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Summary

AIMS OF THE STUDY: Organ donation after circulatory
death (DCD) was reintroduced in Switzerland in 2011 and
accounts for a third of deceased organ donors today. Con-
troversy persists if DCD transplants are of similar quality to
transplants following donation after brain death (DBD),
mainly due to warm ischaemia time DCD organs are ex-
posed to. We compared DCD with DBD in Switzerland.

METHODS: Data on deceased adults who were referred
to and approved for organ donation from 1 Septem-
ber 2011 to 31 December 2019 were retrospectively
analysed (217 DCD, 840 DBD donors). We compared
DCD and DBD donor/organ characteristics, transplant
rates of lungs, liver, kidneys, and pancreas, and early liver
and kidney graft function in the recipient. The effect of
DCD/DBD on transplant rates (organ transplanted or not)
and 72-hour recipient graft function (moderate/good vs de-
layed graft function / organ loss) was analysed using mul-
tivariable logistic regression. Among utilised DCD donors,
we analysed the effect of functional warm ischaemia time
(FWIT) and donor age on 72-hour post-transplant liver and
kidney graft function, also using multivariable logistic re-
gression.

RESULTS: DCD donors were more often male (64.5% vs
56.8% p = 0.039), presented with heart disease (36.4% vs
25.5%, p <0.001), were resuscitated before hospital ad-
mission (41.9% vs 30.7%, p = 0.006), and died from anox-
ia (41.9% vs 23.9%). Kidney function before transplan-
tation was comparable, lung, liver and pancreas function
were poorer in DCD than DBD. Eighty-one and 91% of
approved DCD and DBD donors were utilised (p <0.001).
Median FWIT in DCD was 29 minutes (interquartile
range 25-35). DCD transplant rates ranged from 4% (pan-
creas) to 73% (left kidney) and were all lower compared
with DBD. Seventy-two-hour liver graft function was com-
parable between DCD and DBD (94.2% vs 96.6% mod-
erate/good, p =0.199). DCD kidney transplants showed
increased risk of delayed graft function or early organ
loss (odds ratios 8.32 and 5.05; 95% confidence intervals

Cl 5.28-13.28 and 3.22-7.95; both p <0.001, for left and
right kidney transplants, respectively). No negative effect
of prolonged FWIT or higher donor age was detected.

CONCLUSION: Despite less favourable donor/organ
characteristics compared with donation after brain death,
donation after circulatory death donors are increasingly re-
ferred and today provide an important source for scarce
transplants in Switzerland. We identified a higher risk for
delayed graft function or early organ loss for DCD kidney
transplants, but not for DCD liver transplants. When care-
fully selected and allowed for other risk factors in organ
allocation, prolonged functional warm ischaemia time or
higher age in donation after circulatory death does not
seem to be associated with impaired graft function early
after transplantation.

Introduction

Organ transplantation is the treatment of choice for well-
selected patients with end-stage organ failure. For some
patients it is the only life-saving option, others gain im-
proved quality of life after transplantation [1-7]. Many
transplant recipients resume professional and social activi-
ties which they were unable to pursue prior to transplanta-
tion [2, 8-10].

There are two organ donation pathways from deceased per-
sons, depending on how death occurs before the procure-
ment of organs. First, donation after brain death (DBD),
when death occurs after primary brain damage or disease,
leading to irreversible loss of the functions of the brain, in-
cluding the brainstem. Second, donation after circulatory
death (DCD), when death occurs due to a permanent car-
diac arrest after a defined stand-off period, depending on
national regulation [11]. Today, the majority of transplants
worldwide use organs from DBD donors. The shortage of
donor organs for transplantation, however, along with tech-
nical developments leading to improved post-transplant
outcomes, has resulted in an increasing number of coun-
tries promoting DCD as a supplement to DBD [12, 13].

In Switzerland, the first transplantation from a DCD donor
was carried out in 1985, which makes Switzerland the sec-
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ond European country to introduce DCD. Until the na-
tional legislation on organ donation and transplantation
[14, 15] came into force in 2007, DCD donor organs were
routinely procured and transplanted at the University Hos-
pitals of Zurich and Geneva [16]. Almost 20 years ago,
Weber and colleagues from the University Hospital Zurich
were the first to publish long-term outcomes of 122 DCD
kidney transplants, showing no difference compared with
DBD transplants [17].

Due to certain ambiguities in the wording of some articles
of the law [14] and discrepancy between the law and the
referred guidelines of the Swiss Academy of Medical Sci-
ence (SAMS) [18], DCD programmes were discontinued
in the same year the national legislation came into force,
in 2007. It took almost 4 years to clarify the legal situation
and until DCD programmes were re-established in
Switzerland. After the law and the SAMS guidelines had
been revised, the two University Hospitals of Zurich and
Geneva restarted their DCD programmes on 1 September
2011 [19]. Since then, DCD was successfully introduced
at many more Swiss hospitals. At the end of 2020, DCD
programmes were operational at the six transplant centres
(university hospitals of Basel, Bern, Geneva, Lausanne,
and Zurich, and the Cantonal Hospital St Gallen), and at
the cantonal hospitals of Fribourg, Sion, Chur, and Lucerne
[20]. More DCD programmes at additional hospitals are
currently being evaluated.

In 2020, 30% of deceased organ donors in Switzerland
were DCD donors, ranking Switzerland fifth out of thirteen
European countries practising DCD, after the Netherlands
(60%), Belgium (43%), Spain (35%), and the United King-
dom (34%) [21]. In 2020, a total of 105 organs from DCD
donors were transplanted in Switzerland, which is more
than every fifth transplant [20]. Besides many other efforts,
it is largely due to the reintroduction of DCD that organ
donation rates in Switzerland have increased in the last
decade [22].

A key issue is whether DCD transplants are of equivalent
quality to DBD transplants, due to the combination of du-
ration of warm and cold ischaemia the organs from DCD
donors are exposed to. Indeed, various studies, including
systematic reviews and meta-analyses, show impaired
short-term graft function and patient survival for trans-
planted kidneys, livers, lungs, and pancreas from DCD
donors when compared with DBD. Most of these studies,
however, report a long-term DCD graft and patient sur-
vival similar to DBD [23-37]. Donor characteristics, util-
isation and transplant rates, and early organ function in
recipients of DCD, have not been investigated systemati-
cally on a national level in Switzerland to our knowledge.
Thus, this study compares all Swiss DCD donors since
the reintroduction of DCD with respective DBD donors
(2011-2019). Additionally, we investigated whether pro-
longed warm ischaemia and higher donor age in DCD is
associated with inferior early recipient organ function.

