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Abstract

Background The use of analgesics and sedatives to alleviate pain and discomfort is common in end-
of-life care in neonates and infants. However, to what extent those drugs are used in that context
with the specific aim of bringing the infant in a state of continuous deep sedation (CDS) is currently

unknown.

Methods We performed a nationwide mortality follow-back survey based on all deaths under the
age of one over a period of 16 months in Flanders, Belgium. Data on CDS were linked to
sociodemographic information from death certificates. Physicians completed an anonymous
guestionnaire. Questions measured whether CDS preceded death, and which clinical characteristics

were associated with the sedation (ex. type of drugs used, the duration of sedation).

Results Response rate was 83% (229/276). In 39% of all deceased neonates and infants, death was
preceded by CDS. Physicians used a combination of morphine and benzodiazepines in 53%, or
morphine alone in 45% of all sedation cases in order to continuously and deeply sedate the infant. In
89% of cases death occurred within one week after sedation was begun, and in 92% artificial
nutrition and hydration were administered until death. In 49% of cases there was no intention to

hasten death, and in 40% the possibility of hastening was taken into account.

Conclusions CDS precedes about two in five neonatal and infant deaths. Guidelines for CDS in this
age group are non-existent and it is unclear whether the same recommendations as in the adult

population apply and can be considered good practice.
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Introduction

Though infant mortality under the age of one is relatively low (e.g. 3.2 out of 1000 births in Flanders
in 2016)[1], the impact on parents, family members and healthcare personnel is tremendous. In 77%
of such deaths in Flanders, death was non-sudden[2] and thus complex discussions on commencing
‘comfort care’ and palliative care could have taken place[3]. Most infant deaths are preceded by an
end-of-life decision, very often the withholding or withdrawing of treatment[4, 5]. When such
decisions are made, it is common practice that analgesics and sedatives are initiated or increased
within the context of palliative treatment. Managing pain is challenging, as pain cues in new-borns
are difficult to discern and interpret[6]; it is often unclear at what point palliative care with adequate
pain relief becomes the hastening of death[7]. This leads to an ethically, morally and even legally
complex decision-making process that needs thoughtful deliberation between the parents and the

medical professionals involved.

A recent literature review reveals that a majority of neonatal deaths are preceded by the
administration of some form of pain and/or symptom relief medication[8]. In adults and minors, the
term ‘continuous deep sedation until death’ is used to describe the specific practice of reducing
consciousness by administering sedatives to treat pain and symptoms[9]. Although this practice
occurs in neonates and infants, terminology varies[4, 8, 10, 11]. As the described objective is
effective pain and symptom control by lowering consciousness at the end of life[8], the same
terminology as in minors and adults i.e. continuous deep sedation until death (CDS) will be used

throughout this paper.

Population data on the prevalence of CDS in neonates are scarce. To our knowledge, the only data is
from the Netherlands in 2005 indicating that 19% of all deceased infants under the age of one were
continuously and deeply sedated until death[12]. Despite the fact that literature on CDS in children is
lacking, international guidelines in paediatric care consider it as a normal part of medical treatment
at the end of life[10, 11, 13, 14]. The only available population estimates on CDS in minors are from
Belgium, indicating that it occurs in about 1/5 of all deaths between one and 17 years old[15]. Data
on the prevalence of CDS in neonates and infants under the age of one, and information on the type
of drugs used, the duration of sedation or the provision of artificial nutrition and hydration are non-

existent although they would be useful for physicians in daily practice.

This study aims to fill the current gap in knowledge regarding prevalence and characteristics of

continuous deep sedation until death in neonates on a population-level. Furthermore, we will
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examine whether neonates receiving CDS are different from those who die without it, based on

clinical and demographic characteristics.
Materials and Methods

Design

We conducted a population-level mortality follow-back survey, including all infants under the age of
one year of whom the mother resides in Flanders and who died between September 2016 and

December 2017. STROBE guidelines for reporting cross-sectional research were used.

