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Fifteen-minute consultation:
Drowning in children
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ABSTRACT

Drowning is a significant cause of childhood
morbidity and mortality globally. The underlying
mechanisms vary with child development and
most are modifiable to public health promotion
strategies. This article serves to highlight some
of the specific considerations for the clinical
management of drowning in children, both
prehospital and by the in-hospital paediatric
resuscitation team. This includes changes to
standard advanced paediatric life support in the
presence of hypothermia.

CASE VIGNETTE

You receive an alert that a 3-year-old boy
is being brought into the paediatric emer-
gency department with cardiopulmonary
resuscitation in progress; he was recov-
ered from a pond where he was found
face down and unresponsive. The child’s
temperature is 35.1°C. A junior colleague,
keen to lead the resuscitation, asks what
are the specific aspects of managing a
drowning incident that should be consid-
ered in addition to standard high-quality
advanced paediatric life support (APLS).

INTRODUCTION AND EPIDEMIOLOGY
The term ‘drowning’ refers to the process
of respiratory impairment caused by
submersion or immersion in a liquid
medium irrespective of whether the inci-
dent is fatal or not.! Drowning is a major
cause of morbidity and mortality in young
people, with more than 40 deaths occur-
ring every hour worldwide.> However,
the majority of drowning incidents are
largely preventable in all populations.’
Children who survive drowning are often
left with long-term consequences, typi-
cally in terms of neurological deficits.
The circumstances leading to drowning
vary by age. In infancy, drowning is often
a result of inadequate supervision near or
in water (eg, baths). In early childhood, an
inquisitive nature and lack of appreciation
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for danger result in children wandering
away from caregivers to a nearby body of
water (eg, garden ponds). Late childhood
and adolescence bring about increased
risk-taking behaviours (eg, tombstoning).
In 2018, out of 20 drowning deaths in the
UK among 15-19 year-olds, eight involved
alcohol or recreational drug use.*

PATHOPHYSIOLOGY OF DROWNING
The pathology encountered in victims of
drowning varies considerably depending
on the circumstances of the incident.
Obtaining a clear history, including a
bystander account, is essential with safe-
guarding considerations of paramount
importance. Box 1 highlights key clinical
questions that should be explored.

In many cases, the sequence of events
will be purely mechanical, for example,
an infant left unattended in a bath slips
under the water and is unable to save
themselves.

Some individuals may die from injury
before drowning has occurred or may
drown as a consequence of the injury.’
Cervical spine injury is of particular
consideration with specific mechanisms
(eg, diving) and in specific age groups.
This is also true for medical illness, the
classical example being a child with
epilepsy suffering a seizure then falling
into water. However, drowning may be
the first presentation of an underlying
cardiac disease. Diagnosis of such condi-
tions is important for the management of
the patients themselves, and for managing
risk in family members. Cardiomyopathy
should be considered in athletic young
persons who drown despite being able
to swim proficiently. Channelopathies
such as catecholaminergic polymor-
phic ventricular tachycardia and long
QT syndrome may be unmasked by an
apparent drowning episode. In one study
of 35 drowning victims, channelopathy-
causing mutations were identified in
28.6% of cases.’
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Box 1 Questions to consider in a drowning history

How did they enter the water?
1. Deliberately entered themselves.

— Jumped or climbed in.
2. Accidentally entered themselves.

— Mechanical fall.

— Became unwell outside the water and fell in.

— Injured outside the water and fell in.

— Suffered cardiac arrest outside the water and fell in.
3. Introduced to the water by a third party.

— Placed there by a caregiver (eg, bath).

— Pushed in (accidentally or deliberately).

— Incapacitated and fell or pushed in (eg, assault).
How did they get into difficulty?
1. Mechanical (eg, could not swim).
2. Injured in the water.
3. Already unwell; unconscious or incapacitated on entry.
4. Became unwell in the water.
Why did they not extricate themselves from the
situation?
1. Unable to do so.

— Mechanical (eg, could not swim).

— Incapacitated before or after entry into water.
2. Prevented from doing so by a third party (eg, held under).
Any given drowning may involve a combination of many of
the above factors.
What is the likely prognosis?
What was the water temperature?
How long were they submerged?
How long was it until basic life support was commenced?
How long was it until return of spontaneous circulation
(ROSC)?

