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Methodological Preamble and Link to Published Systematic Review

The continuous evidence evaluation process for the production of
Consensus on Science with Treatment Recommendations (CoSTR) started
with an ILCOR systematic review originally published in 2015 with
evidence tables originally created by Quan and Bierens, and later updated
by Perkins and Olasveengen with additional involvement of clinical
content experts from the Basic Life Support Task Force. The update
performed in September 2019 identified an additional 6 relevant cohort
studies reporting on the influence of age, (Al-Quareshi 2017 1799)
salinity,(Al-Quareshi 2017 1799; Jeong 2016 123; Omar 2017 237)
submersion duration,(Al-Quareshi 2017 1799; Joanknecht 2015 123;
Shenoi 2016 669) and whether the submersion was witnessed.(Al-
Quareshi 2017 1799; Tobin 2017 39). This evidence for adult and pediatric
literature was sought and considered by the Basic Life Support and

Pediatric Task Forces. These data were taken into account when

formulating the Treatment Recommendations.
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PICOST
The PICOST (Population, Intervention, Comparator, Outcome, Study

Designs and Timeframe)

PICOST (Population : f£3 . Intervention : /7 A, Comparator : Lz
%I, Outcome: 7 7 bk # A Study Designs:iff %27 ¥ > | Timeframe:
FREEWIM S L <ITMRsEA)

Population: In adults and children who are submerged in water

BE WK LT &R

Intervention: Does any particular factor in search-and-rescue operations
(eg, duration of submersion, salinity of water, water temperature, age of

victim)

IrN AR - RUONTEBNC BT DREOER (B 213, K&, K
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Comparators: Compared with no factors
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Outcomes: Survival to hospital discharge with good neurological outcome
and survival to hospital discharge were ranked as critical outcomes. Return

of spontaneous circulation (ROSC) was ranked as an important outcome.
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Study Designs: Randomized controlled trials (RCTs) and non-randomized
studies (non-randomized controlled trials, interrupted time series,
controlled before-and-after studies, cohort studies) are eligible for
inclusion. It is anticipated that there will be insufficient studies from which
to draw a conclusion; case series will be included in the initial search and

included as long as they contain > 5 cases.
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Timeframe: All years and all languages were included as long as there
was an English abstract; unpublished studies (e.g., conference abstracts,

trial protocols) were excluded. Literature search updated to Oct 1st, 2019.
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Consensus on Science
Age

For the critical outcome of survival with favorable neurologic outcome,
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we identified very-low-certainty evidence from 12 observational studies
(downgraded for bias, inconsistency, indirectness, and imprecision)
comprising 4105 patients.(Frates RC Jr 1981 1006; Nagel 1990 422; Quan
1990 586; Anderson 1991 27; Niu 1992 81; Mizuta 1993 186; Kyriacou
1994 137; Al-Mofadda 2001 300; Blasco Alonso 2005 20; Nitta 2013
1568; Quan 2014 790) Of the 8 pediatric studies, 6 found that young age,
variably defined as less than 3, 4, 5, or 6 years, was not associated with
favorable neurologic outcome.(Frates RC Jr 1981 1006; Nagel 1990 422;
Quan 1990 586; Niu 1992 81; Mizuta 1993 186; Al-Mofadda 2001 300) A
single pediatric study including 166 children aged less than 15 years
reported better outcomes in children aged less than 5 years (RR, 0.12; 95%
CI, 0.03-0.44).(Kyriacou, 1994, 137)

Four studies considered drowning victims of all ages; 3 found no
relationship between age and outcome.(Anderson 1991 27; Blasco Alonso
2005 20; Nitta 2013 1568) One reported worse outcomes among children
aged greater than 5 years (RR, 0.66; 95% CI, 0.51-0.85).(Quan 2014 790)

For the critical outcome of survival, we identified very-low-certainty
evidence (downgraded for risk of bias, inconsistency, indirectness, and
imprecision) from 6 observational studies, which included 1313
patients.(Orlowski 1979 176; Mosayebi 2011 187; Claesson 2012 1072;

VT 4,105 AT OWTOBIENIIEN 12 fFb -7 (Z BT ADRE
Ik FEFIAR N, NA T RO Y A7 FE-EME FEEBNE L AR
MESIZE W 7 L— K& 7 ) (Frates RC Jr 1981 1006; Nagel 1990 422;
Quan 1990 586; Anderson 1991 27; Niu 1992 81; Mizuta 1993 186;
Kyriacou 1994 137; Al-Mofadda 2001 300; Blasco Alonso 2005 20; Nitta
2013 1568; Quan 2014 790), /NRIZBHT HHFFE 8 D 5 6 6 fHIC
BWTEF (ZOEFRIL3, 4, 5, FRIT6mAlEIEIFE) &
B A4F 7 0Ok HE & 1B L T /v o 7 (Frates RC Jr 1981
1006; Nagel 1990 422; Quan 1990 586; Niu 1992 81; Mizuta 1993 186;
Al-Mofadda 2001300), 15 AT D/ 166 44 2 & TeHL— D /NEHF
FETIEL SIRAN D/ NRDOTTH, 7U b AR -T2 (RR 0.12;
95% CI 0.03~0.44 [Kyriacou 1994 137]),

