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Abstract

Background Effective interventions to reduce drowning incidents require accurate and reliable data for scientific
analysis. However, the lack of high-quality evidence and the variability in drowning terminology, definitions, and out-
comes present significant challenges in assessing studies to inform drowning guidelines. Many drowning reports use
inappropriate classifications for drowning incidents, which significantly contributes to the underreporting of drown-
ing. In particular, non-fatal drowning incidents are underreported because many countries do not routinely collect
this data.

The Danish Drowning Cohort The Danish Drowning Cohort was established in 2016 to facilitate research

to improve preventative, rescue, and treatment interventions to reduce the incidence, mortality, and morbidity

of drowning. The Danish Drowning Cohort contains nationwide data on all fatal and non-fatal drowning incidents
treated by the Danish Emergency Medical Services. Data are extracted from the Danish prehospital electronic medical
record using a text-search algorithm (Danish Drowning Formula) and a manual validation process. The WHO defini-
tion of drowning, supported by the clarification statement for non-fatal drowning, is used as the case definition

to identify drowning. All drowning patients are included, including unwitnessed incidents, non-conveyed patients,
patients declared dead prehospital, or patients with obvious clinical signs of irreversible death. This method allows
syndromic surveillance and monitors a nationwide cohort of fatal and non-fatal drowning incidents in near-real

time to inform future prevention strategies. The Danish Drowning Cohort complies with the Utstein style for drown-
ing reporting guidelines. The 30-day mortality is obtained through the Civil Personal Register to differentiate

between fatal and non-fatal drowning incidents. In addition to prehospital data, new data linkages with other Danish
registries via the patient’s civil registration number will enable the examination of various additional factors associated
with drowning risk.

Conclusion The Danish Drowning Cohort contains nationwide prehospital data on all fatal and non-fatal drown-

ing incidents treated by the Danish Emergency Medical Service. It is a basis for all research on drowning in Denmark
and may improve preventative, rescue, and treatment interventions to reduce the incidence, mortality, and morbidity
of drowning.
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The Danish Drowning Cohort includes data on fatal and non-fatal drowning incidents treated by the Emergency
Medical Services from 2016 and onwards and serves as the foundation for drowning research in Denmark. Data are
extracted from the Danish Prehospital Electronic Medical Record using the Danish Drowning Formula and manual
validation. The research data can advance prevention, rescue, and treatment interventions, aiming to decrease drown-
ing incidence, mortality, and morbidity. The research data follows the Utstein style for drowning reporting guidelines

The Danish Drowning Cohort

Data are extracted from the Danish nationwide
prehospital electronic medical record using the
Danish Drowning Formula and manual validation

The Danish Drowning Cohort contains data on all

fatal and non-fatal drowning cases treated by the
Danish Emergency Medical Service

The Danish Drowning Cohort aims to decrease

the drowning incidence, mortality, and morbidity

by establishing data-driven prevention, rescue,
and treatment interventions

Introduction

Targeted preventative measures can avoid a large pro-
portion of drowning incidents, and developing evidence-
based rescue and treatment recommendations is a high
priority to decrease mortality and morbidity following
drowning [1, 2]. Effective preventative, rescue, and treat-
ment interventions to reduce drowning incidents require
accurate, reliable, and sufficient data to be scientifically
analysed. However, the lack of high-quality evidence
and the variability in drowning terminology, definitions,
and outcomes pose significant challenges when assess-
ing studies to inform drowning guidelines [1, 3, 4]. Most
drowning reports use an inappropriate classification of
drowning incidents, which significantly contributes to
the under-reporting of drowning incidents [5, 6]. Espe-
cially non-fatal drowning incidents are under-reported,
as many countries do not routinely collect this data [7].

A consensus-based advisory statement from the
International Liaison Committee on Resuscitation rec-
ommending the Utstein style for drowning (USED)
was published in 2003 [8, 9]. The USFD was revised
in 2015 based on a review of 14 studies [10-12]. How-
ever, many variables from the revised USFD are not
routinely reported as they are unavailable [10]. Even in

high-resource healthcare settings, the large amount of
variables makes data collection time-consuming [13, 14].

Using electronic medical records is becoming increas-
ingly common as they reduce resource utilization and
improve the quality of care [15, 16]. Text-search algo-
rithms to search the prehospital electronic medical
record may provide new and improved ways of detecting
drowning, as they can monitor drowning indicators (i.e.
trigger words or constructs) similar to syndromic surveil-
lance and create high-quality datasets to inform preven-
tion strategies [17, 18].

The Danish Drowning Cohort reports prehospital data
on fatal and non-fatal drowning patients treated by the
Emergency Medical Services (EMS) in Denmark from
2016 and onwards. Drowning incidents are identified
from the Danish prehospital electronic medical record
using the Danish Drowning Formula and extensive man-
ual validation. Data are extracted following the revised
USED [11, 12]. The Danish Drowning Cohort will facili-
tate research to improve preventative, rescue, and treat-
ment interventions to reduce the burden of drowning.

This paper aims to describe the Danish Drowning
Cohort, including the patient selection process and the
reported variables.
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Materials and methods

Setting

Denmark has approximately 5.9 million inhabitants [19].
Despite its small geographical area of 42,933 square kilo-
metres, the country and its citizens are highly exposed to
aquatic environments with 8,593 km coastline, 669 natu-
ral harbours, anchorages, marinas, and 251 public pools
[20-22].

All Danish citizens are provided free and universal tax-
supported health care by the Danish National Health
Services [23]. The Danish prehospital EMS response is
government-funded and divided into five regions, each
with a regional Emergency Medical Dispatch Centre [24].
The Danish prehospital EMS response operates round-
the-clock. It includes ambulances as the basic-level
response, paramedic- or nurse-staffed cars as the inter-
mediate-level response, and physician-staffed vehicles
(mobile emergency care units) or helicopters (Helicopter
Emergency Medical Services [HEMS]) as the advanced-
level response [25, 26]. Since 2015, all Danish prehospital
personnel have utilised the prehospital electronic medical
record [25, 26]. Clinical data can be entered or directly
transmitted from monitors into structured sections. Sev-
eral unstructured text fields are available (e.g. a summary
of the prehospital effort, treatment given prior to arrival,
and previous diseases). However, data are not routinely
collected or required to be entered here. Data from the
prehospital electronic medical record is forwarded to in-
hospital servers in real-time, providing prehospital infor-
mation to the hospital staff receiving the patient.

All Danish citizens have a unique civil registration
number in the Danish Civil Registration System [27].
Patients without a Danish civil registration number will
receive a temporary number upon contact with the Dan-
ish health care system. In medical research, the civil reg-
istration number can be used for exact individual-level
record linkage of all extensive Danish registries facilitat-
ing research [28]. Therefore, regularly updated data on
30-day survival can be collected from the Civil Personal
Register and linked to the Danish Drowning Cohort [27].

