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ABSTRACT

Objectives: Drowning is one of the leading causes of death in children. Resuscitating a child following submersion is a high-
pressure situation, and standard operating procedures can reduce error. Currently, the Resuscitation Council UK guidance
does not include a standard operating procedure on paediatric drowning. The objective of this project was to design a
standard operating procedure to improve outcomes of drowned children.

Methods: A literature review on the management of paediatric drowning was conducted. Relevant publications were used to
develop a standard operating procedure for management of paediatric drowning.

Results: A concise standard operating procedure was developed for resuscitation following paediatric submersion. Specific
recommendations include: the Heimlich manoeuvre should not be used in this context; however, prolonged resuscitation

and therapeutic hypothermia are recommended.

Conclusions: This standard operating procedure is a potentially useful adjunct to the Resuscitation Council UK guidance and
should be considered for incorporation into its next iteration.
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Introduction

Drowning is one of the leading causes of death in children and adolescents worldwidel. One of the most important positive
prognostic indicators, alongside shorter submersion time and salt versus freshwater submersion, is time from rescue to
receiving cardiopulmonary resuscitation23, making drowning an emergency in which prehospital care is paramount*.
Standard operating procedures (SOPs) are checklists designed to reduce human error in high pressure and emotionally
charged situations, such as when dealing with critically ill childrens. SOPs have been shown to improve adherence to
national guidelines and patient outcomes in a variety of prehospital emergenciesé8.

Although the Resuscitation Council UK guidelines provide guidance on managing paediatric submersion, a standard
operating procedure has not been produced. In an attempt to improve outcomes of drowning in children, an SOP for
prehospital use has been created based on Resuscitation Council UK guidance and critical appraisal of available evidence.

Methods

The basic outline of the SOP was created using the Resuscitation Council UK guidelines for prehospital resuscitation® and
paediatric advanced life support!0, both of which are accredited by the National Institute for Health and Care Excellence
(NICE). A literature review of publications related to paediatric drowning was conducted. Relevant literature included
commentaries, recommendations, guidelines, case reports, systematic reviews, literature reviews and books. The databases
searched included: PubMed, Google Scholar, MEDLINE and Cochrane Library. The search terms used included a
combination of “paediatric” or “child” / “drowning” or “submersion” / “prehospital” / “resuscitation” / “basic life support”
or “advanced life support” / “cardiac arrest”. Ethical approval was not required for this project.

Each of the suggestions made in publications outside of the Resuscitation Council UK guidelines then triggered a further
literature search and critical analysis. The types of literature and databases searched were the same as the preliminary
literature review. The search terms used included those already stated as well as “intubation” / “Heimlich manoeuvre” /
“therapeutic hypotension” or “induced hypotension” / “parents” or “guardians” or “family” / “prolonged resuscitation”. The
additional components focussed on, and later implemented into the SOP comprised:

e Recommendations for intubation

e  Use of the Heimlich manoeuvre

e Cardiopulmonary resuscitation - ABC (Airway, Breathing, Chest compressions) versus CAB approach (Chest

compressions, Airway, Breathing)

e  Resuscitation time

e  Therapeutic hypothermia and rewarming

e  Parents and carers at the scene

Results

The resulting SOP (Figure 1) should be used in the specific situation where a patient aged between one and eighteen years
has been retrieved from a body of water following submersion and is not responding to verbal or tactile stimuli at the time
of arrival on the scene. It should be used by a team of four qualified medical professionals. Each of the four team members
should be allocated a specific role before the resuscitation attempt:

e  Position 1: Team Leader. This individual is responsible for overseeing the resuscitation attempt from beginning to
end using the SOP to guide other members of the team. The team leader should not get physically involved with
the resuscitation attempt in any way, unless absolutely necessary.

e  Position 2: Airway. This individual should be competent at paediatric intubation. They are responsible for
intubating and ventilating the patient throughout the resuscitation attempt whilst monitoring capnography and
oxygen saturation.

e Position 3: Cardiopulmonary Resuscitation. This individual is responsible for the delivery of continuous chest
compressions and defibrillator use.

e  Position 4: Jobs. This individual is responsible for protecting the cervical spine, establishing peripheral access and
administering drugs as well as any other jobs deemed necessary by the team leader throughout the resuscitation
attempt.

Whilst position 3 and position 4 are described as separate roles, the team members assigned to these positions should swap
roles every few minutes to ensure that good quality chest compressions are continuous. Chest compressions should only
cease once the patient regains a rhythm compatible with life, at which point progression through the rest of the SOP should
continue.



Figure 1: Standard operating procedure for paediatric drowning.

