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Abstract
Introduction: Salt water near-drowning events are not uncommon in coastal regions. The difference
in tonicity between salt and fresh water in near-drowning events leads many to believe there should be
differences in the approach to managing the patient. We present a case of near-drowning in salt water and
a thorough review of the literature in managing these patients.

https://www.peertechz.com
Case Presentation: A sixteen year old male presented to our level 1 trauma center approximately 30
minutes after a near-drowning in salt water. The patient began to develop hypoxemia associated with
profound pulmonary edema that was not responsive to elevated inspired oxygen levels and high levels of
positive end-expiratory pressure (PEEP).
Conclusion: Despite the alterations in the alveolar interface that are dependent on the tonicity of
the fluid, the ultimate treatment of drowning injuries remains consistent regardless of the tonicity of the
water. Aggressive therapy, tailored to the individual patient, can improve pulmonary shunting. Patients
with hypoxemia requiring intubation should be ventilated with (PEEP) as animal studies have shown rapid
improvements in PaO2 with PEEP values in the range of 5-15.

Introduction

develop hypoxemia (pO2 40 mmHg) and hypercarbia (pCO2 88
mmHg) associated with profound pulmonary edema (Figure 2).

Salt water near-drowning events are not uncommon in

The hypoxemia was not responsive to elevated inspired oxygen

coastal regions. The difference in tonicity between salt and

levels and high levels of PEEP. Copious amounts of frothy

fresh water in near-drowning events leads many to believe
there should also be differences in the approach to managing
the patient. We present a case of near-drowning in salt water
and a thorough review of the literature to determine if there
should be a difference in the way in which patients are managed
with near fresh or salt water drownings.

Case Presentation

edema fluid were frequently aspirated from the patient’s
airway. Brain death was confirmed on hospital day four.

Discussion
Public

perception

regarding

drowning

includes

the

misconception that large quantities of water are aspirated,
preventing ventilation and oxygenation. However, retrospective

A sixteen year old male presented to our level 1 trauma
center approximately 30 minutes after a near-drowning in
salt water. The patient was initially in cardiac arrest but was
successfully resuscitated at the scene. Upon arrival, the patient
was hemodynamically stable, hypothermic, and unconscious.
The standard trauma diagnostic testing did not reveal an
injury. However, CT of the brain did reveal diffuse cerebral
edema consistent with hypoxic brain injury and CT of the chest
was consistent with aspiration (Figure 1). The initial arterial
blood gas revealed adequate oxygenation (pO2 340 mmHg) and
ventilation (pCO2 42 mmHg). The patient was admitted to the
Surgical Intensive Care Unit for re-warming and supportive
care. After approximately four hours, the patient began to

Figure 1: Initial chest CT demonstrating diffuse alveolar densities consistent with
an drowning event.
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situ and in vivo animal models, to actively restore the alveoli to
their normal tonicity [8]. Aspiration and suction of the edema
that is associated with hypertonic drowning must be weighed
against disruption of oxygenation and ventilation, as the
pulmonary shunting is usually short-term and self-limited.

Conclusion

Figure 2: Chest X-ray demonstrating diffuse pulmonary edema.

autopsy reviews reveal that only a small percentage of fatal
drownings are found to have large quantities of intraalveolar
fluid. The pathological insult is primarily due to the development
of a non-physiologic air/liquid interface. The physiologic
response when faced with this alteration is an involuntary
laryngospasm. This prevents the exchange of gasses necessary
for ventilation and oxygenation. As hypoxia and hypercarbia
worsen, the ultimate outcome is cardiac arrest.
Traditional teaching represents a consensus that drowning
in hypertonic solution (such as the sea water seen in our patient)
with subsequent aspiration, results in pulmonary edema due to
the large increase in osmolar gradients. Conversely, aspiration
of fresh water has shown to cause a dilution effect of surfactant
in the alveoli, with subsequent decrease in surface tension and
collapse of the alveoli [1]. This decrease in surfactant is the
nidus for alveolar collapse and development of ARDS. However,
no role for the use of surfactant treatment of ARDS has been
demonstrated [2]. Animal studies reveal that direct injury to
the alveoli is the most severe in fresh water solution, with
hypertonic and isotonic saline solutions causing less damage
[3]. Regardless of medium, the disruption of the P(A-a)O2
gradient and the resulting pulmonary shunting results in
the hypoxemia, hypercarbia, and acidosis. There are several
methods that can be utilized to help improve the hypoxemia
associated with severe ARDS secondary to drowning. Both prone
positioning [4] and extracorporeal membrane oxygenation
(ECMO) [5] have been demonstrated to improve oxygenation
and decreased mortality.
A 1983 animal study by Yammamato utilizing rats
submersed in hypertonic saline, isotonic saline, and fresh
water, showed no difference in survival time. The hypertonic
saline group did have the highest levels of fluid within the
lung tissues, and these subjects were noted to produce frothy
secretions in greater frequency than the other subjects [6]. Case
reports from Cohen in 1992 utilized sampling of alveolar fluid
in non-fatal drowning patients and showed that despite the
initial hyperosmolarity of the sea water solution (926mOsm),
equilibration of the osmolar gradient was achieved within
4 hours of admission [7]. The mechanism by which this is
restored is through a Na,K-ATPase, as demonstrated in both in

Despite the alterations in the alveolar interface that are
dependent on the tonicity of the fluid, the ultimate treatment
of near-drowning injuries remains consistent regardless of
the tonicity of the water. Aggressive therapy, tailored to the
individual patient, can improve pulmonary shunting. Patients
with hypoxemia requiring intubation should be ventilated with
positive end-expiratory pressure (PEEP) as animal studies
have shown rapid improvements in PaO2 with PEEP values in
the range of 5-15 [9-12].
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