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SUMMARY 

The correlation between R wave voltage variations (‡™R) and 

the angiographic severity of coronary artery disease (CAD) at pro-

gressively increasing heart rate (HR) steps was evaluated in 51 pa-

tients (pts) without CAD (OV), in 42 pts with single (SVD), in 43 

with double (DVD) and in 59 pts with triple vessel disease (TVD). 

At the end of stress the sensitivity of ‡™R was higher in DVD 

and TVD pts than in SVD pts. There was no clear correlation 

between exercise-induced R wave changes and the angiographic 

severity of CAD, since the qualitative and quantitative ‡™R eval-

uation during effort showed similar changes in ‡™R for a wide range 

of HR's in the entire study population. 

Since different degrees of exercise tolerance were found in pts 

with SVD, DVD and TVD, we hypothesize that the correlation 

between ‡™R and the severity of CAD at the end of stress testing 

may be artifactual.

IT has been suggested that the evaluation of stress-induced R wave voltage variations (‡™R) could improve both the specificity and sensitivity of ex-

ercise stress test in patients with coronary artery disease (CAD).1).2) It is 

still unclear whether the ‡™R criterion has any practical utility since other 

authors have reported a lower sensitivity and/or specificity of the ‡™R, com-

pared to the ST criterion.3)-7) 

Our recent study demonstrated that both specificity and sensitivity of the 

‡™R criterion are widely influenced by the different heart rate (HR) reached
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at the end of  exercise.8) These observations lead us to investigate further the 

relationship between exercise-induced R wave changes and the angiographic 

severity of  CAD.3,9)-13) 

The aim of our study was to evaluate R wave changes at progressively 

increasing HR levels and at the end of exercise in patients with different 

degrees of coronary arterial narrowing. 

MATERIALS AND METHODS 

Patient population: Exercise stress test records and coronary angiograms 

of 195 patients referred for evaluation of chest pain were reviewed retro-

spectively. Coronary angiograms were performed by the Sones' techniquel4) 

and were recorded on 35 mm film in multiple projections. Coronary artery 

disease was defined as stenosis •†70% of lumen diameter of at least one of the 

major coronary arteries. Left ventriculography was qualitatively evaluated 

for areas of abnormal segmental contraction. The angiograms were evaluated 

without prior knowledge of the exercise results. The stress test results and 

the angiocardiographic records were examined by 2 independent observers. 

Patients with uninterpretable ST changes during effort were excluded as 

were patients with valvular disease, cardiomyopathy, systemic hypertension, 

diabetes and those taking digitalis or beta-adrenergic blocking drugs. One-

hundred-forty-four patients out of the 195, 130 males and 14 females, mean 

age 53 years, had angiographic evidence of CAD (CAD group). Fifty-one 

patients, 41 males and 10 females, mean age 47 years, had normal coronary 

arteries and normal left ventriculography (OV group). According to the 

coronarographic results, these 144 patients with CAD were divided into 3 

subgroups. 

T he triple vessel disease group (TVD) included 59 patients with sig-

nificant stenosis of 3 coronary arteries; 52 of the 59  (88.1%) had abnormal 

left ventricular wall motion, 39 of the 59  (66.1%) had electrocardiographic 

sign of a previous myocardial infarction. The second group (DVD) was com-

posed of 43 patients with •†70% stenosis of two coronary arteries; 32 of them 

(74.4%) had abnormal left ventriculography and 18 of the 43 (41.8%) had a 

previous myocardial infarction. The third group (SVD) included 42 patients 

with significant stenosis of one coronary vessel; 16 of them (42%) had ab-

normal ventriculography and 10 of the 42 (23.8%) had an old myocardial 

infarction. The exercise electrocardiograms were evaluated according to the 

ST  criterion; 46 patients (77.9%) in the TVD group, 30 (69.7%) in the DVD 

group and 21 (50%) in the SVD group were true positives. Seventeen of the 

51 patients (33.3%) in the OV group were true negatives.
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The large number of false positive patients was a consequence of our 

study design, since patients with positive stress tests are more frequently re-

ferred for coronary arteriography to evaluate the presence of CAD. In addi-

tion, it was of interest to evaluate the behavior of  ‡™R during exercise in 

patients without angiographic signs of CAD. 

