to the 
side of the nephrectomy). 

 Afterwards the surgeon closes the muscle 
and peritoneum incision with a running suture 
while placing an endo-bag instrument (Endo 
Catch II–15 mm) throughout the fascia access 

and attaching it to the pelvis of the patient with 
adhesive strips. 

 It’s important to leave the free margins of the 
running suture long enough to be easily and rap-
idly pulled for its cutting when extracting the kid-
ney or in case of emergency bleeding control. 

 Therefore, the 12 mmHg pneumoperitoneum 
is induced and two 8 mm robotic trocars are 
placed under camera vision into the omolateral 
anterior axillary line, respectively, in subcostal 
and fl ank region (Fig.  22.9 ). Another 12 mm tro-
car for the assistant surgeon has to be placed in 
the left extreme side of the Kustner incision 
(Fig.  22.10 ).

    At this time, the robotic cart is docked to the 
trocars from the patient’s back side. 

 Basic access and fi rst connected robotic 
instruments are a bipolar Maryland forceps con-
trolled by the left robotic arm, a monopolar hook 
on the right robotic arm and a 30° videoscope. A 
complete summary of robotic and laparoscopic 

  Fig. 22.8    Patient’s position in totally robotic technique       
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instruments needed for the procedure is shown in 
Table  22.1 .

22.4.4        Left Nephrectomy 

 The following step is the dissection of the left 
colon with the exposure of the renal region fol-
lowed by the dissection of the spleno-pancreatic 
block from the upper renal pole up to the left dia-
phragmatic crura. 

 This manoeuvre will simplify the further 
approach to the vessels making it also safer in 
case of bleeding. The ureter is detected and 
marked by an elastic tape. Following the gonadal 
vessels, the left renal vein is identifi ed. The left 

renal vein has to be isolated and respectively sep-
arated from the adrenal, gonadal and lumbar 
veins that are cut after distal and proximal place-
ment of metallic clips or hem-o-lock according to 
size. Finally, the renal vein can be encircled by an 
elastic tape. The upper renal pole is then dis-
sected from the adrenal gland: the anterior and 
posterior kidney surface are completely dissected 
from the perirenal fat tissue. The dissection of the 
renal artery can be better obtained by approach-
ing it from below, lifting up the inferior renal 
pole and can be easily completed throughout a 
posterior approach keeping the kidney in a medial 
position after its complete dissection from the 
posterior Gerota’s tissue. Once the whole kidney 
is isolated from the surrounding tissues and the 
vessels are dissected, the ureter is cut approxi-
mately at the iliac vessels crossing side after clos-
ing its distal stump by hem-o-lock, while the 
proximal stump is left open. Intravenous (IV) 
heparin is then administered at a dose of 80 UI/kg 
together with a bolus of curare in order to ease 
the kidney extraction. At this point the left kidney 
is introduced into the endo-bag previously placed 
by the assistant surgeon who loads the kidney, 
leaving out only the vascular pedicles gently 
pulled upwards. The renal artery is stapled by 

  Fig. 22.9    Totally robotic technique: trocars positioning       

  Fig. 22.10    Final trocars placement       

   Table 22.1    Laparoscopic and robotic instruments   

 Three robotic trocars (one 12 mm for the 30 °robotic 
videoscope and two 8 mm for the robotic arms) 

 One 12 mm trocar for the assistant surgeon at the table 
(plus another 5 mm trocar for right nephrectomy) 

 One Endo Catch II (15 mm) 

 Robotic instruments 

   Fenestrated bipolar forceps (type Maryland) 

   Permanent cautery hook 

   Precise bipolar forceps 

   Needle holder 

   Large clip applier 

   Round tip scissors 

 Laparoscopic instruments 

   Large grasper 

   Straight tip scissor 

   Medium metallic clip applier 

 Staplers 

   Vein : Endopath Stapler–Echelon 45 

   Artery : Endo-TA Stapler 30 mm 
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Endo-TA stapler with vascular charge at the ori-
gin from the aorta. Before cutting the renal artery 
with scissors, a hem-o-lock is placed on the 
already stapled line and the artery is fi nally inter-
rupted (Fig.  22.11 ). Hereinafter, the renal vein is 
stapled and cut by a GIA Endopath stapler 
(Fig.  22.12 ).