Materials and methods

Study population

Hospital patient data of potential solid organ donors from
the national database “Swiss Organ Allocation System”
(SOAS) were retrospectively analysed. SOAS data are
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mandatorily captured by trained hospital professionals for
the purpose of legal organ allocation, using standardised
online forms and under supervision of Swisstransplant, the
National Foundation for Organ Donation and Transplanta-
tion. We considered all referred deceased organ donors in
Switzerland since the reintroduction of DCD on 1 Septem-
ber 2011 until 31 December 2019, if they were approved
for organ donation by Swisstransplant, with a minimum of
one organ offered for transplantation (n = 1°215).

From this population we excluded 49 paediatric donors
(<18 years), as indicators of organ quality differ from adult
donors. We further excluded two mistaken database en-
tries, one uncontrolled DCD donor (Maastricht Category
1), and 17 donors for whom the next of kin had withdrawn
consent to donation. Another 89 donors were excluded as
there were no data available for body mass index (BMI)
(8), and/or cause of death (16), and/or the comorbidities di-
abetes (32), hypertension (45), and heart disease (48). Po-
tential DCD donors who did not die in the legal timeframe
of 120 minutes were included. This led to a total of 1057
analysed patients, of which were 840 DBD donors and 217
were DCD donors. Any other missing data are indicated in
table 1.

The study was approved by the Cantonal Ethics Committee
Bern (Project-ID 2021-01528; categorised as further use
of health-related personal data for research in absence of
informed consent). Study data that underlie the results re-
ported in this article, after de-identification, can be made
available upon request. Proposals should be directed to the
corresponding author.

Definitions

Deceased donation pathways

There are two pathways of deceased organ donation, de-
pending on how death occurs. First, donation after brain
death (DBD), when death occurs after primary brain dam-
age or disease, leading to irreversible loss of the functions
of the brain, including the brainstem. Death is then deter-
mined directly on the basis of neurological criteria. Sec-
ond, donation after circulatory death (DCD), when death
is due to permanent cardiac arrest (absence of cardiac ac-
tivity), leading to cessation of the cerebral circulation [11].
In Switzerland, death is also in the case of permanent car-
diac arrest, defined as irreversible loss of the functions of
the brain, including the brainstem. Therefore, death must
be declared also in DCD on the basis of neurological crite-
ria. According to legally binding guidelines of the SAMS,
cardiac arrest in DCD must be diagnosed by means of
transthoracic echocardiography in the subxiphoid four-
chamber view, or by transoesophageal echocardiography.
After a defined stand-off period of at least 5 minutes with-
out resuscitation measures, brain death must be determined
by six neurological criteria, similar to DBD [18]. In 2017,
the legally binding stand-off period in Switzerland was
changed from 10 to 5 minutes.

Within DCD, four different categories are distinguished,
called the Maastricht Categories I to IV [38]. In general,
controlled DCD (cDCD) is practised in Switzerland
(Maastricht Category III). cDCD usually refers to patients
with a devastating brain injury in whom further treatment
has been deemed futile and for whom a decision has been
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made in favour of withdrawal of life-sustaining therapy
(WLST) [38]. When in such patients brain death is not
likely to occur within a short period of time, death occurs
following a planned, expected cardiac arrest after WLST,
and brain death is determined after the 5-minute stand-off
period. Potential cDCD donors also include patients with
end-stage neurodegenerative or cardiac/respiratory dis-
eases for whom a decision of WLST has been made, be-
cause sustaining life is no longer in the best clinical in-
terests of the patient. We estimate that 18% of deceased
ICU patients in Switzerland are potential cDCD donors,
and that approximately half of these patients exhibit a se-
vere brain damage. The so-called uncontrolled DCD (uD-
CD), from persons whose death has occurred following a
sudden, unexpected irreversible cardiac arrest with unsuc-
cessful attempt at resuscitation by a medical team [11],
is currently not practised in Switzerland. The current law
[14, 15], however, allows all types of DCD, and appropri-
ate procedures exist in Geneva but are not applied because
of limited resources.

Organ procurement techniques in DCD

Rapid cold preservation (i.e., rapid procurement) repre-
sents the traditional organ procurement technique in DCD,
in which donor organs are not perfused in situ prior to
the operative incision. In normothermic regional perfusion
(NRP), abdominal donor organs are perfused in situ with
oxygenated blood after determination of death and before
the incision is made, using a device applied at normoth-
ermic temperatures. NRP can reduce the warm ischaemic
damage to vulnerable organs in DCD. Recirculation is pre-
vented by the use of vessel clamps or intravascular bal-
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loons placed at the thoraco-abdominal level of the de-
scending aorta. If the lungs are to be retrieved, the trachea
needs to be re-intubated and the lungs re-inflated after
death [11, 39]. In Switzerland, NRP is currently practised
only at the University Hospital of Geneva, since 2017.

Warm ischaemia times in DCD

The period during which an organ is deprived of its blood
supply is called the ischaemia time. Donor warm is-
chaemia time (DWIT) is the time an organ remains in the
donor at body temperature after its blood supply has been
reduced or cut off, but before it is cooled or reconnected
to a blood supply. In cDCD, the DWIT is the period from
the moment of WLST (including ventilatory support) until
the start of cold perfusion or, in NRP, until the start of in
situ organ preservation (TO-T5 in figs 1 and 2). In the ear-
ly phase after WLST, progression of circulation and oxy-
genation is very variable. We therefore analysed the func-
tional warm ischaemia time (FWIT; T1-T5 in figs 1 and
2), which represents the period between the first episode
of significant hypoperfusion (mean arterial pressure
<50 mm Hg for >2 minutes) and the start of cold perfusion
or, in NRP, until the start of in sifu organ perfusion. The ac-
ceptable FWIT varies for different organs and ranges from
30 minutes (pancreas) to 120 minutes (lung and kidneys)
(figures 1 and 2) [39].

