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GRAPHICAL ABSTRACT

Factors influencing kidney transplantation rates:
a study from the ERA Registry

Large international differences exist in kidney transplantation (KT) rates across European countries.
Background Understanding which factors may explain the observed trends in total, deceased donor, and living
donor KT rates may guide the medical community where to focus new strategies to improve KT rate.

Methods Results
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In particular in low KT rate countries, KT rate might be stimulated by optimizing staff, equipment, and facilities.

Conclusion All countries may benefit from deceased and living donor specific measures and may learn from each other which
initiatives may be effective in increasing the KT rate.
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KEY LEARNING POINTS

What is already known about this subject?

improvement.
What this study adds?

What impact this may have on practice or policy?

in attempts to increase KT rates.

o Many countries have been taking measures aimed at increasing their kidney transplantation (KT) rate.
o The observed international differences in KT rates among European countries suggest that there is still room for

o We found that experts in the field of KT from low KT rate countries reported perceiving barriers more frequently and had
taken measures regarding staff, equipment and facilities to increase the total KT rate.

o For donor type-specific KT, the largest international differences in measures taken were reported for deceased donor KT,
with middle and high KT rate countries taking more measures, such as the use of expanded criteria donor kidneys, the
presence of transplantation coordinators and (inter)national exchange of donor kidneys.

o Once a measure was taken, experts’ opinion on its success was similar across the low, middle and high KT rate countries.

o The present study may assist countries in learning from each other’s experiences on what measures may or may not work
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ABSTRACT

Background. Large international differences exist in kidney
transplantation (KT) rates. We aimed to investigate which
factors may explain the total, deceased donor and living donor
KT rates over the last decade.

Methods. KT experts from 39 European countries completed
the Kidney Transplantation Rate Survey on measures and
barriers and their potential effect on the KT rate in their
country. In the analyses, countries were divided into low,
middle and high KT rate countries based on the KT rate at the
start of study period in 2010.

Results. Experts from low KT rate countries reported more
frequently that they had taken measures regarding staff,
equipment and facilities to increase the total KT rate compared
with middle and high KT rate countries. For donor type-
specific KT, the largest international differences in measures
taken were reported for deceased donor KT, with middle
and high KT rate countries taking more measures, such as
the use of expanded criteria donor kidneys, the presence of
transplantation coordinators and (inter)national exchange of
donor kidneys. Once a measure was taken, experts’ opinion
on its success was similar across the low, middle and high KT
rate countries. Experts from low KT rate countries more often
reported potential barriers, such as patients’ lack of knowledge
and distrust in the healthcare system.

Conclusions. Particularly in low KT rate countries, the KT
rate might be stimulated by optimizing staff, equipment and
facilities. In addition, all countries may benefit from measures
specific to deceased and living donors.

Keywords: barrier, Europe, kidney transplantation, measure

Factors influencing kidney transplantation rates

INTRODUCTION

Among patients with end-stage kidney disease (ESKD), recipi-
ents of a kidney transplant have a longer life expectancy, better
quality of life and lower societal costs compared with patients
receiving dialysis [1-5]. However, there is a considerable short-
age of donor kidneys and the large international differences in
kidney transplantation (KT) rates among European countries
[6] suggest that in many countries there is still room for
improvement [7].

In recent decades, the European Commission and the
European nephrology and transplantation communities have
made considerable efforts in this regard, e.g. by defining key
areas along with specific measures to stimulate transplantation
activity in countries and institutions [7-9]. In addition, many
countries have put measures into force aimed at increasing
their KT rates. In some of them, such as Spain and Croatia,
measures have mainly been aimed at increasing the deceased
donor KT rate, such as early referral of potential donors
to the intensive care unit (ICU) transplantation teams and
increasing the acceptance of expanded criteria and non-
standard-risk donor organs [10]. Other countries, like the
Netherlands and the UK, have made efforts to increase
their living donor KT rate, e.g. by using crossover and
chain donation for incompatible donors [11-13]. During
these processes, countries may face barriers in the access to
KT, such as legislation [14] and distrust in the healthcare
system [15].