Standard Operating Procedure: Paediatric Drowning

[ Position 1: Team Leader — use algorithm to guide other team members

[ Position 2: Airway (must be experienced in paediatric intubation)

[ Position 3: Cardiopulmonary Resuscitation
[ Position 4: Jobs

| Patient aged 1-18 years retrieved from water following submersion

v

| Ensure environment is safe to commence resuscitation attempt |

v

| Check for a response using verbal and tactile stimuli |

\4
U;e Ja‘:’ tTrCL’St @ opgtrLalrway | le YES Is a high risk mechanism of injury suspected (e.g. history of diving, NO | Usehead tilt chin
a-n ‘pro 55 X ‘—sp!ne Wk GETE] ~ watersports, boating accident, waterslide use, trauma, intoxication etc.)? “| lift to open airway
in-line stabilisation and a collar
I >= Remove wet clothing and avoid heat loss =<
Jl Age Normal Respiratory Rate
(years) (breaths per minute)
| Assess breathing: do not mistake agonal breathing for normal breathing | Attach oxygen saturation probe . 2000
25 25-30
ABSENT OR AGONAL SPONTANEOUS BREATHING
5-12 20-25
\ 12-18 15-20
Give 5 rescue breaths with supplementary oxygen using a bag valve mask SPONTANEOUS BREATHING ¢ A 4

(BVM). If BVM not accessible, give rescue breaths mouth to mouth

v

Place patient supine on a hard board
to facilitate chest compressions

v

Gather intubation
equipment

Begin chest compressions at a rate of 100-120/minute using the ratio 15:2,
pausing briefly every 2 minutes to assess for a pulse and perfusing rhythm

v

Plan A: Intubate the trachea using a cuffed endotracheal tube (aim for under 5

seconds, no more than 4 attempts). The formula to select a cuffed tube is 3.5 + age/4.

Plan B: Insert a supraglottic airway device (no more than 3 attempts)

Plan C: Ventilate using two person bag valve mask technique (with PEEP valve), if

additional team member available

Plan D: Cricothyroidotomy with transtracheal catheter oxygenation and ventilation

v

Ensure correct site of intubation and adequate ventilation with
capnography and ventilate at an age appropriate rate, aiming
for normocapnia and oxygen saturation 94-98%

v

Take rectal temperature using a low-reading thermometer — if <30°C, commence

slow rewarming with a blanket aiming for a rectal temperature of 32-34°C

v

Dry patient’s skin, attach defibrillator and assess cardiac rhythm —if in a
shockable rhythm, limit defibrillation attempts to 3 if rectal temperature <30°C

RETURN OF
SPONTANEOUS
CIRCULATION

Assess respiratory rate

NORMAL
ABNORMAL

| Assess oxygen saturation

Assist breathing with
supplementary oxygen using  |€
a bag valve mask, ventilating <94%
at an age-appropriate rate >94%
and titrating to oxygen
saturation A 4
Put patient in recovery
position if C-spine injury
not suspected
\ 4 \ 4

Take rectal temperature using a low-reading thermometer — if <30°C, commence
slow rewarming with a blanket aiming for a rectal temperature of 32-34°C

v

Establish peripheral access — either intravenous or intraosseous

v

Give adrenaline 10mcg/kg (0.1mL/kg of 1 in 10,000 solution) every
6-10 minutes if temperature is 30-35°C or every 3-5 minutes if
temperature is >35°C. Do not give adrenaline if temperature <30°C

v

Check blood glucose and treat hypoglycaemia if necessary I—

v

él Establish peripheral access — either intravenous or intraosseous |

v

| Check blood glucose and treat hypoglycaemia if necessary |

v

\ 4

Pre-alert nearest paediatric intensive care unit (PICU) using the
ATMIST mnemonic* and commence transport

*ATMIST: Age (include patient’s name), Time of incident,
Mechanism of injury, Injuries top to toe, vital Signs (first set and
significant changes), Treatment, estimated time of arrival, mode
of transport and which specialist resources you need standing by




Discussion: the rationale for checklist components
Airway

The airway recommendations used in this SOP are based on intubation guidelines from the Difficult Airway Society (DAS), a
subgroup of the Association of Anaesthetists of Great Britain and Ireland (AAGBI). The paediatric difficult airway
guidelines!! are designed for use during routine induction of anaesthesia in children. However, the same principles can be
applied in a prehospital setting assuming the presence of all necessary equipment and a team member trained in paediatric
intubation. The only potential alteration to the DAS guidelines is progression straight to cricothyroidotomy after three
failed insertions of a supraglottic airway device, if a fifth team member is not available in the prehospital setting to assist
with two person bag valve mask ventilation.

The Resuscitation Council recommends the use of cuffed endotracheal tubes in the intubation of children with poor lung
compliance, high airway resistance or facial burns10. The lung injury resulting from submersion results in decreased lung
compliance!2 and therefore the use of an appropriately sized cuffed endotracheal tube is appropriate in the resuscitation of
these patients.

