NEAR-DROWNING: CORRELATION OF LEVEL OF CONSCIOUSNESS AND SURVIVAL
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ABSTRAC1

This paper reports a retrospective review of 121 cases of near-drowning treated at university
hospitals in Miami and Gainesville. The series included 57 adults and 64 children who were
classified into three categories, Category A (Awake), Category B (Blunted) and Category C
(Comatose), based on their level of consciousness on arrival at the primary hospital.

Results based on the total 121 patients showed 87 per cent survived with apparently normal
brain function, two per cent survived with impaired brain function and 11 per cent died. The
survival rate of all patients who were awake when they entered the hospital was significantly
greater than that of both those who were admitted with blunted consciousness (p = 0.05) and
those who were comatose when admitted (p < 0.0001). Further, the group whose members
had blunted consctousness had a significantly greater number of normal survivors than the
group whose members were comatose on admission (p < 0.002).

All treated adults survived without permanent neurological damage and only three surviv-
ing children in the series suffered residual brain damage. Whether the course of the seven
patients, three adults and four children, who died without return of brain function, would have

been altered by deliberate attempts to preserve the brain is a matter of speculation.

DURING THE PAST FEW YEARS, some reports have
emphasized the incidence of severe neurological
sequelae after near-drowning.'-* The reported in-
cidence of persons who survive a near-drowning
episode but suffer incapacitating brain damage
varies from 0 to 21 per cent.!"5 At least one au-
thor! reporting a high incidence of brain damage
questions whether all near-drowning victims
should be resuscitated; others have introduced
intensive therapy aimed primarily at brain pre-
servation.?

Toidentify which patients are most susceptible
to residual brain damage or death after near-
drowning and therefore, perhaps, to give guid-
ance to the clinician, we developed, in conjunc-
tion with Dr. Alan Conn of Toronto, a method of
categorizing near-drowning victims.

METHODS

The charts of 121 patients treated for near-
drowning between 1963 and 1979 at the Univer-
sity of Miami School of Medicine and the Univer-
sity of Florida College of Medicine were re-
viewed retrospectively.* Since information ob-
tained from persons who were at the scene of the
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*University of Miami, July 1963-July 1973; Univer-
sity of Florida, July 1969-October 1979. Ninety-one of
these patients have been reported previously.*
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accident was notoriously unreliable in regard to
duration of submersion and exact details of re-
suscitation, we elected to categorize our patients
according to their levels of consciousness, re-
corded when they reached the emergency room
of the first hospital to receive them. The
categories follow:

Group A (awake). These patients were de-
scribed as awake and oriented when they reached
the emergency room. Many of these patients had
received cardiopulmonary resuscitation at the
scene of the accident because of apnoea and sus-
pected cardiac arrest.

Group B (blunted). These patients suffered
from what we have termed a blunted conscious-
ness, indentified by such descriptions as lethar-
gic, semi-comatose, combative, agitated, dis-
oriented, and confused.

Group C (comatose). These patients were de-
scribed as comatose at the time they arrived at the
hospital.

In no case were attempts made to treat any
patient pharmacologically for brain insult. In
general, therapy centered around intensive pul-
monary care, cardiovascular support, and fluid
replacement as required.*%7

Groups A, B and C were compared with each
other, as were the adults and children in each
group, by the Fisher exact test.

RESULTS

Group A. Sixty-one patients, 27 adults (age
34.7 £ 2.9 years) and 34 children (age 6.5 + 0.8
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TABLE I

OUTCOME OF NEAR-DROWNED ADULTS AND CHILDREN ACCORDING TO THEIR LEVEL OF CONSCIOUSNESS WHEN
ADMITTED TO THE EMERGENCY  ROOM

