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Abstract

AIM: To simulate a hypothetical increase of 50% in the
number of pancreas-kidney (PK) transplantations using
less-than-ideal donors by a mathematical model.

METHODS: We projected the size of the waiting list
by taking into account the incidence of new patients
per year, the number of PK transplantations carried out
in the year and the number of patients who died on
the waiting list or were removed from the list for other
reasons. These variables were treated using a model
developed elsewhere.

RESULTS: We found that the waiting list demand will
meet the number of PK transplantation by the year
2022.
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CONCLUSION: In future years, it is perfectly possible
to minimize the waiting list time for pancreas transplan-
tation through expansion of the donor pool using less-
than-ideal donors.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Sao Paulo is a Brazilian state pioneering transplantation
surgery. Brazilian law was changed (1999) and pancreas-
kidney (PK) transplantation became possible because of
state financial support for these procedures. Since then
the patient waiting list for PK transplantation has in-
creased and now approximately 154 cases per month are
referred to a single list at the central organ procurement
organization.

Simultaneous PK transplantation has become the
therapy of choice for patients with end-stage renal dis-
ease and type 1 diabetes mellitus. Over the past 20 years,
PK transplantation outcomes have improved significantly
to the point that the majority of recent data demonstrate
long-term survival benefits and some protection from
progressing secondary complications“’ﬂ.
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The gap between the number of transplantable or-
gans from deceased donors and the number of patients
awaiting transplantation continues to increase each year.
The number of people waiting for PK transplantation in
our state is approximately 2.5-fold the number receiving
transplantation.

The aim of this study is to assess the performance
of our state PK transplantation program and to evaluate
when the number of transplantations will meet our wait-
ing list demand.

MATERIALS AND METHODS

We collected official data from the State Transplantation
Center (Sao Paulo State Secretariat) from our PK trans-
plantation program between January 1999 and December
2007. Only cadaveric PK transplantation was included.
The data related to pancreas transplantation in our state
includes: simultaneous PK transplantation, pancreas af-
ter kidney transplantation and pancreas alone. Table 1.
shows the actual number of PK transplantations (It), the
incidence of new patients on the list (I) and the number
of patients who died while on the waiting list (D) in the
State of Sao Paulo since 2000. As described previoslym
we projected the size of the waiting list (L)) by taking into
account the incidence of new patients per year (1), the
number of PK transplantations carried out in the year (I¥)
and the number of patients who died on the waiting list
or were removed from the list for other reasons (D).

We took the data of Trfrom Table 1 and fitted a con-
tinuous curve by the method of maximum probability[(’],
in order to project the number of future transplantations,
Tr. Then we projected the size of the waiting list, L, by
taking into account the incidence of new patients per
year, I, the number of transplantation carried out in that
year, 17, and the number of patients who died on the
waiting list, D. In other words, the list size at time #+7 is
equal to the size of the list at the time # plus the new pa-
tients coming onto the list at time % minus those patients
who have died on the waiting list at time % minus those
patients who have received a graft at time % The variables
I, and D, from 2007 onward were projected by fitting an
equation by maximum probability, in the same way that
we did for T7. The dynamics of the waiting list is given by
the equation: L+ = Ls+ I - Dr + T

RESULTS

The results can be seen in Figure 1. Note that, since 2000,
both the number of transplantations (blue line) and the
size of the waiting list (red line) have increased in a linear
manner, and will not meet each other in the future. In
other words, the list size is growing much faster than the
number of PK transplantations performed in our state.

We then simulated a hypothetical 50% increase in the
number of PK transplantations performed in order to
check when the two curves would meet each other. The
results can be seen in Figure 2.
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Table 1 Number of pancreas-kidney transplantations, the
incidence of new patients on the list and the number of pa-

tients who died while on the waiting list in the State of Sao
Paulo since 2000

Yr | D Tr
2000 163 38 33
2001 126 51 52
2002 128 46 63
2003 138 48 74
2004 143 52 82
2005 169 58 64
2006 213 69 72
2007 167 71 85
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Figure 1 Number of pancreas-kidney transplantations (blue line) vs wait-
ing list size (red line), State of Sao Paulo, Brazil.
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Figure 2 Projected number of pancreas-kidney transplantations (blue
line) with a 50% annual increase over the current trend vs waiting list size
(red line).

Note that by increasing the annual number of trans-
plantation by 50%, the waiting list will come to an end in
2022.

DISCUSSION

Currently, solid-organ pancreas transplantation is the
only treatment of type 1 diabetes that can restore com-
plete insulin independence and normal blood glucose
levels. The aim of a successful pancreas transplantation
was not only to provide normoglycemia but also to slow
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down the development or progression of diabetes-related
cornplicationsm. Results of pancreas transplantation have
improved significantly over the last 25 years. There are
multiple reasons for this including superior immunosup-
pression, better post-transplant management, and mod-
ern surgical techniques™.

