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Summary: The effects of aspiration or aspiration-cum-swa llowinq were studied in two groups
of anesthetized dogs. Group I animals were subjected to aspiration (20 ml/kg) whereas that of
group 11 to aspiration (20 ml/kg) cum-swallowing (20 ml/kg) of fresh water. Aspiration produced
decrease in plasma sodium and chloride whereas potassium. hemoglobin and haematocrit increased.
Thesechanges weretransient and the values came back towards preaspiration level in the surviving
animals. In animals subjected to aspiration-cum-swallowing. there was no initia I increase in he-
moglobin and hematocrit and both these values decreased significantly. The pattern of electrolyte
changes was essentially similar to the aspiration group. All the animals in the two groups showed
an immediate onset of significant asphyxia and acidosis that persisted throughout the period
of observation. It is concluded that aspiration of 20 ml of fresh water per kg body weight produces
only transient changes in hemoglobin. hematocrit and electrolyte balance. whereas the changes
in arterial gas and pH are significant and persistent. It is further concluded that the swallowed
water modifies the aspiration induced changes in fresh water drowning.
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INTRODUCTION

Drowninq'Is one of the common causes of accidental death and accounts for
over 7000 fatalities each year (8). A clear understanding of the pathophysiological
changes in drowning is essential for specific and successful treatment. The importance
of rapid shift of fluid and electrolytes across the alveolar-capillarv interphase in fresh
water (FW) drowning has been stressed by Swann (15) who demonstrated severe
hemodilution in dogs immersed in FW. Other workers (4.13.14) also have reported increase
in blood volume and decrease in electrolytes in FW drowning. It would appear from
thesereports that the pathophysiological changes consequent to rapid alterations in blood
volume and electrolytes are of primary importance in drowning. However. Fuller (5)
while reviewing case histories of 77 near drowning victims did not confirm the course
predicted by Swann (15) as he found no profound blood volume and electrolyte distur-
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bances. Modell (8) concluded that significant and persistent arterial hypoxemi&
common feature of all near-drowning victims and the blood volume and electrolyte eh
are transient and insignificant. It is evident that there are conflicting reports on the
of FW drowning on blood volume and electrolytes. This disparity might be due to
wed water that has not been taken into account. de Boer et al. (3) have pointed out
in experimental animals as well as human near drowning victims, large quantities of
are swallowed and the data concerning the effect of water exchange between the ga~
intestinal tract and blood are lacking. Therefore, we planned to study the effect of s
wed water on the pattern of changes induced in blood during FW drowning in dogs.

MATERIALS AND METHODS

Twenty healthy mongrel dogs (7.1 - 11.5 kg) were randomly divided into gro
and group II (10 animals each) and maintained in the animal house on food a'ld
ad lib. After an overnight fast. the animals were anesthetized by slow intravenous a
nistration of sodium pentobarbital. the dose being 30 mg/kg .. The dogs were pial
supine on the dissection table and polvethvlene catheters threaded into femoral a
and vein. Under direct vision, trachea was intubated with an endotracheal tube,
cuff of which was inflated and the animals allowed to breathe spontaneously.
endotracheal tube of both the groups was connected via a 'Y" adapter to a rese
containing measured quantity of FW obtained from the laboratory tap and a breath
by-pass. The dogs were permitted to breath through the by-pass except for a shortwl
when aspiration of FW was allowed. In group" animals stomach tube also was introdu
into the esophagus and connected to another water reservoir containing measured quan
of FW. Continuous kymographic record of respiration was obtained by means of stet
graph and a tambour. Lead" of the electrocardiogram was also recorded continuously

