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Abstract

Purpose Between 0.1—3% of injured children who present at a hospital emergency department ultimately die as a result of
their injuries. These events are typically reported as unnatural causes of death and may result from either accidental or non-
accidental trauma (NAT). Examples of the latter include trauma that is inflicted directly or resulting from neglect. Although
consultation with a forensic physician is mandatory for all deceased children, the prevalence of fatal inflicted trauma or
neglect among children is currently unclear.

Methods This is a retrospective study that included children (0—18 years) who presented and died at one of the 11 Level I
trauma centers in the Netherlands between January 1, 2014, and January 1, 2019. Outcomes were classified based on the
conclusions of the Child Abuse and Neglect team or those of forensic pathologists and/or the court in cases referred for
legally mandated autopsies. Cases in which conclusions were unavailable and there was no clear accidental cause of death
were reviewed by an expert panel.

Results The study included 175 cases of childhood death. Seventeen (9.7%) of these children died due to inflicted trauma
(9.7%), 18 (10.3%) due to neglect, and 140 (80%) due to accidents. Preschool children (<5 years old) were significantly more
likely to present with injuries due to inflicted trauma and neglect compared to older children (44% versus 6%, p <0.001, odds
ratio [OR] 5.80, 95% confidence interval [CI] 2.66—-12.65). Drowning accounted for 14 of the 18 (78%) pediatric deaths due
to neglect, representing 8% of the total cases. Postmortem radiological studies and autopsies were performed on 37 (21%)
of all cases of childhood death.

Conclusion One of every five pediatric deaths in our nationwide Level I trauma center study was attributed to NAT; 44%
of these deaths were the result of trauma experienced by preschool-aged children. A remarkable number of fatal drown-
ings were due to neglect. Postmortem radiological studies and autopsies were performed in only one-fifth of all deceased
children. The limited use of postmortem investigations may have resulted in missed cases of NAT, which will result in an
overall underestimation of fatal NAT experienced by children.

Keywords Non-accidental trauma - Child abuse - Neglect - Postmortem investigation - Deceased - Child

Introduction

In 2003, the United Nations Children’s Fund reported that
at least 3,500 children residing in high-income countries die
annually as a result of non-accidental injuries (NAI) [1]. The
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prevalence of child abuse in the Netherlands has been esti-
mated to be between 90,000 — 127,000 cases annually [2, 3].
According to Statistics Netherlands, there are approximately
3.4 million children currently living in the Netherlands [4]
and 1,000-1,100 child deaths each year [5].

From 1996 to 2009, 445 cases of childhood death were
referred to the Netherlands Forensic Institute (NFI) for
mandatory autopsies; 239 of these children died due to
NAI [6], corresponding to an average of 17 cases of fatal
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NAI per year. However, this is likely to be an underestima-
tion resulting from selection bias. Some cases that were
categorized as natural death might have been recognized
as unnatural death due to NAI if a full postmortem inves-
tigation had been performed. Article 2 of the Council of
Europe Committee of Ministers (CECM) statement on the
harmonization of rules governing medicolegal autopsies
states clearly that autopsies should be carried out in all
cases of obvious or suspected unnatural death in both chil-
dren and adults [7, 8]. While recommendations suggest
that these principles should be implemented by all member
states of the European Union, adoption of the entire set of
guidelines is not currently mandatory. Moreover, member
states are permitted to design their own systems based
on these guidelines. Article 2 of the CECM has not been
ratified in the Netherlands. The system currently in place
in the Netherlands focuses on the results of a complete

Fig.1 The Dutch medico-

legal system of postmortem
investigation in children. In the
Netherlands, the DA decides
whether postmortem investiga-
tions should be performed.

This decision is based on
information from the police and
forensic physician. The forensic
physician examines the child
externally, collects the clinical
history and results of investiga-
tions performed at the hospital.
Postmortem legal investigations
(autopsy, imaging, toxicology)
are requested by the DA after
consultation of the forensic
physician and police and based
on their information the cause

physical examination of the deceased; postmortem radio-
logical imaging studies or legally mandated autopsies are
only performed if there are suggestions or strong indica-
tions that death was a result of a criminal act. In con-
trast to cases of adult deaths, a forensic physician must
be consulted in all pediatric deaths before a certificate
of death can be issued. A consultation can result in one
of three possible scenarios (Fig. 1). In the first scenario,
there will be a clear indication of an unnatural cause of
death, a situation that may lead to a full medicolegal
evaluation. The second scenario addresses an expected,
i.e., natural cause of death, for example, death of a child
in palliative care due to the progression of a metastatic
tumor. In this case, the body is released to the caregivers.
The third scenario addresses cases in which the cause of
death remains unclear. In these cases, a non-mandatory
postmortem evaluation (as per the “Nader Onderzoek naar

Deceased child

Y

Consultation forensic physician (and
postmortem physical exam by
forensic physician)

Y

Indication of an unnatural death?