Both intubation and cricothyroidotomy are invasive and potentially harmful procedures that should only be performed by
experienced operators who have completed appropriate training and have access to the correct equipment. It should also
be noted that transtracheal ventilation is intended only for temporary use until a definitive airway can be established, as
this technique primarily supports oxygenation without effectively managing carbon dioxide exchange!3.

Heimlich manoeuvre

The Heimlich manoeuvre was first described in 1975 to aid removal of foreign bodies from the airway, including fluid in the
case of submersion victims*. Studies of this technique and an improved understanding of the physiology of the lungs, have
led to the conclusion that the Heimlich manoeuvre is not beneficial in the case of drowned patients#14. This is due to
insufficient evidence supporting Heimlich’s hypothesis that fluid aspiration causes brain damage and death!4, as well as the
Heimlich manoeuvre potentially increasing time to intubation* and the possibility of gastric aspiration caused by the
manoeuvre?s, Use of the Heimlich manoeuvre is therefore not recommended in this SOP.

Cardiopulmonary resuscitation

The first recommended step in the management of an adult patient with cardiac arrest unrelated to drowning is delivery of
chest compressions, according to the Resuscitation Council UK guidelines!é. However, as the most likely cause of arrest in
both children and submersion victims is respiratory rather than cardiac, the Resuscitation Council recommend delivery of
five rescue breaths prior to commencement of chest compression in these individuals9.19.

Resuscitation time

Cardiopulmonary resuscitation should not be commenced where there is massive cranial and cerebral disruption,
decomposition or rigor mortis, as these situations are unequivocally associated with death®. Other than in these scenarios,
aggressive resuscitation of a patient following submersion should always be undertaken assuming that the rescue attempt
and subsequent resuscitation does not pose a risk to others. This is because it is very difficult to predict prognosis from
initial presentation, with many of the most unexpected physiological recoveries occurring in the young!?. This SOP
therefore encourages the use of cardiopulmonary resuscitation until either return of spontaneous circulation or arrival at
the Emergency Department, at which point further efforts such as extracorporeal membrane oxygenation may be
considered.

Therapeutic hypothermia

The International Liaison Committee on Resuscitation (ILCOR) issued a statement in 2002 recommending the cooling of
unconscious adult patients to 32-34°C following out-of-hospital cardiac arrest!8 after studies showed mild induced
hypothermia increases the chance of survival and of a favourable neurological outcome920. Whilst most of the available
literature on the subject focuses on inducing hypothermia in hospital, a large systematic review explored the practicality
and efficacy of prehospital cooling after cardiac arrest, concluding that cooling both with ice packs and cold intravenous
fluids improves outcomes?t.

Children are more likely to become hypothermic after submersion than adults due to increased surface area-to-volume and
head-to-body ratios?2. Whilst there is limited literature on prehospital therapeutic hypothermia in children following
drowning, the benefits demonstrated in adults may apply to children. The Resuscitation Council UK guidelines on paediatric
resuscitation also recommend maintaining a core temperature of 32-34°C following return of spontaneous circulation for
24 hours following cardiac arrest!0. This SOP therefore advocates the maintenance of mild hypothermia following return of
spontaneous circulation in the drowned child, only initiating gentle rewarming if the rectal temperature is less than 30°C
(0.25-0.5°Ch-1).



Parents and carers

Family presence during cardiopulmonary resuscitation is not always practical for emergency practitioners, particularly
when the patient is a child. However, presence during resuscitation in the emergency department has been shown to be
psychologically beneficial for family members, particularly if the attempt is unsuccessful, as it decreases post-traumatic
stress23 and facilitates the grieving process24. There is very little literature exploring this concept in the prehospital setting,
although it has been suggested that parental accompaniment in paediatric trauma requiring helicopter retrieval is probably
beneficial for both the patient and the family?25.

The appropriateness of family presence during prehospital resuscitation following submersion has been left out of the SOP,
as this will depend heavily on the situation. Whilst presence is beneficial for the parent, in the prehospital setting physical
access to the patient may be compromised and this should take precedent over family involvement. The presence of family
members should therefore be left to the discretion of the resuscitation team leader.

Conclusion

Standard operating procedures are known to improve patient outcomes, particularly in high intensity situations, such as
paediatric cardiac arrest where human error is likely to be increased5. This SOP is based upon a comprehensive literature
review and current guidance and may improve the management of paediatric drowning when correctly followed.

A main limitation is the relative paucity of specific literature and research on prehospital management of paediatric
drowning. Therefore this SOP, although based on current evidence and guidance, is supported by a relatively small evidence
base. This checklist should therefore be used as a guideline only and discretion is advised when applying it to unique

scenarios. In addition, this SOP needs validation in the clinical setting. As the field evolves, this SOP may need updating as
more evidence becomes available in emerging areas, such as the use of extra corporeal life support?26.
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