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Electrocardiographic Findings in Cholera
El Tor Patients*
OSAMU KITAMOTO, KO HIRAISHI, TAKASHI TAKIGAMI,
MAKOTO SAITO & NAGAYO SHIMIZU

One hundred and two electrocardiograms of 50 children and adults with El Tor cholera
in the Philippines were analysed in relation to the course of the disease, plasma specific
gravity and blood pressure. Pulmonary P waves, observed in 40 % of the cases on admission,
disappeared after rehydration. Hypokalaemic patterns were seen in 40 % of the cases in
the acute stage (during rehydration). This pattern became more marked after rehydration
and disappeared gradually within 3-7 days.

Electrocardiographic investigations of cholera El
Tor patients in the Philippines were undertaken as
part of the clinical studies of the Joint PhilippinesJapan-WHO Cholera Committee from September to
October 1964.
Further studies were carried out from August to
September 1965, to follow up the electrocardiographic changes and make additional observations.
Although an electrocardiographic study of cholera
El Tor patients is interesting from various viewpoints, there has been practically no report on this
prior to our investigations (see Carpenter, 1964;
Carpenter et al., 1964, 1965).
The present paper gives the results obtained in
both 1964 and 1965.
MATERIALS AND METHODS

The electrocardiograms (ECGs) of cholera El Tor
patients admitted to San Lazaro Hospital, Manila,
were recorded by a Fukuda electrocardiograph
brought to the Philippines from Japan as part of the
joint Philippines-Japan-WHO cholera project.
The ECGs of unusual or unanalysable cases, such
as those involving very frequent tachycardia and
those in which waves were mixed with muscle
current, were discarded from the study.
A breakdown of the 102 ECGs recorded on 50
cholera El Tor patients is shown in Table 1.
For the purposes of this study, the course of the
disease was divided into 2 stages-acute and convalescent. The former is the period of repeated
* From the Institute of Medical Science, University of
Tokyo, Japan.
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hydration, the latter the period after hydration has
been discontinued.
ECGs were taken during both the acute and the
convalescent stages for 20 adults and 5 children.
A single recording was made for a further 20 adults
and 3 children in the acute stage and 2 adults in the
convalescent stage.
The age of the adult patients ranged from 18 years
to 63 years, and that of the children from 1 year and
4 months to 9 years.
The clinical histories of these patients were not
well established, but they presumably had no
significant complications such as heart diseases or
hypertension, as no abnormal findings were noted
during convalescence.
The interval from onset of the disease to admission
was from 6 to 10 hours in the majority of the cases.
Blood pressure and plasma specific gravity were
determined in the course of the disease.
Electrocardiograms were analysed by routine
measurement. The amplitude of P waves in lead II,
III, or aVF, of T waves in V,, of U waves in lead II
and V3, and of certain other waves, was also measured as required. The shape of these waves was also
described, and the QT interval was carefully measured in order to exclude the QU interval.
RESULTS

Outstanding changes
Pulmonary P waves. In the acute stage of the
disease, there was a significant number of cases with
tall, peaked P waves in leads II, III, and aVF
called " pulmonary P" waves.
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TABLE I
BREAKDOWN OF ECGs RECORDED ON 50 CHOLERA EL TOR PATIENTS

|____- Adults
1964

1965

Paired samples
(Acute and convalescent
stages)

Patients

5

15

ECGs

11

51

Single samples
(Acute stage only)

Patients
ECGs

17

17

Single samples
(Convalescent stage only)