NO YES

\J

of death is highly suspected for
a crime. The forensic physician
is a medical doctor specialized

discusses with paediatrician

Forensic physician
Consultation District

in forensic medicine (duration if the case is eligib_le for o Attorney
of forensic medicine specializa- NODOK evaluation
tion is 3 years). The DA has a
bachelors and master’s degree in L ]
(criminal) law together with an — NO
additional training at the public permission b NO
caregivers for
prosecutors office of 4 years. NODOK? * Y
Few DA’s are specialized in _ Legal autopsy and
child abuse. Cases of pediatric ) o radiological
deaths are handled by the DA Forensic physician is investigation
on call (who may or may not be YES sufficiently convinced of
specialized in child abuse).  J natural death
NODOK procedure
YES
Y
Release body -t

@ Springer




Forensic Science, Medicine and Pathology (2021) 17:621-633

623

de DoodsOorzaak van Kinderen” [NODOK] or “Further
Examination of the Cause of Death in Children” proce-
dure) is offered to the caregivers [9—11].

Between 0.1-3% of injured children admitted to the
Emergency Department (ED) ultimately die as a result
of their injuries (i.e., experience an unnatural death) [12,
13]. After consultation with the attending physician, the
forensic physician will discuss the events leading to the
presentation at the ED and the findings of the postmor-
tem physical examination with the district attorney (DA).
The decision as to whether the body can be released to the
caregivers or taken into custody for a legally mandated
autopsy lies solely with the DA. All legally mandated
autopsies will be performed at the Netherlands Forensic
Institute (NFI). The decision is based primarily on whether
a given death was the result of a criminal act. In other
words, postmortem investigations in unnatural deaths iden-
tified in the Netherlands are primarily initiated to rule out
a crime, rather than to explain the cause of death.

Despite required consultations with forensic physi-
cians, the prevalence of non-accidental death remains
unclear. Equally important, the characteristics of fatal
NALI in children have not been fully identified.

This study aimed to answer the following research
questions:

(1) What is the prevalence of non-accidental trauma
(NAT) in children who were admitted to and died at Level
I trauma centers (TCs) in the Netherlands?

(2) What are clinical and postmortem features of non-
accidental and accidental death in children who were
admitted to these Level I TCs?

Methods
Study design

This was a retrospective study of children who presented
and died at one of the 11 Level I TCs in the Netherlands (see

Acknowledgments) between January 1, 2014, and January
1 2019. This study was carried out by the nationwide col-
laborative group known as ASANTE (which is the Kiswa-
hili word for thank you). All hospitals were designated as
Level I TCs as defined by the American College of Surgeons
Committee on Trauma [14]. Additional patient data were
retrieved from databases of the Dutch public health services
(GGD), the Forensisch Artsen Rotterdam-Rijnmond (a pri-
vate forensic medical organization), and the Department of
Forensic Medicine, Netherlands Forensic Institute (NFI).

The Medical Ethics Review Committee (MEC) of the
Academic Medical Center, Amsterdam reviewed this
study (reference number W18_319 #18.366 dated Octo-
ber 4, 2018) and concluded that no informed consent was
required in accordance with national and international leg-
islation. Boards and MEC:s of all participating hospitals also
reviewed and approved the study protocol. Data process-
ing and storage were in accordance with European Union
General Data Protection Regulation. Data were collected
using an electronic data capture system (Castor EDC, 2019,
Amsterdam, the Netherlands) [15].

Eligibility criteria for this study are provided in Table 1.

Definitions and outcomes

The primary outcome of this study was the prevalence of
non-accidental trauma (NAT) among children who presented
and died at Level I TCs in the Netherlands.

Secondary outcomes include:

(1) Indicators of fatal NAT (inflicted or secondary to
neglect) compared with fatal accidental trauma (AT) in chil-
dren, including clinical history, injuries, and demographics.

(2) Causes of death determined by forensic evaluations.

(3) Performance of postmortem investigations.

