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Abstract

Objectives: Until now, there is no solid information indicating the best option of rescuing a non-breathing drowning victim in the water. Our

objectives were to compare the outcomes of performing immediate in-water resuscitation (IWR) or delaying resuscitation until the victim is

brought shoreMaterial and methods: A retrospective data analysis was conducted of non-breathing drowning victims rescued by lifeguards

in the coastal area of Rio de Janeiro, Brazil. Patients were coded as IWR and no-IWR (NIWR) cases based on the lifeguard’s decision whethe

to perform IWR. Death and development of severe neurological damage (SND) were considered poor qeadtael-orty-six patients

were studied. Their median age was 17 (9—31) years. Nineteen (41.3%) patients received IWR and 27 (58.7%) did not. The mortality rate was

lower for IWR cases (15.8% versus 85.2%< 0.001). However, among surviving IWR cases, 6 (31.6%) developed SND. In multivariate
analysis, higher age [odds rati@R) = 1.12 (95% confidence interv&Cl) = 1.01-1.2400),P = 0.038] was associated with death, while
IWR [OR = 0.05 (95% Cl= 0.01-0.50),P = 0.011] was protective. When death or the development of SND was set as the dependent
variable, longer cardiopulmonary arrest (CPA) duration was the unique variable selected {OR (95% Cl= 1.13-2.79),P = 0.013].
Every patient with CPA duration higher than 14 min had poor outcd@oaclusions. Delaying resuscitation efforts were associated with a

worse outcome for non-breathing drowning victims. In the cases studied, IWR was associated with improvement of the likelihood of survival.

An algorithm was developed for its indications and to avoid unnecessary risks to both victim and rescuer.
© 2004 Published by Elsevier Ireland Ltd.
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1. Introduction condition [1,3,8], previous hypoxigl,3,4,7,8] emotional 37
state[3,8], and associated diseadés3,4] 38
Whenever an apparently non-breathing victim is found in ~ In a drowning[9], hypoxic injury continues after the 39
the water, the rescuer is confronted with a difficult choice. drowning event if the victim does not resume spontaneous
Should the rescuer attempt resuscitation procedures in thebreathing. Thus it follows that the sooner effective resusciz
water or first take the time to bring the victim to shore, and tation is initiated, the less hypoxic injury will be incurred 2
then attempt resuscitation? The hypoxia caused by water astesulting in improved outcome. Generally, resuscitation efs
piration from immersion or submersion results in respiratory forts have been shown to result in a lower death rate if respi
arresf1-4]. When respiratory arrest is not corrected, itis fol- ratory arrest is corrected prior to cardiac arrest onset (0-44%o
lowed by cardiac arrest within a variable, but short interval, versus 33-93%]1,3,4]. In the water, cardiac compressiorus
influenced by water temperatufg,3—8], victim’s physical is ineffective and pulse checks are unreliglil®]. Attempt 47
to ventilate a non-breathing drowning victim in deep wates
- using a rescue board (a surfboard designed for water res-
* Presented at the World Congress on Drowning, Amsterdam, The cue) was first demonstrated in Australia, by Surf Life Sawe

Netherlands, in 2002. ing New Zealand in 197%]. This procedure was denomi-s1
* Corresponding author. Tel#55-21-99983951;

fax: +55-21-24307168 nated in-water resuscitation (IWR). In 1978, during a Worleb
E-mail addresses; szpilman@globo.com, szpilman@ccard.com.br Lifesaving-Medical Conference held in California, there wass
(D. Szpilman). expert consensus that artificial ventilation with the aid of &

0300-9572/$ — see front matter © 2004 Published by Elsevier Ireland Ltd.
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flotation device should be employed whenever a delay in to a hospital or until being considered dead. Detailed reparts
removing a non-breathing victim from the water could be are completed by the lifeguard and the DRC medical staffs
anticipated2]. No successful IWR had been reported until

19811[2]. Although several lifesaving organizations world- 2.3. IWR procedures 107
wide have been teaching IWR, this recommendation has, so
far, been supported by weak scientific evidefice]. Lifeguards have been taught to perform IWR since 1988