The aim of this study was to investigate which factors
may explain the trends in the total, deceased donor and
living donor KT rates across European countries over
the last decade that are described in an accompanying
article [16]. The present study may assist countries in
learning from each other’s experiences on what measures
may or may not work in attempts to increase KT
rates.
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MATERIALS AND METHODS
Development of the Kidney Transplantation Rate Survey

The Kidney Transplantation Rate Survey (Supplementary
Material A) was designed in English using LimeSurvey [17]. A
draft survey was developed based on the World Health Orga-
nization Global Observatory on Donation and Transplantation
(WHO-GODT) Human Organ Donation and Transplantation
Survey [18], information from previous studies on measures
and barriers in KT [19, 20] and expert opinion. Questions were
divided into donation, allocation and transplantation levels
and related to total, deceased donor and living donor KT. A
pilot survey was completed by five experts in the field of KT
from different European countries. These experts provided
feedback on the content, structure and feasibility and the
survey was modified accordingly. Experts who participated in
the pilot study remained eligible as participants for the main
study.

Expert selection and invitation

The network of the European Renal Association (ERA)
Registry was used to find experts in the field of KT (e.g. rep-
resentatives of transplantation organizations, transplantation
surgeons and nephrologists). For each country for which the
KT rate was available in the ERA Registry database or in the
GODT database for the period 2010-2018 [21, 22], experts
were selected from different regions and transplantation
centres. Up to three KT experts from each country were invited
by e-mail to complete the survey. The experts received the
KT rates of their country over the study period and the link
to the online survey. The survey was accessible for 8 weeks
(6 July-31 August 2021). The introductory text of the survey
informed participants about study aims, instructions on how
to complete the survey and about data storage and processing.
Participation in the survey was voluntary and participants
could indicate whether their name should be included in the
acknowledgements of the resulting article. Experts were able to
review and change their answers until submission of the survey.

Content of survey

Experts were asked about measures for KT in force in 2010
(explaining the baseline KT rate in a specific country in the first
year of the study period), measures in force in 2010 or put into
force after 2010 aiming to increase the KT rate between 2010
and 2018 and their opinion on how successful they were and
potential barriers for increasing the KT rate in their country
and their opinion on the negative effects of those barriers.

Statistical analysis

Country-specific results

Experts could indicate whether or not a particular measure
was already in force at the start of the study period in 2010.
For the country-specific results (Supplementary Material C),
measures were presented as in force (4), not in force (—) or as
disagreement between the experts (4+/—).
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To indicate how successful measures in force in 2010 or put
into force thereafter were in increasing the KT rate between
2010 and 2018, experts could choose between the answers
‘measure not put into force (0), ‘measure put into force recently
and therefore success unknown (0); ‘not at all successful (—),
‘moderately successful (+)” and ‘extremely successful (++) If
there was disagreement between experts within one country,
responses were averaged (for more details on recoding, see
Supplementary Tables SC1 and SC2).

With regard to potential barriers that could have negatively
affected the KT rate between 2010 and 2018, experts were asked
to indicate whether this potential barrier had ‘no effect (—)’ a
moderate effect (+) or ‘a large effect (++)’ Again, if there was
disagreement between experts within one country, responses
were averaged (for recoding, see Supplementary Table SC3).

Low, middle and high KT rate countries

Using tertiles based on the KT rate in 2010, participating
countries were divided into low, middle and high KT rate coun-
tries (Supplementary Figure SB1). The country composition of
these groups was different for total, deceased donor and living
donor KT rates. To ensure that each country was weighted
equally, each survey received a weighting factor depending
on the number of surveys completed in that country. Across
the low, middle and high KT rate countries, the percentage of
countries in which a measure or barrier existed was calculated
by dividing the sum of surveys with a certain answer category
by the total sum of surveys and multiplied by 100. Pearson’s
chi-squared test was used to test for statistically significant
differences across the KT rate country groups.

Ethics

The Medical Ethics Review Committee of the Amsterdam
University Medical Center, location Academic Medical Center,
Amsterdam, The Netherlands, provided a waiver for ethical
approval of this study (W21_290 #21.317).

