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HIGH voltage of R waves in left precordial leads of the electrocardiogram 
has been proposed as a sign of left ventricular hypertrophy.1,2 A high 

incidence of abnormally large R waves in V5 has been reported in hypertensive 
patients with high diastolic arterial pressure.3 A rise in blood pressure following 
infusion of /-norepinephrine in normotensive subjects,4 and ligation of the aorta 
in animals,5 has resulted in an increase in the amplitude of the R waves. Consider-
able reduction in the voltage of R waves has been observed following satisfactory 
treatment of hypertension with methonium compounds6 and other antihyperten-
sive agents.7 These observations suggest that elevated arterial pressure may be an 
important factor in influencing the amplitude of R waves, but this relationship 
has not been adequately investigated. 

The present study determines the possible effects that the lowering of arterial 
pressure exerts on the amplitude of R waves in left precordial leads of hyperten-
sive patients whose electrocardiograms show evidence that meets the criteria for 
left ventricular hypertrophy as defined by Sokolow and Lyon.1 

Methods and Material 

Twenty hypertensive patients whose electrocardiograms showed increased volt-
ages of R and S waves in leads V5 and V,, respectively, were studied at the 
Cleveland Clinic Hospital. All the patients had a mild to moderately severe 
hypertension that was benign in 13 patients, malignant in 1 patient, and associ-
ated with renal arterial lesions in 6 patients. Evidence of mild cardiac enlarge-
ment with some prominence of the left ventricle was present in the roentgeno-
grams of 9 patients, whereas in those of 11 patients the cardiac size and 
configuration were normal. 

By using the criteria of Sokolow and Lyon,1 namely, the sum of voltages of 
R waves in V5 and S waves in V, as greater than 35 mm., left ventricular hyper-
trophy could have been diagnosed in all the cases. The amplitude of R waves in 
V5 or V6 ranged from 19 to 40 mm., the mean value being 26.5 mm. Intraventri-
cular conduction defect was not evident in any patient. 
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Arterial pressure was lowered in all 20 patients by intravenous infusion of sodium 
nitroprusside administered according to the recommendations of Page, Cor-
coran, Dustan, and Koppanyi.8 Arterial pressure was measured with a sphygmo-
manometer before the infusion of sodium nitroprusside and every 30 seconds 
thereafter. The arterial pressure was kept at various desired levels until electro-
cardiographic records were obtained. Control electrocardiograms were recorded 
for each patient, that is, six standard limb leads and six precordial leads, V, 
through V6. Thereafter, during the infusion of sodium nitroprusside, only the 
precordial leads V, and V5 or V6 were recorded in 15 patients, and complete elec-
trocardiograms of five patients at various desired levels of arterial pressure. 

Results 

In 19 of the 20 patients, lowering of arterial pressure with sodium nitroprus-
side resulted in a decrease of the amplitude of R waves in lead V5. The reduc-
tion ranged from 3 to 19 mm., or from 14 to 49 per cent of the control values. 
In the one patient, no changes occurred. The average control amplitude of R 
waves in V5 for all the patients was 26.5 mm. Following intravenous administra-
tion of sodium nitroprusside, this average amplitude was reduced to 18.9 mm., or 
71.3 per cent of the control values. Reduction of the amplitude of the R waves 
was approximately proportional to the decrease in arterial pressure until low nor-
motensive levels were achieved; further lowering of arterial pressure to hypoten-
sive levels did not result in further reduction in the voltages of the R waves. 

Changes in the voltages of S waves in V, or V2 were not consistent. In one 
half of the patients an increase occurred, ranging from 1 to 6 mm., the mean 
increase being 11 per cent of the control values. In the other half the voltages 
were reduced from 1 to 8 mm., the mean reduction being 13.9 per cent of the 
control values. The sums of R waves in V5 and S waves in V, were reduced in 
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Fig. 1. Electrocardiograms (V5) showing decreases in voltage of the R wave during normotensive 
period (after administration of sodium nitroprusside), and increases in voltage after hypertension 
returns, following termination of sodium nitroprusside administration. 
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Fig. 2. Electrocardiograms (V S ) showing changes in R waves, S-T segments, and T waves during 
progressive lowering of blood pressure by administration of sodium nitroprusside. 
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Fig. 3A and B. Electrocardiograms (V 5 ) showing R-wave and T-wave changes in two patients dur-
ing lowering of blood pressure; inversion of previously upright T waves in records taken at blood 
pressure levels intermediate between control and normotensive periods. 
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all the patients when the arterial pressure was lowered to normotensive levels; 
the reduction ranged from 4 to 21 mm., the mean reduction being 15.6 per cent 
of the control values. 

Complete electrocardiograms were recorded before and during infusion of sodi-
um nitroprusside in five patients; the electric axis of the heart changed from hor-
izontal to semivertical in three and to vertical in two patients. 

The intrinsicoid deflection in left precordial leads was not affected. The 
changes of S-T segments and T waves in V5 or V6 (Fig. 1) were not significant 
in 15 patients. Of the other five patients, in one patient the S-T segments became 
less depressed, following progressive lowering of arterial pressure, and the T waves 
changed from inverted to predominantly upright (Fig. 2); in one patient the 
upright T wave became diphasic; in the other three patients, moderate reduction 
of arterial pressure resulted in inversion of the previously upright T waves, but 
further lowering of blood pressure was accompanied by diphasic or upright T 
waves (Fig. 3J. 

Discussion 

Increased voltage of R waves in left precordial leads has been ascribed to an 
increased mass of left ventricular musculature2,9 and has been proposed as a sign 
of left ventricular hypertrophy.1,2 Although Doyle6 observed a reduction in 
amplitude of R waves in hypertensive patients following treatment with hexa-
methonium compound, and suggested that this decrease was not necessarily due 
to involution of the hypertrophied muscle following control of hypertension, he 
concluded that this mechanism was the most probable explanation. 

The results of the present study indicate that, in hypertensive patients, acute 
lowering of arterial pressure to low normal levels results in significant decreases 
in the voltages of R waves in V5 and V6, the decreases being approximately pro-
portional to the degree of decrease in arterial pressure. When further decreases 
of arterial pressure from normotensive to hypotensive levels were achieved, further 
reduction of the voltages of R waves did not occur. 

Since lowering of arterial pressure following long-term antihypertensive treat-
ment has also resulted in reduction of the amplitude of R waves,6,7 we believe 
that, because of its variability with the level of arterial pressure, the height of R 
waves in left precordial leads of hypertensive patients is not a valid sign of ana-
tomic left ventricular hypertrophy. Similarly, although less variable, the summa-
tion of R waves in V5 and of S waves in V, does not represent a reliable criterion 
for left ventricular hypertrophy in hypertensive patients. It seems that the voltages 
of S waves in V, or V2 remain more or less stable and do not vary with the arterial 
pressure. 

The mechanism by which lowering of arterial pressure results in reduction of 
voltage of R waves is not clear. The suggested factors influencing the height of 
R waves are the thickness of the left ventricle,9 the direction of spread of depolar-
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ization,10 the distance of the exploring electrode from the surface of the heart," 
and the stroke volume.12 These factors, however, do not seem to explain the 
results of this study. The observed changes in the electric position of the heart 
also do not account for the reductions in R-wave voltages. 

Summary 

Reducing the arterial pressures with sodium nitroprusside in hypertensive 
patients was accompanied by significant decreases in R-wave voltages in left pre-
cordial leads. This effect should lead to caution in attributing high R-wave volt-
ages to anatomic left ventricular hypertrophy in hypertensive patients. 
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