It can be hypothesized that if a rescuer who recovers aand are annually trained in possible indications and pros
non-breathing drowning victim offshore immediately initi- cedures. Since IWR is not supported by a high level ab
ates in-water resuscitation by providing ventilation, surviv- medical evidence, they are encouraged to provide IWR, but
ability and outcome for the victim would improve. The ob- there are no specific guidelines. Lifeguards are given the
jective of the present study was to assess the value of at-prerogative of deciding whether to attempt IWR. This dets
tempting IWR versus delaying resuscitation maneuvers un- cision takes into account weather (including water) condi«
til the drowning victim is rescued to the shore or pool deck. tions and the victim's distance from shore, as well as the
With these data in perspective, we sought to identify vari- lifeguard’s fitness, experience and self-confidence that I\WiR
ables associated with a poor outcome to refine indicationscan help the victim. After confirmation of unconsciousness
for performing IWR. and non-breathing, the lifeguard choosing to employ Wk

usually attempts it immediately. However, even trained lifexo
guards cannot always accomplish this difficult technique efe

2. Material and methods fectively, especially in deep water. 121
IWR is performed by providing ventilation (into the waz22
2.1. Setting ter) during the rescue. Cardiac compressions while in the

water are inefficient, difficult to perform and may delay thes

The coastal area of Rio de Janeiro is 90km in length rescue proced4,2]. Therefore, they are not recommendetbs
and falls under the authority of the Rio de Janeiro Rescue The technique for this procedure varies for different wates
Service. Data collection was restricted to 55 km of coastline. depths Fig. 1). The rescuer should have high suspicion forr
In the studied area, beach attendance is sometimes estimated back or neck injury, especially in shallow water. If spontees
at 1.4 million persons during a single day. Seawater is warm neous breathing is restored, the victim should be kept under
throughout the year with an average temperature ofC0  strictly observation during the rescue, since within the finst

(68°F) that encourages year-round beach use. 5-10 min the victim could cease breathing agdin 131
2.2. Lifeguard and medical assistance 2.4. Sdection of participants, data collection, and 132
processing 133

Lifeguards are responsible for the initial evaluation and
immediate resuscitation measures, including basic car- From January 1995 to December 2000, all patients re+
diopulmonary resuscitation (CPR). When a rescue involves ferred to a DRC with a diagnosis of drowning requiring meths
resuscitation, lifeguards immediately contact a Drowning ical assistance were retrospectively analyzed by reviewing
Resuscitation Center (DRC). The DRC is a pre-hospital lifeguard and DRC reports. In addition, the charts of those
facility located at three strategically sites on the Rio de patients transferred to a hospital were also reviewed. Fram
Janeiro beaches to render specialized medical assistancall cases assisted in a DRC, those reported to have heen
to drowning victims. A medical team (a physician and a found unconscious (no-movement) and non-breathing were
paramedic) is dispatched to the scene from the DRC via anselected. Patients were excluded when there was no resusci-
advanced life support ambulance or helicopter. A medical tation attempt in or out of the water by the lifequard based
examination is conducted at the accident scene and, when-on submersion duration longer than 1 h or obvious physicel
ever feasible, medical equipment is carried to the victim to evidence of death (rigor mortis, putrefaction or dependemt
save precious time. Advanced resuscitation procedures ardividity). The following data were collected: gender; agess
usually accomplished onshore near the accident site. Lifetype of water (salt or fresh); number of lifeguards involveds
support measures follow American Heart Association and in the rescue; depth of water at the rescue site [deep (tes-
International Liaison Committee on Resuscitation protocols cuer cannot stand up) or shallow (rescuer can stand up)]; use
for drowning resuscitatiofil0,11] During transportation to  and type of lifesaving equipment; in-water evaluation repasb
the DRC, medical examination and treatment are continu- (conscious or unconscious, checking for spontaneous breath-
ously reassessed and modified as necessary. The decision timg and carotid pulse); patient position on sloping beaches
cease CPR maneuvers is made exclusively by the medicalfor first attendance [head lower than trunk (HD) or heasb
team, and only after the victim has been brought to a core and trunk at the same level (HT)]; any further resuscitaticas
temperature of at least 3& with a systole on the ECG  procedure needed onshore; presence of vomiting; estimated
monitor. Patients remain at the DRC until clinical stabiliza- cardiopulmonary arrest (CPA) duration (elapsed time sineg
tion is achieved allowing for their release to home, referral submersion to the start of artificial ventilation); CPR durass
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IN-WATER RESUSCITATION AL GORITHM
CHECK VICTIM'S RESPONSE STILL IN-WATER

