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ABSTRACT

Organ shortage is the greatest challenge facing the field of organ transplantation today. A va-
riety of approaches have been implemented to expand the organ donor pool including live
donation, a national effort to expand deceased donor donation, split organ donation, paired
donor exchange, national sharing models and greater utilization of expanded criteria donors.
Increased public awareness, improved efficiency of the donation process, greater expectations
for transplantation, expansion of the living donor pool and the development of standardized
donor management protocols have led to unprecedented rates of organ procurement and trans-
plantation. Although live donors and donation after brain death account for the majority of
organ donors, in the recent years there has been a growing interest in donors who have severe
and irreversible brain injuries but do not meet the criteria for brain death. If the physician and
family agree that the patient has no chance of recovery to a meaningful life, life support can
be discontinued and the patient can be allowed to progress to circulatory arrest and then still
donate organs (donation after circulatory death). Increasing utilization of marginal organs has
been advocated to address the organ shortage.
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INTRODUCTION

he greatest challenge facing the field

I of organ transplantation today is in-
creasing the number of allografts
available for transplant. Organ transplanta-
tion has proven to be highly effective in the
treatment of various forms of end-stage organ
failure. Increased public awareness, improved
efficiency of the donation process, greater ex-
pectations for transplantation, expansion of
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the living donor pool and the development of
standardized donor management protocols
have led to unprecedented rates of organ pro-
curement and transplantation. Herein, we fo-
cus on donation after circulatory death (DCD)
and expanded criteria donors (ECDs).

THE PROBLEM OF ORGAN SHORTAGE

Organ transplantation is unquestionably the
preferred therapy for most patients with end-
stage organ failure since both survival and
quality of life are superior in allograft recipi-
ents compared to similar patients who without
transplantation [1]. As outcomes of transplan-
tation have improved, the number of trans-
plant candidates listed for deceased donor
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transplantation has increased dramatically
over the years. One of the main strategies to
address the discrepancy between supply and
demand in organ transplantation is expansion
of the deceased donor kidney pool utilizing
ECD and DCD donors [1-37]. This has been
a major focus of the US Department of Health
and Human Services organ donation break-
through collaborative, which was initiated in
2003, with the objective of increasing access
to transplantable organs.

In 2009, 50,463 patients were added to trans-
plantation wait list, while 28,463 patients
received organ transplantation and 6683 pa-
tients died while waiting for a suitable organ
4. A variety of approaches have been imple-
mented to expand the organ donor pool in-
cluding increased live donation, a national ef-
fort to expand deceased donor donation, split
organ donation, paired donor exchange, na-
tional sharing models, and greater utilization
of ECDs [5,6]

In 2008, more than 28,000 patients received
organ transplants from more than 14,000 de-
ceased and live donors in the USA [4,7-13].
Despite the worthy effort of the Organ Do-
nation and Transplant Collaborative and the
marked increase in the number of deceased
donors early in the effort, the number of de-
ceased donors rose by a total of only 67 from
2006 to 2007 [5]. A recent study showed that
the number of living donors has decreased
since 2004 and donation after brain death
(DBD) also decreased since 2006. This decline
can be attributed to increases in the number
and percentage of ECDs and DCDs [147]. The
shift in the distribution of recovered kidneys
trom standard criteria donor (SCD) to ECD
and DCD impacts utilization, since DCD and
ECD kidneys have higher rates of discard [57].
The observed increase in DCD also explains,
in part, the fewer organs per donor that are
recovered and transplanted overall [6,15,16].

DONATION AFTER CIRCULATORY
DEATH

Although live donors and DBD account for the

majority of organ donors, in the recent years
there has been a growing interest in donors
who have severe and irreversible brain injuries
but do not meet the criteria for brain death. If
the physician and family agree that the patient
has no chance of recovery to a meaningtul life,
life support can be discontinued and the pa-
tient can be allowed to progress to circulatory
arrest and then still donate organs (DCD). In
the past 10 years, the number of deceased or-
gan donors nationally has increased modestly,
whereas DCD has increased 10-fold with over
900 cases of DCD reported in 2009 [7,17,18].

