
Prediction models in controlled donation  
after circulatory death 

Angela Kotsopoulos



ISBN

Cover design: Marieke Coenen

Layout: Bregje Jaspers | ProefschriftOntwerp.nl

Printed by: Ipskamp Printing Enschede

Copyright © Angela Kotsopoulos 2022



Prediction models in controlled donation  
after circulatory death 

Improving prediction of time to circulatory death and evaluation of the organ donation pathway 

from end-of-life decision-making to death

Proefschrift ter verkrijging van de graad van doctor

aan de Radboud Universiteit Nijmegen

op gezag van de rector magnificus prof. dr. J.H.J.M. van Krieken,

volgens besluit van het college voor promoties

in het openbaar te verdedigen op 

maandag 21 februari 2022

om 12.30 uur precies

door

Angelique Maria Margaretha Kotsopoulos

geboren op 18 April 1972

te Apeldoorn



Promotor: 
Prof. dr. J.G. van der Hoeven

Copromotoren:  
Dr. W.F. Abdo
Dr. N.E. Jansen (Nederlandse Transplantatie Stichting)

Manuscriptcommissie:
Prof. dr. L.B. Hilbrands
Prof. dr. C.J.M. Klijn
Prof. dr. W.N.K.A. van Mook (Universiteit Maastricht)



“The beginning is the most important part of the work”

Plato, The Republic, 427 BC





CONTENTS

Chapter 1 General introduction

Part one  Predicting time to circulatory death in DCD donors

Chapter 2  External validation of prediction models for time to death in 

potential donors after circulatory death 
  Am J Transplant. 2018 Apr;18(4):890-896

Chapter 3  When circulatory death does not come in time in potential 

organ donors

  Crit Care. 2019 May 2;23(1):154

Chapter 4  Prediction model for timing of death in potential donors after 

circulatory death (DCD III): study protocol for a multicenter, 

prospective, observational, cohort study

  JMIR Res Protoc. 2020 Jun 23;9(6):e16733

Chapter 5  Prospective multicenter observational cohort study of time 

to death in potential controlled donation after circulatory 

death (cDCD) donors; development of a prediction model. 

The DCD III study

  Submitted 

Part two   End-of-life decision-making in the ICU on potential 

DCD donors

Chapter 6  Determining the impact of timing and of clinical factors 

during end-of-life decision-making in potential controlled 

donation after circulatory death donors

  Am J Transplant. 2020 Dec;20(12):3574-3581

Chapter 7 General discussion and conclusion

Chapter 8 Summary

Chapter 9 Nederlandse samenvatting (Dutch summary)

Appendices List of abbreviations

  Facts about this thesis

  Dankwoord (Word of gratitude)

  PhD Portfolio

  List of publications

  About the author

9

23

25

47

59

75

109

111

127

145

151

161

162

163

169

170

173





Chapter 1
General introduction and outline of this thesis



CHAPTER 1

10



GENERAL INTRODUCTION

11

1
Donation after circulatory death (DCD) refers to the recovery of organs for transplantation 

purposes from a patient whose death is confirmed based on circulatory criteria. This means 

that there is no measurable blood pressure or a palpable pulse due to a circulatory arrest [1]. 

Controlled donation after circulatory death is defined as organ donation from patients with a 

planned withdrawal of life-sustaining treatment (WLST) and subsequent circulatory death. In this 

thesis, the abbreviation DCD represents controlled DCD.

DCD was previously known as donation after cardiac death or non-heart-beating organ donation. 

However, as DCD heart donation is implemented, the latter term is no longer used. Patients 

eligible for a DCD procedure mostly suffer from irreversible neurological injury, are dependent on 

mechanical ventilation, and do not fulfill the neurologic criteria for brain death. 

For the retrieval of viable organs in a DCD setting, a maximum timeframe is set in which 

circulatory arrest must occur after WLST. This timeframe, also known as the warm ischemia time, 

is pivotal as the quality of transplanted organs for the purpose of transplantation decreases as 

time passes. Warm ischemia time thresholds differ per organ. In the Netherlands the maximum 

threshold for kidneys, heart (under strict conditions), and pancreatic islets is set at 2 hours, 

1 hour (or 20 minutes if the mean arterial pressure is less than 50mmHg) for the liver, and 1 

hour for the lungs. Warm ischemia time thresholds also vary within countries. For example, in 

Australia, the maximum time threshold is set at 90 minutes [2]. For this reason, studies of time to 

circulatory death refer to timeframes of 60 and 120 minutes (1 and 2 hours) [3, 4].

As WLST in controlled DCD donation procedure is planned, it is of importance to predict time 

to circulatory death. Predicting time to circulatory death is crucial from the perspective of the 

family awaiting the DCD procedure, the medical team providing care for the donor and family, 

the awaiting procurement team, and the utilization of hospital resources [5]. Several prediction 

models were developed to predict time to death in potential DCD donors, and only a few were 

externally validated. The predictive ability in the majority of these models is modest [3, 4, 6-10].  

In addition, most of these models are developed from data originating from general and/or 

neurocritical ICU patients incorporating factors (e.g. sepsis, multiorgan failure) contraindicated 

for organ donation. As a consequence, models for a reliable estimation of time to circulatory 

death in patients eligible for organ donation and insight on factors predicting the speed of the 

process of dying in this specific category of patients, are lacking. 

In this chapter, I will outline the importance of DCD donation in a broader perspective, provide 

historical information on organ donation, describe the trajectory of a DCD procedure, represent 

the main obstacles encountered during such procedure, and provide the terminology applied in 

the DCD setting. In the final section of this chapter, the main objectives and outline of this thesis 

will be explained.
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The role of controlled DCD in post-mortal organ donation 

Over the past decade, the demand for transplantable organs has been continuously increasing. 

Health care improvement and higher standard of living have contributed to the ageing of the 

population, which in turn has led to a higher prevalence of chronic diseases such as renal 

failure. On the other hand, continuous advances in medical technology improved the transplant 

outcome, making transplantation a good alternative for patients who have otherwise a poor 

prognosis without this option. Transplantation not only increases life span, but also quality of 

life [11]. The WHO estimates that the number of transplantable organs meet only 10% of the 

annual worldwide need. Clinicians and patients on the waiting list are now faced with a shortage 

of organs for transplantation, while the number of potential donors after brain death (DBD) is 

decreasing [12]. Therefore, DCD has successively become an important source of organs for 

transplantation. Altogether, 38% of the world’s countries have deceased donor programs, of 

which only recently DCD has become possible [13]. The Global Observatory on Donation and 

Transplantation reported in 2017, that only 21.3% of the deceased organ donors were DCD 

donors [13]. Figure 1 shows the European DCD landscape [14]. 

states (Armenia, Belarus, Cyprus, Estonia, Finland,

Georgia, Germany, Greece) declared they were not

planning to develop DCD programs because it was

considered they were not needed (Belarus, Estonia,

Finland), due to lack of professional confidence in

such programs (Cyprus, Georgia, Greece), logistical dif-

ficulties (Georgia, Greece), legal obstacles (Germany),

and potential costs (Greece).

Eighteen countries confirmed having DCD programs

in place and registered at least one DCD donor during

2008–2018. Eight countries had both cDCD and uDCD,

4 only cDCD and 6 only uDCD programs (Fig. 2).

Regulatory framework and procedures applied to
donation after circulatory death

General characteristics of DCD programs are shown in

Table 1. Twelve countries have legal provisions related

to the practice of DCD and 16 rely on nonlegally bind-

ing texts that provide recommendations for the devel-

opment of DCD. The six countries where legislation

does not make reference to DCD have national guide-

lines. Of note, the no-touch period, defined as the time

between the cessation of circulation and respiration and

the determination of death, ranges from 5 min in 13

Figure 1 Member states of the Council of Europe participating in the survey (coloured). Countries with donation after circulatory death activity

in green: Austria, Belgium, Czech Republic, France, Ireland, Israel, Italy, Latvia, Lithuania, the Netherlands, Norway, Poland, Portugal, Russia,

Spain, Sweden, Switzerland, and United Kingdom. Countries planning to start a donation after circulatory death program (yellow): Bulgaria,

Croatia, Denmark, Hungary, Moldova, Romania, Slovak Republic, Slovenia, and Turkey. Countries with no present or planned donation after

circulatory death activity (orange): Armenia, Belarus, Cyprus, Estonia, Finland, Georgia, Germany, and Greece. DCD, donation after circulatory

death.

Transplant International 2020; 33: 76–88 79

ª 2019 Steunstichting ESOT

Donation after circulatory death in Europe

Figure 1. DCD program distribution in Europe

Note. From Lomero M et al. European Committee on Organ Transplantation of the Council of E, (2020) Donation after 
circulatory death today: an updated overview of the European landscape. Transpl Int 33: p 79.
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1
In the Netherlands, DCD accounts now for 59% of the post-mortal organ donors [12, 15]. 

Figure 2 shows the number of referred and utilized DBD versus DCD donors and the number of 

transplanted organs. 

Figure 2 Number of referred /utilized and organs transplanted in DBD and DCD donors from 2014 -2019 

 
 

 

Figure 2. Number of referred /utilized and organs transplanted in DBD and DCD donors from 2014-
2019

Over the past years, the number of DCD donors increased by 21%, causing an increase of 

43% in transplantable organs. On the other hand, over the same period, the number of DBD 

donors decreased by 31%, leading to a 22% decrease in organs for transplantation. However, on 

average 97% of the referred DBD donors are utilized compared to only 66% of the DCD donors 

[15].

Organ donation from a historical perspective

In 1968, a commission from the Harvard Medical School published a precise definition of a 

permanently non-functioning brain and suggested that the corresponding condition be termed 

as brain death. This definition described a comatose state with irreversible brain damage, leading 

to certain death without any chance of recovery. These criteria were developed to legitimate 

WLST in such patients. Although post-mortal organ donation had been done before, the Harvard 

criteria enabled a broad international implementation of organ donation in patients that were 

declared brain-dead based on these criteria [16]. 
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For patients in whom imminent death is expected, post-mortal organ donation should be 

considered. Depending on the existing legal regulations, organ donation can occur after the 

proclamation of brain death (donation after brain death (DBD)) or after a circulatory arrest (DCD). 

The practice of organ recovery after circulatory death was already realized in the 1970s, when 

the first kidneys were transplanted. The first heart, transplanted by Christiaan Barnard, also came 

from a DCD donor. However, the practice of DCD was abandoned at that time, due to the poorer 

transplant survival compared to the DBD transplants. The growing need for transplantable 

organs and the high mortality rates of patients on the transplantation waiting lists urged the 

reintroduction of DCD again in the last decades. The Netherlands, Australia, the United States, 

and several other European countries have many years of experience with DCD procedures. 

Recently more countries have implemented DCD programs including Spain, Canada, New 

Zealand and China [13, 17].

Terminology of DCD donors

Between donor identification and actual transplantation of recovered organs, many stages have 

to be successfully passed. At each stage of the organ donation pathway, a specific definition 

is employed for the purpose of correct registration of organ donor rates [18]. Figure 3 displays 

those steps and illustrates the decline in the number of potential organ donors [12]. 

Circulatory arrest after the mandatory timeframe is one of the main reasons for the gap between 

referred and utilized DCD donors. Circumstances, where donors are not utilized, are when, a) 

the organ is evaluated, based on anatomical and surgical criteria, and found unsuitable for 

transplantation, b) there is no suitable organ recipient.

Trajectory of controlled donation after circulatory death in the Netherlands

Approximately 15-20% of all intensive care unit (ICU) admitted patients die in the ICU [19]. 

Palliative or end-of-life care is increasingly becoming a fundamental item in modern ICU practice 

as 85% of deaths occur after withdrawal of life-sustaining treatment (WLST) [20]. The transition 

from curative to palliative or end-of-life care is regulated by law and guidelines in the Netherlands 

[21]. Only a small fraction of patients dying in the ICU is potential organ donors (13%) and in 

only 26% of these potential organ donors, organs are donated for the purpose of transplantation. 

Besides high family refusal rates (56%) to organ donation, a prolonged time to circulatory death 

exceeding the maximum threshold for warm ischemia is one of the main reasons for the loss of 

viable organs[12]. This occurs in approximately 18% of the potential DCD donors.
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Figure 2 Flowchart number of IC deaths to u5lized DBD and DCD donors (2019)
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Figure 3. Flowchart number of ICU deaths to utilized DBD and DCD donors (2019)
1 Number of patients dying in the ICUs in the Netherlands in 2019 
2 A potential donor refers to a patient who is medically suitable for DBD or DCD donation
3 A referred donor is a potential donor who is referred to an organ procurement organization
4 A utilized donor is defi ned as the donor from whom at least one solid organ has been successfully transplanted

Over the past decade, a lot of effort has been done in the Netherlands to improve the healthcare 

pathways of organ donation. In 2008, the Dutch government launched an organ donation 

action plan (Masterplan Organ donation). At different organizational levels, measures were 

implemented in order to expand the donor pool. In addition, the form of legal consent system to 

organ donation is adjusted (July 2020) from an opt-in system (informed consent with an optional 

registration system) to an opt-out consent system (presumed consent is the default with the 

option to register refusal to organ donation, which should be actively done), that may result in 

higher donor rates [22]. 
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Obstacles in the process of DCD

Although there is a large shortage of organs available for transplantation, a substantial number 

of potential DCD will nonetheless not donate their organs. Many crucial puzzle pieces must be 

in place before DCD organ donation can occur (Figure 4).

Figure 3 Dona%on pathway

legal and ethical 
framework

decision-making 
medical team

legal and ethical legal and ethical 
framework

legal and ethical legal and ethical 
framework

poor prognosis opera%ng facili%es,
procurement teams

decision-making decision-making decision-making decision-making 
medical teammedical team

poor prognosispoor prognosis guidelines ng faciling facili%%es,
procurement teams

circulatory 
death

decision-making decision-making 
medical team

guidelines operaopera%%ng faciling facili
procurement teams

guidelinesguidelinesguidelinesguidelines circulatory circulatory circulatory circulatory 
deathdeath

communica%on
with family,

consent

Figure 4. The DCD donation pathway

Many countries do not allow DCD, but only donation after brain death (DBD). As such, fi rst, a 

sound and transparent legal, professional and ethical framework should be in place. Second, 

DCD can only occur in patients with a poor medical prognosis dying in an ICU setting. The 

decision-making process of futility of further treatment followed by WLST should be done based 

on well-known and widely accepted guidelines. Donor treatment has to be optimal after the 

end-of-life decision to guarantee the quality of the organs. Clear communication and adequate 

information provided to bereaved families as well as timing and private setting when requesting 

organ donation, should be optimal as these factors infl uence consent rates [23]. Circulatory 

death should occur within the defi ned warm ischemia timeframe [24-36]. Last, availability of 

procurement teams and an operating theatre is needed to facilitate organ donation.
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1
AIM OF THE THESIS

The main objective of this thesis is to gain insight into factors influencing time to circulatory death 

after WLST in potential DCD donors and develop a prediction model on time to death.

 

A second objective is to explore the decision-making process and end-of-life practices in DCD 

donors. 

Research questions to be answered are: 

1. Which factors influence time to death within 1 hour after WLST in potential DCD donors? 

2. Is it possible to derive an accurate multimodal prognostic model predicting time to death 

within 1 hour after WLST in potential DCD donors? 

3. Is it possible to accurately estimate which potential DCD patients will not die within the 

timeframe of 1 and 2 hours?

4. How do previous developed prognostic models predicting time to death after WLST in 

potential DCD donors and neurocritical care patients, perform in our study population? 

5. What is the nursing care provided after WLST and does this care impact time to circulatory 

arrest? 

6. What is the trajectory from admission at the ICU to decision-making of withdrawal of 

treatment until circulatory death?
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OUTLINE OF THE THESIS

In chapter 2, we describe the clinical characteristics and palliative medication provided in 

potential DCD donors of a single centre high volume teaching hospital. In this study, we identified 

predictors of time to circulatory death and externally validated previous prediction models for 

time to circulatory death on our dataset. Chapter 3 describes the analysis of nationwide data 

of all 143 patients who entered the DCD program in a three-year period, but in whom the organ 

donation procedure was abandoned due to delayed circulatory death. Additionally, we compare 

our cohort with the cohorts of five published studies on prognostic models, predicting time 

to death in DCD donors. Chapter 4 contains the DCD III study protocol. It provides detailed 

information about the multicenter prospective study design and the main objectives. Chapter 

5 provides the results of the multicenter prospective cohort study on potential DCD donors 

(DCD III study) and describes the most optimal methods for prediction for time to circulatory 

death within different timeframes. In chapter 6, we assess the trajectory from admission to 

end-of-life decision-making within the DCD III study. We evaluate the clinical characteristics and 

medication use, timing and time to decision-making and explore the relation between timing 

of family approach and obtained consent for organ donation. Chapter 7 includes the general 

discussion and conclusions of this thesis. Here I present our main findings and place them in 

a broader perspective. Chapter 8 contains the English summary and Chapter 9 contains the 

Dutch summary of the main results and recommendation of this thesis. 
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ABSTRACT

Predicting time to death in controlled donation after circulatory death (cDCD) donors following 

withdrawal of life-sustaining treatment (WLST) is important, but poses a major challenge. The 

aim of this study is to determine factors predicting time to circulatory death within 60 minutes 

after WSLT and validate previously developed prediction models. In a single-center retrospective 

study, we used the data of 92 potential cDCD donors. Multivariable regression analysis 

demonstrated that absent cough-, corneal reflex, lower morphine dosage, and midazolam use 

were significantly associated with death within 60 minutes (area under the curve (AUC) 0.89; 

95% confidence interval (CI) 0.87-0.91). External validation of the logistic regression models of 

de Groot et al (AUC 0.86; 95% CI 0.77-0.95), Wind et al (AUC 0.62; 95% CI 0.49-0.76), Davila et al 

(AUC 0.80; 95% CI 0.708-0.901) and the Cox regression model by Suntharalingam et al (Harrell’s 

c-index 0.63), exhibited good discrimination and could fairly identify which patients died within 

60 minutes. Previous prediction models did not incorporate the process of WLST. We believe that 

future studies should also include the process of WLST as an important predictor.
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INTRODUCTION 

Controlled donation after circulatory death (cDCD) refers to organ donation from patients with a 

planned withdrawal of life-sustaining treatment (WLST) and subsequent circulatory death. cDCD 

is increasingly becoming a major source to ease the shortage of donor organs such as kidney, 

lungs, pancreas, liver, and even the heart [1-3]. In the Netherlands, already more than half of all 

post-mortal donors are from cDCD.

A potential cDCD donor poses considerable challenges in terms of a) identification of those 

dying within a predefined timeframe after WLST, b) dealing with family expectations when the 

donor does not die within the timeframe for donation, and c) efficient utilization of the organ 

procurement teams [4].

For organ procurement to occur in a cDCD setting, a maximum time is set in which circulatory 

death must occur following WLST. In the Netherlands, this timeframe varies according to the 

donated organ between 20-120 minutes, as each organ has different warm ischemia time 

thresholds. In Australia, the UK, and in the US the maximum timeframe is set at 90 minutes, 3 

hours and at 2 hours respectively [1, 5, 6]. Recently several studies from the UK demonstrated 

successful kidney retrieval at 4 hours after WLST increasing the number of DCD kidneys 

procured with a satisfactory transplant outcome by 30% [7]. Although the cDCD program is well 

established in the Netherlands, 15-19% of potential cDCD donors will not die within 2 hours after 

WLST [8, 9].

Previous studies tried to identify patient characteristics of rapid death after WLST and developed 

predictive models [10-17]. However, in many of these studies, the included patients were not 

eligible to become organ donors, e.g. some patients were too old to donate or had a severe 

infection or cancer [10, 12, 13, 18-20]. In addition, WLST practices, such as extubation or dosage 

of sedation and analgesia, can variate highly between countries or even between physicians 

within the same country. Such practices could have an impact on the time to death. However, 

none of the previous studies extensively analyzed the practice of WLST [21, 22]. 

The primary aim of this study is to determine factors predicting time to circulatory death within 

60 minutes after WSLT. A secondary aim is to externally validate the previously published models 

using our data set as validation sample. External validation is a necessary step in the future 

development of a more solid and updated predictive model.
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METHODS

Study population 

Ethics committee approval was obtained. We screened the medical records of all potential 

cDCD donors according to the criteria used by the Dutch Transplant Foundation from January 

2012 until March 2015. All patients were admitted to the mixed medical/(neuro)surgical and 

trauma 34 bed Intensive Care Unit (ICU) of the St. Elisabeth Hospital. Patients younger than 16 

years of age, not mechanically ventilated, and patients with contraindications for organ donation 

such as sepsis, malignancy or active viral infections, were excluded from analysis [23].

Study design and data source

We performed a single-center retrospective observational cohort study of potential cDCD 

patients. All variables were retrieved from the electronic Patient Data Management System 

(Metavision, iMDsoft). We collected the demographic characteristics, previous medical history 

and last known left ventricular function. 

Neurological diagnoses were classified according to the International Statistical Classification of 

Diseases and Related Health Problems by the World Health Organization (WHO), tenth revision 

(ICD-10). In addition, neurological complications were noted.

We assessed hemodynamic parameters just before WLST. Pulmonary evaluation included 

settings of the mechanical ventilator and arterial blood gas analysis. These variables were 

integrated in the oxygenation index (OI) calculated as followed: 100x (fraction of inspired oxygen 

(FiO2) x mean airway pressure in cmH2O)/ partial pressure of oxygen in arterial blood (PaO2 in 

mmHg). Mean airway pressure is half the combination of peak inspiratory pressure (pPeak) and 

positive end-expiratory pressure (PEEP) in cmH2O. An OI >4.2 was defined as elevated [24].

Type and dosage of vasopressors, inotropes, sedatives and opioids were evaluated from 

ICU admission until the moment of circulatory death. Presence and withdrawal of an external 

ventricular (EVD) or external lumbar drain (ELD) were noted. WSLT was defined as the cessation 

of intensive care support including discontinuation of mechanical ventilation, inotropes and other 

medication except sedatives and opioids continued or added as comfort medication. 

We report our results according to the TRIPOD and STROBE statements [25, 26].

Study selection for external validation

We conducted a systematic review of the literature according to the PRISMA guidelines [27]. 

This resulted in 607 unique articles. Four studies met our selection criteria, comprising a DCD 

population, predictive models and high methodological quality. Table 1 and Table S1 summarizes 

the study population, risk factors and derived predictive model formula for these four studies. 
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In order to validate the previously published prediction models, we contacted if necessary the 

authors of these papers to obtain additional information. 

Statistical analysis

Univariate and multivariate logistic regression analysis with forward selection was performed, 

enrolling the most significant variables based on p value <0.10. Our database only had 1.9% 

missing data. All analyses were repeated after applying multiple imputation in order to deal with 

missing data [28].  

We then externally validated the previously published models [11, 16, 17, 24]. The model 

performances were assessed in terms of discrimination and calibration. 

Discrimination refers to the ability of a model to distinguish between patients who have the 

outcome or not, e.g. death within 60 minutes. Discrimination can be quantified by calculating 

the AUC, using the predicted probabilities of the validation sample. The predicted probability of 

death within 60 minutes was calculated for each patient in the validation sample by applying the 

equation: exp(Linear Predictor)/ (1 +exp(Linear Predictor)) per model using logistic regression 

[29]. 

Calibration refers to the proximity of predicted and observed outcomes, with better models 

having smaller distances [30, 31]. For the logistic regression models, we investigated calibration 

graphically by plotting the observed outcome frequencies against the predicted outcome 

probabilities for patients grouped by deciles of predicted probabilities. In contrast to the other 

three models, Suntharalingam used Cox regression analysis. For the Cox regression model of 

Suntharalingam we plotted the predicted survival and obtained a Kaplan Meier for the observed 

survival in the validation dataset. 
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Many different factors can influence the generalizability of prediction models in a new patient 

population. To achieve an estimation of death predicted by the logistic regression models on 

our validation sample, we recalibrated the linear predictors of the models. We used the offset 

procedure to update the intercept of the linear predictors of the four models and adjusted the 

regression coefficients for over-optimism (shrinkage) [32].

Statistical analyses were performed using IBM SPSS, version 21 and the R software environment 

(version Microsoft R Open 3.3.1).

RESULTS

Patient demographics and characteristics

During a 26-month period, 131 potential post mortal organ donors were identified out of 762 

deaths at the ICU. Ninety-two patients met the cDCD criteria. Time to death after WLST ranged 

from 5 to 1253 minutes with a median of 39 minutes. There was no statistical difference in age, 

physiological scores or diagnosis between patients dying within or after 60 minutes (Table S2).  

The strongest univariate predictors of death within 60 minutes included absence of several 

brainstem reflexes, controlled mode of ventilation, high-inspired O2 fraction, and high pulmonary 

peak levels during mechanical ventilation (Table S3).

Midazolam and morphine were the most frequent administrated comfort medication after 

WLST. Significantly, fewer patients dying within 60 minutes used midazolam (69% vs. 87%) and 

morphine (76% vs 90%) after WLST. Vasopressors were used in 38.7% of patients dying within 60 

minutes, compared to 13.2% in patients dying after 60 minutes (p=0.03) (Table S4).

WLST practice

None of the patients had any type of circulatory mechanical support, e.g. extracorporeal 

membrane oxygenation or a left ventricular assist device.

All patients were extubated at WLST with simultaneous withdrawal of all supportive measurements.

Multivariate predictors of mortality 

Multivariate logistic regression analysis with forward selection was performed after employing 

multiple imputation on the 1.9% of missing data.

The final step for circulatory death within 60 minutes is demonstrated on Table 2. The AUC for 

death within 60 minutes on imputed data showed good discrimination (AUC 0.89; 95% CI 0.87-

0.91).
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Table 2. Multivariate Logistic Regression analysis for time to death after WLST

Circulatory death within 60 minutes1

Odds ratio 95% CI P

Lower Upper

Absent cough reflex 8.04 5.51 11.7 <0.001

Absent corneal reflex 3.76 2.65 5.32 <0.001

Dosage Morphine at WLST 0.88 0.82 0.95 0.002

Midazolam use after WLST 0.15 0.097 0.23 <0.001

Oxygenation index2 1.18 1.17 2.80 0.008

1  Analysis method: Multivariate regression analysis with forward selection after employing imputation of on the 1.9% missing 
data. The constant is -0.09.

2  Oxygenation Index is a continuous variable and is calculated as mean airway pressure x FiO2 x 100/paO2  kPa; mean 

airway pressure= peak inspiratory pressure + positive end-expiratory pressure/2.

Validation of prediction models

Based on the statistical information personally provided by the researchers, we were able to 

externally validate the prediction models of de Groot, Davila, Wind and Suntharalingam using 

our dataset as validation sample. The probability of death within 60 minutes for each patient in 

the validation sample was calculated by applying the linear predictor derived or published by 

the authors. Subsequently, we determined the AUC’s for each logistic regression model and 

compared them to the published AUC’s of these models. The models of de Groot, Davila and 

Wind showed a fair discrimination in our validation sample as reflected by the AUC’s (Table 3).
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Table 3. Area under the receiver operating characteristic curve (AUC) of predicted probabilities for death 
within 60 minutes 

Published by the author Validation sample

AUC 95% CI AUC 95% CI

Lower Upper Lower Upper

de Groot et al1 0.77 0.69 0.90 0.86 0.77 0.95

Davila et al2 0.83 0.76 0.90 0.80 0.70 0.90

Wind et al3-4 0.73 0.65 0.81 0.62 0.49 0.76

Analysis method: the AUC is based on the predicted probabilities of death within 60 minutes for each patient in the validation 
sample calculated by the linear predictor per model as provided by the authors.
1  Linear predictor= - 2.52 + 1.54*absent corneal reflex (yes=1, no =0) + 1.08*absent cough reflex (yes =1, no= 0) + 

1.18* extensor or absent motor response (yes =1, no =0) +0.13* oxygenation index * 0.13.
2  Linear predictor= e2.4+1.6* (0=no inotropes;1=yes inotropes)–1.27*(0=≤40years;1=>41years)–1.92*(0=no gag/
cough;1= gag/cough present).