The definition of NAT (i.e. trauma inflicted directly or
caused by neglect) used in this study is based on the law in
the Netherlands and includes any form of physical interac-
tion that is threatening or violent to a minor, actively or

Table 1 Eligibility criteria Inclusion

Exclusion

Children aged O — 18 years

Admission to a Level I trauma centre in the Netherlands
Deceased either at admission or during subsequent hospitalization
Unnatural cause of death

Presentation at shockroom due to: trauma, drowning and resusci-
tation (sudden cardiopulmonary arrest)

Referral to hospitals outside the Netherlands immediately after
primary survey and stabilisation of the patient

Suicide

Indeterminate cases
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passively urged by the caregivers or other persons towards
whom the minor is in a relationship of dependence or lack
of freedom, that results in serious harm or the threat of seri-
ous harm to the minor in the form of physical injury. This
is consistent with the definition of maltreatment formulated
by the World Health Organization [16, 17].

Non-accidental injuries (NAIs), which include injuries
due to NAT [16, 17], including the following:

(1) Inflicted trauma: injuries resulting from the force of
impact via the direct actions of someone other than the
child him or herself, regardless of motive.

(2) Neglect: injuries resulting from the failure to protect a
child from physical harm. Neglect was scored based on
two domains, including supervision and environment.
In other words, if either the environment or supervision
were deemed to be inadequate, the case was classified
as neglect (Appendix A includes a detailed description
of these parameters).

(3) Accidental trauma (AT): injuries in which there was no
reasonable suspicion of inflicted trauma or neglect. The
trauma mechanism was considered to be accidental by
society at large and based on standard unwritten laws
and definitions. In these cases, trauma was frequently
observed by a person other than the primary caregiv-
ers (i.e. a “witnessed accident”) and did not raise any
concern for NAT.

(4) Indeterminate: injuries in which there was insufficient
information available. In these cases, the cause of inju-
ries sustained could not be determined and it was not
possible to classify the case in one of the three afore-
mentioned categories.

The Child Abuse and Neglect-team (CAN-team) is a mul-
tidisciplinary team specialized in the evaluation of suspected
cases of child abuse. The team usually includes a pedia-
trician who has specialized in social pediatrics, a pediatric
radiologist, a pediatric surgeon, an ED physician or nurse,
and a physician from the national Child Protective Services
(“Veilig Thuis”, or CPS). Some of the hospitals maintained
permanent CAN-teams that included a pediatrician special-
ized in social pediatrics, an ED physician or nurse, and sev-
eral social workers. In these cases, a trauma or pediatric
surgeon, a radiologist, and CPS were consulted if necessary.

An external postmortem examination is a physical exam
carried out on the body by the forensic physician [8]. Like-
wise, postmortem investigations can include radiologic and
clinical findings and results from legally mandated autop-
sies, toxicology screening, and ophthalmologic investiga-
tions. A forensic evaluation is an assessment of all informa-
tion collected including the external forensic examination as
well as clinical and postmortem investigations (the former
obtained before death) and police information.

@ Springer

Classification of cases

Conclusions from the CAN-teams, forensic pathologists
(in cases of legally mandated autopsies), the courts, and/or
the expert panel were used to classify AT and NAT. Cases
were classified into one of three groups; AT, NAT (subdi-
vided into inflicted trauma or neglect), or indeterminate. All
cases with a clear accidental cause (i.e. those observed by a
third party and were not associated with concerns regarding
inflicted trauma or neglect) were classified as AT. All cases
evaluated by hospital-based CAN-teams were assessed fur-
ther. Cases were referred to Child Protective Services (CPS)
when a CAN-team concluded that a child was injured due
to (suspected) NAT. Conclusions of the CAN-teams were
used to classify patients into one of the three subcategories.
Some cases were referred to CPS without input from the
CAN-teams; feedback from CPS was used to classify these
cases. The third group included cases in which the cause
of injury was not evident and no CAN-team was available.
These cases were evaluated by an expert panel that con-
sisting of five members of the research group, including a
trauma surgeon (EK), a pediatric surgeon (RB), a forensic
pediatric radiologist (RvR), a forensic physician (SdV), and
a pediatrician who specialized in child abuse (AHT). The
expert panel discussed each of these cases and determined
whether the injuries were accidental versus potentially
inflicted or caused by neglect. Because the expert panel was
reviewing these cases retrospectively, it was not always pos-
sible to draw definite conclusions regarding inflicted trauma
based on the available information. Some cases lacked rel-
evant additional information. These cases were classified as
indeterminate.