Patients
ECGs

2

2

Patients
ECGs

Total

In our study, the electrocardiographic criterion
for pulmonary P was the presence of the peaked
P waves of 2 mm or more amplitude in each of the
leads II, III, and aVF. Although pulmonary P waves
have been diagnosed on finding peaked P waves 2.5
mm or more in height in at least one of the leads II,
III and aVF (Goldberger, 1953), we consider a
height of 2.0 mm or more as also suggestive of
pulmonary P waves (Suzuki & Inooka, 1965).
Pulmonary P waves as defined above were
recorded in about 30 % of all cases in the acute stage.
If cases with peaked P waves in leads II, III and aVF
with a height of 1.5 mm or more, but less than 2.0
mm, are included, pulmonary P or a tendency to
pulmonary P was recorded in 40% to 50% of all
cases in the acute stage (Table 2).
These pulmonary P patterns were found most
frequently in the first hour after admission; they
disappeared rapidly following the initial hydration.
All cases with pulmonary P waves became normal
within the first 24 hours (Table 3). The relation
between pulmonary P waves and plasma specific
gravity is shown in Table 4.
Of 5 patients with high plasma specific gravity
(over 1.041), all had typical pulmonary P waves,
while 3 out of 5 patients with normal or nearly
normal plasma specific gravity (1.024-1.030) had
normal P waves.
No significant correlation was found between
pulmonary P waves and blood pressure.
ECGs manifesting typical pulmonary P waves and
their disappearance after hydration are shown in
the accompanying figure.

Children

ITotal

1964

1965

Total

20
62

0

5

5

0

11

11

3

20

0

3

4

21

0

6

3
6

0

2

0

0

0

0

2

0

0

0

24

18

42

0

8

8

30

55

85

0

17

17

TABLE 2
FREQUENCY OF PULMONARY P WAVES
(IN ACUTE STAGE)
P-wave
Adults
Children
amplitude
(mm)
No.
%
No.
%

Peaked P wave

25

8

0
2
2

24

60

4

50

40

100

8

100

> 2.5

9

22

2.5-2.0
<2.0

4

10

3

Normal P wave

Total

-

25

Hypokalaemic patterns. It is generally agreed that
ECGs of hypokalaemic patients are characterized by
ST-segment depressions, lowered or inverted T waves
and prominent U waves (Surawicz, 1964). Weaver
& Burchell (1960), in their study of the ECGs of
130 hypokalaemic patients, proposed the ECG
criteria for hypokalaemia shown in Table 5. These
criteria are used in the present study. Points are
given for various electrocardiographic signs, and
summed for each ECG. Weaver & Burchell considered that a score of 3 or more points was characteristic, and a score of 2 suggestive, of hypokalaemia,
and that 1 or 0 was non-diagnostic.
The percentage distribution of electrocardiographic findings suggestive of hypokalaemia in the
acute stage is shown in Table 6. The upper part of
Table 6 gives the distribution of the individual signs
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TABLE 3
RELATION BETWEEN FREQUENCY OF PULMONARY P WAVES
AND INTERVAL AFTER ADMISSION
P-wave
amplitude

No. of children
Interval after admission (h)

No. of adults
Interval after admission (h)

(m m

)--_

<1

1-15

>15

<1

1-15

>15

7
1

3
1
0

0
1
0

0
1
1

0

0

0
2
0

Normal P wave

4

9

37

2

1

10

Total

12

13

39

3

3

11

Peaked P wave

>2.5
2.5-2.0
<2.0

0
1

TABLE 4
RELATION BETWEEN PULMONARY P WAVES AND PLASMA SPECIFIC GRAVITY
P-wave
amplitude (mm)

1.024-1.030

Plasma specific gravity
1.031-1.040

>1.041

1

1

2

0
1

1

3

0

0
0

0
0

Normal P wave

3

1

0

Total

5

3

5

Peaked P wave

> 3.0
3.0-2.5
2.5-2.0
<2.0

proposed by Weaver & Burchell, and the lower part
the distribution of the total scores.
A score of 2 or more was found for 38 % of 40
adults and 50% of 8 children examined.
These hypokalaemic patterns were less marked in
the early stages following admission, were most
obvious 12-40 hours after admission, and disappeared or became nearly normal in the convalescent stage in almost all cases (Table 7).
Alteration of T-wave amplitude in the course of the
disease. On admission, there were 3 patients who
showed tall, tented waves in leads V2 and V3, which
are often found in the ECGs of hyperkalaemic
patients. All these 3 patients also showed typical
pulmonary P. These abnormal T waves, and the
pulmonary P, disappeared immediately after the
initial hydration.