3  Linear predictor=0.72+ 0.919*controlled mode ventilation (yes= 1, no= 0)+ 0.678*noradrenaline (yes= 1, no= 0)- 
0.765*cardiovascular comorbidity (yes= 1, no= 0)- 0.194*brainstem reflexes 4*+ 0.262*neurologic deficit(anoxic damage 
after CPR=1, other diagnosis=0).

4  Brainstem reflexes included pupil, cough and swallowing reflex and was categorized as 0,1,2,3 absent reflexes.

Suntharalingam used Cox regression analysis. The baseline cumulative hazard for survival H0(t)  

at 60 minutes was 0.44, comparable to the validation sample (0.41). 

Calibration of the models showed that the models consistently over or underpredicted the 

probability of death, as shown in Figure S1. 

Recalibration of the models improved calibration (data not shown). 

Organ procurement results

Twenty-nine (32%) patients consented organ donation. However, only eighteen patients died 

within 60 minutes. A total of 65 organs were retrieved, mainly kidneys. Forty-nine organs were 

successfully allocated, with a mean of 2.72 and median of 3.0 organs per patient (range 6-0).

The calculated median predicted probability of death  within 60 minutes for the different models 

in the 18 patients of the validation sample, who actually donated their organs were 85% (range 

66-100%) for the de Groot model, 66% (range 52-80%) for the Wind model, 75% (range 31-98%) 

for the Davila model, and  56% (38-99%) Suntharlingam model.
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DISCUSSION

Our study confirms that loss of brainstem reflexes, high ventilatory requirements reflected by the 

oxygenation index, and use of vasopressors and sedatives are all associated with death within 

60 minutes after WLST. Our data suggest that models predicting time of death in such patients 

should include a combination of the aforementioned variables. Although we found that higher 

doses of opioids and sedatives were associated with death in more than 60 minutes, none of the 

previous models included opioid and sedative administration after WLST. Previous studies on 

WLST practices showed either no influence or delayed moment of death with use of sedatives 

and analgesics [17, 33, 34]. The latter indicates that patients in need of higher opioids dosages 

probably have better preserved neurological functions, necessitating more opioids to maintain 

adequate end-of-life comfort care. 

Donation after circulatory death has its own specific issues. The negative effect of warm 

ischemia on transplantable organs leaves a small time-window for organs to be accepted for 

transplantation. In our study 33% of the potential donors did not convert to actual donors as a 

consequence of dying after the predefined timeframe. Such a loss of transplantable organs has 

direct effect on the life of patients waiting for an organ. It can affect the family of the potential 

donor, as organ donation can have a beneficial effect on the bereavement process [35, 36]. 

In addition, it has a high financial burden as procurement teams and receiving patients are 

mobilized before WLST of the potential donor starts.

The majority of previous studies included patients who were not always potential organ donors, 

making such models less generalizable to the pool of potential cDCD donors [12, 18-20]. 

Almost all previous studies aimed at developing new prediction models, omitting the validation 

of existing models.

We externally validated four models. Discrimination was good in the majority of the models, 

meaning that they were reasonably able to predict which patients would die within 60 minutes. 

All models demonstrated modest calibration with overoptimistic predicted probabilities of death 

within 60 minutes. This means that models overestimate the probability of death in those patients 

with the lowest risk to die within 60 minutes. Differences could be due to heterogeneity between 

groups, e.g. patients from our validation sample were more severely neurologically injured 

compared to de Groot, older (41% of the Davila patients arresting within 60 minutes were under 

40 years of age versus 13% of patients in our validation sample) and differed in the number of 

post anoxic patients (Wind 28% versus 6.5% in our sample). Heterogeneity compared to the 

original models is inherent to any validation sample. If models perform well in validation samples 

like those that we used in this study, it means that such models could be applicable in daily 

clinical practice [37]. 
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Compared to previous studies, we included patients that met criteria for cDCD and analyzed the 

process of WLST. As such, our population and data is an excellent reflection of everyday clinical 

practice, in which predictive models should ultimately be used. To our knowledge, this is the only 

study that used factors within the process of WLST for predicting time of death in cDCD donors.

Our study had some limitations. It is a single-center retrospective study with a relative small 

sample size. Nonetheless, due to the single-center setup, we had a high level of standardization, 

resulting in a homogenous dataset. Due to an electronic Patient Data Management System, most 

data were retrievable and recorded in a standardized manner, resulting in less missing data. In 

addition, we were able to obtain the original data from the authors of the models we validated. 

As with all single center or well-controlled studies, generalizability is indeed an important issue 

to consider. This issue mainly concerns the predictive values we have found for the different 

prediction models. With a different composition of patients in other centers, the prediction values 

could differ slightly.  However, the predicting factors we describe and recommend to use (e.g. 

brainstem reflexes), are standard parameters that are directly applicable in every intensive care 

unit. 

Conclusion

All models demonstrated good discrimination, but modest calibration with overoptimistic 

predicted probabilities of death within 60 minutes. However, the previously derived predictive 

models, as well as our validation sample, point towards a few important predictive factors 

for death within 60 minutes. In addition, this study shows that absence of brainstem reflexes, 

persistent ventilatory failure and aspects of WLST practices should be incorporated as the basis 

for future multicenter validation studies.
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SUPPLEMENTAL DIGITAL CONTENT

Supplementary Table S1. Baseline characteristics of all patients included in the validation sample and the 
samples of de Groot, Wind, Davila and Suntharalingam

Validation 
sample

de Groot Wind Davila Suntharalingam

Total number of patients included 92 82 211 417 191

Number of patients dying ≤ 60 minutes n(%) 54(59) 50(61) 161(76) 300(72) 108(56)

Age (years) (SD) 57(±12.8) 56(40-67) 52(±13) 47(±15) 44(16-65)

Age ≤40 n(%) 11(12) 148(35)

Age >40 n(%) 81(88) 269(65

Male (%) 66.7 61 61 60.7

BMI (SD) 25(±4) 25(±6) 26.3(±5.3)

Time to death (minutes) 5-1253 1-8292 5-4779

Absent corneal reflex (%) 53 68

Absent cough reflex (%) 49 38 40

Absent pupillary reflex (%) 67 71

Absent swallow reflex (%) 61

Motor response (absent or extensor) (%) 90 70(85)

Controlled mode of ventilation (%) 51 66 60

FiO2 (%) (±SD) 40(±16) 47(±18) 49(±22)

PEEP(cmH20) (±SD) 5(±2) 7(±3) 5.5(±1.6)

paO2 (kPa) (±SD) 12.3(±7) 15(±18) 18(±14)

Oxygenation index (±SD) 6.5(±11.3) 3.5(1-36)

Mean arterial pressure (mmHg) (±SD) 87.5(±20)

Heart rate per minute (±SD) 86(±29)

Cerebral diagnosis (%) 90.7 100 68 63 69.7

TBI (%) 29 29 21 28.3

SAH (%) 26 38

CVA (%) 8.7 14

ICH (%) 27 33 33 41.4

Postanoxic (%) 5.4 0 28 13.3 15.7

Cardiac (%) 0 11.1

Other (%) 3.9 4 3.6 14.7

Polytrauma (%) 6.3

Norepinephrine (%) 25 41 38

Extubation after WLST (%) 100 81 79

SD, Standard Deviation; N, number; FiO2, fraction of inspired oxygen; PEEP, positive end-expiratory pressure; paO2, partial 
pressure of oxygen in arterial blood; TBI, traumatic brain injury; SAH, subarachnoid hemorrhage; CVA, cerebrovascular 
accident; ICH, intracranial hemorrhage.
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Supplementary Table S2. Baseline patient characteristics dying within or after 60 minutes after WLST

Variable (median (range)) ≤ 60 minutes (n=54) >60 minutes (n=38) P1

Age (years) 57(17-74) 61(22-75) 0.607

Male n(%) 36(66.7) 16(30) 0.064

BMI 24.7(17.7-34) 25.4(19.6-37.3) 0.538

Pulmonary comorbidity 4(4.7) 7(18.4) 0.190

Cardiac comorbidity 5(9.3) 6(15.8) 0.352

APACHE IV 83(10-135) 89.5(23-127) 0.984

SAPS II 60(10-96) 56.5(13-90) 0.295

ISS 29(16-75) 25(25-34) 0.22

TBI n(%) 20(37) 9(23.7) 0.175

ICH n(%) 8(14.8) 10(26.3) 0.171

SAH n(%) 15(27.8) 15(39.5) 0.239

CVA n(%) 4(7.4) 1(2.6) 0.320

Anoxic damage after CPR 4(7.4) 2(5.3) 0.682

WSLT, withdrawal of life-sustaining treatment; N, number; APACHE IV, Acute Physiology and Chronic Health Evaluation 
IV ; SAPS II, Simplified Acute Physiology Score II; ISS, Injury Severity Score; TBI, traumatic brain injury; ICH, intracranial 
hemorrhage; SAH, subarachnoid hemorrhage; CVA, cerebrovascular accident; CPR, cardiopulmonary resuscitation.

1 Analysis method: independent samples t-test for continuous variables and chi-squared test for categorical variables, 
2-sided p value.
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Supplementary Table S3. Univariate analysis of neurological examination, ventilatory settings and 
hemodynamic parameters of patients dying within 60 minutes after WLST

Variable
median, (range)

≤60 minutes
n=54 (59%)

Odds ratio 95% CI P1

Lower Upper

Absent corneal reflex n(%) 40(74) 8.485 3.03 23.69 <0.001

Absent cough reflex n(%) 34(63) 15.4 4.63 51.2 0.001

Absent pupillary reflex bilateral n(%) 42(77.8) 3.43 1.37 8.62 0.009

Absent swallow reflex n(%) 40(71.4) 4.44 1.63 12.1 0.004

Absent oculocephalic reflex n(%) 2(3.7) 9.00 0.907 89.2 0.061

Brainstem absent >2 n(%) 38(70.4) 10.55 3.52 31.5 <0.001

Motor response (absent or extensor) n(%) 47(87) 2.39 0.82 7.01 0.110

GCS of 3 n(%) 45(83.3) 2.08 0.97 6.93 0.056

Controlled mode of ventilation n(%) 34(63) 3.26 1.37 7.79 0.008

Mechanical ventilation time (hours) 33.5(1-804) 0.99 0.992 0.999 0.025

FiO2 0.45(0.21-1.00) 30.7 1.33 711 0.033

PEEP (cmH2O) 5(4-14) 1.16 0.93 1.46 0.183

Peak inspiratory pressure 20(10-71) 1.12 1.024 1.241 0.015

paO2 (kPa) 12.3(5.5-44.8) 1.05 0.984 1.13 0.134

Oxygenation index2 4.8(1-103) 1.09 0.977 1.227 0.117

Mean arterial pressure 88(21-155) 0.99 0.969 1.01 0.320

Heart rate per minute 86(156-45) 0.99 0.982 1.010 0.548

Age <40 years (%) 7(13) 1.2 0.34 4.67 0.723

WSLT, withdrawal of life-sustaining treatment; GCS, Glasgow Coma Scale; n, number; FiO2, fraction of inspired oxygen ; 
PEEP, positive end-expiratory pressure; paO2, partial pressure of oxygen in arterial blood.
1Analysis method: Univariate regression analysis.
2Oxygenation Index is a continuous variable and is calculated as mean airway pressure x FiO2 x 100/paO2  kPa; mean 
airway pressure= peak inspiratory pressure + positive end-expiratory pressure/2.
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Supplementary Table S4. Univariate analysis of sedation, analgesia and inotropes of patient dying  ≤60 or 
>60 minutes after WLST

Variable ≤60 mins
n=54, (59%)

>60 mins 
n=38, 
(41%)

Odds 
ratio

95% CI p

Lower Upper

Midazolam use after WLST n (%) 37(69%) 33 (87%) 0.17 0.053 0.55 0.003

Midazolam doses after WLST mean(sd) (mg/h) 6.50(5.01) 6.94(4.24) 0.211

Propofol use after WLST n (%) 4 (3.7) 2(6.6)

Propofol doses after WLST mean (sd) (mg/kg/h) 1.64(1.33) 1.73(0.40) 0.907

Morphine after WLST n (%) 41(76%) 34(92%) 0.24 0.06 0.92 0.038

Morphine doses after WLST doses (mean) (mg/h) 2.25(2.24) 4.27(3.08) 0.002

Norepinephrine use just before WLST no (%) 24(38.7) 5(13.2) 3.30 1.10 9.89 0.033

Norepinephrine doses just before WLST ug/kg/
min (sd)

0.239 (0.244) 0.225 (0.225 0.904

WSLT, withdrawal of life-sustaining treatment.

1Analysis method: Univariate regression analysis.
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Supplementary Figure S1. Calibration plots and survival curve analysis for external validation of prediction 
models demonstrating predicted and observed probabilities for death within 60 minutes

a de Groot et al.

Dxy        0.713
C (ROC)   0.856
R2        0.462
D         0.403
Brier     0.150
Intercept                -0.206
Slope      1.227

a de Groot et al.

Plots for the prediction models of de 
Groot et al. (a), Davila et al. (b), and 
Wind et al. (c). Because the model 
of Suntharalingam et al used Cox 
regression, no calibration plot could be 
calculated. Therefore, we performed a 
survival curve analysis (d).  
For the models a, b and c predicted 
probabilities are on the x-axis with 
vertical spikes showing the distribution 
of predicted probabilities. The 
observed outcomes are on the y-axis. 
The triangles indicate the observed 
frequencies by deciles of predicted 
probability. The calibration slope is the 
slope of the linear predictor and should 
ideally be 1, when predicted probabilities 
agree fully with observed frequencies. 
The intercept indicates the extent that 
predictions are systematically too low or 
too high. 

b Davila et al.

Dxy               0.609
C (ROC)          0.805
R2               0.362
D               0.300
Brier           0.173
Intercept        0.029
Slope            1.021

b Davila et al.
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c Wind et al.

Dxy               0.253
C (ROC)        0.626
R2                 0.017
D                  -0.001
Brier            0.228
Intercept   -0.173
Slope           0.788

c Wind et al.

d Suntharalingam et al.
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For the model of Suntharalingam et 
al. (d) the dotted line is the survival 
probability as predicted in the validation 
sample. The survival probability  H(t) is 
calculated by the formula H(t)=H0(t) x 
exp (PI). H0(t)  is the baseline cumulative 
hazard for survival, representing the 
hazard for a person with the value 
zero for all the predictor variables. 
The baseline cumulative hazard for 
survival H0(t)  at 60 minutes is 0.44. PI 
refers to the prognostic index and it is 
calculated by the equation : age 30-40* 
LN(0.70))+ (age 41-50*LN(0.46)) + 
(age >50*LN(0.37))+(pressure support 
ventilation*LN(1.67)) + (Fio2*LN(1.012). 
The PI equation and H0(t)  are derived 
from the results as described by 
Suntharalingam et al. The jagged line 
is a Kaplan Meier of observed survival 
probability in the validation sample.
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ABSTRACT

A substantial proportion of potential organ donors do not arrest in time in controlled donation 

after circulatory death (cDCD). Patients with a short time to death are well described in previous 

studies in attempts to develop models to predict the time between treatment withdrawal and 

circulatory death. However, studies that primarily aimed to describe the group of cDCD donors 

that did not arrest within the predefined timeframe, are lacking. 

In our study, we analyzed nationwide obtained data of all patients who entered the cDCD 

program, but in whom organs were no recovered due to circulatory death after the mandatory 

timeframe for organ viability. This resulted in the largest described cohort of such patients to 

date. In addition, we have attempted to compare our cohort with the cohorts of five previous 

published studies on prognostic models predicting time to death in potential cDCD donors. 

Several of the corresponding authors of those previous studies were kind to provide us their 

data for this study.

Based on this study, we expect that age and brainstem reflexes should be incorporated in future 

multimodal prediction models on time to death. There is an important knowledge gap in the effect 

of withdrawal of life-sustaining treatment (WLST) practices on time of death in cDCD donors.
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INTRODUCTION

The most important aspect of cDCD donation is the occurrence of a circulatory arrest within 

a predefined period of time in order to maintain quality of organs. Therefore, a maximum time 

(known as warm ischemia time) is set in which circulatory death must occur following WLST. 

In the Netherlands, the maximum timeframe is set at 120 minutes after WLST, however there 

are different thresholds ranging from 90 to 180 minutes across countries, which can also differ 

depending on the specific organs [1-3]. 

In the Netherlands, 15-19% of potential cDCD donors are lost, as they do not die within the 

timeframe of 120 minutes after WLST [4, 5]. This has a major impact not only on hospital 

resources and on transplant teams, but also on the medical team and bereaved family involved 

and are expecting the donation.

Previous studies on prediction models for time to circulatory death focused on patients dying 

within the predefined timeframe of warm ischemia, mostly set at 60 minutes [6-9].

The main objective of this study is to determine the characteristics of cDCD donors who do not 

progress into circulatory death within the necessary timeframe of warm ischemia. A second 

objective is to compare our dataset with that portion of the dataset derived or provided from 

previous studies, on prediction models for time to death, who had a circulatory arrest after 120 

minutes. 

METHODS

Study design and study population

We conducted a nationwide retrospective observational cohort study on all consecutive eligible 

cDCD donors entering the donor procurement protocol from 2012 to 2015 but who did not have 

a circulatory death within 120 minutes after WLST. 

Clinical assessment and data collection

Patient data were obtained from the database of The Dutch Transplant Foundation. In addition, 

medical records of all patients entering the DCD program from January 2012 until December 

2014 were screened on demographic characteristics, medical history, reason of admission, 

reason of death, neurologic characteristics, use of inotropes, mode of ventilation and number of 

cardiopulmonary resuscitation (CPR). For the year 2015, data were collected exclusively from the 
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database of The Dutch Transplant Foundation without reviewing medical records and therefore 

this dataset did not include the Glasgow Coma Score (GCS), brainstem reflexes, and mode of 

ventilation. 

Diagnosis on admission was divided into eight categories: traumatic brain injury (TBI), intracranial 

hemorrhage (ICH), subarachnoid hemorrhage (SAH), ischemic stroke, anoxic damage after 

CPR, cerebral neoplasm and intoxication. Brainstem reflexes were categorized as absent or 

present. 

In addition, we conducted a systematic review of the literature according to the PRISMA 

guidelines and identified five previously published studies on prognostic models predicting time 

to death in DCD donors [10]. We contacted the corresponding authors of these studies in case 

we needed additional information or data from their cohorts. Based on the information provided 

or published by the authors of these studies, we were able to compare our cohort with the 

cohorts of these studies [11-15].

Terminology of DCD donors

For the purpose of a correct interpretation of post mortal organ donor rates, we used the following 

definitions [16]. A potential donor is defined as a patient in whom the decision was taken to 

withdraw the circulatory and respiratory and that fulfilled the DCD criteria. A potential donor 

becomes an eligible donor when he/she is medically suitable for donation and death is declared 

according to circulatory criteria within the set timeframe. A referred donor is a potential 
donor who is referred to an organ donation organization. A utilized donor is defined as 

the actual donor from whom at least one solid organ has been successfully transplanted.

Circumstances where donors are not utilized are when a) the organ is evaluated, based on 

anatomical and surgical criteria, unsuitable for transplantation after recovery, b) there is no 

suitable organ recipient.

Table 1 displays the eligible, utilized, not converted or utilized and DCD donors with a presumed  

circulatory death after 120 minutes and who therefore never entered a donation procedure from 

2012 to 2015.

Statistical analysis

Continuous variables were explored using descriptive statistics. Categorical variables were 

reported as frequencies with percentage. Chi square tests and regression analyses were 

performed to explore differences between cohorts of the studies included. Statistical analyses 

were performed using IBM SPSS, version 21.
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Table 1. Number of DCD donors by category  

Eligible DCD 
donors1

Utilized DCD donors2 Eligible but circulatory 
death after the 
mandatory timeframe of 
120 minutes (% eligible)

Medical suitable but 
circulatory death 
expected on beforehand 
after 120 minutes3 

2012 180 124 30 (16.6%) 153

2013 224 150 40 (17.8%) 178

2014 182 121 36 (19.7%) 144

2015 218 139 37 (16.9%) 171

Total 804 534 143 546

1 Consented organ donors and medical suitable for organ recovery
2 Donors were at least one organ has been transplanted
3  Medical suitable donors but anticipated circulatory death after the mandatory timeframe and therefore not considered as 
potential DCD donor 

RESULTS

From 2012 to 2015, 143 consecutive eligible donors entering a DCD procedure nationally and 

did not convert into actual donors due to prolonged time to circulatory death. This corresponds 

to 17.7% of all initiated procedures.

The majority of eligible but not converted DCD patients included in the present study, were 

admitted at a general ICU (83%)  followed by the Coronary Care Unit with mechanical ventilation 

facilities or the cardio surgical ICU (13.2%).

On admission, 88% (n=127) patients suffered from a neurologic injury with post-anoxia after 

cardiac arrest as the most frequent diagnosis (34%). Table 2 shows the baseline characteristics 

of the non-effectuated donors in the present cohort and the cohorts of the studies included. 

The majority of patients were male, with a median age of 57 years. The brainstem reflexes were 

mostly present. Most patients had a GCS of three (49%), however 33% of patients had a GCS 

of nine. 

There is a large variability in the time to circulatory death (maximum time in days, ranging 

from 1.8 to 5 days) between cohorts. Baseline characteristics of our cohort were comparable 

to the cohort of Wind et al [15]. Patients included in the cohort of Suntharalingam et al were 

significantly younger compared to the present cohort (OR 0.94, 95% CI [0.92-0.97], p<0.001) 

[11]. Neurologic injury was the most frequent diagnosis of admission in all cohorts. 
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Table 2. Baseline characteristics of DCD donors with  circulatory death  beyond the mandatory timeframe 
after withdrawal of life-sustaining therapy

Variable Present cohorta Suntharalingam 
et al. a

Wind  
et al.a

Xu  
et al. a

Brieva  
et al.a

Davila  
et al.a

Total number of 
patients included

804 191 211 219 159 417

Patients with 
a circulatory 
death beyond the 
mandatory timefram

143 (18%)2

83 (43%)1

69 (36%)2 36 (17%)2

53 (24.2%)1

20 (9%)2

78 (49%)1 117 (28%)1

Time to death 
median (range)

9.5 h (2h-5 days) 8 h (2h-3.3 days) 2h-3.8 days 2h-1.8 days

Age (years) 
Median (Min-Max)
Mean(SD)

57 (26-74)
55.6 (11.4)

50 (16-62)
48 (10.8)

57 (29-75)
55.4 (9.9)

55 (17-65)
51 (13)

Male No.(%) 84 (59%) 45 (65%) 27 (75%) 56 (52%) 76 (64.7%)

GCS 
Median (Min-Max)
Mean (SD)

4 (3-9)
5.2 (2.7)

3 (3-6)
3.6 (0.6)

5 (3-15)

Motor response 
absent or extensor

60 (49%) 25(69%)3

Corneal reflex 
present

4 (20%)4

Cough reflex 
present

9 (45%)4 57 (90.8%)5

Cause of death

Medical6 60 (50.8%)

Surgical6 19 (46.3%)

PAE 49 (34%) 14 (20%) 17 (47%) 12 (10.3 %)

Cerebral7 78 (54%) 42 (61%) 18 (50%) 20 (100%)8 83 (70.9%)

Cerebral bleeding9 44 (29%) 27 (39%) 12 (33%)

TBI 24 (17 %) 15 (22%) 3 (8%)

ICH 33 (23%) 8 (22%)

SAH 11 (6%) 4 (11%)

CVA 10 (7%) 3 (8%)

Cardiac 15 (12.8%)

Other 16 (12%)10 13 (19%)11 1 (3%)12 7 (6.3%)13

DCD controlled donation after cardiac death, CVA cerebrovascular accident, GCS Glasgow Coma Scale, ICH intracranial 
hemorrhage, Max maximum, Min minimum, PAE post anoxic encephalopathy, SAH subarachnoid hemorrhage, SD standard 
deviation, TBI traumatic brain injury.  
a Includes DCD donors
b includes neurocritical patients
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1 Includes patients with a circulatory death after 60 minutes
2 Includes patients with a circulatory death after 120 minutes
3 Refers to patients with absent motor response
4 Estimated from the DCD-N score (absent cough reflex equals two points and absent corneal reflex/motor response absent 
or extensor/oxygenation index >3 each one point) published by the authors
5 The presence of a gag or cough reflex was added later and includes therefore a part of the population (2008-2009). Within 
accepted offers, 63 patients do not arrest within 60 minutes in a total of 178 patients
6 The diagnosis on admission in not further specified
7 Includes patients with a neurological condition or disorder
8 Included only patients with traumatic brain injury and spontaneous cerebral hemorrhage
9 Includes: intracranial hemorrhage (ICH) and subarachnoid hemorrhage (SAH)
10 Includes: drug intoxication and pulmonary disorders
11 Includes: cerebral infarction, cerebral edema, intracranial tumor or abscess, hydrocephalus, neurosurgical complication 
and liver failure
12 Includes a patient after resection of pituitary adenoma
13 Includes polytrauma, sepsis and other

DISCUSSION

Although the number of patients entering the DCD protocol is increasing, one out of four eligible 

organ donors will not establish a circulatory arrest within the predefined timeframe of warm 

ischemia. Age and the presence of brainstem reflexes could be parameters pointing towards 

circulatory death after 120 minutes. Variability in the proportion of patients with circulatory 

death after 120 minutes, suggests differences in end-of-life care provided and/or differences in 

selection of eligible DCD donors. 

There are differences in the number of patients having a prolonged time to death across 

the cohorts. In the cohort of Xu et al, originating from China, only 9% died after 120 minutes 

whereas in the cohort of Suntharalingam et al from the UK,  in 36% was this the case [11, 12]. 

If the threshold of circulatory death is set at 60 minutes, the differences within countries are 

even more evident, in particular the cohort of Brieva et al, were 49% do not die within the 60 

minutes timeframe [14]. These differences may be the result of different selection criteria for 

organ donors in some countries. Selection may be based on age criteria, diagnosis (e.g. only 

neurocritical), or maybe exclusion, based on the evaluation by the medical team, that death will 

take place after the specified period of warm ischemia. Our cohort also included patients with 

non-neurologic conditions. Another important explanation could be difference in end-of-life care 

between countries. Palliative sedation and analgesia can affect time to death, but data upon 

usage and doses were unavailable [17].

As to clinical and demographic characteristics, the mean/median age in the UK cohort was 

6 years lower compared to the cohorts from the Netherlands [11-13, 15]. In the Netherlands, 

different age criteria are set per organ, which are higher than those in other countries are. For 

kidney procurement, the maximum age limit is 75 years, permitting organ donation in older 
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patients than the UK where the limit for the kidney is 60 years [18, 19]. Suntharalingam et al and 

Davila et al suggest that older patients survived significantly longer after WLST but in our cohort 

we found no relation with age [11, 13]. 

In only two studies, data were available on the GCS, motor response as an item of the GCS and 

brainstem reflexes. An absent or extensor motor response (M1 or M2) triggered after a painful 

stimulus is applied, is considered to be more sensitive in predicting time to death than the GCS 

(20). Although the prevalence of an absent/extensor motor response is considerable, there was 

still a significant amount of patients with a higher motor response [10, 12]. There was a trend 

towards a higher prevalence of preserved pupillary-, corneal- and cough reflexes in our cohort, 

but missing data resulted in lack of statistical power to draw reliable conclusions. One study 

showed that presence of a gag or cough reflex predicted earlier circulatory death [13]. In the 

cohort of Xu et al. 45% of patients with late circulatory death had a preserved cough reflex [12]. 

The main reason of admission encountered in all cohorts was a neurologic disorder. None of the 

diagnoses was associated with time to death [13-15]. 

The absence of reliable models to predict timing to death forces (mainly) intensivists to make 

a crude estimation in advance. This may lead to incorrect exclusion of potential DCD donors. 

Taking into account that per DCD donor on average, three organs can be recovered, loss of 

potential organ donors affects the donor pool substantially [20].

Although this is the largest cohort of potential DCD donors that did not die within the necessary 

timeframe of 120 minutes, there are several limitations to our study. First, the missing data on 

physiological parameters. Medical chart review results in missing data and incomplete datasets. 

Second, although we contacted the corresponding authors and retrieved additional data, 

we were not in the possession of all raw datasets of the comparative studies included. This 

prevented to make a full comparison on all scored items. 

