Effects of Volume of Aspirated Fluid During
Chlorinated Fresh Water Drowning

Jerome H. Madell, M.D..*

Cardiovascular and biochemical changes were
studied in the dog following aspiration of 1 ml. to
35 ml of chlorinated distilled water per pound
body weight. Survival rate was inversely propor-
tional to the quantity of fluid aspirated. Ven-
tricular fibrillation was common in animals who as-
pirated at least 20 ml. of water per pound but not
observed with 10 ml. or less per pound. Three
minutes following aspiration, the degree of change
in blood volume, plasma hemoglobin, serum so-
dium, chloride, calcium, and potassium were de-
pendent upon the quantity of water aspirated.
Within onc hour postaspiration, however, serum
clectrolytes returned to mormal in surviving ani-
mals. Asphyxia was present acutely as evidenced
by an increase in Paco, and decrease in pH, Pao,
and base excess. The latter changes were not as

i as ch in the el lytes, and sig-
niBicant hypoxemia was still present at the con-
clusion of the experiment in all but ene animal.

In 1902, Revenstorf reported that drowning in
fresh water was not simply a matter of asphyxia
but that there was also a significant move-
ment of water into the blood stream.! The
magnitude of water transport and its effect on
serum electrolytes, blood constituents and the
cardiovascular system subscquent to total im-
mersion was later studied in the dog by
Swann et al.>* Based primarily on these ex-
periments and on subsequent studies of re-
suscitation techniques in dogs following total
immersion,* resuscitation techniques for human
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drowning and near-drowning  victims have
been advocated which emphasize the need for
correction of the changes in blood clements,
serum electrolytes, and  cardiovascular  dy-
namics.® 3

Changes of the magnitude found by Swann g
in animals have not been demonstrated pre-3
mortem in human victims of fresh water drown-
ing. Instead, essentially normal serum clee-
trolyte and blood constituents were found.®
One possible explanation for this discrepancy o
is that man aspirates smaller quantities ofg
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water than those used in total immersion ani-©
N ES

mal studies. 5
In a previous study in the dog from this_'?D

laboratory some of the physiological changesS
were ascertained following aspiration of a fixed 3
volume of 10 ml of fAuid per pound body$
weight. We found that the changes seen inQ
concentration of blood elements and serumE
electrolytes secondary to near-drowning in
fresh water were rapid but transient, and re-=
verted to normal during recovery. One houro
postimmersion there were no significant differ-
ences in these par s among Is who®
aspirated distilled water, chlorinated distil]cd'g
water, or isotonic saline solution. We postu-&
lated that the relative severity of the respira-g
tory and cardiovascular abnormalities follow-8
ing fresh water aspiration could be related (og
the volume of fluid aspirated.” To test thisQ
hypothesis the following experiments wered
undertaken. <

Procedure

onb Aq J

Thirty mongrel dogs weighing 37 to 35%
pounds and in apparent good physical condi-S
tion were divided into 6 groups, according too
the volume of water aspirated. After a 133
gauge Rochester needle was inserted into a=:
vein of the foreleg, 50 mg. increments of 2143
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per cent sodium thiopental were given intra-
venously to produce basal narcosis (cessation
of spontancous movement; respiration and lid
reflex remained  active).  The trachea was
intubated, the ouff of the endotracheal tube
inflated, and the animal permitted to breathe
spontancously.

Both femoral arteries and the left femoral
vein were cannulated with siliconized poly-
ethylene tubing (inside diameter 0.066 inch).
The arterial catheters were threaded to the
proximal portion of the thoracic aorta and the
venous catheter into the inferior vena cava
adjacent to the right atrium.  The catheters
on the left were connected via Statham strain
guages to a multichannel recorder for monitor-
ing of arterial and venous pressures.  The
right femoral catheter was connected to a
triple stopeock assembly for sampling of blood.

cad 2 of the electrocardiogram was recorded
continuously.

Twenty minutes prior to immersion, radio-
active iodinated serum albumin (RISA) was
injected intravenously and the necdle flushed
with 5 per cent dextrose in water. Five to
ten minutes preimmersion, a Wright ventilom-
eter was connected to the endotracheal tube
and the respiratory minute volume was meas-
ured in triplicate. Respiratory rate was
counted and the average tidal volume cal-
culated.