Consistent with the goals set by Health Re-
sources and Services Administration for DCD
development, the percentage of donors from
DCD continues to increase. There has been a
significant increase in the percentage of do-
nors that are categorized as DCD from 8% in
2006 to0 9.8% in 2007, and the number and per-
centages of DCD liver and kidney transplants
continue to increase substantially [6-10,15,17—
227. In a recent study, we examined the pat-
tern of donation and utilization in the USA us-
ing Organ Procurement and Transplantation
Network/United Network for Organ Sharing
(OPTN/UNOS) database of individuals who
were consented for and progressed to organ
donation between January 2001 and December
2010 (Fig 1). We encountered parallel changes
in this study with increasing the number of
DCD donors from 3.5% in era-1 (2001-2005)
t0 9.8% in era-2 (2006—2010) [147]. On the oth-
er hand, we noted the decrease in living dona-
tion. Although the total number of deceased
donors did increase 25% from era-1 to era-2,
the number of DBD donors was noted to have
peaked in 2006 constantly decreased since.
The main reason for the increase in the num-
ber of deceased donors was the rapid expan-
sion of the DCD group which rose 230% when
comparing era-1 (n=1135) with era-2 (n=3743).
At the same time, the number of DBD donors
increased by only 17% when comparing era-1
and -2 [14]. Whether this represents addition
ot donors who would not have ever progressed
to brain death or an exchange for DCD in
cases that would have previously followed a
DBD pathway still remains uncertain. If the
latter, this may indicate the occurrence of a
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Figure 1: The number of organ donors in the USA (2001-2010).

change in clinical practice in which withdraw-
al of support is offered earlier in the patient’s
course, before brain death has occurred. Saidi,
et al [16], identified a significant change in
resuscitative practices over time, with a strik-
ing rise in new surgical interventions such
as craniostomy, craniotomy, cooling, etc, that
have the potential to intercede in the progres-
sion to brain death. These interventions were
strongly associated with intent to donate via
DCD. The lesser likelihood of making the di-
agnosis of brain death in these patients pro-
vides a plausible explanation for at least part of
the stagnant growth of DBD compared with
DCD in the national data.

As a result of increasing utilization of DCD
donors, more donors with comorbidities and
elderly donors, we also noted a dramatic in-
crease in the discard rates (Fig 2). The overall

discard rate increased from 13,411 (11.5%) in
era-1 to 19,516 (13.7%) in era-2. This increase
in discards was especially prominent in the
DCD group which rose from 440 (20.9%)
in era-1 to 2,089 (24.9%) in era-2 [14:]. The
discard rate for DCD livers and kidneys in-
creased. We noted 78% increase in the discard
rate of DCD livers and 1210% for discarded
DCD kidneys. Although, the discard rates for
DBD livers and kidneys remained stable [14].

The new surgical interventions mentioned
above, were strongly associated with intent to
donate via DCD (ze, including potential DCD
who did progress to donation in a timely fash-
ion). The lesser likelihood of making the di-
agnosis of brain death in these patients pro-
vides a plausible explanation for at least part of
the stagnant growth of DBD compared with
DCD [16]. This observation suggests that in
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Figure 2: Pattern of deceased organs recovered, transplanted and discarded in the USA (2001-2010).

addition to implementation of measures in-
tended to be life-saving by preventing hernia-
tion, there has been greater adoption of DCD
donation in general. Whether this represents
addition of donors who would not have ever
progressed to brain death or an exchange for
DCD in those who would have previously fol-
lowed a DBD pathway, remains uncertain. If
the latter, this may indicate the occurrence of
a change in clinical practice in which with-
drawal of mechanical, ventilated or organ-per-
tusion support is offered earlier in the patient’s
course, before brain death has occurred.

Certainly, from the ICU perspective, DCD
may be consistent with conscientious and ap-
propriate medical care rather than awaiting
a brain death diagnosis in patients with un-
recoverable neurological compromise, both
saving valuable ICU resources and avoiding

unnecessary patient and family suffering. On
the other hand, DCD and DBD have markedly
different impact in their yield of life saving
organs for transplant; this is the consequence
of a number of factors. The first is that once
consent to donate is established, donation is
almost certain for DBD, however, on aver-
age 30% of intended DCD do not progress
to death in a timely manner after withdrawal
of mechanical, ventilated or organ-perfusion
support and therefore, result in no organs for
transplant. Of even greater magnitude, is the
fact that even when donation does occur, on
average fewer organs are recovered and trans-
planted from DCD than DBD. Inspection of
UNOS data reveals that nationally in 20009,
an average of 3.6 organs were recovered from
DBD donors compared to 2.5 organs from
DCD; the consented DCD donors that did not
progress were not considered. In addition, 3.1
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organs were transplanted form DBD donors
compared to 1.9 from DCD. On average per
100 donors, DCDs donate 20 less kidney (170
vs 190), 40 less liver (40 vs 80), and five less
pancreas (2 vs 7) when compare to DBDs [167].