Danish drowning formula

In 2023, the Danish Drowning Formula was developed
as a text-search algorithm that searches the unstructured
text fields of the prehospital electronic medical record to
detect drowning-related out-of-hospital cardiac arrest
registered in the Danish Cardiac Arrests Registry [29,
30]. The Danish Drowning Formula consists of 111 trig-
ger words related to submersion injury and aquatic envi-
ronments and is described previously [29].
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Population

The study population included all fatal and non-fatal
drowning patients treated by the EMS in Denmark from
2016 and onwards.

Case validation
The Danish Drowning Formula was initially used to
detect all possible water-related incidents. To identify
drowning-related records, a comprehensive validation of
all records with potential drowning incidents was con-
ducted (Fig. 1).

Nineteen trigger words and constructs from the Dan-
ish Drowning Formula were considered critical, i.e. high
association with drowning (Fig. 1). These consisted of
(1) variations of “drowning” and “near-drowning’, the
latter still being used by some EMS personnel despite
being incompatible with the current drowning defini-
tion, (2) variations of “found in water’, and (3) variations
of “cardiopulmonary resuscitation” and “obvious clinical
signs of irreversible death”. Critical words and constructs
included in numbers one and two were already present
in the Danish Drowning Formula. However, as critically
ill or deceased drowning patients often have shorter
medical records consisting of fewer words, we decided to
manually validate all those records identified by the Dan-
ish Drowning Formula containing any critical words or
constructs included in number three.

Records were separated into three groups: (1) records
containing a critical trigger word, (2) records containing
multiple non-critical trigger words, and (3) records con-
taining a single non-critical trigger word (Fig. 1). If the
records contained a critical trigger word or more than
one non-critical trigger word, they were assumed to have
a high probability of being drowning-related and were
manually validated. For records containing a single non-
critical trigger word, we identified text constructs con-
taining the trigger word used in a context typically not
associated with drowning (e.g. “water broke” as a sign of
labour). If no drowning incidents were identified within
10% of the records containing the text construct, the text
construct and related records were excluded.

Four observers (two physicians and two medical students)
manually validated all remaining records in three steps. In
the first validation process, each record was assessed by two
independent reviewers. A physician and a medical student
reviewed discrepancies in the second validation process.
In the third validation process, a physician reviewed any
ambiguous records with prehospital vital signs indicat-
ing respiratory impairment (increased respiratory rate and
decreased peripheral arterial oxygen saturation).
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All Prehospital Medical Records in
Denmark from 2016-2021
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Fig. 1 Flowchart showing the process of manual validation of drowning incidents for the Danish drowning cohort from 2016-2021

We used 30-day mortality to differentiate between fatal
and non-fatal drowning.

Inclusion and exclusion criteria

The WHO definition of drowning, supported by the
clarification statement for non-fatal drowning, was used
as the case definition to identify drowning (target con-
dition) during the three steps of manual validation [31,
32]. Drowning was defined by the WHO in 2002 as “the
process of experiencing respiratory impairment from sub-
mersion or immersion in liquid” [32]. Submersion indi-
cated that the victim’s entire body, including the airway,
was below the surface of the liquid. Immersion indicated
that the head was above the water, whereas the rest of the

body was immersed [33, 34]. However, for drowning to
occur, water must be aspirated [8, 9]. If the person died
because of drowning, this was termed a fatal drown-
ing, but if the process of respiratory impairment was
stopped before death, this was termed a non-fatal drown-
ing [31]. Patients were categorised as non-drowning if
it was unclear that the incident involved submersion or
immersion or if the patient did not experience respira-
tory impairment. If it was unclear if the patient had expe-
rienced respiratory impairment immediately after the
drowning process was stopped, we selected the option
that best reflected the respondent’s description of the
respiratory impairment, relying on the description from
the respondent and vital signs and used the best judg-
ment according to the “Clarification and Categorisation



Breindahl et al. BMC Medical Research Methodology (2025) 25:28

of Non-fatal Drowning” [31]. The Danish Drowning
Cohort contains all drowning patients treated by the
EMS, including unwitnessed incidents, non-conveyed
patients, patients declared dead prehospital, or patients
with obvious clinical signs of irreversible death (decom-
position, postmortem lividity, postmortem rigidity).

Variables and data collection

Table 1 contains all the Danish Drowning Cohort varia-
bles, including the variable name and definition, collec-
tion method, and how the data are coded in the Danish
Drowning Cohort. Blank fields indicate unknown/miss-
ing values. Variables are collected as outlined in the
USFD based on the availability in the Danish prehos-
pital electronic medical record. A complete overview
of USFD variables compared to the available variables
in the Danish Drowning Cohort is provided in Supple-
mentary Table S1.

Statistical analysis

The performance metrics of the Danish Drowning For-
mula were statistically evaluated by calculating sen-
sitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV). These metrics
were calculated from the numbers of true positives
(TP; i.e. the record was drowning, and it was detected
as drowning by the Danish Drowning Formula), false
positives (FP; i.e. the record was not drowning, but it
was detected as drowning), true negatives (TN; i.e. the
record was a non-drowning and it was detected as a
non-drowning), and false negatives (FN; i.e. the record
was a non-drowning but it was detected as drown-
ing). Sensitivity [TP / (TP+FN)] and specificity [TN
/ (FP+TN)] were calculated to show the performance
of the Danish Drowning Formula as a drowning iden-
tification tool. PPV [TP / (TP +FP)] and NPV [TN /
(FN + TN)] were calculated to show the Danish Drown-
ing Formula test result. There was no imputation of
missing data. All analyses were performed using R sta-
tistical software (version 4.2.2) [35].

Results

Figure 2 provides an inclusion flowchart. The Dan-
ish Drowning Formula identified 65,771 records from
3,471,681 unique prehospital medical records in the Dan-
ish prehospital electronic medical record containing one
or more trigger words from January 1st, 2016, to Decem-
ber 31st, 2021. In total, 1,227 records were identified as
drowning patients treated by the Danish EMS from 2016
to 2021, corresponding to an annual incidence of approx-
imately 205 patients per year and an annual incidence
rate of 3.5 per 100,000 persons.
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Table 2 shows the performance metrics of the Dan-
ish Drowning Formula as a drowning identification tool
when applied to the Danish prehospital electronic medi-
cal record on unrestricted terms. The sensitivity was
100%, the specificity was 98%, the PPV was 1.87%, and
the NPV was 100%. The sensitivity and NPV of 100%
were based on the assumption that using a text-search
algorithm with comprehensive search criteria (e.g.
the Danish Drowning Formula) followed by extensive
manual validation was the gold standard for drowning
identification.