4 HEOWFFETIE, T X CTOFER TOWKE 2T LTz, 31T
e 7 7 b ADORIZEE X2 h > 72 (Anderson 1991 27; Blasco
Alonso 2005 20; Nitta 2013 1568), 1 /4Tl 5 L ED/NRDTF0
TN LAREN ST (RR 0.66; 95% CI 0.51~0.85 [Quan 2014
790)).
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Dyson 2013 1114; Claesson 2014 644; Vahatalo 2014 604) Three studies
found that age was not associated with outcome.(Mosayebi 2011 187,
Dyson 2013 1114; Vahatalo 2014 604) Two showed better outcomes
associated with younger ages (less than 58 years: RR, 0.27; 95% CI, 0.08—
0.96(Claesson 2012 1072); less than 46 years: RR, 0.98; 95% CI, 0.99—
0.99),(Claesson 2014 644) and 1 favored older age (3 years or older: RR,
1.51; 95% CI, 1.19-1.9).(Orlowski 1979 176)

EMS Response Interval
No studies were identified that addressed the critical outcome of survival

with favorable neurologic outcome.

For the critical outcome of survival, we identified very-low-certainty
evidence (downgraded for risk of bias, indirectness, and imprecision) from
2 observational studies, including 746 patients in the Swedish EMS OHCA
registry.(Claesson 2008 381; Claesson 2012 1072) EMS response intervals
of less than 10 minutes were associated with better survival: RR of 0.29
(95% CI, 0.13-0.66)(Claesson 2008 381) and reported OR of 0.44 (95%
CI, 0.06-0.83).(Claesson 2012 1072)

Salinity
For the critical outcome of survival with favorable neurologic outcome,

we identified very-low-certainty evidence (downgraded for risk of bias,

2013 1114; Claesson 2014 644; Vahatalo 2014 604), 3 T34 & 7
7 b A EIZESE 72 L (Mosayebi 2011 187; Dyson 2013 1114;
Vahatalo 2014 604) | 2 {4 TITHEVMERG & BAF72T 7 N A3 L
(58 FE AT : RR 0.27;95% CI 0.08~0.96 [Claesson 2012 1072]: 46 j%
R RR 0.98; 95% CI0.99~0.99 [Claesson 2014 644]) . 1 £ Cldm
VMBS & BAF7e T D N1 A3BEE LTz (3 LA R RR 1.51;95%
CI 1.19~1.9 [Orlowski 1979 176])

EMS iz & BFiE
BERART T ML ELTORI AR FHRIF 2 M 5 EFERICTS
WTCOMFZEIL 72 o T,

HRRT DU M LE LTOEFRIZONWT, AV =—7  EMS @
BEsh O I AE BB Gk D T 746 412D\ T DBIENIFED 2 b -
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PEEARKESICLY 71— KX ) (Claesson 2008 381; Claesson
2012 1072 ), 10 Z3Adii D EMS JVERENIZAEFR O M LB L
TU 7= (RR0.29;95% CI0.13~0.66 [Claesson 2008 381]: OR 0.44; 95%
CI 0.06~0.83 [Claesson 2012 1072]) .
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indirectness, and imprecision) from 6 observational studies(Mizuta 1993
186; Blasco Alonso 2005 20; Forler 2010 14; Quan 2014 790; Jeong 2016
1799; Al-Quareshi 2017 1799) which included 3584 drowning victims, of
which 980 occurred in salt water and 2604 in fresh water. Two showed salt
water was associated with better outcomes (RR, 1.3; 95% CI, 1.12-1.5
(Blasco Alonso 2005 20) ; RR, 1.2; 95% CI, 1.1-1.4 (Mizuta 1993 186)),
and 4 showed water type was not associated with outcome (RR, 1.1; 95%
CI, 0.95-1.2 (Forler 2010 14) ; RR, 1.14; 95% CI, 0.9-1.4 (Quan 2014
790) RR, 1.1; 95% CI1 0.70 — 1.72 (Jeong 2016 1799); RR 1.15 ;95% CI
0.91 — 1.45 (Al-Quareshi 2017 1799)).

