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Abstract
Objectives: The International Liaison Committee on Resuscitation, in collaboration with drowning researchers from around the world, aimed to

review the evidence addressing seven key resuscitation interventions: 1) immediate versus delayed resuscitation; (2) compression first versus ven-

tilation first strategy; (3) compression-only CPR versus standard CPR (compressions and ventilations); (4) ventilation with and without equipment; (5)

oxygen administration prior to hospital arrival; (6) automated external defibrillation first versus cardiopulmonary resuscitation first strategy; (7) public

access defibrillation programmes.

Methods: The review included studies relating to adults and children who had sustained a cardiac arrest following drowning with control groups and

reported patient outcomes. Searches were run from database inception through to April 2023. The following databases were searched Ovid MED-

LINE, Pre-Medline, Embase, Cochrane Central Register of Controlled Trials. Risk of bias was assessed using the ROBINS-I tool and the certainty of

evidence was assessed using Grading of Recommendations Assessment, Development and Evaluation. The findings are reported as a narrative

synthesis.

Results: Three studies were included for two of the seven interventions (2,451 patients). No randomised controlled trials were identified. A retro-

spective observational study reported in-water resuscitation with rescue breaths improved patient outcomes compared to delayed resuscitation on

land (n = 46 patients, very low certainty of evidence). The two observational studies (n = 2,405 patients), comparing compression-only with standard

resuscitation, reported no difference for most outcomes. A statistically higher rate of survival to hospital discharge was reported for the standard

resuscitation group in one of these studies (29.7% versus 18.1%, adjusted odds ratio 1.54 (95% confidence interval 1.01–2.36) (very low certainty

of evidence).

Conclusion: The key finding of this systematic review is the paucity of evidence, with control groups, to inform treatment guidelines for resuscitation

in drowning.
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Introduction

Drowning is the third leading cause of unintentional injury related

deaths around the world.1 Morbidity after initially successful resusci-
tation can be high, with survivors experiencing unfavourable

neurological outcomes due to brain hypoxia.2,3 Developing

evidence-based treatment recommendations to aid those attempting

to resuscitate people following drowning is therefore a high priority.

During the last twenty years, some building blocks for resuscitation
ns.
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research regarding drowning have been established. This includes

the establishment of a definition of drowning in 2002,4 the 2015

revised Utstein-style recommended guidelines for uniform reporting

of data from drowning-related resuscitation,5 and several system-

atic,6–9 scoping10,11 and other structured reviews12,13 of drowning

research. Despite the inclusion of drowning in resuscitation guideli-

nes,14 there has been little systematic synthesis of evidence to

inform such guidelines.

The International Liaison Committee on Resuscitation (ILCOR),

in collaboration with drowning researchers from around the world,

led a scoping review to identify the breadth of available literature

on key topics relating to resuscitation from drowning.15 After review-

ing the available evidence,16 ILCOR decided to proceed with a sys-

tematic review addressing seven key resuscitation interventions in

drowning to enable the generation of evidence based Consensus

on Science and Treatment Recommendations.17

Methods

Protocol and registration

This systematic review was commissioned by the International Liai-

son Committee on Resuscitation (ILCOR) Basic Life Support Task

Force. A review group comprising experts in drowning prevention

and resuscitation, resuscitation science and systematic review meth-

ods was appointed to conduct the review. A protocol was developed

in accordance with the ILCOR framework. The review was con-

ducted in accordance with the Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA)18 and ILCOR

guidelines.17 The review was registered on 7th October 2021 at

the International Prospective Register of Systematic Reviews

(PROSPERO; CRD42021259983).

Eligibility criteria and outcomes

The review looked for evidence relating to adults and children who

had sustained a cardiac arrest following drowning. In accordance

with the Utstein consensus the World Health Organisation’s (WHO)

definition of drowning was used: “the process of experiencing respi-

ratory impairment from submersion/immersion in liquid”.4 A broad

definition of cardiac arrest was used including those who are uncon-

scious and not breathing normally or those requiring resuscitation

interventions (e.g., ventilation, chest compressions, defibrillation).

