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INTRODUCTION

Drowning is essentially respiratory impairment from liquid submersion. Drowning accounts
for at least 360,000 deaths annually worldwide, including approximately 5400 deaths
annually in the United States [1,2]. Non-fatal drowning events occur much more frequently
than deaths [3]. Drowning quickly causes respiratory and cardiac arrest from hypoxemia,
while survivors can sustain pulmonary, neurologic, cardiovascular, and other injuries.

Drowning and its management are reviewed here. The management of specific
complications of non-fatal drowning (eg, hypothermia and acute respiratory distress
syndrome), complications of SCUBA diving, and the general management of trauma are
discussed separately.

®

(See "Accidental hypothermia in adults".)●

(See "Hypothermia in children: Management".)●

(See "Complications of SCUBA diving".)●

(See "Acute respiratory distress syndrome: Clinical features, diagnosis, and
complications in adults".)

●

(See "Initial management of trauma in adults".)●

(See "Trauma management: Approach to the unstable child".)●
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TERMINOLOGY

Consensus and society guidelines have standardized the definitions related to drowning to
ensure a consistent approach to reporting and studying these incidents [4-8]. Terms such as
"near-drowning," "secondary drowning," "wet drowning," and "dry drowning" should not be
used. Accepted definitions include the following [5-7,9,10]:

EPIDEMIOLOGY

Drowning is a common cause of accidental death in the United States (US) and a prominent
cause of childhood fatalities worldwide [12-18]. Low and middle-income countries have the
highest rates of drowning, accounting for over 90 percent of cases worldwide. Statistics for
non-fatal drowning are more difficult to obtain, but it is estimated that for every child that
dies of drowning in the US, another eight receive care in an emergency department, and 40
percent of those require hospitalization [19].

In the US, drowning is a major cause of accidental death among persons under the age of 45
years, and a leading cause in children under five years of age in states where swimming
pools or beaches are readily accessible (eg, California, Arizona, and Florida) [12,20-22]. The
highest incidence of drowning occurs among males, African-Americans, children between the

Drowning – "The process of experiencing respiratory impairment from submersion or
immersion in liquid [8]."

●

Fatal drowning – A drowning event with a fatal outcome.●

Non-fatal drowning – A drowning event in which the process of respiratory
impairment is stopped before death, and the victim survives. The World Health
Organization has proposed a framework to further classify non-fatal drowning based
on the severity of respiratory impairment immediately after the drowning process has
stopped [11]:

●

Mild impairment: Breathing, involuntary distressed coughing and fully alert•

Moderate impairment: Difficulty breathing and/or disoriented but conscious•

Severe impairment: Not breathing and/or unconscious•

Rescue – An intervention that prevents progression to drowning in an individual who is
submerged but at no time develops respiratory symptoms or impairment.

●
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ages of one and five years (typically inadequately supervised in swimming pools, bathtubs,
or around other liquid-filled containers), persons with low socioeconomic status, and
residents of Southern states [13,18,23]. Approximately 7 percent of child drownings appear
related to child abuse or neglect. Adult drownings tend to occur at rivers, lakes, and beaches
[24]. Drowning is much more common during the summer months.

In Canada, a retrospective 10-year database review of 4288 fatal drowning victims found a
median age of 44 years, and 80 percent were male [25]. Most drownings occurred in an
urban region. The most common preceding activities were aquatic (ie, swimming) or boating,
and the most common bodies of water involved were lakes, ponds, or flowing water. The
victim was typically alone, and one-third had a preexisting condition (eg, cardiovascular
disease, physical disability, seizure disorder). Victims who drowned in bathtubs (11 percent of
total drownings) were more likely to have a seizure or neurocognitive disorder.

RISK FACTORS

The following factors increase the risk of drowning [1,12,22,24-34]:

Inadequate adult supervision or being around bodies of water while alone●

Inability to swim or overestimation of swimming capabilities●

Risk-taking behavior●

Use of alcohol (more than 50 percent of adult drowning deaths involve alcohol, while a
serum ethanol concentration ≥150 mg/dL is associated with a 37-fold increased risk of
fatal drowning compared with sober controls) [35]

●

Black American and Native American (including Alaska Natives) race/ethnicity (Black
American teenagers drown in swimming pools much more commonly than White
children of the same age) [36-38]

●

Hypothermia, which can lead to rapid exhaustion or cardiac arrhythmias (see
"Accidental hypothermia in adults")

●

Concomitant trauma, stroke, or myocardial infarction●

Having a seizure disorder (which is associated with a nearly 20-fold increased risk of
fatal drowning in children and adolescents)

●
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PATHOPHYSIOLOGY AND CLINICAL FEATURES

General mechanism — Drowning typically begins with a period of panic, loss of the normal
breathing pattern, breath-holding, air hunger, and struggling to stay above the water. Reflex
inspiratory efforts eventually occur, leading to aspiration of water, coughing when water
contacts the lower respiratory tract, and within minutes, hypoxemia, loss of consciousness,
followed by apnea. Cardiac arrest occurs from hypoxemia and is preceded by bradycardia
and pulseless electrical activity rather than a ventricular dysrhythmia [1,42-47]. Hypoxemia in
turn affects every organ system, with the major component of morbidity and mortality from
cerebral hypoxia [26].

The composition of the aspirated fluid is less important than the quantity. Aspiration of 1 to 3
mL/kg of liquid compromises the function of pulmonary surfactant and leads to respiratory
compromise and hypoxemia. However, there are differences in fluid composition that can
affect a patient's course and management. For example, the temperature of the water,
tonicity, and the presence of contaminants may affect clinical sequelae as in the following
[24,42,43]:

Developmental/behavioral disorders (in children) [39,40]●

Undetected primary cardiac arrhythmia (may be a more common cause of drowning
than generally appreciated) [41]. Mutations in the cardiac ryanodine receptor (RyR)-2
gene, which is associated with familial polymorphic ventricular tachycardia in the
absence of structural heart disease or QT prolongation, have been identified in some
individuals with unexplained drowning [30]. In the Canadian retrospective study, having
a history of ischemic heart disease increased risk of fatal drowning threefold [25]. (See
"Congenital long QT syndrome: Epidemiology and clinical manifestations", section on
'Triggers of arrhythmia' and "Catecholaminergic polymorphic ventricular tachycardia".)

