| Near-drowning:
| strategy for survival
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i Face down, the boy floated in the water is not the first thing to do for without compromising artificial ven-
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-still water of a backyard swimming
pool. But there was no one to no-
tice. A few minutes later, when his
mother came back-out to see how
he was doing, the serenity was shat-
tered by her screams. The father
came on the run and raced to the
pool to pull the unconscious boy
.out of the water. What followed
were the familiar frantic attempts to
get the water out of the boy's lungs
and revive hiti. Then somebody re-
membered to call the doctor. When
he arrived, he was relieved to see
that the boy was awake, and as he
sent for an ambulance, his calmness
seemed to be saying that everything
was going to be all right. ~
But the fact is that many victims of
near-drowning never
sciousness, or they come to almost
immediately. This is no guarantee of
full recovery, however. Even those
who are taken, fully conscious, to a
hospital, may take a sudden turn for
the-worse. o
After seeing more than 150 vic-
- tims of drowning and persons who
nearly drowned over the past ten
years in Florida, Dr. Jerome H. Mo-
dell has concluded that, most lay
water-safety manuals notwithstand-
ing, attempting to get rid of inhaled

-

This article, which first appeared in the June
1970 issue of EM, is drawn from two sources.
The basic plan of therapy is based on the
work of Dr. Jerome H. Modell, professor and
chairman of the anesthesiology department
at the University of Florida, Gainesville. The
illustrative case reporls were presented,
originally in Texas Medicine (Vol. 65, No. 8),
by Dr. E. Warner Ahlgren, clinical associate
professor of anesthesiology at the University
of Texas Southwestern Medical School and
physician-director of respiratory therapy at
the Children’s Medical Center of Daflas, and
Dr. Frederick W. Courington, presently a
resident in psychialry at the University of
Florida. ) %
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" hanagement, therefore, are:

lose con- ¥

a victim of near-drowning. Instead,
he says, hypoxia and acidosis should
get the top priority.

The studies of Dr. Modell and of
other experts during the past few
years have helped evolve a plan of
therapy that begins at the site of the
accident and does not end until the
patient is discharged from the hos-
pital. The emphasis has been shifted
away from fluid and electrolyte dis-
turbances, and the focus is now on
restoring adequate ventilation and

- oxygenation and normal acid-base

balance as quickly as possible. The
main features, or ABCs, of clinical

-

AIRWAY (or ventilation) ’

- You can’t rely on the apparent
duration of submersion as a guide fo
the victim’s physiological state. As
soon as he is removed from the
water, check for breathing move-
ments. If you notice breathing
movements and coughing, concen-
trate on establishing and maintain-
ing adequate ventilation.

If there are no breathing move-
ments,-you must take immediate ac-
tion. Dr. Modell maintains that at-
‘tempts to drain water from the lungs
may waste precious time since the
-degree of hypoxia increases with the
duration of apnea. Hypotonic fluid
is absorbed rapidly from the lung;
it is useless, therefore, to attempt to
drain the lungs of someone who has
been rescued from drowning in
fresh water. If fluid is drained, it is
most likely the result. of emptying
the stomach. However, after the
aspiration of seawater, fluid is
drawn into the fungs from the-cir-
culation, and by proper positioning
of the patient you may be able to
promote drainage from the trachea

tilation. Otherwise, the basic emer-
gency clinical management of fresh-
water and seawater victims is very
nearly the same. '
Whoever gets to the victim first
should quickly clear the pharynx
with his fingers and start exhaled-
air resuscitation immediately. As
soon as effective artificial ventila-
tion is achieved, check the pulse in
the carotid artery. If it is not palpa-
ble, you should start closed-chest
cardiac massage at once and con-
tinue it together with artificial ven- - -
tilation of the lungs. And as soon as
the equipment is available, substi-
tute positive pressure breathing
with oxygen for exhaled air. Al-
though mechanical ventilators are
“able to deliver a higher concentra- -
tion of oxygen to the victim, these
machines are not always readily
available, nor are they always in
working condition. Also, the equip-
ment available is often too compli-
cated for immediate use by the first- -
aider. Therefore, the most reliable
types of mechanical equipment for
resuscitation are the simplest, e.g.,
the self-inflating bag and the hand-
operated oxygen valve. .
Because you cannot determine
the state of the patient's [ungs or’
evaluate the adequacy of arterial ox-
ygenation at the scene of the acci-
dent, all near-drowning victims
should be admitted to the hospital,
insists Dr. Modell. While trans-
porting the patient,” you should
continue resuscitative measures as
needed. Maximal oxygen concen-
tration—100% oxygen, if possible—
should be administered by inhala-
tion, regardless of the apparent clin-
ical condition of the patient. 3
if still required, both artificial res-
piration and closed-chest cardiac
continued
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“  NEAR-DROWNING continued