RESULTS

The KT rate for the period 2010-2018 was available for all
European countries except for Andorra, Liechtenstein, Lux-
embourg, Monaco, Republic of Kosovo, San Marino, Ukraine
and Vatican City [16]. For the Republic of Moldova, no expert
was found, leaving 39 countries (Table 1 and Supplementary
Figure SB1). In total, 110 surveys were distributed, of which 89
surveys (81%) were completed and used for the analyses. In 17
countries (44%) the survey was completed by three experts, in
16 countries (41%) by two experts and in 6 countries (15%) by
one expert (Table 1). All country-specific results are presented
in Supplementary Material C (Supplementary Tables SC4-
SCI11).

Total KT

More than 60% of the middle and high KT rate countries
indicated that staff, equipment and facilities were already
sufficiently available in 2010, with lower percentages in low

R. Boenink et al.



Table 1: Number of completed surveys and the KT rate per million
population at the start of the study period (in 2010) by country.

Country Total Deceased donor Living donor Surveys, n
Albania 3.2 0.4 2.8 2
Austria 44.7 38.1 6.6 3
Belarus 12.0 11.5 0.5 2
Belgium B7Al 33.8 3.0 2
Bosnia- 6.6 2.3 4.0 3
Herzegovina

Bulgaria 6.5 4.9 1.6 2
Croatia 54.5 49.8 43 3
Cyprus 38.6 9.6 28.9 3
Czech Republic 329 31.3 1.6 3
Denmark 41.0 22.8 18.0 3
Estonia 29.1 26.1 3.0 2
Finland 324 30.4 2l 2
France 453 40.8 4.5 3
Georgia 1.9 0.0 1.9 1
Germany 35.9 27.8 8.1 1
Greece 11.1 7.2 3.9 1
Hungary 30.7 26.5 4.2 1
Iceland 15.7 0.0 15.7 1
Ireland 38.2 33.1 5.0 3
Italy 28.6 25.5 3.1 2
Latvia 233 224 0.9 2
Lithuania 22.9 20.3 2.6 2
Malta 33.8 26.5 7.2 2
Montenegro 3.2 0.0 3.2 3
Norway 53.8 36.8 17.0 3
Poland 26.3 24.9 1.3 3
Portugal 53.9 49.1 4.8 3
Republic of North 6.0 0.0 6.0 3
Macedonia

Romania 10.5 6.1 43 3
Russia 7.3 6.1 1.2 2
Serbia 13.9 9.3 4.5 2
Slovakia 31.3 30.0 1.3 3
Slovenia 29.8 29.8 0.0 2
Spain 47.3 422 5.1 2
Sweden 39.3 21.1 18.2 2
Switzerland 37.6 23.0 14.6 1
The Netherlands 52.8 24.6 28.2 3
Turkey 32.8 5.4 28.8 3
UK 43.6 207 16.5 2

KT rate countries (Fig. 1 and Supplementary Table SB1).
Compared with the middle and high KT rate countries, in
the low KT rate countries, fewer experts indicated that the
number of transplant centres (P =.027) and the infrastructure
to transport kidneys (donors) or recipients to the hospital were
sufficiently available in 2010 (P = .010).

Measures put into force after 2010 that were reported as
most successful included optimizing education for nephrol-
ogists, transplantation surgeons and supportive staff (Fig. 1
and Supplementary Table SB2). Low KT rate countries more
often reported having increased the number of nephrolo-
gists, transplant surgeons (P = .010) and the number of
transplant centres (P = .039) after 2010. Once a measure
was taken, there was no statistically significant difference in
the degree of success across low, middle and high KT rate
countries.

Factors influencing kidney transplantation rates

Deceased donor KT

In 2010, 8% of participating countries did not perform
deceased donor KTs (Supplementary Table SC6). In the same
year, all middle and high KT rate countries did perform
deceased donor KTs with kidneys from brain dead donors
(DBDs), compared with 76% of low KT rate countries
(P = .039; Fig. 2 and Supplementary Table SB3). Com-
pared with middle and high KT rate countries, a lower
percentage of low KT rate countries had measures in force
in 2010, including donation with expanded criteria donor
(ECD) kidneys (P < .01), standard protocols for screening
of potential deceased donors (P = .026), the presence of
transplant coordinators (P = .016), national (P = .014) and
international (P = .006) exchange of donor kidneys and old-
for-old programs (P = .025) (Figs. 2 and 3 and Supplementary
Table SB3).