●

Hyperventilation prior to a shallow dive (in order to prolong underwater duration).
Swimmers commonly hyperventilate prior to submerging to reduce the arterial partial
pressure of carbon dioxide (PaCO ). As the individual swims, oxygen is consumed, thus
the partial pressure of oxygen (PaO ) can drop to 30 to 40 mmHg before the PaCO
rises sufficiently to trigger the urge to breathe. This can lead to cerebral hypoxia,
seizures, and loss of consciousness, which can result in drowning. (See "Control of
ventilation".)

●

2

2 2

Cold water submersion can cause ventricular dysrhythmia (discussed further below)●
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Organ specific effects, signs and symptoms

Pulmonary — Fluid aspiration results in varying degrees of lung injury [26]. Both salt water
and fresh water wash out and destroy surfactant, disrupt the alveolar-capillary membrane,
and increase its permeability. The fluid shifts often result in non-cardiogenic pulmonary
edema and the acute respiratory distress syndrome (ARDS) [24,42]. Hypoxemia results from
decreased lung compliance, ventilation-perfusion mismatching, and intrapulmonary
shunting [50]. Both salt water and fresh water drowning cause lung injury, and the
distinction is no longer considered important [51-55]. (See "Acute respiratory distress
syndrome: Clinical features, diagnosis, and complications in adults".)

Pulmonary insufficiency can develop insidiously or rapidly. Increased respiratory rate and
rhonchi, rales, or wheezing on pulmonary auscultation can precede more significant
respiratory distress and radiologic findings. The chest radiograph or computed tomography
(CT) at presentation can vary from normal to localized, perihilar, or diffuse pulmonary edema
( image 1). Pulmonary symptoms can develop anytime in the initial eight hours after a
drowning event, but are unlikely to develop beyond this initial period [56,57].

Neurologic — Approximately 20 percent of non-fatal drowning victims sustain neurologic
damage from hypoxic-ischemic injury, typically from hypoxemia and hypoperfusion during
cardiac arrest [58]. Neurologic injury limits functional recovery and results in long-term
sequelae. Cerebral edema and intracranial pressure elevation, which are sometimes
observed approximately 24 hours after injury, reflect the severity of the neurologic insult
rather than its cause [59,60]. (See "Hypoxic-ischemic brain injury in adults: Evaluation and
prognosis".)

Neurologic injury in a drowning victim can range from subtle signs to comatose lacking
brainstem reflexes. Patients can present with myoclonic jerks or seizure activity. A comatose
drowning victim can have non-convulsive status epilepticus that can only be identified with
electroencephalography. Neurologic status can worsen if cerebral edema develops, but can
also improve over time with substantial neurologic recovery despite initial poor neurologic
examination. Prognostication based on the initial clinical neurologic examination can be
inaccurate since it is often confounded by intoxicants, hypothermia, and metabolic

[48]
Salt water drowning that results in cardiac arrest seemingly has worse outcomes,
although multiple confounders exist [49]

●

Water with high pathogen load (eg, sewage) increases risk for infection and sepsis●
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derangements.

Cardiovascular — Cardiovascular effects after drowning stem from hypoxemia and
hypothermia. A wide variety of dysrhythmias can be encountered including sinus
tachycardia, sinus bradycardia, atrial fibrillation, pulseless electrical activity, and asystole
[61]. Ventricular tachycardia and fibrillation are rare and likely occur from underlying
structural or ischemic heart disease [49,62]. ST segment changes in the electrocardiogram
(ECG) consistent with myocardial ischemia following non-fatal submersion may be due to
takotsubo cardiomyopathy, coronary artery spasm, hypothermia, hypoxia, and less
commonly, myocardial ischemia from occlusive coronary artery disease [63]. (See "Accidental
hypothermia in adults", section on 'Electrocardiographic changes' and "Electrocardiogram in
the diagnosis of myocardial ischemia and infarction".)

A patient with hypothermia can have significant hypovolemia and hypotension due to a "cold
diuresis." During the early phase of vasoconstriction, blood is redirected to core organs,
central volume receptors sense fluid overload, and antidiuretic hormone production
decreases, resulting in increased urine production.

Cold water swimming (including diving) with attempted breath holding can precipitate fatal
ventricular dysrhythmias, especially in patients with a congenital or acquired (ie, medication-
induced) long QT syndrome [48,64]. This likely occurs from the "autonomic conflict" of dual
activation of the sympathetic cold shock response and the parasympathetic diving response.
Additionally, releasing a breath hold itself is an arrhythmogenic trigger. Dual activation of
both arms of the autonomic nervous system can cause supraventricular and junctional
dysrhythmias, but also predispose to ventricular dysrhythmias because myocytes are unable
to regulate action potential duration in response to the abrupt change in heart rate.
Essentially, the QT interval does not match the underlying heart rate and, in susceptible
individuals, predisposes to the torsades de pointes type of polymorphic ventricular
tachycardia. (See "Congenital long QT syndrome: Epidemiology and clinical manifestations",
section on 'Triggers of arrhythmia'.)

Others

A metabolic and/or respiratory acidosis is often observed [65].●

Significant electrolyte imbalances generally do not occur in non-fatal drowning
survivors except those submerged in unusual media, such as the Dead Sea, where
absorption of swallowed extremely concentrated seawater can produce life-threatening
hypernatremia, hypermagnesemia, and hypercalcemia [66,67].

●
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BYSTANDER INTERVENTIONS AND PREHOSPITAL CARE

Rescue and immediate resuscitation by bystanders and emergency medical personnel
improves the outcome of drowning victims [17,77-80]. The need for cardiopulmonary
resuscitation (CPR) is determined as soon as possible without compromising the safety of the
rescuer or delaying the removal of the victim from the water. In a patient with cardiac arrest
due to drowning, bystander CPR improves outcomes compared with no CPR; conventional
CPR (ie, with expired-air resuscitation or "rescue breaths") is preferable to compression-only
CPR [80].

