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ELECTROCARDIOGRAPHIC CHANGES IN EXPERIMENTAL DROWNING
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Summary: Healthy mongrel dogs were subjected to aspiration of 20 mllkg of fresh water (group I}
or sea water (group 11). Fresh water as well as sea water aspiration produced an immediate and
significant bradycardia and the heart rate remained appreciably low throughout the forty minute study
period. Appearance of tall T waves was the chief electro-cardiographic abnormality seen in both
the groups. Out of seven dogs subjected to fresh water aspiration, two died of ventricular fibrillation
and the other five survived. On the other hand. out of seven dogs subjected to sea water aspiration.
five died of ventricular asystole within 10 min. This shows that equivalent volume of sea water is
more lethal than fresh water. Further it is concluded that ventricular fibrillation is common after fresh
water aspiration whereas sea water aspiration commonly leads to ventricular asystole.
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INTRODUCTION

Drowning is a common medical emergency involving 150.000 victims around the
worldeach year (20). Derangement of circulatory and respiratory functions is the usual
causeof death from drowning. Although there are many reports on the effects of aspira-
tionof fresh water (FW) and sea water (SW) on blood gas and electrolyte values (10.
11.14. 16. 17. 19) there is paucity of data on the ECG changes during drowning. Some
workershave observed that ventricular fibi-illation (VF) leading to death invariably occurs
within a few minutes of FWaspiration (18. 19). Contrary to this. Fuller (4) did not find
anyinstance of VF in a review of 77 cases of drowning. In case of SW drow.ling VF
hasbeen reported in one out of five dogs (5). But according to other workers VF is
unlikelyand death is slower. due to asphyxia in SW drowning (14). Although SW produces
morepulmonary damage (2. 7) and profound circulatory deterioration (18). some workers
haveconcluded that there is no significant difference between the survival rates for FW
andSW near-drowning victims (15). From this. it is clear that the effect of FW and SW
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RESULTS

Effect of fresh water aspiration: The effect of aspiration of 20 ml/kg of FW is shown
in Table I. The animals showed transient apnea during the period of aspiration after whid
they were hyperventilating throughout the 40 min study period. Almost whole of the
aspirated fluid was retained by the animals. Two animals died of VF lO min after the
onset of aspiration and five animals survived the study period. Aspiration of FW produced
an immediate and highly significant bradycardia. Although the heart rate (HR) showed
progressive recovery, it remained appreciably low throughout the study. T wave increased-.------------------
in amplitude (Fig. 1) and this was highly significant at 3 and 5 min postaspiration. In
contrast. the changes in the duration and amplitude of other ECG waves were not statis-
tically significant.
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drowning needs further study. Therefore. the present work was
the effect of FW and SW aspiration on ECG of dogs as they show
similar to those of man following near-drowning (12).

MATERIALS AND METHODS

The present study was conducted on fourteen healthy mongrel dogs of either se
and weighing 8.2~ 11.1 kg. The animals were randomly divided into group I and group
11 (seven animals each) and maintained in the animal house on food and water ad lib.
After an overnight fast. they were anesthetized with chloralose (60 mg/kg) and urethane
(300 mg/kg) given by slow iv injection. The dogs were placed supine and the trachea
was intubated with an endotracheal tube that was connected via a 'Y' adapter to a reserver
and a breathing bye-pass. The reservoir of group I animals was filled with 20 ml/kg 01
FW obtained from the laboratory tap. The reservoir of group 1/ animals contained 20
ml/kg of SW (NaCI: 24.27 g; KCI: 0.67 g; CaCI2 : 1.12 g; MgClz : 0.2 9 in 1000 mlol
distilled water). The dogs were permitted to breathe spontaneously through the bye·
pass except for a short while when aspiration of the fluid was allowed. Lead 11 of the
ECG was recorded by means of needle electrodes. Control ECG was recorded 5 min
prior to the administration of fluid. After the control determination. endotracheal tube
of group I animals was connected to FW reservoir and the dogs were permitted to aspirate
20 ml/kg of FW. In the same way. group II animals ware permitted to aspirate 20 ml/kg
of SW. After the fluid cleared from the tubings (in 30~50 sec) the animals were reconnec
ted to the breathing bye-pass and the ECG was repeated in both the groups at 1. 3.5
10. 20. 30 and 40 min or till the animal died.