Four minutes prior to immersion, an arterial
blood sample was drawn anacrobically into a
heparinized, greased syringe and the pH meas-
ured in an Astrup AME-1 Micro apparatus.
Pig, and base excess were caleulated from
the Siggard-Andersen nomogram.®  Pa,, was
measured in the Astrup apparatus using a di-
rect-reading Clark-type oxygen electrode. Ar-
terial blood was also drawn at this time into a
second heparinized syringe for whole blood
studies and into a dry siliconized syringe for
serum analysis, Care was taken to avoid
hemolysis and to avoid stasis of blood in the
catheters by removal and discarding 3 ml. of
blood immediately before samples were with-
drawn.  Heparinized blood was analyzed for
total hemoglobin by the cyanmethemoglobin
method and for hematoerit using a Guest-
Weichselbaum microcapillary centrifuge. Blood
volume studies were done utilizing the RISA
dilution technique; radivactivity was counted
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and blood volume calenlited with a Picker g
Hemoliter Counter.  The blood was then cen- 2
trifuged, plasma removed and analyzed for 2
hemoglobin content by a modified version of &
the Bing and Baker technique.®  Scerum studies o
included determination of sodium, potassium 3
and calcium on the Coleman flame phummctcr

using a commercial serum preparation as a con- 5

trol. Scrum chloride was determined in thc'§'
Buchler-Cotlove Chloridometer.

-zes

Thirty seconds prior to immersion the endo- &
tracheal tube was connected via a Y-adapter to 5
the water reservoir and breathing bypass de- S
seribed previously.” At zero time the bypass _:-
was occluded and the dogs were allowed loo
aspirate 1, 3, 10, 20, or 30 ml. of chlorinated *
distilled water per pound of bady weight re-
specetively according to the group.  On com-
pletion of aspiration, the animal was allowed
to breathe room air through the emptied reser-
voir.  When all water had cleared from the
tubing. the animal was disconnected from the §
reservoir to minimize respiratory dead space.
Five animals were subjected to total immersion
as follows: at zero time the bypass was oc-
cluded and the water reservoir opened. The
animals remained underwater continuously 3
until the onset of ventricular fbrillation. AtR
this time the reservoir was clamped and thh§
the dog in the supine position the fluid in the )
trachea was allowed to drain spontaneously. S
The total fluid aspirated minus the tracheal re-S
turn was considered to be the total immcrsion§
volume. The average volume aspirated in®®
these 5 animals was 35 ml. per pound (rangcg
32—45 ml./pound). S

Three, 10 and 60 minutes after the onset ofg
immersion, preaspiration determinations \\crco
repeated. Al surviving animals had  theirS

atheters and endotracheal tubes removed and &
were retumed to their cages for survival studies 3 g

over a period of 14 days.

For statistical analysis, the assumption \\.Lso
made that the increase in blood volume post-$
aspiration reflected the quantity of fluid trans-o
ferred to the circulation.  The changes from >

- . . ©
preaspiration levels in each animal for blood
volume, plasma  hemoglobin,  whole  blood S,

hemoglobin, hematocrit, serum sodium, serm N
_—N
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® Five parts trichloro-S-triazinetrione added per
million parts distilled water.
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TabLg 1. Preaspiration Data Results 9

— L H

ot | Contret | F10i87 All data subsequent to a ll’flll({ll are re-3

Group t\‘.“.'gn)f: Fluid Tidal | _Tidal ported as changes from preaspiration values
(ml./pound) | Gounds) ’“f'.'“?.}"d ‘(uxl.ﬂf')m Volume  for cach animal. Average control values for®
weight, tidal volume, total volume of fluid3