    Kidney extraction occurs by closing the endo- 
bag, undocking the robot cart, cutting the running 
suture of the fascia and fi nally pulling the kidney 
outside the abdomen. The last check of the left 
renal loggia and trocar access holes can be per-
formed with laparoscopy after closing the mini- 
laparotomy and after the induction of the 
pneumoperitoneum. At this point a bolus of prot-
amine can be given to the patient to reverse the 
anticoagulant effect of heparin. The robot has to 

remain sterile until the end of the check, as it can 
be useful sometimes to stop a possible bleeding 
with stitches positioning. One tubular 21 French 
drain is fi nally placed on the renal bed and skin 
repair is usually obtained with absorbable intra-
dermic suture (Fig.  22.13 ).

22.4.5        Right Nephrectomy 

 In right nephrectomy port placement is a mirror 
image of the one used for the left-sided procedure 
but the often needed positioning of a further 
5 mm trocar in the epigastric region for hepatic 
lobe lifting. The right renal vessel anatomy dif-
fers from the left one. The renal vein is short and 
particular care has to be taken while isolating the 
right renal artery. It is probably safer to dissect 
the artery after keeping the kidney in a medial 
position in order to avoid damages to the vein or 
to its rare collateral branches.   

22.5     Hand-Assisted Nephrectomy 

22.5.1     Patient Positioning, Incision 
and Trocar Placement 

 After a general anaesthesia, the patient is placed 
in right 60° lateral decubitus position. 

 First surgical step is to perform a mini- 
laparotomy by sub-umbilical midline incision of 
around 8 cm or a Kustner incision. 

  Fig. 22.11    Renal artery stapling by Endo-TA 30       

  Fig. 22.12    Renal vein section by Endopath stapler 
(Echelon 45)       

  Fig. 22.13    Procedure completed       
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 The 12 mm trocar for 30° videoscope is placed 
in the peri-umbilical region, in front of the renal 
hilum identifi ed by the assistant hand, around 
3 cm above the umbilicus and left lateral. 

 Two 8 mm robotic trocars are placed in the left 
lateral abdominal wall along the hemi-clavear line 
while another 12 mm trocar is placed in the left 
inguinal region for the assistant. At this time, the 
robotic cart is docked to the trocars from the back 
of the patient (Fig.  22.14 ). The assistant surgeon 
should wrap up his arm with a steri-drape in order 
to decrease the surgical site infection rate. The fi rst 
connected robotic instruments are a bipolar 
Maryland forceps controlled by the left robotic 
arm and monopolar hook on the right robotic arm.

22.5.2        Surgical Console Time: Left or 
Right Nephrectomy 

 Kidney mobilization as well as vessels and ureter 
preparation and section are performed exactly in 
the same way, with hand-assisted or totally robotic 
technique. More than the expected advantage in 
case of a sudden need for haemostatic control, the 
main difference between hand- assisted and totally 
robotic technique lays on the extraction of the 
specimen that is done directly from the assistant 
surgeon at the surgical table. The hand can be also 
useful in opening the operative fi eld by pulling 
away the bowel during surgery.      
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                         Appendix 

  A Narrative: A Diffi cult Case of Organ 
Procurement 

    Dis   aliter visum  
 (Gods have deemed otherwise) 

 Vergilius, Aeneid 

    June 23 ,  2008 ,  approximately mid - day ,  Niguarda 
Hospital ,  Milan  

 I am hurriedly crossing the driveway in my 
large hospital, in my usual fashion. A nurse in 
blue scrubs uniform appears to follow me and 
suddenly tells me: “Doctor, hey, Doctor! What 
happened 10 years ago?” I hear a cheerful voice 
that I am supposed to recognize. “Hey, Doctor, I 
am speaking to you. Do you remember any-
thing? What exactly happened 10 years ago?” 
“Sorry, are you speaking to me?” I reply, watch-
ing the nurse who I really cannot remember hav-
ing ever met before. “I really don’t know what 
the hell happened 10 years ago!” I say. I look in 
total amazement at the nurse, who is smiling at 
me and who I am still failing to recognize. “Why 
should I know what happened 10 years ago? 
Maybe my favorite soccer team, the Inter won 
the UEFA Cup? I utter the fi rst nonsense that 
comes to mind. “Hey you! Try to remember 
what really happened exactly 10 years ago.” She 
replies with a big smile. “I guess many things 
happened in 1998,” I add cautiously. “I will tell 
you what happened 10 years ago,” she replies 
again. “My mom received a wonderful liver, and 
you risked your life in a bad crash.” In a split 
second, I understand, and I see everything with 
the fl ashback to my car accident on June 23, 
1998. I immediately ask her, “How is your 
mother now?” “She’s very good, she’s really in 

wonderful shape and much better than me.” 
Would you like to see her again for a check-up?” 
“Why not? I’d be happy to see her again; but dur-
ing the last 10 years, why have I never seen her?” 
“Doctor, we were a little ashamed of my gaffe, 
and we preferred to be followed up by other doc-
tors, but mom always asks about you.” “The 
most important thing is that your mother is doing 
well and that the liver function is good,” I add 
smiling. “The liver works fi ne,” says the nurse 
with emphasis, waving her hand affectionately 
and adds, “Thanks, Doctor, you are all really 
wonderful doctors.” I ponder on what she says, 
and I try to remember exactly what kind of gaffe 
she’s talking about. 