massage must be-continued during
the trip to the hospital. Massage may
be discontinued if an effective pal-

pable spontaneous pulse returns in

the carotid artery. .

Nonmedical personnel—such as
first-aid squads, lifeguards, or simply
the person performing the rescue—
should be instructed to carry out
these basic first-aid procedures for
the near-drowning victim, keeping
him viable until more definitive
treatment can be started at the-hos-
pital. These measures—clearing the
airway, starting mouth-to-mouth
ventilation, and replacing this as
soon as possible with 100% oxygen
by inhalation—can save precious
seconds and probably the patient’s
life as well. ‘ '

¥
.

BREATHING -

At the hospital, begin treatment
with intensive pulmonary care, Dr.
Modell advises. If difficulty is en-
countered in establishing and main-
- taining a patent airway, he suggests
that a cuffed endotracheal tube be
inserted, Emergency tracheostomy
is rarely indicated early in therapy,
as most patients can be managed by
nonoperative methods. i

If severe respiratory insufficiency
persists, a mechanical ventilator
should be connected to the endo-
tracheal tube for ventilatory sup-
port. In assessing the condition.of
the patient, arterial oxygen and car-
bon dioxide tensions, together with
the acid-base status—pH and base
excess—are essential and provide
your most reliable guide. The
amount of oxygen needed in the
inspired gas to maintain an accepta~
ble arterial oxygen tension, the pat-
tern of ventilation that should be
supplied, and the amount of buffer
solution necessary for reestablishing
normal acid-base balance can all be
determined from the pH, paOs, and
paCO; values, - .

Recent studies have shown that

mechanical ventilation when com-

bined with positive end expiratory
pressure can markedly improve

paO: in both fresh- and seawater
near-drowning victims.

If the patient exhibits obvious pul-
monary edema and froth that ob-
structs the airway, inhalation of an
aerosol of an antifoaming agent,
such as 20 to 30% ethyl! alcohol, is
helpful. Racemic epinephrine by
aerosol inhalation may also be use-

ful in some cases to reduce broncho- -

spasm secondary to the aspiration of
fluid. “Since near-drowning with
fluid aspiration is a form of aspira-
tion pneumonitis, steroids have
been recommended in the past to
‘decrease the inflammatory reaction
and antibiotics to prevent secondary
infections. Recent experiments, cur-
rently in press, do not confirm that
prophylactic steroid therapy helps.

If continuous mechanical ventila-
tion is not needed, intermittent pos-
itive pressure breathing (IPPB) ther-
apy should be administered at
frequent intervals to help reinflate
atelectatic alveoli. High humidity
therapy may also be indicated in

.selected patients to aid them in

raising secretions. .

“Return of consciousness is riot
synonymous with recovery,” notes
Dr. Modell. “Delayed death from
hypoxia does occur.” Therefore, it
should be reemphasized that low
arterial oxygen tension following the
asphyxial episode is a clinical emer-
gency and must be dealt with at
once. He does agree that the doctor
should also determine if abnormal-
ities in serum electrolytes and blood
components are present and correct

them, but he insists that first priority-

must go to dealing with blood-gas
and acid-base changes.

CIRCULATION

The length of time the victim was
deprived of air varies from case to
case. Although knowing the dura-
‘tion of asphyxia can help you.make

‘arough prognosis, you should waste

no time deliberating this factor. Re-
covery has been reported after sub-
mersion for up to 22 minutes. Dr.
Modell says that if the pulse rate or

P M T A AR e T TR T

blood pressure is feeble or absen;,
closed-chest massage should begis
at once, and continue unti} a palE)a-
ble, spontaneous pulse returns.