= W=

While many individuals appear to die as a conse-
quence of water entering the lungs, it has long been
suggested that this is not always the case, with potential
alternative mechanisms including cardiac arrhythmia
and laryngospasm. This remains subject to significant
debate.

It has been suggested that severe clinical deteriora-
tion may occur some time following a drowning event
as a consequence of worsening pulmonary oedema.
This was previously referred to by some as ‘delayed’
or ‘secondary’ drowning. A recent review concluded
there has never been a case in the literature of a patient
who was asymptomatic within 8 hours of being in the
water who has subsequently gone on to deteriorate
and die. Patients with mild symptoms will declare their
prognostic direction of travel within this time frame
and this is usually one of improvement.” There is
expert consensus that these historical, inaccurate and
poorly defined terms are best avoided. This is also true
for ‘dry drowning’ and ‘wet drowning’, which relate
to the absence or presence of aspirated liquid in the
lungs and ‘near drowning’ which may be inconsistently
used for those who have survived or those who have
subsequently died of complications secondary to the
drowning event.

Box 2 Common pathology encountered in victims

of drowning

Immediate/early

» Cardiac arrest/arrhythmia.

» Electrolyte disturbance.

» Pulmonary oedema.

» Intra-alveolar haemorrhage.

» Vomiting (water swallowing).

» Hypothermia.

Medium term

» Hypoxic ischaemic encephalopathy.

» Ischaemic damage to other organs (eg, heart).

» Bronchopneumonia/pneumonitis.

> Acute respiratory distress syndrome/acute lung injury.

Long-term survivors

» Long-term effects of ischaemia (eg, poor neurological
outcome, ischaemic cardiomyopathy).

> Psychological effects.

The evidence exploring the influence of fresh water
versus salt water on clinical outcome is of low quality
and should not influence any change in management.

A wide range of pathology may be encountered in
victims of drowning; a summary of common findings
is given in box 2.

MANAGEMENT

Prehospital management

» At drownings outside of the home, for example, quar-
ries, open water, it is paramount that the victim should
be removed from the water only after ensuring it is safe
for the rescuer to do so. All possible ways to rescue
the victim without entering the water should be consid-
ered. This is to avoid the rescuer becoming a second
victim.

» Early effective basic life support (BLS) is likely to be
the most important factor for survival. In the majority
of circumstances, a standard ABC approach should be
followed.

> Rescue breaths can begin in shallow water, delivering
mouth to nose breaths may be easiest in this situation.

» Record a temperature and begin the process of main-
taining or re-establishing normothermia. This can begin
on the scene by removing wet clothes, drying the victim
and covering them with blankets or dry clothes.

» There is no evidence to support the use of positioning
manoeuvres or abdominal thrusts to remove aspirated
water from the lungs.®?

» Immobilisation of the cervical spine should be performed
where appropriate, specifically in the adolescent age
group or with a history of traumatic injury. Cervical
spine injuries are rarely associated with drownings in
younger children. Hwang et al looked at 10 years of
drowning presentations to a tertiary paediatric centre
and determined that out of 143 patients, only seven had
cervical spine injuries. The youngest child was 9 years
old. All injuries occurred in a swimming pool, six having
a history of diving.’
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Management of
Drowning in
Children

Remove wet clothes and dry victim
Consider need for C-spine immobilisation

CONSCIOUS
NO RESPIRATORY DISTRESS

¢ Record vital signs

¢ Full history & examination

* Consider ECG

 Any safeguarding concerns?