Of 1,227 drowning records, 817 (66.6%) records con-
tained one or more critical trigger words, 338 (27.5%)
records contained multiple non-critical trigger words,
and 72 (5.9%) records contained a single non-criti-
cal trigger word (Table 3). Overall, the drowning rate
increased by the number of trigger words from the
Danish Drowning Formula identified in the prehospi-
tal electronic medical record (Table 3). Most drown-
ing records contained less than four trigger words, and
200 records (16.3%) contained only one trigger word.
Therefore, it would not be possible to establish a cut-off
based on the number of trigger words in the prehospi-
tal electronic medical record.

Discussion

Summary of results

The Danish Drowning Cohort is a new database under
establishment containing nationwide prehospital data on
all fatal and non-fatal drowning incidents treated by the
Danish EMS from 2016 and onwards. Using the Danish
Drowning Formula to detect fatal and non-fatal drown-
ing incidents by searching the prehospital electronic
medical record followed by extensive manual validation
shows satisfying results. The Danish Drowning Cohort
can monitor drowning incidents and facilitate research
by providing detailed information on the exact geograph-
ical locations, time of incident, and patient characteris-
tics (ClinicalTrials.gov: NCT06312202). These data can
be used to improve preventative, rescue, and treatment
interventions aimed at reducing the incidence, mortality,
and morbidity of drowning. In the future, data from the
Danish Drowning Cohort may be combined with other
data sources of similar quality to contribute to an Inter-
national Drowning Registry, as Thom et al. suggested,
to facilitate multicenter and multinational sharing of
drowning data [14].

Methods compared to the existing literature

Similar to other drowning reports from Sweden, Aus-
tralia, and Canada, the past Danish drowning statistics
identified drowning by searching the Danish Register



Page 6 of 15

(2025) 25:28

Breindahl et al. BMC Medical Research Methodology

A2] {AD1-UON "ShowoloydIp ‘|edliobaled)

(A)103ds) J2YIO ‘OpPI|SISIBAN ‘UOISIDWIW

J21BM Pl SBUIPUNOLINS JO 21eMBUN ‘921 UO BUIY A ©DDUS|OIA JO 2dAY
1210 10 Ja1em Ol paysnd ‘pazisded) (pJeoglano uep ‘buipjoy yiealg
‘Uole|IIUSAISAAH ADR1IE DiURY ‘P00 B]2IYA Pablawgns ‘asned [esipaw
p2123dsng ‘paliedul] A||ea1bojoyAsd ‘Buidwiny ‘|eujwou ‘[ed1iobared)

SSA 'ON 'SNOWIOI0YIP ‘|edi0ba1e)

Buneunn ‘bundsay ‘buneog Huiyig
Bupjiepm Bpioins parduany (A10ads) spods Jaiep BR1yan bupesado
Buiysy [euoneaiday ‘bulAig Bulyleq/BullWIMS |eulwou ‘[ed1oba1eD)

wiw 1Yy swi |

Ad-WIN-AAAA @3ed

s1eak ul aby Uabaiu|

dlewS ‘3[R 'SNOWOIOYDIP ‘|eo1i0b31e)

‘PI2YT1IX1 9344

"31N113sU| [22160]0103131A YsiueQ 3y} WOJ) e1ep Ylm payul|
$91BUIPIO0D 1USPIDUI UO Paseq paiepl|eA Ajjenuel) J1em AdJ-uou 1o AJ|

HINId Y Ul [ployIxa17991y] Woij paiepliea Ajjenuely Ajjed

-Y12ads BulyIeg JIUIM 10§ PISN SeM UOISISWIW| 121eM PlOD), PaId3|9s oG
p|NOD 1UaAS Bupieydidaid J9Yio Ou 2I8YM J31em SY1 03U| Aj[RUOUIUIUN
Buijes syusned 1oy pasn sem,sBUIPUNOLINS JO dlemeun), JUspidul bul
-UMOIP 31 O} UONE|J [eSNED 3|qIssod e Yiim SyuaAd Bupeididalg

219 ‘D¥eIul paLIodal-j|as ‘saj310q A1dWwa INOPO [0YOD|e Se YINS SUOI
-ed1pul Aue Aq axeiul Jo uopidsns apn|oul UofedIXolul bnip pue [oyod|y

HIA3d B2 Ut [PIRYT1Xa)”934)] WOy paleplfen Ajlenueiy

219 ‘Buyns ‘ojod Ja1em ‘Bupiedes ‘9o110eid wWims BUIAJOAUL SJUSPIDUI IO)
pasn sem,s310ds 1a1epp, “BUIAIP BGNDS 1O 9314 10} pasn sem BulAld, AU
-Al1DB INOQJeH, S PaUYapP Sem ALIAIIDE 3y1 1od Ul Sem 1e0q Y3 JI UaAd
-MOH "1e0Q B WOl bulysy buipnpul 1a1em uado Ul 1e0q e Uo SaIUAIDR
papn|pul, AlADR Bueog, Builuwims pue ‘buiyieq ‘buike|d Jo swioy
||e papn|aul, buIyIeqg/BulluiiMS, JUSPIDUL 9Y1 JO SWIL 3y 1e AUANDY

HW3d 3Y1 Ut [Bwii[1e@1e6RIPONNAY / 3Wnps
-182.01USPIDUL] WO Pa1epI|eA Aj[BNUR|A JUSPIDUI BUIUMOIP 343 JO Wl

HIAAd Y1 Ul [2WiI131eg196RIPONNINY / WNPS
-18212)UDPIDUI] WOL) PR1RPIRA AjjBNUR|A JUSPIDUL BUuMOIP 33 JO 21

dN3d a4y Ul
[19p|V] Wolj pR12.IIXT JUSPIDUl BUIUMOIP SU3 18 SIeak ul by

YN @Y} Ul [USOY] WOl PRIDRIIXT X3S

uondudsap
35eD 5, [eUOISSaj0Id ST Y3 suieiuod uondudssp [eudsoyaid ay |

HINId U1 Ul [lswwinu™y4D] wol
pa1oei1x3 ‘buniodal 10U ‘sa11S1631 J9Y10 Yim 36y Ul pue Uoida||0d

(21n33sU| [e216OJ0I0NBN YSiueq)
[d1 puea]
2In1esadwial I21epn

uolnew.oul UDS

(uonepijeA [enuew)

[epuseebpnioy]

1UaAs Buneydidalg

[Brup~joyodie]

uoIeDIXOIUI BNUP O [0YOod[e pa1dadsng

(uonepijeA |[enueu)
[2uAE]
AUAIDY

(4W3d)
[Pa]
QWi uapdU|

(H3d)
[01ep]
31ep WPy

(dN3d)
[1opie]
aby

(dIN3d)
[ud>"ua0y]