In severe cases, multiorgan dysfunction syndrome can occur from a systemic
inflammatory response [51,68,69].

●

Renal failure can occur rarely after submersion, and is usually due to acute tubular
necrosis resulting from hypoxemia, shock, hemoglobinuria, or myoglobinuria [70,71].

●

Hemolysis and coagulopathy are rare potential complications of non-fatal drowning
[72-76].

●

Begin rescue breathing – Bystanders should begin conventional CPR (starting with
rescue breaths) as soon as possible. Ventilation is generally considered the most
important initial treatment for victims in cardiac or respiratory arrest from submersion
injury since the arrest is typically due to hypoxemia. Rescue breaths are particularly
important as compared with the non-submersion adult cardiac arrest patient, where
immediate uninterrupted chest compressions are emphasized. If the rescuer is unable
or unwilling to perform rescue breaths, then they should be instructed to perform
compression-only CPR. (See "Adult basic life support (BLS) for health care providers" and
"Pediatric basic life support (BLS) for health care providers".)

●

If the rescue team is highly trained with appropriate equipment (eg, ventilation
adjuncts, flotation devices), then rescue breathing can begin in open water; however,
this is technically challenging and should not delay ultimate rescue time [80]. For most
circumstances, rescue breathing should begin as soon as the rescuer reaches shallow
water or a stable surface. Do not delay rescue breathing to perform the Heimlich
maneuver or other postural drainage techniques that attempt to remove water from
the lungs, as they are of no proven value [17,81,82].

Palpate pulses – A careful search for pulses should be performed before initiating●
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chest compressions because sinus bradycardia and atrial fibrillation do not require
immediate treatment. Pulses may be very weak and difficult to palpate if the drowning
patient is hypothermic or has sinus bradycardia or atrial fibrillation. Do not delay
administering rescue breaths to perform the pulse check. (See "Accidental hypothermia
in adults", section on 'Arrhythmias not causing cardiac arrest'.)

Begin chest compressions – Chest compressions should not be attempted in open
water, but can be attempted on a boat if conditions allow and rescuers are trained and
focus on performing high-quality compressions (which are technically more difficult on
a boat).

●

Administer automated external defibrillator (AED) when appropriate – If an AED is
available and recommends defibrillation, delivery of a shock should be performed and
is safe for a drowning victim [80]. However, before applying AED pads, the patient's wet
clothes need to be removed and the chest, neck and upper abdomen dried (the care
team should ideally be dry as well). (See "Automated external defibrillators".)

●

Provide supplemental oxygen – High-flow oxygen-delivery systems should be used to
ensure adequate oxygenation of spontaneously breathing patients. Administer 100
percent oxygen initially until oxygen saturation can be measured, then titrate inspired
oxygen percentage to maintain the patient's saturation in a normal range to avoid
complications of hyperoxia [80].

●

Manage the airway – Patients with apnea, respiratory distress, or who are unable to
protect their airway should be tracheally intubated via standard advanced airway
principles if equipment is available. Otherwise, bag-mask ventilation (BVM) remains a
reasonable approach during early care and prehospital transport. Particularly in areas
with a high risk of respiratory infection from coronavirus disease 2019 (COVID-19) or
comparable pathogens, BVM devices should be equipped with a high-efficiency
particulate air (HEPA) filter. A review of 2388 drowning victims with cardiac arrest found
that use of supraglottic airway devices (compared with tracheal intubation or BVM)
decreased odds of overall survival, but there was no difference in survival with good
neurologic outcome between any of these airway techniques [83]. (See "Overview of
advanced airway management in adults for emergency medicine and critical care" and
"Emergency endotracheal intubation in children".)

●

Keep the victim warm – Attempts at rewarming hypothermic patients with a core
temperature <33°C should be initiated, either by passive or active means as available.

●
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PATIENT IN CARDIAC ARREST

Continue resuscitation until patient warm — In a hypothermic patient with cardiac arrest,
we suggest continuing resuscitative efforts until the patient's core temperature reaches 32 to
35°C (93 to 95°F) and asystole has been present for at least 20 minutes [85,86]. Survivors are
likely to have a poor neurologic outcome if the return of spontaneous circulation (ROSC) does
not occur within 30 minutes of the initiation of advanced life support, except when
hypothermia occurs prior to submersion [87]. Prolonged resuscitative efforts can be
effective, even if continued for several hours. Patients have had complete recovery despite
prolonged resuscitation (after submersion for as long as 90 minutes), possibly because of the
neuroprotective effects of hypothermia [88-90]. Prolonged resuscitations appear more likely
to be effective when drowning occurs in cold water (≤6°C) or circumstances suggest that
hypothermia preceded asphyxia, although data are limited, and the relative benefits of cold
water have been questioned [91]. (See "Accidental hypothermia in adults", section on
'Cardiopulmonary resuscitation' and 'Outcome' below.)

Extracorporeal cardiopulmonary resuscitation — In a setting where conventional CPR is
failing and extracorporeal membrane oxygenation (ECMO) is available, extracorporeal
cardiopulmonary resuscitation (ECPR; venoarterial ECMO in conjunction with CPR) may be a
salvage option and considered on a case-by-case basis [89,92-100]. In patients with mixed
hypoxic and hypothermic cardiac arrest who undergo ECPR, neurologically intact survival is
reported between 5 and 22 percent, although studies include a small number of patients and
are retrospective. Patients with an initial core temperature <26°C (79°F) and a normal serum
potassium concentration tended to have better outcomes.

(See "Accidental hypothermia in adults".)

Cervical spine immobilization not routinely needed – Cervical spinal cord injury is
uncommon in non-fatal drowning victims, unless there are clinical signs of injury or a
concerning mechanism (eg, dive into shallow water). Routine cervical spine
immobilization is not recommended since it can interfere with essential airway
management [10,82]. A cohort study of 2244 submersion victims reported that 11 (0.5
percent) sustained cervical spine injuries, and all had obvious signs of injury and a
mechanism (eg, diving, motor vehicle crash) consistent with spinal trauma [84]. Altered
mental status (eg, intoxication) can confound evaluation of spinal injuries in non-fatal
drowning patients. (See "Evaluation and initial management of cervical spinal column
injuries in adults", section on 'Spinal immobilization'.)