In conclusion, our data on potential DCD donors that do not die within the timeframe of 120 

minutes suggest that age and brainstem reflexes could be important items for prediction models. 

There is a substantial lack of insight in the effect of palliative sedation and end-of-life care on the 

time of death. 
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ABSTRACT

Background: Controlled donation after circulatory death (cDCD) is a major source of organs for 

transplantation. A potential cDCD donor poses considerable challenges in terms of identification 

of those dying within the predefined timeframe of warm ischemia after withdrawal of life-sustaining 

treatment (WLST) to circulatory arrest.

Several attempts have been made to develop models predicting the time between treatment 

withdrawal and circulatory arrest. This time window determines whether organ donation can 

occur and influences the quality of the donated organs. However, the selected patients used for 

these models, were not always restricted to potential cDCD donors, e.g. patients with cancer or 

severe infections were also included. This severely limits the generalizability of those data.

Objectives: The objectives of this study are the following: (1) to develop a model predicting 

time to death within 60 minutes in potential cDCD patients; (2) to validate and update previous 

prediction models on time to death after WLST; (3) to determine timing and patient characteristics 

that are associated with prognostication and the decision-making process that leads to initiating 

end-of-life care; (4) to evaluate the impact of timing of family approach for organ donation 

approval; (5) to assess the influence of variation in WLST processes on post mortem organ 

donor potential and actual post mortem organ donors.

Methods: In this multicenter observational prospective cohort study, all patients admitted to the 

intensive care unit of 3 university hospitals and 3 teaching hospitals, who meet the criteria of 

the cDCD protocol as defined by the Dutch Transplant Foundation, are included. The target of 

enrolment is set to 400 patients. Previously developed models will be refitted in our data set. To 

further update previous prediction models, we will apply least absolute shrinkage and selection 

operator (LASSO) as a tool for efficient variable selection for the multivariable logistic regression 

model to be developed. 

Results: This protocol was funded in August 2014 by the Dutch Transplant Foundation. We 

expect to have the results of this study in July 2020. Patient enrolment was completed in July 

2018 and data collection was completed in April 2020. 

Conclusions: This study will provide a robust multimodal prediction model based on clinical 

and physiological parameters that can predict time to circulatory arrest in cDCD donors. In 

addition, it will add valuable insight in the process of WLST in cDCD donors and as such fill an 

important knowledge gap in this essential field of healthcare. 

Trial registration: ClinicalTrials.gov NCT04123275
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INTRODUCTION

Background

There is a worldwide shortage of deceased organ donors. Controlled donation after circulatory 

death (cDCD) is an increasing source of organs for transplantation. In the Netherlands, 59% of 

the effectuated postmortem organs were from cDCD donors. An increasing number of countries 

worldwide are establishing a cDCD program. The proportion of organ donations from cDCD 

donors compared to brain death donors is projected to increase in the upcoming years [1]. 

However, there are major challenges specific to the cDCD program. First, these patients are not 

brain dead and organ donation can only occur after circulatory death (cardiac arrest). As such, 

withdrawal of life-sustaining treatment (WLST), including stopping mechanical ventilation, should 

occur to allow circulatory arrest. The time between WLST and circulatory arrest determines 

whether organs can be donated or not. In most countries, this time is set at a maximum of 1 or 2 

hours to preserve organ quality for transplantation purposes. If patients do not arrest within this 

time frame, organ donation cannot occur. One of the hurdles of cDCD donations is to predict 

which patients will arrest within the specific time frame. This directly affects family guidance as 

the treating team and families have to manage family expectations, especially when failure to 

donate occurs because patients do not arrest within the specified time frame after WLST. Finally, 

it also influences efficient utilization of the organ procurement and transplantation teams; after 

WLST is started, these teams need to be fully prepared and present in the operating room to 

manage recovery and transplantation of organs if the potential donor dies within the given time 

frame [2]. 

Factors associated with early circulatory arrest after treatment withdrawal include a younger 

age, being on artificial ventilation without spontaneous triggering by the patient, needing a 

high percentage of oxygen, the use of vasopressors, the absence of brain stem reflexes, and 

a low arterial pH [3]. Interestingly, there are studies that suggests that the use of analgesics or 

sedatives does not significantly influence the timing of death [4-6].

Several attempts have been made to develop models that predict the time between treatment 

withdrawal and circulatory arrest [3, 7-10]. Two predictive models, the University of Wisconsin 

Donation After Cardiac Death Evaluation tool and the United Network for Organ Sharing (UNOS) 

scoring system, were developed in the United States, but neither have been fully validated for 

practice in European countries [11, 12].  The usability of these predictive models is limited as 

there is a 50% failure of predicting time to death within 1 hour of WLST [13]. The 1-hour time 

frame is used in many countries as a cut off to exclude the harvesting of organs from cDCD 

donors. The DCD-N model, developed from a patient population dying from a neurologic 

condition, reached 72% accuracy [14-16]. This still means that nearly 30% of patients would 
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not be correctly identified using the DCD-N model. In addition to the limited accuracy, patients 

with known contraindications to organ donation were included in most previous prediction 

studies (eg, patients with end stage cancer and severe infections). This greatly hampers the 

generalizability of such models [14]. 

Another important factor that could affect donor potential is end-of-life treatment. The practice 

of WLST is highly variable between intensive care units (ICUs) and countries [13, 17, 18]. This 

influences the dying process and possibly the timing of circulatory arrest. To our knowledge, 

none of the previously published prediction modelling studies thoroughly assessed the process 

of WLST. As such, it is unknown if WLST practices could have a major influence on the timing of 

death in cDCD donors.  

Necessary steps to be taken before the initiation of a cDCD procedure are as follows: 

prognostication, making the decision to withdraw life-sustaining treatment, and approaching 

family and obtaining their consent for organ donation. Initiation of end-of-life care in acute 

settings and inexperience in organ donation practices outside ICUs have a negative impact on 

the number of potential donors [19, 20]. Postponing the discontinuation of medical treatment 

gives professionals more time to guide families adequately and inform them about the dying 

process and organ donation [21]. Data collected about end-of-life decision-making can provide 

more insight into whether a patient may be eligible for a cDCD procedure based on time to 

circulatory death. Such insight can be useful when giving grieving families estimations of time 

to death and the likelihood that a donation procedure could be performed. However, studies on 

this important topic are lacking.

Objectives

The primary objective of this large multicenter study is to develop a model predicting time to 

circulatory death within 60 minutes in potential cDCD patients. A second important aim is to 

validate and update previous predicting models on time to death after WLST. Other objectives 

are to assess the process of end-of-life decision-making, to evaluate the effect of the timing of 

family approach on consent to organ donation, and to determine the influence of variations of 

WLST on the timing of death and the corresponding effect on the number of donated organs.

METHODS

Study Design

This protocol describes a multicenter observational prospective cohort study of all potential 

cDCD donors of three university hospitals and three teaching hospitals in the Netherlands. 

The teaching hospitals were selected based on their diverse focus (including one hospital with 
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cardiologic facilities, one with cardiologic and cardiothoracic facilities, and one with neurosurgical 

and traumatology facilities), which will result in a highly generalizable cDCD cohort due to the 

varied patient population admitted to these hospitals.

This study has an observational design and will analyze, without intervention, the characteristics 

of deceased potential cDCD donors and end-of-life care as provided by the participating 

hospitals. Therefore, informed consent is not required. 

Participants

The participants of this study are all patients that are admitted at the ICU of one of the hospitals 

included in this study and are eligible for a cDCD procedure as defined by the Dutch Transplant 

Foundation [22]. In addition to these organ donation specific criteria, the following general 

inclusion and exclusion criteria will be used.

Inclusion and Exclusion criteria

Inclusion criteria are the following: (1) patients aged between 18 and 75 years; (2) patients that 

are mechanically ventilated; and (3) in whom a medical intervention is enable to deliver the benefit 

for which it is designed, resulting in end-of-life decision Exclusion criteria are the following: (1) 

nonintubated patients; (2) patients who are clinically brain dead but in whom relatives nevertheless 

specifically requested a cDCD procedure; and (3) patients with contraindications as defined by 

the Dutch Transplant Foundation, including the following: unknown cause of death, unknown 

identity, untreated sepsis, malignancy, or active viral infection with herpes zoster, rubella, rabies, 

HIV, or tuberculosis.

Data Collection and Management

Data will be prospectively collected by the local investigators, supported by a research manager 

(International Organization for Standardization certified), and recorded using a web-based 

electronic case report form (eCRF). The variables will be obtained from the electronic medical 

records of the following hospitals: Radboudumc Nijmegen, Erasmus University Medical Center 

Rotterdam, University Medical Center Groningen, Isala Hospital Zwolle, Jeroen Bosch Hospital 

’s-Hertogenbosch, and Elisabeth-Tweesteden Hospital Tilburg. Before inclusion, all local 

investigators received detailed written instructions and on-site training regarding the completion 

of the eCRF. In addition, the lead investigator team will have regular site visits to perform 

random sample checks on patient files and data entry. The primary investigator has access 

to the encrypted data. The primary investigator reviews all incoming data for accuracy and 

completeness. The research manager can generate data queries and provide trailing records on 

adjustments of data entered. After completion, the data will be exported in SPSS files (IBM Inc) 

for further analysis. 
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A preceding pilot analysis with retrospectively collected data was performed. Two different 

retrospective data sets were created. One included data from a single hospital (Elisabeth-

Tweesteden Hospital, Tilburg, the Netherlands) with a neurosurgical and traumatology focus 

[23]. The second data set included nationwide demographic data from 2014 to 2016 of all 

cDCD donors that did not arrest within the set time frame of circulatory arrest of 120 minutes. 

Anonymized data were provided by the databases of the Dutch Transplant Foundation [24]. Apart 

from discussion within our own research group, previously published prediction models and 

analysis of these two data sets contributed to the assessment of key variables to be collected, 

refinement of the eCRF, defining the appropriate prediction models on time to death for external 

validation, and providing insight in the donor potential pool after 2, 3 and 4 hours.

Variables to be collected are summarized in Multimedia Appendices 1 and 2. Diagnosis on 

admission will be classified according to the International Statistical Classification of Diseases 

and Related Health Problems by the World Health Organization (WHO), tenth revision (ICD-10). 

Variables related to end-of-life care are shown in Textbox 1.

Variables on neurologic examination; physiological variables; and dose of sedation, analgesia, 

and vasopressors will be evaluated at 3 time points (1) at time of end-of-life decision-making of 

the medical team, (2) 30 minutes before WLST, and (3) 1 time point after WLST until circulatory 

arrest (Multimedia Appendix 3). 

Textbox 1 Parameters to be collected during and after withdrawal of life-sustaining treatment (WLST).

• Withdrawal of mechanical ventilation
• Removal of endotracheal or tracheostomy tube
• After endotracheal or tracheostomy tube removal: insertion of an oropharyngeal airway, suction of 

secretions, lateral decubitus positioning, oxygen administration
• Type and dose of medication administered for palliative care purposes

Additionally, the computed tomography (CT) images of the brain of all included patients at 

admission and the last brain CT prior to WLST will be evaluated using a standardized blinded 

approach by a neurologist and neuroradiologist. The location and size of brain disorders, 

magnitude of brain shift, and presence of hydrocephalus will be assessed.

Statistical Analysis and Sample Size Calculation 

First, the patient population will be randomly split in two groups: the first group will consist of 

80% of the sample population and will be used for developing the model, while the second 

group (20% of the sample population) will be used to estimate the performance of the model 

developed. For the development of a new prediction model, we will apply the least absolute 
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shrinkage and selection operator (LASSO) as a tool for efficient variable selection to develop the 

multivariable logistic regression model. For this, we will use the glmnet library (Version 3.0-2). 

To find the regulation parameter λ, 20-fold cross-validation is applied. To gain some robustness 

in the choice for the optimal model, we will use the λ.1se option. As quantification of the model 

fit, the area under the curve (AUC) from the 20% testing portion of the sample population will be 

presented.

Previous studies on time to circulatory death in cDCD patients found that approximately 50% to 

70% will die within 60 minutes after WLST [3, 7, 15, 23, 24]. We estimated that approximately 50% 

of our cohort will have circulatory death within this time frame, which is balanced to patients that 

will die after this time frame. The sample size determination for our study was based on including 

enough patients to reach a sufficient level of precision for the AUC for the 20% testing group. 

Our goal is to have a 95% confidence interval for the AUC with a width of 0.16. This translates 

into a standard error of 0.04 for the AUC. With an expected AUC of approximately 0.84 and a 

population with balanced outcomes (50% mortality within 60 minutes of WLST), this requires a 

sample of N=100. As we will split our patient population into an 80% development portion and 

a 20% portion for assessing predictive performance, this study requires the inclusion of 400 

patients overall.

Second, previously published prediction models will be externally validated using our dataset 

of 400 patients [7, 15, 23]. We will use logistic regression models with death within 60 minutes 

(yes/no) as the outcome. These models will be applied to the validation data and performance 

of the models will be assessed in terms of discrimination and calibration. The calibration process 

will consist of three steps. First, a calibration plot will be made for the original predictor. Second, 

the coefficients of the original predictor will be shrunk by multiplying them by the slope of the 

calibration curve. For this shrunken predictor, a new calibration curve is fitted. Third, calibration 

will be completed by adjusting the original intercept with the intercept from the calibration curve 

with the shrunken coefficients. The models will be refitted in the new data set.

RESULTS

The results of this study are expected to be presented at international scientific meetings and 

published in 2020 or 2021. The study findings will be reported according to the guidelines outlined 

by the STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) and 

TRIPOD (Transparent Reporting of a multivariable prediction model for Individual Prognosis Or 

Diagnosis) statements [25, 26].
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Ethical Consideration 

The Medical Research Ethics Committee Brabant in the Netherlands has approved the study 

protocol (NW2014-36). The Medical Ethics Committees of all participating hospitals assessed 

and consented the study protocol. This study is registered at ClinicalTrials.gov with the unique 

identification number NCT04123275.

DISCUSSION 

An accurate and generalizable model that can be used in clinical practice to predict time to 

death in cDCD donors is currently lacking. This large prospective multicenter study aims to 

provide a robust multimodal prediction model based on clinical, physiological, and neuroimaging 

parameters. In addition, it will provide valuable insights into the process of WLST in cDCD donors 

and its effect on timing of death (and thus donor potential). As such, this study will fill important 

knowledge gaps in this essential field of healthcare. 

Accurate estimation of time to circulatory death will help clinicians and nursing staff guide 

grieving family members and improve the ability of medical teams to predict the chances of 

organ donation. This helps to manage expectations and prevent disappointment in families 

that are grieving but motivated to donate. In addition, it could aid in the management of organ 

donation procurement and transplantation team resources. 

Many studies that aim to develop a new prediction model neglect previously published models. 

Use of earlier data with refinement of existing models leads to more generalizable models that 

could be used in daily practice. In our study, we will address external validation using a large 

cohort with the intention to update previously published prediction models.

 

Importantly, this will be the first study that extensively describes donor management in 

combination with end-of-life care and its impact on the timing of circulatory death in potential 

cDCD donors. We will provide data on the trajectory of such care during the WLST process. 

Valuable information on the use of sedatives and analgesics and their influence on the dying 

process will be obtained. Apart from the timing of death, we will also be able to analyze whether 

differences in end-of-life care affect family consent rates. We will demonstrate the extent of the 

variability in cDCD donor care. 
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SUPPLEMENTAL MATERIAL 

Multimedia Appendix 1. Overview of demographic, clinical and neurological parameters to be collected 
from potential cDCD donors

Parameter type Parameters included

Demographic characteristics Age
Gender
APACHE II
APACHE IV
SAPS II
Length
Weight
BMI
OSAS

Diagnosis on admission Traumatic brain injury
• Fracture of skull and facial bones
• Traumatic cerebral oedema
• Diffuse brain injury
• Focal brain injury
• Extra dural haemorrhage
• Intracranial haemorrhage with prolonged coma
• Other intracranial injuries
• Intracranial injury unspecified
• Traumatic subarachnoid haemorrhage

Ischemic CVA
• Cerebral infarction
• Stroke not specified as stroke or infarction
• Occlusion and stenosis of pre cerebral arteries
• Occlusion and stenosis of cerebral arteries

Post anoxic after CPR

Subarachnoid haemorrhage
• ACOM
• PCOM
• PICA
• MCA 
• Basilar tip
• Other

Intracranial haemorrhage
• Parenchymal 
• Posterior fossa cerebellar 
• Thalamic and basal ganglia
• Brainstem
• Other

Neoplasm of the brain
• Benign
• Malignant

Cerebral infection
• Meningitis
• Encephalitis
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Other clinical diagnosis

Secondary neurological injuries1 Vasospasm
Rebleed
Cerebral infarction
Cerebral oedema
Epilepsy
Hydrocephalus
Cardiomyopathy
Compression of the brain
CPR

Neurologic examination GCS
• Eye
• Motor (left/right)
• Verbal
Pupillary reflex (left/right)
Corneal reflex
Cough reflex
Oculovestibular reflex

ACOM: anterior communicating artery; APACHE: acute physiology age chronic health evaluation; BMI: body mass index; 
CPR: cardiopulmonary resuscitation; CVA: cerebrovascular accident; GCS: Glasgow Coma Scale;

ICU: intensive care unit; MCA: middle cerebral artery; OSAS: obstructive sleep apnoea syndrome; PICA: posterior inferior 
cerebellar artery; PCOM: posterior communicating artery; SAPS: simplified acute physiology score II.
1 Secondary neurological injuries are defined as damage occurring after the initial or primary neurologic injury, resulting in 
further clinical deterioration.

Multimedia Appendix 1. Continued
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Multimedia Appendix 2. Overview of ventilatory, hemodynamic and pharmacological parameters to be 
collected from potential cDCD donors

Parameter type Parameters included

Oxygenation and mechanical ventilation 
settings 

Mode of ventilation
• Controlled 
• Support
Patient triggering the ventilator (yes/no)
FiO2

PEEP (cmH20)
paO2 (kPa)
pPeak (cmH20)
pMean (cmH20)
SBI1

OI2

Hemodynamic characteristics Heart rate (beats/minute)
MAP (mmHg)
CVP (mmHg)
CI (l/min/m2)
LVEF ( >54%, 45-54%, 30-44%, <30%)
Temperature (°C)

Devices Pacemaker
ICD
IABP
Ventricular assist device
EVD
ELD

Vasopressors and inotropes (microgram/
kilogram/minute)

Norepinephrine
Epinephrine
Phenylephrine
Dobutamine
Dopamine
Enoximone
Milrinone
Other

Chronotropes and antihypertensives 
(milligram/hour)

Atropine
Amiodarone
Isoprenaline
Ketanserine
Labetalol
Metoprolol
Nicardipine
Nitroglycerine
Other

Sedation and bolus dose (microgram/hour or 
milligram/hour)

Midazolam
Propofol
Dexmedetomidine
Clonidine
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Analgesics (microgram/hour or milligram/hour) Morphine
Fentanyl
Remifentanil
Sufentanil
Piritramide
Other

Other medication (milligram) Antiepileptic
Scopolamine
Corticosteroids
Muscle relaxants

°C: Celsius; CI: cardiac index; cmH20: centimetres water; CVP: central venous pressure; ELD: external lumbar drain; EVD: 
external ventricular drain; FiO2: fraction of inspired oxygen; IABP: intra-aortic balloon pump; ICD: implantable cardioverter 
defibrillator; kPa: kilopascal; LVEF: left ventricular ejection fraction; MAP: mean arterial pressure; paO2: partial pressure of 
oxygen in arterial blood; pMean: mean inspiratory pressure; pPeak: peak inspiratory pressure; OI: oxygenation index; PEEP: 
positive end-expiratory pressure; SBI: shallow breathing index.
1  Shallow breathing index (SBI) is calculated by dividing the respiratory rate per minute with the tidal volume in litres such as 
shown after the ventilator is set on 5 cmH2O op positive end- expiratory pressure (PEEP), 0 cmH2O pressure support (PS) 
and 0.3 fraction of inspired oxygen (FiO2) or the lowest possible settings, after 2 minutes. An SBI >105 indicates a high 
ventilator dependency.

2   The oxygenation index (OI) is calculated as mean airway pressure x FiO2 x 100/paO2 (kPa); mean airway pressure= peak 
inspiratory pressure + positive end-expiratory pressure/2.

Multimedia Appendix 2. Continued
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Multimedia Appendix 3. Axis showing the corresponding parameters to be collected per time pointMultimedia Appendix 3 Axis showing the corresponding parameters to be collected per time point

After Wlst until circulatory arrest

Nursing Care and medication

On WLST
Withdrawal of mechanical ventilator and endotracheal tube

Until 30 minutes before WLST
Hemodynamic, ventilatory and neurological parameters and medication

On end-of-life decision-making
Neurological parameters and medication

On admission ICU
Diagnosis and patient characteristics

Timepoint
Data collected
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ABSTRACT 

Background: Acceptance of organs from controlled donation after circulatory death (cDCD) 

donors depends on the time between withdrawal of life-sustaining treatment (WLST) and 

circulatory death. Here we aimed to develop and externally validate prediction models for 

circulatory death within 1 or 2 hours after WLST.

Methods: In a multicenter, observational, prospective cohort study, we enrolled 409 potential 

cDCD donors. For model development, we applied the least absolute shrinkage and selection 

operator (LASSO) regression and machine-learning artificial intelligence (AI)-analysis. Our 

LASSO models were externally validated using a previously published cDCD cohort. Additionally, 

we externally validated three existing prediction models using our dataset.  

Results: For death within 1-2 hours, the area under the curve (AUC) of the LASSO prediction 

model was respectively 0.77 and 0.79, while for the AI-model these were respectively 0.79 and 

0.81. Additionally, we were able to identify 4-16% of the patients that would not die within these 

timeframes with 100% accuracy. External validation showed that the discrimination of our LASSO 

models was good (AUC 0.80 respectively 0.82), but were not able to identify a subgroup with 

certain death after 1-2 hours. Additionally, using our cohort to externally validate three previously 

published models showed AUCs ranging between 0.63-0.74. Calibration showed that the models 

over- and underestimated predicted probability of death. 

Conclusion: Our prediction models showed a reasonable ability to predict circulatory death. 

External validation of our models and three previously published models llustrated that their 

predictive ability remained relatively stable. We were able to accurately predict a smaller subset 

of patients that that died after 1-2 hours preventing starting unnecessary donation preparations.

Trial registration: ClinicalTrials.gov NCT04123275

Keywords: Donation after circulatory death, Organ donation, Prediction model, Withdrawal of 

life-sustaining treatment
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INTRODUCTION 

The number of patients donating their organs after controlled donation after circulatory death 

(cDCD) is increasingly leading to a large pool of potential organ donors apart from brain dead 

donors [1]. A limiting factor in cDCD is that circulatory death must occur within a defined 

timeframe after withdrawal of life-sustaining treatment (WLST), for organs to be medically suitable 

for transplantation. Up to one out of four potential cDCD donors will not die within this defined 

timeframe and thus will not be able to donate their organs [2]. This leads to disappointment 

within the families of these donors as well as the patients on the waiting list, and to inefficient 

utilization of hospital facilities and wasted healthcare costs [3]. Therefore, in several countries 

with DCD programs e.g. UK, the Netherlands, Australia, China and the United States, efforts 

have been made to develop models predicting time to death [2,4-13].  As, clinical practices 

and donation policies differ considerably within countries, external validation of a prediction 

model is a necessary step before implementing a prediction model in the daily practice. External 

validation provides insight into the extent of the reproducibility in a new cohort, as prediction 

models usually perform less in another setting [14]. However, this step is often omitted [2,9,15].

The predictive performance of previous models showed that 10-18% of the patients that would 

die within the necessary timeframe would be misclassified, which limits implementation with the 

current large shortage of transplantable organs [4].

However, if a model is highly accurate in detecting which patients would certainly not die 

within the necessary timeframe, predicting even a small percentage of such patients could be 

beneficial, as it could be used to prevent starting an organ donation procedure. The approach 

to predict which patients will die beyond the timeframe with 100% accuracy for such a purpose 

has not been done before. 

In this multicenter prospective observational study, including consecutive potential cDCD 

donors, our primary aim was to develop a prediction model for death in 1 or 2 hours. We also 

aimed to externally validate our model and previously published models using our datasets. 

Prediction model development studies rarely assessed the impact of WLST practices and 

palliative medication use and dosages on time to death [5]. Therefore, we also aimed to assess 

the impact of end-of life care on time to death. 
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MATERIALS AND METHODS

Study population

We prospectively enrolled consecutive patients, meeting the cDCD criteria used by the Dutch 

Transplant Foundation (Supplementary Table S1), from three university and three teaching 

hospitals, in the Netherlands [16]. Patients were excluded if they were younger than 18 or older 

than 75 years of age, were not mechanically ventilated or were clinically brain dead, at the time 

of assessment. 

Study design and data source

We performed a multicenter, observational, prospective cohort study of potential cDCD patients 

and collected data between June 2015 and July 2018. The study design has been previously 

published and registered at clinicaltrials.gov (NCT04123275) [17]. In short, hemodynamic, 

pulmonary and neurological features were assessed no later than 30 minutes before WLST. 

Dosages of analgesics and opioids were recorded from 30 minutes before WLST until circulatory 

death. Different types of opioids were converted into morphine equivalent doses (15 microgram 

of intravenous fentanyl or remifentanil, or 2 microgram of intravenous sufentanil were equivalent 

to 1 mg of intravenous morphine) [18,19].

In each hospital, local researchers prospectively collected all data. Data were stored in an 

internet-based electronic Case Report Form (eCRF) supported by Research Manager® (ISO 

certified). Before patient enrollment, all local researchers received an on-site personal training 

regarding the completion of the eCRF. The lead research team performed regular site visits and 

randomly assessed data entry for accuracy and completeness.

Results of this study are reported according to the TRIPOD and STROBE statements [20,21].

The Medical Ethics Committee Brabant, The Netherlands, has approved the study protocol 

(NW2014-36). The Medical Ethics Committee boards of all participating hospitals assessed and 

consented with the study protocol. 

External validation or our model and previously published models

In addition to internal validation, we also sought to externally validate our models. First, we 

contacted and asked the authors of previously published studies on prediction models including 

a potential cDCD population if we could obtain their datasets to externally validate the DCD III 

study models. This resulted in three datasets, two from the Netherlands and one from the UK 

(Supplementary Table S2) [5,11,15].  Variables included in the datasets of the three obtained 

cohorts had only a limited overlap with our developed prediction models (‘LASSO models’) and 

were excluded. In addition, we previously collected data on a cDCD cohort of 92 patients (‘‘ETZ 
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cohort’) [2]. The data of the ETZ cohort were collected before the start of this DCD III study and 

thus there were no overlapping patients between the ETZ and DCD III cohorts. As such, we used 

the dataset of the ETZ cohort to externally validate our DCD III models.

As a second step, we identified eight previously published prediction models that we selected 

to validate externally using either the DCD III or ETZ cohorts (Supplementary Table S3). We 

contacted the corresponding authors of these previous studies to obtain their data for external 

validation. Five models were excluded because not all the variables used in their prediction models 

were registered in our validation cohort (DCD III cohort) [4-5,7,12-13].  The remaining models, 

included patients from the Netherlands (de Groot) and the UK (Davila and Suntharalingam), 

were validated using the datasets of the DCD III and ETZ cohorts.6,9,11 Supplementary Table 

S4 shows the characteristics of the prediction models. 

Statistical analysis

Categorical variables were expressed as a percentage and continuous variables as mean 

± standard deviation (SD) or median and interquartile range (IQR) range, depending on 

homogeneity. Univariable logistic regression analysis was performed to explore the relationship 

between a set of variables on the binary outcome (death within 1 hour yes or no). Our database 

had less than 3.4% missing data encountered in only two variables. 