Conscious <« 1 P Unconscious?
& Breathing? (No movement)
(moving) How deep
if any trauma is the water?
use appropriate Deep p Shallow
techniques. (overhead) Rescuer can stand up on the bottom
Bring the victim's Cervical Spine Injury? *
face out of water and extend the neck | | In case of suspicion, check breathing
to open the airway. first. If lacking, proceed to extend
werrresererereres,  werereereeseerrs victim’s neck and,

¢ lrescuer

e
Teerrerrrrrrrerert

ERRPRY

.
2 ormore % = n
rescuers  * Immobilize the cervical
Rescue Flotation Equipment ™"""**"" """ """ spine during rescue if
Available? indicated and possible.

< o . Lo P Check for breathing. If no spontaneous breathing,
ventilate for approximately one minute
(12 to 16 ventilations/min).
Ventilation restored?
t Consider the distance
A 4 tes I No P toswim back.
Rescue the 1 Short swim
victim to the Long swim ( >5 minutes ) (<5 min)
Shorf’: ora Continuing ventilation one additional Rescge while
poolside as minute in place while checking signs of ventilation are
soon as circulation (movement or reaction to continued or by
P;’SSlble ventilation). If present, proceed with the stopping every 1 or
V‘t{::rh‘i; ftiy same as short swim protocols. If no 2 minutes to
e circulation the rescuer should bring the ventilate again for
water care victim to shore without further ventilations. one minute.

Fig. 1. Recommendations for in-water resuscitation—if breathing is not restored after 1 min of ventilation in shallow water, proceed with short swim
procedure. (*) In-water cervical immobilization is indicated in a victim who is highly suspected of trauma, or is in trouble in shallow water famunkno
reasons. In unconscious victims the time spent on immobilizing the cervical spine could lead to a cardiopulmonary deterioration and evenideath. Rout
cervical spine immobilization of all water rescues, without reference to whether a traumatic injury was sustained, is not recorfir@endgdif
ventilation is restored proceed rescuing without any further care other then a quick stop to monitor breathing and restart mouth-to-mouthyif necessa

tion (elapsed time since the start of CPR maneuvers to theous variables were reported as medians (interquartile range)
restoration of heartbeats or the decision to cease the resusand compared by the Mann—-Whitnéy-test. Categorical 179
citation) and ambulance response time. Patients were alsovariables were reported as absolute numbers (frequency per-
excluded in the case of missing essential data. They werecentages) and analyzed by Fisher’s exact test or Chi-square
coded as IWR and no-IWR (NIWR) cases based on the test (with Yates correction where applicable). The main outz

lifeguard’s decision whether to perform this procedure. comes were set as binary. Multivariate logistic regressiea
analyses were used to assess the independent associatiansbe-
2.5. Qutcome measures tween the dependent variables and those variables selested

in the univariate analyse®{value < 0.1). The potential as-1s6
Mortality (from the scene to the hospital discharge) and sociations were summarized by calculating odds ratios (QR)
neurological function on 30-day (whether in-hospital or not) and corresponding 95% confidence intervals (Cl). A receives
were the outcomes of interest. Death and severe residuabperating characteristic (ROC) curve was constructed to de-
neurological damage (SND) were considered poor outcome.termine the discriminative power [assessed by area under
SND was defined as the development of cerebral death (iso-ROC curve (AUROC)]12] and a cutoff point for continu- 191
electric trace on electroencephalogram with no other causeous variables found to be related to a specific outcomeisA
associated), persistent vegetative state (no relationship withtwo-tailed P-value < 0.05 was considered statistically sigro3
the environment, coma vigil), and severe neurological se- nificant. 194
guels (need of assistance for basic and daily activities). Sur-
vival without neurological sequels was considered good out-
come. 3. Results 195

