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Abstract
Background: There is a shortage of donor hearts in Switzerland, especially for pedi-
atric recipients. However, the rate and reason for refusals of pediatric donor hearts 
offered in Switzerland has not been systematically analyzed.
Methods: The national transplant database, Swiss Organ Allocation System, was 
searched for all hearts from Swiss and foreign donors younger than 16 years from 
2015 to 2020. The numbers of accepted and refused hearts and early outcome were 
assessed, and the reasons for refusal were retrospectively analyzed.
Results: A total of 136 organs were offered to the three Swiss pediatric heart centers 
and foreign donor procurement organizations. Of these, 26/136 (19%) organs were 
accepted and transplanted: 18 hearts were transplanted in Switzerland, and 13 of 
these were foreign. Reasons for refusal were (1) no compatible recipient due to blood 
group or weight mismatch, 89.4%; (2) medical, meaning organ too marginal for trans-
plantation, 7.4%; (3) logistic, 1.4%; and (4) other, 1.8%. Five organs were refused in 
Switzerland by one center but later accepted and successfully transplanted by an-
other center. Hearts from outside Switzerland were transplanted significantly less 
than Swiss hearts (n = 16/120 vs. 10/16, p < .001).
Conclusion: The most common reason for refusing a pediatric donor heart is lack of 
compatibility with the recipient. Few hearts are refused for medical reasons. A more 
generous acceptance seems to be justified in selected patients. Switzerland receives a 
high number of foreign offers, but their rate of acceptance is lower than that of Swiss 
donations.
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1  |  INTRODUC TION

A shortage of suitable heart donor organs has resulted in relatively 
long waiting times and high waitlist mortality. In Switzerland, the 
average waitlist mortality is 17.4%.1 However, not all organs that 
are offered for transplantation can be allocated to a recipient. In 
Switzerland, between 2007 and 2013, only 27.5% of all the adult and 
pediatric donor hearts offered were transplanted.1 Detailed data of 
the pediatric heart transplantation allocation process in Switzerland 
has not been published so far.

Donor characteristics such as left ventricular ejection fraction 
(LVEF) <50%,2,3 need for cardiopulmonary resuscitation (CPR),4 and 
height mismatch5 have to be considered before accepting organs 
for heart transplantation. However, studies have shown conflicting 
results concerning these risk factors.6–8 Moreover, donor organs 
that were refused due to their quality by one center but eventually 
accepted elsewhere produced no increase in mortality in recipients 
who eventually received them.9,10

The refusal of acceptable donor offers which have been trans-
planted eventually is associated with higher waitlist mortality 
without improved post-transplant outcome.11 Therefore, further 
investigation of risk factors and decisions during the allocation pro-
cess may help to reduce waiting times and waitlist mortality.

The aim of our study was to investigate the rationale for re-
fusing and/or accepting donor hearts in children in Switzerland. 
Furthermore, we wanted to investigate whether the reasons for re-
fusal were in line with current recommendations and guidelines.12,13

2  |  METHODS

2.1  |  Study cohort

For this retrospective study, the Swiss organ allocation system 
(SOAS) data was searched for all hearts from pediatric donors, those 
less than 16 years of age, between 01.07.2015 and 31.08.2020. 
All Swiss and foreign hearts offered were included in this study. 
Offers were excluded if they had been withdrawn by the Swiss 
National Foundation for Organ Donation and Transplantation 
(Swisstransplant) or a foreign organ procurement organization. 
For each offer, all pediatric patients, those less than 16 years of 
age, that were on the SOAS waitlist at the time of the offer were 
included as potential recipients. Because every pediatric organ is 
offered primarily to a pediatric recipient, even though it may later be 
allocated to an adult recipient, we also included donor organs that 
were finally allocated to an adult recipient in our cohort.

2.2  |  SOAS database contents

Offers from Swiss donors are registered in SOAS and allocated by 
an algorithm that creates a priority list of potential recipients on the 
waitlist.1 If a center refuses an offer, the reason for refusal is entered 