We analyzed the probability to predict death within and beyond 1 or 2 hours as these are the 

thresholds that are mostly used internationally for cDCD donation. For the development of the 

prediction models, we applied two different data analytic methods. First, the least absolute 

shrinkage and selection operator (LASSO) method was used for optimal variable selection and 

development of the multivariable logistic regression model on 80% of the patient population 

(development sample). The predictive performance of this model was internally validated on the 

remaining 20% of the population (validation sample). We aimed at a standard error of 0.04 for 

the AUC, with an expected mortality of approximately 50% within 1 hour and 65% within 2 hours 

after WLST, and an anticipated AUC of 0.84 [2,5,7,11]. The discriminatory ability of the prediction 

model was assessed using the AUC. The AUC as found in the 20% testing part of the sample is 

presented. The sample size for this study was calculated (based on the LASSO method as the 

primary analysis) at 400 patients. 

To identify the patients dying beyond 1 or 2 hours, we used the same models as for death within 

1 or 2 hours. This approach was analyzed because if we were able to 100% accurately predict 

death after 1 or 2 hours, this could be applicable in the daily clinical practice even if the model 

only predicted a small percentage of patients accurately. We determined the optimal threshold 

as the value (computed by the linear predictors of these models when applied on the validation 
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dataset) with the highest negative predictive value (NPV). A more detailed description of the 

statistical analysis can be found in the previously published study protocol [17]. 

Second, for the development of the Machine Learning models a Light Gradient Boosting Machine 

(LightGBM) algorithm was used for both variable selection and model development. In order to 

overcome the limited amount of data available, 10-fold cross-validation was performed on the 

complete dataset and repeated 50 times to assure stability of the model [22]. The performance 

of the models was assessed by looking at the distribution of the AUC for the different folds. 

Within the model, we used a threshold on the likelihood of dying within or beyond 1 or 2 hours. 

Recall is the number of donors identified for dying beyond 1 or 2 hours. By employing a precision 

recall curve and threshold curve we can adjust the model, in a way that precision is higher but 

recall is lower enabling as to select a threshold at which the precision is high but the recall is still 

relevant.

External validation of the LASSO models was performed by calculating the probability of death 

and thus the AUC, computed after application of the linear predictor on the dataset of the ETZ 

cohort taking the outcome status (death) into account. The AUC determines discrimination of the 

models and refers to the ability to distinguish between circulatory death within 1 hour (or 2 hours) 

or longer. Calibration refers to the concordance between the absolute predicted probability and 

observed death and are graphically displayed in calibration plots [23]. Over- or underestimation 

of predicted probabilities is often encountered in the new cohort. Recalibration of the models can 

overcome this problem. For that purpose, we used the offset procedure to update the intercept 

of the linear predictors and adjust the regression coefficients for optimism (shrinkage) [23,24]. 

We used the same approach for external validation of the existing models on the dataset of our 

cohort. 

Statistical analyses were performed using IBM SPSS, version 24, the R software (R Project 

for Statistical Computing, version Microsoft R Open 3.6.1) and Python version 3.8.5, 64-bit. 

LightGBM package, version 3.1.1.

RESULTS

Patient characteristics 

In a period of 40 months, 425 consecutive potential cDCD donors were evaluated. Sixteen 

patients were suspected to be brain dead and were excluded, leading to inclusion of 409 

patients, who formed the DCD III cohort.



DCD III STUDY

81

5

Circulatory death within 1 or 2 hours after WLST occurred in 55% and 63% of patients respectively. 

The median time to death was 43 minutes [Range: 17-432]. In 9% of cases death occurred after 

more than 24 h after WLST.  

Table 1 shows the clinical characteristics of the patients. 

Table 1. Baseline characteristics of 409 potential cDCD patients dying within or after 1 h after WLST

Variable Death within
1 hour

n=224 (55%)

Death after
1 hour

n=185 (45%)

OR 95% CI P

Time to death in minutes (range) 18 (11-26) 476 (177- 1202) 

Age in years 56.7 (±14.9) 58.6 (±11.7) 0.99 0.97-1.00 0.170

Male 145 (65%) 104 (56%) 1.43 0.95-2.13 0.079

BMI (SD) 26.1 (±4.7) 26.2 (±4.9) 1.01 0.96-1.04 0.796

Apache IV (SD) 94.4 (±25.9) 91.9 (±26) 1.00 0.99-1.01 0.298

Length of ICU stay (mean ± SD), days 3.1(±4.7) 5.8(±6.5) 0.99 0.99-0.99 <.001

Hemicraniectomy 22 (10%) 26 (14%) 0.18 0.66-0.36 0.121

Admission diagnosis

Anoxic encephalopathy 53 (24%) 50 (27%) 0.88 0.56-1.38 0.581

Traumatic brain injury 51 (23%) 43 (23%) 1.06 0.62-1.79 0.834

Subarachnoid hemorrhage 51 (23%) 33 (18%) 1.38 0.78-2.28 0.257

Intracranial hemorrhage 36 (16%) 36 (19%) 0.93 0.53-1.64 0.817

Cerebrovascular accident 18 (8%) 15 (8%) 1.49 0.65-3.42 0.342

Respiratory 6 (3%) 4 (2%) 0.72 0.19-2.71 0.638

Other1 9 (4%) 4 (2%) 2.12 0.61-7.33 0.234

Categorical variable are described as numbers (%) and continuous variables as mean (± standard deviation).

P value was calculated using univariable logistic regression analysis 
1  Other include: encephalitis, Huntington disease and trauma, meningitis, intracerebral abscess, aspiration pneumonia 
complicating minor trauma, complication after meningioma resection, methanol intoxication, refractory epilepsy.

BMI, body mass index; GCS, Glasgow Coma Scale; N, number; OR, odds ratio; SD, standard deviation; WSLT, withdrawal 
of life-sustaining treatment.

There were no differences in baseline characteristics between the patients dying within and after 

1 hour. Table 2 shows main collected characteristics and measures during the ICU and WLST 

process. 
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Table 2. Clinical parameters and medication use just before and throughout WLST of 409 potential cDCD 
patients dying within or after 1 hour after WLST

Variable Death within 
1 hour
n=224 
(55%)

Death after  
1 hour 
n=185 
(45%)

OR 95% CI P

Neurologic examination

Absent pupillary reflex bilateral 148 (66%) 80 (43%) 2.56 1.71-3.82 <.001

Absent corneal reflex bilateral 159 (71%) 76 (41%) 3.51 2.33-5.29 <.001

Absent cough reflex 139 (62%) 58 (31%) 3.58 2.37-5.40 <.001

GCS ≤4 2 202 (92%) 120 (66%) 5.70 3.21-10.1 <.001

Absent motor response or extensor (M1-M2)2   206 (94%) 134 (74%) 5.61 2.73-9.74 <.001

Ventilation

Controlled mode of ventilation 152 (68%) 73 (39%) 3.23 2.15-4.85 <.001

Triggering mechanical ventilation 117 (52%) 153 (83%) 0.22 0.14-0.35 <.001

Mechanical ventilation time in hours (mean ± SD) 80 (96) 128 (±151) 0.996 0.995-0.998 <.001

Mean FiO2 (mean ± SD) 0.42 (±0.17) 0.36 (±0.13) 1.02 1.01-1.04 <.001

PEEP in cmH2O (mean ± SD) 7.4 (2.5) 6.7 (±2.2) 1.12 1.03-1.22 0.007

Peak inspiratory pressure in cmH2O (mean ± SD) 19.6 (±6.2) 17.9 (±4.8) 1.01 1.06-1.14 <.001

paO2 in kPa (mean ± SD) 15.0 (±7.7) 13.6 (±5.7) 1.03 0.99-1.07 0.077

Oxygenation index3 (mean ± SD) 6.3 (±5.4) 4.8 (±3.4) 1.09 1.04-1.16 <.001

Hemodynamics

Mean arterial pressure in mmHg (mean ± SD) 111 (±4) 90 (±3) 0.99 0.98-1.00 0.320

Heart rate per minute (mean ± SD) 89 (±26.6) 87 (±24.6) 1.01 0.99-1.01 0.214

Secondary neurological injury

Total 175 (78%) 134 (72%) 1.35 0.86-2.13 0.183

Vasospasm 6 (2%) 7 (4%) 0.70 0.23-2.12 0.528

Recurrent hemorrhage 24 (11%) 18 (10%) 1.11 0.58-2.12 0.744

Cerebral infarction 33 (15%) 42 (23%) 0.58 0.35-0.97 0.039

Cerebral edema 48 (21%) 29 (16%) 1.46 0.88-2.44 0.140

Epilepsy 31 (14%) 28 (15%) 0.90 0.51-1.56 0.711

Hydrocephalus 56 (25%) 37 (20%) 1.33 0.83-2.13 0.231

Cerebral herniation 70 (31%) 39 (21%) 1.70 1.08-2.67 0.021

Medication use

Norepinephrine use before wlst 64 (28%) 17 (9%) 3.95 2.22-7.03 <.001

Norepinephrine dose before wlst in 
ug/kg/min (mean ± SD)

0.18 (±0.21) 0.11 (±0.12) 15.0 0.21-1030 0.209

Midazolam use before wlst 128 (57%) 120 (65%) 0.85 0.69-1.03 0.112

Midazolam use after wlst 129 (57%) 126 (68%) 0.63 0.42-0.95 0.029

Midazolam dose before wlst in mg/h (mean ± SD) 9.8 (±8.7) 7.4 (±6.3) 1.04 1.01-1.08 0.022
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Midazolam dose after wlst in mg/h (mean ± SD) 9.8 (±8.7) 7.7 (±6.3) 1.03 1.01-1.07 0.040

Propofol use before wlst 46 (21%) 23 (12%) 1.16 1.01-1.33 0.031

Propofol use after wlst 47 (21%) 23 (12%) 1.87 1.08-3.21 0.024

Propofol dose before wlst in mg/h (mean ± SD) 188 (±109) 201 (±129) 0.99 0.99-1.00 0.645

Propofol dose after wlst in mg/h (mean ± SD) 186 (±109) 204 (±132) 0.99 0.99-1.00 0.560

Morphine equivalents use before wlst 157 (70%) 140 (75%) 0.75 0.48-1.17 0.208

Morphine equivalent use after wlst 157 (70%) 147 (79%) 0.60 0.38-0.95 0.032

Morphine equivalent dose before wlst in mg/h   
(mean ± SD)

10.8 (±23) 7.3 (±13.9) 1.01 0.99-1.02 0.148

Morphine equivalent dose after wlst in mg/h 
(mean ± SD)

10.9 (±24) 7.8 (±13.6) 1.01 0.99-1.02 0.194

1 P value was calculated using univariable logistic regression analysis.
2 Analysis as a dichotomous variable with GCS≤4 vs GCS ≥, and M1/M2 vs ≥M3.
3  Mechanical ventilator settings and arterial blood gas analysis were integrated in the oxygenation index (OI) Oxygenation 
index is a continuous variable and is calculated as mean airway pressure x FiO2 x 100/paO2 in  kPa; mean airway pressure= 
peak inspiratory pressure + positive end-expiratory pressure/2. ). An OI >4.2 was defined as elevated.

Categorical variable are described as numbers (%) and continuous variables as mean (± standard deviation).

GCS, Glasgow Coma Scale; FiO2,fraction of inspired oxygen; N, number; OR, odds ratio; PEEP, positive end-expiratory 
pressure; paO2, partial pressure of oxygen in arterial blood; SD, standard deviation; WSLT, withdrawal of life-sustaining 
treatment.

More than 70% of patients in both groups, experienced secondary neurological injury during 

their ICU stay. Patients dying within 1 hour had significantly lower GCS/motor scores, more often 

absent brainstem reflexes, higher ventilatory settings and oxygenation index (OI) and spend less 

time on the ventilator, compared to patients dying after 1 hour.

Predicting death within 1 or 2 hours

Table 3 shows the linear predictors (lp) and AUC’s using LASSO for death within 1 or 2 hours. 

The resulting models included easy to asses bedside clinical features incorporating, several 

brainstem reflexes, ventilator triggering, (items of) the GCS, administration of vasopressors, 

the oxygenation index and subarachnoid hemorrhage, combined in a mathematical equation 

known as the linear predictor, whose value can predict probability of death with the equation  

lp  .  In the validation sample, three patients (4%) had the highest predicted probability 

of death (77%). The group with the lowest observed death included 12 patients (16%) and had 

a predicted probability of death of 32%, within 1 hour. The model had a positive predictive value 

(PPV) of 66%. The prediction model was overoptimistic in the lower and intermediate observed 

death groups and under optimistic in the highest observed death group, meaning that in the 

latter potential donors are missed and in the first unnecessary procedures will be started 

(Supplementary Figure S1). Similar calculations were performed for death within 2 hours with 

comparable results (PPV of 69%). 
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Table 3. Area under the receiver operating characteristic curve (AUC) of predicted probabilities for death for 
different timeframes of circulatory death for the LASSO and AI models

AUC Features per model

LASSO for death within 1 hour after 
WLST 

0.771 2Linear predictor (lp):  1.05 - 0.32*corneal reflex present 
(yes=1, no=0) - 0.33*cough reflex present (yes=1, no=0) 
+ 0.01* motor score (M1 or M2=1, M3 or more=0) + 0.11* 
norepinephrine given (yes=1, no=0)  - 0.21*triggering 
mechanical ventilator (yes=1, no=0) - 0.09* GCS.

LASSO for death within 2 hours after 
WLST 

0.791 3Linear predictor (lp): 1.18 - 0.26* pupillary reflex present 
(yes=1, no=0) - 0.36*corneal reflex present (yes=1, no=0)  
- 0.54*cough reflex present (yes=1, no=0)  + 0.57 * motor 
score ( M1 or M2=1, M3 or more=0) + 0.02* OI + 0.18* 
norepinephrine given (yes=1, no=0)  - 0.48* triggering 
mechanical ventilator (yes=1, no=0) +  0.11* SAH(yes=1, 
no=0) - 0.11* GCS

AI for death within 1 hour4 0.79 APACHE 2* APACHE 4 score, ventilatory hours, length of ICU 
stay (in hours), triggering the mechanical ventilator, FiO2, the 
GCS before WLST and presence of cough reflex 

AI for death within 2 hours4 0.81 Equal variables as for death within 1 hour

OI: Oxygenation Index is a continuous variable and is calculated as mean airway pressure x FiO2 x 100/paO2 in  kPa; mean 
airway pressure= peak inspiratory pressure + positive end-expiratory pressure/2.
1 This is the AUC as found in the validation sample and represents the model fit of the development sample.
2This is the linear predictor derived from the development sample.
3 This is the linear predictor derived from the development sample. 
4 All AI models included the same variables.

AI, artificial intelligence; APACHE, acute physiology age chronic health evaluation; FiO2, fraction of inspired oxygen; GCS, 
Glasgow Coma Scale; LASSO, least absolute shrinkage and selection operator; OI, oxygenation index; SAH, subarachnoid 
hemorrhage; WSLT, withdrawal of life-sustaining treatment.

The variables selected after applying LightGBM are also shown in Table 3. The variable 

importance determined by the permutation and gain method are shown in Supplementary Figure 

S2. The AUC’s of the AI models were comparable to the LASSO models. The prediction variables 

included in the LASSO and AI models also overlapped. The AUCs (ranging from 0.73-0.88) 

and variables included in the eight previously published prediction models are summarized in 

Supplementary Table S3. 

Predicting which patients would survive beyond the 1 or 2 hours timeframe with 100% 

accuracy

Similar calculations as mentioned for predicting death within 1 hour were performed to predict 

death beyond 1 hour with a 100% accuracy, meaning that if the model predicts that a patient 

does not die within 1 or 2 hours, no false positives should be present. 
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Using a threshold that 100% correctly classified patients dying after1 hour, we found that the 

LASSO model classified 12 of the 75 patients (16%) of the patients that died after 1 hour with 

a 100% accuracy (Supplementary Table S5). Similarly predicting death after 2 hours led to a 

threshold that predicted 10 of the 75 patients (13%) of the validation group without any false 

positives.

Similarly, we calculated the thresholds for 100% accuracy (no false positives) for the AI models, 

which led to correct classification of 9 of the 185 patients (5%) for the death after 1 hour and 6 of 

the 153 patients (4%) for death after 2 hours (Table 4). 

Table 4. Precision-recall trade-off for different thresholds for death after 1 or 2 hours of the AI prediction 
model

Threshold Total deaths after  
2 hours

True positive False positive Precision Recall

0.50 153 89 48 0.65 0.58

0.80 153 21 6 0.78 0.14

0.85 153 6 2 0.75 0.04

0.881 153 6 0 1 0.04

0.9 153 5 0 1 0.03

0.95 153 1 1 0.01

Threshold Total deaths after  
1 hour

True positive False positive Precision Recall

0.50 185 122 49 0.71 0.66

0.80 185 47 6 0.89 0.25

0.85 185 30 4 0.88 0.16

0.88 185 17 2 0.89 0.09

0.92 185 9 0 1 0.05

0.95 185 0 0 0 0

1For each patient for which the probability of not deceasing within 2 hours was larger than 0.88, it was 100% correctly 
predicted that he did not decease within 2 hour. Using this threshold, the model would have predicted 6 patients of the 153 
that did not die within 2 h.
2For each patient for which the probability of not deceasing within 1 hour was larger than 0.9, it was 100% correctly predicted 
that he did not decease within 1 hour. Using this threshold, the model would have predicted 9 patients of the 185 that did 
not die within 1 hour.
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External validation of three previously published models and the current LASSO 

models from the DCD III study using the ETZ cohorts

The predictive performance expressed as the AUC and calibration are shown in Table 5 and 

Supplementary Figures S3 & S4. All models showed a modest discrimination (AUC ranging 0.63-

0.86) when validated in the datasets of the DCD III and ETZ cohorts. Calibration plots showed 

that most models slightly overestimated the probabilities of death in those patients that died 

within the necessary timeframe, while our LASSO models overestimated the probability of death 

in those that did not die within the timeframe (see Supplementary Figures S3 & S4). Recalibration 

of the models was therefore performed. In our ETZ validation cohort we were not able to replicate 

the finding of identifying a subgroup with certain death after 1 or 2 hours.

Table 5. External validation of three existing models for death within 1 hour on the DCD III cohort and ETZ 
cohort and LASSO models for death within 1 and 2 hours on the ETZ cohort

Models Published by the author Cohorts for external validation

DCD III cohort ETZ cohort

AUC 95% CI AUC 95% CI AUC 95% CI

Lower Upper Lower Upper Lower Upper

de Groot1 0.77 0.69 0.90 0.74 0.70 0.79 0.86 0.77 0.95

Davila2 0.83 0.76 0.90 0.70 0.65 0.75 0.80 0.70 0.90

Suntharalingam3 0.63 0.58 0.68 0.63

LASSO 1 hour 0.77 0.80 0.69 0.91

LASSO 2 hours 0.79 0.82 0.73 0.92

Analysis method: the AUC is based on the predicted probabilities of death within 1 hour for each patient in the external 
validation datasets of the cohorts, calculated by the linear predictor per model as provided by the authors.
1  Linear predictor= - 2.52 + 1.54*absent corneal reflex (yes=1, no =0) + 1.08*absent cough reflex (yes =1, no= 0) + 

1.18* extensor or absent motor response (yes =1, no =0) +0.13* oxygenation index * 0.13.
2  Linear predictor= 2.4+1.6∗ (0=no inotropes;1=yes inotropes)–1.27∗(0=≤40years;1=>41years)–1.92∗(0=no gag/
cough;1= gag/cough present).

3  Suntharalingam et al used Cox regression analysis. The baseline cumulative hazard for survival at 1 hour was 
0.44. The Prognostic Index (PI) is: 0.44 + age 30-40 years* LN(0.70))+ (age 41-50years*LN(0.46)) + (age 
>50years*LN(0.37))+(pressure support ventilation*LN(1.67)) + (Fio2*LN(1.012). The baseline cumulative hazard of the 
DCD III cohort was 0.45.

Because WLST practices could influence timing of death and are only rarely taken into account 

in previous studies, we also sought to assess the effect of WLST on timing of death.
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Medication

Seventy seven percent of patients used some type of sedation and/or analgesia, as a continuous 

infusion, during the course of WLST (Table 2). The mean midazolam dose was significantly 

higher before and after WLST in the < 1 hour group (Supplementary Figure S5). There were no 

significant differences in the doses of morphine equivalents administered before and after WLST 

in both groups (Supplementary Figure S5). Less than 10% of all patients received a bolus of 

midazolam (maximum dose 10mg) or opioids before or after WLST. 

WLST practice

In all patients, supportive care was withdrawn simultaneously, meaning that together with the 

endotracheal tube, all medication (except medication for palliative care), tube feeding and fluid 

administration were discontinued. In 21% of all patients, an external ventricular drainage (EVD) 

was present which was removed or closed in almost all cases at the time of WLST. 

All patients were either extubated (98.5%) or disconnected from the ventilator (remaining 1.5%).  

Nursing care, such as secretion clearance or lateral tilt position variation after WLST, were applied 

significantly more frequent in the > 1 hour group (both P  <0.001), however in a small number 

of patients (9.5%). 

DISCUSSION

This is the largest multicenter prospective cohort study of potential cDCD donors on time to 

circulatory death. In our study we found that corneal and cough reflex, ventilator triggering, the 

motor score, administration of vasopressors and the GCS are the main predictors for circulatory 

death using a regression analysis with an AUC of the model of 0.77. This improved only slightly 

using AI-machine learning modelling, which is most likely due to the limited number of patients 

for AI-modelling. Using such, a model would mean that nearly 23% of the patients would be 

wrongly classified as not dying within 1 or 2 hours. With the large shortage of transplantable 

organs, operationalizing such models in clinical practice would mean that an unacceptable high 

percentage of potential organ donors would be missed. Previous models had the similar issues 

as shown in Supplementary Table S3. 

As a second step, we calculated whether we could predict death after the 1-2 hours timeframe 

with 100% accuracy, in order not to miss any donors. We were able to correctly identify 4-16% of 

the patients who would die beyond the 1-2 hours timeframe. Although this seems small, the high 

accuracy means that it could be used in clinical practice. Predicting which patients would not die 

within the necessary timeframe, cases that should not be prepared for a donor procedure can 

be identified. This would prevent using precious resources such as bed occupancy on the ICU, 
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booking an operating theatre, having a procurement team and transplantation team standby, use 

of ancillary diagnostics to test suitability of the organs and matching with acceptors, selecting 

potential patients on the transplantation waiting list, etc. Costs of starting an unsuccessful organ 

donation procedure have never been fully calculated, we estimate at approximately €20.000 

per patient in the Netherlands. Importantly, being able to accurately select which patients will 

die beyond the necessary timeframe also prevents disappointment within the family of these 

patients and the ICU team, when an organ donation procedure fails because of timing of death. 

Our final step was external validation. We encountered several obstacles in that process. 

Previous models used different variables, which prevented us from performing extensive external 

validation. Ideally, the performance of existing models should be done in a large independent 

validation cohort [23]. 

Before implementing prediction models, clinicians should be aware of the characteristics of their 

own patient population in relation to those in the models. Heterogeneity in clinical practices, 

e.g. in timing of prognostication or end-of-life care, may all influence patient selection, and 

thus variables included in the models. A model that is not recalibrated in the new setting can 

result in over- or underestimation of predicted probabilities of death hampering its use in clinical 

decision-making. 

With increasing share of cDCD donors, the effort of developing prediction models is clearly 

visible in the literature. 80% of such studies have been published in the last decade. However, 

despite these efforts, prediction models have not been implemented in the clinical practice, 

mainly due to their modest predictive ability. The accuracy data of our models to predict which 

patients would die after 1-2 hours, show that this approach has potential and needs confirmation 

by other cohorts. 

As mentioned in earlier reports, we found that sedation and analgesia dosages did not influence 

timing of death [2,18-19,25-26]. We could not support the finding of previous studies in a general 

ICU population in which lower doses of morphine were associated with more severe neurological 

damage [27]. All hospitals adhered to the guidelines published by The Dutch Intensive Care 

Society on withholding and withdrawal of life-sustaining treatment and palliative care of ICU 

patients [28]. Therapeutic treatment provided (non-comfort medications such as vasopressors, 

inotropes, antibiotics, intravenous fluids, (par)enteral feeding and endotracheal tube) was 

withdrawn simultaneously in almost all cases. Synchronous withdrawal of all treatment was also 

the practice in previous studies on cDCD patients [2,4-6,11].

Our study has also some limitations. Prediction models are statistical models build on variables 

collected from patients in a specific setting. Therefore, the discriminatory ability of some variables 

can vary in different cohorts. However, in contrast to several earlier reports, we only included 
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patients fulfilling organ donation criteria, which makes our sample more generalizable than many 

of the earlier prediction studies. Additionally, our dataset is the largest prospective cohort. We 

included patients from different types of hospitals (university medical centers as well as teaching 

hospitals with differences in their patient focus). We did not assess the clinical opinion of the 

medical team. Previous studies showed that the clinical opinion alone was not accurate enough 

[4-5].  We also did not assess laboratory results.6  Although severe abnormalities in laboratory 

findings could be related to timing of death, they also mirror a poor clinical organ condition. Such 

patients would most likely not fulfill the cDCD criteria. As such, we do not expect that laboratory 

criteria would have changed the prediction model significantly.