2.6. Satistical analysis and data presentation Out of 29,972 rescues made by lifequards, 469 (1.6%9
cases involved a drowning requiring medical assistanee

Data were analyzed using statistical software SPSS forand referral to a DRC. Of these cases, 86 were reported
Windows, version 10.0 (SPSS Inc., Chicago, IL). Continu- to be found unconscious and non-breathing in the wates.
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Main characteristics related to patient rescue and assistanee46)

Variables

NIWR groupyn = 27 (58.7%)

IWR groupp = 19 (41.3%)

P-value

Lifeguards involved in the rescue

One

More than one
Deep of water
Deep

Shallow

Lifesaving equipment use (yes vs. no)

No
Yes
Ignored

In-water evaluation (any vs. no evaluation)

Breathing
Breathing and circulation
No evaluation

First position on shore
HD
HT

Procedure done on shore or pool deck (any vs. none)

16 (59.3%)
11 (40.7%)

17 (63.0%)
10 (37.0%)

11 (40.7%)
16 (59.3%)
0

0
0
27 (100%)

9 (33.3%)
18 (66.7%)

CPR 27 (100%)

Mouth-to-mouth 0

None 0
Vomit 9 (33.3%)
Ambulance response time (min) 12 (9-15)
Estimated CPA duration (mif) 19 (9-30)

Estimated CPR duration (min) & 35)° 28 (18-53)

8 (42.1%)
11 (57.9%)

12 (63.2%)
7 (36.8%)

4 (21.1%)
15 (78.9%)
1

14 (73.7%)
5 (26.3%)
0

5 (26.3%)
14 (73.7%)

8 (42.1%)

2 (10.5%)

9 (47.4%)

5 (26.3%)
11 (9-12)

7 (5-10)

12 (1-32)

NS

NS

NS

<0.001

NS

<0.001

NS
NS
0.002
0.001

IWR indicates in-water resuscitation; NIWR, no in-water resuscitation; CPA, cardiopulmonary arrest; CPR, cardiopulmonary resuscitation; NS,

non-significant £ > 0.05).
a Submersion and rescue time without ventilation.

b Includes all CPR cases at a dry place and excludes 11 IWR cases (two needed only ventilation onshore and nine needed no other procedure than I\

Twenty-eight patients were excluded for missing essential Thirty-nine (97.5%) excluded patients died. There wera
data: estimated CPA time:(= 14), outcome measures no significant differences between excluded and includesl
(n = 9), and both { = 5). Twelve patients were excluded patients with respect to gender, age, type of water, and
because the lifeguard(s) made no resuscitation attemptambulance response time. Therefore, the remaining 46

Table 2
Outcome evaluation for IWR and NIWR cases=t 46)

NIWR group @ = 27)

IWR group ¢ = 19)

P-value

Pre-hospital outcome (death vs. survival)

Death 17 (63.0%)
Survival 10 (37.0%)
Hospitalization 8

Released home 2

Hospital outcomes

Death 6 (75.0%)
Survival with severe residual neurological damage 2 (25.0%)
Survival without sequels 0

Final outcome (poor outcome vs. good outcome)

Poor outcome 25 (92.6%)

Death 23

Survival with severe residual neurological damage 2
Severe neurological sequels 2
Persistent vegetative state 0
Cerebral death 0

Good outcome (survival without sequels) 2 (7.4%)

1 (5.3%)
18 (94.7%)
16

2

2 (12.5%)
6 (37.5%)
8 (50%)

9 (47.4%)
3
6
2
4
0
10 (52.6%)