In >80% of the middle and high KT rate countries the fol-
lowing measures taken were considered successful to increase
the deceased donor KT rate during the study period: DBD,
donation with ECD kidneys, standard protocols for screening
of potential deceased donors, the presence of transplantation
coordinators and provision of sufficient information on the
possibility of deceased donor KT to ESKD patients (Figs. 2
and 3 and Supplementary Tables SB3 and SB4). During the
study period, in low KT rate countries a larger proportion of
measures were recently put into place. For some measures,
the percentage of low KT rate countries taking the measure
remained lower compared with middle and high KT rate
countries: donation after controlled cardiac death (P = .009),
donation with ECD kidneys (P < .05) and human leucocyte
antigen (HLA)-incompatible allocation (P = .009). Once a
measure was taken, there was no difference in success across
the KT rate countries, except for the presence of transplant
coordinators, which was considered moderately successful in
low KT rate countries and extremely successful in high KT rate
countries (P = .028).

Experts from low KT rate countries more often experienced
barriers compared with middle and high KT rate countries
(Fig. 4 and Supplementary Table SB5), especially donor-
and patient-related factors such as lack of knowledge about
transplantation for the recipient and their relatives (P = .032)
and distrust in the healthcare system (P = .014).

Living donor KT

In 2010, all countries performed KTs with kidneys from
genetically related living donors (Supplementary Table SC9).
Measures put into force and reported as at least moderately
successful by >50% of all countries included donation with
a genetically or emotionally related living donor, standard
protocols and guidelines for the definition of suitable donors,
providing sufficient information to ESKD patients on the
possibility of living donor KT and expanded criteria for age or
hypertension of recipients (Figs. 5 and 6 and Supplementary
Table SB7). There were no differences across low, middle and
high KT rate countries in measures taken and their success
rates (Figs. 5 and 6 and Supplementary Tables SB6 and SB7).
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Figure 1: Resources sufficiently available in 2010 (left panel) and measures put into force (right panel) to increase total KT rates between 2010
and 2018, by KT rate group. The Pearson’s chi-squared test was used to test for differences between KT rate groups in the percentage of
countries for which a measure was in force in 2010 (#P-value 2010), a measure was put into force after 2010 (*P-value taken) and a measure in
force was rated as successful (*P-value success). KTR: Kidney Transplantation Rate.

Nevertheless, some measures were taken >30% less in low KT
rate countries compared with high KT rate countries, such as
donation of genetically and emotionally unrelated living donor
kidneys, financial compensation for additional costs for the
living donor and the use of kidney living donor chains.
Although not statistically significant, experts from low
KT rate countries more often reported a lack of knowledge
about living donor KT in donors, recipients and relatives as a
potential barrier (Fig. 4 and Supplementary Table SB8).

DISCUSSION

This study includes a comprehensive overview of measures
taken to improve the KT rate and experts’ opinion on the
potential effect in 39 European countries with low, middle and
high KT rates. It also outlines the barriers that may affect KT. In
general, greater international differences existed in measures
taken for deceased donor KT than for living donor KT, with
middle and high KT rate countries taking more measures.
Once a measure was taken, experts’ opinion was similar on the
degree of success of the measure across the low, middle and
high KT rate countries.

The measure that was considered most successful to
increase the total KT rate was optimized education of nephrol-
ogists, transplantation surgeons and supportive staff. For
deceased donor KT, suggested successful measures according
to experts opinion included DBD, donation with ECD kidneys,
use of standard protocols for the screening of potential
donors, the presence of transplantation coordinators and
providing information to patients on the possibility of KT. For
living donor KT, the most reported successful measures were
donation with a genetically or emotionally related living donor,
standard protocols and guidelines for the definition of suitable
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donors, providing information to patients on the possibility
of KT and expanded criteria for age or hypertension in the
recipient. Regarding perceived barriers for KT, experts from
low KT rate countries more often reported donor- and patient-
related factors, such as a lack of knowledge and distrust in the
healthcare system, compared with middle and high KT rate
countries.