Heparinized arterial blood samples were collected for measuring all paramet
Samples collected anerobically were analysed immediately for oxygen tension (PaO
carbon dioxide tension (PaC02) and pHa by digital acid base analvz=r. Hemat
(Hct) was determined by Wintrobe method and the whole blood hemoglobin (Hgb)
Sahli acid hematin method. Plasma chloride (Cl) was determined by Whitehorn'sa
plication of Volhard's titration (7) whereas sodium (Na) and potassium (K) were estima
by means of IL flame photometer (16) and the values expressed as mEq/1. The ab
mentioned parameters were determined 5 min prior to the a-rministraticn of FW a
referred to as "control" or "zero time" values. After the control deterrninations ti
endotracheal tube of group I animals was connected to the water reservoir and the c:
allowed to "aspi rate" 20 ml/kg of FW. Group" animals were allowed to simultaneous
"aspirate" (20 ml/kg) as well as "swallow" (20 ml/kg) the FW. After the water clesr
from the tubings (in 40-90 sec) the animals were reconnected to the breathing bY-PJ
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the laboratory deterrninatipns as mentioned above were repeated in both the groups
min or till the animal died.

Mean values were calculated together with standard error. The significances of
changesat various time intervals were compared with the preaspiration control values

'n9 eonventiona I students '1' test.

RESULTS

Effect of aspiration: The effect of aspiration (20 ml/kg) of FW in group I animals
shown in Table I and Fig 1. Het increased significantly (p<0.01) at 3 min after
hich it decreased slowly to reach near control value at 40 min. Hgb showed an
signifeantelevation at 3 and 5 min after which it decreased slowly towards control value
t 40 min. Plasma Cl and Nil showed a significant (P<0.001) decrease in 3 min.
fier that. Cl level started increasing slowly, but even at 40 min it was significantly
P<0.02) lower than the control. Na I-vel start id rising slowly after 5 min and at 40
init was insignificantly lower than the control. The level of K at 3 and 5 min was

Significantly(P<O.OO1) higher than the control after which it quickly decreased to near
controlat 40 min. pHa showed a progressive and significant (p<0.001) decrease upto
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Arterial blood hematocrit (%), hemoglobin (g%). pH (units), gas tensions (mm Hg) and plasma elec-
trolytes (mEq/l) before (0 min) and at 3.5,10.20 and 40 min after aspiration (20 ml/kg) of fresh water.

Het Hgb Na Cl K pHa Pa02 PaC02

41.4 15.4 144 108 4.0 7.40 100 35
±0.7 0.2 1.3 1.2 0.1 0.009 0.7 0.9

44.5+ 15.6 134"" 95"" 6 0"" 7.27"" 32"" 52""
±0.9 0.2 1.5 1.4 0.1 0.03 0.6 0.5

44.0+ 15.9 134"" 97"" 6.1"" 7.16"" 35"" 60""
±0.6 0.2 1.6 1 5 0.2 0.02 2.4 0.5

43.0 15.7 137" 99"" 5.2@ 7.13"" 35"" 56""
±0.6 0.2 1 .7 1.6 0.4 0.04 3.9 2 6

42.4 15.5 140 103@ 4.3 7.20" 41" 47""
±0.6 0.3 1.8 1.2 0.09 0.05 5.2 2.9

42.1 15.5 143 103@ ·L 2 7.24@ 47"" 40""
±0.9 0.4 1.4 1.4 0.09 0.05 5.5 0.6

""P<O.OO1 "P<0.005 +P<O.Ol @P<0.02

Val~esnot marked are not significantly different (P>0.05) from preaspiration control (zero min) values.
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10 min. After that it showed some rise but ~s still significantly (P<0.02) 10
the control at 40 min. Pa02 decreased steeply at 3 min after which it showed a pr
but slight rise and this hypoxia was highly significant (P< 0.001) throughout the
of observation. PaC02 showed a rapid rise at 3 min and 5 min after which it d
proqressivelv. but the value remained significantly higher throughout the peri
observation. Three of the ten dogs died after 10 min and one more after 20