Data extraction

We collected detailed clinical data, psychosocial informa-
tion, findings from the CAN-teams, and the results of the
postmortem physical examinations using a standardized case
report form maintained in an electronic database (Castor
EDC, 2019, Amsterdam, the Netherlands) [15]. Identifica-
tion of eligible patients, information regarding demograph-
ics, and length of stay at the hospital were provided by the
Dutch national trauma registration [18]. Clinical information
included a description of all identified injuries, a detailed
history and injury mechanism, information as to whether
surgical intervention was required and whether surgery was
performed together with details of the child abuse screening
at the ED [19]. Postmortem information included a descrip-
tion of all injuries identified in postmortem examinations,
causes of death, radiological investigations, and the out-
comes of legally mandated autopsies or “Nader Onderzoek
naar de DoodsOorzaak van Kinderen” (NODOK), which
translates to “Further Examination of the Cause of Death in
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Children”, which is a stepwise approach used to investigate
the cause of death in children who may have experienced an
unexpected or unexplained death [1, 11]. Social information
included details concerning socio-economic status based on
postal code data provided by Statistics Netherlands. Socio-
economic status was listed in tertiles ranging from (1) low
to (3) high [20] together with family composition. Informa-
tion provided by the CAN-teams included conclusions as
to whether NAT was suspected and if further actions were
required (e.g., consultation with social services, care under
supervision, foster care, reporting to police, among others).
The NFI provided information on the cause of death in cases
referred for legally mandated autopsy.

Statistical analysis

Data were analyzed using SPSS version 27 (IBM Corp.,
Armonk, NY, USA). Quantitative variables were summa-
rized as medians and interquartile ranges, while categori-
cal variables were presented as counts and percentages.
Three groups were used for the analysis: inflicted trauma,
trauma due to neglect, and accidental trauma. Subgroup
analyses were performed for young children (<2 years
old), preschool children (<5 years old) and older children
(=5 years old). The Chi-square test/Fisher’s exact test and
Kruskal-Wallis test were used to identify statistically sig-
nificant differences. Odds ratios (ORs) were calculated
using crosstabs. A p-value less than 0.05 was considered
statistically significant; 95% confidence intervals (CIs) were
calculated as appropriate.

Results
Case classification

Two hundred and ten children were admitted to a Level
I TC between January 2014 and January 2019 and died
in the ED or after admission. All 210 cases underwent
an external postmortem examination by a forensic physi-
cian. Twenty-one cases (10%) were referred for legally
mandated autopsy. The remaining cases (n=179, 90%)
were released to their respective caregivers (Fig. 2). Fifty-
one of these cases (24%) underwent postmortem inves-
tigations (radiology, clinical autopsy, toxicology). As a
result, 10 children (5%) were found to have died of natural
causes; suicide was confirmed in an additional 4 cases
(2%). Natural deaths, suicides, and indeterminate cases
were excluded from the analysis. After exclusion, a total
of 175 cases were included in our analysis. An overview
of these 175 cases is presented in Fig. 2.

Case 1

A thirteen-month old girl was admitted to the ED due
to a sudden cardiopulmonary arrest. That morning, she
had been taken to the nanny and, except for a running
nose and a sub-febrile temperature, seemed to be fine.
Half an hour after feeding the girl, the nanny found
her unresponsive in her crib and she contacted the
emergency services immediately. The girl was unsuc-
cessfully resuscitated at the hospital. After she passed
away, the forensic physician was consulted and did
not witness any injuries or bruises during the exter-
nal postmortem examination. Although the hypothesis
was that the child died of a possible viral infection, the
DA requested a postmortem CT-scan to rule out other
causes of death*. Before the CT-scan was performed,
the organs were removed for donation (with permission
of the DA) and no abnormalities of the organs were
detected. The CT-scan showed a healing fracture of the
right humerus, upon which the girl’s body was seized
for further evaluation and brought to the NFI for a legal
autopsy. The autopsy revealed additional fractures and
extensive thin film subdural hematoma (which was not
visible on the CT-scan).

* This is exceptional because usually no postmortem
investigations are conducted in such a case without any
signs of unnatural death.

Children dying of unnatural causes

An overview of demographic data and trauma mechanisms
is provided in Table 2. The 175 cases of children who died
of unnatural causes included 114 (65%) boys with a median
age of 7.5 years (interquartile range [IQR] 2—15 years) and 61
(35%) girls with a median age of 9 years (IQR 2.5-14 years).
Seventeen (9.7%) children died of inflicted injuries and 18
(10.3%) of neglect. In 140 (80%) cases, the cause of death
was identified as accidental (Fig. 2). Children with inflicted
(median age, 5 months; IQR 2-31 months) and negligent
injuries (median age 42 months, IQR 30-63 months) were
significantly younger than those succumbing to acciden-
tal injuries (median age 136 months, IQR 58-189 months,
p <0.001; Table 2). Children succumbing to inflicted injuries
were more frequently those living in either lower (p=0.019)
or higher socioeconomic neighborhoods (p =0.022; Table 2).