The review examined seven interventions: (1) immediate versus

delayed resuscitation; (2) compression first (CAB) versus ventilation

first (ABC) strategy; (3) compression-only CPR versus standard CPR

(compressions and ventilations); (4) ventilation with and without

equipment; (5) oxygen administration prior to hospital arrival; (6)

use of an automated external defibrillator (AED) first versus car-

diopulmonary resuscitation (CPR) first; and (7) public access defibril-

lation (PAD) programmes. A priori defined critical outcomes were (1)

survival with favourable neurological outcome to discharge / 30 days

or later; (2) survival to discharge / 30 days or later; and (3) return of

spontaneous circulation. Safety was added as an outcome for the

PAD Programme question.

Randomized controlled trials (RCTs) and non-randomized stud-

ies (non-randomized controlled trials, interrupted time series, con-

trolled before-and-after studies, cohort studies) were eligible for

inclusion. Unpublished studies (e.g., conference abstracts, trial pro-

tocols), manikin studies, narrative reviews and animal studies were
excluded. All languages were included as long as there was an Eng-

lish abstract or an English full-text article.

Search strategy and information sources

Search strategies were developed by an Information Specialist (co-

author SJ) in collaboration with the review group. The search strate-

gies built on search terms used in prior reviews on drowning related

topics.9,15 Searches were initially run from database inception

through to October 2021. Searches were re-run to cover the period

October 2021 through to April 2023. The following databases were

searched: Ovid MEDLINE, Pre-Medline, Embase, Cochrane Central

Register of Controlled Trials. The search strategies for the various

questions are included in the supplemental material. Duplicates were

removed and search results uploaded to Rayyan for review.19 The

reference lists of included articles were reviewed for potential addi-

tional articles.

Study selection

Review teams comprising of 2–3 co-authors were identified for each

of the 7 topics. Studies identified in the search strategy were

reviewed independently by at least two reviewers. At stage one arti-

cle titles and abstracts were reviewed to create a short list of studies

potentially eligible for inclusion. The full text of those articles were

then reviewed. Any disagreements between reviewers were adjudi-

cated by a third reviewer. Final study selection was reviewed and

approved by the Basic Life Support (BLS) Task Force.

Data extraction

Review teams used a pre-defined standardized data extraction form

to extract data from individual papers. Data were extracted on the

source of reported data, patient characteristics (age, sex), setting,

country, intervention, comparator and outcomes. If necessary, clari-

fication on reported data was obtained from the study authors. Any

discrepancies in the extracted data were identified and resolved

via discussion.

Risk of bias assessments and certainty of evidence

Risk of bias was assessed for individual studies using the ROBINS-I

tool for observational studies by two reviewers from the expert

drowning group and checked by the senior author (GDP).20 The cer-

tainty of evidence was assessed using Grading of Recommenda-

tions Assessment, Development and Evaluation (GRADE)

methodology and classified within one of four categories: very low,

low, moderate, or high certainty of evidence.21

Data synthesis

The appropriateness of pooling study findings for meta-analysis were

assessed by the review teams, with input from the BLS Task Force.

As expected, based on the findings of our scoping review, there were

either no eligible studies or substantial heterogeneity of study design,

settings and outcomes which precluded pooling of data. Study find-

ings are therefore presented as a narrative synthesis covering each

of the 7 topics.

Results

The original search strategies identified between 261 and 2266 arti-

cles across the 7 topics. After removal of duplicates between 164
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and 1849 papers went forward for title and abstract review. From

these between 8 and 59 papers were selected for full text review.

The updated search identified 715 additional papers, 2 of which were

selected for full text review. A detailed breakdown by topic is pre-

sented in Table 1. The commonest reason for exclusion was due

to studies being unrelated to drowning or lacking a relevant compara-

tor group. Following the review of articles, 3 observational studies

met the review eligibility criteria and were included. No randomised

controlled trials were identified. The number of articles for each topic

were (1) immediate versus delayed resuscitation (n = 1); (2) com-

pression first (CAB) versus ventilation first (ABC) strategy (n = 0);

(3) compression-only CPR versus standard CPR (compressions

and ventilations) (n = 2); (4) ventilation with and without equipment

(n = 0); (5) oxygen administration prior to hospital arrival (n = 0);

(6) an automated external defibrillation (AED) first versus cardiopul-

monary resuscitation (CPR) first strategy (n = 0); (7) and public

access defibrillation (PAD) programmes (n = 0).