In our state, current organ donation of the 7.09 per
million inhabitants has not reached its full potentiallsl.
This fact alone is responsible for the huge demand pres-
sure on our organ waiting list. One way to ease this pres-
sure is to increase organ donation at least two-fold; in
other words we should have been doing 15 organ retriev-
als per million inhabitants.

The number of PK transplantations in our state in-
creased, approximately, 2.7-fold (33 to 85) from 2000 to
2007. On the other hand, the number of patients on the
PK waiting list jumped to 2.98-fold (163 to 385) from
2000 to 2007. The gap between the number of PK trans-
plantations and patients on the waiting list is widening
fast, leading to an anticipated increase in the number of
deaths.

While we have improved our performance in PK
transplantation from the year 2000 to 2007, 1.8 PK
transplantation/million inhabitants and 4.72 PK trans-
plantation/million inhabitants respectively, this was not
sufficient to meet our state demand for PK transplanta-
tion. During the study time frame, approximately, 3 pan-
creata/million inhabitants were discarded. Thus attempts
to maximize pancreas utilization to satisfy the demand is
a problem of increasing significance.

Another approach to expanding the donor pool for
pancreas transplantation is to use pancreata from dona-
tion after cardiac death (DCD). While the use of kidneys
and livers from DCD donots is increasing[9’w], the use of
DCD pancreata is still low (UNOS). DCD is not a novel
concept. Prior to the institution of brain death laws in
the United States, all donots were DCD donors. Pancreas
procurement from DCD donors was described for the
first time in 1968"". However, routine implementation
of DCD trecovery at many centers has been impeded by
ethical concerns, logistical considerations, and fear of
poor functional outcomes. Limited experience with DCD
pancreas transplantation is available, and this is primarily
short term follow-up in a small number of patients“z’m.
In comparison to a contemporaneous cohort of recipi-
ents of conventional heart-beating donors organs, SPK
transplantation from selected DCD donors resulted in
similar excellent patient, kidney, and pancreas graft sur-
vival',

The lengthening waiting lists caused by the shortage
of available organs and the increasing number of patients
with end-stage organ disease have led to predictable rise
in deaths; therefore the search for new sources of trans-
plantable organs is imperative”s'm]. It has been suggested
that, with the current standard of practice, the pancreas
is the least likely abdominal organ to be deemed suitable
for transplantationm. Waiting list time for simultaneous
PK transplantation is increasing. In the United States
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of America at the end of 1993, there were 855 patients
awaiting simultaneous PK transplantation, whereas at the
end of 2002 there were 2425 (Organ Procurement and
Transplantation Network, OPTN, USA).

Since pancreas is a limited national resource our
proposal is: (1) Improve the organ donation campaign;
(2) Concentrate funding resources in public university
hospitals in order to improve PK performance; and (3)
Expand the donor pool using less-than-ideal donors such
as: DCD"™ ™ living donors"**" and pediatric donors™.

In this study, we simulated a hypothetical increase of
50% in the number of PK transplantations and we found
that the waiting list demand will meet the number of PK
transplantations by the year 2022 (Figure 2). This means
that is perfectly possible in the years ahead to minimize
the waiting time for pancreas transplantation if we ex-
pand the donor pool using less-than-ideal donors.

In conclusion, the implementation of the measures
mentioned above would immediately ease the pressure on
our waiting list for PK transplantation and this, coupled
with the potential future 50 % increase in the number of
PK transplantations, should minimize transplant patient
waiting time.

COMMENTS

Background

Simultaneous pancreas-kidney (PK) transplantation has become the therapy of
choice for patients with end-stage renal disease and type 1 diabetes mellitus.
Over the past 20 years, PK transplantation outcomes have improved signifi-
cantly to the point where the majority of recent data demonstrate long-term sur-
vival benefits and some protection from progressing secondary complications.

Research frontiers
Since pancreas is a limited national resource, our proposal is: (1) improve the
organ donation campaign; (2) concentrate funding resources in public university
hospitals in order to improve PK performance; and (3) expand the donor pool
using less-than-ideal donors such as: donation after cardiac death, living do-
nors and pediatric donors.
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incidence of new patients per year (I), the number of PK transplantations car-
ried out in the year (Tr) and the number of patients who died on the waiting list
or were removed from the list for other reasons (D).

Applications

In this study the authors simulated a hypothetical increase of 50% in the num-
ber of PK transplantations and we have found that the waiting list demand will
meet the number of PK transplantation by the year 2022. This means that is
perfectly possible in the years ahead to minimize the waiting time for pancreas
transplantation by expanding the donor pool using less-than-ideal donors.
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