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EDITORIAL

Regional Organ Assessment and Repair Centers (ARCs)

Sylvester M. Black1,2 and Bryan A. Whitson1

Organ transplantation by any measure is one of the 
success stories of modern medicine. The multidisciplinary 
approach, the complexity of disease, the scientific 
innovation and the truly excellent outcomes associated 
with modern transplantation give hope to both patients 
and clinicians worldwide.  The field of transplantation, 
like many others proceeded along in a stepwise fashion, 
with small incremental improvements in technology 
and scientific understanding, giving way to significant 
breakthroughs in our understanding of the immune system 
and the pathophysiology of end stage organ disease. 
Conceptually organ transplantation has an ancient past, 
with accounts of saints, healers, and Gods performing 
transplantation of limbs and organs between individuals. In 
the 1930’s the French-American surgeon-scientist Alexis 
Carrel carried out a series of important experiments that 
were breathtaking in their scope and impact, in which 
various organs such as the kidney, heart, thyroid, and 
limbs of animals were transplanted (1). These transplants 

functioned for a period of time and demonstrated the 
technical feasibility of transplantation in general and 
vascular anastomotic technique in particular (2). Carrel 
would go on to perform many transplants between animals 
and within the same animal.  Without exception organs 
would function indefinitely as auto-transplants but when 
transplanted into different animals would cease to function 
after a short period of time. 

Carrel correctly recognized the concept of rejection 
and commented about biological “individuality” as a 
barrier that could not be crossed by surgical means.2 
Carrel understood the innate difficulties associated with 
transplantation that would later be borne out by others with 
further experimentation and clinical trial. While Alexis 
Carrel is well known for organ transplantation and vascular 
anastomosis for which he was awarded the Nobel Prize in 
1912, it is some of his other work that currently has the 
most profound implications for the field of transplantation. 
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Figure 1 a. Organ ARC’s (Assessment and Repair Centers) would take in donor organs regionally, for assessment. Decisions about the 
quality and viability of the organs would be made at that time.  ARCs may have specializations in various organ types such as lung, 
and heart or may be more general. 

Figure 1 b. Organs that are deemed to be of sufficient quality after assessment or after repair would be sent to the appropriate recipi-
ent.
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Carrel was responsible for developing the technique of cell 
and tissue culture, which is a widely practiced technique in 
modern research. Carrel with the aid of the aviator Charles 
Lindbergh also developed a perfusion apparatus in which 
he was able to keep whole organs such as the thyroid gland 
alive in conditions that approximated normal physiology 
for weeks at a time (3,4). These were the first “ex-vivo 
normothermic” perfusion experiments and are very much 
the progenitors of modern methods. Carrel essentially 
saw people as collection of parts that could be supported, 
repaired and regenerated outside the body in these perfusion 
systems. When an organ became diseased or injured it could 
simply be replaced with another functional one from the 
laboratory. In a way, they very much saw this as a method 
to extend life indefinitely. 

The progress of organ transplantation unfortunately would 
not be that smooth. The cumbersome nature of these 
perfusion systems, the reliability, cost, along with a host 
of other technical factors caused the abandonment of 
these normothermic perfusion systems in favor of simple 
cold storage and speedy implantation. Transplant pioneers 
Najarian and Belzer attempted to overcome ischemia 
and reperfusion injury by swift implantation of kidneys, 
often starting the recipient operation before the donor 
operation was complete. With these techniques there was 
improvement in organ function post transplantation (5). 
The concept of cold storage, with lowering of the organ’s 

metabolic rate combined with better preservation solutions 
such as University of Wisconsin solution further improved 
organ survival. Extended preservation was then achieved 
by Belzer utilizing hypothermic machine preservation to 
achieve a total preservation of 37 hours for a kidney that 
was implanted in the Netherlands. The ability to achieve 
prolonged preservation time with machine hypothermic 
perfusion systems in metabolically active organs such as 
the liver and heart was not met with the same success and 
generally abandoned during this time period.

Simple cold storage and hypothermic machine preservation, 
while appreciably lowering the metabolic rate and increasing 
preservation times do not allow for optimal assessment of 
an individual organ. Most of the determinations regarding 
an organ’s function are made pre-procurement and while 
hypothermia decreases the metabolic rate of the donor 
organ, significant anaerobic metabolism continues to take 
place. Prolonged preservation and marginal donor organ 
quality can lead to significant delayed graft function or 
graft non-function in the recipient. 

These factors have lead to a renewed interest in 
normothermic perfusion of donor organs. With 
improvements in miniaturization, computing, knowledge 
of organ physiology, development of new normothermic 
perfusates and pump technology, the concept of real time 
organ assessment with the possibility of intervention to 

Figure 1 C. With EVOP (ex-vivo organ perfusion), greatly extended preservation times would allow for organs to travel great distanc-
es and regions to the appropriate recipients. In some instances it may be more appropriate to perform the more traditional approach 
and transplant the donor organs directly into the recipient bypassing the ARC (Assessment and Repair Centers).
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improve organ quality has become a reality. 	

The potential of ex-vivo organ perfusion for the assessment 
and improvement in donor organ quality is illustrated by 
the work of Wigfield and colleagues where a marginal set 
of donor lungs were transported internationally from the 
United States to an organ repair center at the University 
of Toronto. The lungs were assessed, reconditioned and 
transported back to the United States for transplantation. 
The total time the organs were outside of the donor was 
15 hours and 20 minutes (6). Currently there is a multi-
institutional trial in the United States to evaluate ex-
vivo lung perfusion and in Canada it is used clinically 
at the University of Toronto. Ex-vivo lung perfusion has 
demonstrated the ability to reduce or remove edema, clear 
infection and improve gas exchange (7). 
	
Recent successes in ex-vivo liver perfusion were also 
demonstrated in the United Kingdom at King’s College 
Hospital where a liver was normothermically perfused on a 
circuit prior to transplantation (8). Ex-vivo organ perfusion 
(EVOP) has also demonstrated the ability in the laboratory 
to mitigate bile duct injury (9), reverse steatosis (10), and 
limit ischemia-reperfusion injury improving overall organ 
quality and function. Currently there is a European trial 
to investigate the clinical use of ex-vivo liver perfusion 
technology. 

These clinical and laboratory successes demonstrate 
that normothermic EVOP can serve as a viable platform 
for accurate organ assessment and repair. A significant 
consequence of the success of normothermic EVOP is the 
concept of a regional organ Assessment and Repair Centers 
(ARC). Regional centers would have the ability to assess 
and make the necessary interventions to optimize donor 
organ quality and function (figure 1 a, b, c). With these 
improvements as well as greatly extended preservation 
times it becomes possible to more precisely match donor 
and recipient, improve donor organ quality and thus 
improve transplantation outcomes.
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