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Abstract

Background The use of noninvasive diagnostics in coro-
nary artery disease remains underdeveloped. To date, there
is no simple and inexpensive method that can lead to a reli-
able diagnosis. Aside from costly and elaborate imaging
techniques, exercise ECG, with its rather moderate sensitiv-
ity and specificity, is the main diagnostic method available.
Methods In this prospective study of 109 patients, the
diagnostic value of cardiogoniometry (CGM), a three-
dimensional, computer-analyzed vector cardiogram, was
determined before and after physical stress, and the results
were compared with those obtained from a stress test. We
also investigated whether the sensitivity and specificity of
the classical bicycle stress test could be increased with the
addition of measurements obtained by CGM. Coronary
angiography was used as a reference method.

Results CGM had a sensitivity of 39% at rest and 42%
after physical stress and a specificity of 63% at rest and
57% after stress. This method was found to be markedly
inferior to pre-test probability (sensitivity 53%, specificity
81%), stress ECG (sensitivity 52%, specificity 81%), and
resting ECG (sensitivity 50%, specificity 64%). The effi-
ciency of exercise ECG testing was not improved by use of
CGM results.

Conclusion 1If CGM is to be established as a viable diag-
nostic method in daily clinical practice, it must undergo
further development.
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Background

Although chronic ischemic heart disease is the most com-
mon cause of death in Germany [1], the steady decline in
mortality due to coronary artery disease (CAD) during
recent years [2] demonstrates the success of therapeutic
options as well as the importance of timely therapy. Thus,
early diagnosis is critical, especially in view of the enor-
mous prevalence of this disease.

If CAD is suspected, diagnostic tests based on estab-
lished guidelines are initiated (patient history, physical
examination, and laboratory tests) [1, 3]. Pre-test prob-
ability assessment takes into account a number of factors,
including age, gender, and symptoms, and accordingly
attaches a risk factor to the various combinations [4].
Repolarization disturbances, left ventricular hypertrophy,
conduction disturbances, or signs of a prior myocardial
infarction can be indications of CAD. Stress testing has a
sensitivity of 68%. Guidelines dictate that due to its rela-
tively high specificity of 77%, a stress ECG should be car-
ried out in the initial diagnostic phase if CAD is suspected
[1, 5]. Nevertheless, the stress test has many diagnostic
weaknesses due to potential sources of interference.

Stress echocardiography is another diagnostic measure
that can yield information about cardiovascular morbid-
ity and aid in the detection of ischemia [1, 6]. Computed
tomography may also be useful in diagnosing CAD [7, 8].
Various types of functional investigations of the myocar-
dium are possible with magnetic resonance imaging (MRI),
such as myocardial perfusion stress MRI with adenosine
administration or dobutamine stress MRI [9-13]. In spite
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of the value of these noninvasive methods in terms of their
high sensitivity and specificity (stress echocardiography
approx. 90%, stress MRI 80-90%/80-86%), they should
only be carried out with sufficient expertise [14]. Myocar-
dial scintigraphy provides information about the perfusion
of the myocardium at rest as well as under pharmacological
stress and can differentiate between scar tissue and revers-
ible ischemia. It can also help to determine the functional
significance of stenosis, for example when the results of an
angiogram are inconclusive. Although these methods dem-
onstrate high sensitivity, they are not diagnostic methods
of first choice due to their enormous cost, complexity, and
radiation exposure [6]. Coronary angiography remains the
gold standard in CAD diagnostic testing [15].

However, angiographic severity of CAD correlates
poorly with functional significance. To further evaluate
functional significance of intermediate stenosis, measuring
the fractional flow reserve (FFR) is an option [11, 16—18].

Important disadvantages of invasive diagnostics, how-
ever, include sometimes serious but rarely occurring com-
plications such as bleeding, arrhythmias, embolism, myo-
cardial ischemia, or anaphylactic reactions [19].