Immediate versus delayed resuscitation

This topic was broken down to consider two settings (i) initiation of

resuscitation whilst the patient was still in the water or (ii) initiation

of resuscitation on a boat.

In-water resuscitation versus waiting until arriving on land

A retrospective observational study reported the outcomes of 86

patients who were found unconscious and not breathing and rescued

by lifeguards in the coastal area of Rio de Janeiro, Brazil, between

1995 and 2000.22 The intervention comprised initiating ventilations

in-water resuscitation if sufficient lifeguards/equipment was available

to do this effectively. The control group comprised those where the

lifeguard transferred directly to land without attempting in-water

resuscitation.

For the critical outcome of survival with favourable neurological

outcome, 10/19 (52.6%) of those receiving in-water resuscitation

compared to 2/27 (7.4%) of those who did not receive in-water resus-

citation experienced a good outcome (relative risk 7.1 [95% CI 1.8 to

28.8]). The study was assessed as providing very low certainty evi-

dence (downgraded due to very serious risk of bias and serious risk

of imprecision, Table 2).

For the critical outcome of survival to hospital discharge, 16/19

(52.6%) of those receiving in-water resuscitation compared to 4/27

(16.7%) of those who did not receive in-water resuscitation experi-

enced a good outcome (relative risk 5.7 [95% CI 2.3 to 14.3]). The

study was assessed as providing very low certainty evidence (down-
Table 1 – Summary of the results of the search strategy. Th
searching Ovid MEDLINE, Pre-Medline, Embase, Cochrane
underwent review of titles and abstracts after removal of d
final number of articles included.

Immediate

resuscitation

CAB vs

ABC

CPR

vs CO

Records identified 283 1225 1225

Title and abstract screened after

removal of duplicates

170 805 805

Full text reviewed 10 9 24

Articles included 1 0 2

Abbreviations: CAB = Circulation, Airway, Breathing; ABC = Airway, Breathing, Cir

AED = Automated External Defibrillator; PAD = Public Access Defibrillator.
graded due to very serious risk of bias and serious risk of

imprecision).

For the critical outcome of return of spontaneous circulation

(ROSC) data were extrapolated from pre-hospital survival status.

Those who survived to reach hospital alive were considered to have

achieved ROSC. ROSC was achieved in 18/19 [94.7%]) of those

who received in-water resuscitation compared to 10/27 (37.0%)

who did not receive in-water resuscitation (relative risk 0.0836

[95% CI 0.012 to 0.58]). The study was assessed as providing very

low certainty evidence (downgraded due to very serious risk of bias

and serious risk of imprecision).

Manikin and simulation studies included in the scoping review

were excluded as this review focused on studies reporting clinical

outcomes.23–25

Resuscitation on a boat versus waiting until arriving on land

No studies were identified which directly compared starting resusci-

tation on a boat with delaying resuscitation until arrival on land in

patients with cardiac arrest following drowning. Manikin and simula-

tion studies included in the scoping review were excluded as this

review focused on studies reporting clinical outcomes.26–30 Studies

without control groups were also excluded.31,32

Compression first (CAB) versus ventilation first (ABC)

No studies were identified which directly compared a compression

first strategy with a ventilation first strategy during the resuscitation

of patients with cardiac arrest following drowning.

Compression-only CPR versus standard CPR

Two observational studies were identified which compared

compression-only CPR with standard CPR, which includes ventila-

tion and compression, during the resuscitation of patients with car-

diac arrest following drowning.33,34

Tobin et al. analysed data collected by US Cardiac Arrest Regis-

try for Enhanced Survival (CARES) (2013–2017) amongst 548 adults

and children who required resuscitation following drowning.33

Amongst these patients, 309 received compression-only CPR and

239 received standard CPR. Fukuda et al. analysed data from a

government-led registry in Japan (2013–2016) which included

5,121 adults and children who were transported to an emergency

hospital due to a cardiac arrest following drowning.34 Amongst these

patients, 4,153 received compression-only CPR and 968 received

standard CPR. From this cohort, 928 patients in each group were

selected for a propensity score matched analysis.
e table reports the number of records identified by the
Central Register of Controlled Trials, the numberwhich
uplicates, the number of full text articles reviewed and

Ventilation

equipment

Oxygen AED first vs

CPR first

PAD programmes vs No

PAD programmes

2649 872 343 343

2141 711 243 243

22 60 34 8

0 0 0 0

culation; CPR = Cardiopulmonary resuscitation; CO = Compression only CPR;



Table 2 – Risk of bias assessments for included studies.