Total KT

In middle and high KT rate countries, experts reported
that most resources were already sufficiently available in 2010.
Thus most middle and high KT rate countries would benefit
more from donor type-specific measures. In contrast, in most
low KT rate countries, improvement of staff, equipment and
facilities is needed to increase the KT rate. A number of these
measures have been taken only recently in some countries, so
their effect is still unknown. Further in-depth national research
is necessary to find which measures are most likely to increase
the KT rate.

Also, after our study period, large differences in the total
KT rate between European countries remained, ranging from
3 per million population (pmp) in Serbia to 73 pmp in
Spain [23, 24]. The KT rate is even higher in the USA
(75 pmp) [23], suggesting that in many European countries
there is still room for improvement. As a follow-up on the
initial European Union Action Plan on organ donation and
transplantation [8], in 2019 the European Kidney Health
Alliance (EKHA) presented a roadmap with 12 key areas that
measures could focus upon to improve the KT rate [25, 26].
These include measures optimizing the transplantation pro-
cess and improving infrastructure, collaborations, education,
equality and research [25]. The (timing of) implementation

R. Boenink et al.
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Figure 2: Measures in force in 2010 (left panel) and measures put into force (right panel) on the donation level to increase the deceased donor
KT rate between 2010 and 2018, by KT rate group. The Pearson’s chi-squared test was used to test for differences between KT rate groups in the
percentage of countries for which a measure was in force in 2010 (* P-value 2010), a measure was taken during the study period (*P-value taken)
and a measure in force was rated as successful ("P-value success). KDPI: Kidney Donor Profile Index, KTR: Kidney Transplantation Rate.
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Figure 3: Measures in force in 2010 (left panel) and measures put into force (right panel) on the allocation and transplantation level to increase
the deceased donor KT rate between 2010 and 2018, by KT rate group. The Pearson’s chi-squared test was used to test for differences between
KT rate groups in the percentage of countries for which a measure was in force in 2010 (* P-value 2010), a measure was taken during the study
period (*P-value taken) and a measure in force was rated as successful (*P-value success).

of specific measures as well as their effectiveness might differ
by country depending on, among other things, the ethical
and legislative framework [14], sociocultural background [27]
and the proportion of KTs performed with living or deceased
donors [24].

Measures to increase deceased donor KT

In Europe, ~70% of KTs are performed with kidneys
from deceased donors [24]. In 2010, the largest differences in
measures taken between low and high KT rate countries were
observed in the use of ECD kidneys, international exchange
of donor kidneys, and old for old programs. In countries
affiliated with Eurotransplant—an organization that has been
implementing all these measures for quite some time—the
median age of a deceased donor increased from 53 years
in 2010 to 55 years in 2019 [28]. Our results are in line
with the EKHA joint statement [25], in that donation of
ECD kidneys, standard protocols for screening of potential
donors, the presence of transplantation coordinators and
providing information to patients are important measures
to increase the deceased donor KT rate. Interestingly, no
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differences were observed between low, middle and high KT
rate countries in the financial compensation and incentive
measures.

Measures to increase living donor KT

International differences in measures taken and their effect
were smaller for living donor KT compared with deceased
donor KT. Although transplantation with living donor kidneys
is associated with better patient and graft survival [24],
nephrologists might be more careful in suggesting living
donor kidney donation since the long-term effects for the
donor, especially at a young age, still remain uncertain [29].
On the other hand, the results of a previous survey among
European nephrologists showed that 71% of the respondents
indicated that the uptake of living donor KT should be
increased [30]. In the EKHA joint statement, experts also
suggest improving the living donor KT rate by expanding the
donor and recipient pool (less restrictive eligibility criteria),
using financial compensation for the donor and performing
donation with a spouse and unrelated donors, which is in line
with our study [25].
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Figure 4: Potential barriers for deceased donor (left panel) and living donor (right panel) KT between 2010 and 2018, by KT rate group. The
Pearson’s chi-squared test was used to test for differences between KT rate groups in the percentage of countries experiencing a barrier for KT.