Organ characteristics

Last measured values before explantation of organ-specific
clinical and laboratory indicators commonly used to assess
organ function in the donor were available; for the liver,
alanine transaminase (ALAT), aspartate transaminase

Figure 1: Organ procurement steps and ischaemia times in cDCD when organs are retrieved by the rapid cold preservation technique (in
short, rapid procurement). Adapted DCD Scheme of the Steering Committee of the National Committee for Organ Donation 2019. @ Heparin
administration at t0, 300 1U/kg iv. If the likelihood of mortality is low and/or there is an increased risk of bleeding, the attending ICU physician
may decide to administer the heparin later but no later than at t1. ® The following mean arterial pressure (MAP) values are to be used, depend-
ing on age category: 0 to 1 year: <35 mm Hg; 1 to 3 years: <40 mm Hg; 3 to 5 years: <45 mm Hg; 5 years and above: <50 mm Hg (for a mini-
mum of 2 minutes). ¢ According to the Swiss Academy of Medical Sciences [18]. ¢ Process may be stopped earlier if after 60 minutes from t0
none of the three criteria are met: pH <7.2; systolic blood pressure <70 mm Hg; SpO, <70%.
{* swiss DCD Scheme: Rapid procurement (RP)
transplant
Decision to withdraw Discontinuation of li- MAP < S0mmHg Asystole Confirmation of death Incision Start cold
life-sustaining fe-sustaining measu- (=2min (Cardiac arrest) perfusion/
ey res {incl extubation) i
Functional warm ischemia time (max. 120 min.)
- Hypatonic phase Circulatory arrest ph
Waiting Deter-
Stop process after 120 min.s/? time = mination QP preparation Procurement
Smin.* of death®
Max. functional warm ischemia time per organ:
Pancreas:  30min.
Liver: 50min. (sharter time must be announced, back-up recipient, procurement by team on-site)
Kidneys: 120min.
Lungs 120 min.
Tima tabla Withdrawal MAP <50mmHg Asystole Determination Incision Start cold
of death perfusion/
[1 Intensive Care Team Transplant Taam lce
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(ASAT), gamma-glutamyltransferase (yGT), and steatosis
(extent of fatty degeneration assessed by local radiologist
[40]); for the lung, arterial blood oxygen partial pressure
(Pa0,); for the kidneys, serum creatinine level and estimat-
ed glomerular filtration rate (¢eGFR) [41]; for the pancreas,
amylase and lipase; and lactate dehydrogenase (LDH) as
multi-organ indicator. After preliminary analysis, PaO,
was excluded from further analyses as in our dataset infor-
mation on the applied fraction of oxygen in the inhaled air
(Fi0,) was often missing.

Outcomes

The primary objective was to assess in the population of
utilised donors (n = 939) the effect of the donation pathway
(cDCD/DBD) on transplant rates of lungs, liver, kidneys,
and pancreas (organ transplanted or not), and on early
(72-hour) graft function in liver and kidney transplant re-
cipients. Seventy-two-hour recipient graft function was
analysed only for the liver and the kidneys, as for the other
organs transplant numbers were considered too small for
a valid analysis. Due to low case numbers in some fac-
tor levels (e.g., organ loss), the ordinal variables “72-hour
graft function in recipients of liver and kidney transplants”
were transformed to binary variables as follows: “good”
and “moderate” organ function became “good/moderate”,
and “delayed graft function” and “organ loss” became “de-
layed graft function / organ loss”. As a secondary objective
we assessed in the subgroup of utilised cDCD donors (n =
175) the effect of FWIT and donor age on the 72-hour graft
function in liver and kidney transplant recipients.
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Statistical analysis

As presented in table 1, referred and approved donors (n
= 1057) were divided into two groups, cDCD donors (n =
217) vs DBD donors (n = 840). Among these two groups,
donor/organ characteristics and donor utilisation were
compared for quantitative variables by using the t-test, or if
the assumption of normality was not met, by the non-para-
metric Wilcoxon rank sum test. For qualitative variables,
Pearson’s chi-square test was used, or Fisher’s exact test
in the case of a small sample size.

As presented in table 2, utilised donors (>1 organ trans-
planted, n = 939) were again grouped by ¢cDCD (n = 175)
and DBD (n = 764). Allocation outcomes for all organs
(i.e., lungs, liver, kidneys, pancreas transplanted or not;
no c¢DCD heart programme during study period) and early
(72-hour) graft function in recipients of liver and kidney
transplants were compared using Pearson’s chi-square test,
or Fisher’s exact test in the case of a small sample size.
Cold ischaemia time (CIT) of liver and kidney transplants,
and organ yield (number of transplants per donor), were
compared by using the t-test, or if the assumption of nor-
mality was not met, by the non-parametric Wilcoxon rank
sum test. Depending on organ quality and donor-recipient
size match in liver transplantation, the liver may be split
into two grafts for two recipients. With this split liver pro-
cedure, mostly children receive the left lateral graft, and
adults receive the right extended graft. Split livers were re-
trieved from 20 DBD donors in our analysed population
and we counted them as one liver transplant but excluded
them from recipient graft function analyses.

Among utilised donors, the possible effect of the donation
pathway (DBD/cDCD) on transplant rates of lungs, liver,

at t0, 300 IU/kg iv. If the likelihood of mortality is low and/or there is an

Figure 2: Organ procurement steps and ischaemia times in cDCD when organs are retrieved by the normothermic regional perfusion tech-
nique (NRP). Adapted DCD Scheme of the Steering Committee of the National Committee for Organ Donation 2019. @ Heparin administration