For the critical outcome of survival, we identified very-low-certainty
evidence (downgraded for risk of bias, imprecision, inconsistency,
indirectness, and imprecision) from 5 studies.(Orlowski 1979 176; Bierens
1990 1390; Dyson 2013 1114; Jeong 2016 1799; Omar 2017 237) One
reported better outcomes for salt water (RR, 1.34; 95% CI, 1.19-
1.52),(Bierens 1990 1390) 3 showed no difference (RR, 1.22; 95% CI,
0.95-1.56),(Orlowski 1979 176) RR 0.88; 95% CI, 0.40 — 1.92 (Jeong
2016 1799); RR 0.94; 95% CI, 0.62 — 1.4, (Omar 2017 237) and 1 showed
worse survival in cases with salt water drowning (RR, 0.18; 95% CI, 0.03—
1.43).(Dyson 2013 1114)

e FEEITIR, SAT 2D Y R | FEEBEN L AEHEI I X
W7 L — K& ) (Mizuta 1993 186; Blasco Alonso 2005 20; Forler
2010 14; Quan 2014 790; Jeong 2016 1799; Al-Quareshi 2017 1799), =
D 5B 980 A IFHEK, 2,604 ZITRKAKTOIWHKTH -T2, 2 TiZ
HBARBEDBWT U MU LEBHE L TEY (RR1.3;95% CI 112~
1.5 [Blasco Alonso 2005 20]: RR 1.2; 95% CI 1.1~1.4 [Mizuta 1993
186]) . 4 fFTIBUKDFEIE (K - ¥AK) 137 7 b A L BE LTV
72> 7 (RR 1.1;95% CI10.95~1.2 [Forler 2010 14]: RR 1.14; 95%
CI10.9~1.4[Quan 2014 790]: RR 1.1;95% CI 0.70~1.72 [Jeong 2016
1799]: RR 1.15; 95% CI 0.91~1.45 [Al-Quareshi 2017 1799]) ,

HRZT T M AELTOEFRIZOWTOIEN S HEH -7 (=
BT U ZADMEENE  FFEEITR N, NA T ADY R T FE—EME, FE
EEMEE RAEHESICEY 2L — 27 2) (Orlowski 1979 176;
Bierens 1990 1390; Dyson 2013 1114; Jeong 2016 1799; Omar 2017
237), 1HETIIHEAKTOHERT 7 b L03 K< (RR 1.34; 95% CI
1.19~1.52 [Bierens 1990 1390]) . 3 Tl ED 72 < (RR 1.22;95% CI
0.95~1.56 [Orlowski 1979 176]: RR 0.88; 95% CI 0.40~1.92 [Jeong
2016 1799]: RR 0.94; 95% CI 0.62~1.4 [Omar 2017 237]) . 1 {Tidk
KD I NAEAFR DMK D> - 72 (RR0.18;95% C10.03~1.43 [Dyson 2013
1114]),
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Submersion Duration

For the purposes of this review, we considered studies in 3 groups. We
defined those with short submersion intervals (less than 5—6 minutes),
those with intermediate duration (less than 10 minutes), and those with

prolonged submersion intervals (less than 15-25 minutes).

Short Submersion Intervals (Less Than 5—6 Minutes).

For the critical outcome of survival with favorable neurologic outcome,
we identified moderate-certainty evidence from 15 observational studies
(downgraded for bias and indirectness, upgraded for dose response), which
included 2746 cases.(Kruus 1979 315; Frates RC Jr 1981 1006; Quan 1990
586; Anderson 1991 27; Niu 1992 81; Mizuta 1993 186; Kyriacou 1994
137; Graf 1995 312; Al-Mofadda 2001 300; Torres 2009 234; Quan 2014
790; Kieboom 2015 h418) All studies noted worse outcomes among
patients with submersion durations exceeding 5 minutes (RRs ranged
between 0.05 (Quan 2014 790) and 0.61. (Kyriacou 1994 137)) The
943/1075 patients (87.7%) who had outcome information available and
were submerged for short durations had good outcomes compared to

139/1238 (11.2%) with longer submersion durations.

For the critical outcome of survival, we identified low-certainty evidence
(downgraded for risk of bias, indirectness, and imprecision; upgraded for

dose response) from 6 observational studies comprising 392

7K
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~6 Sy A) . HREIRORERT DK E (10 050 . R OKE (15~
25 Gy RG) L EFE LT,

ERER DKE (5~6 53 AKTH)

