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The diagnosis of coronary artery disease is one 

which has asaUJl'led considerable importance in the practice 

of medicine today. As early as 1939,studies revealed 

that heart disease has been the leading eeuse or death 

in the United ·states since 1912.18 In 1936, 48,622

deaths were ascribed to this cause and in 1937 it was 

responsible tor 13.9% of all deeths. 18 More recent 

figures reveal that in 1962 in the United States alone 

there were approximately 700,000 deatns due to heart 

diseaae. 13 It he.s been estimated that ot these, approxi-

mately 600,000 were due to acute myocardial infaretion. 13 

While the mortality rate of acute myocardial infarction 

varies, depending upon the type of patient population 

sampled as well as th e severity and extent of the in­

farction, the over-all mortality of all acute ceronary 

episodes is about 10%. 18 From th ese figures it becomes 

apparent that approximately six million acute coronary 

episodes occur annually in tne United States. 13, 18 

In considering the diagnosis of coronary artery 

disease, it is not always the classical picture ot 

·angina pecteris which is encountered. It is not un­

common for a supposedly "healthy" individual to be told

by his draft /boar4, his plant physician, or bis insurance
',n (,,0 

agent that ttiey are in fact "sick". A routine electro-

- l -



cardiogram on a completely asymptomatic person will 

often reveal significent abnormalities.13 In the light 

of this knowledge, it is not too surprising to learn 

that at least one-third of all acute coronary occ1Usions 

occur in previously asymptomatic persona.4, 6, 13, 25 Since 

the acute attack represents only the end stages in a 

chronic progressive disease, and since it has been esti­

mated that six million such attacks occur annually in 

the United States, then it becomes apparent that two 

million Americans are stricken yearly without prior warn­

ing after harboring "silent" coronary artery disease for 

varying lengths of time.13 

While the figures presented above are alarming, 

they are verified in the reports of medical examiners 

and pathologists throughout the country. Their reports 

reveal a vast incidence of coronary artery disease at -postmortem examination. Even in young persons dying 

of noncardiac causes, the entire spectrum of corona.ry 

atherosclerosis is seen, ranging from simple plaque 

formation to complete occlusion with transmural myo­

cardial infarction. 13,lB In the middle-aged population 

at autopsy, 40% have anatomic evidence of unsuspected 

or "silent" myocardial infarction.13,18 From these 

figures, it has been estimated that four to six per cent 

of the population over the age of 35 years has "silent" 

coronary artery disease.13,18 In 1962 in the United 
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States the population in this age group was more than 

79 million persons 13 making the number of persons 

with "silent" coronary artery disease in the range of' 

three to four million rather than the two million 

persons previously ce.lculated.13,18 

The above figures and estimations begin to acquire 

meaning when you consider the importance which recogni­

tion of asymptomatic but significant coronary artery 

disease assumes. In these persons many measures can be 

utilized to prolong life. Thus it becomes necessary in 

some cases to eliminate or control factors such as severe_ 

exercises, anxiety, and other stressful situations which 

are known to be associated withe. higher incidence of 

myocardial infarction. Weight reduction programs and 

other dietary measures may also be initiated, and in 

some cases, especially where a persons job involves the 

public safety, a job change may be necessary. An especially 

dangerous situation in such persons is the operating 

room, where e.n increased incidence of hypotension, shock, 

and death is seen before, during, or after the surgery.13 

This hazard is multiplied if in the course of s ilent 

coronary artery disease a ttsilent" infarction has occurred. 

If the presence of the disease is known in advance, 

special precautions and careful management during the 
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procedure results in morbidity a.nd mortality in elective 

operations which approaches that of noncardiac patients. 13 

In recognizing the problem which exists, the next 

problem is to diagnose the coronary artery disease in 

such patients. The diagnosis of angina pectoris is a 

fairly straightforward procedure which can be made from 

the history alone in the majority of patients.9, 23 There 

remains, however, a large group of patients with chest 

pain which even the most skilled and .conscientious 

physicians find difficult to classify.14,23 Notable con­

ditions which may mimic the 11 classice.1'1 anginal syndrome 

include spondylitis, arthritis, neuritis, fibrositis or 

myositis, peptic ulcer, cholecystitis, chronic pulmonary 

disease and neurocirculatory asthenia, just to mention 

~ few.14 There also remains the large group of people 

who are completely asymptomatic, adding to the problem. 

