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sia equipment. Prestretching a new rebreath-
ing bag assures that with inadvertent overin-
flation the pressure will not exceed 30 to 35
torr. This is similar to prestretching the cuffs
of some new disposable endotracheal tubes to
lower their pressures.
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The Use of Mechanical Ventilation with Positive
End-expiratory Pressure in the Treatment
of Near-drowning

R. R. RutLenGe, M.D.,° axp R. J. Fror, M.D.}

The following case of fresh-water near-
drowning with aspiration emphasizes the re-
versibility of the pulmonary injury and illus-
trates the benefit of mechanical ventilation
with positive end-expiratory pressure (MV with
PEEP) in treatment.

REPORT OF A CasE

A 16-year-old boy was admitted to our care five
hours after near-drowning in chlorinated fresh wa-
ter with aspiration. The boy’s health had been
good, and a chest x-ray ten months earlier had
disclosed no abnormalities. Submersion was esti-
mated to have lasted 3 minutes. Upon removal
from the water, the boy bhad a pulse but was un-
conscious and required mouth-to-mouth resuscita-
tion. When respiration returned, it was rapid and
shallow, and frothy secretions and cyanosis were
present.

Upon arrival in our emergency room two and a
half hours later, the patient had pul vy edema

port to the intensive care unit, where ventilation
was then assisted with a volume ventilator supply-
ing 100 per cent oxygen. A marked alveolar—ar-
terial oxygen gradient (578 torr) persisted in spite
of good mechanical ventilation, so controlled MV
with PEEP at 10 cm H:0 was instituted threc
hours later. A rapid and dramatic improvement
in the osygen gradient (384 torr) followed the
application of PEEP, and the inspired oxygea con-
centration had been reduced to 40 per cent one
and a half hours later. Several hours later, PEEP
was reduced to 5 cm H:O and maintained there
for the next 24 hours while the oxygen concentra-
tion was further reduced. Four hours after cessa-
tion of PEEP, weaning from artificial ventilation
was begun with a T tube; seven hours later, the
trachea was extubated. Supplemental oxygen was
administered for an additional 14 hours. Chest
physiotherapy was continued and assisted hyper-
inflation was utilized periodically until the pa-
tient’s discharge on the sixth hospital day. The
pgh’ent had awakenec!‘ fully w:shm six hours of

and no residual ic deficits were

with cyanosis, tachypnea, and tachycardia, but
was not hypotensive. Initial arterial blood gases,
measured while oxygen was being delivered by
face mask, indicated marked hypoxia and desatu-
ration, hypercarbia, and slight acidemia (Pao. 25
torr; sat 40 per cent; Paco, 46.5 torr; pH 7.32).
An endotracheal tube was introduced and respira-
tion was assisted with an Ambu bag during trans-
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When he was discharged, his chest was
clear to auscultation and x-ray.

Laboratory data of interest include serum K,
which was 5.6 mEq/] on admission, at which time
the blood was “44 hemolyzed.” Two hours later,
serum K was 3.7 mEq/], serum-free hemoglobin
was 24.8 mg/100 ml, and serum osmolarity was
277 mosm/L Although hemolysis and hyperka-

Jemia were uripary ion was tran-
sient, and no arrhythmia occurred. Serum en-
zymes were €l d initiall hed a peak

approximately 12 hours later. Serum bilirubin
was also elevated, and the elevation persisted for
three days (maximum 1.8 mg/100 ml). The x-rays
(fig. 1) and graph (fig. 2) illustrate the severity
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of the pulmonary injury and the efficacy of MV

with PEEP.

Discussiox

A delay of four hours from the time of
fresh-water aspiration until the first blood
sample was obtained may have allowed redis-
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Fic. 1. Chest (-rays. Above, left, six hours
after aspiration and prior to the application of
PEEP; gclou., left, eight hours after institution of
PEEP; aboce, at the time of discharge.

tribution and excretion of potassium and free
hemoglobin such that the elevated values
found in other cases of fresh-water drowning
may have been missed in this case.t The ele-
vated bilirubin attests to a great degree of
hemolysis. Of particular note was the absence
of marked acidosis in spite of severe, pro-
longed arterial desaturation prior to admission.
Such absence of acidosis may be explained by
a greatly increased cardiac output which com-
pensates for diminished arterial oxygen con-
tent.

The inactivation of surfactant and injury to
alveolar cells by aspirated fluids, particularly
fresh water, have been documented.? How-
ever, there has been no major advocation of
the use of PEEP for treatment of near-drown-
ing.* It would appear from this case that such
therapy may be of great value. If the patho-
physiology is indeed the result of alveolar col-
lapse, early re-expansion should allow better
oxygen transfer, thereby allowing lower alveo-
Jar oxygen concentrations and lessening the
chance of “oxvgen toxicity.” In addition,
PEEP can clear intra-alveolar fluid and per-
haps conserve surfactant by interrupting wash-
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out. Reducing atelectasis will also lessen the
h of superimposed infection. Cortico-
steroids can be utilized, as in this case, to re-
duce pulmonary tissue rc:lctivit\ and to lessen

ible cerebral ed from ante-
ccdent hypoxia.* Antibiotics necd not be used
unless infection is evident.

In summary, a near-drowning victim treated
by means of MV with PEEP and corticoster-
oids showed rapid improvement and recovery.
1t is suggested that PEEP be utilized early to
stabilize injured alveoli deprived of surfactant,
thus averting later complications.
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