Statistical analysis: Comparisons from the control were performed utilizing the
students "t" test. P values of less than 0.05 were accepted as indicating a significan:
difference between the compared values.
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Effect of aspiration of 20 ml/kg of FW on ECG. Note bradycardia and T wave changes.
The dog died of ventricular fibrillation 10 min after the onset of aspiration.

T.<'IBLE , Heart rate (HR) and electrocardiographic data before (Q rnin) and at 1,3,5, 10,20.30 and40 min after aspiration of 20 ml/kg of fresh water.' .

HR P QRS T
beetslmin msec mV msec mV msec mV

167.4 55.0 0.18 34.3 0.89 105.7 0.18±30.2 8.7 0.05 6.1 032 51.3 0.15
77 .0** 56.6 0.14 36.7 0.97 100.0 0.32±55.0 20.8 0.12 5.8 0.30 59.1 0.35
76.0" 61.2 0.1? 37.9 0.90 113.6 0.99"±23.1 16.5 0.06 3.9 0.33 43.7 0.37
86.5** 52.5 0.15 37.1 0.82 100.0 0.80**±51.5 12.6 0.05 4.9 0.27 38.7 0.47
90.5'· 45.0 0.14 450 0.94 95.0 0.50±57.1 10.8 0.04 12.2 0.54 39.9 0.39

117.7* 45.0 0.16 37.0 0.72 76.0 0.14±44.6 5.0 0.07 6.7 0.19 32.1 0.10
103.7* 48.3 0.11 37.5 0.68 72.5 0.13±41.2 2.9 0.01 5.0 0.27 25.0 0.02
126.0 43.3 0.16 36.7 0.72 88.0 0.14±46.1 5.8 0.08 5.8 0.19 27.8 0.11

control were performed utilizing th
ccepted as indicating a significan

aluesare means ± S. D. ..p < 0.01 *p < 0.05
aluesnot marked are not significantly different (P > 0.05) from the preaspiration control (0 min) values.

Effect of sea water aspiration: The effect of aspiration of 20 m//kg of SW is shown
n Table 11. Aspiration produced brief apnea which was followed by marked and persis-

10piration of 20 ml/kg of FW is shown
the period of aspiration after which

study period. Almost whole of the
animals died of VF la min after the

period. Aspiration of FW produced
Ithough the heart rate (HR) showed

ughoutthe study. Twave increased~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
tat 3 and 5 min postaspiration. In
of other ECG waves were not statis-

20

30

40



88 Bhardwaj et al.
January-March 1982

Ind. J. Physio!. Pharmac.

TABLE 11 : Heart rate (HR) and electrocardiographic data before (0 min) and at 1. 3. 5, 10. 20, 30
and 40 min after aspiration of 20 ml/kg of sea water.

Time HR p QRS T

mm beetslmin msec mV msec mV msec mV

0 180.7 47.8 0.19 32.1 1.03 77 .1

±40.2 9.0 0.07 5.6 0.39 16.0

83.3** 41.0 0.13 40.0 0.43* 566

±46.5 2.5 0.02 17.3 0.31 15.2

3 87.7** 47.5 0.15 42.8 0.69 104.2

±60.9 9.5 0.05 20.3 0.26 43.5

5 82.7** 52.5 0.14 43.5 0.77 90.0

±62.8 5.0 0.08 19.7 0.29 46.1

10 48,5** 45.0 0.07 58.5* 0.74 113.5*

±349 7.0 0.03 29.5 0.53 39.6

20 108.0 40.0 0.09 30.0 .0.37 100.0

±82.0 14.1 0.05 14.0 0.11 84.8

30 128.0 47.0 0.09 35.0 0.36 135.0

±40.3 3.5 0.04 7.0 0.08 63.6

40 97.7 46.0 0.10 35.0 0.28* 132.5

±62.2 1.4 0.03 28.0 0.11 95.4

Values are means ± S. D. up < 0.01 e p < 0.05

Values not marked are not significantly different (P>0.05) from the pre-aspiration control (0 min) values.