The average amplitude of the T waves in lead V3
was gradually reduced in the course of the disease.
Other ECG findings
Cardiac rate. Sinus tachycardia was often found
in the acute stage.
Rhythm. A few cases with abnormal rhythm in
both the acute and the convalescent stages were
found. Two patients were found to have premature
ventricular beats in the acute stage, but their ECGs
were unfortunately not recorded in the convalescent
stage.
PR interval. No particular peculiarities of the PR
interval were seen.
QRS interval. There were 5 adults and 1 child in
the acute stage, and 3 adults and 1 child in the
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ELECTROCARDIOGRAMS FOR AN EL TOR CHOLERA PATIENT, D. P., 28-YEAR-OLD MALE, AT VARIOUS STAGES
OF THE DISEASE, SHOWING GRADUAL DISAPPEARANCE OF PULMONARY p a

Lead I11

Lead

III

Lead aVF

A

B

C
WSIO 71531
a The P waves are indicated by arrows. It will be seen that during the initial hydration (A), tall, peaked P waves were observed
in leads 11, III and aVF; 6% hours later (B), lower peaked P waves were observed in lead III only; while during the convalescent stage
(C, 4 days after A) the peaked P waves disappeared completely.

TABLE 5. ELECTROCARDIOGRAPHIC CRITERIA
FOR HYPOKALAEMIA a

Electrocardiographic sign
T/U < 1 in lead 1
T/U <I in leadV3
UII 0.6-1.4 mm

Score b

convalescent stage, who showed a QRS interval
of 0.10 sec. Two adults in the acute stage had incomplete right bundle branch block.

1
1

Voltage. High voltages (S in V1 + R in V, > 35
mm) were found in about 20% of cases in both the
acute and convalescent stages.

1

Uj1> 1.5 mm
Uv3 1.1-1.9 mm
Uv3>2.0 mm

2

S-T depression>0.5 mm in lead 11, V,, V2 or V3

1

a

1
2

Reproduced, by permission, from Weaver & Burchell

(1960).

b A total score of 0-1 is non-diagnostic; a score of 2 is
suggestive, and a score of 3-7 characteristic, of hypokalaemia.

QT ratio. Prolonged QT intervals as defined by
Lepeschkin (1951) (QT ratio of 20% or more) were
observed in about 30% of cases in both the acute
and convalescent stages.
Electrical axis. Nine out of 17 cases showed a
counterclockwise shift of the electrical axis in the
course of the disease, while 1 showed a clockwise
shift.
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TABLE 6
FREQUENCY OF ECG FINDINGS SUGGESTIVE
OF HYPOKALAEMIA IN ACUTE SrAGES
OF CHOLERA EL TOR
Children

Adults

ECG sign

Score

T, U<1 in lead 11
T/U<1 in lead V,
Ull 0.6-1.4 mm
Ul -> 1.5 mm

No.

0%

No.

%

1

7

18

3

38

i1

8

20

3

38

13

1

1

2.5

1

2

2

5.0

0

-

UV, 1.1-1.9 mm

I1

1

2.5

2

25

Uv,3>2.0 mm

2

10

25

0

-

ST depression>0.5 mm
in lead 11 or V,-,

1

14

35

7

88

Total

score

25
25
50

Transitional zone. This sign was not related to the
course of the disease.
DISCUSSION

P waves
It has been shown in this study that pulmonary
P waves appear in the acute stage in many cases of

cholera especially just after admission or prior to
hydration, and they disappear rather rapidly after
initial hydration.
It has been reported (Carpenter et al., 1965) that
abnormally tall P waves were observed on admission
in about 60% of cholera patients, and that the
P waves consistently decreased to normal height
during the first 4 hours of therapy; but no mention
was made of the shape of the abnormal P wave and
the leads in which it appeared. In our study, as
mentioned above, the abnormally tall P wave was
found to be peaked, and occurred in leads II, III
and aVF. This abnormally tall peaked P wave has
been described as a pulmonary P wave (Goldberger,
1953), as distinguished from a mitral P wave.
Carpenter et al. (1965) reported a close correlation
of P-wave amplitude with haematocrit values and
plasma specific gravity, and suggested that the
initial " giant " P waves might have been secondary
to increased blood viscosity with pulmonary hypertension. From our observations, it also seems likely
that the appearance of pulmonary P waves was
accompanied by a high plasma specific gravity and
the disappearance of pulmonary P wave occurred
within a relatively short time of the initial hydration.
This might suggest that the increase of blood
viscosity due to dehydration in the acute stage plays
an important role in the etiology of pulmonary
P waves. Thus, pulmonary P might be used to
detect severe dehydration in cholera El Tor. Chou
& Helm (1965) pointed out that there are factors
other than right auiicular strain or right auricular

TABLE 7
ECG SCORES FOR HYPOKALAEMIA, BY TIME AFTER ADMISSION

ECG score
Case No.