One approach has been to do a careful history, 

physical examination, chest film, and biochemical survey 

on ea.ch person. One worker has reported 86% accuracy 

in differentiating between cardiac and noncerdiac chest 

pain by history alone. 9 Other workers feel, however, 

that while the above measures may be helpful in some 

cases, they are often normal, even in advenced coronary 

artery disease. 14, 23 
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The electrocardiogram is probably the most 

promising tool in the diagnosis of coronary artery 

disease. It is generally felt, however, that the 

resting electrocardiogram is a notoriously insensi-

tive measure of myocardial ischemia, even in the 

presence of "classical" anginal pain. 27 Wood 27 and 

Master 16 report that 50 to 70% of patients with 

"true'' angina have completely normal resting electro­

cardiograms. It becomes apparent, then, that there is 

need for an objective standardized electrocardiographic 

test other than one taken at basal conditions to rule in 

or out coronary artery disease with reasonable certainty. 

As early as 1931, Wood and others 26 compared the 

electrocardiographic response of normal subjects and 

those with angina pectoris to stair climbing. Thus 

began almost continuous research in the field of exercise 

testing up to the present day. By far the most widely 

used procedure is the "two~step test" introduced by 

Master and Jaffe in 1941. The test was evolved in order 

to provide a ''standardized 0
, safe, exercise test which 

forced the subject to an adequate yet reasonable level 

of exercise, sufficient to produce diagnostic electro­

cardiographic changes. 15 The test must be standardized 

for several reasons. First, severe exercise may induce 
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"ischemic" changes in healthy young persons. 11, 15 

Secondly, as indicated above, unless the exercise is 

sufficiently severe, the characteristic electrocardio­

graphic changes may not be producea.23 Finally, 

standardization is desirable for comparison with later 

tests as well as correlation with others of the same 

sex and age. 15,23 

The procedure for the Master two-step test re­

quires that a two-step apparatus with two 9 inch steps 

be used. The apparatus should be from 18 to 22 inches 

wide. The subject should have eaten only lightly at 

his lest meal. He must also be questioned end examined 

just prior to the testing to rule out acute illness or 

impending infarction. In addition, a resting electro~­

cardiogram taken just prior to exercise should be 

normal. The procedur~ to be followed is carefully ex­

plained to the patient with emphasis placed on the 

instructions to cease exercising immediately at the first 

sign of chest pain or serious discomfort.15 

In the actual testing, the subject ascends to the 

top of the two-steps and descends the other side--this 

counts as one "trip,.. He then turns toward the ex~miner 

and continues with the next ''trip 0
• By always turning 

toward the examiner, he continually reverses his direction 

of turn, thus eliminating dizziness. The process of 
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turning also provides a short rest so that the exertion 

is not as severe as if the total number of steps were 

traversed consecutively. The number of "trips" varies 

with the patients weight, age, and whether the test is 

a single (l½ min.) or double (3 min.) two-step test. 

Tables giving the recommended number of trips are 

standardized end stated in numerous articles.15,16 

Immediately after completing the test, the subject lies 

down and a tracing is recorded. Tracings are again re­

corded at two minutes and finally at six minutes after 

exercise. Leads V4, V5, V6, and II are the most helpful 

and are recorded in that order.15 

The major criteria in the interpretation of the 

Master test are as follows: 

1. Ischemic RS-T segment depressions of 
0.5 mm or more are indicative of 
coronary disease until proven othere 
wise; 

2. A completely negative double two­
step (3 min.) test practically ex­
cludes ischemic heart disease; and 

3. A "j" or junctional, depression of 
0.5 mm or more may be classified 
as "functional'' if the Q"X/QT ratio 
is less tnan 50% and the QTr is 
less than 1.08, but, conversely, 
any "j" depression with a QX/QT 
of 5W& or greater, and a QTr of 
1.08 or more is "organic". 12 