●
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Post-arrest management — We believe it is reasonable to perform targeted-temperature
management (TTM) for all drowning patients not following commands after ROSC. However,
the optimal goal temperature in the postresuscitation period following drowning remains
unclear because high-quality evidence is lacking. A reasonable approach is TTM maintaining
a core temperature between 33 and 36°C for at least 24 hours, similar to management of
post-cardiac arrest from other causes. Many patients may already be at this temperature
from environmental exposure and the mixing of cooler peripheral blood with core blood. The
initiation and on-going management of TTM are discussed separately. (See "Initial
assessment and management of the adult post-cardiac arrest patient", section on
'Temperature management'.)

Case series have reported no clear improvement in outcome following the use of TTM
[101,102], and the treatment has been associated with an increased incidence of sepsis,
probably secondary to cold-induced immunosuppression [58,102,103]. However, other case
reports describe improved outcomes following TTM [104,105], and several guidelines and
expert opinions support TTM as a possible intervention [10,89,106,107]. Regardless,
hyperthermia should be avoided, as it increases cerebral metabolic demands and lowers the
seizure threshold.

Management of the patient immediately after ROSC is discussed further in detail elsewhere.
(See "Initial assessment and management of the adult post-cardiac arrest patient" and
"Pediatric advanced life support (PALS)", section on 'Early post-cardiac arrest management'.)

PATIENT WITH PERFUSING RHYTHM

Overview and general principles — Care of the drowning victim who is breathing
spontaneously, who is in respiratory arrest, or who has return of spontaneous circulation
(ROSC) after cardiac arrest focuses on general supportive measures, addressing organ-
specific injuries, performing imaging and laboratory studies, and determining disposition.

Address airway, breathing, and circulation – If a patient in respiratory arrest does not
start breathing spontaneously with bag-mask ventilation, they should be tracheally
intubated and started on mechanical ventilation. Supportive measures specific to the
drowning victim are discussed further below. (See 'Hypoxemia' below and 'Hypotension'
below.)

●

Role of cervical spine immobilization – Injury of the cervical spine is not common in
patients with submersion injuries, but precautions should be taken if there is a

●
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Initial testing — The following evaluation should be performed in all patients who are
symptomatic when they present for care:

concerning history (eg, dive into shallow water), evidence of head/neck trauma, or signs
of neurologic deficit.

Monitoring – Monitoring of the symptomatic patient should include continuous oxygen
saturation and cardiac telemetry. Waveform end-tidal CO  should be used for patients
requiring ventilatory support. Continuous core temperature monitoring with a low-
reading thermometer should be instituted in hypothermic patients. (See "Pulse
oximetry" and "Carbon dioxide monitoring (capnography)" and "Accidental
hypothermia in adults", section on 'Temperature measurement'.)

●

2

Address bronchospasm – Bronchospasm often occurs in non-fatal drowning victims
and is treated similarly to acute asthma with inhaled beta-adrenergic agonists. (See
"Acute exacerbations of asthma in adults: Home and office management" and "Acute
asthma exacerbations in children younger than 12 years: Inpatient management".)

●

Role of prophylactic antibiotics – Administer broad-spectrum antibiotics only if
drowning occurred in heavily contaminated water (eg, sewage). Prophylactic antibiotics
are not needed if drowning occurred in a pool, river, lake, or ocean [51,108].

●

Ineffective therapies – There is no role for glucocorticoids, exogenous surfactant, or
barbiturates. (See 'Ineffective or investigational therapies' below.)

●

Measure core temperature with a low-reading thermometer (tympanic temperature
measurement can be unreliable in drowning victims due to liquid in the external
auditory canal)

●

Reliable pulse oximetry saturation or arterial blood gas●

Chest radiograph (CXR)●

Electrocardiogram (ECG). Obtain troponin in patients with ECG changes or signs of
cardiovascular toxicity (eg, hypotension, dysrhythmia)

●

Serum electrolytes and creatinine, liver function tests, blood counts, and prothrombin
time

●

Serum ethanol concentration (except in children), given the association between alcohol
use and drowning

●
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Patients with persistently altered mental status should have the following:

Management

Hypoxemia

Support oxygenation and ventilation — A drowning victim with hypoxemia most
likely has developed lung injury or pulmonary edema and will need support of oxygenation
and ventilation. Indications for tracheal intubation include the following:

If tracheal intubation is performed, an orogastric tube should be placed to relieve gastric
distension, which occurs from passive passage of fluid and is common in drowning patients.

In a hypoxemic patient who does not require immediate tracheal intubation, supplemental
oxygen should be provided (eg, via nasal cannula or face mask) to maintain normal SpO . If
hypoxemia persists or there are signs of ventilatory failure, then positive pressure NIV via
continuous positive airway pressure (CPAP) or bilevel positive airway pressure (BPAP) can
improve oxygenation and decrease ventilation-perfusion mismatch [80,109]. In drowning
patients with moderate to severe lung injury, NIV has been used successfully to manage
hypoxemia, and many patients can wean off NIV in one to two days. Positive airway pressure
increases intrathoracic pressure, and patients must be carefully monitored for hypotension.
NIV can induce vomiting and further aspiration by contributing to gastric distension, which is
a particular concern in drowning victims. (See "Noninvasive ventilation in adults with acute
respiratory failure: Benefits and contraindications".)

Evaluation for injuries with indicated imaging (see "Initial management of trauma in
adults" and "Approach to the initially stable child with blunt or penetrating injury" and
"Trauma management: Approach to the unstable child")

●

Bedside glucose measurement upon arrival●

Brain CT●

Signs of neurologic deterioration or inability to protect the airway●

Inability to maintain a PaO  above 60 mmHg or oxygen saturation (SpO ) above 90
percent despite use of a high-flow oxygen-delivery system or non-invasive ventilation
(NIV)

● 2 2

Evidence of ventilatory failure with worsening respiratory acidosis (rising PaCO2 or
decreasing pH) despite optimal non-invasive support

●

2
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Positive pressure ventilation, either non-invasive or invasive, improves hypoxemia in
drowning victims by maximizing and maintaining alveolar recruitment and thereby reducing
ventilation-perfusion mismatch. High positive end-expiratory pressures (PEEP) may also
improve gas exchange by promoting the resorption of fluid from the alveoli into the
vasculature.