increased risk of bleeding, the attending ICU physician may decide to

administer the heparin later but no later than at t1. ® The following mean arterial pressure (MAP) values are to be used, depending on age cat-
egory: 0 to 1 year: <35 mm Hg; 1 to 3 years: <40 mm Hg; 3 to 5 years:
utes). ¢ According to the Swiss Academy of Medical Sciences [18]. ¢ Process may be stopped earlier if after 60 minutes from t0 none of
the three criteria are met: pH <7.2; systolic blood pressure <70 mm Hg; SpO, <70 %.
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kidneys, and pancreas (organ transplanted or not), and on
the 72-hour liver and kidney recipient graft function (mod-
erate/good vs delayed graft function/organ loss) was
analysed using multivariable logistic regression, including
as regressors all donor and organ characteristics (the latter
specifically by organ). In the regression models of the
72-hour liver and kidney graft function we additionally in-
cluded CIT, recipient’s age and gender, and waitlist ur-
gency status at time of transplant as a qualitative proxy for
the recipient’s medical condition. In the regression analy-
sis of 72-hour recipient liver and kidney graft function we
first analysed a comprehensive model from which we man-
ually excluded any regressor with p >0.20 (backward se-
lection), or for which we observed multicollinearity (i.e.,
eGFR). We always kept donation pathway (cDCD/DBD)
as our main variable of interest, donor age/gender, CIT, and
recipient age/gender, independently from their significance
in the comprehensive model. Results from the multivari-
able logistic regression of 72-hour recipient liver and kid-
ney graft function are depicted in figure 4 (minimal mod-
els). Among utilised cDCD donors the possible effects of
FWIT and donor age on the 72-hour liver and kidney graft
function were analysed using the same multivariable logis-
tic regression approach (results not depicted). All models
were assessed for multicollinearity by computing variance
inflation factors. We looked at potential effect modifiers by
introducing interaction terms in our models. None of the
assessed interaction terms were significant.

We would like to emphasise that the applied regression
models were not built for the purpose of predicting the out-
come, but to analyse the effect of the donation pathway
(cDCD/DBD) or FWIT / donor age, while controlling the
influence of as many as possible potential confounders.
For all statistical analyses, the freely available software R
(version 4.0.2) was used [42].

Results

Analysis of referred donors

Since the reintroduction of DCD in Switzerland in 2011,
in our study population 217 ¢cDCD donors were referred to
and approved by Swisstransplant, and these numbers con-
stantly increased over the more than 8-year study period
(p <0.001). At the end of the study period, 2019, cDCD
donors constituted 39.9% of the referred and approved de-
ceased organ donors in Switzerland (table 1, fig. 3).

The average cDCD donor was 61 years old, hence, three
years older than the average DBD donor, although this
age difference was not statistically significant (p = 0.115).
Of ¢cDCD donors, 64.5% were male, which is significantly
more than for DBD donors (56.8%, p = 0.039). Like DBD
donors, most cDCD donors had died from a severe acute
brain injury; however, the presence of the various brain
injuries differed between c¢DCD and DBD donors
(p <0.001). Among cDCD donors anoxia was the most fre-
quent cause of death (41.9%), whereas for DBD donors it
was cerebral haemorrhage (49.2%). Over the last 4 years
of the study period, anoxia incidence increased, particu-
larly among ¢cDCD donors (from 31.6% in 2016 to 55.4%
in 2019). Additionally, cDCD donors suffered more often
from the comorbidities hypertension, heart disease and di-
abetes, when compared with DBD donors. Only for heart
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disease, however, was this difference statistically signifi-
cant (p <0.001). Also, more ¢cDCD donors (41.9%) than
DBD donors (30.7%) had been resuscitated before they
were admitted to the hospital (p = 0.000) (table 1).

Except for kidney-related indicators (creatinine, eGFR),
for all other organs at least some quality indicators were
significantly elevated in ¢cDCD donors as compared with
DBD donors (in a preliminary analysis paO, as lung-re-
lated indicator was lower in ¢cDCD donors but was not
analysed further because of missing data on the applied
fraction of oxygen in the inhaled air, FiO,). According to
levels of ALAT, ASAT, and yGT, average liver function
was poorer in ¢cDCD than in DBD; however, steatosis was
not more extensive in cDCD livers. According to levels of
lipase, but not amylase, pancreas function was poorer in
c¢DCD compared with DBD. Also LDH was, on average,
more elevated in cDCD (median LDH level 462 U/1) than
in DBD (median LDH level 411 U/l), although only weak-
ly significant (p = 0.062) (table 1).

Of the 217 referred and approved c¢cDCD donors, 175
(80.6%) were utilised, whereas of the 840 referred and ap-
proved DBD donors 764 (91.0%) were utilised. Hence,
utilisation from cDCD over the study period was signifi-
cantly lower than utilisation from DBD (p <0.001). In par-
ticular, cDCD resulted in three times more “non-utilised”
donors (16.1% vs 5.7%), who are donors in whom no op-
erative incision was made with the intent to remove or-
gan(s)for transplantation (table 1). As reasons for non-util-
isation we found that in 23 (66%) of the 35 non-utilised
c¢DCD donors the cardiac arrest did not occur within the
legally binding time limit after WLST, and that conse-
quently, organs from these donors were not procured.

Analysis of utilised donors

Table 2 shows outcomes of all 764 utilised DBD donors
and all 175 utilised cDCD donors. The median FWIT of
c¢DCD donors was 29 minutes (IQR 25-35 min). Over
90% of cDCD organs were retrieved using rapid procure-

Figure 3: Number of referred cDCD (red dotted line) and referred
DBD (blue line) donors from Switzerland from whom at least one
organ was offered for transplantation by Swisstransplant from
2012-2019. cDCD: controlled donation after circulatory death;
DBD: donation after brain death.
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Table 1:

Donor and organ characteristics, and donor utilisation of referred and approved DBD vs cDCD donors in Switzerland from 2011-2019. Displayed are medians (IQRs) for numeri-
cal variables. For categorical variables, numbers (column percentages) are given, except for total and yearly numbers (row percentages). The variable “year” was treated as nu-
merical in the significance test. For cDCD donors the cause of death is equivalent to the cause for withdrawal of life-sustaining therapy (WLST).