Exercise stress test protocol: Stress testing was performed using a SASME 

Ergo 2 bicycle ergometer. All drugs were withdrawn at least 48 hours before 

exercise. The patients started cycling in the sitting position with a 50 watt 

load, which was increased by 20 watt every 2 min. Exercise was continued 

until diagnostic ST depression occurred or until patients reached 90% or 

more of predicted maximal HR or had limiting signs or symptoms. Criteria 

for significant ST segment depression have been described  previously.15) Elec-

trocardiographic leads CM4, 5, and 6 were monitored continuously (Avionics 

3000) and records were made at rest, every 2  min during exercise, in the 

immediate post-exercise period and every minute during the first 5 min of 

recovery. 

Evaluation of exercise-induced R wave amplitude  changes: R wave amplitude 

changes and ST segment depression were measured in the CM5 lead. In 

any single patient, R wave changes were calculated in millimeters from the 

isoelectric line to the peak of the R wave for at least 10 or more consecutive 

beats;1) the average value was used to minimize respiratory variations.  ‡™R 

was measured by comparing the R wave amplitude at rest with the values 

found during exercise and immediately at the end of the stress test. 

The values of  ‡™R were calculated during effort at each of 8 increasing 

HR steps: 100-110, 111-120, 121-130, 131-140, 141-150, 151-160, 161-170, 

and •†171 beats/minute (b/m). We considered  ‡™R values equal to or greater 

than zero to be significant for CAD, while  JR values lower than  zero were 

considered as  normal.1) The influence of HR on the relationship between  ‡™R 

and the severity of CAD was studied by considering the percentages of  ‡™R 

values •†0 and <0, in CAD patients and in OV group at increasing HR 

steps. Furthermore, we calculated at each HR step the mean  ‡™R value of 

patients with and without CAD, including patients who stopped their exercise 

at that HR and those who were able to progress to higher HRs. 

Not all patients are included in each HR step. Many patients skipped 

one or two steps within the 2  min between the two electrocardiographic re-

cordings; thus, it is possible to find different numbers of patients in one 

HR step compared to other HR steps. However, the trend was towards 

a decrease in number of patients with progressively increasing HR because 

many more patients stopped their exercise because of symptoms or ST de-

pression.
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The statistical analysis and comparisons between patients with and with-

out CAD were performed by Fisher's exact test, unpaired Student's t-test, one-

way analysis of variance and Duncan's test.16)

RESULTS 

Correlation between R values at the end of stress and the severity of CAD : The 

evaluation of ‡™R at the peak of exercise showed that this criterion had a sen-

sitivity of 61.1% and a specificity of 74.5% (Table I). The sensitivity of ‡™R 

was higher in patients belonging to the TVD and DVD groups, who showed 

a ‡™R•†0 in 69.4 and 60%, respectively (Table I). 

Patients with double and triple vessel disease more frequently stopped 

their exercise at HRs lower than 140b/m (62.7 and  71.1% of the cases, re-

spectively) (Table II). Among these patients, the incidence of ‡™R•†0 at the 

Table I. Sensitivity and Specificity of ‡™R Criterion at the End of Exercise 

in Patients with CAD and in Angiographically Normal Patients (OV)

Statistical analysis performed by Fisher's exact test.

Table II. Number of Patients (STOP) with CAD Interrupting Their Exercise at 

Each HR Step (HR), Number of Patients with  ‡™R•†0 at the End of Stress 

(‡™R•†0) in Each HR Step, and Incidence of Values of ‡™R•†0(%)
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end of stress testing was 78.5 and 70.3% in the TVD and DVD groups (Table 

II). Over 141b/m, the percentages of ‡™R•†0 at peak exercise in DVD and 

TVD patients were 43.7 and 47%, respectively (Table II). In the SVD 

group, 21 patients (50%) stopped their exercise at HRs between 100 and 140 

b/m, 13 of them (61.9%) showing a ‡™R•†0; the frequency of ‡™R•†0 was 38% 

among the 21 patients (8/21) with less severe CAD who stopped their exercise 

at HRs •†141 b/m (Table II). Table III shows that the frequency of ‡™R<0

at the end of stress testing was higher in OV patients who stopped their ex-

ercise at very high HRs (•†161 b/m) than in patients who stopped their exer-

cise at HRs lower than 160 b/m. 

Table III. Number of Patients (STOP) without CAD Interrupting Their Exercise at 

Each HR Step (HR), Number of Patients with ‡™R<0 at the End of Stress 

(‡™R<0) in Each HR Step, and Incidence of Values of ‡™R<0(%)

Table IV. Values of HR and Incidence of  JR>0 in Patients with CAD and of 

‡™R<0 in the OV Group Patient, Divided According to the 

Exercise-Induced ST Segment Depression Changes

Statistical analysis performed by Fisher's exact test.