Hours after admission

6

12

18

24

30

3

5

3

0

8

3

10

1

12

3
2

0-1

23
25 a

1

28
7

30

39-Ca
a

3

Children.

3

F

Days after admission
36

3

4

5

6

7

8
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hypertrophy which might give rise to pulmonary
P waves. There may thus be several factors contributing to the appearance of pulmonary P waves in
the ECGs of cholera patients. It would be interesting
to investigate further the etiology of pulmonary
P waves in acute cholera patients.

ECG findings of hypokalaemia
Our previous study in 1964 revealed that one of
the significant findings in ECGs of cholera patients
was a hypokalaemic pattern in many cases. In the
present study, ECGs were analysed using more
practical and objective diagnostic criteria.
Electrocardiographic findings indicative of hypokalaemia had been described and discussed first by
Bellet & Dyer in 1937, and since then by many
authors such as Thomson (1939), Martin & Wertman
(1947), Reynolds et al. (1951), Surawicz & Lepeschkin (1953), Schwartz et al. (1954), Weller et al. (1955)
and others. The relation between the ECG findings
and the plasma potassium concentration has been
discussed extensively. It has recently been recognized
that a hypokalaemic pattern involves the following:
(1) a lowered or inverted T wave, (2) depression of
the ST segment, and (3) a prominent U wave. In
practice, however, the recognition of hypokalaemic
patterns is quite difficult, owing to lack of quantitative criteria. Weaver & Burchell (1960) proposed
electrocardiographic criteria for hypokalaemia obtained from study of the data for 130 patients with
serum potassium levels below 4.0 mEq/1. Though it
should be remembered that an electrocardiogram
which fulfils the established criteria does not
necessarily indicate hypokalaemia unless several
factors such as hypertension have been eliminated or
minimized, these criteria seem to be very practical
and useful for the diagnosis of hypokalaemia. One
or 2 points are scored for the presence of the following signs, as shown in Table 5: (1) T/U value of
1 or less in lead II or V3, (2) U-wave amplitude
greater than 0.5 mm in lead II or greater than 1 mm
in V3, and (3) ST depression of 0.5 mm or more
in lead II or leads V1, V2, Vs. A total score of 3 or
more points is regarded as characteristic of hypokalaemia, 2 points as suggestive of hypokalaemia,
and 1 point or 0 as non-diagnostic.
In our investigations, ECGs were analysed for
hypokalaemia according to these criteria. The
results revealed that there may be many cases of
hypokalaemia among cholera El Tor patients.
The hypokalaemic patterns were usually seen
within 20-40 hours following the start of rehydra-

tion treatment. Phillips (1963) and Carpenter (1964)
reported that the plasma potassium concentration of
cholera patients is rather high during the dehydrated
state, and decreases to a low level during rehydration.
Considering the high frequency of hypokalaemic
patterns in ECGs of cholera patients in this study, it
is assumed that there may be many cases of hypokalaemia during the period of hydration. We did not
determine plasma potassium concentration directly
with a flame photometer because of the limited
resources available. A simple method of checking
plasma potassium levels simultaneously with the
ECG recording was tried, but the findings were not
conclusive. In the literature (Surawicz, 1964;
Weaver & Burchell, 1960; Surawicz & Lepeschkin,
1953), it is reported that a typical hypokalaemic
ECG pattern was observed in 78 % of patients with
plasma potassium concentrations lower than 2.7
mEq/l. Thus, a typical ECG pattern is usually
found only in advanced, not in moderate, hypokalaemia. The use of ECG recordings to screen for
hypokalaemia in cholera patients is thus to be
recommended when the chemical measurement of
potassium is not possible: a high incidence of
hypokalaemic patterns was observed in our study,
following Weaver & Burchell's criteria for hypokalaemia, while the clinical findings of these patients
were in no way different from others.