1 I 17 219 aspirated, and fluid ‘tidal volume ratio are3
5 1 230 SPIEL =
10 Lo 187 listed in table 1. E
20 ’ a7 233 Surcital Data. In table 2 it may be seen
30 ) 202 that both the one-hour and 24-hour sur\nal"’
Total ‘ 42 224 rates were inversely proportional to the qu.m-ﬁ
Immcrsion | tity of water aspirated.  The exact time nf§

chloride, serum potassium, serum caleium, Pag,,
Paco,, PH, and base excess were tabulated.
Data were analyzed for simple linear corrcla-
tion between corresponding changes in fac-
tors.?® Data obtained three minutes post-
aspiration were selected for analysis because
the magnitude of change in the majority of the
parameters was greatest at this time. For sig-
nificant correlation between any two factors, a
level of significance of one per cent was re-
quired (df =23, r=0505, P=001). In
addition, for each factor studied, the changes
three minutes postaspiration in each of the 8
groups were compared with the changes in
the next aspiration group by use of Wilcoxon’s
Two Sample Rank test. Thus the changes in
the group aspirating 1 ml. were compared with
the changes in the group aspirating 5 ml., and
the changes in the group aspirating 5 ml. were
compared with the changes in the group as-
pirating 10 ml,, etc.

delayed death in the one and 10 ml. per pmmdo
groups is not known because they were I'mmdm.
dead in their cages on the following moming,. 8
This would place the time of death between3
8§ and 24 hours postaspiration. The one animalZ
with a delayved death in the 30 ml. per poundg
group died 6 hours postaspiration.  There
were no deaths bevond the first 24 hours.
Cardiac and Vascular Ch A dedli
in systolic arterial blood pressure of at least SOg
mm. of mercury was observed within secondsg
of aspiration in 2 of the 5 animals who as-}
pirated 1 ml. of fluid per pound, 4 of the 35
animals who aspirated 3 ml. per pound and inN
all animals who aspirated 10 ml. or more of g
fluid per pound of body weight. This wasg
followed by transient arterial hypertension (an&
increase in systolic pressure of at least 30 mm. 3
of mercury) in all but 2 dogs who aspu'ated-‘
5 ml. or more of fluid per pound. Hypertcn-g
sion was not observed in the 1 ml. per pound&
group. S
The most frequent electxocardiogmphicg
changes observed following aspiration wereQ
bradveardia (less than 100 beats per minutc),§

Sy
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TapLe 2. Number of Surviving Dogs in Each S
Group One Hour and Twenty-Four Hours ’ . A =
i Postaspiration TasLe 3. Electrocardiographic Changes Followmgg
Chlerinated Distilled Water Aspiration ©
S ]
Syrvivors ==
Animals Showing Abnormality &
Group Dogs in Group Dogsin Q
. d G 1H 24 H

(ml.fpound) rour Posts Poate Gl fpound) | Groun gy picemse| 11 | vent. &
aspiration | aspiration cardin | iny | Wave | Fibr. &
o)
1 5 5 4 1 5 0 0 0 2
5 5 5 5 5 5 0 0 ©
10 5 4 3 10 5 3 2 o
20 5 1 1 20 5 ] 4 3 =
30 3 1 0 30 ] 2 B 40N
Total 5 0 0 Total 'a o 115 B

immersion immersion ! |
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Fic. 1. Changes in
blood volume and plasma
hemoglobin three minutes
postaspiration plotted as
a function of the quanti
of water aspirated. Eac
Foin! represents change
rom preaspiration values
for the individual animal.
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Fic. 2. Changes in>
serum  electrolytes  threed
minutes postaspiration>
Values are plotted ax
change from preaspiratiorg
levels in mEq./liter versu

s(iSe

Caiglum mEg/L

volume of water aspirated
for cach animal. Th
standard  deviation fols
each group is shaded top
more clearly  visualiz&
trends. Average baselinex
values for the 30 dogd
were: Na, 145 mEq./liter5
Cl, 112 mEq./liter;
5.2 mEq./liter; and K, 3.
mEq./liter.
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bigeminal rhythm, increased amplitude of the
T wave, and ventricular fibrillation. The fre-
quency of these abnormalities within the re-
spective groups is shown in table 3. These
changes occurred with increasing frequency as
the quantity of water aspirated increased.
Ventricular fibrillation was not observed in

a0 A —

imif el

0 3sonb Aq ypd'81000-00060996 | -Z#S0000/1 582V /.

animals who aspirated 10 ml. of fluid or less,
per pound of body weight. The averag€®
latent period between aspiration and onset ¢
ventricular fbrillation was 3:11 minutes in th
13 animals that developed this abnormalit§
(range 1:42 to 7:05 minutes).