Cardiogoniometry (CGM) according to Sanz was first
reported in the 1980s. It is based on the principle of vec-
torcardiography, which was first described in 1937 by
Schellong et al. After several studies were carried out to
determine the maximal vectors of the QRS and T intervals,
there followed a lapse in reports concerning CGM [20-24].
It was not until 2007 that further methodological studies
were carried out using new-generation equipment. With
three-dimensional graphics and positioning of the cardiac
potential, over 300 new parameters are available for use in
the diagnosis of CAD. The difference between CGM and
conventional vector ECG is mainly the position of the axes
of the vectors [25]. This simple method is carried out with
only four electrodes that are applied in a particular arrange-
ment. According to the manufacturer of the apparatus,
CGM constitutes a straightforward, rapid, and inexpensive
technique that can complement other noninvasive methods
to diagnose CAD.

One advantage of CGM is the brief duration of the test
and the fact that it can be carried out at rest, which means
that it can be applied to patients who are unable to undergo
a stress test. The simple and rapid application as well as
the automated interpretation of the results shows the great
potential of this method. Thus, CGM could be used for
patients with either stable or unstable angina pectoris and
also as a possible screening test for asymptomatic patients.

During physical exercise, however, CGM would show
earlier signs of CAD than at rest as coronary artery ste-
nosis can result in acute ischemia under these conditions.
The use of CGM during exercise was addressed only in an
older study with outdated analytical methods [26]. This

@ Springer

application of CGM was tested in our study using modern
methods. Current basic diagnostics employing exercise
ECG could be augmented by CGM.

Methods
Study design

The study was approved by the ethics committee of the
Otto von Guericke University of Magdeburg. The study
was conducted according in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.

Between March 2011 and October 2013, 123 patients
aged 18 to 75 who had symptoms of stable angina pecto-
ris or a positive exercise ECG result with preserved systolic
function were prospectively enrolled in the study. Exclu-
sion criteria were the previous cardiac disease, renal insuf-
ficiency, or the inability to undergo physical stress. All
patients were referred for elective coronary angiography by
general practitioners or smaller hospitals. 29.3% of patients
had a myocardial scintigraphy. 71.4% had an external bicy-
cle testing.

Upon admission, a patient history was taken, patients
were given a physical examination, and routine laboratory
blood tests were performed. A 12-lead ECG recording was
made and transthoracic echocardiography was carried out
to exclude a reduced ejection fraction or advanced cardiac
disease. Patients gave written informed consent for partici-
pation in the study.

Before the stress test, an initial CGM recording was
made at rest in a supine position. Exercise ECG was then
carried out in a sitting position using a bicycle ergometer
according to current guidelines. Another CGM recording
was then made in resting, supine patients after the stress
test. For CGM measurements, a CGM device was used
along with the computer software CGM-CARDIOLOGIC
EXPLORER 1.7.1.0 (both from enverdis® GmbH). With
use of three-dimensional graphics and mapping of the car-
diac potential, CGM yields over 300 novel parameters such
as scattering or the angle of depolarization events that can
be used in diagnosing CAD [27]. The procedure essen-
tially entails the evaluation of various parameters in differ-
ent combinations that are then summarized in a final score.
Different combinations of parameters are used for men and
women. If a deviation from normal depolarization spread-
ing is recorded, an appropriate set of parameters is auto-
matically chosen according to that difference and used for
the analysis [28]. Due to the high degree of complexity of
the individual factors, manual interpretation would have a
high risk of subjective influence and could only be carried
out by operators with great expertise; thus, manual analy-
sis would be impractical. For this reason, this study was
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designed to investigate results obtained only via the auto-
mated analysis.

Coronary angiography was used as a reference method
and provided the possibility of intervention with bal-
loon angioplasty or stent implantation. Coronary stenosis
of more than 75% was taken as confirmation of coronary
disease. The control group was made up of patients with a
medium level of stenosis (50-75%), insignificant coronary
disease (<50% stenosis), or non-stenosed vessels. Coronary
angiography was performed by different physicians. Grad-
ing of angiographically detected stenosis was done by vis-
ual estimation. The decision to further treatment (CABG,
conservative, PCI) was left to the discretion of the treating
physician and was dependent on clinical presentation, func-
tional testing (ambulatory bicycle testing and/of myocardial
scintigraphy) and morphology of the stenosis. The treating
physician was blinded to the results of CGM.