Hyperkalaemia
Although the diagnosis of hyperkalaemia cannot
be made with certainty on the basis of T-wave
changes alone, Braun et al. (1965) noted that
peaking of the T wave is the earliest manifestation
of hyperkalaemia and is usually present when plasma
K concentration exceeds 5.5 mEq/l. Tall, symmetrical, narrow T waves were seen in lead V2 or V3 in 3
out of 12 cholera patients recorded on admission.
The amplitude of the T waves decreased rapidly
following hydration, and the waves became round
at the top. Although the tall, symmetrical, narrow
T wave may be very similar to the tall T wave in
patients without hyperkalaemia, according to the
literature (Carpenter et al., 1965) plasma potassium
concentration is often high on admission in cholera
patients. Carpenter et al. (1965) further pointed out
the close correlation of T wave amplitude with
plasma potassium concentration. Consequently, the
tall peaked T waves in our cholera patients are
considered to be due to hyperkalaemia.
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Other ECG findings
There were 4 patients with symptoms of tetany,
but there were no hypokalaemic patterns in their
ECGs. As to the changes of electrical axis of the
heart, Carpenter et al. (1965) reported that the
P-wave changes and the axis shifts were not entirely
dependent upon the same factor, as the decrease in
P-wave amplitude occurred much more rapidly than
the rotation of the cardiac axis. Similar results were
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obtained in our study, in which the ECG evidence
showed that the electrical axis tended to be inclined
towards the vertical on admission, and to shift
towards the horizontal as the P-wave amplitude
decreased. The change of the electrical axis of the
heart may be related to the mechanism of appearance of pulmonary P waves in cholera patients,
while there are indications that overhydration also
plays a role.

RtSUMI
On a fait aux Philippines, en 1964 et 1965, d'une part
deux series d'electrocardiogrammes sur 20 adultes et 5
enfants atteints de cholera El Tor, I'une pendant la phase
aigue de la maladie, l'autre pendant la convalescence, et
d'autre part une serie unique d'6lectrocardiogrammes
sur 22 adultes et 3 enfants a divers stades de l'affection.
On a not6 chez environ 40% des malades, au moment
de leur admission a l'h6pital, des ondes P pulmonaires
(traces caracterises par des ondes P hautes et pointues
dans les derivations II, III et aVF). Observees le plus
frequemment au cours de la premiere heure apres
l'admission, elles disparaissaient dans les 24 heures suivant l'application du traitement rehydratant. La relation
probable entre l'apparition des ondes P pulmonaires et
l'augmentation de la densite du plasma fait penser que
ce signe pourrait servir d'indication pour la mise en
route du traitement de rehydratation le plus t6t possible.
Des traces electrocardiographiques indicateurs d'hypokaliemie (presentant au moins l'une des caracteristiques
suivantes: diminution ou inversion des ondes T, ondes U
saillantes ou depression du segment ST d'au moins
0,5 mm dans les derivations 1I ou V3) ont e observes

dans 40 % des cas environ pendant la phase aigue.
Les traces hypokaliemiques etaient generalement tres
marques entre la 12e et la 40e heure apres le debut
de la rehydratation et disparaissaient gen6ralement pendant la periode de convalescence. On pourrait utiliser
les electrocardiogrammes pour deceler 1'hypokaliemie
quand il est impossible de faire une determination
chimique des taux de potassium serique.
On a constat6 que trois malades avaient des ondes T
hautes et pointues dans les d6rivations V2 et V3 au
moment de leur admission a F'h6pital, probablement
at cause d'une hyperkaliemie consecutive 'a la deshydratation. Ces trois malades pr6sentaient aussi des ondes P
pulmonaires typiques; les ondes T et P anormales ont
disparu rapidement apres le traitement rehydratant initial.
On a observe frequemment de la tachycardie sinusale
pendant la phase aigue de la maladie.
Chez neuf malades, l'axe electrique a devie a gauche
au cours de la maladie, alors qu'il a devie a droite chez
un seul sujet. Le mecanisme de ce phenomene reste
inconnu, mais il peut etre lie a la formation des ondes P
pulmonaires.
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