Study Overall Confounding Selection Intervention

definition

Intervention

deviation

Missing

data

Measurement Reporting

Szpilman

2004

Critical Criticala Seriousb Low Low Low Low Moderatee

Fukuda 2019 Critical Criticala Criticalc Low Moderated Low Low Moderatee

Tobin 2020 Critical Criticala Criticalc Low Moderated Low Low Moderatee

a Key variables such as submersion duration was not available.
b Although there was a resuscitation protocol the reason why some patients received in-water resuscitation and others did not was likely related to lifeguard

and / or patient characteristics.
c Interventions provided were likely due to different levels of training amongst bystanders and / or patients characteristics (e.g. airway soiling).
d There is a moderate likelihood of cross over between interventions.
e The studies were not registered and protocols were not available to review for reporting bias.

Table 3 – Critical and important outcomes for standard cardiopulmonary resuscitation (CPR) (with ventilations)
and compression-only CPR.

Standard CPR Compression -only CPR P value

Tobin Favourable neurological outcome 59/239 (24.7%) 50/309 (16.2%) Adj OR 1.35 (0.86–2.10) 0.190

Fukuda Favourable neurological outcome 70/928 (7.5%) 61/929 (6.6%) RR 1.15 (0.82–1.60) 0.4147

Tobin a Survival 71/239 (29.7%) 56/309 (18.1%) Adj OR 1.54 (1.01–2.36) 0.046

Fukuda b Survival 97/928 (10.5%) 80/928 (8.6%) RR 1.21 (0.91–1.61) 0.1791

Tobin c ROSC 127/239 (53.1%) 133/309 (34.0%) Adj OR 1.29 (0.91–1.84) 0.157

Fukuda d ROSC 98/928 (10.6%) 83/928 (8.9%) RR 1.18 (0.89–1.56) 0.2405
a Tobin et al reported survival at hospital discharge.
b Fukada reported at 30 days.
c Tobin reported ROSC at hospital admission.
d Fukada reported prehospital ROSC.
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Both studies assessed survival with a favourable neurological

outcome using the Glasgow-Pittsburgh cerebral performance cate-

gory (CPC) at one month. A CPC score of 1–2 was considered a

favourable neurological outcome and scores 3–5 a poor outcome.

Tobin et al. reported survival at hospital discharge whilst Fukuda

et al reported survival at 30 days.34 Tobin et al. reported the out-

comes for ROSC at hospital admission, 33 while Fukada et al.

reported pre-hospital ROSC.34

For the critical outcome of survival with a favourable neurological

outcome at hospital discharge/30-days, very-low certainty evidence

(downgraded for serious risk of bias) was identified. Whilst both stud-

ies showed a numerically higher rate of survival with a favourable

neurological outcome with standard CPR, the confidence intervals

were wide and included the possibility of both benefit and harm

(see Table 3).

For the critical outcome of survival at hospital discharge/30-days,

very-low certainty evidence (downgraded for serious risk of bias) was

identified. Tobin et al found a statistically higher survival rate in the

standard CPR group (29.7% versus 18.1%, adjusted odds ratio

1.54 (1.01–2.36).33 Whilst the Fukuda study34 showed a numerically

higher rate of survival with standard CPR, the confidence intervals

were wide and included the possibility of both benefit and harm

(see Table 3).

For the critical outcome of ROSC, very-low certainty evidence

(downgraded for serious risk of bias) was identified. Whilst both stud-

ies showed a numerically higher rate of ROSC when CPR included

compressions and ventilations, the confidence intervals were wide

and included the possibility of both benefit and harm (see Table 3).
The other studies 17 identified in the scoping review15 were

excluded as they did not compare compression only CPR with com-

pressions and ventilations.