In summary, this large multicenter prospective cohort of potential cDCD donors found easy to 

asses clinical features, to estimate time to death after WLST. We were able to reliably predict a 

small percentage of patients that would die beyond 1 or 2 hours. Selecting such patients not to 

enter the organ donation process could prevent unnecessary costs, use of precious resources, 

in addition to disappointment within the donor and acceptor families. External validation of 

previously published models showed that all have modest accuracy, hampering their use in daily 

clinical practice. Based on our data, WSLT practices are not associated with timing of death, and 

as such have no influence on donor potential.
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Supplementary Table S1. cDCD criteria as defined by the Dutch Transplant Foundation  

Age criteria for cDCD organ retrieval in the Netherlands

Organ Age criteria

Kidney ≤75 years 

Lung No age criteria 

Heart ≤58 years

Liver No age criteria

Pancreas  ≤50 years 

Islets of Langerhans ≤75 years 

Strict contraindications to organ donation as defined by the Dutch Transplant Foundation

identity unknown

untreated sepsis

malignancy except for some primary brain tumors,  non-metastatic brain tumors, and if medical history indicates a 
curative treated malignancy

active viral infection with herpes zoster, rubella , rabies , HIV, COVID-19

active tuberculosis

anencephaly

Relative contraindication to organ donation as defined by the Dutch Transplant Foundation

chronic Q-fever

unknown cause of death

melanoma
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Supplementary Table S2. Baseline characteristics of all patients included in the DCD III cohort and Wind, 
ETZ, Nijhoff and Suntharalingam cohort 

Cohort DCD III  
cohort

ETZ  
cohort

Wind  
cohort

Nijhoff 
cohort

Suntharalingam 
cohort

Total number of patients included 409 92 211 394 191

Type of data collection Multicenter 
prospective

Single center 
retrospective

Multicenter 
prospective

Multicenter 
retrospective

Multicenter 
prospective

Netherlands Netherlands Netherlands Netherlands UK

Number of patients dying within 1 hour n(%) 224 (55) 54(59) 161(76) 283(72) 108(56)

Age (years) (SD)* 57(13.6) 57(±12.8) 52(±13) 55(±20.7) 44(16-65)

Male (%) 61 66.7 61 64

BMI (SD) 26(±4.8) 25(±4) 25(±6) 26(±4)

Time to death (minutes) 1-8114 5-1253 1-8292 2-1253 5-4779

Absent corneal reflex (%) 57 53 62

Absent cough reflex (%) 48 49 49 64

Absent pupillary reflex (%) 56 67 71 61

Absent swallow reflex (%) 61 76 63

Motor response (absent or extensor) (%) 83 90 80 91

Controlled mode of ventilation (%) 55 51 66 12 60

FiO2 (%) (±SD) 39(±16) 40(±16) 47(±18) 50(±18)

PEEP(cmH20) (±SD) 7(±2) 5(±2) 7(±3) 7(±3)

paO2 (kPa) (±SD) 14(±7) 12.3(±7) 22(±16)

Oxygenation index (±SD) 5.6(±5) 6.5(±11) 7(±9)

Mean arterial pressure (mmHg) (±SD) 85.9(±21) 87.5(±20)

Heart rate per minute (±SD) 88(±25) 86(±29)

Neurologic diagnosis (%) 69 90.7 68 63 69.7

TBI (%) 23 29 21 25 28.3

SAH (%) 20 26 18

CVA (%) 8.1 8.7 14 11

ICH (%) 17.6 27 33 9 41.4

Postanoxic (%) 25.2 5.4 28 25 15.7

Other (%) 3.2 3.9 4 9 14.7

Norepinephrine (%) 20 25 41 38

Extubation after WLST (%) 98 100 81 79

BMI, body mass index; CVA, cerebrovascular accident; ICH, intracranial hemorrhage; FiO2, fraction of inspired oxygen; N, 
number; PEEP, positive end expiratory pressure; paO2, partial pressure of oxygen in arterial blood; TBI, traumatic brain injury; 
SAH, subarachnoid hemorrhage; SD, Standard Deviation; UK, United Kingdom.
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Supplementary Table S3. Area under the receiver operating characteristic curve (AUC) of predicted 
probabilities for death within 1 hour of eight previous studies on potential DCD donors

Study Published by the author Predictors included in the model

AUC 95% CI Multivariable regression model analysis

Lower Upper

de Groot et al
2012

0.77 0.69 0.90 Absent corneal reflex, (yes=1, no=0) absent cough reflex 
(yes=1, no= 0), extensor or absent motor response (yes=1, 
no=0), oxygenation index1 

Davila et al
2012

0.83 0.76 0.90 Inotropes (no=0, yes=1), age (≤40years=0, >41years=1), 
gag/cough present (no=0, yes=1)

Wind et al
2012

0.73 0.65 0.81 Controlled mode ventilation (yes=1, no=0), norepinephrine 
(yes=1, no=0), cardiovascular comorbidity (yes=1, no=0), 
brainstem reflexes2, neurologic deficit (anoxic damage after 
CPR=1, other diagnosis=0)

Xu et al
2018

0.88 0.83 0.93 Hospitalization days(< 30 days or ≥30 days), cisterna 
ambiens (normal, narrowed or absent), swirl sign (absent or 
present), brain herniation (absent or present, intraventricular 
hemorrhage (absent or present), pupil size (normal, anisocoric 
or bilaterally dilated), oxygenation index (or 3 or ≥3)

CART model analysis

Brieva et al
2014

Efficiency 0.80(0.73-0.86), 
se0.sensitivity 87(0.78-0.93 
sensitivity, PPV 0.78(0.68-0.86)

ICU specialist opinion, PEEP (<6 or ≥6), spontaneous 
respiratory rate (<11 or ≥ 11), GCS (<4 or ≥4), systolic blood 
pressure (<84 or ≥84)

DeVita et al
2008

59% of patients classified 
in <60 minutes death, 91% 
sensitivity, 67% specificity, 70% 
PPV

Model a:GCS equals to 3 and all treatments withdrawn 
simultaneously or 
Model b:SaO2/FiO2 <230 and PIP ≥35 at the time of 
withdrawal

Okahara et al
2021

PPV 0.56, sensitivity of 1.00 for 
death within 90 min

ICU length of stay, GCS score, CT/MRI findings, vasopressin, 
ventilation mode

Cox regression analysis

Suntharalingam et 
al 2009

Baseline cumulative hazard for 
survival at 60 minutes is 0.44

age (30-40) or (41-50) or >50 years, pressure support 
ventilation, FiO2

1Oxygenation index: is calculated as, mean airway pressure x FiO2 x 100/PaO2 in kPa; mean airway pressure= peak 
inspiratory pressure + positive end-expiratory pressure/2.
2Brainstem reflexes included pupil, cough and swallowing reflex and categorized as 0,1,2,3 absent reflexes.

CART, classification and regression trees; CT, computed tomography; GCS, Glasgow Coma Scale;  MRI, magnetic 
resonance imaging; OI, oxygenation index; PPV, positive predictive value; WSLT, withdrawal of life-sustaining treatment.
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Supplementary Table S4. Characteristics of three existing prediction models selected for external validation 

Study Clinical setting and Study design Variables included in the prediction model

de Groot et al Netherlands
Single center, retrospective
2007-2009
82 patients included,  60% circulatory death 
within 1 h

- Absent corneal reflex
- Absent cough reflex
- Motor reflex absent or extensor
- Oxygenation index

Suntharlingham et al United Kingdom
Multicenter, prospective
2004-2007
191 patients included,  56% circulatory death 
within 1 h 

- FiO2 (per%)
- Controlled mechanical ventilation 
- Age group <31–40

Davila et al United Kingdom
Single center Retrospective  2001-2009, 414 
patients included, 70% circulatory death 
within 1 h
Prospective in 2010, 178 patients included, 
64% circulatory death within 1 h

- Donor age <40 years
- Absent gag or cough reflex 
- Use of inotropic support
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Supplementary Table S5. Precision for the different thresholds for death after 1 or 2 hours for the LASSO-
models for the validation set of 75 patients

Threshold for death after 
1 hour

True negative False negative Precision Predictive value

-1.24 1 0 100%   1%

-0.48 3 0 100%   4%

-0.38 7 0 100%   9%

-0.191 12 0 100%   16%

-0.10 17 2 71%    22%

Threshold for death after
2 hours

True negative False negative Precision Predictive value

-1.87  1   0 100% 1%

-1.47  3   0 100% 4%

-0.142  9   0 100% 12%

-0.07 10   1   91% 13%

 0.57 24   5   82% 32%

1 For each patient for which the threshold of not deceasing within 1 h was lower than -0.19, it was 100% correctly predicted 
that he did not decease within 1 h. Using this threshold, the model would have predicted 12 patients that did not die within 
1 h out of the total of 75 patients.

2 For each patient for which the threshold of not deceasing within 2 h was lower than -0.14, it was 100% correctly predicted 
that he did not decease within 2 h. Using this threshold, the model would have predicted 9 patients that did not die within 
2 h out of 75 patients.
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Supplementary Figure S1. Mean predicted and observed probabilities of death within 1 hour

Supplementary Figure S1. Mean predicted and observed probabilities of death within 1 hour

The prediction model was overoptimistic in the lower and intermediate observed death group and under optimistic in the 
high observed death group meaning that in the highest groups potential donors are missed and in the lower groups, 
unsuccessful procedures will be started. 
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Supplementary Figure S2a. Permutation based variable importance of four LightGBM models of circulatory 
death within and after 1 or 2 hours

 
 
Supplementary Figure S2a.  
 

 
Fig.a: Permutation - death within 1 hour       Fig.b: Permutation - death within 2 hours 

 

 
Fig. c: Permutation - no death 1 hour    Fig.d: Permutation - no death 2 hours 
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Supplementary Figure S2b. Gain based variable importance of four LighGBM models of circulatory death 
within and after 1 or 2 hours

 
 
Supplementary Figure S2b.  
 

 
Fig. e: Gain - death within 1 hour   Fig. f: Gain - death within 2 hours 

 

 
Fig. g: Gain - no death 1 hour   Fig. h: Gain - no death 2 hours 

 
APACHE IV, acute physiology and chronic health evaluation IV; WSLT, withdrawal of life-sustaining treatment.

The variables selected after applying LighGBM were:  APACHE 2* APACHE 4 score, ventilatory hours, length of ICU stay in 
hours, triggering the mechanical ventilator, FiO2, the GCS before WLST and presence of cough reflex before WLST.

Importance of the variables with LightGBM  can be determined by using two different methods. In specific, the permutation 
method and the gain method. A permutation is a mathematical approach that determines the number of possible 
arrangements in a set when the order of the arrangements matters. The permutation variable importance is defined to be 
the decrease in a model score when a single variable value is shuffled. Rearrangement destroys the relationship between 
the variable and the outcome, thus the reduction in the model score illustrates the degree of dependence between the 
model and the variable.1 .A second method in determining the variable importance is to look at the gain of a variable when 
it is used in a tree. When adding a new tree node, LightGBM chooses the split point that has the largest gain. Gain is the 
reduction in training loss that results from adding a split point.2.3

1. https://scikitlearn.org/stable/modules/permutation_importance.html#id2)

2. https://eli5.readthedocs.io/en/latest/libraries/lightgbm.html

3. https://lightgbm.readthedocs.io/en/latest/Parameters-Tuning.html#:~:text=When%20adding%20a%20new%20
tree%20node%2C%20LightGBM%20chooses,%E2%80%9Cthere%20is%20no%20improvement%20that%20is%20
too%20small%E2%80%9D.
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Supplementary Figure S3 Calibration plots of existing models on the DCD III cohort

1. Calibration plot de Groot1

1

1. Calibration plot de Groot1

Before calibrationBeforeBefore calibrationcalibration

After calibration
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2. Calibration plot Davila2

2

2. Calibration plot Davila2

Before calibrationBefore calibration

After calibration
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3. Calibration plot Suntharalingam3

3

3. Calibration plot Suntharalingam3

After calibration

1  For recalibration of the model fi rst the regression coeffi cients were adjusted (shrunken) by 0.65, leading to adjustment of 
the slope. In the output of the adjusted logistic regression model, the slope is 1.0 and thus corrected and the new intercept 
is -0.19 which is added to the original intercept. The update model is: Linear predictor= (- 2.52-0.19) + 1.54*absent 
corneal refl ex (yes=1, no =0)*0.65 + 1.08*absent cough refl ex (yes =1, no= 0)*0.65 + 1.18* extensor or absent motor 
response (yes =1, no =0)*0.65 +0.13* oxygenation index * 0.13*0.65.

2  The same procedure is followed as mentioned above, leading to the updated model: Linear predictor= (2.4-
0.97)+1.6∗(0=no inotropes;1=yes inotropes)*0.65 -1.27∗(0=≤40years;1=>41years) *0.65 –1.92∗(0=no gag/cough;1= 
gag/cough present)*0.65.

3  Cox regression was applied, and a calibration plot before can not be produced. After calibration the shrinkage 
for the coeffi cients is 0.028 and -2.56 should be added to the PI at 1 hour as followed PI= (0.44 -2.55)+ age 30-40* 
LN(0.70)*0.028+ (age 41-50years*LN(0.46)*0.028 + 

(age >50 years *LN(0.37)*0.028+(pressure support ventilation*LN(1.67)*0.028 + (Fio2*LN(1.012)*0.028. 

PI refers to the prognostic index and is estimated from the Kaplan Meir plot for time to death from withdrawal of treatment; 
the PI at 1 hour after WLST is 0.44.
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Supplementary Figure S4. Calibration plots of the LASSO models on the ETZ cohort

1. External validation LASSO model 1 hour1

1

1. External validation LASSO model 1 hour1

Before calibration

2

After calibration
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2. External validation LASSO 2 hours 

3

2. External validation LASSO 2 hours

Before calibration

4

.

After calibration
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1  For recalibration of the of the LASSO model for death within 1 hour on the ETZ cohort, first the regression coefficients were 
adjusted by 3.08, leading to adjustment of the slope. In the output of the adjusted logistic regression model, the slope 
is 1.0 and thus corrected and the new intercept is 1.68, which is added to the original intercept. The update model is: 
Linear predictor (lp):  (1.05+1.68) - 0.32*corneal reflex present (yes=1, no=0)*3.08 - 0.33*cough reflex present (yes=1, 
no=0)*3.08  + 0.01* motor score (M1 or M2=1, M3 or more=0)*3.08  + 0.11* norepinephrine given (yes=1, no=0)*3.08   
- 0.21*triggering mechanical ventilator (yes=1, no=0)*3.08  - 0.09* GCS*3.08.

2  The same procedure is followed as mentioned above, leading to the updated LASSO model for death within 2 hours on 
the ETZ cohort: Linear predictor (lp): (1.18+0.56) - 0.26* pupillary reflex present (yes=1, no=0)*1.66 - 0.36*corneal reflex 
present (yes=1, no=0)*1.66  - 0.54*cough reflex present (yes=1, no=0) *1.66  + 0.57 * motor score ( M1 or M2=1, M3 
or more=0) *1.66  + 0.02* OI *1.66 + 0.18* norepinephrine given (yes=1, no=0) *1.66  - 0.48* triggering mechanical 
ventilator (yes=1, no=0) *1.66  +  0.11* SAH(yes=1, no=0) *1.66  - 0.11* GCS*1.66.

The AUC of all models remain the same after recalibration.
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Supplementary Figure S5a. Midazolam dose before and after WLST in patients dying within or after 1 hour

1 
 

 

 

CI, confidence interval; WLST, withdrawal of life-sustaining treatment
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Supplementary Figure S5b. Morphine equivalent dose before and after WLST in patients dying within or 

after 1 hour

1 
 

 

 
CI, confidence interval; WLST, withdrawal of life-sustaining treatment
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ABSTRACT

Controlled donation after circulatory death (cDCD) occurs after a decision to withdraw life-

sustaining treatment (WLST) and subsequent family approach and approval for donation. We 

currently lack data on factors that impact the decision-making process on WLST and whether 

time from admission to family approach, influences family consent rates. Such insights could 

be important in improving the clinical practice of potential cDCD donors. In a prospective 

multicenter observational study, we evaluated the impact of timing and of the clinical factors 

during the end-of-life decision-making process in potential cDCD donors. Characteristics and 

medication use, of 409 potential cDCD donors admitted to the intensive care units (ICU), were 

assessed. End-of-life decision-making was made after a mean time of 97 h after ICU admission 

and mostly during the day. Intracranial hemorrhage or ischemic stroke and a high APACHE IV 

score were associated with a short decision-making process. Preserved brainstem reflexes, high 

Glasgow Coma Scale scores or cerebral infections were associated with longer time to decision-

making. Our data also suggest that the organ donation request could be made shortly after the 

decision to stop active treatment, and consent rates were not influenced by day- or nighttime or 

by the duration of the ICU stay.
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INTRODUCTION

The majority of deaths of patients admitted to the ICU (85%) is diagnosed based on circulatory 

arrest due to withdrawal of life-sustaining treatment (WLST). In these patients, 2.5-5% are eligible 

for controlled donation after circulatory death (cDCD) [1-3]. Crucial steps prior to initiation of a 

cDCD procedure are: a) prognostication, b) actual decision to withdraw life-sustaining therapy, 

c) timing of the communication of the futile prognosis with the next-of-kin, d) family consent to 

organ donation and e) the practice of end-of-life care [4].

Limiting life-supporting treatment is common in ICUs worldwide; however, the decision-making 

process and end-of-life care provided varies highly between countries (and even between 

hospitals and treating physicians within a country) and is dependent on the existing local 

culture, religion and legislation. Attitude of the treating physician towards end-of-life care, the 

prognosticating ability of the physician and patient related factors influence the decision to limit 

or withdraw active medical treatment [5-11]. Timing of prognostication and initiation of end-of-

life care can impact the number of potential donors [12, 13]. Previous studies suggested that 

delaying WLST enables professional caregivers to dedicate more time counseling relatives and 

providing clear information regarding the process of dying and organ donation [14]. On the other 

hand, Hulme et al showed that the involvements of a specialist nurse and known patient wishes 

were strongly associated with family approval for organ donation, whereas time from admission 

to family approach and time of the day were not [15]. However, the topic of timing the decision 

to stop active treatment and the role of clinical factors, such as medication use at the time of 

decision to adjust active treatment to one that focuses on end-of-life care and its impact on 

organ donation, is a less studied subject. 

In this context, the main aim of our study was to assess timing and patient characteristics that 

are associated with the decision-making process leading to the initiation of end-of-life care, in a 

large multicenter prospective study of potential cDCD donors. A second objective was to explore 

the influence of this timing in family approach on consent to organ donation.

MATERIALS AND METHODS

This study is part of a multicenter, observational, prospective cohort study entitled “Prediction on 

Time to Death in Potential Controlled Donation After Circulatory Death (cDCD) Donors (DCD III 

Study” (ClinicalTrials.gov NCT04123275). In the DCD III Study, 409 consecutive potential cDCD 

patients admitted at the Intensive Care Unit of three university and three teaching hospitals in 

the Netherlands, were included. The main objective of the DCD III Study is to develop a model 

predicting time to death in potential cDCD patients. 80% of the cases will be used to develop 
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the model and 20% of patients will be used to validate the model. On different time points, 

data on neurologic examination, physiological variables, and dose of sedation, analgesia and 

vasopressors was registered and will be used to develop a prediction model. In addition, we 

also collected data regarding end-of-life decision-making in all included patients. These data 

are presented here.

In a period of 40 months all potential cDCD patients aged between 18 and 75 years old, meeting 

the criteria for cDCD as defined by the Dutch Transplant Foundation, were included [16]. Patients 

were excluded if they were younger than 18 years of age, not mechanically ventilated, brain 

dead, or when contraindications to organ donation were present (e.g. sepsis, malignancy or 

active viral infections).

Definition of decision-making 

Decision-making was defined as the point in time that the medical team decided that further 

therapeutic treatment was futile. 

We calculated two different timeframes (in h): a) from ICU admission until the decision of futility 

of treatment (decision-making), b) from completion of decision-making until actual WLST.

Data collected

To assess whether timing and patient characteristics are associated with decision-making 

resulting in the onset of end-of-life care, we collected data at two different points in time. First, on 

admission we collected baseline patient characteristics including gender, age, APACHE IV, and 

diagnosis. Second, at the point in time the medical team decided that further treatment was futile 

(decision-making), we assessed the Glasgow Coma Scale (GCS) score, pupillary-, corneal- and 

cough reflex, type and doses of sedatives, analgesics and vasopressors/inotropes.

Diagnosis on admission was classified according to the ICD-10 code system (International 

Statistical Classification of Diseases and Related Health Problems by the World Health 

Organization (WHO), tenth revision). Data on family consent or refusal to organ donation were 

collected. Data were prospectively collected by the local investigators and recorded using an 

electronic Case Report Form (CRF). 

If different types of opioids, (e.g. morphine, sufentanil, remifentanil or fentanyl) were used, we 

converted the doses in morphine equivalent doses. We estimated that 1 mg of intravenous 

morphine is equivalent to 15 micrograms of intravenous fentanyl and 2 microgram of sufentanil 

[17, 18]. 
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The study protocol was reviewed and approved by the ethics committee of all participating 

hospitals. As the protocol only included collection of data that were components of standard 

care, the need for informed consent was waived. Our results are reported according to the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines 

[19].

Statistical analysis

We used univariable linear regression analysis to identify factors associated with timing to 

decision-making. Multivariable linear regression analysis with forward selection was performed 

enrolling the most significant variables based on P value <.05, to select the strongest set of 

variables associated with timing to decision-making. Our database had only missing data on the 

APACHE IV variable (14 cases, 3.4%). The statistical analyses were performed using IBM SPSS, 

version 24.

RESULTS

Patient characteristics 

Table 1 shows the patient characteristics of all 409 potential cDCD donors. 
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Table 1. Demographic and clinical data of 409 potential cDCD patients on decision-making 

95% CI

Parameters N (%) Mean SD B P

Decision-making time in h 97 (127)

Age (years) 57.6 (13.6) 0.096 -0.812 1.005 .835

Male n(%) 249 (61) 2.87 -22.4 28.2 .824

APACHE IV 93 (25.8) -0.753 -1.237 -0.268 .002

Anoxic1 103 (25) 98.3 74.3 122

TBI 94 (23) 6.05 -28.6 40.7 .732

SAH 84 (21) 3.09 -32.6 38.8 .865

ICH 72 (18) -40.9 -78.2 -3.56 .032

CVA 33 (8) -27.5 -76.2 21.0 .265

Respiratory 10 (3) 93.9 13.4 174 .022

Other2 13 (3) 125 53.7 196 .001

GCS 3.97 (1.71) 27.4 20.6 34.1 <.001

Pupillary reflex present 193 (47) 91.4 68.2 114 <.001

Corneal reflex present 200 (49) 85.3 60.0 110 <.001

Cough reflex present 239 (58) 68.8 37.2 96.4 <.001

Norepinephrine dose (ugr/kg/min) 0.188 (0.25)  

Vasopressor use1 132 (32) -35.3 -61.5 -9.12 .008

Morphine equivalents doses (mg/h) 11.38 (15.8)

Analgesia use1 143 (35) -6.39 -32.3 19.5 .628

Midazolam use1 53 (13) -11.3 -48.1 25.4 .546

Midazolam dose (mg/h) 14.9 (13.4)

Propofol use1 77 (19) -54.4 -85.6 -23.3 .001

Propofol dose (mg/h) 206 (135)

Sedation use1 120 (29) -34.8 -58.1 -11.5 .003

Mechanical ventilation before/on admission 329 (80)

Family consent1 127 (31) 14.0 -12.3 40.5 .296

Daytime admission1 187 (45)

Daytime decision-making1 328 (80) 49.0 18.4 79.7 .002

Hemicraniectomy1 48 (12) 20.4 -17.8 58.8 .295

APACHE IV, acute physiology and chronic health evaluation IV; CI, confidence interval; CVA, cerebrovascular accident; GCS, 
Glasgow coma scale score; ICH, intracranial hemorrhage; Resp, respiratory disease; SAH, subarachnoid hemorrhage; TBI, 
traumatic brain injury; ugr, migrogram.

Parameters : Apache IV (continuous variable), anoxic1, TBI, SAH, ICH, SAH, respiratory, other,  GCS (continuous variable), 
pupillary reflex (absent, present1, not assessable(data not shown)), corneal reflex (absent, present1, not assessable (data 
not shown), cough reflex (absent, present1, not assessable (data not shown), vasopressor use (yes1 or no), analgesia use 
(yes1 or no), midazolam use (yes1 or no), propofol use (yes1 or no), family consent to organ donation (yes1 or no), daytime 
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admission (day1 or evening/night), daytime decision futile treatment (day1 or evening/night), hemicraniectomy (yes1 or no).1 
Is reference.
2Other include encephalitis, Huntington disease and trauma, meningitis, intracerebral abscess, aspiration pneumonia 
complicating minor trauma, complication after meningioma resection, methanol intoxication, refractory epilepsy.

Univariable linear regression analysis on decision-making time with P-values. B is the unstandardized coefficient.

Multivariable linear regression analysis showed that higher APACHE IV scores, intracranial 

hemorrhage (ICH) and ischemic cerebrovascular accident (CVA) as an ICU-admission diagnosis 

were related to shorter decision-making time. Presence of pupillary and corneal reflexes, 

higher GCS and diagnosis on admission related to cerebral infection or neoplasm were strong 

predictors of longer time till decision-making (Table 2). These variables together explained 27.5% 

(R square 0.275, P=.034) of the variance in decision-making time.

In 23 (5.6%) of cases, the decision-making towards end-of-life care was finalized before ICU 

admission. Table S1 outlines the clinical characteristics of these patients. The majority of these 

patients suffered from devastating traumatic brain injury (TBI) or intracranial hemorrhage (ICH), 

lacked pupillary and corneal reflex reactions and were treated with high doses of morphine 

equivalents and/or propofol.

Table 2. Multivariable linear regression analysis of factors associated with decision-making time

Unstandardized 
coefficients

95% CI

B SE t P

(Constant)  76.25 2.833 23.32 129.1 .005

Apache IV   -0.87 -0.175 -3.912  -1.32      -0.43 <.001

ICH -41.96 -0.126 -2.777 -71.67    -12.25 .006

CVA -44.00 -0.096 -2.129 -84.67      -3.36 .034

Other1 79.84 0.108 2.244 15.03 144.60 .016

Pupillary reflex present 50.35 0.196 3.927 25.13    75.56 <.001

Corneal reflex present 35.37 0.138 2.837 10.86    59.89 .005

GCS 17.55 0.237 5.056 10.72    24.38 <.001

APACHE IV, Acute Physiology and Chronic Health Evaluation IV; CI, confidence interval; CVA, cerebrovascular accident; 
GCS, Glasgow Coma Scale; ICH, intracranial hemorrhage; SAH, subarachnoid hemorrhage; SE, standard error; TBI, 
traumatic brain injury.

1  Other includes:  encephalitis, Huntington’s disease and minor trauma, meningitis, intracerebral abscess, aspiration 
pneumonia complicating minor trauma, complication after meningioma resection, methanol intoxication, refractory epilepsy.

Adjusted for: age, gender, diagnosis (categorized as: post-anoxic2, TBI, SAH, ICH, SAH, respiratory, other),  GCS 
(continuous), pupillary reflex (absent, present2, not assessable), corneal reflex (absent, present2, not assessable), cough 
reflex (absent, present2, not assessable), use of vasopressor (binary), use of sedation (binary), use of analgesia (binary), 
Apache IV, admission time of the day (binary; day or evening/night), decision time of the day (binary; day or evening/night); 
2 is reference.

Analysis of 409 patients. Multivariable linear regression analysis with forward selection.
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Medication on decision-making

In 32% of the patients, vasopressors were administered, mostly norepinephrine. Propofol (19%) 

was the most used sedative, followed by midazolam (13%). The majority of patients (71%) had 

no sedation or opioids (65%) on decision-making. Mean doses of vasopressors, sedatives and 

opioids are shown in Table 1.

Patients with a traumatic brain injury (TBI), subarachnoid hemorrhage (SAH), or intracranial 

hemorrhage (ICH) received significantly lower doses of analgesia on decision-making compared 

to post-anoxic patients (Table S2).

Timeframes from ICU-admission until WLST

Admission to decision-making 

Mean and median time from admission until decision-making for the total cohort of 409 patients, 

was 97 h (sd =127 h) respectively 48 h (interquartile range [IQR] 15-134). The mean and median 

time until decision-making, excluding the 23 patients in whom end-of-life decision was made 

prior to ICU admission, was 103 h (sd = 128) respectively 55 h (IQR 19-138). In these 23 patients, 

the decision to admit them to the ICU nonetheless, was to give the family more time to grieve, to 

wait for the arrival of family members, or to facilitate organ donation. 

Day vs night 

More than half of the patients (54.3%) were admitted in the evening or at night. Decisions-making 

was mainly done during daytime (n=328 (80%)). When the decision was made during a day 

shift, clinicians needed significantly more time compared to evening and nighttime (107 h vs 57 

h, (P = .002)). 

The shortest time between ICU-admission and decision-making to stop active treatment was 

in those patients, where both the ICU-admission and decision of futility of treatment were 

made during the night (mean 3 h). In this subgroup, significantly more patients suffered from 

devastating intracranial hemorrhage with severe neurological symptoms, leaving physicians with 

no treatment options. 

Decision-making to WLST

Time from decision-making to the actual moment of WLST was significantly longer in those 

patients who donated their organs (mean 14 h, sd=13.9 h) compared to those patients where 

the family refused organ donation (mean 8.9h, sd=11.9 h) (P = <.001), reflecting the additional 

time needed to coordinate an organ procurement procedure.
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Family consent to organ donation

Organ donation was requested in all cases, however only 127 (31%) families consented to organ 

donation. All families were approached for organ donation after futility of further treatment was 

established and options were discussed with the family. Neither the time from ICU-admission 

to family approach for organ donation consent, nor the timing of the organ donation request 

(during daytime or evening/nighttime) were associated with higher family consent rates to organ 

donation. Consent rates (39%) were also comparable when the decision-making was made 

before ICU admission (Table S1).

DISCUSSION

This is the largest prospective multicenter observational study on the end-of-life decision-making 

process in potential organ donors. Previous studies using mortality prediction models for ICU 

patients cannot be generalized to the organ donation field as they incorporated variables that 

exclude the possibility of organ donation (e.g. cancer, sepsis) [5-7]). In our cohort of 409 potential 

cDCD donors we found that severity of disease (APACE IV score) and extensive neurological 

involvement (as seen in ICH) on admission, were the strongest patient related characteristics 

contributing to a shorter timeframe until prognostication of futility of treatment. Additionally, we 

showed that in potential cDCD donors, clinicians required on average four days to establish 

a prognosis of futility. The majority of patients had sedation and/or analgesia discontinued at 

the moment of decision-making in order not to interfere with neurological examination and 

prognostication. Family refusal rates to organ donation was not associated with the timing of the 

organ donation request (neither the time between admission till organ donation request nor the 

moment of requesting being in daytime or nighttime hours). 