(See Figure 1). 
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An idealized abnormal electrocardiographlc 
response to exercise, illustrating Master's 
criteria. The ST slope is downward, the 
QJ:../QT ratio is increased (greater than 
0.5), and the U wave is inverted. (The 
QT ratio= QT/QTc, where QTc = .40.JR-H interval, sec.) 23 
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Master also interprets an inverted U wave as a 

positive two-step test. 15 A definitely inverted T 

wave is suspicious and should be considered as 

evidence of some abnormality, though not to the 

same extent as is ischemic RS-T depression, in­

creased QX/QT fraction, or a prolonged QT rstio.15 

The sudden appearance of premature beats (especially 

if multifoc~l) immediately after exercise while the 

heart rate is still elevated, episodes of paroxysmal 

tachycardia, and paroxysmal flutter should be con­

sidered with cauti on.15 Ventricular ta.chycardia, no 

matter how brief, is definitely abnorma1.15 Develop~ 

ments which are considered suspicious include BBB, 

interventricular block, and first, second, and third 

degree heart block. 15 

Application of the above data by Master in a series 

of 800 cases was done in 1964.15 Of the 800 cases, 272 

or 34% (227 men and 45 women) were diagnosed as having 

ischemic heart disease (»organic group"), while 528 or 

66<fo were assigned to the '•functional" group (444 men 

and 84 Women). 15 In the above series, Master reports 

a false-negative incidence of 3% (ie negative re­

sponses in patients thought to have ischemic heart 

disease) .15 In the same series, Master notes that 
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3.8% of the "functional~ cases had a "positive" two­

step test.15 This degree of accuracy in detecting or 

excluding ischemic heart disease has been consistently 

reported by Master over the last twenty years 17,19 

despite several revisions in his criteria over this 

same time period. 

There has not been general agreement concerning 

tests based on the electrocardiographic response to 

exercise. Many investigators are critical of Master's 

results and question the tests validity, criteria, 

interpretation, and diagnostic reliability.3,9,lO,l9, 21, 23, 24 
Some of these criticisms will be presented below. 

In 1958 Lepeschkin reported a study involving 243 

volunteer University of Vermont summer session students. 

All students were young and free of complaints attri­

butable to coronary artery disease. In addition, all 

their physical examinations and resting electro­

cardiogram's were withi,n normal limits. After subject ... 

ing all students to a double Master two-step procedure, 

three to six per cent of this predominately male 

population demonstrated a "false p ositive" electro­

cardiographic response. 10 In a mixed population, the 

fi gure rose to from 16 to 25%.10,24 

In 1962, a double-blind study by Friedberg was 

conducted, attempting to evaluate t h e two-step' s 
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accuracy in differentiating between anginal and non­

cardiac chest pain. In this study 100 consecutive 

patients seen specifically for complaints of chest 

pain performed a double two-step test unless chest 

pain or other symptoms dictated earlier cessation 

of the testing. The test results were interpreted 

independently by two or three physicians and were 

classified according to various criteria which 

supposedly indicate a "positiveu test. Table I gives 

the results of this study, but in summary , using the 

original criteria of Master (le ST depression of o.5 mrn 

or greater), 39% of the nonanginal patients had a "false" 

positive result and 12% of the anginal patients ha.d 

a "false" negative result. Making the criteria more 

liberal (ST depression of 2mm) reduced the "false" 

positive results to zero but increased the "false" 

negative rate to 82%.9 Almost identical results 

were obtained by Mason in his study conducted in 1959. 19 

Fr om this data Friedberg e-oncluded that, ttThe new 

(1961) criteria of Master and Rosenfeld were not more 

satisfactory than the previous criteria recommended.u9 

In fact, Friedberg questioned whether the electrocardio­

graphic exercise tests were even necessary since he re­

ported that an "unequivocal" diagnosis was made in 86% 

of the patients independently by at least two observers 

(in differentiating between anginal and noncardiac pain).9 
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TABLE I 