[t should also be noted that our intent is not
to challenge the standard of care or ICU man-
agement of patients with severe head injury;
rather, we have attempted to clarify and rec-
ognize the impact these new therapies and
practice shifts have on the opportunity for
organ recovery from deceased donors. We do
recognize however, that there may be specific
cases in which there exists a choice to with-
draw mechanical, ventilated or organ-per-
tusion support immediately or to determine
if the potential donor will progress to brain
death in a timely fashion. In such cases, if the
dying patient had expressed a premortem in-
tent to be an organ donor to help others, and
it the ability to make the diagnosis of brain
death may be imminent, we suggest that it
may be appropriate to include in the end-of-
life discussion with the next-of-kin the impli-
cations of withdrawal of mechanical, ventilat-
ed or organ-perfusion support on the nature
and magnitude of the gift that was intended
by their loved one. We fully understand that
organ donation might not be the first or fore-
most issue on the mid of family or intensive
care physicians. However, after the decision
to offer withdrawal of mechanical, ventilated
or organ-perfusion support has been made
and the discussion held with the next-of-kin,
we contend that the potential donor’s end-of-
life wishes regarding organ donation should
be given due consideration. In the appropriate
circumstances, the impact of DCD versus po-
tential DBD pathways on the magnitude and
nature of the resulting gift might be a reason-
able component of the end-of-life discussion.
Some families decide to discontinue mechani-
cal, ventilated or organ-perfusion support as
soon as possible but others encouragingly wait
to fully honor the wishes of the dying poten-
tial donor, to maximize the opportunity of or-
gan transplantation after brain death.

The data on marginal organs are compounded
by the large and ever-growing concerns about
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post-transplantation outcomes [23,247]. Al-
lograft and patient survival of DCD kidneys
are reported to be similar to DBD kidneys,
but DCD kidneys have been associated with
increased resource utilization [247]. Saidi, et
al [247], showed that ECD and DCD kidneys
are associated with a higher frequency of he-
modialysis need after transplantation, longer
length of stay, more hospital readmissions due
to poor or late-onset graft function and more
cytomegalovirus infections in recipients of
ECD and DCD kidneys, which resulted in a
US$ 20,000—25,000 higher cost for their ini-
tial medical care and economic pressure on the
transplant centers [247]. For DCD livers, there
is a high rate of biliary strictures that have
been attributed to the period of warm ischemia
that occurs between withdrawal of donor life
support and organ preservation. This leads to
a reduction in graft survival and an increase
in the need for retransplantation [237. On the
other hand, marginal liver allogratts has been
shown to be associated with increased hospi-
tal costs [257. For heart, lung, and pancreas
recipients, there is little utilization of DCD
organs, though some centers have reported
acceptable outcomes using DCD pancreata
[26,27]. The concern about overall outcomes
and cost of utilization of marginal organs can
impact the decision of physicians and trans-
plant centers to use these organs [24,257.
The transplant community must also monitor
the eftects of changes in organ procurement
practices, especially defining optimal identi-
fication and management of marginal donors
and more investment in live donation. There
should also be emphasis on measurements to
improve the quality of marginal organs such
as ex vivo preservation methods or extracor-
poreal support for donors after cardiac death
to assess viability and provide resuscitation
of DCD and ECD organs [28,29]. A recent
randomized trial have shown that protective
ventilatory strategies such as low tidal vol-
ume can double the number of patients whose
lungs were used for transplantation compared
to conventional ventilatory methods [30]. Or-
gan allocation and distribution have roots in
the heterogeneous and somewhat arbitrary
geographic boundaries that determine the
current donation service areas and UNOS re-
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gions. This has led some to call for broader
allocation units to make distribution more eq-
uitable and not based so tightly on geography.
This can potentially lead to better utilization
of organs and also decrease the discard rate. It
has been shown that there was a wide varia-
tion in different regions regarding changes in
organ recovery, transplantation and discards
[31-33].

