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ORGAN DONATION

Efficiency of organ procurement
and transplantation programs

Abstract The number of donations
per million population (pmp) per
year and the number of transplants
pmp/year enables one to compare
donation or transplant programs
made in different years in the same
area or made the same year in dif-
ferent areas. These pmp indexes
may be integrated with an evalua-
tion system by which each organ is
evaluated separately in terms of the
efficiency of its procurement and
transplant systems using the pro-
curement index (percentage in
terms of number of organs utilized/
number of organs procurable from
donors utilized in a single area dur-
ing 1 year) and the transplant index
(percentage in terms of number of
transplants performed/number of
organs harvested in a single area
during 1 year). We have called them
Caldes I (procurement) and Caldes
II (transplant) indexes. The harvest
index evaluates the efficiency of uti-
lization of organs retrieved from
suitable donors. It usually ranges
between 80-90% for the kidney,
70-95% for the liver, 40-50% for
the heart, and 5-15% for the lungs.
The transplant index evaluates for

introduction

Current assessment of organ procurement and trans-
plantation in a region, nation, or group of nations are
based on the number of donors utilized and transplanta-
tions effected per million population (pmp) during a pe-

each organ the transplant team ca-
pacity to use available organs which
can be harvested locally or in differ-
ent areas. It usually ranges between
60-120%. Index determination did
not require information different
from the standard data available.
Both the harvest and transplant in-
dexes could be used to compare the
efficiency of donation and trans-
plant programs and policies in the
same area during different years or
at the same time in different areas.
They can be critical in evaluating:
(a) marginal donor utilization, (b)
marginal organ utilization, and (c)
dishomogeneity of organ retrieval
and organ transplantation in differ-
ent regions belonging to the same
area. They also enable to evaluate if
organs considered not available in a
single area are offered to other areas
or are not retrieved at all from
available donors.
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riod of time (conventionally 1 year) [1, 2, 8, 15]. The

number of donations pmp/year and the number of trans-
plants pmp/year enable one to compare donation or
transplant programs made in different years in the
same area or made the same year in different areas. Ta-
ble 1, which shows the number of cadaver donations
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Yable 1 Number of cadaver donations in absolute nqmber and per
million population (pmp) in European countries during 1998

Country Cadaveric donors
Number Pmp
Austria 166 20.8
Belgium 194 19.4
Bulgaria - -
Croatia 22 47
Czech. Rep. 198 192
Denmark 58 11.0
Estonia 20 13.3
Finland 102 19.8
France 993 16.8
Germany 1073 134
Greece 57 5.7
Hungary 126 12.2
Italy 710 123
Latvia 24 104
Lithuania 13 3.6
Luxemburg 7 17.5
Norway 69 15.6
Poland 289 7.5
Portugal 166 16.7
Slovak Rep. 83 155
Slovenia 27 13.5
Spain 1250 31.5
Sweden 129 14.6
Switzerland 108 154
The Netherland 196 131
UK + Ireland 846 135

pmp in European countries during 1998, is a clear exam-
ple of this type of analysis [3]; it gives a quantitative
photograph of procurement and transplant programs
for each organ, without evaluating the potential results
on the basis of the number of donors utilized.

We suggest integrating the worldwide pmp indexes
used with an innovative evaluation system by which
each organ is evaluated separately in terms of the effi-
ciency of its procurement and transplant systems. The
instruments we propose (Table 2) are the procurement
index (percentage in terms of number of organs uti-
lized/number of organs procurable from donors utilized
in a single area during 1 year) and the transplant index
(percentage in terms of number of transplants perform-
ed/mumber of organs harvested in a single area during
1year) [7]. We have arbitrarily called them Caldes I
(procurement) and Caldes II (transplant) indexes; Cal-
des is a pictuoresque village in the district of Trento,
with a wonderful alpine landscape, where one of the au-

Table 2 Procurement index

thors of this paper was born. Caldes indexes aim to inte-
grate the pmp index by evaluating the percent efficiency

of such programs in relation to the maximum potential
activity

Materials and methods

The procurement index (Caldes I) evaluates for each organ the ef-
ficiency of utilizing organs retrieved from suitable donors. It is cal-
culated by dividing the number of utilized organs by the maximum
nurmber of organs procurable from all utilized donors (real donors)
and multiplying these results by one hundred. It usually ranges be-
tween 80-90% for the kidney, 70-95% for the liver, 40-50% for
the heart, and 5-15 % for the lungs; mostly it depends on the capac-
ity of the local transplant center to use marginal donors and on the
capacity of the reference center to allocate the locally available or-
gans (especially the marginal donor organs) in other transplant
centers.

The transplant index (Caldes II) evaluates for each organ the
transplant team capacity to use available organs which can be har-
vested locally or in different areas. Organ by organ it is calculated
by dividing the number of transplanted organs by the number of
procured organs and multiplying these results by one hundred; it
usually ranges between 60 -120% and depends both on transplant
organization ability to procure and transplant center ability to uti-
lize as many organs as possible. If the numbers of organs procured
is higher than those transplanted, the index is lower than 100 %:
the area makes over its surplus of transplantable organs. If the num-
ber of organs transplanted exceeds that of the organs procured, the
index is above 100 %: the area acquires organs from other areas.