Study popula- DBD cDCD p-value
tion
TOTAL, n (%) 1057 (100) 840 (79.5) 217 (20.5)
—2019, n (%) 163 (100) 98 (60.1) 65 (39.9) <0.001
—2018, n (%) 162 (100) 122 (75.3) 40 (24.7)
—2017, n (%) 141 (100) 103 (73.0) 38 (27.0)
—2016, n (%) 109 (100) 90 (82.6) 19 (17.4)
—2015, n (%) 139 (100) 122 (87.8) 17 (12.2)
—2014, n (%) 112 (100) 94 (83.9) 18 (16.1)
—2013, n (%) 104 (100) 94 (90.4) 10 (9.6)
—2012, n (%) 92 (100) 85 (92.4) 7(7.6)
— 2011 (1 September to 31 December), n (%) 35 (100) 32 (91.4) 3(8.6)
Donor characteristics
Age, median (IQR) 59 (47-69) 58 (46-70) 61 (51-68) 0.115
Gender (male), n (%) 617 (58.4) 477 (56.8) 140 (64.5) 0.039
Cause of death
— Cerebral haemorrhage, n (%) 474 (44.8) 413 (49.2) 61 (28.1) <0.001
— Anoxia, n (%) 292 (27.6) 201 (23.9) 91 (41.9)
— Cerebral trauma, n (%) 200 (18.9) 170 (20.2) 30(13.8)
— Cerebral disease, n (%) 67 (6.3) 46 (5.5) 21(9.7)
— Other, n (%) 24 (2.3) 10(1.2) 14 (6.5)
Body mass index, median (IQR) 24.9 (22.9-27.8) [24.8(22.9-27.7) |25.4(23.1-28.3) |0.274
Comorbidities
— Hypertension, n (%) 409 (38.7) 317 (37.7) 92 (42.4) 0.209
— Heart disease, n (%) 293 (27.7) 214 (25.5) 79 (36.4) 0.001
— Diabetes, n (%) 115 (10.9) 90 (10.7) 25 (11.5) 0.734
CPR before hospital admission, n (%) 349 (33.0) 258 (30.7) 91 (41.9) 0.006
Organ characteristics
Liver-related indicators
— ALAT in U/l, median (IQR) 34 (19-78) 31 (18-77) 50 (25-82) <0.001
— No ALAT value available, n (%) 1(0.1) 0 1(0.5)
— ASAT in U/l, median (IQR) 49 (29-97) 47 (27-97) 62 (36-97) 0.005
— No ASAT value available, n (%) 1(0.1) 0 1(0.5)
—yGT in U/l, median (IQR) 37 (18-89) 33 (17-75) 67 (29-160) <0.001
— No yGT value available, n (%) 18 (1.7) 12 (1.4) 6(2.8)
Steatosis 0.348
— None 722 (68.3) 570 (70.5) 152 (74.9)
— Mild (<1/3 of hepatocytes) 168 (15.9) 134 (16.6) 34 (16.7)
— Moderate (<2/3 of hepatocytes) 95 (9.0) 81 (10.0) 14 (6.9)
— Severe (>2/3 of hepatocytes) 26 (2.5) 23 (2.8) 3(1.5)
— No data on steatosis available 46 (4.4) 32 (3.8) 14 (6.5)
Kidney-related indicators
— Creatinine in umol/l, median (IQR) 75 (57-104) 75 (57-104) 74 (56-95) 0.141
— No creatinine value available, n (%) 2(0.2) 1(0.1) 1(0.5)
—eGFR in ml min"' 1.73m™ 88 (62-105) 88 (61-104) 90 (64-106) 0.150
Pancreas-related indicators
— Pancreatic amylase in U/l, median (IQR) 32 (17-66) 31 (17-64) 33 (19-70) 0.404
— No amylase value available, n (%) 43 (4.1) 32(3.8) 11 (5.1)
— Lipase in U/l, median (IQR) 22 (14-42) 22 (14-40) 27 (16-51) 0.008
— No lipase value available, n (%) 177 (16.7) 134 (16.0) 43 (19.8)
Multiorgan-related indicators
— LDH in U/l, median (IQR) 419 (286-634) 411 (285-620) 462 (305-689) 0.062
— No LDH value available, n (%) 59 (5.6) 39 (4.7) 20(9.2)
Donor utilisation
— Utilised donors, n (%) 939 (88.8) 764 (91.0) 175 (80.6) <0.001
— Non-utilised donors, n (%) 83 (7.9) 48 (5.7) 35 (16.1)
— Effective donors, n (%) 35(3.3) 28 (3.3) 7(3.2)

DBD: donation after brain death; cDCD: controlled donation after circulatory death; IQR: interquartile range; CPR: cardiopulmonary resuscitation; yGT: gamma-glutamyltrans-
ferase; eGFR: estimated glomerular filtration rate, ALAT: alanine transaminase; ASAT: aspartate transaminase; LDH: lactate dehydrogenase; utilised donors: at least one organ
transplanted; non-utilised donors: no operative incision was made with the intent of organ removal for transplantation; effective donors: an operative incision was made, but no
organ was transplanted.
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Table 2:

Circumstances of organ procurement of utilised cDCD, allocation outcome and early (72-hour) recipient graft function (liver and kidneys) of utilised DBD vs cDCD donors in
Switzerland from 2011-2019. The maximum possible number or organs transplanted per DBD donor is seven (heart, double lung, liver, two kidneys, pancreas and small bowel).
The maximum possible number or organs transplanted per cDCD donor is six (double lung, liver, two kidneys, pancreas and small bowel; no heart procured during study period).
Please note that organ loss as included in the early recipient graft function category “delayed graft function or organ loss” occurred very rarely (19 lost livers, 20 lost kidneys).

Study popula- DBD cDCD p-value
tion
Total, n (%) 939 (100) 764 (81.4) 175 (18.6)
Organ procurement
FWIT in minutes, median (IQR) DBD donor organs are not exposed |29 (25-35) NA
No FWIT available, n (%) to awarm ischagmia time. Organre- [5q (11.4) NA
covery type applies only to cDCD.
Organ recovery type
— Rapid cold preservation, n (%) 156 (90.2) NA
— Normothermic regional perfusion, n (%) 17 (9.8) NA
— Unknown, n (%) 2(0.1) NA
Allocation outcomes
Heart transplanted, n (%) 270 (28.8) 270 (35.3) NA NA
Lung transplanted, n (%) 314 (33.4) 286 (37.4) 28 (16.0) <0.001
Liver transplanted, n (%) 788 (83.9) 667 (87.3) 121 (69.1) <0.001
Liver CIT in minutes, median (IQR) 407 (341-484) 406 (335-484) 414 (370-485) 0.125
Kidney left transplanted, n (%) 759 (80.8) 631 (82.6) 128 (73.1) 0.004
Kidney left CIT in minutes, median (IQR) 562 (443-698) 568 (448-716) 544 (428-638) 0.017
Kidney right transplanted, n (%) 747 (79.6) 628 (82.2) 119 (68.0) <0.001
Kidney right CIT in minutes, median (IQR) 555 (437-734) 565 (442-745) 521 (409-648) 0.006
Pancreas transplanted, n (%) 182 (19.4) 175 (22.9) 7 (4.0) <0.001
Number of transplants per donor, mean + SD 33%+15 3515 23%09 <0.001
72-hour recipient graft function
Liver transplanted, n 768 647 121
— Moderate or good graft function, n (%) 738 (96.2) 624 (96.6) 114 (94.2) 0.199
— Delayed graft function or organ loss, n (%) 29 (3.8) 22 (3.4) 7 (5.8)
Kidney left transplanted, n 759 631 128
— Moderate or good graft function, n (%) 585 (76.3) 525 (83.2) 60 (46.9) <0.001
— Delayed graft function or organ loss, n (%) 174 (22.7) 106 (16.8) 68 (53.1)
Kidney right transplanted, n 747 628 119
— Moderate or good graft function, n (%) 562 (73.3) 502 (79.9) 60 (50.4) <0.001
— Delayed graft function or organ loss, n (%) 185 (24.1) 126 (20.1) 59 (49.6)