UTILIZATION OF MARGINAL AND
EXPANDED CRITERIA ORGANS (ECD)

Our nationwide analysis confirmed a notable
change in the diagnosis leading to donation
over the past 10 years. There was a shift from
trauma donors to donors with cardiovascular/
cerebrovascular disease in the USA. The por-
tion of donors who died of trauma decreased
from 48.8% in era-1 (2001-2005) to 34.9% in
era-2 (2006—2010). On the other hand, donors
who died of cardiovascular disease/cerebro-
vascular disease rose from 388.1% 1n era-1 to
56.1% in era-2. The proportion of donors old-
er than 64 years increased significantly from
6.9% in era-1 to 11.8% in era-2 and the pro-
portion of donors with body mass index >35
kg/m* also markedly increased from 6.8% to
11.2%. These also led to increased number of
donors with medical comorbidities [14].

In addition to recent stagnant growth in over-
all donors, the percentage of standard criteria
donor (SCD) steadily declined, from 78% in
1998 to about 65% in 2007 [1]. This decline
can be attributed to increase in the number
and percentage of ECDs and DCDs [17]. The
shift in the distribution of recovered kidneys
from SCD to ECD and DCD, impacts utiliza-
tion, since DCD and ECD kidneys have high-
er rates of discard. The observed increase in
DCD also explains, in part, the fewer organs
per donor that are recovered and transplanted
overall and the current state of less than 3.75
organs transplanted per donor, since it was
2.08 for DCD, 1.72 for ECD, and 3.63 for SCD
in 2007 [34—36. In 2007, 299 fewer SCD kid-
neys were transplanted (compared to 2006);
there was an increase of 163 DCD non-ECD
transplants [1-3,9,37]. Consistent with the

goals set by Health Resources and Services
Administration for DCD development, the
percentage of donors from DCD continues to
increase. There has been a total increase in the
percentage of donors that are categorized as
DCD, from 8% in 2006 to 9.8% in 2007, and
the number and percentages of DCD liver and
kidney transplants continue to increase sub-
stantially [1-3,9,87—42].

ECDs were defined by the UNOS criteria as
all deceased donors age >60 years as well as
those aged 50—59 years with at least two of
the following comorbidities: i) history of hy-
pertension, ii) cerebrovascular cause of brain
death, or iii) terminal serum creatinine level
>1.5 mg/dL. Donor kidney biopsy is regularly
used in the evaluation of preexisting and ter-
minal parenchymal pathology in ECD donors.
A biopsy showing >20% glomerulosclerosis or
moderate to severe tubular, interstitial or vas-
cular changes is a contraindication to kidney
utilization. ECD and DCD kidneys are usu-
ally placed on a pulsatile perfusion apparatus
to potentially minimize preservation injury.
Although pump parameters are not exclu-
sively used to discard kidneys, a tlow rate >80
mL/min and a resistance <0.40 mm Hg after
a minimum of 6 hrs on the perfusion apparatus
are considered reasonable thresholds for utili-
zation.

Before the organ donation collaborative, the
term ECD was used to classify subsets of de-
ceased donor that are aged 60 years or older
and those aged 50—59 years with at least two
of the following characteristics: history of hy-
pertension, serum creatinine level >1.5 mg/dL
(182.6 umol/L) and cerebrovascular cause of
death [897. These criteria define a donor pop-
ulation from whom the risk of graft failure at-
ter transplantation was anticipated to be 70%
higher than after a non-ECD transplant [40—
427. Despite this expected higher rate of graft
failure compared to SCD kidneys, multiple
studies have subsequently shown that kidney
transplantation using ECD is still associated
with a substantial reduction in morbidity and
improvement in life expectancy when com-
pared with suitable transplant candidates who
remained on maintenance dialysis treatment
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[40—42]. It we consider an increased risk of
complications and death for those who have
to wait, kidney transplants clearly save more
lives and cost less as a treatment than does
dialysis.

Ojo and colleagues showed that on average, re-
cipients of ECD kidney transplants lived five
years longer than transplant candidates who
remained on dialysis, whereas SCD transplant
recipients had a 13-year survival benefit [387].
Accordingly, ECD kidney transplants have
continued to expand and comprise 15% of na-
tional deceased donor activity [1,2].

