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Abstract

Electrical and mechanical abnormalities were studied in the heart of a schizophrenic male patient with
severe hyponatremia and concomitant low plasma osmolarity induced by excessive water intake (so-called
“water intoxication syndrome”) by recording electrocardiography and echocardiography.

There was a significant positive correlation between the plasma osmolarity and serum sodium concentra-
tion. The QRS duration of electrocardiography, an index of the ventricular electrical conduction velocity,
tended to be prolonged and the left ventricular ejection fraction calculated by echocardiography decreased
in proportion to the reduction of the serum sodium concentration. Lowering extracellular sodium concen-
tration theoretically slows electrical conduction velocity, and was observed in this patient. On the other
hand, low external sodium concentration should increase cardiac contractility via suppression of the for-
ward mode operation of the sodium-calcium exchange mechanism, thereby increasing the intracellular free
calcium concentration. However, this was not the case in our patient, because ejection fraction was not
increased but rather significantly decreased with the lowering of serum sodium concentration.

We speculate that in patients with water intoxication, the negative inotropism of the heart caused by low
plasma osmolarity prevails over the positive inotropism caused by low serum sodium concentration.
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INTRODUCTION

Since Barahal? described a female patient who
developed dementia after excessive intake of water,
quite a few cases of the so-called “water intoxica-
tion syndrome” have been reported in psychiatry.

M Electrocardiography

E Sodium (hyponatremia)

The inappropriate secretion of antidiuretic hormone
(ADH) and malfunction of the central nervous sys-
tem regulating water homeostasis are proposed to
be the mechanisms of polydipsia. The signs of
water intoxication essentially stem from the
hyponatremia caused by excessive intake of water.
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The typical symptoms include nausea, vomiting,
diarrhea, confusion, seizures and coma?. The
serum sodium level is often found to be less than
120mEq/!, and the neurological abnormalities
observed in this condition are explained by brain
edema, presumably caused by hyponatremia-medi-
ated occurrence of hypo-osmolarity. Since some
cases are lethal, this syndrome is thought to be a
serious problem in the field of psychiatric patient
care®. However, the cardiac complication associat-
ed with this disorder has not yet been described.

We investigated the electrical and mechanical
functions of the heart in a schizophrenic patient
with the signs of water intoxication and resulting
hyponatremia, and describe the serial changes in
electrical and mechanical parameters with special
reference to the changes in serum sodium concen-
tration.

CASE

The patient was a 45-year-old man who was ini-
tially diagnosed as schizophrenic in 1977 at the age
of 25 years. He has been admitted to Keiaikai-
Fukuma Hospital for 20 years. He has been treated
with 300mg of chlorpromazine, 30 mg of haloperi-
dol (which is equivalent to 1,500mg of chlorpro-
mazine), and 50 mg of zotepine (equivalent to
100mg of chlorpromazine) for more than 5 years,
and schizophrenic breakdown has not occurred for
several years although he exhibited frequent
episodes of polydipsia, which usually occurred sud-
denly with an incidence of about once every few
months. During the episode, his body weight usual-
ly gained by 3 to 5 kg due to the excessive intake of
water that was the most and essential favorite for
him to ease his severe feeling of polydipsia.
Although vomiting and polyuria are associated with
polydipsia, the neurological signs and symptoms
are scarcely recognized even when the serum sodi-
um concentration attains 120mEq/ ! or even less.
He did not have any other complications or previ-
ous disease.

From May 1996 to April 1997, we weighed him
twice every day (9 am and 5 pm) and plasma osmo-
larity was measured by the cryoscopy method.
Plasma levels of sodium, potassium and chloride
were measured by the electrode method.
Laboratory data including levels of human atrial
natriuretic peptide (hANP), antidiuretic hormone
and catecholamines were measured once a month;
plasma renin activity (PRA) was also determined.