Other investigators maintain tha:
if a spontaneous pulse is still no:
palpable in the hospital, 1 mg. of
epinephrine should be injected into
a cardiac ventricle and artificial res-
piration and closed-chest cardiac
massage continued while an EKG
examination is done to indicate the
presence or absence of ventricular
fibrillation. These workers add that
as a matter of routine practice, they
inject 1'mg. of epinephrine into the
hearts of all adults and children as
young as 18 months of age. They
reduce the dosage proportionately
foryounger children. Most research-
ers in this field agree, however, that
since metabolic acidosis almost in-
variably accompanies hypoxia in vic-
tims of near-drowning, IV sodium
bicarbonate or some other buffer
should be used routinely.

And, as soon as possible, the phy-
sician should draw arterial blood to
perform those tests that will help
him determine whether further bi-
carbonate, oxygen, or support of
ventilation is needed. If hypovole-
mia is present, you may want to give
a transfusion with whole blood,

- blood components, or blood substi-

tutes. Monitoring pulmonary capil-
fary wedge pressure may be help-
ful in guiding fluid replacement.
Metabolic acidosis is an almost
constant finding in near-drowning
victims. Because this derangement
is so constant, it is now recom-
mended that every patient receive
1V sodium bicarbonate, at a dosage
of about 1 mEq./kg. of body weight,
in the emergency room, even be-
fore any lab studies are done. If the
patient is unconscious or stuporous,
you should give 2 ampuls of IV so-

dium bicarbonate, each ampul con-

taining 44.6 mEq. of bicarbonate in
50 cc. of water, as quickly as pos-
sible. This treatment doesn’t usually
correct the metabolic acidosis to-
tally, but it does improve the pa-
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tient’s condition and normally sui-
fices until the arterial blood-gas
values become available. Additional
doses of sodium bicarbonate may
be required during therapy.

How you handle these four cardi-
nal derangements (airway, breath-
ing, circulation, and acidosis) is es-
sentially an extension of the ABCs
of emergency resuscitation. Sodium
bicarbonate and oxygen are merely
additional measures that must be
provided on the way to the hospital
or, at least, as soon as the patient
arrives there. .

Another constant feature in these
situations, according to Dr. Modell,
is profound hypoxia, which he be-
lieves is the primary cause of death -
in many cases. Since nearly all hy-
poxic patients vomit, aspiration from °
near-drowning hypoxia often oc-
curs and causes confusion as to just
what the chest x-ray does, in
fact, show. Immersion pneumonitis,
often unrecognized as such, is a
patchy, perihilar, not peripheral, in-
filtrate of the lungs. The aspirated -
vomitus associated with hypoxia can
easily mask the x-ray and make diag-
nosis difficult. This infiltration may
persist for days. On the other hand,
severe hypoxia may be present even
without marked x-ray changes.

Hypothermia occurs in some of
these cases and may serve to protect
the hypoxic cerebrum by reducing
oxygen consumption and carbon di-
oxide production. However, the pa-
tient’s body temperature usually in-
creases spontaneously and extemal
warming is not generally necessary.
Many patients actually develop a
fever during the course of recovery.

How well do the ABCs of resusci-
tation work in practice? Extremely
well, according to case reporis pre-
sented by Drs. Frederick W. Cour-
ington and E. Warner Ahlgren. The
cases involve children who nearly
drowned in fresh water—by far the
most common victim and circum-
stance of near-drowning-—and ilfus-
trate the various aspects of therapy,
from pool-side resuscitation, to im-

continued
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NEAR-DROWNING continued

&
mediate emergency room measures,
fo inpatient care.

Case 1. A three-and-a-half-year-
old boy weighing 15 kg. was re-
trieved from the bottom of a swim-
ming pool. The léngth of time he
was submerged was unknown, After
being revived at the side of the pool,
he was brought to a community hos-
pital, where oxygen, Ringer’s solu-
tion, and 15 mEq. of 1V sodium bi-
carbonate were administered. He
was then transferred to Children’s
Medical Center. s

At 7:30 p.m., upon admission to
the intensive care unit, the patient
had loud, grunting respiration with
intercostal retraction and prolonged
expiration. Semiconscious and hy-
perreflexic, the child had periods of
tremor of the extremities, alternat-
.ing with stiffness and pronation of
the feet. When his name was called,
he gazed at the speaker but said
nothing. Despite his unusual respira-

tion, no pathologic auscultatory
signs were apparent. Ventilation ap-
peared to be adequate.