Following retrospective exclusion of several patients due
to technical difficulties, the data from a total of 109 patients
were analyzed in the study.

Statistical analysis was carried out with the software
SPSS Statistics Student Version 18.0. For constant vari-
ables mean, standard deviation, minimum, and maximum
were calculated and expressed as i +s. The level of sig-
nificance in the comparison of means was determined by
Student’s ¢ test. In cases of significant differences in vari-
ance (Levene test), Welch’s ¢ test was applied. Correlation
analysis was performed using Pearson’s correlation coef-
ficient, and for non-linear relationships, Spearman’s rank
correlation was applied. The level of significance for small
sample sizes was determined by Fischer’s exact test. For
more than two variables, the Chi-squared test was applied,
and in some cases, two of the variables were tested against
each other. In general, if @ =0.05 (error of the first type),
a difference was considered significant. Each test was car-
ried out without a adjustments. For each of the noninvasive
methods, e.g., resting ECG, stress ECG, or CGM, sensitiv-
ity, and specificity were determined with regard to coro-
nary angiography, considered the gold-standard method.
The predictive value and false positive and false negative
case numbers were also calculated. For cases with a posi-
tive test result, an odds ratio was determined to estimate the
risk of disease. Finally, binary logistic regression analysis
(SPSS Version 22) was used to determine the test efficiency
of individual parameters in relation to CAD.

Results

Significant coronary disease was observed for 28.4%
(n=31) of the study participants. Accordingly, the control
group consisted of 71.6% (n=78) patients (8.3% medium
grade stenosis; 22.9% insignificant stenosis; 40.4% no

stenosis). Table 1 shows a summary of basic clinical char-
acteristics of the groups.

In 12 patients, a PCI was performed, 16 patients were
treated with CABG, the remaining patients were managed
by optimal medical treatment. Mean Gensini score was
64.82 (+£47.4) in the CAD group vs. 2.16 (+4.5) in the con-
trol group.

Patients with a positive diagnosis of CAD were sig-
nificantly more often male (83.8 vs. 52.6% in the control
group; p=0.002). Significantly, more CAD patients had
arterial hypertension (96.8 vs. 78.2%; p=0.021) and dia-
betes mellitus (41.9 vs. 24.4%, p=0.016). Angina pecto-
ris was significantly more frequent among CAD patients
(»p=0.028); a typical APS was present in almost half of
the group with CAD. Patients with CAD also had a sig-
nificantly higher pre-test probability (p <0.001); this was
62.2+17.8% for CAD patients and 42.3+21.0% for con-
trol patients. Risk was stratified into low (<15%), medium
(two subgroups of 15-66% and 67-85%), and high (>85%).
Most participants in the study fell into the medium risk cat-
egory. Among patients with relevant CAD 45.2% had lower
medium risk (15-66%) and 54.8% had upper medium risk
(67-85%). In the control group, almost 80% were in the
15-66% risk subcategory and the remaining approximately
20% were in the subcategory 67-85% (Table 1).

There were no significant differences between the two
groups for age, BMI, nicotine use, hyperlipidemia, family
history, comorbidities, medical therapy, outpatient diagnos-
tics, resting ECG, or echocardiography.

A total of 82.4% of the exercise ECG tests were ana-
lyzed; the remaining test results were not evaluated,
because the level of performance was submaximal. There
were a significantly higher proportion of positive test
results (p=0.003) among patients in the CAD group than
among control patients (Table 2).

In the group of patients with CAD, 38.7% had a posi-
tive result in the CGM test conducted under resting condi-
tions. Thus, the majority of this group had a negative test
result. In the control group of patients, 37.2% had a positive
CGM result (Fig. 1). In summary, there were no significant
differences between the groups for the CGM test at rest
(p=1.000).