Findings with Various Criteria for Positivity 

Nonanginal Pain 
Criteria: 
RS-T depression True False 

Negative Positive 
(%) (%) 

p. or more 61 

3/4mm. or more 79 

1mm. or more 92 

l½mm. or more 95 

2mm. or more 100 

Master's new (1961) 
criteria* 68 

Any ischemic Type 
or "J" Type of 
1mm or more 74 

Abnormal QT ratio 
(1.08 or more) 
as sole positive 
criterion ~8 

39 

21 

8 

5 
0 

32 

26 

1¾,2 

Angina Pectoris 

True False 
Positive Negative 

{%) <%) 
88 

73 

57 
30 

18 

82 

67 

u 

12 

27 

43 

70 

82 

18 

33 

21 

*(l} Any ischemic depression, or (2) "J" depression 

of 2mm. or more or (3) "J" depression under 2mm. with 

positive QX./QT fraction or positive QT ratio.9 
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Concerning tb.e "J" junction depressions Wl ich 

Master feels are often significant 12,15, there is 

disagreement on this subject as well. Robb stetes in 

an article published in 1964 that "J0 junction de­

pressions are benign and in fact have an even better 

prognosis than no junctional depression.21 Morever, 

ttJn depressions of more than 3mm. have been observed 

during moderately severe exercise in healthy young 

persons.23 Freidberg in his double blind study con­

curs ~fter noting 26% false positives and 33% false 

negatives when applying the criteria of "Jtt junction 

depression of 1mm. or more to the postexercise electro­

cardiogram.9 

Despite the frequent criticism of the two~step 

test, most authors do agree that it is a valuable 

aid in the diagnosis of coronary artery disease. 

Robb and Marks 21 state very definitely that ischemic 

S-T segment depression of my amount in the postexercis e 

electrocardiogram is valid evidence of coronary in­

sufficiency, due usually to stherosclerosis. 21 They 

further report that the degree of S-T segment de­

prssion is, "Directly related to the severity of im­

pairment of the coronary blood flow. 021 Friedberg 

is more conservative and states that while S-T segment 
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depression of at least 1mm. usually confirms the 

presence of coronary artery disease, this degree of 

depression is, noften absent in unequivocal cases of 

angina pectoris and conversely may be occasionally 

present in patients with nonanginal pain."9 

In using results of the exercise tests to determine 

prognosis , Robb states that the absence of any post­

exercise S-T segment depression, "Excludes the presence 

of latent coronary artery disease of moderate or advanced 

degree an:1 wide extent.»21 Master concludes that a two­

step test negative by his criteria provides strong 

evidence that the patient is free of heart disease. 15 

On the other hand, the incidence of myocardial in­

farction was three times greater in persons with post ­

exercise ischemic electrocardiographic changes and the 

death rate was doubled.3 Robb reinforces these findings 

by reporting that in 629 subjects with a normal electro" 

cardiographic response to exercise, only 5 (.8%) sub­

sequently had coronary deaths. 21 The group with ischemic 

postexercise changes in the electrocardiograph, however, 

had five times the likelihood of coronary dea ta.21 

Franco7, reporting the results of the medical department's 

records in a large industry, notes that in a series of 

408 employees who had negative postexercise electro-
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cardiograms, only 6 {1.5%) subsequently developed heart 

disease. 