Ventilatory strategies — Mechanical ventilatory strategies are similar to those
employed in other types of acute lung injury, and include the following goals (see "Ventilator
management strategies for adults with acute respiratory distress syndrome"):

Role of bronchoscopy — There is no role for routine bronchoscopy in a drowning
victim unless there is clear evidence of aspiration of foreign material. (See "Flexible
bronchoscopy in adults: Indications and contraindications", section on 'Therapeutic
indications'.)

Extracorporeal membrane oxygenation for refractory hypoxemia — In a patient
with severe acute respiratory distress syndrome (ARDS) who is persistently hypoxemic
despite optimal invasive ventilation, we suggest initiating venovenous extracorporeal
membrane oxygenation (ECMO) if available. ECMO is most likely to benefit a patient who is
not severely acidemic, has not developed organ failure (especially kidney failure), and has not
suffered a prolonged cardiac arrest with consequent concern for severe neurologic injury.
Additionally, ECMO can also provide active rewarming in the persistently hypothermic
patient. (See "Extracorporeal membrane oxygenation (ECMO) in adults".)

Observational studies report good neurologic outcomes in patients who did not suffer
cardiac arrest, and who receive ECMO for respiratory rather than circulatory support
[104,110-113]. In a multicenter registry spanning 30 years (247 drowning patients), 71
percent who received extracorporeal life support (ECLS) and did not suffer a cardiac arrest
survived to hospital discharge (compared with 57 and 23 percent who either had a cardiac
arrest before ECLS or had ECLS during cardiac arrest, respectively) [111]. Outcomes were
similar between adult and pediatric patients. Mortality was higher in patients who presented

Increase PEEP if needed to achieve adequate oxygenation.●

Use lung protective strategies, which would include starting with a low tidal volume (6
mL/kg ideal body weight) ( table 1).

●

In patients with concern for hypoxic-ischemic brain injury, permissive hypercapnia
should be avoided.

●
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with severe acidemia (pH <7.0), developed renal failure (Cr >1.5 mg/dL), and required
venoarterial instead of venovenous ECMO.

Natural history of lung injury — The duration of submersion and extent of hypoxic
injury predicts the ultimate clinical course. Most patients without respiratory or cardiac arrest
will have a good outcome and fully recover. Acute lung injury and pulmonary edema are
usually reversible. Some patients with mild lung injury will require supplemental oxygen for 6
to 48 hours, then improve and be discharged home [65]. Most other patients will need a
period of non-invasive ventilation (NIV) or tracheal intubation for invasive ventilatory
support. Patients with lung injury will probably require at least two days of support since that
is typically the time required to regenerate surfactant [109].

Pneumonia — Antibiotics should be reserved for cases of clinical pulmonary infection (eg,
fever, leukocytosis, new radiographic infiltrate that develops two to three days after
drowning) or if the victim was submerged in grossly contaminated water. If pneumonia
follows non-fatal drowning, suspect infection with water-borne pathogens, such as
Aeromonas, Pseudomonas, and Proteus [114]. (See "Aeromonas infections", section on
'Therapy' and "Pseudomonas aeruginosa pneumonia", section on 'Management'.)

Persistent altered mental status — A patient with a persistently altered mental status
may have suffered hypoxic-ischemic neurologic injury and/or have non-convulsive status
epilepticus. The goal of hospital management is to prevent secondary neurologic injury due
to ongoing ischemia, cerebral edema, hypoxemia, fluid and electrolyte imbalances, acidosis,
and seizure activity. In a drowning patient who remains comatose, aspects of treatment
include the following [10,58,89,101-106] (see "Hypoxic-ischemic brain injury in adults:
Evaluation and prognosis"):

Avoid hypoxemia, hypercarbia, hypotension, pain, urinary retention, or agitation, as
these can raise intracranial pressure and/or worsen cerebral oxygenation.

●

The head of the bed should be elevated to 30 degrees if potential spinal cord injuries
have been excluded, and the patient is not hypotensive.

●

For patients in imminent danger of cerebral herniation (eg, unilateral dilated pupil),
standard brain resuscitation techniques (eg, head of bed elevation, hyperventilation,
administration of hypertonic saline bolus or intravenous 20% mannitol) should be
instituted as soon as possible to temporarily reduce intracranial pressure. (See
"Evaluation and management of elevated intracranial pressure in adults", section on
'Urgent situations'.)

●
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Prolonged hyperventilation should be avoided because it causes cerebral
vasoconstriction, decreases cerebral blood flow, and worsens cerebral ischemia.
Therefore, hyperventilation, as well as other brain resuscitation techniques, are merely
a bridge to more definitive interventions such as ventriculostomy or decompressive
craniectomy. (See "Evaluation and management of elevated intracranial pressure in
adults", section on 'Decompressive craniectomy'.)

A comatose drowning victim (especially if having myoclonic activity) should have an
electroencephalogram (EEG) to exclude status epilepticus. Even if there is no myoclonic
activity, an EEG should be obtained to exclude non-convulsive status epilepticus if
mental status remains poor. (See "Hypoxic-ischemic brain injury in adults: Evaluation
and prognosis", section on 'Electroencephalography' and "Electroencephalography
(EEG) in the diagnosis of seizures and epilepsy".)

●

Seizure activity, which increases cerebral oxygen consumption and blood flow, should
be aggressively controlled. Non-sedating anticonvulsants (eg, phenytoin) are preferred
because they do not complicate neurologic assessment. (See "Hypoxic-ischemic brain
injury in adults: Evaluation and prognosis", section on 'Seizures'.)