in SOAS in one of four categories: (1) noncompatible recipient, due 
to blood group, size, or weight mismatch; (2) medical, such as that the 
organ is too marginal for transplantation due to low LVEF or donor 
infection; (3) logistic, due to distance or unavailability of a surgical 
team; or (4) other. If all transplantation centers refuse the offer, the 
offer is passed on to foreign organ procurement organizations. The 
reasons for refusal from Swiss donors in foreign countries are not 
registered in SOAS and not part of this study. Offers from foreign 
organ procurement organizations are registered in SOAS and 
transmitted to all Swiss transplantation centers. If all Swiss centers 
refuse a foreign organ offer, Swisstransplant no longer monitors 
the process; therefore, it is unknown whether the organ was finally 
accepted and transplanted in another country. We noted for all Swiss 
and foreign offers whether the offer was accepted and transplanted 
or whether the offer was refused and which reasons were given in 
Switzerland. Reasons with the comment “for all centers” in SOAS 
were counted once for each pediatric heart transplantation center 
in Switzerland: Bern, Lausanne, and Zurich. If multiple reasons were 
given for refusal, only the main reason was defined and included in 
the study after individual review of all available clinical details.

2.3  |  Patient characteristics

The following donor characteristics were collected: age, sex, 
country of donor origin, blood group, LVEF, renal function, duration 
of cardiopulmonary resuscitation, and viral serology. Inotropic 
use was defined as any administration of dobutamine, dopamine, 
norepinephrine, or adrenalin after admission to the hospital. The 
causes of donor brain death were categorized as (1) cerebral trauma, 
(2) cerebral hemorrhage without trauma, (3) cerebral disease such as 
cerebrovascular insult (4) anoxia, for instance due to drowning, or (5) 
other cause, for example meningitis.

The following Swiss recipients’ characteristics were analyzed: 
age, weight, sex, blood group, diagnosis, ischemic time, waitlist time, 
donor–recipient weight ratio, mechanical circulatory support before 
transplantation, and virtual cross-match. Foreign recipients were not 
included in the analysis.

2.4  |  Subgroup analyses

For all refused organ offers, we retrospectively simulated the 
allocation process by comparing the donor and potential recipient 
characteristics on the waitlist using three criteria: (1) donor–recipient 
weight ratio, (2) donor LVEF, and (3) donor–recipient ABO blood 
group compatibility. The acceptable reference ranges within the 
three criteria were first set to traditional commonly applied values 
and then extended to a less strict definition as recently proposed by 
the consensus statement on donor acceptability of the International 
Society for Heart and Lung Transplantation (ISHLT).12,13 (1) Donor–
recipient weight ratio: traditional criteria 0.8–2.0, extended criteria 
0.6–3.0; (2) Donor LVEF: traditional criteria LVEF >50%, extended 
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criteria: LVEF >40%; and (3) ABO blood group compatibility: 
traditional criteria ABO compatible only, extended criteria for 
recipients younger than 2 years of age, all types of ABO blood 
groups; for recipients older than 2 years of age, ABO compatible 
organs only.

For all accepted offers, we examined whether another center 
had refused the offer for other reasons than donor–recipient weight 
ratio outside of 0.8–2.0 or ABO incompatibility. These cases were 
analyzed individually for the reasons for refusal, the characteristics 
of the donor and potential recipient, and the current recommen-
dations. Survival was collected from the recipient's records at the 
transplantation center.

2.5  |  Statistical analysis, ethics, and data protection

Donor characteristics from refused and accepted organs were 
compared using Pearson chi-squared and Fisher's exact tests for 
categorical variables. For continuous variables, Mann–Whitney U-
test was used. Statistical analysis was performed using IBM SPSS 
Statistics 28.0.1.1; tables and graphs in Microsoft Excel 2007. The 
study was approved by the ethical committee (BASEC-Nr. 2021-
00833). All parents or guardians signed an informed consent before 
registration to SOAS. All data were analyzed pseudonymously.

3  |  RESULTS

3.1  |  Donor characteristics

Between 01.07.2015 and 31.08.2020, 136 pediatric donor heart 
offers met the inclusion criteria for our study. Donor characteristics 
are shown in detail in Table  1. The majority (n = 120; 88.2%) of 
pediatric organs offered in Switzerland were procured from donors of 
foreign countries. The foreign hearts originated from France (n = 50), 
Germany (n = 16), Spain (n = 11), and 14 other countries (n = 43). The 
majority of foreign hearts were refused (86.7%) while Swiss hearts 
were less often refused (37.5%; see Figure  1). The proportion of 
Swiss donors was higher among the accepted hearts than among the 
refused hearts (Table 1). Seven offers were accepted from donors 
after a resuscitation of more than 20 min, five of them between 20 
and 60 min, and two of them over 60 min. One of these last two 
hearts was initially refused due to prolonged resuscitation time but 
later successfully transplanted. No donors had HIV, hepatitis B virus 
or hepatitis C virus positive serology (not shown in Table 1).