Selected abbreviations and acronyms

hANP = human atrial natriuretic peptide

PRA = plasma renin activity

Electrocardiography (ECG) and echocardiography
were recorded on the same day as the routine exam-
ination. These cardiac examinations were per-
formed 15 min after bed rest. ECG was recorded
using dual leads of II and Vs, with the standard
paper speed of 25mm/ sec and when necessary, at
the speed of 100mm/ sec, e.g., to measure the QRS
duration. Echocardiography used the parasternal
and apical views, with which the left atrial dimen-
sion, left ventricular end-systolic and end-diastolic
dimensions and posterior left ventricular wall thick-
ness were evaluated. The left ventricular ejection
fraction was calculated according to the methods
introduced by Teichholz er al.” Doppler techniques
were applied to evaluate the left ventricular inflow
velocity of 2 components: The first component
occurred in the early diastole (E) and the second
component followed the atrial systole (A), and the
ratio of A to E(A/E)was calculated. The diagno-
sis of water intoxication was made by observation
of the patient showing the behavior of frequent
water drinking and by the gain of body weight
more than 3kg within a day. Those examinations
were repeated within a day when the signs of water
intoxication emerged.

Written informed consent for participation in this
study was obtained from the patient. Linear regres-
sion analysis used the least-square-method and a p
value of less than 0.05 was considered as statistical-
ly significant.

RESULTS

The treatment was not changed and schizo-
phrenic breakdown did not occur during the investi-
gation period. Water intoxication occurred twice,
first in October 1996 when his body weight
increased by 5 kg at 5 pm as compared to that mea-
sured at 9 am, and the second in February 1997
when the gain of body weight was 4 kg. The serum
sodium concentration was 120 and 119 mEq/! at
the first and second episodes, respectively.

A typical ECG recorded as a control and during
water intoxication are shown in Fig. 1. PQ interval,
QRS duration and QT interval were prolonged dur-
ing water intoxication in the 2leads of II and V.
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Fig.1 Electrocardiographic recordings in the control period and during water intoxication
Leads I (A)and V;(B)in the control period and the corresponding 2 leads (C, D) during water intoxication.
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Fig. 2 Serial changes in the serum sodium concentra-
tion (¢), the PQ interval (0), QRS duration
(0), QT interval (01), QTc interval (O)and RR
interval (2)on the electrocardiogram
Closed symbols indicate water intoxication (Oct., 1996
and Feb., 1997).

The serial changes in these ECG parameters are
shown in Fig. 2. Corrected QT interval was calcu-
lated by Bazett’s formula®. Only QRS duration was
inversely correlated with the serum sodium concen-
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Fig. 3 Relationship between QRS duration on the elec-
trocardiogram and serum sodium concentra-
tion (r2= 0.141, p=0.11)

tration. When PQ interval, QRS duration and QT as
well as corrected QT intervals were plotted as a
function of serum sodium concentration, QRS dura-
tion tended to be prolonged in proportion to the fall in
serum sodium concentration, although statistical sig-
nificance was not attained (r?=0.141, p = 0.11;
Fig.3).

Echocardiography revealed various abnormali-
ties, depending on the changes in serum sodium
concentration. Left atrial dimension was 3.7 and
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Fig.4 M-mode (left)and two-dimensional (right)echocardiograms
Upper: In the control period.
Lowrer: During water intoxXication.

3.3cm corresponding to the serum sodium concen-
trations of 120 and 135mEq/[, respectively.
Similarly, the respective values of A/E evaluated
by the Doppler technique were 1.19 and 0.91.
Ultrasonic echocardiographic findings are indicated
in Fig. 4. Posterior left ventricular wall thickness
was 1.0 and 0.8cm corresponding to the serum
sodium concentration of 120 and 135mEq//,
respectively. Left ventricular end-diastolic dimen-
sion was estimated to be 4.9 and 5.2cm, and left
ventricular end-systolic dimension was 3.3 and

3.0cm, respectively. Ejection fraction calculated at
the serum sodium concentration of 120 and 135
mEq/ [ were 60% and 72%, respectively. Fig. 5
shows the correlation between the serum sodium
concentration and the ejection fraction. Ejection
fraction declined in proportion to the fall in serum
sodium concentration with a significant positive
correlation (r2 = 0.444, p < 0.05).