●

Adequate sedation should be provided to reduce patient-ventilator dyssynchrony,
which can increase intracranial pressure. If possible, neuromuscular blocking agents
should be avoided because they can interfere with neurologic assessment. (See
"Sedative-analgesic medications in critically ill adults: Properties, dose regimens, and
adverse effects" and "Neuromuscular blocking agents in critically ill patients: Use, agent
selection, administration, and adverse effects".)

●

Unless performing targeted-temperature management (TTM), maintain euthermia.
Avoid hyperthermia since it increases cerebral metabolic demand. (See "Evaluation and
management of elevated intracranial pressure in adults", section on 'Fever' and
"Elevated intracranial pressure (ICP) in children: Management", section on 'Temperature
control'.)

●

Maintain euglycemia as both hypoglycemia and hyperglycemia may be harmful to the
brain. (See "Glycemic control in critically ill adult and pediatric patients".)

●

Diuretics can be used to avoid hypervolemia and to treat elevated intracranial pressure,
but equal care should be taken to avoid volume depletion, which can lower cardiac
output and cerebral perfusion. (See "Evaluation and management of elevated
intracranial pressure in adults", section on 'Osmotic therapy and diuresis' and "Elevated

●
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Hypotension — In a patient with hypotension, administer intravenous crystalloid to
counter the effects of immersion diuresis and correct other potentially contributing
etiologies such as hypoxemia, acidosis, hypothermia, spinal shock, and effects of ingestions
[54,115,116]. If ultrasound equipment and proficiency is available, an extended Focused
Assessment with Sonography for Trauma (E-FAST) examination can evaluate for occult
trauma and concurrently assess fluid status by imaging inferior vena cava diameter changes
with the respiratory cycle. (See "Emergency ultrasound in adults with abdominal and thoracic
trauma", section on 'Focused Assessment with Sonography for Trauma' and "Novel tools for
hemodynamic monitoring in critically ill patients with shock", section on 'Vena cava
assessment'.)

If hypotension is refractory to these measures, initiate a vasopressor (eg, norepinephrine)
infusion. A patient with persistent hypotension may have developed a cardiomyopathy,
decreased cardiac output, or high pulmonary vascular resistance [63,117-119]. An
echocardiogram and/or pulmonary artery catheterization can be helpful to determine
etiology of hypotension and provide data that can assist in optimal fluid replacement and
inotropic support. Any unstable cardiac rhythm that might be contributing to the
hypotension should be treated using advanced cardiac life support/pediatric advanced life
support (ACLS/PALS) principles. (See "Use of vasopressors and inotropes" and "Pulmonary
artery catheterization: Interpretation of hemodynamic values and waveforms in adults" and
"Advanced cardiac life support (ACLS) in adults" and "Pediatric advanced life support (PALS)".)

Hypothermia — In the awake hypothermic patient, remove wet clothing and initiate
passive external rewarming (eg, application of warm blankets, plumbed garments, heating
pads, radiant heat, forced warm air). In a patient with ROSC or with signs of severe
neurologic injury, TTM (goal core temperature between 33 and 36°C) and not normothermia
may be the goal. Patients who remain unresponsive and hypothermic (below TTM goal
temperature) may require active internal core rewarming (eg, warmed humidified oxygen via
tracheal tube, heated irrigation of peritoneal and pleural cavities). In addition, endovascular
and extracorporeal rewarming options are available in some centers. (See 'Post-arrest

intracranial pressure (ICP) in children: Management", section on 'Hyperosmolar
therapy'.)

Delayed cerebral edema may develop 24 hours after the initial hypoxic-ischemic injury
and carries a poor prognosis. (See "Hypoxic-ischemic brain injury in adults: Evaluation
and prognosis" and "Evaluation and management of elevated intracranial pressure in
adults" and "Elevated intracranial pressure (ICP) in children: Management".)

●
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management' above and "Accidental hypothermia in adults".)

DISPOSITION

Asymptomatic individual — An asymptomatic individual who was submerged but at no
time develops respiratory symptoms or impairment (ie, at no time has a cough), has
recollection of all of the events, and has normal oxygen saturation and vital signs, can be
discharged without testing or observation as long as a responsible adult can provide home
monitoring. They should be instructed to return to the emergency department (ED)
immediately if they develop any symptoms.

Symptomatic patient with normal oxygen saturation — A patient who has developed any
respiratory symptoms (eg, cough) needs a minimum observation of eight hours. A drowning
victim with normal oxygen saturation and initial chest radiograph (CXR) can be discharged if
all of the following criteria are met at the end of the observation [80]:

A review of 75 pediatric patients found that all who ultimately developed symptoms did so
within seven hours of immersion [120]. Similar analyses in adults and children support these
recommendations [56,57,121-123].

Discharged patient should be provided clear instructions to return to the ED immediately for
any worsening respiratory symptoms and be accompanied by a responsible adult.

Hypoxic and other severely ill patients — Most symptomatic drowning victims will need
hospitalization because of the severity of illness, concern for clinical deterioration, expected
duration of requiring respiratory support, or treatment of organ-specific complications. A
patient who had witnessed apnea, cardiac dysrhythmia, hypoxemia, or abnormal CXR should

Normal mentation●

No new or worsening respiratory symptoms●

If the patient has a cough, it should be improving prior to discharge•

Any subjective dyspnea should resolve prior to discharge•

Normal age-adjusted vital signs●

Supplemental oxygen requirement does not develop●

Normal pulmonary auscultation●
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be admitted. Most patients who were unconscious will need admission, unless they were
unconscious briefly and presented to the ED awake and meet all the above criteria for
discharge. Ultimately, the duration of submersion and extent of hypoxic injury predicts the
ultimate clinical course and anticipated length of hospitalization.

INEFFECTIVE OR INVESTIGATIONAL THERAPIES

OUTCOME

Duration of submersion is the most critical factor in determining outcome; the rate of death
or severe neurologic injury is just 10 percent when submerged less than five minutes.
Evidence pertaining to survival following a submersion injury is limited to a large case-
control study and other case series. Reported survival rates for drowning victims vary widely
[91,129,130], but in patients who survive to hospital discharge neurologically intact, long-
term survival appears to be similar to the general population [131,132]. The following factors

Glucocorticoids – There is no good evidence to support the routine use of
glucocorticoids for acute lung injury in drowning victims [43,51,72].