¢ Discharge with safety-net advice or observe

(no more than 8 hours required)

| B -
Support respiration (Oxygen, High flow, NIV, 1&V)

Record temperature and rewarm -

Consider ECG
IV /10 access & consider FBC, U&Es, LFTs, bloed gas

Cardiovaseular support required? IV fluids (warm)

UNCONSCIOUS / CARDIAC ARREST

¢ Intubate and ventilate

* Nasogastric tube
IV / 10 access
Check FBC, U&Es, LFTs, blood gas, glucose
Measure core temperature & rewarm if appropriate
Treat shock with 10-20 mL/kg boluses of 0.9% sodium
chloride or isotonic fluid (e.g. Plasmalyte 148)
Imaging: CXR +/- CT Head
Consider ECG

PASSIVE ACTIVE

Remove wet clothes

Warm Blankets

Warm air system (e.g. Bair Hugger)
Radiant lamp

Ensure warm ambient temperature

* Warm IV fluids (39°C)

* Warm ventilator gases (42°C)

¢ Bladder or gastric lavage with
warm sodium chloride (42°C)

HYPOTHERMIA
CHANGES TO APLS ALGORITHM

<30°C

& Limit defibrillation to 3 shocks

30°C - 35°C

» Double the dose interval for
inotropic er antiarrhythmic drugs

Do not use inotropic or (e.g. adrenaline)

antiarrhythmic drugs (e.g. adrenaline)

o Extremely poor prognosis: Submerged > 25 mins or no ROSC within 30 minutes
e Case reports of good outcomes in ice cold water (hypothermia prior to arrest)
« Continue resuscitation until core temperature is at 32°C or cannot be raised

« Discuss with Paediatric Critical Care early (ECMO or stop resuscitation)

Figure 1 An approach to the management of drowning in
children. APLS, advanced paediatric life support; CXR, chest X-ray;
ECMO, extracorporeal membrane oxygenation; FBC, full blood count;
[&V, Intubate and ventilate; 10, intraosseous; IV, intravenous; LFT,
liver function test; NIV, non-invasive ventilation; ROSC, return of
spontaneous circulation; U&E, urea and electrolytes.

> A nasogastric or orogastric tube should be inserted and
definitive airway established early to minimise the risk of
vomiting and aspiration.”

Table 1 Hypothermia: methods of rewarming (passive and
active) and specific changes to the standard APLS algorithm

Passive rewarming Active rewarming

(Use if core temperature
<30°C)
Remove wet clothes Warm intravenous fluids (39°C)
Warm blankets Warm ventilator gases (42°C)

Warm air system (eg, Bair Hugger) Bladder or gastric lavage with
warm saline (42°C)

Ensure warm ambient temperature

Hypothermia—changes to standard APLS algorithm

Below 30°C, limit defibrillation to 3 shocks as arrhythmia may be
refractory.

Below 30°C, do not use inotropic or antiarrhythmic drugs such as
epinephrine.

The dose interval for resuscitation drugs (including epinephrine) is
doubled between 30°C and 35°C.

Continue resuscitation until core temperature is at least 32°C or
cannot be raised (not required if there is clear evidence the patient has
died, this may be from history or examination).

APLS, advanced paediatric life support.

» The victim’s chest should be dried prior to applying defi-
brillator pads.’

Hospital management

In most cases routine APLS practice should be followed,
prioritising resuscitation with correction of hypoxia
and acidosis. However, for the hypothermic patient,
there are a small number of changes to the standard
algorithm (figure 1). Defibrillation is less effective for
the hypothermic myocardium and the metabolism of
drugs, such as adrenaline, is reduced.

Hypothermia

Core temperature should be recorded (usually rectally).
Marked hypothermia has been associated with a
greater chance of survival and improved neurological
outcome in numerous case reports, but this remains
controversial with no association found in a system-
atic review and meta-analysis.'® When outcomes of
minimal long-term neurological impairments have
been reported, this has typically been associated with
water temperatures <6°C."" One proposed mecha-
nism for this therapeutic hypothermia is rapid cooling
of cerebral blood flow as inhaled cold water cools the
lungs, heart and carotid arteries protecting the brain
early from hypoxic injury. Younger children have a
greater body surface to weight ratio and therefore
theoretically best suited anatomically to enable rapid
cerebral cooling.

Sea temperatures surrounding the UK rarely fall
below 6°C, but inland waters can be lower. Estab-
lishing a clear history may help distinguish between
the patient who is hypothermic with a reversible cause
of cardiac arrest and those hypothermic because they
are deceased.
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Paediatric healthcare workers have a key role in educating caregivers on the risks of water to
their children e.g. infants and young children need CONSTANT adult supervision in the bath and
that bath seats are not safety devices and may offer a false sense of security.