Statistical analysis performed by unpaired Student t-test.
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If we divide the CAD population into true positives and false negatives 

by exercise test results, true positive patients stopped their exercise at sig-

nificantly lower HRs than those with false negative electrocardiograms, and 

showed, compared to false negatives, a higher incidence of ‡™R•†O (Table 

IV); these differences were not statistically significant. Similar subdivision 

of OV group in true negative and false positive patients showed that the true 

negatives had a higher incidence of ‡™R•†0 and were able to reach higher 

values of HR than were false positive patients (Table IV). 

Qualitative and quantitative ‡™R changes during exercise. Angiographic correla-

tions: Tables V and VI show the variations of R wave amplitude at progres-

sively increasing HRs during stress testing in patients with and without angio-

graphic evidence of CAD. The patients with single and multivessel CAD 

show similar incidences of ‡™R•†0 at the same HR steps; only at HRs between 

131-140b/m, was a significantly higher frequency of ‡™R•†0 found between 

Table V. Exercise-Induced R Wave Changes in Patients with Triple 

(TVD), Double (DVD), and Single Vessel Disease (SVD)

Statistical analysis performed by Fisher's exact test. 

Table VI. Sensitivity and Specificity of ‡™R Criterion in Patients with CAD and in 

Angiographically Normal Patients (OV) at Progressively Increasing HR Levels

Statistical analysis performed by Fisher's exact test.
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SVD and TVD subgroups (Table V). All CAD patients, independent of the 

severity of disease, had the highest percentages of ‡™R•†O at HRs between 100 

and 140 b/m; in contrast, at rates over 141b/m, the sensitivity of the ‡™R 

criterion decreased significantly (Tables V and VI). 

In the OV group, the specificity, which was very low between 100-140 

b/m, significantly increased at HR over 141b/m (Table VI). The OV 

group showed mean values of ‡™R significantly lower than those found in the 

total CAD population only at HRs higher than 151b/m (Table VII). In 

contrast, the average values of ‡™R were not statistically different between OV 

patients and CAD subgroups, even at the highest HR, probably due to a con-

siderable decrease in SVD, DVD, and TVD population at HRs higher than 

151 b/m (Table VIII). 

Fig. 1 shows R wave voltage changes in a patient without CAD (A) and 

in 2 patients with multivessel CAD (B and C). Patient A shows a ‡™R of 

+2mm at a HR of 124b/m and a ‡™R of-7mm at a HR of 139b/m. In 

patient B exercise was stopped at a HR of 125b/m with a ‡™R of+1.5mm. 

Patient C shows a ‡™R of+0.5 mm at a HR of 115b/m and a ‡™R of-3.5 

mm at a HR of 140b/m, at which point the exercise was interrupted. 

Table VII. Quantitative Evaluation of Exercise-Induced R Wave 

Amplitude Changes in OV and CAD Patients

Statistical analysis performed by unpaired Student's t-test.
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Table VIII. Quantitative Evaluation of Exercise-Induced R Wave Amplitude 
Changes in OV Patients and in SVD, DVD, and TVD Subgroups

Statistical analysis performed by analysis of variance and Duncan's test.

A

B

C

Fig. 1. R wave amplitude changes during effort in a patient without 
CAD (A) and in 2 patients with multivessel disease (B and C). All patients 
show an increase in R wave amplitude for HRs lower than 130  b/m; at a 
HR of 140  b/m it is possible to find a decrease of R wave amplitude in patients 
A and C.
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DISCUSSION

The R phenomenon, angiographic correlations and mechanism: It has been sug-

gested that the exercise-induced R wave changes are related to the angio-

graphic severity of CAD. In fact, patients with multivessel CAD, taken as a 

group, show higher percentages of ‡™R•†0 at the end of exercise than do pa-

tients with single vessel  disease.3),9),12) Recently, the relationship between R 

wave changes and left ventricular impairment has been  emphasized;9)-13) 

these observations are in contrast with the disappointing results when using 

the ‡™R criterion to detect  CAD.3)-7) 

It has been demonstrated that even patients with severe CAD may show 

‡™R values lower than zero at the end of exercise;3),17),18) furthermore, Fox 

et al7) found that patients with more severe CAD behave similarly in terms 

of R wave changes to those with normal coronary arteries or less severe CAD. 