As long as the boy was inhaling
100% oxygen, the arterial blood-gas
values were pH, 7.35; pCOg, 47 mm.
Hg; pO:, 318 mm. Hg; and delta
base (or base deficit), O mEq./liter.
Serum sodium was 135 mEq./liter;
chloride, 100 mEq./liter; and potas-
sium, 3.4 mEq./liter. Hemoglobin
was 11.7 gm.%; hematocrit, 33%;
and leukocytes, 6700/cu. mm.

Urinalysis revealed a “moderate”
level of free hemoglobin. An AP
chest x-ray showed bilateral paren-
chymalinfiltration—moreevidenton
the right side—in the central lung
fields. The child was started on am-
picillin to deal with a possible super-
imposed pneumonia,

Next morning, the patient awoke,
alert and talking, but when he tried
to walk, he showed ataxia. His lungs
remained clear to auscultation and

showed considerable clearing of ;e
infiltrate when x-rayed. With the ..
tient breathing 50% oxygen, arteral
blood-gas values were pH, 7.13
pCO;, 32.5 mm, Hg; pO:, 170 m=,
Hg; and base deficit, 5 mEq./lizz
The value for hemoglobin was 124
gm.%, and the hematocrit, 37,

The ataxia persisted, however; re-
peated x-rays of the skull proved :o
be within normal limits. Psychologi-
cal tests reportedly showed “none
of the usual signs suggestive of or-
ganic brain dysfunction.” At this
point, oxygen was discontinued.

By the third hospital day, the pa-
tient appeared alert and active. An
EEG was interpreted to be “within
the range of normal variation for
age.” The patient was then dis-
charged home; except for the chest
x-ray, he seemed normal. A year
later, the x-ray was normal.

This patient did well, Drs. Cour-
ington and Ahlgren believe, because
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he*received sodium bicarbonate in-
travenously and uninterrupted high
concentrations of oxygen by mask
early in his treatment. When he ar-

rived at Children’s Medical Center,”

he had no metabolic acidosis and
only a mild respiratory acidosis.
There was only slight hemodilution
and-an insignificant degree of he-
molysis. His electrolyte values were
within normal limits, The chest X-ray
was typical for immersion pneumo-
nitis in its initial stages, and rapid
but incomplete clearance on the
second day was still incomplete
when the boy was discharged on
the fourth hospital day.

Looking back over this case, Drs.
Courington and Ahlgren think that
antibiotic treatment for possible as-
. biration pneumonitis was probably

unnecessary. In any event, they attri-
~ bute the child’s rapid recovery pri-

marily to proper, early treatment in
» the community hospital. :

Case 2. A 13.7-kg., two-and-a-
half-year-old boy was found floating
face down in a swimming pool at
5:30 p.m. by his grandmother, who
said she had left him no more than
ten minutes before. Although the
exact timing cannot be determined,
he was immersed probably fess than
five minutes. Upon removal from
the pool, he cried and vomited, ap-
parently without aspirating. Taken
to a community hospital by ambu-
lance, he was treated there briefly

.and then was-sent to Children's

Medical Center. The youngster re-
ceived oxygen from the time that he
was picked up by the ambulance.

At 6:45 p.m., about one hour and
15 minutes after being found in the
pool, the boy was admitted to Chil-
dren’s awake and responding but
disoriented. He was slightly spastic
and had hyperreflexia, but no other
pathologic signs were visible, Al-
though breathing rapidly (40 per

minute), with slight subcostal re-
traction when inhaling, he was in no
respiratory distress. Blood for lab
studies was drawn, an 1V infusion
was begun, and the child was ad-
mitted to the intensive care unit,
where he was placed in an open-top
tent with mist and oxygen delivered
from a pair of jet nebulizers,
Arterial blood-gas values at 7:15
p-m., with the patient breathing
85% oxygen, were: pH, 7.19; pCO,,
57 mm. Hg; pO,, 220 mm. Hg; and
base deficit, 7 mEq./liter. For his

‘mild metabolic acidosis, he was

given IV sodium bicarbonate, 30

mEq.; first, 20 mEq. injected rapidly .

and then 10 mEq. mixed with the [V
infusion, Serum electrolyte valyes
were: sodium, 127 mEq./liter; chlo- )
ride, 94 mEq./liter; and potassium, "
3.9 mEq./liter. The hemoglobin -
value was 11.9 gm.%; hematocrit,
35%; and teukocytes, 14,650/cu.
mm., with a normal differential.
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NEAR-DROWNING continued

An AP chest x-ray, taken upon ad-
mission—about an hour and a half
after his near-drowning—showed
patchy perthilar infiltrates and clear
peripheral lung fields.