3.2  |  Recipient characteristics

The characteristics of the 18 recipients who were transplanted in 
Switzerland are shown in Table 2. In three of the foreign organs, a 
Swiss and a foreign center were interested at the same time, and the 
organ was eventually accepted outside Switzerland. For each heart 

offered, a median of 2 (range 1–5) potential recipients had been on 
the pediatric waitlist in Switzerland. Of the 26 accepted organs, two 
resulted in a donor–recipient weight ratio higher than 2.0 and four 
smaller than 0.8. The largest donor–recipient weight ratio in our 
cohort was 3.4. The donor was a 9-month-old child whose heart was 
transplanted into a 1-month-old patient with a large cardiac tumor. 
The transplant was successful, and the recipient had a good organ 
function at a follow-up of 7.2 years.

3.3  |  Refusals

For all the 136 hearts offered, 284 reasons for refusal were given by 
the transplantation centers and noted in SOAS (Figure 2).

A virtual simulation of the allocation process was performed 
retrospectively for all organs offered that were not accepted in 
Switzerland (n = 110; see Figure 3). For these hearts, a cumulative 
total of 244 matches were found with potential recipients on the 
waitlist at the same time. The decision-making process was carried 
out twice for all potential donor–recipient matches. Hearts that 
were refused for reasons other than non compatible recipient or 
LVEF were excluded from this simulation (n = 25; Figure  3). After 
using the traditional criteria, three matches remained. However, the 
application of the extended criteria opened the potential for suc-
cessful heart transplantation for 20 more recipients.

Of the 26 transplanted hearts, five were accepted and trans-
planted by one center after having been refused by other centers for 
reasons other than noncompatible recipient (Table 3).

4  |  DISCUSSION

This study analyzed the allocation process of pediatric heart 
transplantation in Switzerland. The rate of accepted donor heart 
offers was 19%. This is even lower than a former Swiss cohort, which 
found an overall acceptance rate of 27.5% of pediatric and adult hearts 
between 2007 and 2013 in Switzerland.1 Data from Eurotransplant 
and the US showed a higher acceptance rate of 54.8%14 and 
66%3 respectively for pediatric donors. This low acceptance rate 
in Switzerland may be explained in part by the relatively small 
population in Switzerland: For example, the probability of finding 
a perfect match between a donor and a recipient currently on the 
waitlist within the Swiss population of 8.7 million inhabitants is 
lower than within the area of Eurotransplant, which comprises a 
population of approximatively 137.5 million people. In our cohort, 
of the 16 children and two adults receiving transplants, 13 (72%) 
received an organ from a donor outside Switzerland. Smooth 
international cooperation including a platform facilitating exchange 
of organs donated in EU member states (FOEDUS) is an essential 
prerequisite for the Swiss heart transplant program.15

The acceptance rate can vary from 10 to 60% between centers.16 
The ultimate goal remains a low waitlist mortality and optimal post-
transplant outcome.16 Consequently, it is important to question the 
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TA B L E  1 Donor characteristics of the total cohort and comparison between accepted (decision yes) and refused (decision no) hearts.

Total organ offers
Decision
Yes

Decision
No

p-value
Yes versus no

Number of organ 
offers (n)

136 26 110

Age (years); median 
(range)

3.4 (0–15.9) 5.5 (0.2–14.9) 3.0 (0–15.9) .05

Sex, female n (%) 59 (43) 10 (38) 49 (44) .7

Swiss offers n (%) 16 (12) 10 (38) 6 (5) <.001

Blood group (n)

A 67 14 53 .3

B 27 3 24

AB 16 0 16

0 26 9 17

Cause of death (n)

Anoxia 56 10 46 .6

Cerebral trauma 47 39 38

Cerebral 
hemorrhage

10 3 7

Cerebral disease 6 0 6

Other 15 4 11

Missing 2 0 2

Ventricular function (LVEF; n)

<40% 7 0 7 .2

40–50% 5 2 3

>50% 92 20 72

Missing 32 4 28

Glomerular filtration rate (n)

eGFR <30 2 0 2 1.0

eGFR ≥30 112 25 87

Missing 22 1 21

Cardiopulmonary resuscitation (n)

No CPR 71 14 57 .9

≤20 min 25 4 21

>20 min 33 7 26

Missing 7 1 6

Inotropic use (n)

Yes 103 20 83 1.0

No 30 5 25

Missing 3 1 2

Infection (n)

Yes 38 5 33 .2

No 85 21 64

Missing 13 0 13

EBV IgG (n)

Positive 55 16 39 .8

Negative 20 7 23

Missing 51 3 48
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criteria for refusing donor organs. In this study, we identified five or-
gans that were refused by at least one center before being accepted 
and successfully transplanted at another center. We think these five 
cases illustrate the complexity of the decision process and the chal-
lenge of objectively evaluating the medical quality of an organ that 
is offered.