Adults Children Total
Severe Severe Severe
Normal Brain Normal Brain Normal Brain
Level of Survival Deficit Death Surviva! Deficit Death Survival Deficit Death
consciousness
on admission n % n % n A n % n % n % n A n % n VA
Awake 27 100 0 o 0 34 100 4] 0 0 0 61 100 0 0 0 0
Blunted 17 89 0 0 2 11 11 92 a 0 1 8 28 90 o 0 3 10
Comatose 8 73 0 0 3 7 8 44 317 7 39 16 55 300 0 34
Total 52 91 0 0 3 9 53 83 3 5 8 13 105 87 3 2 13 1

years, mean £ SEM), were awake and oriented
when admitted to the emergency room. All of
these patients survived with normal brain func-
tion, as assessed by clinical examination and
comparison of the level of the individual’s activ-
ity before and after the accident (Table I).

Group B. Nineteen adults (age 31.5 + 3.9
years) and 12 children (age 5.6 £ 1.2 years) were
described as having a blunted consciousness
when admitted to the emergency room. Seven-
teen of the adults (89 per cent) and 11 of the
children (92 per cent) made completely unevent-
ful recoveries without residual neurological
deficit (Table I). Two adults and one child died;
these three patients deserve special mention.
Both adults were scuba diving when their acci-
dents occurred —one at 70 feet below the surface,
the other at 60 fect. Both patients required car-
diopulmonary resuscitation at the scene of the
accident and on admission to the hospital were
thought to have suffered hyperbarism as well as
severe pulmonary aspiration. The lack of a
hyperbaric chamber of sufficient size and sophis-
tication to permit intensive care precluded re-
compression of the two divers. Each had exten-
sive subcutancous emphysema and bilateral
pneumothoraces, which prevented effective ap-
plication of high levels of positive end-expiratory
pressure. Both divers subsequently died of se-
vere pulmonary insufficiency. The mental status
of these patients appeared appropriate before
they died. The death of the child occurred very
early in the study, when the importance of inten-
sive pulmonary therapy was poorly appreciated
and before positive end-expiratory pressure
therapy was introduced. This child was treated
ultraconservatively with an oxygen tent and,
since equipment for evaluation of arterial blood
gas tensions was not readily available in that hos-
pital at the time, measurements of blood gases
were not obtained until immediately before the

child died. The arterial oxygen tension was found
to be 2.66 kPa (20 torr) and the child died while
the sample was being analyzed.

Group C. Twenty-nine patients were comatose
on arrival at the hospital. Of the 11 adults (age
37.9 £ 4.6 years), eight (73 per cent) survived
with apparently normal brain function and three
patients died. The 18 children (age 6.6 £ 1.2
years) were not as fortunate; only eight (44 per
cent) survived with apparently normal brain
function, seven (39 per cent) died and three (17
per cent) lived with incapacitating brain damage
(Table I). While these figures suggest that the
normal survival rate may be lower for children
than for adults, the difference between them is
not statistically significant (p = 0.1). Of the ten
patients who died, seven (three adults and four
children) never regained consciousness; the re-
maining three died of severe pulmonary insuffi-
ciency.

Statistical Comparison of The Groups

When the adults were analyzed separately, the
percentages of survivors with normal brain func-
tion in Group A and in Group B did not differ
statistically (p> 0.13). Likewise, the percentages
of survivors in Group B and’in Group C did not
differ (p = 0.2). However, when the percentage of
adult survivors who were awake when admitted
to the hospital was compared to the percentage
of normal survivors who were comatose when
they entered the hospital, the survival rate of
Group A is significantly greater than that of
Group C (p < 0.02).

When the children were analyzed separately.
the survival rates of Groups A and B did not
differ (p > 0.25). However, the percentages of
normal survivors were significantly greater
both in Group A and in Group B than in Group
C (p < 0.001).

When adults and children were combined, of
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the 121 total patients treated, 87 per cent survived
with apparently normal brain function, two per
cent survived with impaired brain function and 11
per cent died (Table I). The survival rate of all
patients who were awake when they entered the
hospital was significantly greater than that of both
those who were admitted with blunted con-
sciousness (p = 0.05) and those who were com-
atose when admitted (p < 0.0001). Further, the
group whose members had blunted conscious-
ness had a significantly greater number of normal
survivors than the group whose members were
comatose on admission (p < 0.002).