DBD: donation after brain death; cDCD: controlled donation after circulatory death; IQR: interquartile range; FWIT: functional warm ischaemia time; CIT: cold ischaemia time; SD:

standard deviation.

ment. Median FWIT with NRP was similar as with rapid
procurement (29 minutes for both groups, data not shown).

During the study period, 128 left kidneys, 119 right kid-
neys, 121 livers, 28 lungs, and 7 pancreases from ¢cDCD
donors were transplanted. This corresponds to ¢DCD
transplant rates which range from 4% (pancreas) to 73%
(left kidney). Transplant rates in cDCD were significantly
lower when compared with DBD, also in the multivariable
analysis. Consequently, organ yield in cDCD was signifi-
cantly lower when compared with DBD (2.3 vs 3.5 trans-
plants per donor, p <0.001). For liver and kidney trans-
plants, we additionally present cold ischaemia time (CIT),
which is the time an organ is cooled in the donor body after
surgical incision with cold perfusion solution and sterile
ice until reperfusion of the organ in the circulatory system
of the recipient. The median CIT of transplanted livers was
similar in ¢cDCD and in DBD (414 vs 406 minutes, p =
0.125), the median CIT of transplanted kidneys was signif-
icantly shorter in cDCD than in DBD (544 vs 568 minutes,
p=0.017, and 521 vs 565 minutes, p = 0.006, for the left
and right kidneys, respectively) (table 2).

Recipient graft function up to 72 hours after transplanta-
tion was not significantly different for ¢cDCD livers and
DBBD livers (p = 0.199). Of ¢cDCD liver transplants, 94.2%
had moderate or good organ function (96.6% of DBD), and

only seven (5.8 %) cDCD livers were reported with de-
layed graft function or loss (3.4 % of DBD). Delayed graft
function or organ loss, however, occuredsignificantly more
often with ¢cDCD kidneys than with DBD kidneys (53.1%
vs 16.8% for left kidneys, 49.6% vs 20.1% for right kid-
neys, p <0.001). Early organ loss after kidney transplanta-
tion, however, occurred very rarely, from both cDCD and
DBD (i.e., 20 grafts were lost in a total of 1506 kidney
transplants, which is 1.3% of grafts).

Multivariable analyses of early recipient graft function

Utilised cDCD and DBD donors

Whether the liver was retrieved through ¢cDCD or DBD
was not significantly associated with delayed graft func-
tion or early organ loss in the recipient (cDCD odds ratio
1.75, 95% CI 0.66—4.16; p = 0.230) (fig. 4A). cDCD kid-
neys, however, showed an increased risk of delayed graft
function or early organ loss when compared with DBD
kidneys (cDCD odds ratios 8.32 and 5.05; 95 % confidence
intervals 5.28—-13.28 and 3.22-7.95; both p <0.001, for left
and right kidney transplants, respectively; figures 4B and
4C). Thus, the univariable results for 72-hour graft func-
tion in recipients of liver and kidney transplants as present-
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ed above and in table 2 were confirmed by the multivari-  age of utilised cDCD donors (60 years). Four cDCD liver

able analysis. transplants were reported to have delayed graft function or
early graft loss in the short FWIT group (7.1 %), and three
Utilised cDCD donors c¢DCD livers in the long FWIT group (5.5 %), according to

the median FWIT of utilised cDCD donors (29 minutes).
None of these differences in liver graft function between
short/long FWIT and young/old cDCD donors was statisti-
cally significant. Also using a multivariable approach, in-
cluding recipient age and gender, we found no significant
negative effect of FWIT or donor age on the 72-hour liv-

In ¢cDCD we were interested in the effect of FWIT and
donor age on the 72-hour post-transplant liver and kidney
function in recipients (table 3). Only seven ¢DCD liver
transplants were reported to have delayed graft function or
early graft loss, five in the older age group (7.8 %) and two
in the younger age group (3.5 %), according to the median

Figure 4: Risk for delayed graft function or organ loss after liver (A), left kidney (B), and right kidney (C) transplantation from 2011 to

2019. Presented are odds ratios (ORs) with 95% confidence intervals (95% ClI) of multivariable logistic regression of the 72-hour post-trans-
plant recipient graft function. In the case of the continuous variables donor age, creatinine and cold ischaemia time, ORs correspond to an in-
crease of 1 year, 1 ymol/l, and 1 minute respectively. CPR: cardiopulmonary resuscitation; cDCD: controlled donation after circulatory death.