Decisions often result from time pressure in demanding clinical 
situations, at times with incomplete information. A recently pub-
lished international survey of 130 pediatric heart transplant cen-
ters found substantial variability in acceptance practices between 
centers. This is predominantly caused by two factors.17 First, the 
severity of a recipient's disease state, for example often encour-
ages a center to be more generous in accepting organs offered to 

a patient on ECMO than to a stable outpatient. Second, transplant 
program factors, such as a recent death in the same hospital, as 
well as concerns about programmatic restrictions from regulatory 
bodies. That study's authors concluded that a consensus document 
with a statement on the wide range of acceptance criteria may 
help to increase the donor pool and decrease waitlist mortality.17 
Our virtual retrospective decision simulation with the rigorous 
application of the allocation criteria alone, found three additional 
compatible donor–recipient pairs in our cohort with the conven-
tional criteria alone and 23 with the extended criteria (Figure 3). 
Consequently, the acceptance rate could theoretically be in-
creased from the observed 19% to 21% or even 36%. However, 

Total organ offers
Decision
Yes

Decision
No

p-value
Yes versus no

CMV IgG (n)

Positive 53 14 39 .3

Negative 56 11 55

Missing 17 1 16

Note: Inotropic use: Inotropic use after admission (dobutamine, dopamine, norepinephrine, or adrenaline), Infection: Infection with use of antibiotics.
Abbreviations: CMV, cytomegalovirus; CPR, cardiopulmonary resuscitation; EBV, Epstein–Barr virus; eGFR, estimated glomerular filtration rate 
(mL/min/1.73 m2); HBV, hepatitis B virus anti-HBc/HBs Ag; HCV, hepatitis C virus Ab; HIV, human immunodeficiency viruses; LVEF, left ventricular 
ejection fraction.

TA B L E  1 (Continued)

F I G U R E  1 All 136 pediatric heart offers sorted by Swiss and 
foreign offers. Place of transplantation is shown in different 
patterns indicating whether the offer was transplanted in 
Switzerland, outside of Switzerland or was discarded. †Foreign 
organs are offered simultaneously in several countries. This leads 
to foreign offers being offered and accepted in Switzerland, but 
ultimately a foreign center still receives and transplants the organ 
first. ‡Swisstransplant no longer monitors a foreign offer if the 
organ was not accepted in Switzerland; therefore, it is unknown 
whether the organ was finally accepted and transplanted in another 
country.

31.3% 10.8%

31.3% 86.7%

37.5%

2.5%

Swiss offers n=16 Foreign offers n=120

Accepted in Switzerland, transplanted outside Switzerland †

Discarded

Not accepted in Switzerland, further transplant status not known ‡

Not accepted in Switzerland, transplanted outside Switzerland

Transplanted in Switzerland

TA B L E  2 Recipient characteristics of all Swiss organ recipients 
(n = 18).

Age (years) 4.9 (0.0–50.7)

Sex, female n 11

Weight (kg) 15.0 (3.3–96)

Blood type (n)

A 8

B 1

AB 2

0 7

Diagnosis (n)

Congenital heart disease 7

Dilated cardiomyopathy 6

Hypertrophic cardiomyopathy 1

Restrictive cardiomyopathy 1

Othera 3

Mechanical circulatory support before 
transplantation nb

6

Negative virtual cross-match nb 14

Waitlist time (days) 135 (5–902)

Donor–recipient weight ratio 1.11 (0.6–3.42)

Ischemic time (hours:minutes) 3:45 (2:00–6:06)

Note: Data are given in median, (range).
aOther: anthracycline-induced cardiomyopathy, ischemic heart disease, 
valvular cardiopathy, fibroma left ventricular wall.
bMissing data in one, and two patients respectively.
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this assumption does not include HLA matching. Especially in re-
cipients with previous blood transfusions, increased HLA incom-
patibility might be expected.18

Due to growth during childhood, the issue of donor–recipient 
size match is very important in pediatric heart transplantation. In 
the Swiss allocation process, the sizes of the hearts of donor and 
recipient are estimated by body weight and evaluated with the 
donor–recipient weight ratio. The ISHLT recommends matching sizes 
between ratios of 0.6 and 3.0.12 In our cohort, one patient with a 
donor–recipient weight ratio of 3.42 received a transplant at the age 
of 1 month and experienced good long-term outcome. This option is 
particularly useful for a recipient whose own heart has already occu-
pied substantial space in the mediastinum, for example as a result of 
dilated cardiomyopathy.