Discussion

The recent literature varies from extremely
optimistic to pessimistic regarding the outcome
of normal brain function for patients resuscitated
after near-drowning.!* Also, some persons ad-

vocate aggressive attempts to preserve brain
function.? Therefore, we felt that a review of our
data was important to seek factors that might help
us to predict which patients would survive nor-
mally with intensive therapy aimed primarily at
pulmonary and cardiovascular support.

In interviewing first responders, we frequently
found extreme disparity in the history reported
when more than one rescuer was involved. Thus,
the duration of submersion reported by the res-
cuer may be unreliable. Some persons have sug-
gested that long submersion times in warm water
are not compatible with return of satisfactory
brain function. Interestingly, one of our patients
was submerged in a freshwater pool for ten min-
utes by the clock. She initially was resuscitated
with cardiopulmonary resuscitation and ap-
proximately 24 hours later was able to respond
appropriately to spoken commands and to com-
municate on paper (vocal communication was not
possible because of tracheal intubation). Unfor-
tunately, 84 hours later, that patient (Group C)
died of extensive pulmonary destruction.

Likewise, we have not found the initial mea-
surements of arterial pH and blood gas tensions
to be of absolute prognostic value. We have
treated a patient with a pHa of 6.90 on admission
and another with a Pa,,0f 2.26 kPa (17 torr) while
being mechanically ventilated with 100 per cent
oxygen, and both survived with normal brain
function. On the other hand, one patient with an
initial pHa of 7.43 and a Pa,, of 12 kPa (90 torr)
(F14, 0.3) suffered permanent brain damage and
another patient with an initial pHa of 7.41 died.

We have reported previously that all patients in
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our 1976 series who had fixed dilated pupils on
admission to the emergency room died.* Since
that time we have treated a patient who was com-
atose, with fixed dilated pupils when admitted to
the hospital, but who made a normal recovery.

Since 100 per cent of our patients who were
awake and 90 per cent of those who had blunted
consciousness when they reached the emergency
room survived with normal brain function, and
since the three in Group B who died were pulmo-
nary deaths, we belicve that patients in categories
A and B should be treated with intensive pulmo-
nary and cardiovascular support, but that tech-
niques for brain protection such as barbiturate-
induced coma and hypothermia are unnecessary
and may increase the hazards to the patient.

In our previous report we suggested that the
use of steroids and prophylactic antibiotics does
not improve the survival rate.® Our subsequent
experience with the last 30 cases in which these
drugs were not used after the patients arrived at
our hospital substantiates that previous sugges-
tion. Further, since that time Wynne ¢t al.® have
demonstrated that the use of corticosteroids after
aspiration of food-stuff may actually hinder nor-
mal pulmonary healing. Therefore, we can com-
fortably state that steroids are not indicated for
patients in Groups A and B. Some clinicians
might argue with this conclusion for patients with
blunted consciousness; however, since none of
our patients with blunted consciousness suffered
neurological damage, we believe that withholding
steroids from this group is justified.