Barriers

Experts from low KT rate countries more frequently
reported donor- and patient-related factors as potential bar-
riers, especially a lack of knowledge about transplantation
and distrust in the healthcare system. The results of our
study also indicate that providing information about KT to

Factors influencing kidney transplantation rates

patients helped to increase both living and deceased donor
KT. In addition, other studies have indicated that information
should be provided to patients earlier, before the start of
kidney replacement therapy, to aid in choosing suitable
(transplantation) treatment options for the patient [30, 31].
Furthermore, increasing the awareness of KT in the general
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Figure 5: Measures in force in 2010 (left panel) and measures put into force (right panel) on the donation level to increase the living donor KT
rate between 2010 and 2018, by KT rate group. The Pearson’s chi-squared test was used to test for differences between KT rate groups in the
percentage of countries for which a measure was in force in 2010 (*P-value 2010), a measure was taken during the study period (*P-value

taken) and a measure in force was rated as successful (" P-value success).

population and home visits to inform patients and their
families may further increase the KT rate [26, 32].

In line with previous studies, our results suggest that
nephrologists’ lack of knowledge or negative attitude towards
KT might also have a negative effect on the KT rate—
be it only limited [30]. Our results also suggest that opti-
mized education of nephrologists, transplantation surgeons
and supportive staff might increase the KT rate. For ex-
ample, training is needed to improve the communication
skills of critical care professionals to discuss the possibility
for kidney donation with relatives of potential deceased
donors [33, 34].

Finally, a previous study showed that the gross domestic
product of a country is correlated to the KT rate [35]. For
countries with a lower gross domestic product, it may be more
challenging to implement measures to increase the KT rate.

Strengths and limitations

A main strength of this study is that experts from almost
all Eastern and Western European countries participated in
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this study on measures and barriers influencing total, deceased
donor and living donor KT.

This study has some limitations. First, the surveyed mea-
sures and barriers were predetermined, therefore important
measures and barriers may have been missed. However, no
further major factors were stated in the free text boxes, allowing
participants to point out missing elements. Second, experts
may have had difficulty remembering the measures in force
in 2010, possibly leading to recall bias as well as to some
disagreement in responses between experts from the same
country. Third, the effect of a measure or barrier was based
on expert opinion and not on objective outcomes such as a
measured change in KT rate. In addition, the experts’ personal
attitude and beliefs towards KT may have influenced our
results [30]. To limit this effect, in most countries surveys were
completed by two or three experts. Finally, given the limited
number of experts surveyed, it is possible that regional clinical
practice has affected our results. However, we included experts
from different regions in most countries and asked them to
base their response on the national situation. Moreover, the
grouping of countries based on KT rate may have diluted the
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Figure 6: Measures in force in 2010 (left panel) and measures put into force (right panel) on the allocation and transplantation level to increase
the living donor KT rate between 2010 and 2018, by KT rate group. The Pearson’s chi-squared test was used to test for differences between KT
rate groups in the percentage of countries for which a measure was in force in 2010 (* P-value 2010), a measure was taken during the study
period (*P-value taken) and a measure in force was rated as successful (*P-value success).

effect of random variation between experts from the same
country.

CONCLUSION

The results of our survey among kidney transplantation
experts from almost all European countries suggest that,
compared with low KT rate countries, middle and high KT rate
countries had more measures in force to increase the KT rate,
especially for deceased donor KT, and perceived fewer barriers.
Once a measure was taken, experts’ opinion with regard to its
success to increase the KT rate was similar across low, middle
and high KT rate countries.

Experts’” opinions suggest that particularly in low KT rate
countries, optimization of staff, equipment and facilities is
needed to increase the KT rate. All countries may increase
their KT rate by taking deceased and living donor-specific
measures.

Factors influencing kidney transplantation rates

The results on the current status of measures to increase the
KT rate reported in this article may help medical communities
and policymakers in their decision process on how and where
to focus strategies to (further) increase KT rates.
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M. Lausevic), Slovakia (T. Baltesova, Z. Zilinska, I. Dedinska),
Slovenia (J. Buturovi¢ Ponikvar, M. Arnol), Spain (M.O. Va-
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