As mentioned above, five donor hearts were refused at least 
once but successfully transplanted by another center. Reasons 
for the initial refusal of hearts that were later successfully trans-
planted (see Table  3) were (1) impaired ventricular function, (2) 
prolonged resuscitation time, (3) meningitis, and (4) prolonged QT 
duration.

(1) To assess the quality of the donor organ, the contractility of 
the myocardium in echocardiography is the most important factor. 

However, echocardiography is only a momentary recording.19 and an 
experienced examiner is essential.12 Refusal of an organ because of 
dyskinesia of the ventricular septum with otherwise good ventricu-
lar function is not justified.12

(2) In our cohort, five patients received hearts with donor re-
suscitation time between 20 and 60 min, and two hearts were even 
transplanted with donor resuscitation times of over 60 min. This 
supports the current recommendation that whether a donor has 
been resuscitated, and if so, for how long, are not useful criteria for 
refusing an otherwise suitable donor organ, especially in pediatric 
donors.8,12,20

(3) Although few donor infections are considered as absolute 
contraindications,12,21 donor meningitis seems to remain a chal-
lenge. In this cohort, it led to two refusals. We think one of the 
reasons for this is the lack of solid evidence about this situation, 
and existing recommendations leave a lot of room for interpre-
tation.12 In unclear cases of donors with meningitis, an individ-
ual risk assessment involving a dedicated infectiologist should be 
considered.

(4) Prolonged QT duration is a common finding in ECGs of pa-
tients evaluated as donors for heart transplantation. In a sample 
of 257 adult donors, 32 patients (12%) had a QTc duration greater 
than 500 ms.22 Causes of a prolonged QT interval include brain in-
jury, electrolyte disturbances, drug side effects, and congenital long 
QT syndrome.22,23 Sudden cardiac death in congenital long QT syn-
drome cannot always be excluded as a cause of donor death at the 
time of allocation, and some organ recipients have been described 
who develop ventricular tachycardia after transplantation because 

F I G U R E  2 Reasons for refusal of 136 heart offers from pediatric 
donors in Switzerland irrespective of whether the organ has 
been transplanted or not. Offers are made to the three pediatric 
transplantation centers in Switzerland according to the ranking 
position of the potential recipient in the Swiss organ allocation 
system (SOAS) of transplantation center in charge. If a center 
refuses an offer, the reason for refusal is entered in SOAS. The 
main reason for refusal of each offer from the transplantation 
center was noted. Reasons are sorted by categories and additional 
Information when given. LVEF: left ventricular ejection fraction. 
CPR: Cardiopulmonary resuscitation. Other: Due to recipient 
(1), unstable donor (1), immunological reasons (1), refused 
transplantation from the donor family or judge (1), unknown reason 
(1). Numbers correspond to number of hearts offered.

Reasons for 
rejection

284

Noncompatible recipient
• Size 12
• Age 3
• Weight 3
• Not specified 236 

Medical
• LVEF 1
• QTc time 1
• Meningitis 2
• Prolonged CPR 1
• Not specified 16 

Logistic
• Distance 1
• Not specified 3 

Other 5

254

21

4

5 F I G U R E  3 Simulation of donor and recipient matching using 
donor–recipient weight, blood group and donor left ventricular 
ejection fraction (EF). Left side: traditional criteria, right side: 
extended criteria. Totally 110 hearts were not accepted. There 
were a total of 244 donor–recipient pairs from recipients 
younger than 16 years. Using the traditional criteria, 3 matches 
remain; using the extended criteria, 23 matches remain. For 
this simulation, all donor–recipient pairs with other reasons 
for refusal than incompatible recipient or LVEF (n = 25) were 
excluded.