Another approach to the organ shortage has
been the utilization of donors after cardiac
death. The Institute of Medicine has stud-
ied the issues surrounding the use of DCDs,
reaching the conclusion that “the recovery of
organs from nonheart beating donors is an
important, medically effective and ethically
acceptable approach to reducing the gap that
exists now and will continue to exist in future
between the demand for and available supply
of organs for transplantation” [407]. A number
of investigators have reported excellent short-
term outcomes using these donors, and sever-
al different organ procurement organizations
have demonstrated 10%—15% growth in organ
donation as a result of the use of DCD donors.
Multiple studies have shown that the overall
results of DCD (without ECD characteristics)
and SCD kidney transplants are comparable
[34—36,41—43].

Doshi, et al, reviewed the UNOS database (from
1998 to 2004) and showed that the 5-year al-
lograft and patient survival rates of 66.9% and
81.8% in recipients of DCD kidneys was com-
parable with 66.5% and 80.8% graft and pa-
tient survival in the SCD group, respectively
[437]. This most recent review also confirmed
a higher incidence of delayed graft function
in the DCD group compared to SCDs (41% wvs
24%) which led to a longer length of hospital
stay (10.2 vs 9 days). In addition, the incidence
of rejection was similar in both groups (9.4%
vs 10%). A study at the Massachusetts Gen-
eral Hospital, similarly, showed no differences
in the long-term graft and patient survival,

Organ shortage for transplantation

a higher incidence of delayed graft function,
longer length of hospital stay and similar inci-
dence of rejection in recipients of DCD versus
SCD kidneys. Our long-term follow-up, how-
ever, reveals a more rapid attrition in surviv-
al of the ECD allografts (65% survival at 50
months vs 79%—80% for SCDs) [241].

Although we observed an increased incidence
of delayed graft function using DCD and ECD
kidney allografts, we found no difference in
the long-term graft and patient survival be-
tween DCD and SCD recipients. This con-
trasts with other studies which have shown
a negative impact of delayed graft function
on kidney allograft survival from SCD do-
nors [34—386,43—45 |. Delayed graft function
is a multifactorial phenomena resulting from
warm and cold ischemia, poor donor quality
and/or early rejection [457]. Since there was
no correlation between delayed graft func-
tion and survival in our series, it might be
postulated that our protocol of routine induc-
tion therapy with antithymocyte globulin and
delayed tacrolimus introduction limited the
likelihood of early subclinical rejection. This
could provide an explanation for the lack of a
detrimental impact of delayed graft function
on long-term graft survival observed in our
series. Of course, these observations require
turther studies to confirm the hypothesis.

Nationwide, a significant number of DCD and
ECD kidneys continue to be discarded. How-
ever, as already noted, despite reports dem-
onstrating that these kidneys have a higher
rate of delayed graft function and a greater
susceptibility to preservation injury as well as
drug toxicity, the long-term outcome is quite
satisfactory [46—537. Thus, the major obstacle
to more widespread utilization of these or-
gans seems to be economic. We anticipated
that the transplantation of ECD and DCD
kidneys would result in higher costs when we
embarked on utilizing these organs for our pa-
tients.

A recent study have documented the more
tfrequent need for hemodialysis, longer length
of hospital stay, more hospital readmissions
due to poor or late onset graft function and
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more cytomegalovirus infections in recipients
of ECD and DCD kidneys [24]. This resulted
in a US$ 20,000-25,000 higher cost for their
initial medical care [24]. Whiting, et al, have
compared the economic costs of ECD kidney
transplantation to those on hemodialysis [46].
They found the break-even point at which
transplantation became less costly than on-
going hemodialysis ranged from 4.4 years for
SCDs to as long as 13 years if an ECD kid-
ney was transplanted into a high-risk recipi-
ent. The 5-year present value of payments for
ECDs was significantly higher compared to
SCDs: US$ 143,329 versus US$ 121,698, re-
spectively. The average 1-year cost of hemo-
dialysis for this cohort was US$ 28,666. They
concluded that transplantation was always
less expensive than hemodialysis. Although,
in a strict cost analysis, ECD kidney recipi-
ents take longer to reach the break-even point
and this point might not be reached consis-
tently if allograft survival proved to be dra-
matically reduced in some patient cohorts, in
general, utilization of DCD and ECD kidneys
is still a cost-saving treatment strategy when
compared to hemodialysis [54—567. The cost
for utilizing marginal donors is higher due to
several factors discussed. Nevertheless, reim-
bursement for the transplantation services is
based upon a single diagnostic-related group
which assumes that all renal transplants re-
quire comparable resource utilization. In real-
ity, the increased resource needs demonstrat-
ed by our study emphasize that centers who
pursue the use of ECD and DCD kidneys are
penalized financially for attempting to serve
the largest possible number of patients with
end-stage renal disease. As the transplant
community seeks to utilize as many organs as
possible in order to benefit increasing number
of patients on the waiting list, we must take
into consideration the true economic impact of
such undertakings. This may not be addressed
based on current remuneration schemes for
services rendered. When costs increase sig-
nificantly, as we have observed, transplant
centers must absorb the deficit spending for
each of these organs utilized. As a result, the
current policies for reimbursement impose a
significant burden on those transplant centers
that accept these organs and jeopardize their