There is a debate regarding the time needed for prognostication purposes and onset of end-of-

life care. In 2015 the Neurocritical Care Society recommended delaying any decision on end-

of-life treatment within 72 h after admission in patients with devastating brain injury in order 

not to miss any potential good outcome [20]. In addition, The European Resuscitation Council 

and the European Society of Intensive Care Medicine recommend awaiting 72 h or more after 

return of spontaneous circulation (ROSC) in post-cardiac arrest patients, before predicting poor 

outcome. They also mention that some indicators can be evaluated earlier, allowing earlier WLST 

[21]. The mean decision-making time was 97 h in our cohort. If we exclude those patients that 

were admitted to the ICU with a prognosis of futility of treatment already made in the Emergency 

Room (ER), in 57% of our cases decision-making was made after 48 h of admission. Admission 

to the ICU and delaying WLST is considered to be beneficial not only for grieving families but 

has a positive influence on post mortal organ donation consent and number of organs retrieved.

[12, 22, 23]. Also, some patients will clinically progress to develop brain death during the 
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observation period, allowing a donation after brain death (DBD) rather than a cDCD procedure 

[14, 24]. A previous study showed that end-of-life decision-making was predominantly based 

on neurological reasons rather than ethical considerations, or severe comorbidity [25]. In our 

cohort, decision-making was realized in a shorter period of time in a considerable number of 

patients. These patients had many clinical risk factors of poor outcome which may have led 

to early decision-making. Stopping further treatment is a complex process where different 

factors influence such a decision. Deteriorating clinical status can render further treatment futile. 

However, treatment can also be withdrawn based on poor expected functional outcomes or on 

advance patient directives not in line with treatment, factors that are often known before a period 

of 72 hours. 

Previously, age, diagnosis, acute admission of previous healthy and functional status were 

characteristics found to be related to a decision to initiate end-of-life care [6, 7, 10, 12, 26-

28]. Potential cDCD donors are a unique category of patients in terms of physiological stability. 

Decision-making is not based on hemodynamic, respiratory or renal failure in these patients. 

As such, organ failure would render them unsuitable as potential organ donors. Thus, apart 

from the neurological injury, most potential organ donors have good functionality of their 

organs. Therefore, neurological determinants, also assessed in this study, play a central role in 

prognostication of organ donors. 

Administration of sedation and/or analgesia can influence (prolong) the time needed for clinical 

evaluation. Previous studies did not assess the dosing of sedation or analgesia and their 

influence on time to decision of treatment futility. We found that sedatives or opiates were not 

administered in two out of three patients at the moment of prognostication. Prognostication 

in these patients with SAH, TBI or ICH mandate that factors influencing bed site neurological 

judgement should be removed as much as possible. As such, analgesia and sedation were 

likely discontinued in these patients in order to not confound the clinical neurological examination 

needed for prognostication. In post anoxic patients, analgesia and/or sedation does not interfere 

with additional neurophysiological testing such as a Somatosensory Evoked Potential (SSEP), 

used for prognostication purposes. This may have explained the lower dosages of analgesia in 

patients with TBI, SAH or ICH compared to the dosages used in post-anoxic patients. 

A crucial part in organ donation is family consent rates. If the extend of the brain injury is 

not communicated well or the family did not have sufficient time to understand and accept 

its consequences, this will result in lower consent rates to organ donation [22].  In this study, 

the time between ICU admission and the decision of futility of treatment was not associated 

with family consent rates to organ donation. Nor did the day- or nighttime timing of the organ 

donation request influence consent rates to organ donation, which corroborates one previously 

published study [15]. We expected that shorter time intervals from ICU admission to decision-
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making and organ donation request would have a negative influence on family consent rates. 

A possible explanation is that the overall mean time between ICU admission and prognosis of 

futility was already long enough with 97 h. A timeframe that is probably sufficient to have several 

conversations, gain trust with the family, have them understand the nature of the disease and the 

organ donation process. 

Although this is one of the largest prospective multicenter cohort of consecutive potential cDCD 

donors, there are some limitations to our study. We described the patient characteristics and 

other patient related factors collected from admission at the ICU till the decision of futility of 

treatment and WLST. We did not interview the medical team members and hence had no insight 

which factors were precisely used to decide on futility of treatment. Other factors such as known 

patient wishes, specific family wishes, or pre-morbid physical state could have influenced the 

decision to withdraw treatment and its timing. There are large differences in organ donation and 

end-of-life practices worldwide, influenced by culture and religion specific customs, resources, 

practices, and regulations. Although, we performed a multicenter study, all study sites were 

located in the Netherlands. Our data could therefore be less generalizable to other countries.

In summary, our data from a large prospective cohort of 409 potential cDCD donors provide 

valuable insights on the largely overlooked topic of end-of-life decision-making in potential organ 

donors and show that early prognostication occurs in certain patient categories more often. 

Our data also shed light on the WLST process in potential DCD donors. Additional research is 

needed to explore the influence of region specific customs (religion, regulations, practices, etc). 

In addition, as family needs time to accept the impeding (acute) death of their loved ones, early 

decision-making and early organ donation requesting could be seen as counterproductive. Our 

data show that this is not necessarily the case. Although prognostication is more difficult in the 

acute setting, our data show that if the treating team believes decision-making about WLST is 

possible early after hospital admission, this will not necessarily have a negative effect on the 

consent rates to organ donation. It is important to note that in all our cases, organ donation 

requesting was done primarily by (ICU) teams trained in organ donation requesting, as is normal 

practice in the Netherlands. Also most decision-making was done on a multidisciplinary basis 

and included key neurological clinical parameters, but also taking into account patient advance 

directives. 
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SUPPLEMENTAL DIGITAL CONTENT

Supplemental Table S1. Comparison of demographic and clinical data between potential cDCD patients 
in whom decision-making was made before and after ICU admission

Decision-making before ICU 
admission (n=23)

Decision-making after ICU 
admission (n=386)

Parameters N (%) Mean SD N (%) Mean SD

Decision-making time in h 0.5 (0.28) 102 (128)

Age (years) 58 (16) 57.6 (13.6)

Male n(%) 12 (52) 237 (61)

APACHE IV 89 (26) 93 (25.8)

Anoxic 0 (0) 103 (26)

TBI 9 (39) 85 (22)

SAH 4 (17) 80 (21)

ICH 9 (39) 63 (16)

CVA 1 (4) 32 (8)

Respiratory 0 (0) 10 (3)

Other1 0 (0) 13 (3)

GCS 3.97 (1.29) 3.97 (1.71)

Pupillary reflex present 0 (0) 193 (50)

Corneal reflex present 2 (9) 198 (51)

Cough reflex present 10 (43) 229 (59)

Norepinephrine dose (ugr/kg/min) 0.06 (0.08) 0.19 (0.25)

Vasopressor use 7 (30) 125 (32)

Morphine equivalents doses (mg/h) 24 (29) 11 (15.3)

Analgesia use 4 (17) 139 (36)

Midazolam use 1 (4) 52 (13)

Midazolam dose (mg/h) 5 15 (13.5)

Propofol use 8 (34) 69 (18)

Propofol dose (mg/h) 306 (170) 195 (126)

Sedation use 9 (39) 109 (28)

Mechanical ventilation before/on admission 23 (100) 311 (80)

Family consent 9 (39) 118 (31)

Daytime admission 13 (56) 174 (45)

Daytime decision-making 14 (61) 314 (81)

Hemicraniectomy 3 (13) 45 (11)

APACHE IV, acute physiology and chronic health evaluation IV; CI, confidence interval; CVA, cerebrovascular accident; GCS, 
Glasgow coma scale score; ICH, intracranial hemorrhage; Resp, respiratory disease; SAH, subarachnoid hemorrhage; TBI, 
traumatic brain injury; ugr, migrogram.
1  Other include encephalitis, Huntington disease and trauma, meningitis, intracerebral abscess, aspiration pneumonia 
complicating minor trauma, complication after meningioma resection, methanol intoxication, refractory epilepsy.
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Supplemental Table S2. Comparison of opioid dosage per diagnosis (in morphine equivalents, mg/h) on 
decision-making

Diagnosis B 95% CI P

Lower Upper

Anoxic 19.917 13.6 26.1

TBI  -8.962 -16.4 -1.464 .020

SAH -15.071 -23.6 -6.444 .010

ICH -10.848 -19.8 -1.853 .018

CVA -10.000 -20.7  0.775 .069

Respiratory    1.583 -14.8 18.0 .849

Other1   -0.667 -23.0 21.7 .953

CI, confidence interval; CVA, cerebrovascular accident; ICH, intracranial hemorrhage; Resp, respiratory disease; SAH, 
subarachnoid hemorrhage; TBI, traumatic brain injury.
1 Other include encephalitis, Huntington disease and trauma, meningitis, intracerebral abscess, aspiration pneumonia 
complicating minor trauma, complication after meningioma resection, methanol intoxication, refractory epilepsy. 

P-values calculated by univariable linear regression analysis: reference is anoxic. B is the unstandardized coefficient.
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The main aim of this thesis is to identify patient characteristics that are associated with timing of 

death following WLST in potential organ donors and develop a prediction model to estimate time 

to death in potential DCD donors.  

In this chapter we will; a) review our results within a broader perspective, b) address the clinical 

relevance of our findings, and c) make recommendations for further research.

THE CHALLENGE OF PREDICTING TIME TO CIRCULATORY DEATH

The unconditional rule tied to a DCD procedure

In a DCD procedure, declaring death as a result of a circulatory arrest within a set timeframe 

is mandatory. Ischemia starting after a decrease in organ perfusion can be detrimental to the 

function of transplanted organs [1-3]. This leaves only a small time-window for organs to be 

suitable for transplantation. As such, at least one out of four potential DCD donors are lost, 

depending on the allowed timeframe of warm ischemia after WLST [4, 5]. Loss of transplantable 

organs has a direct effect on the life of patients waiting for an organ. In addition, it has a high 

financial burden as an operating theatre is kept free and procurement teams as well as receiving 

patients are mobilized before WLST of the potential donor starts. In addition, it can affect the 

family of the potential donor, as organ donation can have a beneficial effect on the bereavement 

process [6, 7]. Therefore, it is of importance for medical teams to be able to predict time to 

circulatory death. 

Previously published prediction models on time to death

To date, a number of serious efforts have been made to predict time to circulatory death. In 

chapter 2 we outline our review of the literature on prediction models on time to death. During 

our search, many of the published studies were excluded because they did not meet the criteria 

used for DCD donors, e.g. patients being too old, having severe infections or cancer [8-11].  

In Table 1 we show the studies based on a DCD population and the variables included in their 

prediction models [12-18].

One of our main conclusions after reviewing these studies is that previous prediction models 

do not incorporate the process of WLST as a determinant for time to circulatory death (chapter 

2). Withdrawal of mechanical ventilation, removal of the endotracheal tube, administration of 

medication for palliative purposes and nursing care during the agonal phase as part of WLST 

practice, can all influence time to circulatory death [19, 20]. 

In the following paragraphs, we will show which clinical variables are the most robust predictors 

of time to circulatory death and discuss the performance of the prediction models we developed.  
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Table 1. Summary of previous studies on prediction models on time to circulatory death in a DCD population

Study Predictors included in the model

Multivariable regression model analysis

de Groot et al Absent corneal reflex, (yes=1, no=0) absent cough reflex (yes=1, no= 0), extensor or 
absent motor response (yes=1, no=0), oxygenation index 

Davila et al Inotropes (no=0, yes=1), age (≤40years=0, >41years=1), gag/cough present (no=0, 
yes=1)

Wind et al Controlled mode ventilation (yes=1, no=0), norepinephrine (yes=1, no=0), cardiovascular 
comorbidity (yes=1, no=0), brainstem reflexes**, neurologic deficit (anoxic damage after 
CPR=1, other diagnosis=0)

Xu et al Hospitalization days(< 30 days or ≥30 days), cisterna ambiens (normal, narrowed or 
absent), swirl sign (absent or present), brain herniation (absent or present, intraventricular 
hemorrhage (absent or present), pupil size (normal, anisocoric or bilaterally dilated), 
oxygenation index (or 3 or ≥3)

CART model analysis

Brieva et al ICU specialist opinion, PEEP (<6 or ≥6), spontaneous respiratory rate (<11 or ≥ 11), GCS 
(<4 or ≥4), systolic blood pressure (<84 or ≥84)

DeVita et al (a) GCS equals to 3 and all treatments withdrawn simultaneously or 
(b) SaO2/FiO2 <230 and PIP >35 at the time of withdrawal

Cox regeression analysis

Suntharalingam et al age (30-40) or (41-50) or >50 years, pressure support ventilation, FiO2

*  Oxygenation index: is calculated as, mean airway pressure x FiO2 x 100/PaO2 in kPa; mean airway pressure= peak 
inspiratory pressure + positive end-expiratory pressure/2.

**Brainstem reflexes  included pupil, cough and swallowing reflex and was categorized as 0,1,2,3 absent reflexes.

OUR RESEARCH IN RELATION TO OTHER PREDICTION MODELS

External validation op previous prediction models

A prediction model is a mathematical formula that calculates individual probability of an outcome 

e.g. probability of death [21]. A prediction model includes various characteristics (variables) 

of a population (cohort). In internal validation, the prediction model is assessed in the same 

cohort as the cohort in which it was developed and can be performed in different ways such 

as bootstrapping or by splitting the cohort in two different samples.  However, the performance 

of the prediction model can be very different in new cohort. Therefore, before implementing a 

prediction model in clinical practice, it should be tested in a cohort that was assembled in a 

different setting. The process of testing is called external validation and it provides valuable 

information upon accuracy of the predicted model and by doing so, its generalizability. Features 

that reflect the performance of the model are discrimination and calibration. Discrimination refers 

to the ability of the model to distinguish between patients who have the outcome e.g. death within 

1 hour also have a higher predicted probability of death and patient who do not die within 1 hour. 
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It is quantifi ed by the area under the curve (AUC). Calibration refers to the agreement between 

the absolute predicted probability e.g. of death within 1 hour and the observed outcome, which 

is death and can be visualized by the calibration plot [22]. Figure 1 illustrates the process of 

prediction model development to external validation. 

Independent cohortIndependent cohort

Generalizability
Internal 
validation

Development cohort

External validation

𝛶𝛶=𝛽𝛽0 +𝛽𝛽1𝜒𝜒1 + 𝛽𝛽2𝜒𝜒2 + 𝛽𝛽3𝜒𝜒3+ .. 𝛽𝛽𝝎𝝎𝜒𝜒𝝎𝝎

dependent variable coefficient

Independent variable

linear predictor

Figure 1. Illustration of the process of internal and external validation of a prediction model 

A linear predictor is  a statistical equation; it consists of the independent variables (χ1, χ2..) for example patient characteristics, 
medication use or dosage multiplied by the coeffi cient (β1, β2 ..) plus the intercept (β0) which is the mean value of the 
outcome when all independent variables (χ1, χ2..)  are 0.

In chapter 2 we performed a single-centre retrospective analysis of all potential DCD admitted 

in a period of 39 months, and developed a prediction model on death within 1 hour.  The 

obtained prediction model can discriminate very well between patients who have a circulatory 

arrest within 1 hour and those who do not (AUC 0.89; 95%, CI [0.87-0.91]). However, when 

previously developed models are applied to our dataset (a method known as external validation), 

discrimination and calibration (the over- or under optimism in predicted time to death in relation 

to actual probability of death within 1 hour) is modest [12-14].  Based on these results, we 

addressed two important topics that are relevant in clinical practice. First, modest calibration 

of previous prediction models on our dataset refl ects the large differences between the patient 

populations where the prediction models have been developed (developing datasets) and 

where the models have been tested (validation dataset of chapter 2). Our cohort as described 

in chapter 2 includes almost exclusively patients with devastating neurologic injury after trauma, 

intracranial haemorrhage or cerebral ischemia. That means that the patient mix of this single 

hospital (chapter 2) is less generalizable, which affects the prediction performance of the model. 

Second, the set of predictors, included in those previous prediction models, did not match the 

population to which they were applied to i.e. our dataset. 
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Hence, external validation provides insight into the process of prediction model development 

and in particular into the selection of predictors that must be done accurately [23, 24]. In addition, 

existing prediction models should be used with caution or adjusted (recalibration) when used in 

clinical practice [25].

In the following paragraph, we describe in more detail the principles of prediction model 

development.

Important considerations in the development of the DCD III study prediction model

Several studies mention crucial methodological pitfalls that should be avoided in the development 

of prediction models [21-26]. Preliminary steps should focus on obtaining a complete and 

reliable data set, careful selection of core predictors and extensive appraisal of existing literature. 

In chapter 4 and 5 we describe essential topics in the development of our prediction model. By 

opting for a multicenter study design with prospective data collection, we were able to obtain one 

of the largest prospective cohorts to date. We included only patients fulfilling the organ donation 

criteria and data were collected with the purpose of developing a prediction model. Our data set 

has almost no missing data. That makes us confident regarding the quality and generalizability 

of our data compared to other studies. Another important step, as mentioned before, is the 

selection of predictors [23]. In the existing literature, we carefully assessed what was already 

known about key predictors. Some predictors, included in previously published models, were 

not collected as they were not part of usual practice in the ICU’s e.g. a spontaneous breathing 

trial during which patients are disconnected for a predefined time from the mechanical ventilator 

[9, 17]. 

The study design and definition of all predictors collected were carefully documented (chapter 

4) and can be used by future researchers. Next to regression analysis with the least absolute 

shrinkage and selection operator (LASSO) method, we looked for novel statistical techniques. 

We reviewed our prospective data, (chapter 5) with machine-learning AI-analysis based on the 

Light Gradient Boosting Machine (LightGBM) framework [27].

The DCD III study prediction models

As shown in our data (chapter 2), a patient who is very likely to die within the 1-hour timeframe 

and thus represents a potential DCD donor, suffers from a severe neurologic disorder with loss 

of one or more brain stem reflexes as a result, is ventilator dependent and requires little palliative 

analgesia and sedation. With that knowledge, we developed prediction models as described in 

chapter 5 on time to death for the timeframes of 1 and 2 hours (which is the maximal ischemia 

time for kidneys, pancreatic islets and (under strict conditions) heart). The obtained prediction 

models are easy to use, including only a few predictors that can be tested at the bedside. The 

discriminative ability is modest, but similar to other prediction models developed on comparable 
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heterogeneous datasets [14].  External validation of our models and three previously published 

models showed that their predictive ability remained relatively stable. We also searched for the 

most optimal method that could predict which patients would not die within 1 or 2 hours. The 

AI   method proved to be the most accurate and is able to identify 4-5% of the patients who did 

not die within the specified timeframe with 100% certainty. The translation into clinical practice is 

that medical teams are able to identify a few patients who should not enter an organ donation 

procedure. This in turn saves resources, personnel, time and costs as unfruitful procedures are 

avoided. 

In a clinical setting, the predicted probability of death within a certain timeframe will always leave 

the clinician with a fair degree of uncertainty. This is also the case in our prediction models. This 

may seem disappointing, but several studies already demonstrated that the performance of a 

model depends on how it is developed [23]. The development of a clinical prediction model 

is a complex process unfolding in a dynamic environment, where ICU treatment and donor 

management evolve. Also, only a limited number of predictors can be included in a prediction 

model at the expense of performance [24-25]. As such, prediction models are adjuncts in clinical 

decision-making. When there is uncertainty whether death will occur in a timely fashion, clinicians 

should pursue an organ donation procedure, as there is an ongoing shortage of transplantable 

organs.

The main aim of our study is to predict time to circulatory death in DCD donors. A second aim 

is to assess the trajectory from admission and decision-making of futility of further treatment to 

death, appraise critical stages in and influence on the donation pathway. In the next paragraphs, 

we will discuss these stages in more detail.

THE TRAJECTORY FROM DECISION-MAKING TO CIRCULATORY DEATH

Hurdles in the DCD pathway

Donation after circulatory death poses many challenges to clinicians and families, who are 

confronted by the unavoidable death of their loved one. The second research focus of this thesis 

can be best outlined by a patient case that illustrates the many encountered obstacles on the 

way to a successful organ donation procedure. 

A 53 years-old, previously healthy woman was brought to the emergency department with a 

decreased level of consciousness as a result of a massive subarachnoid haemorrhage (SAH). 

Evaluation at the emergency department showed a decreased Glasgow Coma Score (GCS) of 

7 (Eye=1, Motor=4 bilateral, Verbal=2) with present pupillary and corneal reflexes, and she was 

therefore intubated endotracheal. The SAH was treated accordingly. Four days after admission, 
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she remained comatose (GCS of 4), had a weak cough reflex and was ventilator depended 

with low supportive settings. Repeated CT scan showed cerebral ischemia. A multidisciplinary 

team, including a neurologist, a neurosurgeon and intensivists discussed the prognosis and 

concluded that further treatment was not of benefit for the patient. In addition, the family had 

provided previous directives during their meetings with the intensivists and nurses, requesting 

treatment continuation only in case of a prognosis with a functional recovery to independence of 

care. Based on her previous health and the absence of contraindications such as malignancy or 

active infection, the intensivist considered the possibility of organ donation but was not confident 

whether circulatory death would ensue within the allowed timeframe of 2 hours. According to the 

donor registry, permission for organ donation had to be requested from the next of kin and was 

provided by the family. The family expressed their concern regarding agonal symptoms such 

as rattle, discomfort and pain. The intensivist and nurse reassured that in such case discomfort 

would be anticipated with palliative sedation and analgesia as indicated. After all necessary 

preparations to enable organ donation had been made, a low dose of morphine was initiated, 

the mechanical ventilation was stopped, and the endotracheal tube was removed, with the entire 

family present at the bedside. Unfortunately, circulatory arrest occurred more than 2 hours after 

extubation and the donation procedure was cancelled. 

Once the disease progresses to a state where further treatment seems ineffective, several 

subsequent steps occur before organ donation can be initiated: a) prognostication and decision 

towards the discontinuation of  life-sustaining treatment, b) identifying the patient as a potential 

organ donor, c) communication of poor outcome and end-of-life care with the family, d) provide 

information about organ donation and subsequently obtain consent for organ donation from the 

family, e) discuss medical suitability and predict time to death based on circulatory criteria with 

the transplant coordinator, f) provide high-standard medical treatment aiming at maintenance of 

proper organ function, g) provide adequate palliative care before initiating WLST, h) adequate 

family guidance during this emotional period, i) availability of operation facilities and transplant 

teams. Several steps in the above-mentioned pathway can influence the process of dying. 

Therefore, we mapped out in detail and analyzed this pathway from admission to the ICU until 

WLST and circulatory death.

As such, this pathway can be roughly divided into the following stages: 

a) Decision-making process: from admission to the ICU until the decision that further medical 

treatment is futile

b) Family approach about organ donation and obtaining consent

c) Initiating palliative care

d) End-of-life care and WLST until death
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Stage A: decision-making process

International guidelines advise to monitor and treat patients with devastating brain injury for a 

minimum of 72 hours before further prognosticating [28]. This time window minimizes the risk of 

inaccurate prognosis and subsequent early and inappropriate WLST. Apart from prognostication, 

longer observation periods allows sufficient time to restore failing organs. In addition, this time 

is used to guide the family and communicate the nature of the brain injury. On the other hand, 

postponing decision-making when the adverse outcome is evident can result in inappropriate 

use of care facilities. Also among caregivers, conflicts regarding disproportionate treatment and 

negative feelings such as compassion weariness and avoidance can emerge [29]. Discussing 

proportionate care in advance and providing timely palliative treatment, have been associated 

with improved patient and family’s wellbeing [30-31]. 

In chapter 3 we show that in potential organ donors, a mean of 4 days is needed before medical 

teams make the decision that further active treatment is futile. Although this is in accordance with 

international guidelines of a minimum of 72 hours, in some cases decision-making by medical 

teams is done in a shorter period. We found that clinical characteristics, such as higher scores 

on the GCS contribute to a longer time from admission until the decision to withdraw active 

medical treatment. Previous studies also found that certain patient-related characteristics such 

as comorbidity or failure of > 2 organs influenced the initiation of treatment limitations [32-36]. 

However, most of these studies included patients that were not suitable as an organ donor. 

For instance, patients with active sepsis, shock or active cancer were included, limiting the 

generalizability of their findings to the field of organ donation. In order to gain more confidence 

during decision-making, sedation and analgesia that may confound neurological examination 

were discontinued in  ~70% of patients (chapter 6). To our knowledge, our study is the first to 

evaluate sedation and analgesia provided in decision-making. 

In chapter 6 we also demonstrate that although the majority of admissions are in the evening 

or at night, decision-making about the futility of treatment occurs during the daytime. During the 

daytime, there are more opportunities for multidisciplinary discussions on prognostication and 

on ethical topics such as anticipated adverse health outcomes in relation to known frailty and/or 

patient’ advanced directives. 

One of the most important aspects of organ donation is the identification of those who are eligible 

for such a procedure. Eligibility depends upon the suitability of organs to be transplanted and 

is determined by the absence of general contraindications. As shown in our data as well as in 

previous studies, a potential DCD donor is a patient who suffers from severe neurologic disease 

and/or deteriorates due to secondary neurologic injury (such as a rebleed after subarachnoid 

haemorrhage), resulting in the loss of one or more brain stem reflexes (chapter 2 and chapter 

5) [12, 14, 15].
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Stage B: Family approach about organ donation and obtaining consent

Once it is established that further active treatment is futile and this is communicated with the 

family, the possibility of organ donation should be discussed. Families who lack information on 

the potential donors’ own wish regarding organ donation are less likely to consent [37-38].  In 

1998 an opt-in system, where people voluntarily can register their preferences regarding organ 

and tissue donation, was implemented in the Netherlands. Twenty years later, merely 42% of the 

Dutch citizens were registered, 30% of which refused to be an organ donor [39]. Refusal rates of 

families of non-registered patients were high (67%) [40]. In chapter 6 we show that the consent 

rate to organ donation in our cohort is low (31%) and in line with national data. We hypothesized 

that the time from admission until WLST would influence the consent rates. We expected that 

longer timeframes meant more time for the family to adjust to the prognosis of devastating brain 

injury and that this could positively influence the consent rate to organ donation. To our surprise, 

we found that consent rates did not differ in relation to longer or shorter admission time or 

timing of the organ donation request (daytime or nighttime). Previous studies did demonstrate 

comparable findings [41]. Also, consent rates, as shown in a previous study did not differ 

between patients in whom a futile prognosis was established in the Emergency department and 

ICU admission was non-therapeutic compared to patients that deteriorate while treated in the 

ICU [42]. These findings could suggest that even in a shorter time span, the communication with 

the relatives was sufficient. 

In July 2020 an opt-out system was introduced in the Netherlands, in which residents registered 

as “no objection” in the donor register are deemed to consent to organ donation. As seen 

in other countries, an opt-out system encourages discussions on organ donation preferences 

between family members and improves the percentage of organ donation consent [43].

Stage C: Initiating palliative care

After informing the family about the poor prognosis and upcoming death, end-of-life care is 

explained, which includes the withdrawal of non-comfort medication, initiation or dose adjustment 

of medication for palliative purposes, airway management, and nursing care. The way in which 

end-of-life care is provided may affect time to death. 

Pharmacological management of distress should be used to prevent or treat symptoms. 

Therefore, the use of opioids and sedatives is a fundamental part of palliative care [20, 44-46]. 

Guidelines recommend that doses should be titrated until comfort is attained. A dose limit is 

not defined [47-48]. Robert et al. found that patients who are extubated used fewer opioids and 

sedatives, compared to terminal weaning. There is however concern regarding the hastening of 

death by administering palliative medication. Several studies already showed that this is not the 

case [17, 30, 49-50]. Regarding the use of opioids after WLST in ICU patients, various doses 

of opioids are reported and the same trend is encountered in our results outlined in chapter 5 

[14, 19, 44, 46-47, 51-53]. The large variations in medication doses are likely due to the fact that 
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the assessment of symptoms can be difficult in the dying ICU patient; the load of symptoms is 

highly unpredictable and tolerance to opioids and benzodiazepines is common in patients with 

long term use [19, 46]. 

Stage D: End-of-life care and WLST until death

Limiting life-supporting treatment is common in ICUs worldwide. A few studies have attempted 

to describe the WLST nursing care, airway management and palliative medication given and 

provided some guidelines [20, 30, 47]. In chapter 3 we found differences in time to death within 

DCD donor cohorts across countries. A possible explanation could be variability in end-of-life 

care; however, little is known about the practical aspects of the care provided [54]. In chapter 

2 and 5 we analyzed the practice of WLST and found that the process of end-of-life care did 

not differ significantly within hospitals in the Netherlands. Intensivists adhere to the guidelines 

published by the Dutch Intensive Care Society on WLST and palliative Care of ICU patients [55]. 