Trauma mechanisms and injuries

The most prevalent mechanisms associated with lethal
trauma were traffic accidents (n=280, 46%) and drownings
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Fig. 2 Classification of cases of the total study group.

(n=32, 18%). Traffic accidents accounted for most child-
hood deaths in the AT group (56%), compared to 0% in the
group that included inflicted trauma and 11% among those
categorized as neglect (p <0.001). Drowning was the main
cause of death (78%) in cases of NAT due to neglect, com-
pared to 0% of the inflicted NAT cases and 13% in the AT
group (p <0.001). Seventeen children were presented with
“sudden cardiopulmonary arrest” without apparent injuries.
Injuries resulting in cardiopulmonary arrest in these cases
were identified during resuscitation or postmortem evalua-
tion. Admission due to sudden cardiopulmonary arrest with-
out apparent injuries was identified at a significantly greater

@ Springer

frequency (p <0.001) among those in the NAT inflicted
group (n=11, 64%) compared with the cases of NAT due to
neglect (n=1, 6%) and those in the AT group (n=5, 4%).
Table 3 provides an overview of different types of inju-
ries within the three groups with calculated ORs. Trau-
matic brain injury was the most prevalent type of injury
in the NAT inflicted group (88%) and the AT group (76%);
this diagnosis was identified significantly less frequently
among those in the NAT neglect group (39%, p=0.001).
Fractures, including rib fractures, were frequently identi-
fied in both the NAT inflicted group and AT group (47%
and 61%, respectively), but were detected significantly less
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Table 2 Demographic information and trauma mechanism

Inflicted Neglect Accidental p-value Total

n=17 (9.7%) n=18 (10.3%) n=140 (80%) n=175 (100%)
Age, months (median, IQR) 52-30D 42 (30 -63) 136 (58 — 189) <0.001* 101 (32-178)
Boys (n,%) 9 (53) 14 (78) 91 (65) 0.306 114 (65)
Age, months (median, IQR) 2(1.5-5) 43 (30 -58) 146 (43 - 194) <0.001* 94 (31 - 185)
Girls (n,%) 8 (47) 4(22) 49 (35) 0.306 61 (35)
Age, months (median, IQR) 13(8-77) 53 (20-103) 128 (64 — 179) 0.010%* 116 (37 -174)
SES (n,%)
Low 7 (41) 4(22) 20 (14) 0.019* 31 (18)
Average 4(24) 14 (78) 97 (69) <0.001* 115 (66)
High 5(29) - 16 (11) 0.022%* 21 (12)
Unknown 1 (6) - 7(5) - 8 (5)
Cause (n,%)
Traffic accident - 2(11) 78 (56) <0.001* 80 (46)
Drowning - 14 (78) 18 (13) <0.001* 32 (18)
Suffocation 2(12) - 16 (11) 0.318 18 (10)
Blunt trauma - - 11 (8) 0.233 11 (6)
Fall from height 2(12) 1 (6) 8 (6) 0.620 11 (6)
Sudden cardiopulmonary arrest 11 (64) 1(6) 54) <0.001* 17 (10)
Sharp penetrating trauma 2(12) - 2(1) 0.022%* 4(2)
Explosion - - 1(<D) -
Unknown - - 1(<1) -
**Length of stay (median, IQR) 2(1.5-4) 1(1-3) 2(1-3) 0.162 2(1-3)
ICU-admission (n,%) 15 (88) 7(39) 105 (75) 0.002* 127 (73)
**Length of stay ICU (median, IQR) 22-4) 32-1D 2(2-5) 0.503 2(2-5)

* Statistical significance, SES = socio-economic status, **Length of stay in days, ICU = Intensive Care Unit

frequently among those with NAT due to neglect (11%;

p<0.001). No differences in types of injury were identi-

fied in comparisons between cases of inflicted NAT and
AT. Intrathoracic injuries were not detected in any of the
NAT inflicted cases compared with 36% among those in
the AT group; OR 0.84). By contrast, bruises had a signifi-
cantly higher OR among cases with inflicted NAT (41%)

versus AT (8%; OR 8.21).