of aspiration.
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Effect of aspiration-cum-swallowing: The effect of aspiration (20 ml/kg) a
swallowing (20 ml/kg) of FW in group II dogs is shown in Table II and Fig. 2. Hctd
reased upto 10 min when it was significantly (P<0.02) lower than the control and a
that it showed some increase. Hgb showed a progressive fall throughout the period
observation and was significantly (P<0.001) lower than the control at 40 min. Pia
Cl and Na decreased significantly (P<O.OO1) at 3 min. after which both increased slo
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Arterialblood hematocrit (%), hemoglobin (g%), pH (units), gas tensions (mm Hg) and plasma electrolytes
(mEq/l) before (0 min) and at 3,5,10,20 and 40 min after aspiration (20 ml/kg)-cum-swallowing (20
mllkg) of frr->h water.

Het Hgb Na Cl K pHa Pa02 PaCOz

41.5 15.4 144 109 4.3 7.39 99 35
±0.8 0.2 1.3 1.3 0.1 0.01 0.7 0.8

40.6 14.8 131" 96" 6.2" 7.21" 32" 55"
±0.8 0.1 1.3 1.4 0.1 0.03 0.5 1 .5
39.6 14.1" 133" 99" 6.4" 7 .12" 31" 61"

±0.8 0.1 1.4 1.4 0.1 0.03 2.2 1.2

38.2@ 13.5" 134' 101" 6.0" 7.10" 29" 60"
±0.9 0.1 2.7 1.4 0.3 0.04 3.8 2.8

39.3 13.6" 139 104@ 4.6 7.30" 44" 46"
±1.3 0.2 2.4 1.6 0.1 0.01 1.0 1 .2

39.6 12.9" 141 104@ 4.2 7.32" 47" 42'
±1.8 0.1 2.4 1.6 0.1 0.01 1.3 1.5

aremeans ± S.E. ·'P<0.001 ·P<0.005 +P<0.01 @P<0.02
notmarkedare not significantly different (P>0.05) from preaspiration control (zero min) values.
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Fig. 2 Pattern of changes in plasma electrolytes and
of hematocrit. hemoglobin. POz. peoz and pH
in arterial blood after aspiration (20 mllkg) cum
swallowing (20 mllkg) of fresh-water. ResuliS
are given as mean ± S.E. Zero time represents
control measurements.
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but remained lower than the control till the period of observation. K level rapidly incr
to significant (p<0.001) levels at 3 and 5 min after which it slowly decreased to
near control value at 40 min. pHa decreased upto 10 min after wh-ich it showed
increase, but remained significantly lower than the control throughout the period
observation. Pa02 decreased precipitously at 3 min and showed some increase
and 40 min. but it remained significantly (p<0.001) lower than the control throug
the period of observation. PaC02 showed a quick rise at 3 and 5 min after whi
decreased continuously. But it remained significantly (P<0.001) elevated till the
of observation. Six of the ten dogs died after 20 min of aspiration-cum-swallowing

DISCUSSION

The results presented in this paper show that the effect of aspiration of 20
FW per kg body weight is a significant decrease in NaCI and a significant increaseI
in the immediate postaspiration period and the values steadily return towards preaspira
level by 40 min. The decrease in NaCI could be explained on the basis of rapid shi
the aspirated fluid across the alveolar-capillary membrane (4,15). The increase in
K concentration has been explained on the basis of hemolysis as well as hypoxia (3).
in the dog the main intracellular cation of erythrocytes is not K. as in man, but Na(
Therefore, the increase in K found in the present study is likely to be the result of hy
liberation of catecholamines which produce an elevation of plasma K by their glycogenol
influence (1) rather than hernolvsis as suggested by Donald (4) and Noble & Sh
(14). The transient electrolyte changes observed in this study do not confirm the findi
of Swann (15) who reported significant and persistent decrease in serum electrolytes
dogs subjected to drowning. But our findings are in agr ement with the observan
of Modell (8) that if dogs aspirate 22 ml/kg or less of FW. significant and persistent chan
in electrolytes do not occur. This transient nature of electrolyte changes and the fact
arterial blood is not sampled withh first few minutes of the onset of imme{siol\ ill dlQ'«
victims may explain the observations of Fuller (5) that the blood volume and electro
changes are not significant in such cases. Due to the quick redistribution of absor
fluid throughout the body compartments, the electrolytes in the venous blood rapi
achieve homeostasis in human beings and animals that survive FW near drowning. Th
fore, unless the arterial blood measurements are done in the immediate postaspint
period, one might miss the transient electrolyte changes (10). Further, the blood vol
and electrolyte changes are volume-dependant and Model! and Moya (11) have sh
that if larger quantities of FW are aspirated, the blood volume increases in direct pro
tion to the quantity 01 fluid aspirated.