A) Risk for delayed graft function or organ loss in liver transplants

Variable OR (95%-Cl) p-value
cDCD 1.75 (0.66-4.16) 0.23
Doncer age 0.99 (0.96-1.01) - 0.358
Male donor 2.69 (1.12-7.50) 0.038
Hepatic steatosis 279 (1.26-6.12) 0.01
Cold ischaemia time 1.00 (0.89-1.00) . 0.126
Recipient age 1.01 {0.88-1.05) - 0477
Male recipient 0.74 (0.30-1.98) 0.516
I T T T !
0.25 0.50 1.0 2.0 5.0 10.0

B) Risk for delayed graft function or organ loss in left kidney transplants

Variable OR (95%-Cl) p-value
cDCD 8.32(5.28-13.28) <0.001
Donor age 1.02 (1.00- 1.04) - 0.014
Male donor 0.83 (0.54- 1.26) e 0.378
Hypertension 1.45 (0.92- 2.26) —_— 0.107
Diabetes 1.84 (0.79-4.10) 0.145
CPR before admission 0.62 (0.39- 0.96) —_— 0.037
Creatinine 1.01(1.01-1.02) . <0.001
Cold ischaemia time 1.00 (1.00- 1.00) . 0.421
Recipient age 1.00 (0.99- 1.02) . 09
Male recipient 1.33 (0.89-2.02) e — 017
I T T T T 1
0.25 0.50 1.0 20 5.0 15.0

C) Risk for delayed graft function or organ loss in right kidney transplants

Variable OR (95%-Cl) p-value
cDCD 5.05 (3.22-7.95) <0.001
Doner age 1.01 (1.00-1.03) . 0.086
Male donor 1.17 (0.78-1.74) —_—— 0.454
Hypertension 1.29 (0.83-1.99) S 0.251
Diabetes 1.16 (0.48-2.59) 0.728
CPR before admission 0.74 (0.48-1.12) - 0.165
Creatinine 1.01({1.01-1.02) . =0.001
Cold ischaemia time 1.00 (1.00-1.00) . 0.228
Recipient age 0.99 (0.98-1.01) . 0.334
Male recipient 1.33 (0.90-1.96) — 0.151
I T T T 1
025 0.50 1.0 20 50 15.0
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er graft function. A substantial number of ¢cDCD kidney
transplants was reported to have delayed graft function or
early graft loss (68 left kidneys, 59 right kidneys). We did
not detect a significant negative effect of FWIT or donor
age in either the univariable or multivariable analysis.

Discussion

Organ donation from deceased persons whose death oc-
curred after a planned, expected cardiac arrest following
WLST is increasing in Switzerland. We analysed the first
217 referred and approved cDCD donors since the reintro-
duction of DCD in Switzerland, from 2011 to 2019, and
compared them with DBD donors. We found that on av-
erage cDCD donors were slightly older, more often male,
had been resuscitated more often before being admitted to
hospital, and probably as a result of the latter [43], died
more frequently from anoxia when compared with their
DBD counterparts. It is important to note that for cDCD
donors the critical illness leading to the decision in favour
of WLST is reported as cause of death, and not the cause
for the secondary brain death after planned cardiac arrest,
which would always be anoxia. Also, cDCD donors in our
study suffered more often from comorbidities, especially
from heart disease. Some of these characteristics we attrib-
uted to cDCD donors are known to be associated with in-
ferior transplant outcomes [11].

Except for kidney transplants, at least some of the routinely
performed clinical tests analysed in this study indicate a
lower donor organ quality in ¢cDCD. Unsurprisingly, the
utilisation rate was lower in cDCD donors compared with
DBD donors. Still, from 175, or over 80% of the 217 re-
ferred and approved cDCD donors, at least one organ was
transplanted. Due to the deleterious effects of warm is-
chaemia on organ viability, cDCD can only take place if
cardiac arrest follows soon after WLST. The current legal-
ly binding time limit in Switzerland is 120 minutes, where-
as in France and the UK it is 180 minutes [11, 18]. Suc-
cessful kidney procurement has been reported more than 4
hours after WLST [44]. In almost two third of non-utilised
¢DCD donors in our study the reason was that the allowed
time from WLST to cardiac arrest was exceeded. This is
a rather high percentage, even when compared with coun-
tries which have the same time limit. A Dutch study found
that for only 16% of referred cDCD donors were organs
not procured because they did not die within 120 min-

Swiss Med WKkly. 2022;152:w30132

utes after WLST [45]. Scoring systems to predict whether
death after WLST will occur within a time period com-
patible with ¢cDCD have been developed [46-48]. It re-
mains, however, difficult to reliably identify potential cD-
CD donors who will die within 120 minutes after WLST
[11, 23, 49, 50].

Currently, the heart is not being transplanted from DCD
donors in Switzerland. DCD heart programmes, however,
have been established in Australia (2014) and the United
Kingdom (2015), and DCD hearts have been successfully
transplanted in Austria, Belgium and the United States
[51]. We found that fewer organs were transplanted from
¢DCD donors than from DBD donors (2.3 vs. 3.5) and it is
tempting to explain this with the nonexistant Swiss DCD
heart programme. However, all transplant rates were obvi-
ously lower in cDCD than in DBD, and a lower organ yield
is common to all cDCD programmes, including those with
established heart procurement [12]. For example, in the
United Kingdom, an average of 2.7 transplantable organs
are retrieved from DCD donors, compared with 3.3 from
DBD donors [52]. One reason for lower DCD organ yields
could be that, in general, as we were able to show, aver-
age cDCD donor and organ characteristics are not quite as
favourable as those in DBD. In Switzerland it is planned
to start DCD heart transplant programmes as of January
2022, using ex-vivo machine perfusion as already avail-
able for kidney and liver transplants. With increasing use
of ex-vivo machine perfusion to allow for the possibility
for evaluation and reconditioning of the isolated organ, and
to reduce ischaemic damage during transport, it is likely
that more organs per cDCD donor will be safely transplant-
ed in the future [23].

Lower utilisation and transplant rates in ¢cDCD, as we
found, may also be explained to a certain extent by reluc-
tance of transplant physicians to accept cDCD organs due
to the warm ischaemia time these organs are exposed to af-
ter WLST, and in cases when patients have been resuscitat-
ed before admission. In the latter, renal failure is reported
in the literature to occur in more than 50%, and liver failure
in 24% [53, 54]. A recent publication looking at a Swiss
patient cohort [43] also showed that donors who underwent
cardiopulmonary resuscitation (CPR) are different from
non-CPR donors with respect to age, cause of death and
donation type. The latter, however, concluded that when
carefully selected according to their haemodynamic con-
dition, CPR donors are comparable to non-CPR donors in
terms of utilisation and transplant rates. The median FWIT

Table 3:

Functional warm ischaemia time (FWIT) and age distribution of transplants from cDCD donors.