●

Intracranial pressure monitoring – Aggressive measures to reduce elevated
intracranial pressure, as well as intracranial pressure monitoring, have not been
documented to improve outcomes and are rarely undertaken [60].

●

Surfactant – Researchers have investigated the use of exogenous surfactant to treat
submersion injury with respiratory failure, with the rationale of replacing washed out
surfactant [124,125]. Although there are case reports of surfactant treatment with good
outcomes [126], no trials have been performed in non-fatal drowning victims, and there
is no high-quality evidence that pulmonary function improves with surfactant therapy.
(See "Acute respiratory distress syndrome: Investigational or ineffective therapies in
adults", section on 'Ineffective or harmful therapies'.)

●

Barbiturates – The use of barbiturates (combined with controlled hypothermia) in
unconscious non-fatal drowning victims was reported to decrease mortality and
neurologic morbidity in children [127]. However, subsequent studies failed to show any
benefit from this therapy [46]. As an example, one study of 31 comatose, drowned
children did not show a difference in outcomes between those treated with mild
hypothermia alone, and those treated with mild hypothermia plus pentobarbital [128].

●
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at presentation have been associated with a poor prognosis [3,89,91,133-142]:

High-quality evidence or prognostic scales to identify early predictors of poor neurologic
outcomes that can assist in the decision to discontinue medical care do not exist, and
substantial neurologic recovery has been reported following prolonged submersion and
anoxia [46,143-145]. However, the absence of spontaneous, purposeful movements 24 hours
after drowning is an ominous sign; one study of 44 children found that all such patients died
or suffered severe neurologic sequelae [146].

Cold water submersion may benefit drowning victims by decreasing metabolic demands and
activating the diving reflex, a primitive reflex of bradycardia and breath-holding that shunts
blood to the vital organs. However, a case-control study of 1094 open water drownings
recorded between 1975 and 1996, many of which occurred in colder water, did not find an
association between water temperature and survival with a "good outcome" (defined as no,
mild, or moderate neurologic sequelae) [91]. The study did find associations between good
outcomes and the duration of submersion (88 percent were submerged less than six
minutes) as well as with patient age (children younger than five years did best). Suspected
drug or alcohol abuse preceding the drowning was associated with a worse outcome
(defined as death or survival with severe neurologic sequelae). Resuscitation standards have
changed over the intervening decades since these data were collected, thus it is difficult to
draw firm conclusions.

PREVENTION

Drowning is preventable in most cases [1,12]. As an example, secure (four-sided) fencing and
gating of swimming pools can exclude virtually all children under the age of four and
potentially decrease swimming pool drowning by 80 percent [12,147]. The importance of
adequate adult supervision, swimming with a partner, appropriate use of personal flotation

Duration of submersion >5 minutes (most critical factor)●

Time to effective basic life support >10 minutes●

Resuscitation duration >25 minutes●

Age >14 years●

Glasgow coma scale <5 (ie, comatose)●

Persistent apnea and requirement of cardiopulmonary resuscitation in the emergency
department

●

Arterial blood pH <7.1 upon presentation●
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devices, and avoidance of alcohol and illicit drugs while swimming or boating should be
stressed by physicians and public health authorities [12,46,147,148]. Parents must also be
warned that toddlers can drown in shallow areas, including bathtubs, toilets, and buckets of
water, if not adequately supervised, which includes strict attention and arm's length
presence [147,149,150]. The American Academy of Pediatrics (AAP) and Centers for
Disease Control and Prevention (CDC) resources related to drowning are available on their
respective websites.

SOCIETY GUIDELINE LINKS

Links to society and government-sponsored guidelines from selected countries and regions
around the world are provided separately. (See "Society guideline links: Management of
environmental emergencies" and "Society guideline links: Hypothermia".)

SUMMARY AND RECOMMENDATIONS

Terminology – Drowning is the process of experiencing respiratory impairment from
submersion or immersion in liquid. Non-fatal drowning is when the process is
interrupted, but the patient develops some form of respiratory impairment (eg,
coughing, trouble breathing). A rescue is interruption of the drowning process without
any respiratory impairment. (See 'Terminology' above.)

●

Risk factors – These include inadequate supervision, being around bodies of water
alone, inability to swim or overestimation of swimming capabilities, risk-taking
behavior, use of alcohol, hypothermia, having a seizure disorder or cardiovascular
disease, and developmental disorder in children. (See 'Risk factors' above.)

●

Pathophysiology – Drowning causes hypoxemia, loss of consciousness, apnea, and
ultimately cardiac arrest. Fluid aspiration results in lung injury and acute respiratory
distress syndrome. Cerebral hypoxic-ischemic injury is a major factor in morbidity and
mortality. Hypothermia is common and can be neuroprotective if it develops before the
submersion. Cold water swimming (including diving) with attempted breath holding
can precipitate ventricular arrhythmias in patients with a congenital or acquired long
QT syndrome. (See 'Pathophysiology and clinical features' above.)

●

Cardiac arrest – Resuscitation follows standard protocol, except compression-only CPR
is not preferred since ventilation is generally considered the most important initial

●
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treatment. We suggest continuing resuscitative efforts until the patient's core
temperature reaches 32 to 35°C (93 to 95°F) and asystole has been present for at least
20 minutes (Grade 2C). Prolonged resuscitative efforts lasting hours can be effective
when drowning occurs in cold water (≤6°C), or circumstances suggest that hypothermia
preceded asphyxia (even after submersion for as long as 90 minutes). (See 'Patient in
cardiac arrest' above.)

Extracorporeal cardiopulmonary resuscitation – In patients where conventional
CPR is failing and extracorporeal membrane oxygenation (ECMO) is available,
extracorporeal cardiopulmonary resuscitation (ECPR; venoarterial ECMO in
conjunction with CPR) may be a salvage option and considered on a case-by-case
basis. An initial core temperature <26°C (79°F) and a normal serum potassium
concentration portend better outcomes. (See 'Extracorporeal cardiopulmonary
resuscitation' above.)