CN

(4N3d)
[PIoY X1 294
uondussap [eudsoyaid

1ep JOJ PISN S| JI2qUINU UONE.ISIBRI IAID 3] "31ep Yuig 2yl Buds)ai (YW3d)
SUBIP 0| JO SISISUOD 1 'SUDZIUD YSIUE( || 4O JSGUINU UOIIEDYIIUSPI Ue Se [owwnu™ido]
19631u]  yIeWUS Ul PasN S| pue anbjun s laguunu uonelisibal |IAID suaied ay | Jaynuap|
uonjew.ojul Juaned
(poyiaw uonoesxy)
[Buipod 3|qelen]
buipod ejeq 3|qelieA jo uoniuyag aweu s|qeriep

770¢ 4894 11oyoD) bulumol( ysiueq syl Ul S9|gelieA L djqel



Page 7 of 15

(2025) 25:28

Breindahl et al. BMC Medical Research Methodology

(z0Ods) uoneinies uigobowaey usbAxo Alejjided jelsydiad Uabaiu)

19Y10 ‘91035ASY “y3d ‘LD HA ‘[rUILIOU ‘|ed1ioba1eD)

@3V 12410 'S3A !dTV SS2028 dIjgnd ‘SaA ‘ON [eulwou ‘|eduobared

S9A ON 'SNOW0IOYDIp ‘|ed1iobale)

SINT 10 plenbayl| e Ag
PSSV LIDPUBISAQ B AQ PRSSaUIIAN {PRSSRUIIMUN ‘|eulwou ‘|edliobale)

S9A 'ON 'snowioloydIp ‘|edobaled

2102s OO Uabaju|

gV ‘|eulplo ‘jesriobared)

gy 'snowoloydIp ‘led1iobare)

ueIsAyd sy3H [eudsoyaid ‘uenisAyd Sing
paseq-punolb [eudsoyald Dipauleled ‘@ouejnguy ‘[eulplo ‘lesliobared

umousun
‘|euoIssaj0ld ‘21jgnd Y1 JO JI2QUIBN ‘2NSaI-J|9S ‘[euIlIou ‘|ed1iobaled

ST 10 ad1j0d Ag passaulp {pienbayl| e AQ
PISSIUUAN USPURISAQ B AGQ PISSOULIAN ‘POSSIULMUN [RUILOU ‘|eDlI0bale)

"dN3d dY3 Ul [1d¥samolzOds /1samof~z0ds / 1qise

-MOJ"uow™zOdS /1s9mo| uow zOdS / 1disiyTuow ™ zOds /1siyTuow
T20ds / 1a¥sayTzods /351y z0dS] woy paidenxd 19001 st ¢0ds wnw
-IXeW 3y "(3S9MO] 151Y) SUBIS [PUA inSeaW O} A1RSSSD3U 318 SN

YT 343 Ul [Punkisualy /
QWIIAI] WO Pa1dRIIXT JOHUOW DBIpIeD B WO WUYIAYJ DeIpIed [eriul ay |

"YW3d 2up Ul [¢Bulsjjugyaq / bub|iugysg / bulpueysg] wol
pa1oeiix3 ‘(Uosiad g\ 3-uou) JapuelsAg Aq pawlopiad uone|uqyag

YINId sy Ul
[PRYTIX2) "9l / YHMRIS / Buljpueysg] Woi) pa1oelix3 (Uosiad
SINI-uou) JapuelsAg Aq pawioyiad uoneldsnsal Aleuow|ndolpied)

"HAId ayr Ut [play
TIX91 7931} / 12198AI2A0d01S3UB(H / 12UPIADG / JRISAID] WO PR1DRAIXT
(¢asde||od uosiad a1 935 SUOSWIOS PIP) 1S3IIE DBIPIED PISSIUIIAN

Y3 @43 ul [19buiansibal-doisas(H] woiy
pa1oeiIx3 ‘|endsoyaid awily Aue 1e Ajjewliou buiyiealq Jou pue
SAIsUOdsaluN S pauyap sem 1salie deipied [e3dsoy-Jo-InQ

YINId Y3 Ul [|JISIY~2102SRWODMOBSE|D) /151y~ 9100S5PWODIMODBSE|D

/ 9102SeUWODIMODSPID) / SUOdSaIySLOION~ 9|eDSBUODIMODSe|D / [egUaA
T3[e2SRWOIMODBSE|D / SUle(9|edSPWODMODSE|D] WO} P31DRIIXT G| O}
€ W0l s9bUeJ 21025 SO “JUSWSSISSE ST 1SIY Y3 18 21035 SO 15114

‘YINId 3y ul

[IN121WIO0JS|95I903] WO} PAIDRIIXT "UONIPUOD BUlU1eaIYl-3)l| 10U ING
quabin :g ‘palinbal asuodsal a1eipaLLl ‘UORIPUOD BUIUSIBIYI-3)|
Ajjenuaiod Jo bujuaiealyi-a47 v ;lendsoy ayi 01 asuodsal SN3

YW3Id @Y1 ul [suodsal] woiy pa1oesix3 ‘buluaieslyi-ayl| 10U Ing

uabin :g ‘palinbal asuodsal 1Pl 'UoIIPUOD Bulualealyl-a)|
Ajjennuaiod Jo bulualealyi-a4 3y 1uaiied ay1 01 asuodsal SN

“HINId Y3 Ul [playIxa1" 234} / Ja1doy sy~ |1q~=b3ae| / 1odsuesy
-Iapunasjabespajabae / pawsbarT / 11SWONURISOLSISA|0AUIRDIR[INYY
/ 2dA11IunswIsey] woij paidesix3 “Aousiadwod SN Jo [A3] 1saYbiH

"HINId 241 Ul [P[ay1xe1 9al)] woy
palepljen Ajjenuely ( jausned syl pandsal oym) SosLSIdRIeYD JaNdsay

‘dINId Y3 Ul
[PIaYTIX2) 9344 / JRIDAID] WO P1epIjeA Ajjenuey “( j11emIapun
BuUI06 U0SIad dY3 995 SUOSWOS PIP) JUSPIDUI BUIUMOIP PISSIUIAN

(4A3d)
[1esTswa]

z0ds swa

(YN3d)

[PunAl]

WAy deipied [eiul SN
(4N3d)

[P201s swa)
uole||uqyap JapueIsAg

(dN3d)
My —IspueisAq]
ddD JopurlsAg

(dIN3d)
[VDHO 18upined]
159118 DeIPIeD PISSAUIM

(dN3d)
[VDHOI
1sau1e deIpied [edsoy-jo-In0

(4N3d)
[SD9]
SO5 SW3

(dIN3d)
[waly~suodsai]
|eudsoy o1 asuodsai Jo adA|

[pn~suodsal]
1uaied 01 asuodsal Jo adA|

(dIN3d)

[2dA17swa]