The levels of osmolarity, electrolytes and
humoral factors such as hANP, ADH, PRA and
catecholamines are summarized in Table 1.

J Cardiol 1998; 32: 197-204
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Fig. 5 Relationship between left ventricular ejection
fraction (EF) obtained by echocardiography
and serum sodium concentration
There is a significant positive correlation between
these 2 parameters (r2 = 0.444, p < 0.05).
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Fig. 6 Relationship between plasma osmolarity and
serum sodium concentration
Note that there is a highly significant positive correla-
tion between these 2 parameters (r2=0.897, p<
0.01).

Table1 Serial changes in electrolytes, osmolarity and various humoral factors

325 Oct. Dec. ;962)7 Apr. Normal value

Na* (mEq/I) 128 120 130 119 134 134—145
K* (mEq/1) 3.9 3.9 3.8 4.2 3.7 3.5-5.0
Cl- (mEq/1) 93 85 92 94 88 98—108
Osmolarity (mOsm/1) 267 249 280 245 282 275-290
hANP (pg/1) 35.0 326 30.0 322 239 <43

ADH((pg/1) 0.7 0.3 1.0 0.8 0.8 0.3-4.2
PRA (pg/1) 2.1 45 54 3.5 52 3.6—63.7
Epinephrine ( ug/1) 0.05 0.10 0.06 0.08 0.06 <0.12

Norepinephrine ( zg/!1) 0.60 0.75 0.59 0.65 0.58 0.10—0.41

ADH =antidiuretic hormone.

Hyponatremia was noted during water intoxication,
but other electrolytes remained constant. Plasma
osmolarity varied in parallel with serum sodium
concentration. Fig. 6 shows the relationship
between the plasma osmolarity and the serum sodi-
um concentration recorded during the 2 successive
episodes of intoxication, which indicates a highly
significant, positive linear correlation (r? = 0.897,
p < 0.01) between these 2 parameters, thereby sug-
gesting that the level of plasma osmolarity is pro-
portional to the sodium concentration. This finding
suggests that the plasma osmolarity could not be
compensated in our patient with water intoxication.
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The level of hANP ranged between 18 and
35pg/ml, and that of ADH was between 0.3 and
1.0pg/ml, which was close to the lower margin of
the normal range. The range of PRA was also on
the lower margin. The plasma concentration of cat-
echolamines showed considerable variation. Plasma
epinephrine and norepinephrine concentrations
ranged from 0.05 to 0.15 g/ ml and 0.55 to 1.11
g/ ml, respectively. These indicate a trend toward
enhanced sympathetic activity in this patient.
However, the concentrations of all these humoral
factors including the plasma catecholamines did not
significantly correlate with the levels of the serum
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sodium concentration (not shown), suggesting that
the enhanced sympathetic function might have been
secondary to the altered psychiatric condition and
not to the severity of water intoxication.

DISCUSSION

The present clinical investigation assessed the
electrical and mechanical abnormalities of the heart
under the conditions of so-called “water intoxica-
tion syndrome”. Polydipsia to such an extent that
body weight increased by more than Skg within a
day is supposed to be associated with an increase in
extracellular fluid volume. This consideration is
supported by the dilutional hyponatremia associat-
ed with low plasma osmolarity and an increase in
the left atrial dimension which was shown by
echocardiography. The cardiac performance in such
circumstances is thought to be determined by the
interaction of complex factors, e.g., changes of
electrolytes, osmolarity and blood volume.