A recent publication has opened another area of 

controversy in the much used yet much critized exercise 

tests. Sheffield and Reeves correctly point out that 

in the final analysis, what is being tested in the 

exercise tests is the adequacy of coronary blood flow. 23 

On this basis, an exercise test should be standardized 

and graded according to the challenge given to the 

coronary circulation by varying the c6ronary blood flow. 11, 23 

In the two-step test, however, the assumption is made 

that the coronary wor~ parallels the work being done 

by the entire body. This assumption is made by speci-

fying the number of ''trips" to be made for each age 

group. Since there is considerable variation in the 

efficiency with which the heart accomplishes increased 

output during exercise, however, it is incorrect to 

assume that standardizing the number of ''trips" a person 

makes will standardize the challenge given to the 

coronary circulation during the exercise. 23 

In health, the coronary blood flow varies in pro­

portion to variations in the oxygen requirements of the 

myocardium. Thus an exercise test should be graded 

according to the changes induced in the requirement of 

- 15 -



the heart muscle for oxygen.23 According to the Laplace 

relationship of pressure, cardiac diameter, and tension, 

it follows that since the time integral of tension per 

heart beat is relatively constant during exercise, the 

myocardial oxygen consumption per minute would tend to 

vary in proportion to the heart rete. 23 Thus it seems 

reasonable to equate the challenge to the coronary 

circulation with the heart rate during exercise. 23 

In a new technique developed by Sheffield and 

Reeves cal led the graded exercise test (GXT), the 

preceeding theories are put to use. In this test, 

exercise is carried out at graded levels until the 

heart rate is 85% of the maximal predicted for the 

subject's age. At the first occurance of pain, ~positive 

electrocardiographic changes,n excessive dyspnea, or 

undue fetigue during the procedure, the test is termi­

nated. Since the heart rate will vary according to the 

severity of the exercise, this test in essence has a 

self-adjusting end point, varying with the patients age 

and physical fittness. 23 

The GXT is conducted utilizing an ordinary direct­

writing electrocardiograph with the precordial electrode 

at the V4 or VS position. If care is tBken to apply 

the electrodes properly and ground the machine, rate snd 

rhythm analysis during exercise are satisfactory. 
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Using a single 12 inch step, the subject then runs up 

and down the step, a.l ternately placing first one foot 

and then the other on the step while being watched 

closely for angina and electrocardiographic changes. 

In this preliminary test, the patient is allowed to 

select his own rate of exercise. Subsequent tests 

are then run, adjusting the exercise according to the 

response of the heart rate in the first test. 

Short electrocardiographic tracings are made 

every 30 seconds during the exercise test and stylus 

motion is monitored continuously if a monitoring 

oscilloscope is not used. Upon attaining the speci­

fied end point, exercise is stopped and leads V4, VS, 

V6, I, II, and a VF are recorded in the recumbent 

position. Tracings are repeated at two, four, and six 

minutes after exercise. Another ~level" of exercise 

is done after the heart rate returns to the control 

level, usually in six to thirty minutes. In most 

cases, only two "levels" of exercise are done, but 

occasionally three are requirea. 23 

To evaluate the new test, a group of 98 ••normal'' 

subjects aged 14 to 94 years and 83 patients with 

probable angina pectoris were selected. Single and 

double Master two-step tests as well as a. GXT pro-
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cedure were done on eac h person. It was noted that 

the Master tests produced widely varying degrees of 

tachycardia and were npositive" in only 57% of the 

patients with clinical angina. 23 By comparison the 

GXT test produced age-standardized degrees of 

tachycardia and required varying amounts of exercise 

to attain these heart rates. Using the criteria of 

1mm. ST segment depression, 76% of t he patients with 

clinical angina had "positive" postexercise electro­

ctirdiographic changes using the GXT test.23 An 

interesting observation in reviewing these resul ts 

was tha t nearly half (46%) of all "positive•• electro­

cardiographic changes were seen when the heart r ate 

was at least 90% of the maximum predicted rate f or each 

age. In this series, the Master test produced heart 

rates which averaged about 75% of t he maximum pr e­

dicted rate, although this figure varied widely. It 

is to be expected, then, that the Master test results 

in a si gnificant number of 0 false ne gatives 11 which 

could be avoided by using the GXT. 23 

Another relatively new innovation in the field of 

exercise testing should be mentioned bec~use of the 

potential which it possesses. This is of course the 

use of telemetering devices to transmit and record the 

electrocardiographic record while the exercise is 
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actually occuring. Advantages of being able to 

monitor athletes, astron~uts, and even businessmen 

during the stressful situations which they encounter 

daily need hardly be mentioned. In exercise testing, 

a transmitted pattern during the actual stress would 

probably be of more value than the postexercise re­

cording in detecting coronary artery disease. 218 

There is also the advantage of immediate recognition 

of ischemic changes before actual myocardial damage 

has occurred. 21 One author reported the case of a 

young man mo developed ventricular tachycardia and 

arrhythmia during a telemetered exercise test. Immediate 

recognition enabled prompt cessation of the testing 

and possible disaster was averted.5 

One objection to radiotelemetering devices is 

that they are expensive to buy and maintain and the 

electrocardiographic petterns obtained may be difficult 

to interpret because of artifacts which they may con­

tain. Technical work and development in this area have 

been done by Dunn at the University of Nebraska, however, 

and the transmitted patterns appear to be of good 

quality and are free of artifacts.5 Regarding inter­

pretation of telemetered electrocardiograms, the 

major difficulty is in deciding which criteria to apply. 
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The criteria used in postexercise patterns may not 