A similar distribution of results was obtained for CGM
tests conducted during exercise (p=1.000). A total of
41.9% of CAD patients had a positive test, nearly the same
proportion of patients with no relevant CAD (42.9%). There
were also no differences between patient groups when they
were divided according to the severity of coronary steno-
sis. In addition, the CGM results, both at rest and during
exertion, were evaluated as a whole, such that a positive
result for one test was counted as an overall positive result.
For this evaluation, 61.3% of the CAD group and 52.6% of
the non-CAD group had a positive CGM result; thus, there
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Table 1 Basic characteristics
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Parameter CAD No CAD p

Gender, % (n)

Female 16.5 (5) 47.4 (37) 0.002
Male 83.8 (26) 52.6 (41)

Arterial hypertension, % (n) 96.8 (30) 78.2 (61) 0.021

Diabetes mellitus, % () 41.9 (13) 24.4 (19) 0.016

Dietary 0.0 (0) 26.3 (5)

Drug-related 53.8(7) 61.1(11)

Insulin dependent 46.2 (6) 15.8 (3)

Angina pectoris, % (n)

Asymptomatic 25.8 (8) 46.1 (36) 0.028
Typical 48.4 (15) 23.1(18) 0.120 (typ. vs. atyp.)
Atypical 25.8 (8) 30.8 (24)

Duration of APS, % (n)
<6 months 43.3 (13) 45.5 (35) 0.790
>6 months 40.0 (12) 42.9 (33)

Pre-test probability, % (& + s) 622+17.8 42.3+21.0 <0.001
Medium risk #1 (15-66%) 45.2 (14) 77.6 (59) 0.001
Medium risk #2 (67-85%) 54.8 (17) 22.4(17) (#1 vs. #2)

Age,y (k£ 5) 62.6+8.3 61.0+9.5 0.404

BMI (i + 5) 29.2+49 28.7+5.1 0.655

Nicotine use, PY (x + s) 12.5+18.8 8.46+12.3 0.276

Hyperlipidemia, % (n) 74.2 (23) 62.8 (49) 0.370

Family history of CAD, % (n) 29.0 (9) 27.3 (21) 1.000

Comorbidities, % (n) 26.7 (8) 12.8 (10) 0.133

Antihypertensive medications, n (X * ) 232+1.5 1.88+1.4 0.152

Antiplatelet medication, % (n) 71.0 (22) 51.3 (40) 0.086

ACE inhibitors, % (n) 83.9 (26) 65.4 (51) 0.065

Beta-blockers, % (n) 48.4 (15) 51.3 (40) 0.834

Nitrates, % (n) 129 4) 10.3 (8) 0.783

Calcium antagonists, % (n) 38.7 (12) 24.4 (19) 0.160

Diuretics, % (n) 38.7 (12) 37.2(29) 1.000

CSE inhibitors, % (n) 38.7 (12) 39.7 (31) 1.000

Prior indication, % (n)

No prior indication 29.0 (9) 28.2 (22) 0.231

Inconclusive 16.1 (5) 10.3 (8)

Negative 9.7 (3) 26.9 (21) 0.080 (pos. vs. neg.)
Positive 45.2 (14) 34.6 (27)

Myocardial scintigraphy, % (1)

No scintigraphy 71.0 (22) 70.5 (55) 0.550
Negative 0.0 (0) 3.8(3)

Ischemia 22.6 (7) 23.1(18)

Scarring present 6.5(2) 2.6 (2)

Ejection fraction, % (x + s) 63.45+3.6 63.82+3.0 0.599

LVEDD, % (n)

Normal 96.6 (28) 92.1 (70) 0.670
Slightly elevated 34(1) 7.9 (6)

Left heart hypertrophy, % (n) 45.2 (14) 37.2(29) 0.380

Resting ECG, % (n)

Negative 50.0 (15) 63.6 (49) 0.272
Positive 50.0 (15) 36.4 (28)

Bold values indicate significance (p < 0.05)
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Table 2 Exercise ECG