  June 23 ,  1998 ,  5 am ,  Highway Brescia - Milan  
[1] 

 Dozing could be a good approach to regain a 
little bit of energy, which we needed to work a 
few more hours on bench surgery in the operating 
room at our anticipated arrival time of 6:30 am. It 
was 5:15 am, and we started on the Brescia- 
Milano Highway for only a few minutes. A liver 
and a pancreas, retrieved from a donor who had 
died of cerebral hemorrhage, were stored in two 
separate bags and were cooled in the typical blue 
and white organ containers. Our blue Mercedes, 
silent and proud, was traveling fast in the passing 
lane to bring us as quickly as possible to the hos-
pital. My young and brilliant fellow of Persian 
origin, who I had nicknamed Avicenna, had just 
reminded me that we had been starving for nearly 
24 h. Because of the speed with which the dona-
tion was reported, we had to quickly prepare 
everything we needed for the organ procurement 
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in the early afternoon, and although both hungry 
we had no time to eat; at 5 pm, we left the hospi-
tal for “Spedali Civili di Brescia.” The surgical 
procedure of organ procurement was delayed for 
several hours relative to the expected schedule, 
which often occurs during the organ procure-
ment. I was thinking how to organize the bench 
surgery at our arrival in Milan and the likelihood 
of fi nding some coffee and a croissant before div-
ing into the delicate work of organ preparation 
before the transplant procedure. On June 23, 
1998, a cloudless, sunny day was forecast, and 
the bright sky allowed us to see beyond the hills 
of Brescia at the fi rst light of dawn. Suddenly, 
there was fi rst a dry and intense explosion, then a 
fl ash of sparks, followed by a frightening screech 
of metal scraps and sheets. I felt a sudden, sear-
ing pain in my chest and neck, which fi nally burst 
into my head. I remember my last thought before 
losing consciousness: “Lord, You have created 
this beautiful blue sky, have mercy on me.” I 
don’t remember how long I was unconscious. I 
tried to get out from the cabin of the Mercedes, 
which was reduced to a crumpled box; however, 
the throbbing pain in my chest did not allow me 
to move even one centimeter. I could see slumped 
on the grass, next to the emergency lane, our 
driver, who in a weak voice was trying to call for 
help by dialing 118, the emergency number. I 
believed that I was severely injured and began to 
fear that I would not receive help in time. Then, 
the appearance of my young collaborator, 
Avicenna, limping but upright, gave me strength, 
and I regained a little bit of confi dence. “Hey, 
doc! How are you?” he said with a fi rm voice. 
“Don’t worry! I managed to call the operating 
room, and I stopped the intervention on the recip-
ient. The liver and pancreas are there on the 
asphalt. They bounced out from the trunk, but 
they are still in their plastic bags in the middle 
lane. Unfortunately, my phone has turned off and 
only now was I able to fi nd that one of the drivers 
is trying to call for help. Don’t move from there.” 
“Good stuff,” I thought. This fool wants to be a 
hero. First, he alerts the operating room and after-
wards, he tries to call for help. We are wasting 
time and the next donor might be myself. 
Instinctively, I dismissed that horrible thought 