Venous pressure rose in all animals im-
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mediately after aspiration and, in the survivors,
gradually returned to normal within the next
30 minutes. These acnte changes in venous
pressure frequently coincided with struggling
and respiratory efforts made by the animal. In
those animals who died acutely, venous pres-
surce remained elevated.

Blood Volume. Blood volume showed no
significant change after aspiration of 1 ml. of
chlorinated  distillel water per pound bady
weight: it did, however, increase in all animals
that aspirated at Ieast 5 ml. per pound.  The
maximum value was obtained three minutes
postaspiration.  Figure 1 shows the change in
blood volume three minutes  postaspiration,
plotted as a function of the volume of water
aspirated.  Although individual variation was
scen, the change was proportional to  the
volume of fluid aspirated in the 1 to 20 ml
per pound range.  The lincar regression of
blood volume (expressed as per cent of pre-
aspiration blood volume) in relation to the
quantity of water aspirated was highly sig-
nificant (P < 0.0005). The slope of best-fit
line relating these variables to each other was
0.03, with a 95 per cent confidence interval
from 0.021 to 0.037. That is to say that for
each milliliter per pound increase in water
aspirated the blood volume increased approxi-
mately 3 per cent.  Following this, a plateau
was found between the 20 and 30 ml per
pound and total immersion groups.

A positive correlation was found between
the increase in blood volume and the changes
in plasma hemoglobin (r = 0.587) and serum
potassium (r = 0.674) concentrations. Con-
versely, a negative correlation was found be-
tween the blood volume and the serum so-
dium (r = — 0.718, scrum chloride (r =

~.0770), serum calcium (r = — 0.651), Pag,.
(r=~0.510) and arterial base excess (r=
—0.532).

Plasma Hemoglobin.  Plasma  hemoglobin
concentration showed no significant change in
the 1 ml. per pound group, but increased in
all animals in the 5, 10, 20 and 30 ml. per
pound and total immersion groups. Concen-
tration peaked three minutes postaspiration,
then gradually decreased in the survivors.
Figure 1 indicates the magnitude of increase
in plasma hemoglobin plotted on a logarithmic
scale as a function of the volume of fluid as-
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pirated.  The difference between the 5 ml.g
and the 20 ml. per pound groups is significant2
(P=0.01). Following this, a platcan wasZ
noted between the 20 ml. and 30 ml perd
pound groups similar to that seen with thed
blood volume. g

Two animals with a plasma hl-mo;.lobmg_
above 740 mg./100 ml. survived the acuteZ
experiment only to die within 24 hours. The\
highest value observed in animals making 'lm
complete recovery was 477 mg./100 ml.

A positive correlation was observed bct\\ccn;
the increase in plasma hemoglobin and i increaseg.
in blood volume (r=0.587). Conversely, am
significant negative correlation was present bc—o
tween the plasma hemoglobin and the ScmmE
sodinm (r= — 0.766), serum chloride (r=
— 0.777) and serum caleium (r = — 0.734).

Scrum Electrolytes.  No significant change
in serum clectrolytes was observed fnlln\\mgo
the aspiration of 1 ml. or 5 ml. of chlorinated@

'*<
distilled water per pound of body weight.o
However. all animals in the 10, 20 and 30 ml.&
per pound and total immersion groups, showcd'éD
a significant decrease in serum sodium chlo-S
ride, and calcium concentrations at three min-N
utes postaspiration. Figure 2 shows theseQ
changes plotted as a function of the quanhtym
of water aspirated. The statistical 1'elatu.)1'|slnp,\J
of these changes to changes in blood volumes
has already been noted. Although there is aS
close relation between the decrease in concen-g
tration of serum sodium and chloride and in-§
creasing volumes of water from the 5 ml. perSS
pound to total immersion groups (P = 001),(g
the values observed in the 30 ml. per pound &
group are not statistically different from thoseg
in the 20 ml. per pound or total lmmcrsmno
animals (P > 0.10). Serum calcium \n]ucso
showed a similar pattem.  In the 18 amm'lk
that survived, a retumn toward preaspirationd
values was observed and at the conclusion of &
the 60-minute experiment electrolytes were ap-<
proximately normal regardless of the quanlity‘g
of fluid aspirated (sodium 133-151, mean 1422
mEq./liter; chloride 97-122, mean 108 mEq./S
liter; calcium 4.2-3.8. mean 5 mEq./liter). 3