Setting and participants

All infants under one year who died in the inclusion period in Flanders or Brussels whose mother was
a Flemish resident. Flanders and Brussels are two of the three semi-autonomous regions of Belgium
with autonomy over the quality of health care. All deaths occurring in both regions are processed by
the same central administrative authority (the Flemish Agency for Care and Health). We included
only deaths of Flemish residents to provide prevalence rates in a set population within one semi-
autonomous region. The study design, mailing and anonymity procedure are described

elsewhere[16]; an abbreviated overview can be found in the online supplementary material.

Questionnaire and variables

We developed the first Belgian questionnaire on end-of-life care and end-of-life decision-making
(including continuous deep sedation until death) in neonates based on a validated questionnaire in
neonates[4] in the Netherlands, and validated Belgian questionnaires in minors[15] and adults[17].
The resulting questionnaire was thoroughly pilot tested and validated with eight neonatologists who
represented all eight Flemish neonatal intensive care units, five researchers with extensive expertise
in end-of-life care in neonates, minors and adults and an ethicist. The questionnaire included four
descriptive questions regarding the death (place of death, death sudden and unexpected, presence
of congenital anomalies, severity of congenital anomalies). Afterwards, questions regarding end-of-
life decisions and end-of-life care were posed, including whether the infant was continuously and
deeply sedated until death (CDS). The following question was used to indicate Continuous Deep
Sedation: “Was the patient continuously kept in deep sedation or coma until death by means of one

or more medications?”. If CDS was indicated, five questions followed regarding characteristics of this
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sedation (drugs used, duration of sedation, whether artificial nutrition and hydration were provided

and what the life-shortening intention of the physician was).

Demographic and clinical patient data (place of death, sex, age at death, gestational age at birth and
cause of death (see Table 1)) were obtained from the death certificates. We used a deterministic
linkage procedure to link death certificate with questionnaire data, and small cells analysis to ensure

that linked death certificate data would prevent re-identification.

Statistical analysis

Descriptive statistics were calculated for demographic and clinical characteristics of the total
population, and infants who did and did not receive CDS. Percentages of the characteristics of CDS
(drugs used, duration of sedation, artificial nutrition and hydration provided, life-shortening intention
of the physician) in all cases where sedation took place were calculated. A multivariable binary
logistic regression model was fitted for the odds of receiving CDS based on demographic and clinical
characteristics (sex, age at death, gestational age at birth, presence of congenital anomalies, and
main cause of death) to determine whether or not neonates receiving CDS are significantly different
from those who died without CDS. Non-significant predictors were excluded from the final model by

means of a stepwise approach. Odds ratios (OR) and 95% confidence intervals (Cl) were provided.
Results

We received 229 completed questionnaires for 276 infants who died between 1 September 2016 and
31 December 2017 (83% response rate). No significant differences in demographic characteristics
between deaths with and without a response was found, therefore no weighting of results was

necessary.

In 183 out of the 229 cases (80%), death was non-sudden, indicating a possibility that medical
decisions at the end of life were made. Eighty-nine infants had been continuously and deeply sedated
until death (39% of all studied deaths, 49% of all non-sudden deaths). CDS was most prevalent
among infants who died between day seven and day 27 of life (65%) compared with those who died
within the first week of life (30%) or after day 27 (42%, p=0.02, Table 2). The percentage of CDS cases
is high in infants born between 26-28 and 29-31 weeks of gestation (57% and 60% respectively), and
in infants born at full term (51%), while in extremely preterm (< 26 weeks of gestation) and
moderately preterm infants (32 - 36 weeks of gestation) the prevalence of CDS is significantly lower

(27% and 32% respectively; p=0.02).

The multivariate binary logistic regression revealed two significant demographic predictors for

receiving CDS, namely age at death and gestational age at birth (Table 3). Infants who died between
5
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days seven and 27 are significantly more likely than those who died before the seventh day to
receive CDS (adjusted OR=3.82, 95%ClI=[1.71-8.50]). Furthermore, those born between 26 and 28
weeks’ gestation (AOR=2.72, 95%CI=[1.03-7.19]), and those born at full-term (AOR=2.21,
95%Cl=[1.03-4.73]) are more likely than extremely premature infants born at less than 26 weeks’
gestation to receive CDS. Other predictors (sex, presence of congenital anomalies and cause of

death) were non-significant and were thus excluded from the final model.