We applied this method to the activity of the Italian Interre-
gional Centers in 1998. As far as procurement and transplant activ-
ities are concerned Italy is divided into three main areas: NITp
(North ltaly Transplant program including north-east and middle-
east regions with a population of 18.3 million), AIRT (Interregion-

al Transplant Association including north-west and central regions
with a population of 12.3 million), and OCST (South Center Trans-
plant Organization including south-central and south regions with
a population of 12.1 million). When this analysis was performed,

three regions in the south of Italy with a population of 15 million
were not included in any organization.

Results

Figure 1 details the Italian 1998 scene describing dona-
tions in pmp [17, 18]. Donor and organ procurement in
AIRT and NITp are on the best European levels while
OCST activity shows a noticeably lower performance.
It shows in particular that donor procurement was
18.1 pmp in the NITp area, 19.0 pmp in AIRT area, and

6.9 in OCST area. The situation for organ transplanta-
tion is similar.

P ti
(Caldes I and transplant index rocurement index (Caldes I)
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Fig.1 Donor and organ procurement in Italy in 1998. Values ex-
pressed as donations per million populations (PMP). Analysis of
transplant organization activity. AIRT Interregional Transplant
Association, NITp North Italy Transplant program, OCST South
Center Transplant
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Fig.2 Heart procurement index in Italy in 1998. Analysis of trans-
plant organization activity

Figures 2-5 show an example of analysis based on the
efficiency indexes we proposed applied to organ pro-
curement and organ transplantation in Italy in 1998, fo-
cusing on the heart and liver transplant activity per-
formed by the three interregional Italian transplant or-
ganizations.

Figure 2 reproduces the procurement index for the
heart in 1998: it shows in particular that heart procure-
ment is more efficient in the NITp area (56.7%) than
in the AIRT (43.4%) or OCST areas (43.4 %); on the
contrary Fig.3 underlines that liver procurement is no-
ticeably more efficient in the AIRT (93.2%) than in
the NITp (67.6%) or OCST areas (50.6% ). Figures 4
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Fig.3 Liver procurement index in Italy in 1998. Analysis of trans-
plant organization activity
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Fig.4 Heart transplant index in Italy in 1998. Analysis of trans-
plant organization activity

and 5 reproduce the transplant index in Italy for the
heart and liver in 1998. Again the differences between
Italian organizations are remarkable: the heart trans-
plant index is 75.5% in the AIRT and 55.6% in the
OCST area, while it reaches 110.2% in the NITp area;
the liver transplant index is 100 % in the AIRT area, ow-
ing to full utilization of procured livers, 121.1% in the
NITp area thanks to the split liver transplantation pro-
gram and 114.3% in the OCST area probably because
of some southern regions, not yet taking part in the
OCST program, transferring the livers they procured to
the OCST transplant center.
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Fig.5 Liver transplant index in Italy in 1998. Analysis of trans-
plant organization activity

Discussion

The most important requirements for an efficiency in-
dex of organ donation and transplantation are simplicity
of calculation, real focalization of insufficiently ana-
lyzed data, and true evaluation of the efficiency of pro-
curement and transplant systems [4, 10]. Determination
of the procurement and transplant index satisfies these
conditions: they do not require any information other
than the standard data available, they focus on insuffi-
ciently evaluated aspects of harvesting and transplant
activities, and clearly and simply evaluate for a particu-
lar area the real utilization of potentially available or-
gans.

The harvest index measures the capacity of trans-
plant reference centers to enlarge the supply of avail-
able organs to many transplant centers. This index de-
pends on their capacity to communicate an accurate
and complete donor clinical evaluation and to organize
rapid transportation of surgical teams with harvested or-
gans. The transplant index depends on the capacity of
transplant organization to rapidly respond to organ of-
fers and to accept and allocate organs in areas with

transplant centers specialized in utilizing marginal or-
gans.

As far as Italy is concerned it is curious to note the
difference which emerges between pmp analysis and ef-
ficiency analysis. The number of donor procured be-
comes not the only crucial factor for patient transplanta-
tion, owing to the remarkable differences existing
among Italian transplant teams in procurement and
transplant efficiency. In particular the marked differenc-
es in organ utilization among different areas indicates
that efficiency of procurement and organ sharing are
not sufficient, especially for AIRT and OCST in heart
procurement and for NITp and OCST in liver procure-
ment, while utilization of harvested organs appears sat-
isfactory.

In practical terms these differences mean that pa-
tients waiting for a heart in the AIRT and OCST areas
can count on a lower number of hearts which is lower
than expected on the basis of utilized donors, and that
patients waiting for a liver in the NIT and OCST areas
have to make do with a liver number which is lower
than expected on the basis of donor numbers. The ethi-
cal questions generated by these inefficient organiza-
tions still have to evaluated.

Both these indexes could be used to compare the effi-
ciency of donation and transplant program and policies
in the same area during different years or at the same
time in different areas [15]. They can be critical in evalu-
ating: (a) marginal donor utilization [9, 11, 13], (b) mar-
ginal organ utilization [S, 12], and (c) dishomogeneity
of organ retrieval and organ transplantation in different
regions belonging to the same area [6, 14, 16]. These
data are particularly useful to show if areas or regions
of the same country have a balanced capacity for organ
procurement and organ transplantation (positive situa-
tion) or if one of them prevails over another (negative
situation). They also enable one to evaluate if organs
considered unavailable in one area are offered to other
areas or are not retrieved at all from available donors.
The combined use of these parameters may, therefore,

provide a real efficiency evaluation of procurement
and transplant programs,
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