Serum  potassium increased in all :mim:ﬂs_;‘a>
who aspirated 10 ml. or more of water per=
pound body weight. The magnitude of (hcseo
changes three minutes postaspiration was X
greater, however, in the 10 ml., 20 ml, and

S'Z
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total immersion groups than in the 30 ml
group (fig. 2)» Serum potassium showed a
positive correlation with changes in blood
volume (r = 0.674) and a negative correlation
with changes in serum calcium (r = — 0.569).
Although both serum potassium and plasma
hemoglobin increased postimmersion, the cor-
relation between these two parameters was
only of borderline significance (r=0.394).
As with the other clectrolytes, scrum potas-
sium retumed to normal in the 60 minute
samples in all but one survivor (potassinm
2.6-6.4, mean 3.9 mEq./liter).

Whole Blood Hemoglobin and Hematocrit.
The changes in whole bloed hemoglobin and
hematocrit were inconsistent and both re-

mained either essentially normal or becamed
elevated in the majority of animals regardlessS
of the volume of water aspirated. Scattero
graphs of the whole blood hemoglobin and2
hematocrit determinations three minutes post-2
aspiration are seen in figure 3. In none of thcc’-
groups is there a consistent pattern of variag
tion from control values. e
Blood Gas and Acid Base Paramecters. .-\imn,
decrease in Pag, and pH associated with anS
increase in Pago, was observed three minutesg
postaspiration in all 29 animals } regardless 0f>
the quantity of fluid nsplratcd (I'<001)“

060!

§Thcsc ducrmlnahcns were not done in omN
animal in the total immersion group use the™

blood sample clotted.
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Base excess decreased in all except 2 animals;  quantity of water aspirated. It appears from ©
one in the 1 ml. per pound group and one in  these graphs with the exception of the 1 ml.-)g>

the 5 ml. per pound group. In figure 4 the
magnitude of these changes three minutes
postaspiration is plotted as a function of the

per pound group, that the severity of arterial [
hypoxemia, hypercarbia, and acidosis was not
directly dependent upon volume of fluid as-



670 J. H. MODELL

pirated.  Statistically, a positive  correlation
existed  between the B and  base excess
(r=0.651) and pil (r=0732). Al three
of these parameters demonstrate a significant
negative correlation with the Pa,

Sixty minutes postimmersion, Pig,, bad re-
turned to normal in all surviving animals.
However, at one hour pH and base excess still
indicated a metabolic acidosis in virtually all
of the survivors who had aspirated 5 ml. or
more of fluid per pound body weight.

The Pa,,, remained significantly decreased
in all survivors with the sole exception of one
animal in the 1 ml per pound group.  The
mean preaspiration Pa,,, for these dogs was 102
mm. of mercury whereas 60 minutes postas-
piration the mean Pay,, wias 56 mm. of mer-
cury.

Discussion

It is apparent from these studies that the in-
crease in blood volume subsequent to fresh water
aspiration is directly dependent upon the total
quantity of water aspirated. A limiting factor
is the rate of transport of fluid across the
alveolar capillary membrane.  In addition to
the volume of water aspirated, other factors
could conceivably alter the speed and extent
of transport: :1gc of the animal; pre-cxisting
pulmonary disease; phase of respiration at the
time of plr.xlmn, breath holding, ete. Some
of these may have been responsible for the
variations observed in the animals  within
ach group,

Efficient circulation is also necessary for
maintenance of fluid transport.  The  carly
onset of ventricular fibrillation in the majority
of animals aspirating at least 20 ml. per pound
would therefore be a limiting factor, thus ex-
plaining the plateau seen in the increase in
blood volume between the 20 and 30 ml. per
pound groups.

An increase in blood volume to 153-185 per
cent of normal three minutes postaspiration was
observed in 11 of 15 animals who aspirated
20 ml. per pound or more of chlorinated dis-
tilled water.  Since the blood samples were
taken from the thoracic aorta, they reflect
changes immediately distal to the lungs and
are probably larger than the actual blood
volume. The values are only slightly Jess
than those reported by Swann and Spafford.?