Barriers

The National Water Safety Forum (NWSF) report that in 44% of drownings, the person involved
had no intention of entering water. (4) Community bodies have a role in identifying local water
hazards, to promote awareness of them and develop strategies to mitigate associated risks.

Teaching children how to swim has been found to reduce the risk of drowning as one might
expect. As such, the NWSF has recommended that all children in the UK be given access to
swimming lessons by Key Stage 3.

Safe rescue & resuscitation

Teaching by-standers rescue skills, while not putting themselves at risk, can be critical for the
survival of the child. Timely and effective bystander basic life support can improve the clinical
outcome for drowning in children. (2.19)

Epilepsy has been proven to increase the risk of drowning and therefore safety advice, such as
swimming with a companion. should be emphasised. (21)

Figure 2 Prevention strategies.

Irrespective of the prognostic role water tempera-
tures may play in drowning victims, management strat-
egies should focus on rewarming and effective APLS.
For rewarming methods, see table 1.

Investigations

First-line investigations: conscious patient

> Pulse oximetry—to determine presence of hypoxaemia.

» ECG—to identify arrhythmias either as a potential
cause of the drowning incident (eg, long QT syndrome)
or which may have occurred secondary to hypoxia or
hypothermia.

» Radiology imaging—request according to mechanism of
drowning event and secondary injuries sustained.

First-line investigations: unconscious patient

» Pulse oximetry—to determine presence of hypoxaemia.

» Blood gas—to identify acidosis which may aid
prognostication.

» Blood glucose—to identify hypoglycaemia. Maintaining
normoglycaemia is required for neuroprotection.

» Full blood count—to establish a baseline haemoglobin
level in view of the risk of evolving acute lung injury.

» Electrolytes—significant electrolyte imbalance is gener-
ally rare. Acute renal failure can evolve from acute
tubular necrosis associated with prolonged period of
hypoxia.

» ECG—to identify arrhythmias either as a potential
cause of the drowning incident (eg, long QT syndrome)
or which may have occurred secondary to hypoxia or
hypothermia.

» Chest X-ray—to confirm endotracheal tube position (if
intubated) and serve as a baseline for evolving acute lung
injury.

» CT head—to identify hypoxic brain injury.

» CT cervical spine—may be required depending on mech-
anism of drowning/suspicion of injury.

Antibiotics, surfactant and steroids

» Evidence does not support the routine use of prophy-
lactic antibiotics.'?

» Evidence does not support the routine use of
corticosteroids."?

» Despite case reports, there is no significant high-level
evidence to support surfactant use.'

FURTHER MANAGEMENT

Ventilation strategies

Standard acute lung injury strategies, such as low
tidal volume ventilation (lung protective ventilation),
should be employed. High positive end-expiratory
pressures may be required (10-15cmH,0). Expert
advice from a paediatric intensivist should be sought.

Extracorporeal membrane oxygenation

» Multiple case reports describe the successful use of extra-
corporeal membrane oxygenation (ECMO) in patients
with hypothermic cardiac arrest including children with
prolonged periods of cardiac compression. "’

» The FEuropean Resuscitation Council recommends
ECMO as the preferred method for rewarming in hypo-
thermic cardiac arrests.'®

» ECMO should be initiated early. Prehospital teams
should consider beginning discussions with the regional
centre in cases of hypothermia and cardiac instability.

Concomitant injuries

Assessment and treatment of associated injuries will
be required once initial resuscitation measures are
complete and the patient’s condition stabilised. A
full secondary survey should be performed as soon
as possible. In some cases, as previously discussed, it
may include ongoing investigation and management of
possible cervical spine injury.

Well-being and safeguarding

Drowning deaths are unexpected and therefore appro-
priate support should be offered to the family and staff.
As in all aspects of paediatric practice safeguarding
must be considered carefully and local procedures for
raising concerns followed: Was there adequate super-
vision of the young child? Was the event a suicide
attempt in the adolescent?