The conduction velocity of ventricular electrical
propagation can be indirectly evaluated by QRS
duration, provided that the QRS configuration and
hence the ventricular activation sequence are not
altered. Lowering the external sodium concentra-
tion results in the slowing of conduction in the
heart of animal models. Buchanan et al.” reported
that the conduction slows in proportion to the
reduction of external sodium concentration in the
ventricular papillary muscle of guinea pigs, and
explained this finding by a fall of the rapid sodium
inward current, the most important determinant for
electrical propagation in the cable theory. Our
results are in good agreement with their experimen-
tal finding. However, if the serum potassium con-
centration was altered during the episode of water
intoxication, the problem would be more compli-
cated. Although the conduction velocity of the elec-
trical impulse is most likely to be influenced by
potassium as well as sodium concentrations in the
blood®, we found no significant change in the
serum potassium concentration in the present
case; ventricular arrhythmias were also not docu-
mented.

Mechanical cardiac performance observed in
patients with hyponatremia or in water intoxication
is a matter of some interest. Ben-Haim et al.” con-
ducted experiments using isolated working rat
hearts subjected to hyponatremic conditions, with a
constant osmolarity of the perfusing solution. In
their study, cardiac output was increased when

decreasing the sodium concentration from 136 to
96mEq/l. They attributed the positive inotropism
seen under low external sodium conditions to the
suppression of the forward operation of sodium-
calcium exchange mechanism in the sarcolemma.
Sodium-calcium exchange is important in regulat-
ing intracellular free calcium concentration and
hence the cardiac contractility. This exchange nor-
mally extrudes the internal calcium by virtue of the
transsarcolemmal sodium gradient!? (forward
mode operation). Since the reduction of external
sodium decreases the transsarcolemmal gradient of
sodium concentration, this maneuver should lead to
the accumulation of internal free calcium and
increase the contractile tension, provided that the
perfusate osmolarity is kept constant!”. In our
patient the plasma osmolarity was altered concomi-
tantly with the serum sodium concentration, so the
clinical situation is more complicated. Lado et al.'?
investigated cardiac contractility in vivo under a
variety of changes in osmolarity. Reduction of the
osmolarity from 298 to 228 mOsm /! caused nega-
tive inotropism with presumed myocyte swelling,
which suggests that increased cellular volume (i.e.,
diluted intracellular electrolytes concentration)
decreased the intracellular free calcium concentra-
tion and thus contraction. In addition, chronic
myocardial swelling is reported to produce cellular
damage and lead to interstitial fibrosis'®. Our data
showed a parallel change of plasma osmolarity with
the serum sodium concentration (Fig. 6), indicating
that osmolar homeostasis was not attained, if not
zero, in this patient. Lowered osmolarity and low-
ered sodium concentration underlie water intoxica-
tion and these 2 physiological factors might have
exerted opposing effects on the cardiac contractili-
ty. Our data showed that in the setting of water
intoxication, reduced osmolarity, rather than
hyponatremia, is predominant in regulating cardiac
contractility.

Myocardial edema induced by various clinical
settings (including low osmolar condition) has
attracted increasing attention. This pathological sit-
uation is frequently encountered during myocardial
infarction'4!>) and the following reperfusion'® and
can be diagnosed by cardiac imaging, especially
with the use of nuclear magnetic resonance
imaging!”. In our present study, the presence of
myocardial edema was suggested by echocardio-
graphic findings including thickening of the left
ventricular wall and the increased A/E, implicat-
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ing impaired left ventricular compliance, a finding
frequently recognized in myocardial edema'>%).

In our schizophrenic patient with hyponatremia
derived from repetitive and reversible water intoxi-
cation, the reduction of ejection fraction (detected
by echocardiography)and the trend toward QRS
widening (detected by ECG) were associated with
a proportional decrease in the serum sodium con-
centration. Although these changes might have
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been modified by the concomitant changes in plas-
ma osmolarity and intravascular blood volume,
these observations are indicative of the cardiac
manifestations in water intoxication syndrome.
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