tent hyperventilation. Respiratory passages became filled with clear foamy froth which
was exuded from the breathing bye-pass. Only two animals survived the 40 min study
period and five animals died of ventricular asystole within 10 min of aspiration. There
was no instance of VF. As in the case of group I animals, aspiration of SW produced
an immediate and highly significant bradycardia and the HR remained low throughout
the study. T wave showed significant increase in amplitude and duration (Fig. 2).
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o mm) and at 1. 3. 5. 10. 20. 30

QRS T

mV msec mV

1.03 77 .1 0.16
0.39 16.0 0.11

0.43· 56.6 0.11
0.31 15.2 0.02

0.69 104.2 0.52··
0.26 43.5 0.28

0.77 90.0 0.47·
0.29 46 1 0.25

0.74 113.5* 0.67·
0.53 39.6 0.49

30.0 0.37 100.0 0.70
14.0 0.11 84.8 0.85

35.0 0.36 135.0 0.85
7.0 0.08 63.6 1.06

35.0 0.28· 132.5 0.90
28.0 0.11 95.4 1 .13

.p < 0.05
-aspirationcontrol (0 min) values.
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Fig. 2 :

DISCUSSION

The present study shows that aspiration of FW or SW produces significant brady-
cardia. The bradycardia has been reported to follow an initial cardioacceleration (9).
Butwe observed bradycardia in all the animals from the very beginning. Other workers
(1.8. 18) have also observed bradycardia in drowning. This has been attributed to vagal
nfluencewithout a substantial reciprocal sympathetic influence (1. 8). Apart from brady-
cardiathe most striking ECG finding in both the groups was increase in the amplitude
andpeaking of T wave (Fig. 1 and 2). This could be due to hypoxemia (11) and/or hyper-
kalemia (13). In our earlier studies. we have found that aspiration of 20 ml/kg of FW
(16) or SW (17) produces significant hyperkalemia and hypoxemia. The occurence of
VF in FW drowning has been documented by many workers (1. 3. 6. 14. 19). It has
beenreported that in each dog subjected to FW aspiration. VF resulted in 13....•176 sec (18).
On the other hand no instance of VF was observed in a review of 77 drow;-]ing victims
(4). In the present study. 20 ml/kg of FW produced VF in two out of seven dogs. VF
has been attributed to hypoxemia (19) and electrolyte disturbances (14). We have
demonstrated that aspiration of 20 ml/kg of FW leads to persistent hvpoxernia and signi-
ficant hyponatremia and hyperkalemia (16). Similar findings have been obtained by
otherworkers (2. 11. 14). The resultant increase in K/Na ratio increases the excitability
ofheart resulting in VF (3. 14). In our SW group there was no instance of VF and five
outof seven dogs died of cardiac standstill within 10 min of aspiration. In an earlier
workwe have found that SW aspiration produces hypernatremia along with hyperkalemia
(17). Therefore. there is no increase in K/Na ratio with resultant fibrillation as seen after
FWaspiration. Cardiac standstill in our SW group could have been due to myocardial
hypoxia as suggested by earl ier workers (3, 10).

Our findings are not in agreement with those of Pearn et al. (15) who concluded
thatthere is no difference between the survival rates of SW and FW drowning. Our results
ndicate that equivalent volumes of SW may be more lethal than that of FW. This is con-
sistentwith the findings that SW produces profound deterioration in circulation (18) and
ulminating pulmonary edema (19). Further. the present work shows that VF is common
n FW drowning whereas cardiac standstill is common in SW drowning.
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