Parameter CAD No CAD p
Result, % (n)
Non-evaluable 19.4 (6) 16.9 (13) 0.007
Negative 38.7 (12) 67.5 (52) 0.003
(pos.
Vs.
neg.)
Positive 41.9 (13) 15.6 (12)
APS, % (n) 19.4 (6) 3903) 0.016
ST kinetics, % (n) 38.7 (12) 15.6 (12) 0.019
Maximal workload, W 127.42+32.5 120.45+35.3 0.345
(x + )
Nominal workload, W 81.65+16.7 81.09+18.3 0.885
(x+5)
HF (max), bpm (X = ) 131.74+19.1 136.05+23.1 0.359
HF (nominal), bpm 93.48+14.7 96.21+168 0.432

(x+s)

Bold values indicate significance (p < 0.05)

M no relevant CAD
M relevant CAD

negative

myocardial ischemia, CAD
or infarct scarring is
suspected

Fig. 1 Resting CGM

were no differences between the groups (p =0.523). There
were only slight, insignificant differences between the vari-
ous subgroups based on degree of stenosis in this analysis.

The score of the automated analysis gives the number
of parameters that differ from the physiological norm. A
total of 61.2% of the CAD patients displayed no abnormal
parameters; a further 22.6% had one pathological result and
16.1% had two or more results outside of the reference val-
ues (Fig. 2). The control group with no CAD had a similar
distribution of parameters (p =0.466).

Following exercise, 58.1% of the CAD patients had
CGM parameters within the normal range and would
have been diagnosed as healthy using this test. In the
group of patients without coronary disease, 57.1% had

M no relevant CAD

60,0%— M relevant CAD

40,0%7

20,0%—

0,0%—
3 path. 2 path. 1 path. 0 path.
values values value values

Fig.2 CGM Score

normal values. Hence, with the gradations having similar
percentages, there were no significant differences noted
between the groups at rest or post-exercise in evaluating
the score.

The automated results also give information about
the parameter sets used. These are chosen automatically
according to the vector loop of the potential. Here, too,
there were no significant differences between the two
groups of patients.

A nonspecifically localized ischemia was registered
in 28.4% of the findings. The CGM device allowed more
precise localization (e.g., apical, lateral, and septal) in
only 6.6% of the data sets. In 2.8% of the results, there
was a positive CGM that gave no automatic evaluation of
the position. The displayed localization of the inadequate
perfusion was incorrect or there was no relevant CAD
present (Table 3).

The test quality criteria and odds ratios are summa-
rized in Table 4. The pre-test probability and the stress
ECG showed the highest sensitivity and specificity and
demonstrated a high probability that CAD was present
when there was a positive test result. CGM had a mark-
edly lower efficiency, both at rest and after exercise.
Altering the definition of CAD (>50% stenosis) did not
change this result.

The pre-test risk evaluation allowed a correct diag-
nosis in a total of 73.1% of all patients. In combination
with exercise ECG results, 75.9% of the patient collective
was correctly diagnosed. The variables diabetes mellitus,
arterial hypertension, and CGM showed no additional
advantage for diagnostic accuracy.

A further analysis was carried out to test the second
working hypothesis. The test efficiency of the exercise
ECG was 71.3%. Addition of CGM results did not yield a
better test efficiency (Table 5).
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Table 3 Cardiogoniometry