Another arterial blood-gas study

at 9 p.m., with the boy breathing
85% oxygen, showed pH, 7.34;
pCOz, 52 mm. Hg; pO:, 350 mrn.
Hg; and base excess, 0.5 mEq./liter,
The patient seemed more alert and
relaxed at this time. )

By the following morning he had
improved sufficiently to be moved
from the intensive care unit to a reg-

. ular hospital room. The AP chest

x-ray was repeated and showed sig-
nificant clearing. )

On the morning of his third hos-
pital day, the child was breathing

* room air, and his'arterial blood-gas

values were pH, 7.33; pCO:, 40 mm.
Hg; pO:z, 84 mm. Hg; and base defi-
cit, 4.5 mEq./liter. The hemoglobin
value was 13.1 gm.% and the hema-
tocrit, 36%. As for serum electro-
lyte values, they were now sodium,
134 mEq./liter; chloride, 104 mEq./
liter; and potassium, 4.8 mEq./liter.
Now clinically well, the patient was
discharged from the hospital.

. This patient received no bicarbo-
nate therapy prior to his transfer to
Children’s Medical Center, although
he was given oxygen previously.
In this case, the more traditional
approach of correcting acidosis
after determining arterial blood-gas
values was adopted, instead of the
preferred practice of giving bicar-
bonate early. The patient showed
mild metabolic and respiratory aci-
dosis and a large intrapulmonary
shunt, as evidenced by an arterial
oxygen tension of only 220 mm. Hg
while he was breathing 85% oxy-
gen. The sodium and chloride values
suggested some dilution from in-
haled water. The chest x-ray re-
vealed the typical immersion pneu-
monitis; subsequent films, however,
showed significant clearing.

Case 3. This patient, a boy a little
more than two years old, was the
worst off of the three young victims

EMERGENCY MEDICINE / FEBRUARY 1974

of near-drowning. He was found
floating face down in a swimming
pool at 2:30 p.m. by his mother and
an intensive care unit nurse who
happened to be visiting. As soon as
they pulled the child out of the
water, the nurse gave mouth-
to-mouth resuscitation and directed
the mother to apply external car-
diac compression, These measures
promptly revived him. Before trans-
fer to the Children’s Medical Cen-
ter, he was taken to a community
hospital, where IPPB with oxygen
was begun and IV fluids were ad-
ministered by cutdown.

When he arrived at Children’s
Medical Center at 5:30 p.m., the boy
was comatose and rigid, and making
no effort to breathe. His skin was
cold and clammy, pulse was feeble
and slow—60 per minute—and the
rectal temperature was 30° C. He
responded only to deep pain stimu-
lation. His pupils were dilated and
barely reactive to light; there were
no deep-tendon reflexes.

On auscultation, he had rales and
rhonchi in both lungs—perhaps be-
cause he had had bronchitis for four
days before falling irto the pool.
Arterial blood-gas values, with the
patient breathing .40% oxygen,
were: pH, 7.05; pCO., 42 mm. Hg;

pO:, 20 mm. Hg; and base deficit, '

18 mEq./liter. The hemoglobin value
was 13.1 gm.%; hematocrit, 39%;
leukocytes, 21,300/cu. mm., with
87% lymphocytes. Lab data ob-
tained from the community hospital
where 'the child was first taken dis-
closed the following values: sodium,
129 mEq./iiter; chioride, 100 mEq./
liter; potassium, 3.4 mEq./liter; bi-
carbonate, 11.7 mEq./liter; and
BUN, 18 mg./100 cc.

Treatment consisted of nasotra-
cheal intubation, mechanical venti-
lation with 100% oxygen, and
warming by a circulating water mat-
tress. The child, who weighed 13.6
kg., also received 25 mEq. of so-
dium bicarbonate and 200 mg. of
hydrocortisone sodium succinate
{Solu-Cortef, Upjohn) intravenously.