End-of-life care is seen as usual care and practices are similar in both patients in whom family 

consented to organ donation as well as those who did not.

In chapter 2 and 5, we show that extubation is common practice in our cohort, as 98.5% of 

included patients have the endotracheal tube removed. Some propose a gradual reduction 

of ventilator support (terminal weaning) instead of an abrupt discontinuation of mechanical 

ventilation [54]. Recent studies showed that compared to terminal weaning, immediate tube 

withdrawal is generally considered a more natural dying process and associated with more 

family satisfaction because there is less ambiguity [20, 31, 57]. 

Nursing care can relieve symptoms of distress in the dying patient e.g. lateral position, secretion 

clearance or application of an oropharyngeal airway but may impact time to circulatory death 

(chapter 5). In chapter 5  we show that in accordance with published guidelines, all non-

comfort medications such as vasopressors, inotropes, antibiotics, intravenous fluids and (par)

enteral feeding are discontinued simultaneously just before WLST [47]. 

Conclusions

For an organ donation procedure, the wish of a successful organ recovery is closely tied to the 

risk of waiving a potential donor and losing viable organs. Predicting time to death, by applying 

prediction models, can aid in decision-making. Reviewing the literature provided us insight 

into existing prediction models on prognosticating time to death in potential DCD donors. By 

appraising recommendations and limitations published by these studies, we were able to include 

novel variables and extensively explore the trajectory ultimately leading to organ donation. We 

also found an important knowledge gap in the effect of palliative practice on time to death.
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Based on this knowledge we developed new prediction models on time to circulatory death 

in DCD donors. Our prediction models are easy to use but have a modest predictive ability in 

clinical practice. If the predicted probability of death is ambiguous, the decision to proceed or 

decline a DCD procedure should be made based on consensus within experts in the field of 

organ donation, or postpone WLST for 24 hours and reassess. As organs are scarce, a donation 

procedure, if still in doubt, should always be started. 

Devastating neurologic injury urges multidisciplinary teams in estimating poor outcome. 

We found that prognostication time was long enough to allow several conversations with the 

relatives, explain unfavourable prognosis and thus unavoidable death, and did not influence 

consent rates. We also found that organ donation has become an integral part of ICU care as 

identification of potential organ donors and family approach for consent to organ donations 

almost reached one hundred percent. End-of-life care is provided in a standardized manner, 

aiming at adequate treatment of distress with palliative medication. 

Recommendations and directions for further research

We encourage further research on the topic of end-of-life decision-making (chapter 6). Several 

efforts have already been made, showing worldwide differences in limiting or withdrawing 

life-sustaining treatment. Insight in the decision-making process in all its aspects (religious, 

legislation, family guidance and palliative care), may endorse physicians, ethicists and policy-

makers in the introduction or improvement of the DCD program in their country.  

We postulate that continuous research should be done aiming at refining the preselection of 

patients considered as possible or potential organ donors. For example, age criteria differ within 

countries (chapter 3). As organ preservation technics improve, donor age should always be 

reevaluated. In addition, the definition of uniform criteria on potential donor selection may help in 

decreasing the loss of viable organs. 

In chapter 3 we demonstrate that a significant number of patients are not considered as 

potential organ donors as intensivists predicted a longer time to circulatory death after WLST. 

As there is a paucity of data on time to death, estimation of potential organ donor loss is not 

possible. We advise that all patients declined as potential organ donors, based on estimated 

time to death, should be audited on the accuracy of this decision. The obtained knowledge can 

increase awareness, and may lead to guidelines further contributing to a standardized donor 

selection procedure. When in doubt, an organ donation procedure should always be started. 

Transplantation waiting lists are too long and available transplantable organs are too scarce, to 

leave this group of patients unexplored. 
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Concerning end-of-life care, there are already a few guidelines available, attempting to 

standardize practices. As end-of-life practice influences time to death, we recommend that future 

studies on predicting time to death should provide a detailed description of its implementation. 

In the Netherlands, existing guidelines already uniformed the process of treatment withdrawal 

(chapter 5). Guidelines support clinicians in practical decisions, in particular when discussions 

arise upon ethical issues, e.g. extubation versus terminal weaning. 

A reliable model that predicts the likelihood of circulatory death, within a predefined timeframe 

independent of regional practices, is more than valuable. Therefore, we encourage validation of 

our prediction models on datasets obtained in countries with an active DCD program, as in the 

UK, Australia and the USA. This process of external validation will further refine the prediction 

model, assuring that potential donors are not lost. In addition, if the prediction is robust, it will 

reduce the number of unfruitful mobilizations of procurement teams, also known as “stand 

down”.

We would like to encourage further research in different prediction modalities, such as machine 

learning. Machine learning is a subject area of artificial intelligence and refers to computer 

algorithms that are capable of improving automatically by experience [56]. They do so by 

analyzing large data sets, looking for clinically relevant relationships between input and output 

parameters. This learning capacity makes machine learning a powerful prediction model that is 

able to find unidentified relationships in complex and large datasets and modify in altering and 

growing data sets. As in conventionally developed prediction modes, machine-learning models 

should also be externally validated.

Only recently, new technology led to the implementation of DCD heart donation in the Netherlands 

thanks to the Organ Care System (OCS™) perfusion machine. As such, we want to underline 

the importance of large-scale research and funding in the field of biomedicine with a specific 

focus on transplantation, as it can drastically alter organ donation possibilities. Organ donation 

and transplantation is one of the greatest medical achievements of the past sixty years. Even 

though major advances are already made in performing complex transplant operations and 

the development of immunosuppressive drugs, organs are still being lost due to logistical and 

technical barriers in the transplantation process. Organ preservation time limits require almost 

immediate transplantation after the organ is recovered. The high time pressure leaves a narrow 

window for organ functionality assessment, organ and recipient matching and long-distance 

transportation for the purpose of organ transplantation. Moreover, organs both before and after 

recovery, are constantly subjected to an ischemic environment inducing oxidative stress and 

ultimately contributing to delayed graft function and immune rejection. Primary graft dysfunction 

is a major cause of morbidity and mortality following transplantation [59]. As such, new scientific 

and technical knowledge can increase the number of transplant organs available by improving 



GENERAL DISCUSSION 

139

7

organ function, preservation and storage. Biomedical technologies such as machine perfusion, 

organ cryopreservation, subzero cooling and insight into the pathophysiology of ischemic organ 

damage can improve preservation opportunities and change the landscape of transplantation 

in the future [60-62]. Preservation technologies may enable the ex-vivo therapeutic interventions 

and organ function restoration after ischemic injury before transplantation or even enhance 

organ function e.g. improving steatosis, reducing the chance of rejection [63-65].  Storage of 

organs allows unmatched organs to be stored until a suitable recipient is found or as an auxiliary 

in the situation of early graft failure. Finally, an important but still elusive goal is the development 

of effective immune-tolerance induction therapies that could permanently erase the need for 

immunosuppressive medication against rejection [66]. 
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The shortfall in the availability of organs for transplantation has urged the implementation of a 

DCD procedure/program. DCD accounts now for a substantial proportion of post-mortal organ 

donors. In countries where DCD donation occurs, there is an increasing awareness that organ 

donation is a routine practice of end-of-life care.

Over the past years, the number of DCD donors increased by 31%, causing an increase of 43% 

in transplantable organs. However, on average only 66% of the referred DCD donors are utilized 

compared to 97% of referred DBD donors. The difference between referred and utilized DCD 

donors has not improved in recent years. DCD donors do not always die within the mandatory 

timeframe in which organs are still viable for transplantation. Yet, for each DCD procedure, 

preparations have to be made, operation facilities have to be reserved, ICU resources are 

occupied for a longer time and families have to wait longer. This thesis has its main focus on 

improving prediction on time to death in DCD patients. The first part of this thesis addresses 

predictors of circulatory death integrated into prediction models and opportunities to improve 

estimates. The second part is dedicated to the decision-making process on withdrawal of life-

sustaining treatment (WLST), a decision intimately tied to inevitable death.

Factors influencing time to death and prediction models on time to circulatory death in 

DCD donors

After a general introduction (chapter 1) we focus in chapter 2 on determining factors 

predicting time to circulatory death within 1 hour after WLST and validated previously developed 

prediction models. We conducted a single-centre retrospective study and evaluated the 

clinical characteristics and WLST practice of 92 potential DCD donors. Statistical analysis 

demonstrates that absent cough-, corneal reflex, lower morphine dosage, and less midazolam 

use are significantly associated with death within 1 hour (area under the curve (AUC) 0.89; 95% 

confidence interval (CI) 0.87-0.91)). External validation of the logistic regression models of de 

Groot et al. (AUC 0.86; 95% CI 0.77-0.95), Wind et al. (AUC 0.62; 95% CI 0.49-0.76), Davila et al. 

(AUC 0.80; 95% CI 0.71-0.90) and the Cox regression model by Suntharalingam et al. (Harrell’s 

c-index 0.63), exhibited good discrimination and can fairly identify which patients will die within 

1 hour. However, previous prediction models did not incorporate the process of WLST. Our 

main conclusion is that future studies should also include the process of WLST as an important 

predictor of time to death.

In chapter 3 we analyze nationwide obtained data of all 143 patients who entered the DCD 

procedure, in a period of 36 months, but in whom organs were not recovered due to circulatory 

death after the predefined timeframe of warm ischemia after WLST. We also compare our cohort 

with the cohorts of five published studies on prognostic models predicting time to death in DCD 

donors. Our data show that the majority of patients were middle-aged men (aged 57 years) in 

whom brainstem reflexes are mostly present and have an average Glasgow Coma Scale (GCS) 
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of 4. These findings are partially in agreement with data from other counties. The most important 

differences are ‘older age’, which according to previous studies, is associated with longer time 

to death and variability in time to death. The United Kingdom and Australian cohorts show the 

longest time to circulatory death, the cohort from China the shortest. We concluded that these 

differences might be the result of variation in the palliative care provided. Neurologic injury is 

the most prevalent diagnosis; however, none of the diagnoses is associated with a shorter 

time to death. Standardization of diagnostic categories is lacking across the studies, making 

comparison difficult. Based on our analysis, we recommend that age and brainstem reflexes 

should at least be studied in future studies on multimodal prediction models on time to death in 

potential DCD donors. We also identified an important knowledge gap in the effect of palliative 

practice after WLST on time to death.

The results of the studies described in chapter 2 and 3 gave us insight into the fact that potential 

donors eligible for a DCD procedure are often severely neurological damaged. Despite the 

disastrous neurologic deficits and dependency on sophisticated ICU equipment, a substantial 

proportion of potential DCD donors do not arrest within the allowed timeframe for organ donation. 

This led to the development of the study protocol for the DCD III study (summarized in chapter 

4 and the conduction of a multicenter, observational, prospective cohort study (chapter 5), in 

which 409 potential DCD donors are enrolled. Chapter 4 describes the methodology, variable 

selection, data collection and statistical analysis of the DCD III study protocol. 

The main aim of the DCD III study, as described in chapter 4 & 5, was to develop and externally 

validate prediction models on time to circulatory death in potential DCD donors. For that purpose 

we employed two different statistical methods, a) the least absolute shrinkage and selection 

operator (LASSO) method and b) machine-learning AI-analysis based on the Light Gradient 

Boosting Machine (LightGBM) framework, resulting in prediction models with AUC’s varying 

between 0.77 to 0.79 for the LASSO respectively AI for death within 1 hour. For death within 2 

hours, the LASSO model had an AUC of 0.79 and the AI-model an AUC of 0.81. External validation 

showed that the discrimination of our LASSO models was good (AUC 0.80 respectively 0.82).  

Additionally, using our cohort to externally validate three previously published models showed 

AUCs ranging between 0.63-0.74 and conclude that their predictive ability remain relatively 

stable. Calibration shows that the models over- and underestimate predicted probability of 

death, which can be misleading in clinical practice. We also explored the possibility of identifying 

patients that will not die within 1 and 2 hours. We are able to predict 4-16% of the patients with a 

negative predictive value of 100% using the AI- respectively LASSO models after adjustment of 

the threshold of the values obtained by both models.  We conclude that predicting which patients 

will die in the timeframe allowing organ donation, will lead to the missing of donors, however it 

is possible to predict a small subset of patients who do not die within 1-2 hours preventing 

unnecessary donation procedures. Other objectives of the DCD III study are the assessment 
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of the end-of-life trajectory and its influence on time to death. We found that palliative sedation 

practices do not influence the timing of death. Nursing care with lateral decubitus position and 

suction support after WLST is associated with prolonged time until circulatory arrest and should 

be studied further. 

End-of-life decision-making in the ICU

Donation after circulatory death occurs after a decision for WLST and subsequent family 

approach and approval for donation. However, insight into factors that influence the decision-

making process on WLST and whether time from admission to family approach influences family 

consent rates is impaired. In chapter 6 we describe a prospective multicenter observational 

study, in which we evaluated the impact of timing and the clinical factors during the end-of-

life decision-making process in potential DCD donors. Characteristics and medication use, of 

409 potential DCD donors admitted to the intensive care units (ICU), are assessed. We found 

that end-of-life decision-making is made after a mean time of four days after ICU admission 

and mostly during the day. Intracranial haemorrhage or ischemic stroke and a high APACHE 

IV score are associated with a short decision-making process. Preserved brainstem reflexes, 

high Glasgow Coma Scale scores, or cerebral infections, are associated with a longer time 

to decision-making. From these findings, we conclude that severity of disease and extensive 

neurological damage on admission, are the strongest patient-related characteristics contributing 

to a shorter timeframe until prognostication of the futility of medical treatment. Our data also 

suggest that the organ donation request can be made shortly after the decision to stop active 

treatment, as family consent rates are not influenced by day- or nighttime, or by the duration of 

the ICU stay.

In chapter 7 we provide an overview of our main findings and extrapolate them in a broader 

perspective within two different levels. The first level is the identification of strong predictors 

of time to circulatory death captured in one prediction model. The second level is end-of-life 

decision-making and withdrawal of life-sustaining treatment practices. We end this chapter with 

general conclusions and directions for further research. 





CHAPTER 9
Nederlandse samenvatting (Dutch summary)



CHAPTER 9

152



DUTCH SUMMARY

153

9

Het tekort aan beschikbare organen voor transplantatie heeft geleid tot de implementatie 

van donatie, nadat de bloedsomloop (circulatie) is gestopt. Deze vorm van donatie, na de 

dood, wordt ook wel donation after circulatory death (DCD) genoemd. DCD-donoren omvatten 

een steeds groter aandeel in het aantal postmortale orgaandonoren. In landen waar DCD-

donatie plaatsvindt, groeit het besef dat orgaandonatie een gebruikelijk onderdeel vormt van 

levenseindezorg.

In de afgelopen jaren is het aantal DCD-donoren met 31% gestegen, wat tot een stijging 

van 43% heeft geleid van het aantal transplantabele organen. Echter, in slechts 66% van de 

opgestarte DCD-procedures leidt dit ook tot het daadwerkelijk doneren van organen, vergeleken 

met 97% van de gemelde1 donoren na hersendood (DBD) die wel worden geëffectueerd2. De 

belangrijkste oorzaak dat een aangemelde DCD-donor niet zijn/haar organen kan doneren is 

omdat DCD-donoren niet altijd overlijden binnen de tijdsspanne van maximaal twee uur, die 

gesteld is om de kwaliteit van de organen te waarborgen voor transplantatie. Helaas is het van 

tevoren niet goed te voorspellen welke DCD-donor wel en welke niet binnen de gestelde termijn 

zal overlijden. Bij elke opgestarte DCD-procedure wordt een operatiekamer gereserveerd, staat 

een operatieteam klaar, worden intensive care (IC) faciliteiten langer bezet gehouden en moet 

de familie/naasten van de DCD-donor wachten totdat de behandeling gestaakt kan worden 

omdat de logistiek voor een DCD-procedure 12 tot 24 uur in beslag neemt.

De focus van dit proefschrift is, het voorspellen van de tijd tot overlijden bij potentiële DCD-

donoren, met als doel het kunnen voorspellen wie wel en wie niet binnen de gestelde tijden 

voor orgaanuitname overlijdt. Het eerste deel van dit proefschrift richt zich op het aanwijzen van 

de belangrijkste voorspellers voor overlijden door circulatiestilstand, en de integratie hiervan 

in voorspellingsmodellen. Het tweede deel is gewijd aan het besluitvormingsproces rondom 

zinloos medisch handelen, waarbij de behandeling niet meer in het belang van de patiënt is 

en de grenzen in de geneeskunde zijn bereikt. Het besluitvormingsproces staat geheel los van 

donatie. 

Na een algemene inleiding (hoofdstuk 1) richten wij ons in hoofdstuk 2 op het bepalen 

van de belangrijkste factoren, die voorspellen of een potentiële donor binnen 1 uur na 

staken van de behandeling overlijdt. In hoofdstuk 2 valideren we ook eerder gepubliceerde 

voorspellingsmodellen. In een retrospectief onderzoek hebben we de klinische karakteristieken 

en de praktische aspecten rondom staken van de behandeling van 92 potentiële DCD-donoren 

uit één ziekenhuis, geëvalueerd. Statistische analyse toonde aan, dat afwezige hoest- en cornea-

reflex, lage morfinedosering en minder midazolam gebruik, significant geassocieerd waren met 

1   Gemelde donor is gemeld bij het Orgaancentrum. Er is toestemming van de familie voor donatie en er zijn voorbereidingen 
getroffen om te starten met een donatie procedure

2   Geëfectueerde donor is: een donor gemeld bij het Orgaancentrum van wie minstens één orgaan is getransplanteerd
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overlijden binnen 1 uur (area under the curve (AUC) 0,89; 95% betrouwbaarheidsinterval (BI) 

0,87-0,91). 

Externe validatie van de logistische regressiemodellen van de Groot et al. (AUC 0,86; 95% BI 

0,77-0,95), Wind et al. (AUC 0,62; 95% BI 0,49-0,76), Davila et al. (AUC 0,80; 95% BI 0,71-

0,90) en het Cox-regressiemodel van Suntharalingam et al. (Harrell’s c-index 0.63) lieten een 

goede discriminatie zien, wat betekent dat ze met redelijke zekerheid kunnen aanwijzen welke 

patiënten zullen overlijden binnen de gestelde termijn van 1 uur. Deze voorspellingsmodellen 

hebben echter het proces, van staken van medisch zinloos handelen, niet geanalyseerd. Onze 

belangrijkste conclusie is, dat nader onderzoek nodig is naar de rol van het proces van staken 

van medisch zinloos handelen, omdat keuzes in dit proces mogelijk de tijd tot overlijden kunnen 

voorspellen.

In Nederland is de termijn tussen staken van de behandeling en overlijden gesteld op maximaal 

2 uur, waarbinnen een donor dient te overlijden, wil uitname van organen nog mogelijk zijn. In 

hoofdstuk 3 analyseren we de gegevens van alle 143 patiënten in een periode van 36 maanden, 

waarbij een DCD-procedure is gestart in Nederland, maar bij wie geen organen zijn uitgenomen, 

omdat deze donoren niet op tijd overleden. Tevens hebben we ons cohort vergeleken met de 

cohorten van vijf eerder gepubliceerde onderzoeken naar prognostische modellen die de tijd tot 

overlijden voorspellen bij DCD-donoren. Onze gegevens tonen aan dat de meerderheid van de 

patiënten mannen van middelbare leeftijd (57 jaar) zijn, met intacte hersenstamreflexen en een 

gemiddelde Glasgow Coma Score (GCS) van 4. Deze bevindingen komen slechts gedeeltelijk 

overeen met de resultaten uit andere landen. Ten eerste was de leeftijd bij onze groep patiënten 

hoger. Eerder onderzoek toonde aan dat een hogere donorleeftijd geassocieerd is met een 

langere tijd tot overlijden. Ten tweede was er tussen de verschillende cohorten veel variabiliteit 

in tijd tot overlijden. De cohorten uit het Verenigd Koninkrijk en Australië hadden de langste tijd 

tot circulatiestilstand, waarbij het cohort uit China de kortste had. We concluderen hieruit dat 

deze verschillen mogelijk het gevolg zijn van variatie in de geboden palliatieve zorg. Daarnaast 

was ernstig hersenletsel de meest voorkomende diagnose bij dergelijke donoren. Echter de 

verschillende soorten neurologische diagnoses (letsels) waren niet geassocieerd met kortere 

duur tot overlijden. Een formele standaardisatie van diagnostische categorieën ontbrak echter 

in eerdere studies, wat een goede conclusie hierover bemoeilijkt. Op basis van onze analyse 

raden we aan om in toekomstige studies naar voorspellingsmodellen over tijd tot overlijden 

bij potentiële DCD-donoren, op zijn minst leeftijd- en hersenstamreflexen te bestuderen. We 

vonden ook een belangrijk kennishiaat in de mogelijke rol van de palliatieve behandeling na 

staken van medisch zinloos handelen in relatie tot tijd tot overlijden.

De resultaten van de studies beschreven in hoofdstuk 2 en 3, geven ons inzicht in het feit dat 

er nog kennishiaten zijn en dat aanvullend onderzoek naar factoren welke het stervensproces 



DUTCH SUMMARY

155

9

bij DCD-donoren kunnen beïnvloeden wat weer bijdragend kan zijn bij het ontwikkelen van 

een voorspellingsmodel voor tijd tot overlijden. Dit heeft geleid tot het ontwikkelen van het 

onderzoeksprotocol voor de DCD III-studie (samengevat in hoofdstuk 4) en de uitvoering van 

een multicenter, observationele, prospectieve cohortstudie (hoofdstuk 5), waarin 409 potentiële 

DCD-donoren zijn geïncludeerd. Hoofdstuk 4 beschrijft de methodologie, variabelenselectie, 

data verzameling en statistische analyse van het DCD III-onderzoeksprotocol.

Het belangrijkste doel van de DCD III studie (hoofdstuk 4 & 5) was het ontwikkelen en extern 

valideren van voorspellingsmodellen voor tijd tot overlijden bij potentiële DCD-donoren. Externe 

validatie is een statische methode waarbij de bruikbaarheid van het nieuwe voorspellingsmodel 

wordt geëvalueerd wanneer deze wordt toegepast in een andere populatie. De bruikbaarheid 

kan worden weergegeven door te kijken naar twee statische maten namelijk de discriminatie 

en de kalibratie. Met discriminatie wordt gekeken naar de mate waarin het voorspellingsmodel 

discrimineert ofwel onderscheid kan maken tussen de patiënten die wel en de patienten die 

niet  binnen de gestelde tijd overlijden. Discriminatie kan statistisch worden gekwantificeerd 

door de area under the curve (AUC) te berekenen. Kalibratie verwijst naar de overeenstemming 

tussen de voorspelde kans tot overlijden en het waargenomen overlijden binnen de studie 

populatie. Het wordt grafisch weergegeven in kalibratiegrafieken. Voor het ontwikkelen van de 

voorspellingsmodellen hebben we twee verschillende statistische methoden gebruikt, a) the 

least absolute shrinkage and selection operator (LASSO) methode en b) machine-learning AI-

analyse op basis van het Light Gradient Boosting Machine (LightGBM) framework, resulterend 

in voorspellingsmodellen met AUC’s variërend van 0,77 tot 0,79 voor het LASSO- respectievelijk 

het AI-model voor overlijden binnen 1 uur. Externe validatie laat een goede discriminatie van 

onze LASSO-modellen zien (AUC 0,80 respectievelijk 0,82). Daarnaast, externe validatie van 

drie eerder gepubliceerde modellen op ons cohort toont AUC’s variërend tussen 0,63-0,74. We 

concluderen dat het voorspellingsvermogen van de modellen relatief stabiel blijft. Kalibratie 

toont aan dat de modellen de voorspelde kans op overlijden over- en onderschatten waardoor 

het gebruik ervan in de klinische praktijk minder betrouwbaar maakt.

Voor overlijden binnen 2 uur had het LASSO-model een AUC van 0,79 en het AI-model een 

AUC van 0,81. Hoewel dergelijke AUCs redelijk goed zijn, concluderen wij dat het gebruik van 

dergelijke modellen niet in de praktijk geïmplementeerd dient te worden omdat het zal leiden 

tot het missen van donoren. Gezien de grote tekorten aan transplantabele organen en de vele 

patiënten die op de transplantatie wachtlijsten staan, is het missen van elke potentiële donor iets 

wat voorkomen dient te worden.

Daarnaast hebben we gezocht naar de beste methode om zo nauwkeurig mogelijk patiënten 

te herkennen die niet binnen 1 en 2 uur overlijden. Met onze voorspellingsmodellen konden 

we 4-16% van de patiënten die niet binnen 1 of 2 uur zouden overlijden met een zeer hoge 
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nauwkeurigheid (negatief voorspellende waarde van 100%) identificeren. Op basis hiervan is 

onze conclusie dat het mogelijk is om een   kleine subgroep van patiënten aan te wijzen die niet 

binnen 1-2 uur zal overlijden zonder dat er hierbij ten onrechte donoren verloren gaan, waardoor 

het opstarten van onnodige donatieprocedures worden voorkomen. 

Andere doelstellingen van het DCD III-onderzoek waren, het analyseren van het levenseindetraject 

en de invloed daarvan op de tijd tot overlijden. We vonden dat palliatieve sedatie geen invloed 

had op de tijdsduur tot overlijden. Verpleegkundige zorg met zijligging en uitzuigen van slijm na 

staken van zinloos medisch handelen ging gepaard met een langere tijd tot circulatiestilstand. Er 

is echter meer onderzoek nodig om goede conclusies te kunnen trekken over de relatie tussen 

dit onderdeel van levenseindezorg en tijd tot overlijden.

Besluitvorming rond het levenseinde op de IC

Donatie na overlijden door circulatiestilstand vindt plaats na de beslissing tot het staken van 

zinloos medisch handelen en het verkrijgen van toestemming door de familie. Er is een beperkt 

inzicht in de factoren die, a) het besluitvormingsproces rondom staken van medisch zinloos 

handelen beïnvloeden en b) of de tijd van opname op de IC tot het benaderen van de familie 

voor toestemming van invloed is.

In hoofdstuk 6 beschrijven we een prospectieve observationele studie uitgevoerd in meerdere 

ziekenhuizen, waarin de relatie tussen de patiënten karakteristieken en de tijd tot de beslissing 

van medisch zinloos handelen onderzoeken. Tevens evalueren we het besluitvormingsproces 

rond het levenseinde bij potentiële DCD-donoren.

We hebben de klinische karakteristieken en medicatiegebruik van 409 potentiële DCD-

donoren beoordeeld. Het besluit om de medische behandeling te staken en over te gaan op 

levenseindezorg werd bij deze categorie patiënten gemiddeld vier dagen na opname op de 

IC genomen en meestal overdag. Dat laatste suggereert sterk dat het vaak gaat om geplande 

(niet acute) besluiten. De diagnoses hersenbloeding of beroerte en een hoge APACHE IV-score 

waren geassocieerd met een kort tijd tot besluitvorming. Intacte hersenstamreflexen, hoge 

Glasgow Coma scores of infecties aan de hersenen waren geassocieerd met een langere tijd 

tot besluitvorming. We concludeerden dat de ernst van de ziekte en de uitgebreidheid van de 

neurologische schade bij opname de sterkste patiënt gerelateerde karakteristieken waren die 

bijdroegen aan een kortere tijdspanne tot het bepalen dat verder doorbehandeling medisch 

niet meer zinvol was. We zagen ook dat het percentage families dat toestemming gaf voor een 

donatieprocedure bij hun dierbare niet afhing van de duur van het verblijf op de IC of door dag- 

of nachtelijke uren. Dit suggereert dat de begeleiding van families ondanks het korte tijdsbestek 

ook in die gevallen adequaat verloopt als het gaat om uitleg over de niet met leven verenigbaar 

zijn van het hersenletsel en daaropvolgende mogelijkheid tot donatie.
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In hoofdstuk 7 geven we een overzicht van onze belangrijkste bevindingen en plaatsen we 

deze in een breder kader, gesplitst in twee niveaus. Eén niveau is het herkennen van sterke 

voorspellers van tijd tot overlijden na circulatiestilstand gebundeld in voorspellingsmodellen. 