Parameter CAD No CAD p
Result (resting), % (n)
Negative 61.3 (19) 62.8 (49) 1.000
Positive 38.7 (12) 37.2(29)
Result (exercise), % (n)
Negative 58.1 (18) 57.1 (44) 1.000
Positive 41.9 (13) 42.9 (33)
Result (combined), % (n)
Negative 38.7 (12) 47.4 (37) 0.523
Positive 61.3 (19) 52.6 (41)
Score (resting), % (n)
Normal result 61.3 (19) 62.8 (49) 0.466
1 Pathological parameter 22.6 (7) 23.1(18)
>2 Pathological parameters 16.1 (5) 14.1 (11)
Score (exercise), % (n)
Normal result 58.1 (18) 57.1 (44) 0.464
1 Pathological parameter 19.4 (6) 29.9 (23)
>2 Pathological parameters 22.6 (7) 13.0 (10)
Scoring (resting), % (n)
Norm 67.7 (21) 70.5 (55) 0.169
NormLP 16.1 (5) 20.5 (16)
LBBB 6.5(2) 1.3 (1)
RBBB 9.7 (3) 2.6 (2)
LT 0.0 (0) 5.1 (4)
Scoring (exercise), % (n)
Norm 74.2 (23) 67.5 (52) 0.849
NormLP 6.5(2) 11.7.(9)
LBBB 0.0 (0) 1.3 (1)
RBBB 32(1) 52 4)
LT 16.1 (5) 14.3 (11)
Localization (resting), % (n)
No ischemia 61.3 (19) 62.8 (49) 0.207
Nonspecific ischemia 32.3(10) 26.9 (21)
Specific ischemia 6.5(2) 6.5(5)
No results 0.0 (0) 3.8(3)
Localization (exercise), % (n)
No ischemia 58.1 (18) 57.1 (44) 0.603
Nonspecific ischemia 35.5(11) 36.4 (28)
Specific ischemia 6.5(2) 3.93)
No results 0.0 (0) 2.6 (2)
Conclusions

Owing to the significant risk of mortality posed by CAD, a
considerable number of cardiac catheterizations are carried
out in Germany, also compared with international figures.
In 2011, only one-third of these examinations were per-
formed in patients with angina pectoris [29]. In the present
study, 28.4% of patients were shown via catheterization to
have coronary disease. This level rose to 36.7% if patients
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were included who had a moderate level of stenosis. Patel
et al. reported in 2010 results for nearly 400,000 patients
who underwent diagnostic coronary angiography; a similar
level of 37.6% showed relevant CAD [30]. Aside from the
individual risk of coronary angiography for patients, these
tests place an enormous financial burden on the healthcare
system. It would be advantageous to prevent or limit this
burden by reducing the number of cardiac catheterizations;
however, there is a lack of definitive noninvasive diagnos-
tic methods. Patient history and clinical findings as well as
the results of noninvasive diagnostics provide evidence that
can support a suspicion of CAD or dismiss it.

The relationship between CAD and arterial hyperten-
sion, gender, and diabetes mellitus is well known and was
demonstrated in the present study. The highly predictive
value of angina pectoris as a classical symptom of CAD
was confirmed in our study, as expected [31-34].

The diagnostic efficiency of the 12-lead ECG in the pre-
sent study was similar to that reported in the literature, with
a sensitivity of 50% [35]. In spite of its low test efficiency,
use of the 12-lead ECG in diagnosing CAD is justified, as
with this simple method, important differential diagnoses
can be ruled out or a high probability for CAD can be dem-
onstrated [2].

The pre-test risk assessment, with a combination of
angina pectoris and patient age and gender, showed the
best predictive power. A comprehensive patient history
and thorough physical examination including assessment
of cardiovascular risk factors are thus essential tools of the
clinician.

A large meta-analysis of 147 studies that included a total
of approximately 24,000 patients demonstrated a mean sen-
sitivity of 68% for exercise ECG testing. The mean speci-
ficity was found to be 77%. Notably, there was great vari-
ation in both of these parameters: 23-100% for sensitivity
and 17-100% for specificity [5]. If one compares these val-
ues with our data, both sensitivity (52.0%) and specificity
(81.3%) are within the simple standard deviation (68+ 16
and 77+17%, respectively). Therefore, the insufficient
sensitivity of this diagnostic method is not only a problem
demonstrated in the present study but must be viewed as a
fundamental shortcoming. The combination of pre-test risk
assessment and exercise ECG leads to a slight improvement
in diagnostic yield.