HRRT U AL LTORM AR FHIBERE 2 1 5 EFRICTD
W, 2746 LITHOWTOBIZENIZED 15 -T2 (2T 2D
FME P EE, ST 2D A7 FEEHEEICKD L= FE T
HAESHIZEZY 77— RK7 » 7)) (Kruus 1979 315; Frates RC Jr
1981 1006; Quan 1990 586; Anderson 1991 27; Niu 1992 81; Mizuta 1993
186; Kyriacou 1994 137; Graf 1995 312; Al-Mofadda 2001 300; Torres
2009 234; Quan 2014 790; Kieboom 2015 h418) , 4T DHFFLIZIBUVNT,
55 FBZDHKETIET 7 b A LB EN->7- (RR 0.05 [Quan 2014
790] ~0.61 [Kyriacou 1994 137]), 7 ¥ b MZFET D ERDOH %
BEOOIBLTT U NI LRRIFTH-ToDX, FRFHOKEE T
943/1,075 % (87.7%) Tho7=DIZxt L, KR OKEHE TIX 139
/1,238 4 (11.2%) Thoiz,

BERART T R ILE L TOEFERIZONT, 392 41O\ TOEE
WFIEDs 6 thd -T2 (meT v ADMENE K, XA T ADY R
7 FEEBEM,. BIXORBREIICEYD 7L — XY A&




WAKIZE DBV AT ~T 4 v 7 LE 22— 2020

cases.(Orlowski 1979 176; Kaukinen 1984 34; Bierens 1990 1390;
Veenhuizen 1994 906; Mosayebi 2011 187) All studies noted worse
outcomes among patients with prolonged compared to short submersion
durations (RRs ranged between 0.27(Kaukinen 1984 34) and 0.83
(Veenhuizen 1994 906)). The 204/217 patients (94.0%) submerged for
short durations had good outcomes compared to 54/98 (55.1%) with longer

submersion durations.

Intermediate Submersion Intervals (Less Than 10 Minutes).

For the critical outcome of survival with favorable neurologic outcome,
we identified moderate-certainty evidence (downgraded for bias,
indirectness, and imprecision; upgraded for dose response) from 9
observational studies that included 2453 cases.(Kruus 1979 315; Quan
1990 586; Quan 1992 909; Mizuta 1993 186; Kyriacou 1994 137; Graf
1995 312; Suominen 1997 111; Quan 2014 790; Kieboom 2015 h418) All
studies noted worse outcomes among patients with prolonged submersion
durations compared with intermediate submersion durations (RRs ranged
between 0.02 (Quan 2014 790) and 0.45 (Kyriacou 1994 137; Graf 1995
312)). The 787/1019 patients (77.2%) submerged for intermediate
durations had good outcomes compared to the 36/962 (3.7%) with longer

submersion durations.

For the critical outcome of survival we identified low-certainty evidence

W2k W 7 L— K7 v 7) (Orlowski 1979 176; Kaukinen 1984 34;
Bierens 1990 1390 ; Veenhuizen 1994 906; Mosayebi 2011 187) , 3T
DWFFENT I N T FRFE DK & bl U CRFFE OKETIZT 7 b
B EAPARETH-7- (RR0.27 [Kaukinen 1984 34]~0.83 [Veenhuizen
1994906]), 7 7 MBI LANMBLFToh o7z DL, FERFHE O KEE Tl
204/217 4 (94.0%) TholDlZxt L, X0 BREHOKEE TIX
54/98 41 (55.1%) T o7z,

IR DOKE (10 53 Km)

BERART U M LE LTORA R TFHIERR 2 0 5 AFRIZO
W, 2,453 LI OWTOBIEMZENR 9 hb o7 (BT ADfi
Felk W, SATADY AT IEEBEE, BLXOASKEIICX
D7 L—REy s HEKISHEIZEY 7 L— K7 > ) (Kruus 1979
315; Quan 1990 586; Quan 1992 909; Mizuta 1993 186; Kyriacou 1994
137; Graf 1995 312; Suominen 1997 111; Quan 2014 790; Kieboom 2015
h418), T X TOMZFEITINT, FRHEIAIIREE DK IZ ELf L TR
MOKED DT 7 N7 L0372 (RR 0.02 [Quan 2014 790]~
0.45 [Kyriacou 1994 137; Graf 1995 312]), 7 7 b H LN BAFTH -
72D, PRIAEE OKBE T 787/1,019 44 (77.2%) TH - T1-DIZ
L. L0 EEMOKETIE36/9624 (3.7%) Thol-,

BERRT T M ALELTOEFRIZONT, 121 LITOWNTOHIER
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(downgraded for bias indirectness and imprecision; upgraded for dose
response) from 2 observational studies (Bierens 1990 1390; Panzino 2013
178) comprising 121 cases. The first study (Bierens 1990 1390) reported
56/73 (77%) of those submerged for less than 10 minutes survived
compared with none of the 7 patients who were submerged for more
prolonged periods survived (RR not estimable; absolute difference 76.7%;
39.7%-94.9%). The second study (Panzino 2013 178) also noted better
survival among those submerged for less than 10 minutes (46/50 (96%)
survived) compared with those submerged for more than 10 minutes (2/5
(40%) survived).(Panzino 2013 178)

Prolonged Submersion Intervals (Less Than 15-25 Minutes).