AND F. MOYA Anesthriology

Sept. Ont. 1906
Using deuterium oxide they found that as much
as 51 per cent of the blood volume represented
aspirated  water 2 minutes  following  total
immersion in dogs.3?

woJj papeojumoq

The absence of obvious gross hemolysis in
all animals in the 1 ml. and 5 mb per pound 3
and 2 of the 5 animals in the 10 ml. per pound Z
groups is consistent with the low
hemoglobin levels found  in these
three minutes postimmersion (5-81 mg. /1007
ml.). With further increases in blood volume,
owing to larger volumes of hypotonie solution, 3
the degree of hemolysis inereased.  Fin ly,
under conditions of total immersion, a leveling 5
off was seen, probably owing to the r.lpillit\g
of cirenlatory failure and resultant decrease] ©
availubility of fresh blood.

In this study we were unable to demonstrate
a consistent decrease in concentration of whole

e/\||s ze'seu:d

1eyo.

omgsaq;saue

blood hemoglobin following fresh water
piration as reported by Swanm et al? Liko
wise, the inconsistent changes in - hematoeri
three minutes postaspiration were not expecte:d
Similar findings in hemoglobin and hematoerit S
were reported by Farthmann and Davidson X
attributed by them to formation of pulmom
edemat The rapidity of change, however,®
wonld make this explanation unlikely. :\n-g
other possible explanation for an increased S
hematocrit in 15 of the 25 animals is that withs
the influx of a hypstonic solution into theS
blood stream the red cells swell and assume .lcon
greater volume.  Evidence for this in citro ll.ul\)
been shown in onr Laboratories.  The m‘l;,m-g
tude of change, however, is limited by the
capacity and fragility of the cells themse l\'('so
A third possibility is that the lightly a
thetized dog may release from the spleen :18
substantial number of red blood cells into llll'g
emic cirealation  when  subjected  to ang
ute stre: In another esperiment, 6 dogs
were subjected to aspiration of 10 ml. of§
chlorinated fresh water per pound of bodyg
weight 2-4 wecks after splencctomy. Sh;,ht""
deereases in hemoglobin and hematocerit werd
found three minutes postaspiration in theséo
animals. A statistical difference between the
changes in these dogs and the compnmbk%
group of intact animals in the present studyQ
was found between these parameters, three™
minutes  postaspiration (P = 0.05). No sig-

99/5
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pificant differences were seen, however, in the  victims have been Jargely unsuccessful.  Sinceo

10 or 6O minute postaspiration samples.

As might be expected, the serim clectro-
Iytes bore an inverse relation with changes in
blood volume three minutes  postaspiration.
These changes may be attributed direetly to
hemodilution.  The increase in serum potas
sium in all animals aspirating at least 10 ml.
of water per pound is most likely the result
of onset of acute severe hypoxia.  Hemolysis
could also contribute but the extent would be
limited, since the red blood cell of the dog
contains only about 10 mEq. liter of potas-
sium, compared to 136 mEq.-liter in man.B3
It is important to note that all of these clee-
trolyte values spantancously retumed to nor-
mal by the end of the experiment.  This would
indicate that in aspiration of sub-lethal volumes
of chlorinated fresh water there is a rapid re-
distribution of absorbed fluid, and  normal
clectrolyte baliner is restored.

It is apparent, therefore, that changes in
concentration of serum sodium, chloride, cal-
cium, potassium, whole blood hemoglobin, and
hematoerit are not a continuing problem fol-
lowing ncar-drowning in fresh water. Since
the values found 60 minutes postaspiration cor-
relate closely with those reported by Fuller in
human victims of near fresh water drowning.®
it is reasonable to assume that the apparent
discrepancey found  herctofore between fresh
water drowning studies in dogs and accidental
fresh water near-drowning in man can be at-
tributed to differences in the volume of water
aspirated.