apply because different leads are used, faster heart 

rates are obtained, and the tracing is taken in the 

upright rather than the recumbent position. In 

addition, muscle contractions and movement may alter 

the telemetered electrocardiographic patterns. 12122 

Despite these difficulties, however, radiotelemetry 

represents a variation of electrocardiography which 

has much potential and possible future application. 

Further study and statistical analysis must be done, 

however, before this potential can be realized. 
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DISCUSSION 

The figures presented at the beginning of this 

paper regarding tbe magnitude of coronary artery 

disease require little comment. The asymptomatic 

or "silent" counterpart is a diagnostic problem of 

importance to both the patient and the physician 

since dietary control, restrictive measures regarding 

stress situations, and careful medical and surgical 

management may be necessary. 

Evidence presented in this paper affirm that 

probably the most valuable tool in the diagnosis 

of coronary artery disease is the electrocardiographic 

response to exercise. Master has been without a doubt 

the most ardent worker in this field. His criteria, 

however, in a state of continual flux:, have become more 

and more complex and difficult to apply, despite the 

fact that he has consistently reported excellent results 

using them. Several questions arise concerning these 

results. The first is whether a 0.5mm. depression is 

that easily detected and reproduced at high heart 

rates and with the tachypnea which must accompany 

exercise. The second is whether in his desire to ex­

plain away apparent "falsett positive and negative te s ts 

he may not allow the clinical picture to bias his 
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"objective" criteria in the borderlin e cases which 

certainly must occur. 

Regarding the criticisms leveled at the Master 

test, a frequent argument is a large percentage of 

"fal se" positive and negative r es ults. I n the final 

analysis, however, it is difficult to assert that any 

given electrocardiographic response is indeed "true•• 

or "falsett i:z:i. . the absence of documented ( eg ang i o­

graphy; autopsy; etc.) proof that coronary artery 

disease does or does not exist. Despite all cri ticism, 

however, it is generally agreed that ischemic ST 

segment depression is evidence of coronary artery 

disease while no ST segment depression rules out at 

least moderate to advanced coronary artery disease. 

Concerning the graded exercise test, the physi­

ological principles equating the challenge to coronary 

circulation to the heart rate ere certainly reasonable. 

Also reasonable is the criticism that the Master test 

fails in most cases to standardize the challenge to the 

coronary circulation because of the variable heart 

rates obtained in the prescribed number of "tri ps. n 

This graded exercise test certainly has potential, but 

at the present state of development has had insufficient 

use and statistical analysis to form any valid conclusions. 
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CONCLUSIONS 

1. Six million Ameri cans each year have acute 

coronary episodes . One -third of these occur in 

asymptomatic persons and pose a diagnostic problem 

of importance to both the patient and the physician. 

2. The electrocardiographic response to exercise re­

mains the most useful tool in tbe diagnosis and prognosis 

of coronary artery disease, despite limitations in 

interpretation. 

3. Ischemic S-T segment depression in any amount is 

evidence of coronary artery disease; the amount of de­

pression correlates with the severity and extent of the 

coronary artery disease. 

4. Absence of any S-T segment depression excludes 

coronary artery disease of moderate or advanced degree. 

5. "Jn junctional depression is a controversial issue 

but is probably not abnormal unless there is a. flat or 

downsloping ST segment. 

6. The Master test does not standardize the challenge 

to the coronary circulation whereas the graded exercise 

test promises to do so, eliminating some avoidable false 

negative results. 

7. Radiotelemetry represents a variation of electro­

cardiography having much future potential but requiring 

further study and statistical analysis before valid 

conclusions may be drawn. 
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