For the critical outcome of survival with favorable neurologic outcome,
we identified low-certainty evidence (downgraded for bias and
imprecision, upgraded for dose response) from 3 observational studies that
included 739 cases.(Quan 1990 586; Mizuta 1993 186; Kieboom 2015
h418) In one study (n=398),(Mizuta 1993 186) submersion less than 20
minutes was associated with improved survival (289/370 (78%) good
outcome versus 1/27 (4%) good outcome; RR, 0.05; 95% CI, 0.01-0.31).
The second study (Quan 1990 586) reported better outcomes if submersion
duration was less than 25 minutes (68/101, or 67%) versus submersion

duration longer than 25 minutes (0/4, 0%).(Quan 1990 586) The third

study, which included hypothermic children in cardiac arrest, observed

WD 2 o7 (ZEF o ZADOREFENE - RV, AT 2D Y A
7 IEEEME R ESICID L —RE Y o AERGHEIC LY
7'L— K7 »7) (Bierens 1990 1390; Panzino 2013 178), #x#DHF
%% (Bierens 1990 1390) TiX, 10 3R DO/KEE 734D H 6 56 £

(77%) DAELFLIZDZxt L, L0 BRI OKER 740 5 HAETRF
FIXW 722 o7z (RR HEERHE, ARR 76.7%; 95% CI139.7%~94.9%) ,
2 % H OWFE (Panzino 2013 178) TiX, 10 43 LL Bk (2/5[40%)]
AELE) & Hel LT, 10 20 R D7k % (46/50 [96%] 13 4:45) DT
FPREWNT & HIER Sz (Panzino 2013 178)

RREI OAKE (15~25 53 KiH)
BHRZRT U ML e L TORIGRAPRFAIEIF Z 18 5 FfFRITD
WTC, 739 B2 OWTOBEMTEN 3 -7z (BT o ADOfEE
PE AR, NRATADY RA7 ERKEESICELY 7 L—RE T A
BROSMEIZE Y 71— R7 v ) (Quan 1990 586; Mizuta 1993 186;
Kieboom 20151418 ), 1 {4 B OHFIETIE (398 4. Mizuta 1993 186) |
20 Fy A O K T RAF 72 PR P IBRRE 2 1 O AR\ o o
(289/370 [78%] %t 1/27 [4%], RR 0.05; 95% C10.01~0.31), 2 :H
O (Quan 1990586) TlL, 77 NI ANRBELTZ>7-DIX 25 4y
A D KPR T 68/101 44 (67%) . 25 43 LA LD KPEEF T 0/4 44
(0%) Toh 7o, 31FH O (Kieboom 2015 h418) [FLrF 1T
RO/ ZEATEY . 25 3P0 EOKETHEFLTZDIE 0/39
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12/66 (18%) survivors who were submerged for less than 25 minutes
compared with 0/39 who were
minutes.(Kieboom 2015 h418)

submerged for more than 25

For the critical outcome of survival, we identified very-low-certainty
evidence (downgraded for bias, indirectness, and imprecision) from a
single study (Kaukinen 1984 34) comprising 49 patients. Cases with a
submersion interval of less than 15 minutes had an overall survival rate of
82% (33/39) compared with none of the 2 victims whose submersion
duration exceeded 15 minutes (RR not estimable; absolute difference,
84.6%; 17.3%—-92.8%).

Water Temperature

For the critical outcome of survival with favorable neurologic outcome,
we identified very-low-certainty evidence (downgraded for bias,
inconsistency, indirectness, and imprecision) from 2 studies (Quan 2014
790; Kieboom 2015 h418) of 1254 cases. The largest study (n=1094)
included all unintentional drownings in open waters (lakes, ponds, rivers,
ocean) in a single large region, collected from medical examiners, EMS
systems, and all regional hospitals.(Quan 2014 790) Water temperatures
were measured within a month of the drowning incident. Univariate

analysis according to temperatures less than or greater than 6°C or less

than or greater than 16°C found no difference in neurologic survival: RR,

ThHhol=D

277,

DITHKE LT, 25 3R THELFE LD 12/66 (18%) TH

HRZRT U M LELTOEFRIZOWNT, 49 LIZONTOMTE
WD o7z (BT v ADOMEEN  FEFITRND, SAT 2D Y A
7, FEEMELE ABESICEIY 7 L— K& 7)) (Kaukinen 1984
34), KVEREEIAS 15 s34 COEFHIL 82% (33/39) TH-7=d

WZxf L, KYERERIZN 15 /3 &2 272 2 403881 L7z (RR H#EERHE,
ARR 84.6%; 95% CI 17.3%~92.8%)