Extended

Donor - recipient 
weight ratio

DRWR 0.8 – 2.0
n = 51

DRWR 0.6 – 3.0
n = 106

ABO blood groupCompatible
n = 6

Incompatible ≤ 2years
Compatible > 2 years

n = 31

Donor ventricular 
function

EF > 50%
n = 3

EF > 40%
n = 23

Traditional Acceptance criteria

 13993046, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/petr.14770 by B

cu L
ausanne, W

iley O
nline L

ibrary on [03/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  7 of 8MAIRE et al.

a heart was implanted from a donor with previously unknown long 
QT syndrome.22 Prolonged QT duration in the donor heart is not 
generally considered a reason to refuse an otherwise suitable donor 
organ.12,22

The allocation process in children cannot be analyzed inde-
pendently of the allocation process in adults due to direct com-
petition for donor organs, especially in teenagers. A recent large 
registry study from the US showed that 22% of pediatric donor 
organs were eventually allocated to adult recipients.3 Clear guide-
lines and objective decision criteria are required. Waitlist mor-
tality in Switzerland is higher in children and adolescents than in 
young adults (17.4% vs. 11.1%).1 Organs from adolescent donors 
should therefore be allocated to adolescents and larger children 
using the expanded weight criteria with high priority to reduce 
pediatric waitlist mortality.

4.1  |  Limitations

This study is limited by the small number of organs included and the 
fact that it is a retrospective study. Furthermore, the data originated 
from diverse organ procurement organizations that use different 
forms for transmitting the information. These are not standardized 
and hence led to missing data. We did not include organs offered 
from donors over 16 years, which are also a potential group for older 
recipients in the pediatric group, because this study is focused on 
the allocation process of pediatric heart offers. Further, we did not 
include potential recipients over the age of 16 years. Reasons for 
the refusal of Swiss organs in foreign countries were not included in 
this study. It is not known whether organs from outside Switzerland 
were transplanted in other countries after they were refused in 
Switzerland. Some of the refused foreign offers may still have 
been transplanted outside Switzerland without our knorgowledge. 
Therefore, the calculated overall acceptance rate of 19% may be 
underestimated.

5  |  CONCLUSION

This study showed a high rate of refusal of donor hearts, mostly due 
to the lack of compatible recipients. Other reasons, such as medi-
cal and logistical problems, accounted for only a small proportion 
of refusals.

The large proportion of foreign donor hearts used for Swiss re-
cipients shows that the Swiss pediatric heart transplant program 
benefits greatly from good cooperation with foreign procurement 
organizations.

ACKNOWLEDG MENTS
We would like to thank Franziska Beyeler from Swisstransplant for 
her support in data collection. We also would like to thank Susanne 
Staubli for the graphic design of our figures. Open access funding 
provided by Universitat Zurich.TA

B
LE

 3
 
Pa
tie
nt
s 
af
te
r s
uc
ce
ss
fu
l t
ra
ns
pl
an
ta
tio
n 
of
 a
n 
in
iti
al
ly
 re
fu
se
d 
or
ga
n 
(n
 =
 5
).

D
on

or
 a

ge
 

(y
ea

rs
)

D
on

or
 c

au
se

 o
f 

de
at

h
D

on
or

 c
ar

di
ac

 fu
nc

tio
n

D
on

or
 

co
un

tr
y

Re
as

on
 fo

r r
ef

us
al

Re
ci

pi
en

t 
ag

e 
(y

ea
rs

)
Re

ci
pi

en
t r

ea
so

n 
fo

r 
tr

an
sp

la
nt

at
io

n
Re

ci
pi

en
t 

co
un

tr
y

D
:R

 w
ei

gh
t 

ra
tio

O
ut

co
m

e
Fo

llo
w

-u
p 

(y
ea

rs
)