with the usual “apotropaic” gesture of a perenni-
ally superstitious surgeon. The piercing trumpet-
ing of the horns of huge trailer trucks that passed 
without stopping, both on the right and left sides, 
was terrifying. Several trucks, like true monsters, 
carelessly sped past the crumpled car, in which I 
was trapped in the middle of the road, and threat-
ened to give me the “coup de grace.” After some 
hesitation, the brave Avicenna entered the crum-
pled car, turned the keys to start the engine and 
moved it 6 m from the middle lane to the emer-
gency lane. Approximately 50 endless minutes 
passed before the ambulances with blaring sirens 
arrived. When the rescuers proceeded to extract 
me from the cabin, I began to lose consciousness; 
however, when I heard a nurse give an order to 
transport me to the nearest small hospital, I tried 
to cry out with a whisper: “Please transport me to 
a big hospital that is well equipped; I could have 
serious chest injuries.” With all my strength, I 
used a mobile phone to try to convince my col-
league at the operative emergency coordination 
center that sending me to a small hospital without 
thoracic surgery and neurosurgery departments 
could be a fatal decision for me. Meanwhile, I 
had learned about the car accident. A gang of 
thugs in a stolen Alfa Romeo rammed our 
Mercedes in an attempt to stop and hijack the car. 
Surprised by the violence of the car crash, the 
criminals fl ed without a trace. This type of theft 
of luxury cars was widespread during that year 
along the Milano-Venezia Highway. After 20 
min, with piercing and excruciating thoracic 
pain, we arrived in three different ambulances at 
the emergency room of the same “Spedali Civili 
di Brescia” where we had started an hour earlier. 
I remember that the young fellow who initially 
examined us, who was very sleepy, hospitalized 
all three of us in the same room of the emergency 
department. At that point, my injuries were 
reported to be six fractured ribs with pleural effu-
sion, head and cervical trauma, and two dorsal 
vertebral fractures, and in my heart, I thought that 
maybe someone had decided that my “time” had 
not yet come. The liver and pancreas, although 
they were thrown from the vehicle during the 
impact, had been rescued by the police. As sug-
gested by Avicenna, the liver was quickly 
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 transferred to my hospital and the pancreas was 
transported to a nearby hospital, which was wait-
ing for it. In the operating room, the liver was 
well wrapped in the usual three plastic bags, each 
containing cool perfusion solution. On careful 
inspection in the operating room, my colleagues 
observed that the organs appeared to be incredi-
bly intact, without any damage, and were subse-
quently successfully transplanted to the scheduled 
recipients. 

 I returned to work in my department one 
morning at the beginning of September 1998, 
although I felt a little unsteady after less than 2 
months since the accident. I struggled to climb 
two fl ights of stairs to reach my surgical depart-
ment. I had tried to restore the muscle tone that 
had been lost during my convalescence. Down 
the hall, I could see a lady who was ranting and 
complaining to my colleagues: she had been 
waiting for more than 30 min for the doctor on 
duty to take care of outpatients, and he was still 
absent. In her opinion, this was a disgrace! She 
wanted to talk to the Director of the Department 
to express her anger over the regrettable delay. 
Her mother had been submitted to liver trans-
plantation 2 months before and was waiting for 
that rascal of a doctor to examine her and change 
a simple surgical wound dressing. They were in a 
hurry and could not spend the entire day waiting 
for Mister Doctor to conveniently show up. My 
director was severe with me in support of the 
complaints of the relative and the transplanted 
patient and reprimanded me for being more than 
30 min late in meeting with an outpatient in front 
of my colleagues who had otherwise greeted me 
smiling on my return to work. The young lady 
strutted, satisfi ed that I was humiliated and added 
“And now let’s goes and don’t waste any more 

time! I have worked in this hospital for many 
years, and I never put up with loafers!” I felt very 
dazed and upset to hear these unexpected words 
upon my return to work. A woman just over 50 
years of age, lying on the bed, was waiting for a 
simple dressing for a wound that had fi nally 
healed. Reviewing the medical report, I noted the 
date of her liver transplant. It was the same date 
as my car accident. I realized that I was in the 
presence of the patient for whom I risked my life. 
At fi rst, I had to stifl e a slight hint of the anger, 
but this was soon overcome by a strong feeling of 
depression. Noticing my visibly wet eyes, the 
patient observed that I was very emotional and 
uncomfortable. After I fi nished applying the new 
dressing, she asked me, “Doctor, is there any-
thing wrong?” “Don’t worry, Ma’am, it’s all 
right,” I replied. “I was only thinking that I will 
remember the date of your transplantation for the 
rest of my life.” The patient, in turn, immediately 
felt that maybe she was in the presence of the per-
son who had risked his life for having procured 
her a new liver and about whom she had heard the 
story that appeared in several newspapers. The 
patient and her daughter, also visibly uncomfort-
able, apologized profusely for the sad episode 
that had occurred earlier. I apologized, too, for 
my delay, and smiling, I waved goodbye. After 
only a few months, I had resumed my work as a 
surgeon, with some bone crunching, but all in all 
with a renewed enthusiasm that helped me to fi nd 
myself again. I saw Avicenna that morning and I 
told him about the nurse’s unbelievable gaffe. He 
hugged me, quite moved, because he was trans-
ferring to another hospital. “Really, we were very 
lucky, Doc!” was all he said. “Avicenna, you’re 
right! It all turned out for the best,” I replied. 
Avicenna, the driver and I, we can tell our story.
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