KR

BHRZRT U ML e L TORIGFRAFRFAIEIF Z 18 5 FfFRITHO
WL 1,254 BIZOWTORFEN 2 hd - 7= (2 BT > A DRIk
TR XA T ADY 27 FE—EVE FEERENE & ARSI
kv 7L —F&7) (Quan2014790; Kieboom 2015 h418), KHLAR
72T (1,094 44) 1TiE, BfEE . EMS Y A7 A BT RTO
HUBIPBE 2> 5 INEE S V7o RS 7 B —Hiudgk oD B 2Kk (G, . I,
W) CTOBERLWEKRTXTEEN TV (Quan 2014 790),
AR ER S 1 DHUNICHIE S, 6 CLLF E£72i%LL
FEBXO 16 CLLFE 1T EOWREEC &L 2 A ST CIlX, BIF
PRARR S RORRIT & £ O AT RITEITRD SN h o 1o, ZE EffhT
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1.11 (95% CI, 0.9-1.37); RR, 1.02 (95% CI, 0.81-1.27); absolute
difference, —0.5% (—=7.5% to 6.1%), respectively. Multivariate analysis
also showed that water temperature was not associated with outcome. The
second study included 160 hypothermic children who required
resuscitation after submersion. Water temperatures were estimated based
on the season. Submersion in the winter (water temperature estimated as
0°C-8°C) was associated with better outcomes than submersion in spring
or summer (water temperature 6°C—28°C) (univariate OR, 4.55; 95% CI,

1.37-15.09).

For the critical outcome of survival, we identified very-low-certainty
evidence (downgraded for risk of bias, indirectness and imprecision) from
a single study (Claesson 2012 1072) that included 250 patients. This study
included only drowning victims who had an OHCA and received EMS
care, and it included those with intentional (suicide and homicide)
drowning. This study showed no relationship between water temperature
less than or greater than 15°C and outcome (RR, 0.94; 95% CI, 0.34-2.62;
absolute difference, 0.36%, —6.4% to 6.5%).

Witnessed Status
The definition of witnessed versus unwitnessed was inconsistently defined

in the studies reviewed. It was often unclear if witnessed related to the

submersion or time of cardiac arrest.

THAKIEIZT Y M A EEEL TWARN-T-, 2% HONZETlL,
AKEZ N ERA 2 B & L 72 160 £ OIRARIR O /N33R T - 72,
AIRITZFEENC LSV THEE S vz, A8 OKIRIZ 0°C~8°C & #E7E)
X, FHISEH OKIR6C~28C) K07 U NI ABRRE-7-
(BAZ5 8 OR 4.55; 95% CI 1.37~15.09),

BRART U M LAE L TOEFRIZONT, 250 4 OFWHAKEIZOW
TOWREDN | o7z (BT o ADOREFENE  FEF IR, AT
ADY A FEEPEEE REHESICED 7L — K& 7 ) (Claesson
20121072), ®HBIFBESMOME IR CTROEBR DI 3 IG L72KkE T, B
Wi7e (HFEREZN) WKL E TN Tz, KB 15CLLTF E720%
PLETT U N AIZFEE 2 D> 72 (RR 0.94;95% C10.34~2.62, ARR
0.36%; 95% CI -6.4%~6.5%) ,

B DA E

HEOFEOERIL, LE2—INEMEETEL TR oT,
THE A KEDOHBLZERL TWDSO0, MEIEDBELZEERLT
WD DN Z E NS o Tz,
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For the critical outcome of survival with favorable neurologic outcome,
we found very-low-certainty evidence (downgraded for indirectness and
imprecision) from 3 observational study (Nitta 2013 1568; Tobin 2017 39;
Al-Qurashi 2017 1) involving 2707 patients. Two studies reported better
neurological outcomes when the event was witnessed (unadjusted OR,
16.33; 95% CI, 5.58-47.77). Adjusted OR, 11.8; 95% CI, 2.84-49.08);
(Nitta 2013 1568) unadjusted OR, 2.6; 95% CI 1.69—4.01; adjusted OR
3.27, 95% CI 2.0-5.36.(Tobin 2017 39). Neither of the analysis included
submersion duration, which several studies have reported is an

independent predictor.