Ventilation with versus without equipment

No studies were identified which directly compared the use of

equipment (e.g. pocket mask, bag-valve-mask, airway adjuncts,

supraglottic and tracheal tubes) with not using equipment during

the resuscitation of patients with cardiac arrest following

drowning.

Oxygen administration versus no oxygen administration

prior to hospital arrival

No studies were identified which directly compared the oxygen prior

to hospital arrival with not using oxygen during the resuscitation of

patients with cardiac arrest following drowning.

AED first versus CPR first strategy

No studies were identified which directly compared AED first versus

CPR first strategy during the resuscitation of patients with cardiac

arrest following drowning.

PAD programme versus no PAD programme for cardiac

arrest following drowning

No studies were identified which directly compared the effectiveness

of PAD programmes in and around aquatic environments with not

having such programmes during the resuscitation of patients with

cardiac arrest following drowning.
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Discussion

The key finding of this systematic review is the paucity of evidence to

inform treatment guidelines for the resuscitation of adults and chil-

dren who sustain a cardiac arrest following drowning. Despite a mod-

est body of evidence (65 studies) being identified in the scoping

review,15 only three studies, 22,33,34 were eligible for inclusion in

the systematic review. The high attrition was primarily due to few

studies including a control group to enable comparison with the inter-

ventions under investigation.

There are important pathophysiological differences in cardiac

arrest primarily due to a cardiac cause, where the heart suddenly

stops and a reservoir of oxygen is still available in the body at the

start of CPR, and one caused by drowning. In most cardiac arrests

following drowning, the oxygen reservoir is gradually emptied result-

ing in gradual cardiac function decrease until an arrest occurs.35

Once a cardiac arrest has occurred, CPR is performed in a patient

with a depleted oxygen reservoir.

Experimental and clinical data support the importance of early

reversal of hypoxia as a critical intervention for improving out-

comes.36–40 Outcomes are significantly better in those only requiring

treatment for respiratory rather than cardiac arrest.35,37,41 The logical

extension of these findings is to initiate resuscitation as soon as pos-

sible. Immediate ventilation, even before the victim is on land, is fea-

sible while the person is still in the water22,41–44 whilst full CPR,

including defibrillation, is possible on a boat.45–50 This review identi-

fied a single study supporting immediate in-water ventilation per-

formed by trained lifeguards over delayed resuscitation upon

arrival on land.22 If attempted, evidence from manikin studies high-

light the importance of avoiding unintentional submersion of the

patient42,43,51, and the risks of fatigue leading to a failed rescue.42,51

Whilst no comparative studies were identified for resuscitation on a

boat, given the evidence it is feasible, it seems reasonable to con-

sider resuscitation on boats when environmental conditions and

the training of the rescuers permits.

Early resuscitation guidelines advocated an Airway, Breathing,

Circulation (ABC) approach to CPR.52 Very low certainty evidence

from four manikin studies showed a compression first (CAB) strategy

led to earlier initiation of resuscitation.53 The present systematic

review found no relevant studies for adults and children who required

resuscitation following drowning. As a result of this, ILCOR recom-

mend a compression first (CAB) strategy for lay-persons providing

resuscitation for adults in cardiac arrest following drowning to main-

tain consistency and simplicity of messaging.54 By contrast, those

with a duty to respond (e.g. lifeguards) and healthcare professionals

are encouraged to start with ventilations (ABC strategy), based on

indirect evidence suggesting that earlier ventilations may improve

outcomes.22,35,37,41 No evidence was found to support a specific

number of initial ventilations.