PROGNOSIS

Conscious

Non-fatal drowning occurs far more frequently than
fatal drownings. The prognosis is excellent in children
who are conscious at presentation. The duration of
observation should be assessed on a case-specific basis,
but is required for no more than 8 hours.”

Unconscious/cardiac arrest
It is difficult to draw conclusions on prognostication
for the child who is unconscious or in cardiac arrest
as the studies are heterogeneous with small numbers,
inconsistent outcome measures and widely varying
results.'” The greatest evidence appears to be for the
following:

» Time submerged: good outcomes are associated
with <6min submersion. Risk of mortality or poor
neurological outcome is reported as 100% for submer-
sion more than 25 min.'* '
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» Duration of cardiac arrest: extremely poor outcomes
associated with delayed delivery of BLS and no return
of spontaneous circulation within 30 min of APLS."* "

Without hypothermia

In most cases, where there is no history of significant
and rapid-onset hypothermia, decisions to stop resus-
citation should be made in the usual manner. That is
to say, stopping resuscitation can be considered when
there is no return of spontaneous circulation with 20
min of high-quality cardiopulmonary resuscitation in
the absence of a shockable cardiac rhythm.’

With hypothermia

A Dutch study of drowned hypothermic children in
cardiac arrest found poor neurological outcomes were
associated with failure to restore spontaneous circu-
lation within 30 min of advanced life support.'® The
longest paediatric submersion time with good neuro-
logical recovery, however, is reported to be greater
than 1hour."”

When assessing neurological status healthcare
professionals should be aware that hypothermia may
result in poorly responsive pupillary reflexes.

Cardiopulmonary resuscitation should be continued
until core temperature is at least 32°C or cannot be
raised. (This is not required if there is clear evidence
from the history or examination that the patient has
died.) Early discussions with a paediatric critical care
service should act to either facilitate arrangements
for ECMO or provide consensus for cessation of
resuscitation.

PREVENTION

Several recent reports have focused on prevention: the
WHO?’s Global Report on Drowning and the National
Water Safety Forum’s UK National Drowning Preven-
tion Strategy.” *° Key messages focus on: education of
the public on risks of water to children and of associ-
ated risk factors (eg, epilepsy, alcohol misuse), the use
of safety barriers around bodies of water, the provision
of swimming lessons for children and the provision of
lessons in safe rescue and resuscitation for children
and the public (figure 2).

CONCLUSION

Drowning in infants, children and young people is
uncommon in the UK, but large paediatric units are
likely to see cases. Globally, it is a significant cause
of morbidity and mortality. Conscious children do
extremely well and require limited observation. In
unconscious children initial management should
follow APLS principles. History is important to tailor
the management; was hypothermia present prior to
the arrest? It is only in this situation that prolonged
resuscitation may be appropriate. Collectively, we
should advocate for improved preventative strategies
on the local, national and global stage.

Test your knowledge

1. In infancy, what circumstances most commonly lead to
drownings?

A. A combination of increased mobility, an
inquisitive nature and lack of appreciation for
danger.

B. Being left alone, or unsupervised, near or in
water.

C. Reduced supervision and risk-taking behaviour.

2. In prehospital management, what is likely to be the most
important factor in increasing the likelihood of survival?

A. Initiation of early basic life support.

B. Insertion of a nasogastric or orogastric tube due
to the high risk of vomiting and aspiration.

C. The use of abdominal thrusts to remove aspirated
water from the lungs.

3. In the hospital setting, what investigation should be a
priority for a conscious child with no symptoms or signs
suggesting respiratory compromise?

A. Bloods sent for a full blood count, electrolytes
and liver function.

B. Chest X-ray.

C. Investigations are unlikely to be of use in this
circumstance.

4. Which of the following is associated with a poor
prognostic outcome?
A. A conscious child at presentation.
B. A submersion time of 5min.
C. No return of spontaneous circulation at 30 min.
5. Which of the following is a key change to the APLS
algorithm in the context of drowning?
A. Below 30°C, limit defibrillation to 1 shock.
B. Below 30°C, use of inotropic or antiarrhythmic
drugs is preferred to defibrillation.
C. The dose interval for resuscitation drugs is
doubled between 30°C and 35°C.

Answers to the quiz are at the end of the references.
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