0.001

0.005

0.001

IWR indicates in-water resuscitation; NIWR, no in-water resuscitation.
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Table 3
Univariate analyses for the variables associated with death and death or severe neurological damage
Variables Death Death or severe neurological damage
Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value
Age (years) 1.08 (1.02-1.15) 0.013 1.05 (0.98-1.12) NS
Male sex 1.35 (0.24-7.55) NS 0.53 (0.05-5.03) NS
In-water resuscitation 0.03 (0.01-0.17) <0.001 0.047 (0.01-0.39) 0.001
Lifeguards ¢ > 1) 0.86 (0.27-2.75) NS 1.40 (0.37-5.29) NS
Use of lifeguard equipment 0.76 (0.22-2.68) NS 0.58 (0.13-2.58) NS
Deep water 1.84 (0.55-6.19) NS 1.31 (0.34-5.03) NS
HT position on shore 0.40 (0.10-1.54) NS 0.15 (0.02-1.27) 0.073
Presence of vomiting 1.59 (0.43-5.80) NS 2.73 (0.51-14.53) NS
Salt water 2.36 (0.56-9.87) NS 2.33 (0.53-10.35) NS
Estimated CPA duration (min) 1.17 (1.04-1.31) 0.008 1.42 (1.07-1.89) 0.016
Estimated CPR duration (min) 1.07 (1.02-1.13) 0.005 1.13 (1.03-1.23) 0.007

HT indicates head and trunk at the same level; CPA, cardiopulmonary arrest; CPR, cardiopulmonary resuscitation; NS, non-siRysificaht (

cases were included in the final analyses. Their median4. Discussion 245
age was 17 (9-31) years and there were 40 (86.9%)
males. This study demonstrates, for the first time, that IWRs

IWR was performed in 19 (41.3%) patients (IWR may result in a significant outcome improvement for severe
group). In 27 (58.7%) patients (NIWR group), resusci- drowning victims. It further confirms that estimated CPA duss
tative efforts were started only upon rescuing the victim ration is a crucial parameter to be taken into account when
to shore. Age and gender were similar for both groups. deciding to start any resuscitation efforts either in-water mo
Median estimated CPA and CPR durations were sig- not. This early intervention in the water can be expected:to
nificantly greater for NIWR cases than for IWR cases. reduce death and SND rates by saving precious time dutisig
As expected, in-water evaluation was carried out more the rescue. 253
often in IWR than NIWR cases. Main characteristics  Patients receiving IWR had lower scene and in-hospited
related to patient rescue and assistance is shown onmortality rates than those who did not. They were less likebs
Table 1 to require full CPR or any additional resuscitation procedusg

At the scene, 18 (39.1%) patients died, 24 (52.2%) than IWR. They were also more likely to be successfully
were referred to a hospital, and four (8.7%) were re- transferred to a hospital (if that transfer was necessary)zdn
leased to home. Out of the 24 patients referred to a multivariate analysis, IWR was associated with a signifso
hospital, eight (33.3%) died. IWR cases were more suc- cant reduction of the probability of death. Nonetheless, ado
cessfully released to home or transferred to a hospital though most patients receiving IWR had good outcomes,
than NIWR cases. Both pre-hospital and hospital mortal- about one-third of them developed SND. The small sampde
ity rates were significantly lower for IWR than for NIWR size did not allow evaluation of factors related to the deveds
cases. Although overall neurological outcome was also opment of SND in surviving patienta & 8), so we decided 264
better for IWR cases, six (31.6%) IWR patients devel- to set death or the development of SND as a new binasy
oped SND. Detailed outcome evaluation is presented ondependent variable. A higher estimated CPA duration was
Table 2 selected in the logistic regression and this variable showed