In 54% of all CDS cases, a combination of benzodiazepines and morphine was used; in 45% morphine
alone was used. (Table 4). In 48% of infants who were sedated, death occurred between one and
seven days after start of sedation. In 20% the infant died after 12-24 hours, and in another 20%
sedation lasted for less than 12 hours. Only in a minority of cases was the duration of sedation
between one and two weeks (6%) or more than two weeks (6%). Artificial nutrition and hydration
were administered until death in 92% of cases. In 49% of cases the physician reported no intention of
hastening death, whereas in 40% the possibility of hastening death was taken into account, although
it was not the goal of the sedation. In 11% of cases hastening death was co-intended or explicitly

intended.
Discussion/Conclusion

This population-level mortality follow-back survey indicates that in four out of ten deceased
neonates and infants death was preceded by continuous deep sedation until death (CDS). In the large
majority, death occurred within one week of sedation beginning and artificial nutrition and hydration
were administered until death. Physicians used a combination of morphine and benzodiazepines, or
morphine alone. In 89% of cases there was no intention to hasten death although the possibility was
taken into account (40%), though in 11% of cases hastening of death was co-intended or explicitly

intended.

Strengths and limitations

Despite the sensitivity of the topic, we achieved a high response rate (83%) by using a robust design
with a rigorous follow-up procedure, making conclusions valid for the entire population of deceased
infants under the age of one irrespective of care setting or diagnosis. The questionnaire was
developed based on existing and previously validated questionnaires on end-of-life decisions in
neonates[4], minors[15] and adults[17], ensuring comparability over time, settings, countries and age
groups. Socially desirable answers or unwillingness to participate were reduced by ensuring

anonymity, however they cannot be completely avoided. Comparison of the response and non-
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response groups revealed no significant differences, indicating that results are generalizable to the

entire population of Flemish deceased neonates.

In a mortality follow-back study recall bias cannot be excluded since questionnaires were filled out
about three months after death. However, a death certificate is the only available registration on a
population level, making it the best method to study medical situations preceding death. Although
other actors such as parents or nurses can provide useful information, we deemed the physician’s
perspective on the medical situation preceding death as the most important. Information regarding
doses of medication or comfort assessments were not included in the questionnaire; this would have
had a high clinical value but is very case-specific, difficult to interpret and often not noted in
guestionnaires. Detailed information regarding all CDS cases was limited by using questionnaires,

further detailed (case) studies are recommended.

General discussion

We found that 39% of neonate and infant deaths were preceded by CDS. This practice in neonates
and infants seems significantly higher than in adults (2.5-12%)[17, 18] and minors > one year old
(22%)[15]. Treating pain in neonates is infinitely more complex than in minors or adults, as available
non-verbal measures of assessment are much more difficult to interpret[19]. When death is expected
in a neonate, a physician might be more inclined to resort to CDS in order to ensure adequate
symptom control and peaceful death, as neonates themselves are unable to indicate when pain or
symptom relief is sufficient. Interestingly, the prevalence of CDS in neonates in Flanders (39%) is
much higher than in the Netherlands (19%)[12]. As identical questions were used in both countries,
we might wonder whether this difference is due to actual differences in clinical decision-making
between the countries, whether physicians interpret questions differently or whether our results
reflect cultural differences. Additionally, as suggested in a paper from the Netherlands in 2005[12], a
trend of increased use of CDS - similar to that in adults in the Netherlands from 8.2% in 2005 to
18.3% in 2015[20] — may be expected and thus the difference in prevalence might simply be due to a
change in practice over time instead of a difference between countries. A new follow-up study in the

Netherlands and/or a comparative study with Flanders is needed to test these hypotheses.

We found that extremely premature infants (<26 weeks’ gestation) and infants dying within the first
week of life are less likely to receive CDS (27% and 31% respectively). From the moment they are
born, extremely premature babies are often highly dependent on intensive care treatment, and pain
medication is often offered to keep them as comfortable as possible. In some cases, however, the
continuation of intensive care is considered to be futile or not in the child’s best interest due to

extreme suffering or reduced expected quality of life in future. When the decision is made to
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withdraw treatment on which they are extremely dependent, there is neither the time nor the need
for continuous and deep sedation as pain medication is often already provided[21], and death is
expected to come quickly. Similarly to extremely preterm infants, those dying within the first week of
life are also highly dependent on intensive care because of the extreme condition that led to
admission to the neonatal ward immediately after birth, so again, the cessation of treatment is also
likely to result in rapid death. Additionally, prevalence of CDS is also lower in infants older than 27
days, which is likely to be because of an increase in sudden deaths due to accidents or SIDs, which

was confirmed by our data.