HUN SN JO [9A3) 353YDIH
(uonepijeA |enueu)
[uosiadsbujupai]
19253y

(uonepijea jenueu)
[BuluynIpTI2UPIASQ]
BUIUMOIP PISSIUIAN

buipod ejeq

d|qeliea jo uonuyaqg

(Poylaw uondesxy)
[6uipo> s|qeliep]
awieu a|qeliep

(panunuod) L ajqey



Page 8 of 15

(2025) 25:28

Breindahl et al. BMC Medical Research Methodology

Aysuap ybiH ‘AIsusp a1epauiaiul (AlISUSp Mo i[euipio ‘|edliobale)

5 (Aj103ds) JsYiQO ‘s191em [einieN ‘Inogiey {(31eAud) jood Buiwwims
‘(d1gnd) jood Buiwwimg ‘qni 30H,/eds/gniyieg ‘[euiulou ‘|edriobaled)

12410
'S|eDIUIRYD BUIUIRIUOD 131BAA [131BMY|BS LU91eMUS3I ‘[eululou ‘[ed1iobale))
lewidad

[ewidaQ

BuIyIeaIq JO SIOM Paseaidu| 'sajel [elale|ig ‘sajel [elRie|iun Buiybnod
1U3J1ed ‘UOfIRUILIEXS BUN| [RWION :210W JO 3UQ ‘|eujwou ‘jeduohale)

(sn1s|9D) saa16ap) injesadwa] ‘ewdag

(INdg) 9181 LieaH 19631y

(BHwWW) 21nssaid poo|g 4abanu|

(BHWW) a1nssaid pooig uabau|

(INdg) 2184 A10reaidsay Jabaru|

‘[uo[] spnuibuo| pue [1e[] opnine| / YAFd 3y Ul

[PISYT1X31"93.44] woy parepljea Ajjenuei ‘7S] (vagNDIA) Waisks uon
-BS|UBQUN JO 92169p |VI1SOYNT 943 03 buipiodde a11s ay3 1e Alsusp
uone|ndod a1ewisa 01 pasn sem Aysusp uonendod [edidiunu ay |
uol]

SpnuBuo| pue ‘[1e]] apnie| ‘YNFd Y3 Ul [P]oYTIX3)931y] WOl palepljen
AJ[EnUBA D13 'S2101S 2INUBW ‘S|[9M Ul SIUSPIDUI BUIUMOIP Papn|oul
AaY10, 2dA1 UOIEDO| BY] "19 SOYE| ‘SWIEIIS ‘$%931D 'sUPad0 Uado ‘saul|
-1Se0D ||B JOJ PASN SeM |, S191eMm [einieN|, 3dA1 uoiredo| ay | Ua1em Jo Apog

‘[uoj} apnubuol pue ‘Nief) spnie|

"YINId dYa Ul [P[ayTIxe1 7931y Wioy parepleA Ajenuepy pinbi| Jo adAL
"YAI3d Y3 Ul [JUISOdIswoyuy] apod |esod

1USPDUI PUB ‘[ISWWNUIBAISWONUY] JguUnuU peo. TUABUIRSAISWONUY]
oWleU Peol 1uspidul WOl paloellxy Jusploul DEC\SO\_U °y3 Jo WUBWOCOJ

YN 242 Ul [1UISOdISWoyuy] 3pod [eisod
JUSPIDUI PUBR TSWWNURAISUWONUY] J2GUINU PROJ TUABU[RAISUWIONUY]
SWeU PeoJ USPIDUL WO PRIDRIIXT IUSPIdUL BUIUMOIP 3U1 JO SpNiieT

“YINId DY3 Ul [UOIUNYSISBIPIPUBE SWNE.] / 19rIPapURY

/ € uonelidsay / ¢ uonelidsay / uonelidsay / 1opuygiaepunyas / gloep
-unyas / uonesidsay g / play1xa)” 8alj] woly paioenx3 paddols sem
ssod0id bulumolp ayy Jaye Ajpreipawiwl Ainfur buny Jo A1aAss ay |

“YINId Y3 Ul [ | gisamo|Injessdwa
/1samo|Intesadwia] / | QIsiyiniesadwa] / 3siyiniesaduds] ] woy
pa310RIIX] "(359MO] ‘1541) SUBIS [B1IA 3INSEIW 01 A1BSSD3U SJe Sad1AS(]

"YNId SY1 Ul [1dsIyTuows|ng / 1siy~uows|ng

/ 1@¥SIYTS|ING /3SIyTS|Nd / 1 Q3SIY UOWTSUSAYIRUSMH / 3Siy~uowl
TSUSANRULIRIH / 1(ISIYT SUSAYSLRMSIH / 151~ SUSANSIRLISH] WOl
Pa12e.1X3 “(35JY) SUDIS [eUA 2INSEIW 0} A1BSS9DRU BUB SIIAS(Q

"gIN3d BU Ul [1ISIYTUOWIANPOIGRIGAUIN /
3514 UOWIANPOIgRIAUIN / 131y 1AnpojgeIgAUIN / iy 1Anpojgelg
-AUIN]] Wo1) pa312eIIXT "(3514) SUBIS [PUIA 2INSEIW O} AIBSSSD3U 318 S9N

YA Y3 Ul [1QISIY~UOW AIPOIGSASAUIN /351y
TUOW T HANPOIGSASAUIN / 1AISIYHAIIPOIGSASAUIN / ISIy~3A1PO|gSASA
-UIN] WoJj Pa1deiIxX3 (3SIy) SUBIS [BIIA 2iNsealu 0} A1essa3U ale SDIA(QJ

"YINFd U Ut [1aIsaybIy~uow

TsuaARI{dSaY / 1SaybIy T uoWTsuaAYRI4dsaY / 1J1SaYDIYT SUSAYRI
-dsay /159ybiy~suani4dsay / 1QIsIyTUOWTSUSANRI4dsaY /151y
TUoWITSUIAYRI4dSY / 1QISIYTSUDANRI4dSDY / 151y~ SUDAYRI4dSaY] WOy
pa12e11X3 "(159Yb1Y 151y) SUBIS [PUA SINSEIW 01 A1BSSSIU dJe S9N

(uonepi|en [enueuw)
[Paupeer~sbuluy|ojaq]
Ausuap uonendod

(uonepijeA [enuew)
[uonexoy]

1918M JO ApOg
(uonepijeA [enuewl)
[ENEEEIN]

pinbi| Jo 2dAL
(pa1epIjeA A|jenuew)
[uo]]

apnibuo
(pa1epljeA Ajjlenueuw)