The whole blood Hgb showed some increase in the immediate postaspirat
period whereas the accompanying increase in Hct was significant. But both theval
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sedtowards the control by 40 min. Our results do not agree with those of Swann
who reported significant and persistent hemodilution with consequent decrease in
n dogs submerged in FW. In a case of hemoglobinuria from near drowning. Munroe
founddecrease in whole blood Hgb asa result of severe hemolysis. Noble & Sharpe (14)
fthe view that in FW drowning asphyxia is complicated by hemodilution with resulting
esin blood composition. However, Fuller (5) and Modell (8) do not support at all

hypothesisof Swann (15) that significant hemodilution does occur in man during
drowning. They are of the view that Hqb and Hct are essentially normal in hurran
r drowning victims. In our animals, the initial slight increase in Hgb may be due to
ilization of red cells as a result of catecholamine release secondary to acute asphyxia

). This factor as well as hypotonic swelling of red cells may be responsible for the
asein Hct found in the present study.effect of aspiration of 20 mt
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Thetrend in the electrolvtes in group 11animals subjected to aspiration cum swallow-
was similar to that of group I. But there was no initial Increase in Hgb and Hct
both these values showed signiticant decrease. The fact that the Hgb level remained

nificantly low even at 40 min in this group indicates that the swallowed fluid does
ify the course of events in drowning. This is in agreement with the findings of de

er et al. (3) who concluded that the immediate effects on blood composition are due
inlyto aspirated water, whereas the latter effect; may be influenced by swallowed water.

The arterial blood gas and pH studies were essentially similar in both the groups.
e degree of asphyxia was highly significant from the verv beginning and remained so
roughout the duration of the study. r:iHa also showed a highly significant fall from

beginning and ir spite of some recovery, remained significantly lower than the control
rouqhout the duration of the study. Our results indicate that the electrolyte, Hgb and
etchanges induced by aspiration of 20 ml/kg of FW in dogs are not persistent Contrary
this, changes in arterial gas and acid-base balance are severe and persistent. These
anges in dog are in agreement with the findings of Modell et al. (9) that a near

rowning victim is left with profound and persistent arterial hvpoxernia and metabolic
acidosiswhich are the most important consequences of drowning. The factors contributing
to hypoxemia in FW drowning may be (a) alteration of the surface tension properties
of pulmonary surfactant by aspirated fluid with resultant atelectasis and intrapulmonary
shunting(6) and (b) pulmonary edema and alteration of ventilation to perfusion ratio as
a result of cerebral hypoxia and pulmonary hypertension (12). As more than 85% of
humanFW drowning victims aspirate less than 22 ml of fluid per kg body weight (8).
n canbe concluded that in the majority of the drowning victims blood volume and electro-
lytederangement is not an important feature requiring urgent treatment as suggested by
Nobleand Sharpe (14) and Svvann (15). On the basis of our experiments, it can further

- .
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be concluded that the immediate correction of arterial blood gas and acid-base bal
is of prime importance and that the swallowed water can influence the aspiration ind

changes in FW drowning.
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