0.
9

M
en
in
gi
tis
 d
ue
 to
 

pn
eu

m
oc

oc
ci

LV
EF
 6
0%

FR
M
en
in
gi
tis

1.
2

Va
lv

ul
ar

 c
ar

di
op

at
hy

C
H

0.
85

G
oo

d 
or

ga
n 

fu
nc

tio
n

6.
2

3
C

er
eb

ra
l 

he
m

or
rh

ag
e

Po
or

 s
ep

tu
m

 c
on

tr
ac

tio
n,

 
m

ild
ly

 re
du

ce
d 

ov
er

al
l L

V
 fu

nc
tio

n

G
E

Im
pa

ire
d 

le
ft

 v
en

tr
ic

ul
ar

 fu
nc

tio
n

1.
3

C
on

ge
ni

ta
l h

ea
rt

 
di

se
as

e
C

H
1.
79

G
oo

d 
or

ga
n 

fu
nc

tio
n

3.
8

8
A
no
xi
a

LV
EF
 5
5%

C
H

Pr
ol
on
ge
d 
re
su
sc
ita
tio
n;
 6
0 
m
in

5
U

nk
no

w
n

G
E

U
nk

no
w

n
U

nk
no

w
n

U
nk

no
w

n

11
M
en
in
gi
tis

LV
EF
 5
5%

FR
M
en
in
gi
tis
, 4
8 
h 
of
 a
nt
ib
io
tic
 

tr
ea

tm
en

t, 
cu

ltu
re

 n
eg

at
iv

e 
so

 fa
r

23
H

yp
er

tr
op

hi
c 

ca
rd

io
m

yo
pa

th
y

C
H

0.
89

G
oo

d 
or

ga
n 

fu
nc

tio
n

5.
5

14
A
no
xi
a

LV
EF
 7
0%

C
H

Pr
ol
on
ge
d 
Q
Tc
-t
im
e

13
D

ila
te

d 
ca

rd
io

m
yo

pa
th

y
C

H
1.

0
G

oo
d 

or
ga

n 
fu

nc
tio

n
2.
5

N
ot

e:
 D

on
or

 a
nd

 re
ci

pi
en

t c
ha

ra
ct

er
is

tic
s.

A
bb
re
vi
at
io
ns
: C
H
, S
w
itz
er
la
nd
; F
R,
 F
ra
nc
e;
 G
E,
 G
er
m
an
y;
 L
V,
 le
ft
 v
en
tr
ic
le
; L
V
EF
, l
ef
t v
en
tr
ic
ul
ar
 e
je
ct
io
n 
fr
ac
tio
n.

 13993046, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/petr.14770 by B

cu L
ausanne, W

iley O
nline L

ibrary on [03/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 of 8  |     MAIRE et al.

FUNDING INFORMATION
This study is part of a doctoral thesis of the University of Zurich 
without additional funding.

CONFLIC T OF INTERE S T S TATEMENT
The authors have no conflicts of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data of this study are available on reasonable request from the 
corresponding author. The data are not publicly available due to pri-
vacy and ethical restrictions.

ORCID
Stéphane Maire   https://orcid.org/0009-0009-3183-7763 
Martin Schweiger   https://orcid.org/0000-0001-7793-7051 
Christian Balmer   https://orcid.org/0000-0003-1358-3535 

R E FE R E N C E S
	 1.	 Weiss J, Beyeler F, Immer FF, Swisstransplant Heart Working Group 

S. Heart allocation and transplantation in Switzerland since the in-
troduction of the swiss organ allocation system (SOAS). Swiss Med 
Wkly. 2014;144:w14057.

	 2.	 Khan AM, Green RS, Lytrivi ID, Sahulee R. Donor predictors of 
allograft utilization for pediatric heart transplantation. Transpl Int. 
2016;29(12):1269-1275.

	 3.	 Morrison AK, Gowda C, Tumin D, et  al. Pediatric marginal donor 
hearts: trends in US national use, 2005-2014. Pediatr Transplant. 
2018;22(5):e13216.

	 4.	 Quader M, Wolfe L, Katlaps G, Kasirajan V. Donor heart utiliza-
tion following cardiopulmonary arrest and resuscitation: influence 
of donor characteristics and wait times in transplant regions. J 
Transplant. 2014;2014:519401.

	 5.	 Zafar F, Jaquiss RD, Almond CS, et al. Pediatric heart donor assess-
ment tool (PH-DAT): a novel donor risk scoring system to predict 
1-year mortality in pediatric heart transplantation. J Heart Lung 
Transplant. 2018;37(3):332-339.

	 6.	 Rossano JW, Lin KY, Paridon SM, et al. Pediatric heart transplanta-
tion from donors with depressed ventricular function: an analysis 
of the united network of organ sharing database. Circ Heart Fail. 
2013;6(6):1223-1229.

	 7.	 Chen CW, Sprys MH, Gaffey AC, et  al. Low ejection fraction in 
donor hearts is not directly associated with increased recipient 
mortality. J Heart Lung Transplant. 2017;36(6):611-615.

	 8.	 Cheng A, Schumer EM, Trivedi JR, Van Berkel VH, Massey HT, 
Slaughter MS. Does donor cardiopulmonary resuscitation time af-
fect heart transplantation outcomes and survival? Ann Thorac Surg. 
2016;102(3):751-758.