We found that sedation was administered more often in babies who were born between 26 and 28
weeks of gestation, those born full term and those who died between seven and 27 days old. These
babies often receive intensive care in the first week of life which increases their chances of
survival[22]. However, if after this crucial first week their quality of life then or in future is estimated
to be very poor[23], it may be decided to discontinue life-saving treatment in order to end their
(future) suffering. Typically, we hypothesize that these babies have a slower dying process than
extremely premature babies, as they are less dependent on the treatment provided and can thus
survive without it. Sedation is therefore indicated to keep them comfortable until death. This
hypothesis is further supported by the fact that in half of all continuous deep sedation cases sedation
lasts for between one and seven days, which is considered a slow dying process. In infants who died
between seven and 27 days after birth, additional factors such as a slow diagnosis, a slow
accumulation of comorbidities or delayed acceptance of imminent death by the parents might

contribute to higher chances of a slow dying process, making CDS more likely.

In adults and minors, ‘continuous deep sedation until death’ is used to describe a practice of inducing
unconsciousness as a last resort to treat unbearable, refractory symptoms in those close to
death[24]. Although our results show that this practice often occurs in dying neonates, it is not
labelled as such, and guidelines for CDS are to our knowledge non-existent, in stark contrast to CDS
in adults[25, 26]. Our data cannot provide knowledge on whether clinical indications for this practice
are similar to those of adults and minors as it is unclear from our survey data whether unbearable
refractory symptoms were present. However, our data can provide insight into how CDS in neonates
and infants is used in daily practice, which is vital for future guidelines and rules for best practice. In
the majority of cases studied, the duration of CDS was only hours or days, and thus it is likely that it
was used when death was imminent to reduce symptom burden. Additionally, loss of consciousness
could also be caused by a gradual increase in pain and symptom management[15] rather than

deliberate CDS. In our population, the physician reported the sole use of morphine (i.e. medication
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for pain) for sedation in 45% of cases, which supports this hypothesis. In 54% of continuous sedation
cases within our study however, a combination of benzodiazepines (sedatives) and morphine (pain
medication) was used, indicating that the sedative effect in these cases was intended[27]. CDS can
also be used as a covert form of hastening death[15], which according to guidelines in adults should
not be counted as CDS[9]. Since only a very small number (11%) of physicians reported a co-intention
or an explicit intention to hasten death, we suspect that only a small number of cases could be
considered as such. However, in two out of five reported cases, possible hastening of death was
foreseen yet not intended. It is possible that some physicians in our study still stand behind the
contentious doctrine of double effect[28, 29] where the wish to do something morally acceptable,
such as relieving suffering, justifies the accompanying undesired effect of doing something morally
guestionable i.e. hastening death[30]. We can ask whether hastening death is indeed undesirable in
extremely ill neonates, as we do in adults[9]; in treating infants, healthcare professionals and parents
try to decide on what is best for the child[31], and when this is not possible or is unclear, they may
make decisions that minimize suffering[32]. In cases of extreme suffering, the effect of hastening of
death by providing increased doses of pain and/or symptom medication and lowering consciousness
is often considered ethically and morally preferable. Lastly, though artificial hydration and nutrition
provision is not recommended in CDS for adults, 92% of infants continued to receive them up until
death. When 11% of CDS cases had a co- or explicit intention to hasten death to relieve suffering,
providing fluid and nutrition seem contra intuitive. It is possible that physicians wanted to increase
comfort by providing hydration and nutrition, as prognosis and estimated time until death in this
population is hard to predict[33], however more research is needed. This information on the clinical
characteristics of CDS in neonates and infants can be used as a starting point towards formulating
guidelines in this population, which could aid healthcare providers in deciding when this type of
sedation is warranted, and which due care criteria should be followed. However, further in-depth

study is needed before such attempts toward guideline formation can be made.
Conclusion