•

Targeted-temperature management (TTM) – In a drowning patient with return of
spontaneous circulation after cardiac arrest, we maintain a core temperature
between 33 and 36°C for at least 24 hours. (See 'Post-arrest management' above
and "Initial assessment and management of the adult post-cardiac arrest patient",
section on 'Initiation, target temperature, and duration of treatment'.)

•

Support oxygenation and ventilation – In the symptomatic spontaneously breathing
patient with a perfusing rhythm, perform tracheal intubation for signs of neurologic
deterioration, inability to protect the airway, inability to maintain oxygen saturation
(SpO ) above 90 percent despite use of a high-flow oxygen-delivery system or non-
invasive ventilation, or evidence of ventilatory failure. (See 'Support oxygenation and
ventilation' above.)

●

2

In a patient who does not require immediate tracheal intubation, supplemental oxygen
should be provided (eg, via nasal cannula or face mask) to maintain normal SpO
Positive pressure non-invasive ventilation (NIV) can improve oxygenation and be a
bridge to tracheal intubation or be weaned off in one or two days in some patients.

2.

Strategies to manage acute lung injury – Ventilatory strategies are similar to
those employed in other types of acute lung injury, including increasing positive
end-expiratory pressure (PEEP) to achieve adequate oxygenation and a low tidal-
volume (6 mL/kg ideal body weight) lung protective approach ( table 1). (See
'Ventilatory strategies' above and "Ventilator management strategies for adults with

•
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acute respiratory distress syndrome", section on 'Efficacy and harm'.)

Refractory hypoxemia – In a drowning patient with persistent hypoxemia despite
optimal ventilator management who did not suffer a prolonged cardiac arrest, we
initiate venovenous ECMO when available. Good rates of hospital survival have been
reported in patients who present without severe acidemia (pH >7.0), do not develop
renal failure (Cr <1.5 mg/dL), and do not require circulatory support. (See
'Extracorporeal membrane oxygenation for refractory hypoxemia' above.)

•

Address injuries and hypothermia – Remove wet clothing and initiate rewarming in
hypothermic patients. Measure core temperature with a low-reading thermometer and
not a tympanic thermometer. Evaluate for and address potential injuries. Cervical
spinal cord injury is uncommon in non-fatal drowning victims, unless there are clinical
signs of injury or a concerning mechanism (eg, dive into shallow water). (See 'Overview
and general principles' above and 'Hypothermia' above.)

●

Studies to obtain in symptomatic patients (see 'Initial testing' above):●

Bedside glucose measurement upon arrival in any patient with altered mental status•

Chest radiograph (CXR)•

Electrocardiogram (ECG)•

Serum electrolytes and creatinine, liver function tests, blood counts, and
prothrombin time

•

Serum ethanol concentration in adolescent and adult patients•

Troponin if ECG changes or signs of cardiovascular toxicity (eg, hypotension,
dysrhythmia)

•

Reliable pulse oximetry saturation or arterial blood gas•

Brain CT if persistent altered mental status•

Focused imaging based on concern for injury•

Altered mental status – A patient with a persistently altered mental status may have
suffered hypoxic-ischemic neurologic injury and/or have non-convulsive status
epilepticus. The goal of management is to prevent secondary neurologic injury due to
ongoing ischemia, cerebral edema, hypoxemia, fluid and electrolyte imbalances,
acidosis, and seizure activity. A comatose drowning victim (especially if having
myoclonic activity) should have an electroencephalogram to exclude non-convulsive
status epilepticus. (See 'Persistent altered mental status' above.)

●

For a patient in imminent danger of cerebral herniation (eg, unilateral dilated pupil),
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medication information. It is not meant to be comprehensive and should be used as a tool
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GRAPHICS

CT scan of pulmonary edema due to near-drowning

Ground glass opacities are seen in both upper lobes. In the right
lung, ground glass opacities abut the minor fissure and spare the
middle lobe.

Courtesy of Paul Stark, MD.
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Low tidal volume ventilation in patients with acute respiratory distress
syndrome

Initial ventilator settings

Calculate predicted body weight (PBW)

Male = 50 + 2.3 [height (inches) - 60] OR

50 + 0.91 [height (cm) - 152.4]

Female = 45.5 + 2.3 [height (inches) - 60] OR

45.5 + 0.91 [height (cm) - 152.4]

Set mode to volume assist-control

Set initial tidal volume to 6 mL/kg PBW

Set initial ventilator rate ≤35 breaths/min to match baseline minute ventilation

Subsequent tidal volume adjustment

Plateau pressure goal: Pplat ≤30 cm H O

Check inspiratory plateau pressure with 0.5 second inspiratory pause at least every four hours and
after each change in PEEP or tidal volume.

If Pplat >30 cm H O, decrease tidal volume in 1 mL/kg PBW steps to 5 or if necessary to 4 mL/kg
PBW.

If Pplat <25 cm H O and tidal volume <6 mL/kg, increase tidal volume by 1 mL/kg PBW until
Pplat >25 cm H O or tidal volume = 6 mL/kg.

If breath stacking (autoPEEP) or severe dyspnea occurs, tidal volume may be increased to 7 or 8
mL/kg PBW if Pplat remains ≤30 cm H O.

Arterial oxygenation and PEEP

Oxygenation goal: PaO  55 to 80 mmHg or SpO  88 to 95 percent

Use these FiO /PEEP combinations to achieve oxygenation goal:

FiO 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

PEEP 5 5 to 8 8 to 10 10 10 to 14 14 14 to 18 18 to 24

PEEP should be applied starting with the minimum value for a given FiO .

Pplat: plateau pressure; PaO : arterial oxygen tension; SpO : oxyhemoglobin saturation; PEEP:
positive end-expiratory pressure; FiO2: fraction of inspired oxygen.
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Adapted from: Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute lung injury and
the acute respiratory distress syndrome. The Acute Respiratory Distress Syndrome Network. N Engl J Med 2000; 342:1301.
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