By 6:45 p.m., an hour and a quar-
ter after admission, his body tem-
perature had risen from 30° C. to
35° C. He was now breathing spon-
taneously and opening his eyes, but
he still failed to respond to stimula-
tion, Arterial blood-gas studies were
repeated at 7:30 p.m., when his rec-
tal temperature was 37.5° C. and he
was breathing 100% oxygen. The
findings were: pH, 7.28; pCO,, 42
mm. Hg; pO;, 42 mm. Hg; and base
deficit, 7 mEq./liter. The child was
then given 22 mEq. of sodium bi-
carbonate intravenously.

An AP chest x-ray showed scat-
tered pneumonitis, which® was
denser in the left upper lobe. (The _
previous chest x-ray, taken at the
community hospital, had been nor-
mal.) At'9 p.m., the patient’s pupils
were found to be reactive and in
addition he was responding to the
voice.

By the next morning, the boy was
alert and responsive; his respiratory
rate, however, was 70 per minute. At
9 a.m., he was still breathing 100%
oxygen, and his arterial pH was 7.40;
pCO;:, 30 mm. Hg; pO., 149 mm.
Hg; and base deficit, 5 mEq./liter.
Another AP chest x-ray was made
and it now showed some clearing.
The boy was given 78 mEq. of sodi-
um bicarbonate intravenously. He
was suctioned well, given chest™
physiotherapy, and briefly hyperin- -
flated. The nasotracheal tube was
then reimoved. Next, the child was
placed in an atmosphere of 60%
oxygen. At 8 p.m., he was still
breathing rapidly. However, his lung
fields were clear to auscultation, and

- he was coughing well.

On the third hospital day, while
breathing room air, the patient’s ar-
terial blood-gas values were: pH,
741; pCO;, 41 mm. Hg; pO: 56
mm. Hg; and base excess, 1 mEq./
liter. His lung fields continued to
clear.

On the fourth day, he was dis-
charged, apparently well, Residual
tubular breath sounds, scattered
squeaks, wheezes, and rhonchi were

continued
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NEAR-DROWNING continued

L1

the.only adverse sign still evident as
he left for home.

The most fortunate thing that hap-
pened to this severely ill child was
the fact that he was discovered in
the pool by a nurse who was trained

-

runia im,
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And, working with the mother, she
succeeded in reviving him,

At the community hospital, the
: child had an intravenous cutdown
' done and was ventilated via a
mechanical respirator, which deliv-
ered 40% oxygen. He was given no
i sodium bicarbonate, however, al-
- though he did get isoproterenol be-
. cause of bradycardia. Since he had
signs of cerebral edema, steroids
were started to help reduce inflam-
mation and swelling,

st

in cardiopulmonary resuscitation. -

Initial treatment at the Children’s
Medical Center was aimed at cor-
recting the hypothermia, establish-
ing optimal ventilation, and correct-
ing the severe hypoxia and metabo-
lic acidosis. Although the chest x-ray
taken at the community hospital
was clear, the one taken at the medi-
cal center revealed patchy pneu-
monitis. Because the neurological
signs probably represented the ef-
fects of cerebral edema, the hypo-
thermia was beneficial.

With warming and improved pe-
ripheral circulation, which caused
flushing of the anaerobic metabo-
lites from previously poorly per-
fused skeletal muscles, the child
required further bicarbonate admin-
istration to correct the metabolic
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acidosis. A large intrapulmonary
shunt persisted throughout most of
his stay in the hospital. Despite a
POz of 56 mm. Hg while breathing
room air, he was well enough to go
home on the fourth hospital day.
As the clinical management of
these cases has demonstrated, the
emphasis in the care of the near-
drowning victim has shifted away’
from stress on electrolyte changes.
Whether at the site of rescue, in the
ER, or in the intensive care unit, the
advice of the experts now is to con-
centrate on airway, breathing, cir-
culation—the ABCs of resuscitation
—and -on acidosis. |

PICTURE CREDITS: cover, 12, 14, 19, 42, 85, 128,
172, 193, 204, 251, 280, 203 Alfen Walkis; 16, 37,
99, 282, 285, 293, 315, 320, 330-34% Shirley Baly;
142 Harriet Provine, Mass. Gensral Hospital.
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