The present study indicates that in neonates and infants who died under the age of one, continuous
deep sedation until death is common (2/5 deaths <one year old). Continuous deep sedation is most
prevalent in infants with a gestational age of between 26 and 31 weeks, and in infants between
seven and 27 days old. In the large majority of cases, death occurred within one week of sedation
beginning, and artificial nutrition and hydration were administered until death. Physicians used a
combination of morphine and benzodiazepines, or morphine alone, in order to continuously and

deeply sedate the infant. Guidelines for continuous deep sedation until death in neonates and



244
245

246

infants are non-existent and it is unclear whether the same recommendations as in the adult

population apply and can be considered as good practice.

10



247

248

249
250
251
252
253
254

255

256
257
258
259
260

261
262

263

264

265

266

267

268

269

270

271
272

273

Statements

Acknowledgement

We would like to thank all physicians and neonatal intensive care units that participated in this study,
as well as the physicians and experts who aided in testing and validating the questionnaire. We are
grateful for the support and cooperation of the Flemish Agency for Care and Health without whom
data-collection would not have been possible, and for the aid of lawyer Wim De Brock and Prof. Dr.
Robert Vander Stichele in ensuring anonymity of all participants. We would like to thank Jane

Ruthven for her language editing.
Statement of Ethics

Study approval statement: For this study, approval was obtained from the Ethics Committee

of Ghent University (Belgian Registration Number B670201628795), the Privacy Commission (CBPL,
registration number SA3/VT005071970), the National Council of the Order of Physicians (registration
number BD/wc/89997) and the Sectoral Committee of Social Security and health (registration
number SCSZG/16/234).

Consent to participate statement: No written informed consent was asked, since filling out

and sending back the filled-out questionnaire was seen as giving consent to participate in this study.

Conflict of Interest Statement

The authors declare no potential conflicts of interest with respect to the research, authorship and/or
publication of this article.

Funding Sources

This study is funded by the Research Foundation Flanders (FWO; G041716N to Joachim Cohen) and
the special research fund of Ghent University (BOF; 01J06915 to Luc Deliens). K. Beernaert is
Postdoctoral Fellow of the Research Foundation Flanders (FWO). The study sponsors had no role in

study design, collection, analysis and interpretation of data, the writing of the report and the

decision to submit the manuscript for publication.

Author Contributions

11



274
275

276

277
278

279
280

281
282

283
284

285
286

287

288
289
290

All listed authors contributed to the writing and/or revision of the article and approved the final

version of the manuscript.

Laure Dombrecht: literature search, conceptualization and study design, data collection, data

analysis, data interpretation, writing of the manuscript

Kim Beernaert: supervision of the project, literature search, conceptualization and study design, data

collection, data analysis, data interpretation, writing of the manuscript

Filip Cools, Gunnar Naulaers: funding acquisition, conceptualization and study design, data collection,

data analysis, data interpretation, revision of manuscript

Linde Goossens: conceptualization and study design, data collection, data analysis, data

interpretation, revision of manuscript

Kenneth Chambaere, Joachim Cohen, Luc Deliens: funding acquisition, conceptualization and study

design, data collection, data analysis, data interpretation, writing of the manuscript
Data Availability Statement

Questionnaires and detailed research protocols (in Dutch) are available upon written request to the
corresponding author (Laure.Dombrecht@UGent.be). Data will not be made publicly available due to

privacy constraints.

12



References

[1] Devlieger R, Goemaes R, Laubach M. Perinatale Activiteiten in Vlaanderen 2018. [in Dutch].

Stud voor Perinat Epidemiol.

[2] Dombrecht L, Beernaert K, Chambaere K, et al. End-of-life decisions in neonates and infants: a

repeated population-level mortality follow-back study. -submitted Publ.

[3] Carter BS, Jones PM. Evidence-based comfort care for neonates towards the end of life.

Semin Fetal Neonatal Med 2013; 18: 88—92.

[4] ten Cate K, van de Vathorst S, Onwuteaka-Philipsen BD, et al. End-of-life decisions for
children under 1 year of age in the Netherlands: decreased frequency of administration of

drugs to deliberately hasten death. J Med Ethics 2015; 41: 795-798.