Table 3 Injuries of all deceased children

Postmortem investigations

Postmortem radiologic studies without autopsy were con-
ducted in 12 (7%) cases, while combined legally mandated
autopsy and radiologic studies were performed in 19 (11%)
cases (Table 4). Postmortem investigations were performed
on a total of 37 (21%) of the cases included in the study

sample. This included investigations performed in 15 (88%)

Inflicted Neglect Accidental p-value OR (95%CI) OR (95%CI)
n=17 n=18 n=140 Abuse vs Accident Neglect vs Accident
Injuries
Traumatic brain injury 15 (88) 7(39) 106 (76) 0.001* 2.41 (0.52-11.06) 0.20 (0.07-0.57)*
Fracture 8 (47) 2(11) 85 (61) <0.001* 0.58 (0.21-1.58) 0.08 (0.02-0.37)*
Intra thoracic injury - 4(22) 51 (36) 0.007* 0.84 (0.77-0.91)* 0.50 (0.16-1.60)
Intra-abdominal injury 2(12) 2(11) 31 (22) 0.368 0.47 (0.10-2.16) 0.44 (0.10-2.01)
Aspiration/ARDS - 3(17) 13 (9) 0.232 - 1.95 (0.50-7.65)
Bruises 7 (41) - 11(8) <0.001* 8.21 (2.61-25.81)* -
Laceration 2 (12) - 17 (12) 0.296 0.97 (0.20-4.59) -
Other** - - 4(3) - - -

“*Remaining injuries: spinal injury (2x), dissection of carotid artery (1x), retinal haemorrhage (1x)
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Table 4 Postmortem
investigation

Inflicted Neglect Accidental
n=17 n=18 n=140
Postmortem investigation (N, %) 15 (88) 3(17) 19 (14)
Type of postmortem investigation
Radiology* 2 3 7
Legal autopsy - 1
Clinical autopsy - 5
Radiology & legal 13 7
autopsy & toxicology
Toxicology** 1 1
Others*** 2 -
Occult injuries detected (n,%) 6 1 3

* Consisting of skeletal survey and total body CT-scan

** Toxicology screening performed separately from the legal autopsy. Toxicology is performed as standard

during a legal autopsy

“*Other investigations: blood culture (2x) and ophthalmoscopy (1x)

of the cases of non-accidental inflicted trauma, in 3 (17%)
of the cases of NAT associated with neglect, and 19 (14%)
of those in the AT group. Occult injuries were detected in 6
children in the NAT inflicted group, compared to only one
case of NAT due to neglect and 3 among these in the AT
group. Of note, the occult injuries identified in the single
NAT due to neglect case raised no concern regarding the
potential for inflicted injury.

Subgroup analysis of preschool-aged children

Preschool-aged children (<5 years old) were significantly
more likely injured due to inflicted trauma and neglect
compared to older children (44% versus 6%; p <0.001, OR
5.80, 95% CI 2.66-12.65). Fatal NAT was identified as the
cause of death for 28 (44%) of the preschool-aged children,
of whom 15 (23%) succumbed to non-accidental inflicted
trauma and 13 (20%) to NAT secondary to neglect. Fatal
trauma mechanisms in preschool-aged children included
sudden cardiopulmonary arrest (n=16, 25%), drowning
(n=16, 25%), and suffocation (n=13, 20%). In children
younger than two years of age, NAI was identified in 15
(43%) cases as the cause of death. Fatal trauma mecha-
nisms resulting in NAI were sudden cardiopulmonary
arrest (n=15, 43%), suffocation (n=11, 31%), and drown-
ing (n=5, 14%). An overview of the classification of cases
in each age group is presented in Table 5.

Discussion

We report here the 20% prevalence of fatal NAT among
children admitted to a Level I TC. We showed that 9.7%
of the cases succumbed to inflicted trauma and 10.3% to
the consequences of neglect. Fatal NAT was identified
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significantly more frequently as the cause of death in pre-
school-aged children (< 5 years old) compared to children
in the older age cohorts. Subgroup analysis in young chil-
dren (<2 years old) revealed a 37% prevalence of inflicted
trauma and a 6% prevalence of neglect.

One important finding relates to the cause of inflicted
deaths. Of the cases of inflicted trauma, 64% presented to
the ED as “sudden cardiopulmonary arrest”. This find-
ing has extremely important implications, as there may
be cases of non-accidental cases of inflicted trauma pre-
senting as “sudden death” that have not been evaluated
appropriately. Consequently, cases of non-accidental
inflicted trauma may have been ignored because not all
cases of sudden death undergo postmortem investigations.
Although the NODOK procedure is offered to caregivers,
none of these investigations are mandatory. Autopsies are
rejected by caregivers in three of ten cases. These findings
might be considered in light of another recent study from
the Netherlands in which 85% of NODOK cases under-
went an autopsy [11]. The limited frequency of autop-
sies may lead to a misdiagnosis of sudden infant death
syndrome (SIDS), or sudden unexpected death in infancy
(SUDIJ) [21, 22]. A small fraction of reported SIDS/SUDI
cases may be covert NAI; of note, the distribution of
SIDS has remained stable over the years while preventive
measurements have been drastically improved [23, 24].