financial viability despite the medical, social
and ethical benefits of maximizing organ uti-
lization. We advise, therefore, that a separate
diagnostic-related group or moditier should
be considered for ECD and DCD kidney recip-
ients so that reimbursement is adjusted based
on the donor and recipients risk. Such action
can sustain the organ breakthrough collabo-
ration efforts for increasing organ utilization.
Otherwise, we risk ongoing underutilization
of ECD and DCD allografts despite the docu-
mented benefits provided to end-stage renal
disease recipients by these organs.

In conclusion, there is a general trend towards
less ideal donors in the USA to expand the do-
nor pool. This includes: 1) a decrease in the
number of living donors; 2) an increase in de-
ceased donors, primarily by an expansion in
utilization of less ideal donors with chronic
cardiovascular and cerebrovascular disease
versus acute trauma victims; 3) increased use
of more elderly and obese donors and a dra-
matic increase in DCD and marginal donors.
These changes in practice have been associ-
ated with a reduction in the number of or-
gans recovered and transplanted per donor,
organs likely to have poorer function (ECD,
DCD) and an increase in the discard rates.
These changes are coincident with greater or-
gan demand. The transplant community and
policy makers should consider every option to
expand the donor pool, avoid organ discards,
and encourage the practices to optimize utili-
zation of marginal organs.

REFERENCES

1. Nathan HM, Conrad SL, Held PJ, et al. Organ dona-
tion in the United States. Am J Transplant 2003;3
Suppl 4:29-40.

2. United Network for Organ Sharing. National data.
Available from: www.unos.org/data. Accessed
January 10, 2013.

3. Chapman J, Bock A, Dussol B, et al. Follow-up after
renal transplantation with organs from donors af-
ter cardiac death. Transpl Int 2006;19:715-9.

4. Annual Report of the U.S. Organ Procurement and
Transplantation Network and the Scientific Regis-
try of Transplant Recipients: transplant data 1999-
2008, Department of Health and Human Service.
Health Resources and Services Administration,

94

Int ] Org Transplant Med 2014; Vol. 5 (3)

www.ijotm.com



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

Healthcare Systems Bureau, Division of Transplan-
tation, Rockville, 2009.

Klein AS, Messersmith EE, Ratner LE, et al. Organ
donation and utilization in the United States, 1999-
2008. Am J Transplant 2010;10(4 Pt 2):973-86.

Howard RJ, Schold JD, Cornell DL. A 10-year anal-
ysis of organ donation after cardiac death in the
United States. Transplantation 2005;80:564-8.

Bernat JL, D'Alessandro AM, Port FK, et al. Report
of a National Conference on Donation after cardiac
death. Am J Transplant 2006;6:281-91.

Tuttle-Newhall JE, Krishnan SM, Levy MF, et al. Or-
gan donation and utilization in the United States:
1998-2007. Am J Transplant 2009;9(4 Pt 2):879-93.

Merion RM, Ashby VB, Wolfe RA, et al. Deceased-
donor characteristics and the survival benefit of
kidney transplantation. JAMA 2005;294:2726-33.

McCullough KP, Keith DS, Meyer KH, et al. Kidney
and pancreas transplantation in the United States,
1998-2007: access for patients with diabetes and
end-stage renal disease. Am J Transplant 2009;9(4
Pt 2):894-906.

Matesanz R, Marazuela R, Dominguez-Gil B, et
al. The 40 donors per million population plan:
an action plan for improvement of organ dona-
tion and transplantation in Spain. Transplant Proc
2009;41:3453-6.

Oliver M, Woywodt A, Ahmed A, Saif |. Organ do-
nation, transplantation and religion. Nephrol Dial
Transplant 2011;26:437-44.