	 9.	 Rizwan R, Zafar F, Bryant R, et al. The number of refusals for donor 
organ quality does not impact heart transplant outcomes in chil-
dren. Ann Thorac Surg. 2018;105(4):1223-1230.

	10.	 Easterwood R, Singh RK, McFeely ED, et al. Pediatric cardiac trans-
plantation using hearts previously refused for quality: a single cen-
ter experience. Am J Transplant. 2013;13(6):1484-1490.

	11.	 Davies RR, Bano M, Butts RJ, Jaquiss RDB, Kirk R. Donor organ 
turn-downs and outcomes after listing for pediatric heart trans-
plant. J Heart Lung Transplant. 2019;38(3):241-251.

	12.	 Kirk R, Dipchand AI, Davies RR, et al. ISHLT consensus statement 
on donor organ acceptability and management in pediatric heart 
transplantation. J Heart Lung Transplant. 2020;39(4):331-341.

	13.	 Costanzo MR, Dipchand A, Starling R, et  al. The International 
Society of Heart and Lung Transplantation Guidelines for the 
care of heart transplant recipients. J Heart Lung Transplant. 
2010;29(8):914-956.

	14.	 Smits JM, Thul J, De Pauw M, et al. Pediatric heart allocation and 
transplantation in Eurotransplant. Transpl Int. 2014;27(9):917-925.

	15.	 Elmer A, Lütolf VV, Carella C, et  al. Importance and potential of 
European cross-border deceased donor organ allocation through 
FOEDUS-EOEO platform. Transpl Int. 2023;36:11327.

	16.	 Park CS, Villa CR, Lorts A, et al. Is there an optimal organ accep-
tance rate for pediatric heart transplantation: "a sweet spot"? 
Pediatr Transplant. 2018;22(3):e13149.

	17.	 Godown J, Kirk R, Joong A, et  al. Variability in donor selection 
among pediatric heart transplant providers: results from an inter-
national survey. Pediatr Transplant. 2019;23(5):e13417.

	18.	 Cruz-Beltran S, Lane A, Seth S, et al. Antibodies to human leuko-
cyte antigens and their association with blood product exposures 
in pediatric patients undergoing cardiac transplantation. Paediatr 
Anaesth. 2021;31(10):1065-1073.

	19.	 Krishnamoorthy V, Borbely X, Rowhani-Rahbar A, Souter MJ, 
Gibbons E, Vavilala MS. Cardiac dysfunction following brain death 
in children: prevalence, normalization, and transplantation. Pediatr 
Crit Care Med. 2015;16(4):e107-e112.

	20.	 L'Ecuyer T, Sloan K, Tang L. Impact of donor cardiopulmonary resus-
citation on pediatric heart transplant outcome. Pediatr Transplant. 
2011;15(7):742-745.

	21.	 Wolfe CR, Ison MG. Donor-derived infections: guidelines from the 
American Society of Transplantation infectious diseases commu-
nity of practice. Clin Transplant. 2019;33(9):e13547.

	22.	 Leong D, Aintablian T, Kittleson M, et al. Prolonged corrected QT in-
terval in the donor heart: is there a risk? Clin Transplant. 2017;31(7).

	23.	 Moore JP, Alejos JC, Perens G, Wong S, Shannon KM. The cor-
rected QT interval before and after heart transplantation. Am J 
Cardiol. 2009;104(4):596-601.

How to cite this article: Maire S, Schweiger M, Immer F, et al. 
“Take it or leave it”: Analysis of pediatric heart offers for 
transplantation in Switzerland. Pediatric Transplantation. 
2024;28:e14770. doi:10.1111/petr.14770

 13993046, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/petr.14770 by B

cu L
ausanne, W

iley O
nline L

ibrary on [03/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0009-0009-3183-7763
https://orcid.org/0009-0009-3183-7763
https://orcid.org/0000-0001-7793-7051
https://orcid.org/0000-0001-7793-7051
https://orcid.org/0000-0003-1358-3535
https://orcid.org/0000-0003-1358-3535
https://doi.org/10.1111/petr.14770

	“Take it or leave it”: Analysis of pediatric heart offers for transplantation in Switzerland
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study cohort
	2.2|SOAS database contents
	2.3|Patient characteristics
	2.4|Subgroup analyses
	2.5|Statistical analysis, ethics, and data protection

	3|RESULTS
	3.1|Donor characteristics
	3.2|Recipient characteristics
	3.3|Refusals

	4|DISCUSSION
	4.1|Limitations

	5|CONCLUSION
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