Table 5 Case classification stratified per age category

0-2yearsold 2-5yearsold >S5 yearsold

Total (n,%) 35 (20) 29 (17) 111 (63)
Inflicted (n,%) 13 (37) 2(7) 22)
Neglect (n,%) 2(6) 11 (38) 54)
Accident (n,%) 20 (57) 16 (55) 104 (94)
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For example, Cote et al. [25] reported that 2.6% of 623
deaths attributed to SIDS were actually due to NAI. They
also note that the proportion of non-SIDS deaths was sig-
nificantly higher (18% versus 6%) in centers with exper-
tise in pediatric pathology. This highlights the importance
of the standardization of postmortem evaluations used to
diagnose pediatric deaths. This might be undertaken by
professionals with expertise in pediatrics and NAI. The
importance of standardization is illustrated by the case
report included in Case 1. This case demonstrated clearly
that a postmortem physical exam was not sufficient to
diagnose abusive head trauma, which was found only after
the child underwent a postmortem computed tomography
scan, which led to a legally mandated autopsy.

Another reason to standardize postmortem evaluations
is that the risk of missing NAI in young children is higher
compared to older children, mainly because of physiological
differences between these age groups. While babies and tod-
dlers are developing muscle strength, their bony structures
remain more malleable [26]. Subtle signs of trauma can be
masked and may be externally invisible. Furthermore, blunt
abdominal trauma can lead to severe intra-abdominal inju-
ries without any bruises on the abdominal wall [27, 28] and
intrathoracic injuries frequently remain undetected in post-
mortem physical examinations [29]. Twelve of the 21 chil-
dren in our study had no visible external injuries at admis-
sion; all of these were children who were younger than two
years of age. Injuries were identified in nine of these children
via additional investigations in the ED (including traumatic
brain injury, retinal hemorrhage, and healing rib fractures).
Injuries leading to death were revealed by postmortem radio-
logic studies and autopsy in the remaining three children
although they exhibited no external injuries (fractures, trau-
matic brain injury, or signs of suffocation). While fatal NAI
can and does occur in older children, more force is needed
to produce the same type of fatal injury compared to that
needed to injure younger children.

Another important finding in our study was the propor-
tion of children suffering from neglect. The main cause of
negligent deaths was drowning (78%). Examples of these
cases include infants left alone in the bathtub or young chil-
dren permitted to play near a pond or swimming pool with
interrupted supervision. Our aim is not to accuse caregiv-
ers; however, we identified a large group (10%) of children
whose deaths could have been prevented if sufficient super-
vision and appropriate preventive measures were taken. The
aim of identifying situations associated with negligence
will be to engage in conversations with the broader society,
optimize education, and increase awareness of these dan-
gers with the goal of prevention. We observed that many
caregivers overestimated the capabilities of children and/
or underestimated the danger involved in a given situation.
As physicians, we must acknowledge these dangers and

provide counseling to caregivers. As shown by our data,
the danger of water, notably in water-rich countries such as
the Netherlands, was largely underestimated. Many of the
drownings might have been prevented by placing a fence
around the pool or pond. This is mandatory in some Euro-
pean countries. We highly recommend reevaluation of the
current guidelines by the Dutch legislature to raise national
awareness of this topic. This would also focus on improv-
ing the educational programs available for caregivers and
immigrants.

Strengths

This nationwide study comprises a large cohort of cases
of unnatural pediatric deaths due to NAI and AI. We were
able to generate a multidisciplinary overview of this pop-
ulation and fatal NAI in the Netherlands in general. The
Dutch national trauma registration data collection is of high
quality as is postmortem information collected by forensic
physicians. Because of this collaboration, the data collected
represented an amalgamation of clinical information from
11 hospitals and information from forensic physicians com-
bined with findings from legally mandated autopsies pro-
vided by NFI. By merging these sources of information, we
identified significant indicators of fatal NAI. In addition,
our expert panel consisted of a balanced group of physicians
from different specialties (including child abuse, pediatric
surgery, trauma surgery, pediatric forensic radiology, foren-
sic medicine, and pediatrics). We believe that all cases were
assessed carefully by the members of this panel.