72-hour recipient graft function cDCD Short FWIT Long FWIT p-value cDCD Young Old p-value
Liver transplanted, n 11 56 55 121 58 63

— Moderate or good graft function, n (%) 104 (93.7) 52 (92.9) 52 (94.5) 0.752 114 (94.2) 56 (96.6) 58 (92.1) 0.505
— Delayed graft function or organ loss, n (%) 7 (6.3) 4(7.1) 3(5.5) 7 (5.8) 2(3.4) 5(7.9)

Kidney left transplanted, n 1M1 56 55 128 77 51

— Moderate or good graft function, n (%) 49 (44.1) 23 (41.1) 26 (47.3) 0.641 60 (46.9) 39 (50.6) 21(41.2) 0.384
— Delayed graft function or organ loss, n (%) 62 (55.9) 33 (58.9) 29 (52.7) 68 (53.1) 38 (49.4) 30 (58.8)

Kidney right transplanted, n 102 52 50 119 70 49

— Moderate or good graft function, n (%) 47 (46.1) 21 (40.4) 26 (52.0) 0.328 60 (50.4) 31 (44.3) 29 (59.2) 0.158
— Delayed graft function or organ loss, n (%) 55 (53.9) 31 (59.6) 24 (48.0) 59 (49.6) 39 (55.7) 20 (40.8)

cDCD: controlled donation after circulatory death

Donors were grouped based on median FWIT (29 min) and median age (60 years) of utilised cDCD donors. For some cDCD donors FWIT was not available, thus, total numbers

presented here are lower than in table 2.
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of utilised cDCD donors in our study was 29 minutes, also
when NRP was applied. This is somewhat surprising, as
NRP was developed to reduce FWIT, and there is evidence
in the literature that early graft outcome — especially for
kidney, but also for liver transplants — is slightly superior
in NRP compared with rapid procurement [23, 55]. How-
ever, very few transplants in our study were procured using
NRP, as NRP was introduced only in 2017 and by one pro-
curement hospital (17 or <10% of cDCD transplants). An-
other possible explanation is that in Switzerland, unlike in
other countries, invasive preparatory medical measures are
not allowed before death has been determined. In countries
where such antemortem interventions are allowed, cannu-
lation of femoral vessels before WLST is undertaken to al-
low immediate initiation of NRP after death determination,
and thus, minimising FWIT [11,23].

We analysed early post-transplant graft function for liver
and kidney transplants by univariable and multivariable
analysis, including available donor, organ, procurement,
and recipient characteristics. We could show that cDCD
liver transplants have outcomes similar to DBD liver trans-
plants; over 94% of ¢cDCD liver transplants were reported
to have moderate or good early organ function. cDCD kid-
ney transplants, however, showed an increased risk for im-
paired early outcomes; delayed graft function or organ loss
was reported for up to more than half of ¢cDCD, com-
pared with only up to one fifth of DBD kidney transplants.
The latter is consistent with two recent systematic reviews
and meta-analyses, which also found an increased risk for
primary non-function and delayed graft function of cD-
CD kidney transplants when compared with DBD kidney
transplants [24, 25]. The same studies, however, also found
long-term organ and recipient survival after kidney trans-
plantation to be comparable between cDCD and DBD.

We further were interested in whether the extent of FWIT
and donor age in cDCD would affect early liver and kidney
graft function. We could not detect negative effects of pro-
longed FWIT or higher donor age, in either liver or in kid-
ney transplants. In the literature there is a lack of ev-
idence supporting acceptable times for FWIT [11], and
several reports suggest that longer FWIT still yields trans-
plantable organs, especially for kidneys [56, 57] and pan-
creas [58]. In liver transplantation, it has been shown that
every minute of extra ischaemia decreases graft survival,
with increased risk of biliary complications [59]. In our
study the relatively low incidence of delayed graft func-
tion or early organ loss in utilised cDCD somewhat ham-
pered a robust statistical analysis. To further investigate the
effect of FWIT and age on early graft function in Switzer-
land, studies with larger cDCD donor cohorts are need-
ed. Regarding donor age, our findings seem to support the
Swiss practice, which does not apply a general age limit
for liver and kidney donors.

Strengths and limitations of the study

To our knowledge, this is the first systematic and sound
comparison of cDCD and DBD in Switzerland since the
reintroduction of DCD in 2011. We assessed the effect of
the donation pathway on transplant and early post-trans-
plant outcomes using a multivariable approach, allowing
for the different characteristics of cDCD and DBD donors,
and also allowing for some recipient factors.

Swiss Med WKkly. 2022;152:w30132

Our study has, however, limitations. No national consen-
sus guidelines with respect to assessment of the early post-
transplant outcome exist. If liver or kidney function is
reported as good, moderate, or delayed is therefore to a cer-
tain extant biased by the subjectivity of the local treating
medical team. Further, early organ function may depend on
more recipient-related factors than we could include. We
could not allow for more recipient-related factors as we
had no access to detailed recipient data. The use of ex-vi-
vo liver and kidney perfusion to reduce CIT has increased
in Switzerland, particularly with extended criteria donors
or in cDCD. Unfortunately we had no available data on the
use of such ex-vivo machine perfusion. Many international
transplant studies analyse mid- to long-term outcomes af-
ter transplantation, like graft function and patient survival
after 1, 3, 5 or several years. It is a major limitation of our
study that we could only include graft function up to 72
hours after transplantation. Unfortunately we had no ac-
cess to mid- to long-term follow-up recipient data as for
example collected by the Swiss Transplant Cohort Study.

Conclusion

Despite, on average, less favourable donor and organ char-
acteristics compared with DBD donors, cDCD donors are
increasingly referred and today provide an important
source for scarce transplants in Switzerland, particularly
for end-stage kidney disease. Consistent with the current
literature, we identified a higher risk for delayed graft
function or early organ loss for cDCD kidney transplants
but not for cDCD liver transplants when compared with
DBD. When carefully selected and allowed for other risk
factors in organ allocation, extended FWIT or high age in
¢DCD does not seem to be associated with impaired graft
function in recipients early after transplantation. A scien-
tifically sound evaluation of ¢cDCD in Switzerland, how-
ever, would include long-term recipient follow-up data in
a multivariable analysis. We think it is our obligation to
provide transplant physicians who need to accept or de-
cline donor organs, and patients on the transplant wait list
alike, with the most actual, evidence-based information on
transplant outcomes and possible risk factors. However, to
do so, it will be inevitable to finally link comprehensive
donor, procurement, transplant and recipient data in
Switzerland on a national level.
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