Het andere niveau is het nemen van beslissingen rond het levenseinde en het staken van 

levensverlengende behandelingen. We besluiten het hoofdstuk met algemene conclusies en 

geven suggesties voor verder onderzoek.

Conclusie

Bij orgaandonatie wordt altijd de afweging gemaakt tussen de wens voor een succesvolle 

procedure en het risico van het verlies van een potentiële donor en daarbij kostbare 

organen, wanneer ingeschat wordt dat de donor niet tijdig zal overlijden. Het toepassen van 

voorspellingsmodellen, en daarmee het voorspellen van de tijd tot overlijden, kan helpen bij 

het nemen van de beslissing om een orgaandonatie procedure te starten. Echter de door 

ons ontwikkelde voorspellingsmodellen voor overlijden binnen 1 en 2 uur zullen ondanks een 

redelijke voorspellingscapaciteit toch leiden tot het missen van potentiële donoren, omdat de 

inschatting van overlijden niet nauwkeurig genoeg is. Het inschatten van overlijden na 1 en 2 

uur kan in een klein groep patiënten echter zeer nauwkeurig en kan daarmee afgezien worden 

van een donatieprocedure. Concluderend, omdat organen schaars zijn, moet bij twijfel altijd een 

donatieprocedure worden gestart. 

Ernstige neurologisch schade wordt door multidisciplinaire medische teams meegewogen 

bij de besluitvorming over staken van medisch zinloze behandeling als gevolg van een 

slechte prognose. We vonden dat de tijd tot besluitvorming lang genoeg was om meerdere 

gesprekken met de familie/naasten mogelijk te maken, de ongunstige prognose en 

overlijden te bespreken, zonder dat dit invloed had op de toestemmingspercentages. Ook 

hebben we ontdekt dat orgaandonatie een integraal onderdeel is geworden van de IC-zorg, 

aangezien het herkennen van potentiële orgaandonoren en benadering van familie/naasten, 

voor toestemming voor orgaandonatie, bijna honderd procent bereikten. Tot slot, palliatieve 

zorg wordt op gestandaardiseerde wijze in Nederland verleend, gericht op een adequate 

behandeling van pijn, angst en benauwdheid met palliatieve medicatie. Onderdelen van 

palliatief verpleegkundige zorg lijken gerelateerd aan een langere tijdsduur tot overlijden. 

Hiervoor is echter meer onderzoek nodig. 
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A

LIST OF ABBREVIATIONS

AI  Artificial Inteligence

APACHE IV Acute Physiology and Chronic Health Evaluation IV

AUC  Area Under the Curve

BMI  Body Mass Index

cDCD  Controlled Donation after Circulatory Death

CI  Confidence Interval

CRF  Case Report Form

CT-scan  Computed Tomography-scan

CVA  Cerebrovascular Accident

GCS  Glasgow Coma Score

DBD   Donation after Brain Death

ELD  External Lumbar Drain

ER  Emergency Room

EVD  External Ventricular Drain

FiO2  Fraction of Inspired Oxygen

ICD-10   International Statistical Classification of Diseases and Related Health 

Problems, tenth revision

ICH  Intracranial Hemorrhage

ICU  Intensive Care Unit

IQR  Interquartile Range

LASSO  Least Absolute Shrinkage and Selection Operator

NPV  Negative predictive value

OI  Oxygenation Index

OR  Odds Ratio

PaO2  Partial Pressure of Oxygen in arterial blood

PEEP  Positive End-Expiratory Pressure

pPeak  Peak Inspiratory Pressure

PRISMA  Preferred Reporting Items for Systematic reviews and Meta-Analyses

SD  Standard Deviation

STROBE  Strengthening the Reporting of Observational Studies in Epidemiology

TBI  Traumatic Brain Injury 

TRIPOD   Transparent Reporting of a Multivariable Prediction Model for Individual 

Prognosis or Diagnosis

WLST  Withdrawal of Life-Sustaining Treatment.



APPENDICES

162

FACTS ABOUT THIS THESIS (PROEFSCHRIFT FEITEN)
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Een proefschrift is het tastbaar bewijs van samenwerken, analyseren, aanpassen, opschrijven 

en evalueren. 
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DANKWOORD (WORD OF GRATITUDE)

Het schrijven van dit hoofdstuk was moeilijker dan ik dacht. Niet alleen omdat je niemand wil 

vergeten maar ook omdat je soms woorden/uitdrukkingen te kort komt die recht doen aan wat de 

persoon in kwestie betekent. Ik ben ook drie jaar geleden begonnen met de eerste steekwoorden 

op papier te zetten, heb het af en toe het weer opgepakt en het gevormd tot het document dat 

nu voor je ligt. In tegenstelling tot de eerdere hoofdstukken van dit proefschrift (veelal gevuld met 

cijfers en feiten) kon ik bij het schrijven van dit hoofdstuk heerlijk wegdromen. Soms was ik in 

gedachten in de betrokken ziekenhuizen koffiedrinkend met de medeonderzoekers, dan weer in 

Leiden, Nijmegen of aan de grote tafel bij de Pelion. 

Mijn gedachten zijn ook vaak uitgegaan naar de patiënten en hun families. Ik heb me altijd 

gerealiseerd dat de gegevens die ik heb verzameld en verwerkt in dit proefschrift, afkomstig zijn 

van patiënten die allen zijn overleden. 

Dr. W.F.Abdo en Dr. N.E. Jansen. Beste Farid en Nichon, jullie zijn de eersten die ik graag zou 

willen bedanken. Een voorwaarde voor het afronden van een proefschrift is goede begeleiding. 

Zonder jullie begeleiding was de realisatie van dit proefschrift niet gelukt. Ik hoefde maar iets te 

vragen over data, literatuur of feedback en binnen korte tijd stond de informatie klaar in de mail 

of app. Ook kwamen jullie spontaan met belangrijke informatie en ideeën die allemaal hebben 

bijgedragen aan de kwaliteit van dit proefschrift. Het wereldwijde netwerk van jouw Nichon heeft 

ons van waardevolle informatie voorzien, die uiteindelijk in dit proefschrift is verwerkt. Met jullie 

heldere feedback en inzicht is het gelukt om de artikelen te publiceren maar - nog belangrijker- 

ook om een bijdrage te leveren op het gebied van orgaandonatie. 

Prof. dr. van der Hoeven, beste Hans. In de loop van de jaren hebben onze wegen elkaar steeds 

weer gekruist. Eerst toen ik als internist in opleiding mijn IC-stage deed in het Radboud UMC en 

later als promotor bij dit proefschrift. Je was altijd inspirerend met tomeloze energie en kritisch 

op elke klinische differentiaaldiagnose. Jij stimuleerde ons tot dieper nadenken en om ons te 

focussen op de kern van elk ziektebeeld, namelijk de pathofysiologie. 

Ewald Bronkhorst, statisticus van het Radboud UMC Nijmegen. Met veel geduld en uitgebreide 

mails heb jij mij geloodst door alle grafieken, AUC’s en predictiemodellen. Altijd was je weer 

bereid om een analyse te maken en de uitkomst nauwkeurig te rapporteren. Ik heb veel van je 

geleerd, maar het belangrijkste is dat er nog veel meer te leren valt. 

Florian Boing-Messing, Florian als statisticus toen nog verbonden aan de TIA’s Tilburg, 

heb jij mij de eerste beginselen van statistiek geleerd. Dankzij jou zijn de kalibraties van de 

predictiemodellen in hoofdstuk 2 gelukt. 
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De Nederlandse Transplantatie Stichting (NTS) heeft het vertrouwen aan mij gegeven om dit 

onderzoek te mogen uitvoeren. In april 2014 is er vanuit de Nederlandse Transplantatie Stichting 

een oproep gedaan aan onderzoekers om een aantal vraagstukken, samengevat in twee 

belangrijke onderzoeksvoorstellen, te exploreren. Na het indienen van het onderzoeksvoorstel in 

juni 2014 en de acceptatie ervan in augustus van datzelfde jaar, was het begin gelegd van deze 

thesis. Ik wil alle medewerkers bedanken voor hun constructieve feedback, het aanrijken van 

data en de gezellige momenten tijdens congressen. In het bijzonder wil ik Bernadette Haase-

Kromwijk, directeur van de NTS en prof. dr. A. Hoitsma bedanken voor de fijne samenwerking. 

De manuscriptcommissie bestaande uit Prof. dr. L.B. Hilbrands (Radboud UMC), Prof. dr. C.J.M. 

Klijn (Radboud UMC) en Prof. dr. W.N.K.A. van Mook (Universiteit Maastricht) wil ik bedanken 

voor het beoordelen van dit proefschrift. 

Piet Vos, toen nog werkzaam als researchverpleegkundige in het EZT en inmiddels verbonden 

aan het Erasmus MC. Zonder jou was het uitvoeren van dit onderzoek en het realiseren van de 

data verzameling niet mogelijk geweest. Jij hebt het fundament gelegd en erop toegekeken 

dat alle procedures die essentieel zijn voor het uitvoeren van klinisch onderzoek, goed 

verliepen. Ik heb veel geleerd van je kennis, inzet en geduld. Jij hebt door het bouwen van 

het databasemanagementsysteem mogelijk gemaakt dat alle gegevens in de verschillende 

centra verzameld konden worden. Het was een monnikenwerk. Bedankt ook voor de gezellige 

gesprekken in de auto op weg naar weer een centrum waar patiënten geïncludeerd werden. 

De collega intensivisten van de deelnemende centra, Meint Volbeda (UMCG), Jelle Epker 

(ErasmusMC), Hans Sonneveld (Isala), Koen Simons (Jeroen Bosch Ziekenhuis). Zonder 

aarzelen hebben jullie allemaal het onderzoeksprotocol omarmd en geïmplementeerd in jullie 

ziekenhuizen. Naast jullie drukke baan en eigen onderzoekstrajecten, waren jullie bereid om 

de patiënten te includeren, met waardevol advies te komen en kritisch feedback te geven als 

medeauteurs. 

Onderzoeker van het Radboud UMC Marloes Witjes, lieve Marloes, jij hebt de data van meer dan 

honderd patiënten geduldig in het databasemanagementsysteem ingevoerd. Altijd bereid om 

alle vragen of onduidelijke uitslagen te bekijken.

Ik wil graag professor Willem Dieperink, Clinical Researchcoördinator bij de Intensive Care 

Volwassenen (UMCG) en researchverpleegkundige Hildegard Franke (UMCG) beiden 

bedanken voor het includeren van de patiënten in deze studie en de zeer sterke koffie bij onze 

monitorafspraken. Dat laatste heeft ons op de been gehouden op de lange weg terug van het 

noorden van Nederland naar huis.
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Voordat ik jou heb leren kennen Ruud (Ruud Mullers, Pipple Data Science, Eindhoven), was 

Data Enginering en Artificial Intelligence voor mij een onbekende wereld. Door jou is deze wereld 

een klein beetje opengegaan. Heel erg bedankt voor je data-analyse in een periode waarbij veel 

grote bedrijven aanspraak maakten op jouw tijd en kennis. 

Tineke Wind, transplantatiecoördinator verbonden aan de MUMC+. Jaren geleden heb jij 

onderzoek gedaan met hetzelfde doel, namelijk meer grip krijgen op het voorspellen van welke 

patiënt wel in aanmerking zou komen voor orgaandonatie doordat deze binnen de gestelde tijd 

overlijdt. Met jouw uitgebreide kennis en ervaring heb je mij bijgestaan. Ook buiten dit onderzoek 

kruisen onze wegen over uiteenlopende onderwerpen binnen de donatie- en transplantatiewereld. 

De transplantatie coördinatoren van het Radboud UMC Nijmegen die mij hebben geadviseerd en 

bijgestaan met hun kennis. Ik heb veel van jullie geleerd en ben me meer bewust geworden van 

logistiek en processen binnen de orgaandonatie en transplantatie. In het bijzonder wil ik Willem 

Hordijk bedanken. Ook wil ik Rianne van Zoggel bedanken. Rianne, je was altijd bereid mijn 

vragen te beantwoorden. We hebben ook intensief samengewerkt op een nog heel pril terrein 

binnen de orgaandonatie namelijk, euthanasie in combinatie met orgaandonatie. We hebben 

samen een aantal zeer aangrijpende momenten meegemaakt. Met je vriendelijke glimlach wist 

je altijd weer de spanning te ontladen. Ook wil ik Ilse Karnebeek, Frits Hendrix en Marcel van 

Enckevort bedanken. We hebben over veel onderwerpen gesproken, ook over leven en dood. 

Vaak in de nachtelijke uren als jullie weer onvermoeibaar achter de laptop zaten in het kleine 

kantoortje in ons ziekenhuis. 

De donatiecoördinatoren die met grote toewijding gegevens hebben verzameld, jullie 

toewijding en inzet in het vak is groot. Bedankt hiervoor. Ton van Beek, als enige overgebleven 

donatiecoördinator in het Elisabeth-TweeSteden ziekenhuis zorg je dat orgaan- en weefseldonatie 

in goede banen geleid wordt. Met het geven van presentaties, het maken van het jaarverslag en 

je feedback aan zowel artsen als verpleegkundigen, zorg je ervoor dat donatie een belangrijk 

onderdeel blijft in de medische behandeling van de patiënt. 

Miranda Mommers, donatiecoördinator van Elisabeth-TweeSteden ziekenhuis tot 2020 en daarna 

uitgevlogen voor nieuwe uitdagingen: Miranda, zonder jou had dit proefschrift nooit bestaan. Jij 

attendeerde mij erop dat er een research call was voor dit onderzoek vanuit de NTS. Ik kan mij 

nog goed herinneren dat je zei: laten we het doen! Vanaf dat moment (juni 2014) is de grote 

zoektocht begonnen om antwoorden te geven op de vraag of tijd tot overlijden te voorspellen is.

Alle researchers van de afdeling Intensive Care van het Radboud UMC, en specifiek Mark van 

den Boogaard, Peter Pickkers en Paul Rood voor hun ondersteuning en advies tijdens de mini-
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schrijfweek. Ook voor je geduld Paul als je weer een mailtje van mij kreeg dat een en ander niet 

lukte met het indienen van het protocol in ClinicalTrials.gov.

Cynthia Konijn, senior functioneel applicatie beheerder, NTS: dankzij jouw tijd en energie is het 

mogelijk geweest om ook gegevens op landelijk niveau te exploreren. Geen mail of verzoek was 

te veel. Deze gegevens zouden de basis vormen van hoofdstuk 3.

Prof. dr. Friedo Dekker en Chava Ramspek uit het LUMC voor jullie statische adviezen. Friedo met 

jouw vragen probeerde je mijn (geringe) kennis in statistische analyses en methodologie naar 

boven te halen. Hier raakte ik eerst in paniek wat snel werd omgezet in een enorme motivatie om 

meer te weten te komen van dit boeiende en absoluut noodzakelijke onderdeel van onderzoek 

doen. Waar ik eerst altijd de paragraaf “Statistical analysis” oversloeg bij het lezen van medische 

artikelen heb ik nu geleerd om daar als eerste naar te kijken. Chava, als native speaker van de 

Engelse taal was je bereid om mijn allereerste artikel na te lopen.  Toen nog coassistent in de 

laatste fase van je opleiding liet je al blijken dat je een onderzoeker was in hart en nieren. Jouw 

statische tips hebben mij verder geholpen met het analyseren van de Cox regressie model. 

Mijn collega’s op de afdeling Intensive Care van het Elisabeth-TweeSteden ziekenhuis. Peter, 

Desiree, Hans, Dharmarand, Gert, Bea, Anne, Roy, Margot, Rob, Alex, Wilco, Els, Annechien, Jos, 

Annemarie, Bettina en Jessica; samen proberen wij de beste zorg te leveren aan onze patiënten 

en dat bereiken we omdat we zo divers zijn. Ook Wendy Schapendonk, Inge Gnirrep en Jeroen 

van Rosmalen, alle AIOS en ANIOS en verpleegkundigen. Bedankt voor jullie enthousiasme, 

alertheid en bereidwilligheid om mijn vragen en mails te beantwoorden en de patiënten te 

includeren in de studie. Zonder jullie was deze studie niet mogelijk geweest. Speciaal dank aan 

Jos van Oers en Annemarie Oldenbeuving. Jos, bedankt voor je steun en je vele adviezen. Vaak 

hebben we, elk achter onze eigen PC, onze frustraties gedeeld over weer een net niet significante 

uitkomst. Annemarie, bedankt voor alle gezellige momenten tijdens onze lange reizen met file, 

naar mooie skigebieden in Oostenrijk en Frankrijk en het moed inpraten om het onderzoek af te 

ronden. Met een afgerond promotieonderzoek weet je als geen ander wat dit betekent.

Liesbeth Savelsberg en Christel Goertz van het secretariaat Intensive Care Elisabeth-TweeSteden 

Ziekenhuis, dankzij jullie uitgebreide kennis van Word en Excel hebben alle ronddolende letters, 

spaties en komma’s weer hun plekje gevonden terug in de alinea.  

Marieke Coenen, uit jouw penseel zijn vele mooie tekeningen uit voortgevloeid. En het zijn niet 

alleen de vormen of de kleuren die je composities zo bijzonder maken maar vooral de emoties 

die ze oproepen bij de kijker. Zo ook bij het ontwerp van de omslag van dit proefschrift. Je waant 

je ergens in de Egeïsche zee. Het bootje zet koers naar het onbekende en bij het verdwijnen 

ervan achter de horizon ontspringt een nieuw begin. Het is prachtig!
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Thom Brouwer, als laatstejaars student geneeskunde in Leiden was je op zoek naar een baan 

als researcher. Dit onderzoek heeft ons samengebracht. Bedankt voor je ondersteuning bij de 

dataverwerking. 

Mijn lieve schoonouders Theo en Tonnie en mijn schoonzus Maayken, jullie zijn mijn voorbeeld 

voor vasthoudendheid, volharding maar vooral veerkracht. Het leven heeft jullie ongelooflijk hard 

geraakt die ene zomerse dag in mei. Niets was hetzelfde meer daarna. Maar moedig hebben 

jullie alle kracht verzameld om jullie kleinkind en neefje Midas de liefde en aandacht te geven 

die hij verdient. Hier neem ik een voorbeeld aan. Met veel raad en daad staan jullie mij altijd bij. 

Maar ook jullie aanleg voor talen, heeft mijn teksten verlost van (vele) kromme zinnen en (talloze) 

spelfouten. 

Mijn zus Irene.  Samen hebben we alles gedaan. Opgegroeid in Griekenland en vervolgens 

verhuisde eerst jij en daarna ik naar Nederland om te studeren aan de universiteit in Nijmegen. 

We weten dat we altijd op elkaar kunnen rekenen. Altijd nuchter met een groot oplossend 

vermogen. Geen enkele uitdaging is jou te veel. Jaren geleden heb jij je proefschrift afgerond. 

Ik ben trots op jou. 

Lieve papa en mama. Jullie hebben mij geleerd wat doorzetten is. Κουράγιο zeiden jullie altijd. 

Door jullie ben ik geworden tot de persoon die ik nu ben. Jullie hebben mij altijd gesteund en 

hebben erop vertrouwd dat wat ik deed, waar ik ook ging, goed was. En nu dat ik zelf ouder ben 

kan ik begrijpen wat een moedige beslissing het voor jullie geweest is om mij en mijn zus naar 

een ander land te laten afreizen voor een betere toekomst. En daar ben ik dankbaar voor. Ik heb 

daardoor niet alleen een vaderland, maar ook een moederland gekregen.

Artemis. Samen lopen wij kilometers in het bos. En terwijl jij bezig bent met het ontdekken wat 

het bos je te bieden heeft, kom ik tot rust. Door jou heb ik -tijdens een mooie zonsondergang, 

zonnige dagen, regen en sneeuwbuien- teksten in mijn hoofd geschreven, grafieken en tabellen 

bedacht of gewoon frustratie van mij afgeschud. Ik kijk er elke dag weer naar uit om samen met 

jou op pad  te gaan. 

Als laatste wil ik de allerbelangrijkste personen in mijn leven bedanken, mijn lieve man Hans en 

onze schitterende kinderen, Simon en Andreas. Hans, elk dag weer raak ik door jou geïnspireerd. 

Je laat mij zien dat er meer is dat alleen werken. Samen hebben we al veel meegemaakt, gezien 

en beleefd en dagelijks proberen we met grote toewijding goede ouders te zijn voor onze twee 

mannen. Jouw liefde voor fotografie heeft geleid tot het maken van vele schitterende foto’s die 

niet alleen in onze kleine kring gewaardeerd worden maar ver daarbuiten. En jouw fietsprestaties, 

beloond met een stukje taart en afgesloten met koud bier, zijn niet te evenaren. En last but not 

least, je degelijke kennis van de Nederlandse taal die altijd weer van vitaal belang bleek te zijn.

102681
Doorhalen

102681
Ingevoegde tekst
dan
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Lieve Simon en Andreas, we hebben als gezin maar ook afzonderlijk zoveel dingen al gezien en 

ondernomen en ik hoop dat er nog veel meer avonturen gaan volgen. Maar het allerbelangrijkste 

vinden wij als ouders dat jullie gelukkig en veilig opgroeien en vooral veel plezier beleven in alles 

wat jullie doen. Jullie staan voor ons onvoorwaardelijk op nummer één.
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PHD PORTOFOLIO

Naam promovendus: A.M.M. Kotsopoulos PhD periode: 01-01-2015 t/m 01-07-2021

Promotor(en): prof. dr. J.G. van der Hoeven

Graduate school: Radboud Institute for 
Health Sciences

Copromotor(en): dr. W.F. Abdo

Cursussen Jaar afgerond ECTS

GCP course (ETZ Elisabeth Ziekenhuis, Tilburg) 2014 0,4

KNMG course on Research (KNMG, Utrecht) 2014 0,2

KNMG course on writing a scientific paper (KNMG, Utrecht) 2014 0,4

KNMG course on scientific English (KNMG, Utrecht) 2014 0,2

Statistics course TIAS (Tilburg University, Tilburg) 2015 0,8

Statistics course Radboud UMC (Radboud University Medical Center, 
Nijmegen)

2015 0,4

Prediction Models (Epidem, Amsterdam) 2017 2

Missing data: consequences and solutions (Epidem, Amsterdam) 2018 2

Regression analysis (Epidem, Amsterdam) 2018 5

Multilevel analysis (Epidem, Amsterdam) 2018 2

GCP refresher course (ETZ Elisabeth Ziekenhuis, Tilburg) 2018 0,4

Scientific Integrity for PhD candidates 2019 1

Mini schrijf cursus (Radboud University Medical Center, Nijmegen) 2019 2

Communication about donation (Netherlands Transplant Foundation, Leiden) 2020 0,2

Onderwijs Jaar afgerond ECTS

Presentations regarding my reasearch project for physicians and trainees in 
various hospitals (ETZ Elisabeth Ziekenhuis, Tilburg)

2021 2

Reseach meetings at the Intensive Care (ETZ Elisabeth Ziekenhuis, Tilburg) 2021 1
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Presentation. An observational study on time to death after withdrawal of 
treatment in potential DCD donors (ESICM, Milan)
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Presentation. Gone in 120 minutes?   (NVIC, Ede) 2016 0,4

Presentation. A retrospective single center studie on time to death after 
withdrawal of treatment in DCD III donors. (EDTCO, Barcelona)
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Expertmeeting (NTS, Utrecht) 2017 0,2

Presentation. Zorgeloos doodgaan.  (Topics, Utrecht) 2018 0,4

Expertmeeting. Orgaandonatie en euthanasie (NTS, Online meeting) 2021 0,2

Totaal EC punten: 23,2 waarvan 23,2 afgerond
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Angela Kotsopoulos werd op 18 april 1972 geboren in Apeldoorn en verhuisde met haar ouders 
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werd het artsexamen behaald. In november 1998 startte zij als arts niet in opleiding tot specialist 
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Radboud te Nijmegen (opleiders prof. dr. J.W.M. van der Meer, prof. dr. P.M.J. Stuyt en dr. J. de 

Graaf) en VU Medisch Centrum in Amsterdam (opleider prof. dr. S. Danner). Zij behaalde haar 

registratie tot internist in november 2005. In oktober 2004 startte zij met het aandachtsgebied 

Intensive Care aan de VU Medisch Centrum in Amsterdam (opleider prof. dr. A. Girbes). In 

november 2007 werd zij geregistreerd als intensivist en vanaf januari 2008 is zij werkzaam in 

het Elisabeth-Tweesteden Ziekenhuis in Tilburg. Vanaf 2008 is Angela het aanspreekpunt binnen 

de Intensive Care, voor opleiders, arts-assistenten in opleiding (specialisme SEH, interne 

geneeskunde en chirurgie), arts-assistenten niet in opleiding, senior- en keuze-coassistenten. 

Sinds 2014 vervult Angela de functie van donatie-intensivist in het Elisabeth-Tweesteden 

Ziekenhuis. In deze functie participeert zij in onderzoeksprojecten rondom orgaandonatie vanuit 

de Nederlandse Transplantatie Stichting, en heeft onder andere Orgaandonatie na Euthanasie 

en DCD Hartdonatie, geïmplementeerd in het Elisabeth-Tweesteden Ziekenhuis. Angela heeft 

meegewerkt aan het ontwikkelen van de scholing over de Kwaliteitsstandard in het kader van de 

nieuwe donorwet, bestemd voor medisch specialisten en zorgmedewerkers. Ook participeert zij 

in adviescommissies die zich bezighouden met knelpuntanalyse in het orgaandonatie proces. In 

2015 startte Angela met haar promotieonderzoek, geïnitieerd door de Nederlandse Transplantatie 

Stichting. Onder begeleiding van copromotoren dr. Farid Abdo (neuroloog-intensivist bij de 

afdeling Intensive Care Radboudumc) en dr. Nichon Jansen (Nederlandse Transplantatie 

Stichting) en promotor Prof. dr. Hans van der Hoeven heeft zij onderzoek gedaan naar tijd tot 

overlijden bij donoren door circulatiestilstand (DCD), welke resulteerde in dit proefschrift. 

Angela is getrouwd met Hans de Beer en zij hebben samen twee kinderen, Simon (2008) en 

Andreas (2010). Zij wonen in Best. 
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A

QUOTES (STELLINGEN)
Behorend bij het proefschrift

Prediction models in controlled donation after 
circulatory death 

Improving prediction of time to circulatory death and evaluation of the organ donation pathway 

from end-of-life decision-making to death

1.  Goede stellingen zijn van metaal gemaakt.

 Bouwindustrie

2.   Bij orgaandonatie wordt altijd de afweging gemaakt tussen de wens voor een 

succesvolle procedure en het risico van het verlies van een potentiële donor en daarbij 

kostbare organen, wanneer ingeschat wordt dat de donor niet tijdig zal overlijden.

3.   Intensive care behandeling is vaak ter overbrugging maar soms een brug te ver.

4.   The success of intensive care is not to be measured only by the statistics of survival, 

as though each death were a medical failure. It is to be measured by the quality of lives 

preserved or restored; and by the quality of the dying of those in whose interest it is to 

die; and by the quality of human relationships involved in each death. 

 GR Dunstan, University of London, 1984

5.  Allow events to change you.

 Bruce Mau

6.  Everybody wants to go to heaven, but nobody wants to die.

 Joe Louis

7.  De ware mens weet dat wat ver is, ook vlakbij is te vinden.

 Oosterse wijsheid

8.  Wie durft te verdwalen, vindt nieuwe wegen.

 Erasmus

9.  Absence of evidence is not evidence of absence.

10.   It is not the strongest of the species that survives, nor the most intelligent, but the one 

most responsive to change.

 Charles Darwin

11.  Creativity is intelligence having fun.

 Albert Einstein

12.  Οπου πίστις, αγάπη
 όπου αγάπη, ειρήνη
 όπου ειρήνη, ο Θέος
 όπου υπάρχει ο Θέος,
 ουδεμία υπάρχει ανάγκη

Waar geloof is, is er liefde

waar liefde is, is er vrede

waar vrede is, is God

waar God is,

nimmer is er nood