Vagefi PA, Ascher NL, Freise CE, et al. Use of living
donor liver transplantation varies with the avail-
ability of deceased donor liver transplantation.
Liver Transpl 2012;18:160-5.

Saidi RF, Markmann JF, Jabbour N, et al. The fal-
tering solid organ donor pool in the United States
(2001-2010). World J Surg 2012;36:2909-13.

Marks WH, Wagner D, Pearson TC, et al. Organ
donation and utilization, 1995-2004: entering the
collaborative era. Am J Transplant 2006;6(5 Pt
2):1101-10.

Saidi RF, Bradley J, Greer D, et al. Changing pattern
of organ donation at a single center: are potential
brain dead donors being lost to donation after car-
diac death? Am J Transplant 2010;10:2536-40.

Bratton SL, Chestnut RM, Ghajar J, et al. Guidelines
for the management of severe traumatic brain in-
jury. J Neurotrauma 2007;24(Suppl 1): S1-S70.

Wolfe RA, Merion RM, Roys EC, Port FK. Trends in
organ donation and transplantation in the United
States, 1998-2007. Am J Transplant 2009;9(4 Pt
2):869-78.

WWW.unos.gov. accessed January 10, 2013.

Berg CL, Steffick DE, Edwards EB, et al. Liver and in-
testine transplantation in the United States 1998-
2007. Am J Transplant 2009;9(4 Pt 2):907-31.

Sung RS, Galloway J, Tuttle-Newhall JE, et al. Or-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

Organ shortage for transplantation

gan donation and utilization in the United States,
1997-2006. Am J Transplant 2008;8(4 Pt 2):922-34.

Light JA, Cecka JM. Trends in donation after cardiac
death. Clin Transpl 2005:235-45.

Merion RM, Pelletier SJ, Goodrich N, et al. Do-
nation after cardiac death as a strategy to in-
crease deceased donor liver availability. Ann Surg
2006;244:555-62.

Saidi RF, Elias N, Kawai T, et al. Outcome of kidney
transplantation using expanded criteria donors
and donation after cardiac death kidneys: realities
and costs. Am J Transplant 2007;7:2769-74.

Axelrod DA, Schnitzler M, Salvalaggio PR, et al.
The economic impact of the utilization of liver
allografts with high donor risk index. Am J Trans-
plant 2007;7:990-7.

Boucek MM, Mashburn C, Dunn SM, et al. Pediat-
ric heart transplantation after declaration of car-
diocirculatory death. N Engl J Med 2008;359:709-
14.

Farney AC, Singh RP, Hines MH, et al. Experience
in renal and extrarenal transplantation with do-
nation after cardiac death donors with selective
use of extracorporeal support. J Am Coll Surg
2008;206:1028-37; discussion 1037.

Moers C, Smits JM, Maathuis M-HJ, et al. Machine
perfusion or cold storage in deceased-donor kid-
ney transplantation. N Engl J Med 2009;360:7-19.

Fondevila C. Is extracorporeal support becom-
ing the new standard for the preservation of DCD
grafts? Am J Transplant 2010;10:1341-2.

Mascia L, Pasero D, Slutsky AS, et al. Effect of a lung
protective strategy for organ donors on eligibility
and availability of lungs for transplantation: a ran-
domized controlled trial. JAMA 2010;304:2620-7.

Yeh H, Smoot E, Schoenfeld DA, Markmann JF.
Geographic inequity in access to livers for trans-
plantation. Transplantation 2011;91:479-86.

Washburn K. Geography, transplant centers,
and recipients: what can we learn? Liver Transpl
2008;14:9-10.

Washburn K, Pomfret E, Roberts J. Liver allocation
and distribution: possible next steps. Liver Transpl
2011;17:1005-12.

Cooper JT, Chin LT, Krieger NR, et al. Donation after
cardiac death: the university of Wisconsin experi-
ence with renal transplantation. Am J Transplant
2004;4:1490-4.

Gok MA, Buckley PE, Shenton BK, et al. Long-term
renal function in kidneys from non-heart-beating
donors: A single-center experience. Transplanta-
tion 2002;74:664-9.

Nishikido M, Noguchi M, Koga S, et al. Kidney
transplantation from non-heart-beating donors:
analysis of organ procurement and outcome.
Transplant Proc 2004;36:1888-90.