The results of univariate analyses are depicted@airie 3 a very good accuracy in predicting these poor outcomss.
Higher age and both estimated CPA and CPR durationsHowever, of great concern was the cutoff point found, ise
were associated with death and IWR was protective. In which every patient with CPA duration greater than ontyo
multivariate analysis, IWR [odds ratio (QR= 0.05 (95% 14 min died or developed SND. In drowning, submersian
Cl = 0.01-0.50), P = 0.011] and higher age [OR= duration has been reported to figure among the most power-
1.12 (Cl 95% = 1.01-1.24),P = 0.038] were selected. ful outcome predictor§l,3,6,13-17] A study by Quan and273
When death or the development of SND (poor outcome) coworkers[18] found that the higher the submersion durars
was set as the dependent variable, higher CPA duration wagion, the greater the frequency of death and SND, as follows:
the unique independent factor [OR 1.77 (95% CI = 0-5min, 10%; 5-10 min, 56%; 10-25 min, 88%; >25 mims
1.13-2.79),P = 0.013]. An ROC curve was constructed 100%. The longer it takes from recognition that someone has
to determine the ability for CPA duration to discriminate submerged to the start of IWR or the victim’s rescue to shores,
patients with good and poor outcomes. The AUROC was the worse the outcomi9]. Besides submersion and CPA79
0.881+ 0.057 (95% Cl= 0.769-0.992) and every patient times, water temperature is another important factor that
with a CPA time higher than 14 min died or developed should influence the decision to begin IWR. Small childresu
SND. were reported to survive after submersion in icy water fme

RESUS 2440 1-7
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more than 1H20]. However, in icy waters in-water rescue the potential to save lives in this setting. IWR may besas
attempts are impractical and resuscitation should be startedpromising intervention to this finality. Although IWR cases?
as early as it can be effectively accomplished after rescue.had a lower death rate and were more prone to have a faver-
Water temperature was not considered in our study becauseble recovery, the possibility of resuscitating a person wize
seawater in the study area is warm throughout the year.  subsequently develops persistent SND is worrisome. Highwer
Interestingly, higher age was also independently associ- CPA duration was independently associated with poor cut-
ated with death and, in fact, patients with a favorable out- come, however further research is needed to guide the de-
come were younger. It is well known that older patients tend cision whether to offer resuscitation after 14 min of CPA43
to have a reduced functional capacity and a higher numberespecially in warm water. Otherwise, it is reasonable to ree
of comorbidities that may worsen the probability of a suc- ommend IWR if the CPA duration is less than 14 min or igs
cessful resuscitatig21]. Nonetheless, our patients were too unknown. In addition, remaining in hazardous water cadas
young, mostly children or adolescents, and probably theseditions (e.g. high seas) to perform IWR can endanger res-
explanations were not associated with our results. cuers. Given the hazards of IWR, it seems reasonablesto
Although IWR seems to be very beneficial, it remains dif- consider developing guidelines to avoid unnecessary risks
ficult, even for a trained rescuer, to recognize an isolated to both victim and rescuer. An algorithm was developed o
respiratory arrest and to perform mouth-to-mouth ventila- assist in on-scene decision-makirigid. 1). This algorithm 351
tion in-water, particularly in deep water. Several factors can may also be useful to the design of further prospective ras>
interfere with this decision, such as: water surface condi- domized studies necessary to clearly define the best optian
tions, depth of water, distance to shore, availability of life- of rescuing a non-breathing drowning victim. 354
saving equipment, and victim characteristics (obesity, high
suspicion of neck or facial trauma). In our study, position
of the patient on shore and presence of vomiting that might

be expected to mflut_ance outcprﬁb?»], did not. However, We are indebted to Dr. Linda Quan, Dr. James Orlowsbg
we observed trends in the decision whether to attempt IWR . ; . S
and Chief B. Chris Brewster (ret.) for critically reviewings?

when there was more than one rescuer and when IifesavingthiS manuscript. Dr. David Szpilman wishes to acknovess

equr_ne_nt was available. The small sample size r_mght alsoedge the generous assistance of the staffs from the DRC-fsse
have limited these evaluations. Moreover, many lifeguards y : . - .
Department of Rio de Janeiro, Hospital Municipal Migueto

are reluctant to perform mouth-to-mouth ventilation with- . "

. ) L . . Couto, and Hospital Municipal Lourengo Jorge. 361
out a barrier device to minimize the risk of communicable
disease. Nevertheless, the use of a barrier device in-water
adds a complicating element to an already difficult maneu- References 362
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