[5] Provoost V, Cools F, Mortier F, et al. Medical end-of-life decisions in neonates and infants in

Flanders. Lancet 2005; 365: 1315-1320.
[6] Carter BS, Brunkhorst J. Neonatal pain management. Semin Perinatol 2017; 41: 111-116.

[7] Verhagen AAE. Neonatal euthanasia : Lessons from the Groningen Protocol. Semin Fetal

Neonatal Med 2014; 19: 296-299.

[8] Cortezzo DE, Meyer M. Neonatal End-of-Life Symptom Management. Front Pediatr 2020; 8:
1-12.

[9] Morrison AW, Kang T. Judging the Quality of Mercy : Drawing a Line Between Palliation and
Euthanasia. Pediatrics; 133. Epub ahead of print 2014. DOI: 10.1542/peds.2013-3608F.

[10] Mirabaud M, Escher M, Louis-Courvoisier M, et al. Protocole de prise en charge des enfants
en fin de vie. Geneva, Switzerland: University Hospitals of Geneva,
https://www.hug.ch/sites/interhug/files/documents/soigner/ethique/enfants_en_fin_vie.pdf
(2009).

[11] Badarau DO, De Clercq E, Elger BS. Continuous Deep Sedation and Euthanasia in Pediatrics :
Does One Really Exclude the Other for Terminally Ill Patients ? J Med Philos 2019; 44: 50-70.

[12] Buiting HM, Karelse MAC, Brouwers HAA, et al. Dutch experience of monitoring active ending

of life for newborns. J Med Ethics 2010; 36: 234-237.

[13] Dutch Pediatric Association (NVK). Richtlijn Palliatieve Zorg voor Kinderen.[Clinical Guideline

for Pediatric Palliative Care]. Utrecht, 2013.

13



(14]

[15]

(16]

(17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

(26]

American Academy of Pediatrics. Palliative care for children. Pediatrics 2000; 106: 351-357.

Pousset G, Bilsen J, Cohen J, et al. Continuous Deep Sedation at the End of Life of Children in

Flanders , Belgium. J Pain Symptom Manage 2011; 41: 449-455.

Dombrecht L, Beernaert K, Roets E, et al. A post-mortem population survey on foetal-infantile

end-of-life decisions : a research protocol. BMC Pediatr 2018; 1-9.

Robijn L, Cohen J, Rietjens J, et al. Trends in Continuous Deep Sedation until Death between

2007 and 2013 : A Repeated Nationwide Survey. PLoS One 2016; June: 1-11.

Miccinesi G, Rietjens JAC, Deliens L, et al. Continuous Deep Sedation : Physicians’

Experiences in Six European Countries. J Pain Symptom Manage 2006; 31: 122-129.

Stevens BJ, Pillai Riddell RR, Oberlander TE, et al. Assessment of pain in neonates and infants.
In: Pain in Neonates and Infants, Volume 10, 3rd Edition 2007 (Pain Research and Clinical
Management Series, Editors: K. J. Anand B. J. Stevens Patrick McGrath, Elsevier ISBN:

9780444520616). 2007, p. 67.

Van der Heide A, Van Delden JJ, Onwuteaka-Philipsen BD. End-of-Life Decisions in the
Netherlands over 25 Years. N Engl J Med 2017; 377: 492-494.

Verhagen AAE, Dorscheidt JHHM, Engels B, et al. Analgesics, sedatives and neuromuscular
blockers as part of end-of-life decisions in Dutch NICUs. Arch Dis Child - Fetal Neonatal Ed
2009; 434-438.

Grisaru-granovsky S, Reichman B, Lerner-geva L, et al. Early Human Development Population-
based trends in mortality and neonatal morbidities among singleton , very preterm, very low

birth weight infants over 16 years. Early Hum Dev 2014; 90: 821-827.

Hellmann J, Knighton R, Lee SK, et al. Neonatal deaths : prospective exploration of the causes

and process of end-of-life decisions. Arch Dis Child Fetal Neonatal Ed 2016; 101: F102-7.

Graeff ADE, Dean M. Palliative Sedation Therapy in the Last Weeks of Life : A Literature
Review and Recommendations for Standards. J Palliat Med 2007; 10: 67—-85.