. Whiting JF, Delmonico F, Morrissey P, et al. Clinical

www.ijotm.com

Int J Org Transplant Med 2014; Vol. 5 (3)

95



R. F. Saidi, S. K. Hejazii Kenari

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

results of an organ procurement organization ef-
fort to increase utilization of donors after cardiac
death. Transplantation 2006;81:1368-71.

UNOS Policy 3.5.1 Expanded Criteria Donor Defini-
tion and Point System. Richmond, VA: United Net-
work for Organ Sharing; 2002: 1-26.

Matsuoka L, Shah T, Aswad S, et al. Pulsatile
perfusion reduces the incidence of delayed graft
function in expanded criteria donor kidney trans-
plantation. Am J Transplant 2006;6:1473-8.

Institute of Medicine: Non-Heart-Beating Organ
Transplantation: Medical and Ethical Issues in pro-
curement. Washington, DC: National Academy
Press; 1997: 1-35.

Ojo AO, Hanson JA, Meier-Kriesche H, et al. Sur-
vival in recipients of marginal cadaveric donor
kidneys compared with other recipients and wait-
listed transplant candidates. / Am Soc Nephrol
2001;12:589-97.

Stratta RJ, Rohr MS, Sundberg AK, et al. Increased
kidney transplantation utilizing expanded criteria
deceased organ donors with results comparable
to standard criteria donor transplant. Ann Surg
2004;239(5):688—-695; discussion 695-697.

Doshi MD, Hunsicker LG. Short- and long-term out-
comes with the use of kidneys and livers donated
after cardiac death. Am J Transplant 2007;7:122-9.

Shoskes DA, Cecka JM. Deleterious effects of de-
layed graft function in cadaveric renal transplant
recipients independent of acute rejection. Trans-
plantation 1998;66:1697-701.

Halloran PF, Hunsicker LG. Delayed graft function:
state of the art, November 10-11, 2000. Summit
meeting, Scottsdale, Arizona, USA. Am J Trans-
plant 2001;1:115-20.

Whiting JF, Woodward RS, Zavala EY, et al. Eco-
nomic cost of expanded criteria donors in cadav-
eric renal transplantation: analysis of Medicare
payments. Transplantation 2000;70:755-60.

Collins AJ, Kasiske B, Herzog C, et al. Excerpts from

48.

49.

50.

51.

52.

53.

54.

55.

56.

the United States Renal Data System 2004 annual
data report: atlas of end-stage renal disease in the
United States. Am J Kidney Dis 2005;45(1 Suppl
1):A5-7, S1-280.

Ugarte R, Kraus E, Montgomery RA, et al. Excellent
outcomes after transplantation of deceased donor
kidneys with high terminal creatinine and mild
pathologic lesions. Transplantation. 2005;80:794-
800.

Lee CM, Scandling JD, Shen GK, et al. The kid-
neys that nobody wanted: support for the utiliza-
tion of expanded criteria donors. Transplantation
1996;62:1832-41.

Jacobbi LM, McBride VA, Etheredge EE, et al. The
risks, benefits, and costs of expanding donor cri-
teria. A collaborative prospective three-year study.
Transplantation 1995;60:1491-6.

Sellers MT, Velidedeoglu E, Bloom RD, et al. Ex-
panded-criteria donor kidneys: a single-center
clinical and short-term financial analysis--cause
for concern in retransplantation. Transplantation
2004;78:1670-5.

Schold JD, Kaplan B, Baliga RS, Meier-Kriesche H-U.
The broad spectrum of quality in deceased donor
kidneys. Am J Transplant 2005;5(4 Pt 1):757-65.

Baskin-Bey ES, Kremers W, Stegall MD, Nyberg SL.
United Network for Organ Sharing’s expanded
criteria donors: is stratification useful? Clin Trans-
plant 2005;19:406-12.

Eggers P. Comparison of treatment costs be-
tween dialysis and transplantation. Semin Nephrol
1992;12:284-9.

Roberts SD, Maxwell DR, Gross TL. Cost-effective
care of end-stage renal disease: a billion dollar
question. Ann Intern Med 1980;92(2 Pt 1):243-8.

Manninen DL, Evans RW, Dugan MK, Rader B. The
costs and outcome of kidney transplant graft fail-
ure. Transplant Proc 1991;23(1 Pt 2):1312-14.

96

Int ] Org Transplant Med 2014; Vol. 5 (3)

www.ijotm.com