Evidence, predominantly from cardiac and medical causes of car-

diac arrest, suggested that a compression-only approach to CPR can

result in similar outcomes to standard CPR (which includes ventila-

tion)55–57, and is simpler to teach and may reduce barriers to starting

resuscitation.58,59 This has led to campaigns promoting “hands only”

CPR for lay persons.60,61 The added value of ventilation in prolonged

cardiac arrests62 or in those with higher likelihood of having a respi-

ratory cause, such as children, is recognised, and guidelines recom-

mend the addition of ventilations when possible.63 The present

review identified two studies,33,34 amongst which Tobin et al. noted
improved survival to discharge where standard CPR including venti-

lation. Although not defined a priori as a designated sub-group in this

review, one of the studies also reported a post-hoc subgroup analy-

sis in children aged 5 to 15 years, observing an increased odds of

favourable neurological outcome (aOR = 2.68; 95% CI, 1.10 to

6.77; p = 0.03).33 Based on this evidence and the importance of

reversing hypoxia in drowning, it seems reasonable that those that

are trained, willing and able to provide chest compressions with ven-

tilations do so.

The review found no direct evidence for or against the use of air-

way / ventilation adjuncts during CPR following drowning. Observa-

tional studies in this area64–67 will likely be limited by resuscitation

time bias68 – in other words those who receive advanced airway

management such as intubation are likely to have been in cardiac

arrest longer than those who recover with only simple airway

adjuncts, which may falsely lead to associations with poor outcome.

Specific concerns relating to the use of supraglottic airways include

low lung compliance and high airway resistance in drowning which

may lead to ineffective ventilation.69,70 Whatever approach is

adopted, it is required that those delivering advanced ventilation

and airway interventions are appropriately trained, monitored and

evaluated.

Given the association between hypoxia and adverse outcomes,

the use of oxygen to reduce hypoxia during resuscitation has strong

face validity.38,39,71,72 In the absence of specific data to the contrary,

adopting the generic ILCOR recommendations for paediatric and

adult advanced life support of administering high inspired oxygen

concentrations during resuscitation seems reasonable.63,73 There

are practical considerations which will likely vary by country in rela-

tion to access to oxygen, the legal requirements to administer oxy-

gen, costs and storage requirements, which will require careful

assessment prior to implementing oxygen in practice.

ILCOR recommends implementing PAD programs for patients

with OHCA.53 While no direct evidence was found relating to the

use of PAD programmes during resuscitation following drowning,

drowning may occur in high-use public areas where AED placement

can be utilized by both drowning and non-drowning victims of car-

diac arrest. It was also recognised that only a small minority of

patients sustaining OHCA following drowning may present with a

shockable rhythm.15 However as studies have demonstrated it is

feasible to use AEDs in and around aquatic environments45,74, it

seems reasonable to consider their deployment around aquatic

areas with high visitor numbers or high inherent risk of cardiac

arrest. Given the high priority for reversal of hypoxia in drowning

and as the incidence of the initial rhythm is less likely to be shock-

able in drowning, compared to cardiac causes of cardiac arrest,15 it

is reasonable to start cardiopulmonary resuscitation prior to attach-

ing the AED.

When interpreting the evidence identified in this review and for-

mulating guidelines there is a balance to strike between keeping

guidelines simple and uniform to optimize the retention and recall

of the guidelines versus tailoring them to the specific needs of the

OHCA caused by drowning. The papers identified in this review

involved treatments being administered by members of the public,

lifeguards and healthcare staff with advanced life support skills. If

extended skills such as oxygen administration, ventilation / airway

adjuncts, in-water resuscitation are to be considered, it is essential

that those providing the skills are appropriately and regularly trained

to enable them to deliver the skills effectively.42,75
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Strengths of this review were the inclusion of experts in the field

of drowning and resuscitation as content experts for the design of

search strategies, article selection, data extraction and interpretation

of findings. The review was informed by findings of a scoping

review15 and drew on the framework evidence evaluation framework

of the ILCOR evidence evaluation process.17 It further benefitted by

a period of public consultation, the results of which can be viewed on

https://costr.ilcor.org. There, however, remains the possibility that

there may be studies that were not identified through this review pro-

cess. The review focused on summarising the literature identified

rather than providing treatment recommendations and clinical guide-

lines which can be found on the ILCOR website (www.costr.ilcor.org)

and associated consensus on science and treatment

recommendations.54

Conclusion

There is a lack of high certainty evidence to inform treatment recom-

mendations in relation to adults and children who sustain a cardiac

arrest in the context of drowning. Empirical evidence suggests that

priority should be placed on rapid reversible of hypoxia through ven-

tilations, chest compressions and oxygen.
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