Abarshi E, Rietjens J, Robijn L, et al. International variations in clinical practice guidelines for

palliative sedation : a systematic review. BMJ Support Palliat Care 2017; 7: 223-229.

Kirk TW, Mahon MM. National Hospice and Palliative Care Organization ( NHPCO ) Position
Statement and Commentary on the Use of Palliative Sedation in Imminently Dying Terminally

Il Patients. J Pain Symptom Manage 2010; 39: 914-923.

14



(27]

(28]

[29]

(30]

(31]

(32]

(33]

Ng E, Klinger G, Shah V, et al. Safety of Benzodiazepines in Newborns. Ann Pharmacother

2002; 36: 1150-1155.

Hunt R. A Critique of the Principle of Double Effect in Palliative Care. Prog Palliat Care 1998;
6:213-215.

Sulmasy DP, Pellegrino ED. The rule of double effect: clearing up the double talk. Arch Intern
Med 1999; 159: 545-550.

Chambaere K, Bernheim J. End-of-Life Decisions. In: Textbook of Palliative Care. 2018, pp. 1—
21.

Kopelman LM. Guiding Treatments for Imperiled Infants. Semin Perinatol 2009; 33: 372—-376.

John D. Lantos. Ethical Problems in Decision Making in the Neonatal ICU. N Engl J Med 2018;
379: 1851-1860.

Brinchmann BS. Ethical Decisions about Neonates in Norway. J Nurs Scholarsh 1999; 31:

1998-1999.

15



Table 1: Cause of death categories in neonatology

A clinically relevant categorization for cause of death was developed to achieve
homogenous groups with a similar cause without revealing detailed case-specific
information. This categorization was evaluated, in terms of completeness to classify all
possible causes of death and clarity of descriptions, by four physicians working in neonatal
and prenatal care. Cases were sorted into one of seven categories by a neonatologist (FC)
and a researcher with experience in neonatal end-of-life care research (LDm) based on the
underlying cause of death, denoted by ICD-10 codes, on the death certificate. When main
cause of death was inconclusive, ICD-10 codes of other associated causes of death were
taken into account. Categories are mutually exclusive.

The following cause of death categories were identified:

Prematurity and related disorders: Death due to a direct cause of prematurity,
immaturity or disorders related to prematurity. For example, necrotizing
enterocolitis, intraventricular hemorrhage, respiratory distress syndrome, or death
due to (extremely) low birth weight or low gestational age.

Congenital anomalies - singular: Death due to a single congenital anomaly with a
defect in one organ or organ system. For example, a congenital malformation of the
heart or a spina bifida.

Congenital anomalies - multiple or systemic disorders: Death due to the presence
of multiple congenital anomalies in different organ systems, or due to a disorder
that affects multiple organ systems. For example, chromosomal disorders, multiple
congenital malformations diagnosed in one infant, or an inborn error of
metabolism.

Complications of pregnancy with repercussions on foetal growth or development:
Infant died due to complications of pregnancy that had an influence on the growth
or the health of the baby prenatally. For example, a cytomegalovirus infection with
congenital infection of the foetus, or pre-eclampsia with severe intrauterine growth
restriction.

Acute complications of pregnancy and/or birth in a previously healthy foetus. For
example, a placental abruption or birth trauma causing oxygen deprivation.

Disorders acquired after birth: Death due to a non-congenital disorder, acquired
after birth of a previously healthy baby. For example, infectious diseases resulting
in multiple organ failure.

Other: Cause of death was sudden, without previous diagnoses. Examples are
sudden infant death syndrome, accidents or trauma.