[e]]
spnie

(dN3d)
[dsai]
Bulpuy wexa Aioielidsay

(dN3d)
[d17swa]
aJn1eladwial ST

(dN3d)
[y swsa]
21el 11eay SN

(dN3d)
[gp swsa]
2inssald poojq d1j03seIp SIAT

(4N3d)
195~ swa]
ainssaid poojq 1101sAs SN

(4W3d)
[J17swa]
21e1 A101R41dS21 SINT

buipod ejeq

d|qeliea jo uonuyaqg

(Poylaw uondesxy)
[6uipo> s|qetie]
awieu a|qeliep

(panunuod) L ajqey



Page 9 of 15

(2025) 25:28

Breindahl et al. BMC Medical Research Methodology

SSA ‘ON 'SNOWIOI0YIP ‘|ed10ba1e)

921A3P Uo|ssa1dwod 153y ‘(duiwedoq
‘sunydauidaioN) sedoliou| [s10ssaidosen ‘spinj4 ‘1anbiuinoy] ‘ssaxde snoss
-SOPJIU| {SS9DDB SNOUSARIIUL (DUIYION "240W JO UQ |eUIWOU ‘[ed1I0Ha1e))

UOIIR|IIUDA [DIUBYDSIA DAISPAU| ‘UOIR|IIUDA YSew-beg
‘UleIp 1534 [U0ISSaIAWOIIP 3PN (dVdD) SAISBAUI-UON HSew UINIUSA
SeW 121ea1g-21 UON ‘ejnuued |esen ‘Bulyion ‘[euipio ‘jesriobared

AemJie [e216INS ‘UoeGNIUL [eayDe0opUT ‘Aemule d10|6eidns (Aemure
[esbuhieydolQ ‘Aemuie [esbukieydosen :uonoNS |eulpio ‘[esuobared)

SSA 'ON 'SNOWIOI0YIP ‘|edi0ba1e)

S9A ON 'SNOW0IOYDIp ‘|ed1iobaled

ulw Gz=
UIW GZ> UIW 0> ‘UIW 9| > UlW | |> ‘UjW 9> [eulpIo ‘|edtobaled)

w2y awi |

wiw 1Yy swi |

wiw 1Yy awi |

W Yy dwl |

"YNId 3y ut [bul

-Uedpulap|ny|] wioiy pa1de1x3 "eluwiayiodAy p1oadsns oy Juswieal]
"YWN3d 943 Ul [PRYTIX1 994

/ SOUI{SEUISUOISSIdWIONIPUSAURIDPIT / UOISSIdWIONISAIGYSIUBYSIA /
unydajAuayd / uijeuaidos| / upay3 / ujwedo / UljeualpeloN / pLopD
-winuiep /19nbiuino] / 9jAueysa0ssoeiu| / 19191e39UALIR)LIS]] WO

pa1oeiIx3 "SNJ Aq paulloylad 1oddns A101ejn2iid Jo [9A3] 1saybiH

"HW3d 8yl Ul [PoyT1Xe1 9al) / ¢ UONR|USA / UONE|IUSASRIN

/ T UsrIpRIN3|d / 7 UONBIIdSY / uselpeinald / UoissaiduoyepajeeN
/9SYdVdD / 4sewuospny ]| / Jo1es|ingau1| / 9||gesseu ]

woly pa1oenx3 ‘SN Ag pawiopiad oddns A1oie|nuan Jo [aA3] 1saybiH
"HW3d SU1 Ul [[PBY 1%e1 894 / IWO1024RAPION / Uolieq

-N1uleIQ / UONEgNIU| / seuxukie / Japjoysbun] / Aemue [esep / buiu
-bng] wouy pa1oeix3 ‘SN3 AQ pauliogad 1oddns Aemure Jo [9A3] 159YbIH

"N3d Y3 Ut [speoisTDlendsoyeidnen
/77 Buna||lqyaq] Wolj paidesxd ‘SW3 Aq pawlogiad uone|qyaQ

"HINId 8y Ul [gexspuewjeyHjeels /
YH] woly pa1oenx3 'S3 Agq pawlopiad uoneydsnsal Aleuow|ndoipied)

"HW3d oY1 Ul [Pley 1xe1 ealj] woy

paiepl|eA Ajlenuely ‘g4Sn ay3 01 buipiodde pasn aq ||im Jusawbpn(
159 ‘papIn0Id a1 SaWIY 10BXS OU §| 191eM Y} WO [BAOWIRI JO
SWII Y3 0} J21BMISPUN UIIS 1SIY SEM 98} 3} USUM WO} PIALIDQJ

"HNId 2yr Ul [pi
TOSOY] WO} PR12RIIXT “UORINDIID) SNOSURIUOAS JO UINISY 1SIY JO SWl|

‘[swoxueTpn] [eALIe AT JO swi [hun [pledo
“pn] aaua) ydiedsig [edIpay Aouabiaw3 9yl 03 [|BD 1SIY WO W]

"YATd aY1 Ut [Jganebdolswoyuy
/ PBRIUONIUSIIRH] WO PA1DRIIXT TUSWISSSSSE SIAF 1Sy JO U]

"YINId Y3 Ul Ul 21e190IPOINMINY] WOy
pa1oRIIXT "21USD) yYdledsiq [edipaly Aousbiauwig ay3 03 |1eD 3s1y JO dull]

(4N3d)
[lw210dAY]
elwIaY10dAH

(dN3d)
[oddns o]
voddns 1018|241

(dN3d)
[1ioddns™q]
poddns A1o1e|13uUsA

(4N3d)
[1Joddnse]
1oddns Aemlly

(dIN3d)
[pa031s—swa]

uone|lgysp SW3
(4W3d)
[y swa]
ddD SWH
s1030e} uoneydSNSal Buipnpdpul ‘Juswiealy SN

(uonepifea [enuew)
[uoissawgns~pn]
UoneINP UOISIBWIGNS

(4W3d)

[DSOd Pl

Wi 5SOY
(pa1epIleA Ajjlenueuw)
[suodsai—pn]

awin asuodsay
(dIN3d)
[iswoyue pn]
[BALLIE AT WL
(dN3d)

[piexdo™pn]
[led> sy

ejep S|A/J wouy sjeAldlul pue syuod awi)

buipod ejeq

d|qeliea jo uonuyaqg

(Poylaw uondesxy)
[6uipo> s|qeliep]
awieu a|qeliep

(panunuod) L ajqey



Page 10 of 15

(2025) 25:28

Breindahl et al. BMC Medical Research Methodology

JBIAAAAA ‘UONIE||LIGI JBINDLIIUSA 4/ “UOIIEINDAID SNoBURIUOdS JO UINIRY DSOY ‘elpiedAyde] JejndLuap ssajasind s d
‘p1023Y [BDIP3IA J1U0J13|] |eMdsoyaid YVTd ‘ANAINDY |BI111I9]T $S3I3S|Nd Id “YIUOW WIN ‘SINUIN W ‘SINOH Yy ‘3J1AIS [ed1paly Aduabiaw] 193d0d1IdH SWIH ‘91edS ewod) Mobse|D §HD ‘d1IAIDS [edIpaly Aduabiawl sy
‘21 @@ ‘uonendsnsay Areuowndoipied Y4 ‘@INssaid AeMUly SAIISO4 SNONUIIUOD) dVdD ‘DINUI J9d S1e9g/SY1ealg g ‘DInssald Aemily SAINSOd [9A3]Ig d/d!g 101e[|liquya [eudlx] palewoiny g3V SUOLDIARIqQY