The patients who are comatose when they
enter the hospital present a more complicated
picture. None of our patients have been treated
with barbiturate-induced coma or deliberate
hypothermia in an attempt to preserve brain
function. Many of these patients, however, have
been deliberately hyperventilated to produce res-
piratory alkalosis and thus to decrease cerebral
blood flow and, potentially, to decrease cerebral
oedema. Also, many have been treated with cor-
ticosteroids, since some persons think these
drugs are helpful in such situations.® Though we
did not use methods such as barbiturate coma to
preserve brain function, all adults we treated sur-
vived without permanent neurological damage
and only three surviving children in our series
suffered residual brain damage. Whether the
course of the seven patients (three adults and four
children) who died without return of normal brain
function would have been altered by deliberate
attempts to preserve the brain is a matter of
speculation. A similar study was done by Conn er
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al'® in Toronto where H.Y.P.E.R. therapy
aimed at brain preservation was used for 26 of 39
patients. When one compares the children in
Group C of our study with those of Conn’s work,
the overall data for survival, deaths, and residual
brain damage are virtually identical in both
series.'® This leads one to question whether such
therapy is necessary. We believe that there may be
some differences between these two series that
are not apparent from the statistics alone. Conn
et al. were able to divide their patients in Cate-
gory C into three sub-groups, but we were
unable to do this retrospectively. Since their sur-
vival data in sub-groups C.1 (decorticate)and C.2
(decerebrate) were significantly better than in
sub-group C.3 (flaccid), it is possible that the
distribution of patients may have been differentin
the two series. Thus we cannot be precise in our
comparisons of normal survival rates with and
without H.Y.P.E.R. therapy between these in-
stitutions. If the case distribution between sub-
groups is identical in the two series it would sug-
gest that H.Y P.E.R. therapy is unnecessary. If
one series were skewed regarding the number of
patients in sub-groups C.1, C.2 or C.3, completely
different conclusions might be reached. This sug-
gests the need for an inter-institutional prospec-
tive study in comparable circumstances.

It should be noted that if we treat one additional
adult and one child in Group C, and if the adult
lives and child dies or is brain damaged, the per-
centages of normal survivals between these two
groups would differ significantly at the p = 0.05
level. This difference would then require an ex-
planation. One consideration is that the heart of
the child might be resuscitated after much longer
periods of arrest and hypoxia than that of the
adult. However, the child’s brain may not toler-
ate cerebral hypoxia for the same length of time.
This possibility may be important when one
compares drowning statistics between institu-
tions. It is important to ensure that the age of
patients, the caliber of emergency medical ser-
vices available at the scene of the accident and
the ability of the institution to provide intensive
care are similar if comparisons of survival statis-
tics are to be valid.

We believe that the quality of the initial resus-
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citative therapy administered at the scene of the
accident is paramount to the ultimate outcome of
the near-drowned victim. Patients whose level of
consciousness is either awake or blunted when
admitted to the hospital should be treated with
intensive pulmonary and cardiovascular support
but, since these patients do not suffer brain dam-
age, extraordinary attempts at brain preservation
are unnecessary. The need for intensive therapy
aimed at brain preservation for patients who are
still comatose when admitted to the hospital re-
quires further study.
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RESUME

Les auteurs ont revu les dossiers de 121 patients traités dans les hopitaux universitaires de
Miami et de Gainesville aprés avoir survécu a la noyade. Les 57 adultes et les 64 enfants que
comprenait cette série ont été classifiés en trois groupes selon leur état de conscience a
Parrivée a la salle d’urgence. Un premier groupe comprenait les 61 patients qui €taient
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conscients et orientés a I'arrivée. Un second groupe était formé des 31 patients décrits a
I'arrivée comme obnubilés (semi-comateux, confus, agités), alors que les 29 malades admis en
coma ont été groupés dans un troisiéme groupe.

Quatre-vingt-sept pour cent des patients ont survécu sans séquelles neurologiques, 2 pour

centavec atteinte neurologique et 11 pour cent des patients sont décédés. Le taux de survie de
ceux qui étaient conscients a I'arrivée était significativement plus élevé que celui des patients

obnubilés ou comateux. De méme, le taux de survie s’est avéré plus élevé chez les malades
obnubilés a I'arrivée que chez ceux qui étaient en coma.

Aucun des adultes survivants n’a présenté de complications neurologiques alors que trois
survivants chez les enfants ont présenté des séquelles neurologiques permanentes. L’évolu-
tion des sept adultes et des quatre enfants décédés sans amélioration de I'activité cérébrale
aurait-elle pu étre modifiée par des techniques de protection cérébrale? Les auteurs ne
peuvent répondre & cette question 2 partir de leur série.
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