For the critical outcome of survival, we found low-certainty evidence
(downgraded for risk of bias, indirectness, and imprecision) from 4 studies
(Claesson 2008 381; Dyson 2013 1114; Nitta 2013 1568; Claesson 2014
644) involving a total of 2857 victims. Two studies (Claesson 2012 1072;
Claesson 2014 644) were from the same EMS system, and both used
multivariate analysis. The smaller study (255 victims) showed that
witnessed status was not significantly associated with improved survival
(RR, 0.55; 95% CI, 0.17-1.75; absolute difference, 3%; —3.1% to
11.2%).(Claesson 2012 1072) However, in the larger subsequent study
from that same EMS system, witnessed status predicted better outcome
(reported univariate analysis P=0.05; adjusted OR, 2.5; 95% CI, 1.38—

BERART U M LE LTORA MR TR 2 5 FAFRIZO
WT, 2,707 LIZOWTOBIEMNEN 3 thb o7 (BT 2 ZADf
Ftk  FERIMR Y, FEEBEM S AEESICL Y L —RE T V)
(Nitta 2013 1568, Tobin 2017 39; Al-Qurashi 2017 1), 2 fEDOHFET
X EEDN D o 72505, MR ROMEREDS BAT Td - 72 (OR 16.33;95%
CI 5.58~47.77, ORadj 11.8; 95% CI 2.84~49.08 [Nitta 2013 1568]: OR
2.6; 95% CI 1.69~4.01, ORadj 3.27; 95% CI 2.0~5.36 [Tobin 2017
39D, WL ODDORFIEIZ L o CTRERERNTINL L7 PRIA 1 & &
ITND D, 26 OB TIIAKREREFIZ DWW T STV
Mol

BERRT D MBI LELTOEFRIZONT, 572,857 4 DKEE
IZOWTDMFEDN 4 hd Tz (ZET U ADfEFENE RV, AT
ADY A FEEPEEE REHESICED 7L — K& 7 ) (Claesson
2008 381; Dyson 2013 1114; Nitta 2013 1568; Claesson 2014 644), 2
DHF%E (Claesson 2012 1072; Claesson 2014 644) Z[F U EMS v AT
LDTED D TWT RS ZERMTZ VT, /N OBFSE
(255 4) Tix, BHBOF®EIIAFEAEREE T2 -7 (RR
0.55; 95% CI 0.17~1.75, ARR 3%; 95% CI -3.1%~11.2% [Claesson
20121072]), L2>L. AL EMS ¥ AT LT & 5 2 4% D KEIHE A
e CTIE BN DS TH AT N T U N h ABNEIFTho 7= (B
IEBAEHTIC K D P=0.05, ORadj 2.5; 95% CI 1.38~4.52 [Claesson 2014
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4.52).(Claesson 2014 644) A further study (Dyson 2013 1114) showed no
association of witnessed status with improved survival (RR, 0.82; 95% CI,
0.26-2.59). A large observational study from Japan (Nitta 2013 1568)
reported an unadjusted OR of 7.38 (95% CI, 3.81-14.3) and an adjusted
OR of 6.5 (95% CI, 2.81-15.02), although the unusual population of much
older victims, most drowning in bathtubs, with very low favorable

outcomes limited the generalizability of these findings.

644]), MLOHFZE (Dyson 2013 1114) TiE, HE L AR L OH
1372727572 (RR 0.82; 95% CI 0.26~2.59), FKAE D DRI
BlE2ar7E (Nitta 2013 1568) Tk, OR 7.38; 95% CI 3.81~14.3, i
H7% OR 6.5; 95% CI12.81~15.02 TH -7z, ZIUTHiEk7 & 5
FOWHECOWKICET 2B THY 70 M Ab iR THEW:
D, ZORRE I T L2 LITRETH S,

Treatment Recommendations

We recommend that submersion duration be used as a prognostic indicator
when making decisions surrounding search and rescue resource
moderate-certainty

management/operations (strong recommendation,

evidence).

We suggest against the use of age, EMS response time, water type (fresh
or salt), water temperature, and witness status when making prognostic

decisions (weak recommendation, very-low-certainty evidence).

We acknowledge that this review excluded exceptional and rare case
reports that identify good outcomes after prolonged submersion in icy cold

water.

HeSE LR

WHKE O - BN BT 2 KHl A RF 288X, PRIRT& L
TRERHZ WD Z L 2R 5 GRVHELE, =7 2 DR 3
PR R,

FEfih, EMS JSERER, KO Mok £72138iAk) . kiR, B
HEOFEL THRETFE LTHWRND L2 RET S5 (G HELE,
TET U ADOMEFEME  FEFITR),

ZDOLE 2 —TIEIKKIZERHAKE LIZBEDORIFRT U N bz
PR T BIFM T AVIRIEB S 2 RSN L7z,

Justification and Evidence to Decision Framework Highlights

The 2015 Consensus on Science and Treatment Recommendation

BILLE T U ANLEMA2ELS 72O DA A (Evidence to
Decision; EtD) DR A > b
2015 £ CoSTOR &, ILCOR Z A7 7 5 — AN DEER T f —
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benefitted from significant feedback from ILCOR Task Forces and through
public consultation, the drowning research and clinical community. In
making the original recommendations, the task force placed priority on
producing simple guidance that may assist those responsible for managing
search and rescue operations. The public comments highlighted the
difficult moral dilemmas facing the rescuer in these often emotionally
charged and fast-moving environments requiring dynamic risk
assessments which consider the likelihood a favourable outcome with the
risks posed to those undertaking the rescue. The key finding of the 2015
review was that submersion durations of less than 10 minutes are
associated with a very high chance of favorable outcome, and submersion
durations more than 25 minutes are associated with a low chance of

favorable outcomes.