HINId Y3 W1y pa3deIIXa A||enuew 3Jam ,UoLIepI|eA [ENUBW, UM S3|CRLIBA "PJ0I3Y [BIIPSIA D1U0LID3(T [eHdSOYaId Ysiued Y} wodj 93eulblio , YINId, YHM S3|qeliep

219A3G ‘21LISPOA ‘PIIN ‘[eulpIo ‘|ed1obaied

Apoq peaq ‘9 apeln
'G opeln) 'y apeln) g apeln) ‘7 apeln) {| apeln) 'aNndsay ‘|eulpio ‘[edliobaled)

SIA ‘ON "SNOWOIOYDIP ‘[ed1I0HRIeD)
SNOIDSUOD 'DSOY
'SNOIDSUODUN "DSOY ‘YdD PUIOBUQ ‘YdD pareuluiad] ‘[euilou ‘|edriobaled)

AN ‘peaQ 'SNOWOoIOYIp ‘|ed1iobaled

SAIY pea( "SnowoloydIp '[ed1obared

2JO0W JO aUQ ‘|euiudou ;mu?_oawymu

S9A ‘0N 'snowioloydIp ‘|edobaed

‘WIN3d 43 Ul

[PI9YTIX2) 294} / 19PUYGISEPUNYSS / §IoPPUNYSS / Uoneiidsay ™ g] woly
paiepljen Ajlenue ‘| €] Juswiiedwi A101euidsas jo A1iaAas Jo uon
-esuoba1ed a1 01 buipiodde Jusuliedw A1o1elidsal Jo [9Al] 15aYbIH

"YINId aY3 Ul [T 1epalseedianin|syy / 19paiseedianin|syy

/ PISYTIX2)994] Wo1) pa1denixa Ajlenuely (A1p1bu wWanowisod ‘AUpIAY
wanowisod ‘uopisodwodsp ‘uoiendedsp) Yyieap |qisianalll Jo subis
|BDIUI|D SNOIAGO SapN(dUl, Apog pead, [§5] Bulumolp Jo A1IaAsS JO
uonesuobaled sy 01 bulpiodde Ainful Bulumoip Jo [9A3] 15aYbIH

"HIAId 243 Ul [z 1opaiseediann|sly / 19paiseediannisyy] Wolj paideix]
"A)|1oey 311 |RSY P 01 JURlied 3y 1Jodsuel) 01 10U UOISIDap [eulq

YN 241 Ul [DSOY / Y[RISWOUBPaA

-PUBIS|[ISUIUSIIEY] WO PR1DRIIXT "UOISSILIPE [B1SOY 1B SN1elS S 1Udlied
UL

-wnu uolensibal 1A siusied ayi eiA 121516y [BUOSID [IAID Y3 WO}
P3123]|02 JUSPIDUI BUUMOIP Y3 J3)Je SABP Og SNIIS [PAIAING

"YW3d ey Ul [Py
TIX31 994} / 191ioudsbulpueyag / doisanis(ylresuo / ¢ 19paiseedianni
-S)y / 19pa1serd1anin|s)y] wouj paioelix3 ‘eudsoyaid pesp paledag

‘YINId 3y ul

[19puy /1e1d0S / 1eIyASq / uoulioH / 191ejeddesbarasg / uswopagy

/ Qa0|spaly / uonelidsay / SND] Woly pa1delixg sisoubelp eudsoyaid
YT 943 Ul [Seapeuuwnnoen / buussijigeisjeulds / aAesys

-|eH] wolj pa1oeIx3 ‘SINJ Ag pawiopad Ainful [euids pa1adsns e 3s1|iq
-e1$ 01 JUsWdINba INOYIM JO YiM pawiiogad uooulsal uonow [eulds

(uonepifeA |[enuewl)
[dsai"pelbsionle]

Juawiedu A1o1euidsal Jo A1IanAaS

(uonepijeA |[enueuw)
[Buluynip~pelbsione]
Ainfur BuuMOoIp Jo A119ASS

(dN3d)
[pa1s eedT1a1N]s4e]
9DURASAUOD-UON

(dN3d)
[leudsoy~sniess]
uossiwpe [eydsoy e snieis

(1915169Y [PUOSIR [IAID)

[POE™ [1on0]
[BAIAINS ABP-0E

(4N3d)
[soya1d~paop]
Aujeniow [eudsoyaid

sainseaw swod1nQ

(4N3d)
[soyaid~asoubelp]

sisoubelp [eudsoyaid

(4W3d)
[4ws)
Uo11D1ISal Uonow eulds

buipod ejeq

d|qelieA jo uonuyag

(poyiaw uonoesxy)
[buipod 3|qelen]
aweu s|qeriep

(PanupuOd) 1 3jqey



Breindahl et al. BMC Medical Research Methodology (2025) 25:28

Page 11 of 15

Patient encounters registered in the Danish prehospital electronic medical record from 2016-2021 (n=3,471,681)

Records without any trigger words excluded

™ (n=3,405,910)

Screening

Patient encounters registered in the Danish prehospital electronic medical record from 2016-2021 identified by the Danish Drowning Formula

(n=65,771)

No dublets registered

{

!

Records with critical* trigger words
(n=2,325)

Records with >1 non-critical trigger words
(n=13,188)

Records with 1 non-critical trigger word
(n=50,258)

*Critical trigger words:

« "under vand", "fundet i vand"

ndes i

« "hjertestop”, "hir", "indblaesning",
"hjertemassage”, "livioes", "livlaes",
"doed", "strandvasker", "rigor", "livore"

« "drukken”, "drukn”, "drunkn", "naerdrukn"

vand", "ansigtet under vand", "vandkant"

Identification

Identification of text constructions including
the trigger word. For each text construction,
10% of the identified records were manually

validated. If no drowning records were
identified, the text construction was excluded
from the subgroup of records containing only
1 trigger word.