The theoretical basis of the ‡™R criterion resides in Brodie's hypothesis19) that 

assumes QRS voltages to be related to intracavitary blood volume. In nor-

mals, the reduction of cardiac volumes during stress should be associated with 

R wave voltage reduction, while in coronary patients the absence of this reduc-

tion or the increase in cardiac volumes during effort should be associated with 

values of ‡™R•†0.1),9) The direct correlation between QRS voltage and in-

tracavitary blood volume, although confirmed by other  reports,20)-22) is how-

ever still  controversia1.23)-26) 

The interpretation of the ‡™R phenomenon is further complicated by the 

controversies surrounding the variations in cardiac volumes during exercise in 

normals and CAD  patients.10),17),27)-29) More recently it has been reported 

that stress-induced left ventricular dilatation is not a specific marker for CAD 

because it may also be seen in  normals.30) Alternative hypotheses such as a 

shift in cardiac electric  axis,31),32) variations in intramyocardial conduc-

tion,33),34) red blood cell number or  kalemia35),36) and development of myo-

cardial ischemia37),38) have been advanced to explain stress-induced R wave 

changes. 

Influence of exercise tolerance on stress-induced R wave changes: Previous au-

thors have suggested that the increase in R wave voltage in patients with CAD 

is caused by the fact that the majority of these patients very frequently perform 

submaximally on stress testing;18) in agreement with this opinion, we showed 

that sensitivity and specificity of the ‡™R criterion were influenced by the level 

of HR achieved;8) the sensitivity was significantly lower at submaximal and 

maximal HRs, while the specificity showed the opposite behavior. These data 

suggest that the correlation between the severity of CAD and R wave changes 

could be at least in part artefactual.
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Present  study: The elevation of ‡™R at the end of stress testing seems to 

confirm that the sensitivity of this criterion is higher in patients with multives-

sel disease than in those with less severe  CAD.9),12) 

In contrast, similar incidences of ‡™R•†0 were found during effort among 

patients with different degrees of severity of CAD. The sensitivity of the ‡™R 

criterion was very low at the highest HRs in patients with single, double, and 

triple vessel disease. These data were confirmed by a quantitative evaluation 

of ‡™R wave during exercise. In fact, for wide ranges of HRs similar values 

of ‡™R were found in the OV group compared to patients with CAD. The 

only significant differences between patients with and without CAD were 

found at HRs higher than 150b/m; the small number of patients in CAD 

subgroups at the highest HR level prevented meaningful statistical analysis. 

The stress test in our patients was interrupted for reasons other than the R 

wave changes, therefore; we have not enough data to perform reliable sta-

tistical analysis at very high HR steps. These limitations also apply to a 

prospective study, since it is unethical to prolong the stress test to the highest 

HR steps when we can achieve without additional risks a correct diagnosis 

using ST segment criterion. Both OV and CAD patients show decreasing 

incidence of ‡™R•†O at HRs higher than 140b/m. Beyond this level of HR, 

‡™R values are progressively more frequently less than zero. Therefore, the 

step between 131 and 140b/m could be considered a boundary line to differ-

entiate ‡™R changes. 

However, an important role is played by the values of HR reached by 

individual patients at the peak of exercise. While 50% of SVD patients con-

tinued their exercise over 140b/m and 19% stopped the test at rates over 

161b/m, only 3 patients (6.9%) with DVD and none of the TVD group were 

able to reach similar HRs. This difference in exercise tolerance could explain 

the lower frequency of ‡™R•†O in patients with SVD than in DVD and 

TVD groups. In contrast, the higher percentages of OV patients with 

‡™R<0 at the end of exercise is a consequence of the majority of them reach-

ing high levels of HR. In fact, all patients reaching a HR of 171 b/m had a 

‡™R lower than zero. 

Furthermore, the higher incidence of false negative responses in patients 

with SVD, compared to those in the DVD and TVD groups, contributed to 

the lower percentages of ‡™R•†0 in the former subgroup; more patients with 

less severe CAD achieved higher values of HR because of the absence of sig-

nificant ST segment depression. On the other hand, all false negative pa-

tients were able to reach higher HRs and showed a lower incidence of ‡™R•†0 

than did true positive patients. 

In conclusion, our results show that, although many factors can affect
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‡™R values, the HR, as an expression of exercise tolerance, plays an important 

role; the higher frequency of ‡™R•†0 found at the end of stress testing in the 

more severe CAD population is influenced to some extent by the lower ex-

ercise levels tolerated by these patients, complicating the controversial rela-

tionship between R wave voltage variations and severity of CAD.
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