Limitations

One limitation of this study is that we only collected data
from cases of children who died while in a hospital, i.e.
selection bias. To address this issue, we compared our
results to the national death registration maintained by
Statistics Netherlands [5]. A rough estimate revealed that
approximately half of the children who succumbed to
trauma did so outside a Level I TC. We hypothesize that
these children most likely died due to major trauma asso-
ciated with excessive force, for example, severe accidents
(high-speed motor vehicle crashes), prolonged drownings,
or inflicted trauma of a very serious nature (such as a fall
from a great height). Moreover, we had to classify some
cases as indeterminate because we did not have data that
would permit the expert panel to reach specific conclusions.
Furthermore, we were unable to identify household charac-
teristics that might be associated with NAI. We were able
to provide a rough estimate of socioeconomic status based
on the patients’ postal code and residential neighborhood.
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Another common limitation in the child abuse field is the
lack of a diagnostic “gold standard”. We attempted to use a
diagnostic-type method using the information provided by
CAN-teams, forensic physicians, courtrooms, and the con-
sensus opinions of the expert panel. While we considered
the conclusions of the CAN-team to be accurate, in most
cases we did not have any insight into the specific informa-
tion used by the CAN-team to generate their conclusions.
This limitation may have led to an overestimation of the
population subjected to NAT. Moreover, both CAN-teams
and the expert panel considered injuries in their assessment.
While this may have resulted in circular reasoning, in some
cases, investigations were limited and injuries could have
been missed. Nonetheless, consensus opinions of expert
panels have been identified as a reliable means of assessing
cases [30].

Finally, we assume that we may have underestimated
the prevalence of fatal NAI in this study because we have
reasons to doubt the effectiveness of the postmortem sys-
tem in the Netherlands for detecting NAI. It is critical
to recognize that no postmortem investigations are con-
ducted in cases in which there are no suspicions of crimi-
nal behavior (Fig. 1). However, postmortem analyses from
these cases could provide valuable information regarding
what may be undetected criminal acts. According to the
European Autopsy rules of the Council of Europe Com-
mittee of Ministers (CECM) and the European Council of
Legal Medicine (ECLM), while each member state needs
to have an effective means to investigate deaths, each is
provided with some independence regarding the design of
this system [7]. Of course, every design has benefits and
consequences. In the system currently in use in the Neth-
erlands, the treating physician, the DA, and the forensic
physician all play crucial roles in the determination of the
cause and manner of death. Cases of NAI are likely missed
because of a lack of awareness. Thus, the consequences
of this system include the fact that we are at risk of miss-
ing non-accidental fatalities among our most vulnerable
residents and thereby create insufficient awareness of this
critical health problem. A recent NFI report documented
that, based on decreasing numbers of autopsies, an esti-
mated 20-25 murder cases were missed in the Netherlands
in the year 2015 alone [31]. As noted in our study, the lim-
ited use of postmortem investigations may very likely have
resulted in an underestimation of non-accidental cases of
pediatric death.

Current law in the Netherlands requires a review of every
pediatric death by a forensic physician. However, in practice,
this is only done in~70% of relevant cases [32]. This is
another potential source of missed NAI cases, as it is clear
that some cases were not reported to the forensic physician.
Most cases underwent an external postmortem physical
examination but no postmortem investigations (NB only
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21% underwent postmortem investigations). As previously
discussed, we advocate the more extensive use of postmor-
tem investigations in cases of pediatric death. This exercise
will be pivotal for diagnostic accuracy and for determining
the cause and manner of death.

Conclusion

In this nationwide Level I TC study, we identified NAI in
20% of children who experienced an unnatural death dur-
ing a five-year period (January 2014 — December 2018).
NAI was identified as the cause of 44% of the deaths in
preschool-aged children (< 5 years old). Postmortem inves-
tigations were performed in only one of five children who
died at the hospital. Of note, no data are available for the
50% of trauma-associated childhood deaths that took place
outside a Level I TC. This may have resulted in an under-
estimate of the frequency of fatal NAI. Furthermore, our
studies suggest strongly that a postmortem physical exam
alone will not provide enough evidence to rule out the pos-
sibility of inflicted trauma in young children who have died
as a result of unwitnessed trauma or under circumstances
that are not fully clear. In these cases, we recommend more
extensive postmortem investigations to rule out any possibil-
ity of inflicted death. Among these, cases of serial drown-
ings should raise concerns regarding dangers in the envi-
ronment and the potential lack of appropriate supervision.
Educational programs focused on pediatric health and safety
might be offered to caregivers by midwives, pediatricians,
or general physicians.

Key points

1. Non-accidental injuries were the cause of death of 20%
of the patients in our pediatric cohort.

2. Non-accidental injuries were recognized as the cause of
death in 44% of the children who were <5 years of age.

3. Approximately 50% of non-accidental deaths in young
children were due to inflicted trauma while 50% were
due to neglect.

4. Most fatal drownings were the result of neglect and thus
might have been prevented.

5. The limited use of postmortem investigations may have
resulted in an underestimation of the prevalence of non-
accidental death.
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