Table 2: Demographic and clinical characteristics

Sex® 0.486
Male 135 (59%) 55 (43%)
Female 94 (41%) 34 (37%)
Place of death :
Hospital 210 (92%) 89 (44%)
NICU 115 (50%) 73 (64%)
Other hospital ward 95 (42%) 16 (18%)
Home 15 (7%) 0 (0%)
Other 4 (2%) 0 (0%)
Age at death® 0.017
Early neonatal death (<7 days) 125 (55%) 36 (31%)
Late neonatal death (7-27 days) 43 (19%) 28 (65%)
Post neonatal death (>27 days) 61 (27%) 25 (42%)
Gestational age at birth* 0.017
< 26 weeks 72 (34%) 18 (27%)
26-28 weeks 28 (13%) 16 (57%)
29-31 weeks 10 (5%) 6 (60%)
32-36 weeks 25 (12%) 8 (32%)
> 37 weeks 76 (36%) 37 (51%)
Congenital anomalies® 0.877
Yes (single or multiple) 73 (41%) 36 (52%)
No 107 (59%) 53 (51%)
Severity of congenital anomalies®® 0.262
Very serious 41 (56%) 18 (46%)
Serious 17 (23%) 8 (50%)
Moderate/mild® 15 (19%) 10 (69%)
Main cause of death® <0.001
Prematurity and related disorders 47 (21%) 22 (49%)
Congenital anomalies singular 38 (17%) 21 (57%)
Congenital anomalies multiple 34 (15%) 15 (47%)
Complications of the pregnancy with 40 (18%) 8 (21%)
repercussions for the foetus
Acute complications of the pregnancy 34 (15%) 12 (36%)
and/or birth in a healthy foetus
Disorders acquired after birth 19 (8%) 11 (61%)
Other 17 (7%) 0 (0%)

Missing values: Information on continuous deep sedation was missing in 9 cases (3.9%); gestational age was missing in 18 cases (7.9%); information on
presence of congenital anomalies was missing due to the death being sudden and unexpected in 46 cases causing an immediate end of the
questionnaire (20.1%) and in 3 additional cases without reason (1.3%). Percentages were calculated without these missing cases.

No continuous deep sedation until death includes sudden and unexpected deaths.

2 Two-tailed Fisher’s exact tests were used to compare differences in sex and presence of congenital anomalies between groups with and without
continuous deep sedation until death

b pearson Chi-square test was used to compare differences in cause of death between groups with and without continuous deep sedation until death
¢Kruskal Wallis tests were used to compare differences for age at death and gestational age at birth between groups with and without continuous deep
sedation until death

4 Could only be filled in for the 73 cases where a congenital anomaly was indicated.

¢ Moderate and mild were aggregated to protect the identity of the involved infants and to avoid small cells



Table 3: relation between demographics and occurrence of continuous deep sedation until
death

sex * * * *
Place of death * * * *
Age at death 0.004

Early neonatal death (<7 days)®

Late neonatal death (7-27 days) 0.001 3.817 1.714 8.500

Post neonatal death (>27 days) 0.165 1.695 0.805 3.571
Gestational age at birth 0.130

< 26 weeks®

26-28 weeks 0.043 2.722 1.030 7.191

29-31 weeks 0.352 2.033 0.457 9.041

32-36 weeks 0.960 1.027 0.358 2.944

> 37 weeks 0.041 2.209 1.031 4.731
Congenital anomalies * * * *
Severity of congenital anomalies * * * *
Main cause of death * * * *

Multivariable binary logistic regression, stepwise exclusion of nonsignificant variables

Nagelkerke R? = 0.155 for the final model. Sex, place of death, congenital anomalies, severity of congenital anomalies and main
cause of death were not included in the final model due to their predictive value being nonsignificant (p-value > 0.05)

2 Adjusted odds ratio

b The reference category

* Predictors were not significant and were thus removed from the final model stepwise.



Table 4: Characteristics of the implementation of continuous deep sedation until death

Drugs used
Only benzodiazepines 0 0
Only morphine 39 44.8
Benzodiazepines and morphine (and other drugs) 48 53.9

Duration of sedation before death

<12 hours 17 19.5
12-24 hours 18 20.7
1-7 days 42 48.3
1-2 weeks 5 5.7
> 2 weeks 5 5.7

Artificial nutrition and hydration administered?
Until death 81 92.0
Not until death 7 8.0

Intention of hastening death

No intention 43 48.9
Taking into account possible hastening of death 35 39.8
Co-intention or explicit intention® 10 11.4

Missing values: drugs used and duration of sedation was missing in 2 cases (2.2%); artificial nutrition and hydration, and intention of
hastening death was missing in 1 case (1.1%). Percentages were calculated without these missing values.
2 Co-intention and explicit intention were aggregated to protect the identity of the involved infants and avoid small cells