The findings from the six new papers identified in this update,(Al-
Quareshi 2017; Jeong 2016 123; Omar 2017 237; Joanknecht 2015 123;
Shenoi 2016 669; Tobin 2017 39;] are consistent with the 2015 treatment
recommendation. The previously identified limitations of this review
(exclusion of factors after the victim is rescued e.g. bystander CPR
(Fukuda 2019 111; Tobin 2017 39; Fukuda 2019 166) and specialist
interventions e.g. ECMO (Bauman 2019 29; Biermann 2018 e751;
Draggan 2016 86; Romlin 1995 e¢521; Hilmo 2014 1204; Seodudy 2017;
Burke 2016 19; Weuster 2016 157] lack of prospective validation of

RNy 7 &7 Y w7 aXe b KO R X Ok ERt S %
WU CRELZ T2, MEOHRZIER T 2I2HI0 . F A7 T+
— AT BEBENEB O ETE 2 T H 2 LN TE L HR
A X AT D Z & BB Uiz, BIEeAamnEm <., Zl—
RN EBEODLBRET COHKE R 2T U N L0564 5 AlReE
EATON TV DRINEE NS BT IV AT EZELIZL AT
v 772 ) A7 FHINAREIE IR D, T vy 7 a X T
X CREBE NEE T 5% 9 W\ o IERERN R Y L v~ OFMES 038R
ENTz, 2015 FED L E 2 —DFE L 725 BARIT. 10 53 AR5 O /K
MCRAZRT T M AR5 ATREMENE S, 25 5Ll oK%
FE CEDORBEMNMELS 2D 2 L TH D,

ASEOFEHF TEHEONTZH LGRS 6 s R (Al-Quareshi 2017;
Jeong 2016 123; Omar 2017 237; Joanknecht 2015 123; Shenoi 2016 669;
Tobin201739) (X, 2015 FEDOHR LRE L —~H L T\ D, ZOLE
2 — DR (N A K 4 —CPR 72 & KRE PR S =% o3
K D B4+ Fukuda 2019 111; Tobin 2017 39; Fukuda 2019 166], ECMO
78 EOELFARY 724 A[Bauman 2019 29; Biermann 2018 e751; Draggan
2016 86; Romlin 1995 e521 ; Hilmo 2014 1204; Seodudy 2017; Burke
2016 19; Weuster 2016 157], &R E/L—/L & L TOKEFREH O
T & FREED K AN) 1TKIR & L TER STV 5, [AERIC, KRR (30
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submersion duration as a clinical decision rule) persist. Similarly, rare and
exceptional case reports of survival after prolonged (>30 minutes)
submersion continue to be reported.(Mann 2019; Romlin 2015 e-521;
Draggan 2016 86), highlighting the need for individual, case by case

decisions which balance risk and potential for benefit.

LA L) OWKZIZELFS LT L H | FE LTRSS 72 fE il 23 e
WTHEY (Mann2019; Romlin 2015 e-521; Draggan 2016 86) ., U A~
ERIZEDRIREMED N T o A BB G LT BRI D — AN A r— 2D
EGRE DB Z TR LT\ D,

Knowledge Gaps
Submersion duration should be assessed in all future drowning studies and

part of multivariate analyses. To better clarify the value of this predictor,

A% DORE
PR DT T O KMFEIZ B TIL, KIEEE 256 L. 248 &7
ﬁ@—l%&?é%%ﬂ%éo_®%MI%®ﬁﬁ%;D%% ey

studies should include all victims rescued from the water and not only sub- | 272 \Z, WFZEIZIZY 7T T Y —721F Tl SN T
categories. 0)7J<‘{x% EEODLULENRD D,
1. JRC @ R fi#

JRC &FAETA RT A > 2015 Tid, HAKREOLRE - BT LA 2 a2 IS PRIEF & L OKRERRREZHWD Z L 2/ L

(BRVHESE, TRAFICBET D EP%?B%O):K AN IN

AV AN

CoSTR2020 D> AT ~TF 4 v 7 L E a—TEOLNH LWk

EPRBEIN TV (WL, TREFICET 2RV ET v X)),

KZ A 22015 OHELEL[RIEECTH - 7=,

2. CoSTR Db 3E~DwE H
JRCE-AETA KT 422015 ONEZZET LRV,
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