The occurrence of ventricular fibrillation as
the terminating factor in death from fresh
water drowning has been emphasized by many
investigators, 14 1516 vt docnmented in only
two cases of human drowning, one fresh
water '* and one salt water immersion  vie-
tim.’*  In the present study ventricular fibril-
lation was found not to oceur if the animal
aspirated 10 ml. or less of fluid per pound of
body weight. Thus, if we can transfer these
data to man, it may be postulated that victims
of fresh water aspiration who absorb a suf-
ficient quantity of Huid to cause death from
ventricular fibrillation most probably have in-
curred  frreversible  changes when  removed
from the water. Resuscitation efforts in these

clectrolyte concentrations and blood pressures
levels rapidly retumed to normal in all dogss
who survived, it is doubtful that chuyuI:l:-
ventricular fibrillation  occurs  subsequent  to2
fresh water aspiration.  Therefore, with thed
exception of those animals who die acutely ofS
ventrieular fbrillation, the blood constituents
and eleetrolyte changes following fresh watery
aspiration do not appear to be of great con-R,
sequence.

|1S”

On the other hand, significant arterial h\'-§

poxemia and acidosis were seen three minutesS
postaspiration i all animals regardless of the=
quantity of water aspirated.  The magnitude8
of the decrease in arterial oxygen tension andy
base excess three minutes postaspiration wasg
generally found related to increases in bloodS:
volume, but not necessarily to volume of fluid®,
aspirated.  This  apparent  discrepancy L-:lng—
best be explained by considering the phase of€
respiration at the time of aspiration.  If aspira-3
tion began following peak inspiration, flow of%
witer into the lungs and subsequent nbsorp-g
tion would be delayed, whereas more oxygeny
would be available from the trapped air than3
il aspiration began immediately following thes
expiratory  phase.  In any case, persistent®
severe arterial hypoxemia was still present 60
minutes postaspiration. o
In conclusion, postaspiration  changes ing
serum electrolytes, blood volume, and pl.Lsm.lo
hemoglobin vary with the quantity of \\.lh-rcn
aspirated.  These changes are abrupt. but m"’
near-drowning they are transient and ||9u.lllv<9
revert to normal without therapy. Thus, mO
treating the majority of human victims ofS
near-drowning in fresh water, the emphasis nfg
therapy should be upon correction of persistentS
arterial hypoxemia and acidosis.  While in-g
tensive cfforts toward this cend are being exg
erted, serum  clectrolyte, blood volume andZ
ma hemoglobin values should be detersg
mined and steps taken to correct abnormalities.§
It should be emphasized that the mnccnlm-g*
tions of hemoglobin and hematocrit are unre-3
liable indicators of disturbed fluid and elec-©
trolyte balance in these victims; whereas, hloodc
volume, serum sodium, and serum chloride are
the most reliable parameters in guiding l'ur-
ther fluid and electrolyte replacement. S
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Summary

Cardiovascular  and  biochemical changes
secondary to chlorinated fresh water aspiration
were studied in 30 mongrel dogs who aspirated
from 1 ml. to 35 ml (total immersion) of
fluid per pound body weight. Survival rate
following aspiration was inversely proportjonal
to the quantity of fluid aspirated. Ventricular
fibrillation occurred frequently following as-
piration of at least 20 ml. of fluid per pound
but was not seen in animals aspirating 10 ml. of
fluid per pound or less. Three minutes fol-
lowing aspiration changes in blood volume,
plasma hemoglobin, serum sodium, chloride,
caleium and potassium were largely dependent
upon the quantity of water aspirated. W ithin
one hour postaspiration, however, the serum
electrolytes retumed to normal in surviving
animals.

Asphyxia was present acutely as evidenced
by an increase in Pagy, and decrease in pH,
Pag,, and base excess. These changes in ar-
terial pH and blood gases were not as transient
as the changes in clectrolytes and significant ar-
terial hypoxemia was still present at the con-
clusion of the experiment in all but one ani-
mal. Thus, in treating the majority of hu-
man victims of near drowning in fresh water,
the emphasis of therapy first should be upon
correction of the arterial hypoxemia and acid-
osis, and secondarily the fluid and electrolyte
changes.

The authors wish to express their gratitude to
Betty Vestal, Inelda Smith, and Alfred Jalowayski
for their (cdmlcnl assistance and to Iris Kiem,
Janet Cassady and Richard Sandifer for their sta-
tistical analysis of the data.
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