Number of text constructions excluded:
n=195

Number of records excluded:
n=39,337

Number of records included:
n=10,921

Records for manual validation
(n=26,434)

v

v

Drowning records included
(n=846)

Non-drowning records excluded

Reviewer discrepancies
(n=22,987)

(n=2,601)

A,

Manual
validation

Drowning records included
(n=220)

Non-drowning records excluded

(n=1,881)

Ambiguous records
(n=500)

|

Drowning records included
(n=161)

Drowning records included
(n=1,227)

Inclusion

Fig. 2 Inclusion flowchart for the Danish Drowning Cohort from 2016-2021

of Causes of Death for relevant diagnosis codes in the
International Classification of Diseases (ICD) 10th Edi-
tion (V90, V92, W65-74, X31, X38, X39, X71, X92, Y21,
T68, and T75.1, Supplementary Table S2) [36—43]. The
search results were combined with other data sources to
create a triangulation method and improve data quality

Y

Non-drowning records excluded
(n=339)

Non-drowning records excluded
(n=25,207)

(e.g. reports on rescue missions, year-round media moni-
toring including newspapers and social media, police
reports, and internet searches). For drowning persons
with foreign nationality, media monitoring was the only
source of information [36]. Other studies have used
multiple and complex criteria for data extraction, a
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Table 2 Diagram demonstrating the performance metrics of the Danish drowning formula from 2016-2021

Total population
N=3,471,681

Danish Drowning Formula Danish Drowning Formula

as a drowning identification

Drowning Non-drowning tool
Actual condition Drowning TP FN Sensitivity =100%
(n=1,227) (n=0)
Non-drowning FP TN Specificity =98%
(n=64,544) (n=3,405,910)
The Danish Drowning Formula test result PPV=1.87% NPV=100%

The performance metrics of the Danish Drowning Formula applied to the Danish Prehospital Electronic Medical Record from 2016-2021 on unrestricted terms

Abbreviations: FN False Negative, FPFalse Positive, NPV Negative Predictive Value, PPV Positive Predictive Value, TNTrue Negative, TPTrue Positive

Table 3 Association between drowning identification and trigger words'type and number

Incidence of drowning by type of trigger words

Critical trigger words

817 (66.6%)

Incidence of drowning by an increasing number of trigger words
Exact number of trigger words from the Danish Drowning Formula

1 trigger word, n (%)
2 trigger words, n (%
3 trigger words, n (%
4 trigger words, n (%
5 trigger words, n (%

)
(%)
(%)
(%)
6 trigger words, n (%)
7 trigger words, n (%)
8 trigger words, n (%)
9 trigger words, n (%)
>10 trigger words, n (%)

> 1 non-critical trigger words
338 (27.5%)

1 non-critical trigger word
72 (5.9%)

Drowning Non-drowning
(n=1227) (n=25,207)
200(1.7) 11,728 (98.3)
234 (24) 9,502 (97.6)
228(8.8) 2,374 (91.2)
163 (15.5) 890 (84.5)
129 (27.5) 341 (72.6)
90 (34.2) 173 (65.8)
59(42.1) 81(57.9)

44 (44.4) 55 (55.6)
28(52.8) 25(47.2)
52(57.8) 38(422)

This table is based on data extracted from the Prehospital Electronic Medical Record from 2016-2021 and shows (1) the incidence of drowning stratified for critical
trigger words, multiple non-critical trigger words, and single non-critical trigger words as counts and row percentages, and (2) the incidence of drowning and non-

drowning by an increasing number of exact trigger words in the PEMR

Abbreviations: C/Confidence Interval, PEMR Prehospital Electronic Medical Record

correction factor to report an estimate of the true inci-
dence of drowning accidents, or the presenting prob-
lem or discharge diagnosis of drowning or immersion
to enroll all drowning patients presenting to the emer-
gency department [14, 39, 44]. These methods have sev-
eral limitations regarding the identification of drowning
incidents and data collection compared to searching the
prehospital electronic medical record using text-search
algorithms, such as the Danish Drowning Formula, fol-
lowed by extensive manual validation [29]. First, using
primary-cause ICD codes significantly underreport the
true incidence of fatal and non-fatal drowning incidents,
as the codes are not sufficiently specific [6, 39, 45, 46].
Second, collecting death certificates and confirming the
cause of death may take several years, may not include
drowning incidents with a delayed fatal outcome due to
incorrect coding in the reports, systematically excludes
non-fatal drowning, and does not include information on

prehospital treatment performed by bystanders or EMS
personnel [36, 44]. Third, accessing and linking data from
various sources, including media, is time-consuming and
increases the risk of bias and missing data. Future stud-
ies should focus on developing and validating a formula
for drowning identification in different settings using
the prehospital electronic health record. In Australia,
the prehospital electronic health record is used to moni-
tor mental health and self-harm, presenting an oppor-
tunity to develop a formula for drowning identification
based on English-language records [47]. In the United
States, drowning incidents can be identified through the
National Syndromic Surveillance Program, which relies
on in-hospital data [17, 18]. However, the decentralized
and non-unified data systems in the United States chal-
lenge using the electronic health record to exchange
health information, limiting its use for drowning identifi-
cation [48]. Furthermore, many resource-limited settings
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need financial support to acquire the essential technol-
ogy and provide staff training to implement an electronic
health record and utilize data for syndromic surveillance
[49, 50].

Limitations

This study has several limitations. First, the Dan-
ish Drowning Formula was designed to search the
unstructured text fields in the prehospital electronic
medical record on unrestricted terms with compre-
hensive search criteria to identify all potential water-
related incidents and achieve a high sensitivity. This
was important as drowning is a rare occurrence, but it
resulted in a low PPV for detecting drowning incidents
specifically. Ongoing studies aim to augment the PPV of
the Danish Drowning Formula and reduce the tempo-
ral demands associated with manual validation (Clini-
calTrials.gov: NCT06310525). The Danish Drowning
Formula may still be used as the basis for future stud-
ies investigating rare water-related incidents, such as
in-water traumatic spinal cord injuries, to support the
development of guidelines [51]. Second, using the pre-
hospital electronic medical record may introduce selec-
tion bias, as this source of information does not contain
drowning incidents where the body is never recovered,
self-referred patients in the emergency department,
and incidents in the open ocean where the patient
or the body is retrieved by Royal Danish Air Force’s
Search and Rescue (SAR) helicopters that do not reg-
ister missions in the prehospital electronic medical
record (ClinicalTrials.gov: NCT06322134) [52]. Third,
all manually extracted variables are retrospectively
extracted from the prehospital electronic medical
record, possibly introducing information bias through
missing data. Fourth, uncertainty persists in unwit-
nessed incidents where the body is recovered from the
water, as it remains challenging to conclusively differ-
entiate drowning from other causes of death (e.g. sui-
cide, homicide, or other medical conditions occurring
while the patient was in the water) [53]. Linkage with
the patients’ unique civil registration numbers may
enable future access to the Danish Register of Causes of
Death and their autopsy reports to specify the cause of
death (ClinicalTrials.gov: NCT06310499) [37].

Conclusions

The Danish Drowning Cohort is an established and
growing dataset. It contains nationwide prehospi-
tal data on all fatal and non-fatal drowning incidents
treated by the Danish Emergency Medical Services.
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