In theory, CGM is a promising diagnostic method to sim-
ply and quickly arrive at a diagnosis of CAD. Schiipbach
et al. determined retrospectively a sensitivity of 73% and
a specificity of 87%. In the prospective part of the study,
the diagnostic accuracy of CGM was 71%, significantly
higher than that of resting ECG [25']. In a smaller study,
the method was tested in a cohort of 109 female patients;
here, a sensitivity of 78.9% and a specificity of 87.1% were
reached [36]. Sanz and Schiipbach tested 1027 patients for
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Table 4 Test quality criteria

Parameter Sensitivity (%) Specificity (%) Positive pre- Negative pre- False posi- False nega- Odds ratio [95% CI]
dictive value  dictive value  tive rate tive rate
(%) (%) (%) (%)
Pre-test probability 53.1 81.3 54.8 78.2 19.7 45.2 4.9 [2.0;12.2]
Resting ECG 50.0 63.6 34.8 76.6 36.4 50.0 1.8 [0.8; 4.1]
Exercise ECG (evaluable) 52.0 81.3 52.0 81.3 18.8 48.0 4.7 [1.7;12.8]
Exercise ECG (all) 41.9 67.5 419 67.5 15.6 38.7 -
CGM (resting) 38.7 62.8 29.3 72.1 37.2 61.3 1.1[0.5;2.5]
CGM (exercise) 41.9 57.1 28.3 71.0 429 58.1 1.0[0.4;2.2]
CGM (all) 61.3 47.4 31.7 75.5 52.6 38.7 1.4 [0.6; 3.3]
CGM (CAD with >50% 40.0 63.8 39.0 64.7 36.2 60.0 1.2 [0.5;2.6]
stenosis, at rest)
CGM (CAD with >50% 42.5 57.5 37.0 63.0 42.6 57.5 1.0 [0.5;2.2]
stenosis, with exercise)
CGM (CAD with >50% 60.0 47.8 40.0 67.3 52.2 40.0 1.4 [0.6; 3.0]
stenosis, all results)
Bold values indicate significance (p < 0.05)
Table 5 Binary logistic regression analysis study showed a sensitivity and specificity of 62 and 64%
Variable Exp(B) 95% CI Wald  p Test under resting conditions. The second test, administered
effi- directly after exercise with a load of 50 W on a bicycle
ciency ergometer, showed an improved accuracy (sensitivity 72%
(%) and specificity 73%). The combined analysis resulted in a
Pre-test prob- 1049  1.024-1.074 15291 <0.001 73.1 higher sensitivity at the cost specificity (sensitivity 78%,
ability specificity 64%) [26]. In the present study, these values
+Exercise ECG  1.767  0.978-3.192 3.554 0.059 75.9 were not achieved. There was also no difference between
Constants 0.013 22.003 <0.001 the results obtained before and after exercise.
Exercise ECG 1.681 0.983-2.875 3.596 0.058 71.3 It is difficult to account for the in-part great divergence
+CGM (resting) 1.175  0.452-3.050 0.109 0.741 71.3 between the findings of the current study and those in the
+CGM (exer- 1.050 0.406-2.714 0.010 0.920 71.3 literature. Evaluation of a defined level of CAD with at
cise) least 50% coronary stenosis, as commonly found in other
Constants 0.158 9.795 0.002

Bold values indicate significance (p < 0.05)

rhythm and T-wave amplitude with five parameters each.
For roughly 700 patients with a NORM score, CGM had
a sensitivity of 84% and a specificity of 90% [37]. In com-
parison with the present work, the studies discussed here
showed a higher diagnostic accuracy of CGM. A reason for
the apparently higher test quality in the latter study could
be that the evaluation was performed exclusively under
NORM score conditions. Thus, only results without any
cardiac rhythm disturbances were included. In 2010, Hueb-
ner et al. published a meta-analysis of six studies of vector
ECG and CGM. The mean sensitivity and specificity were
73 and 84%, respectively [38]. Due to the high proportion
of studies using vector ECG, these results cannot be inter-
preted as being representative. An older study from 1988
evaluated the use of CGM during rest and exercise, similar
to the present study. The results of this meanwhile outdated

studies, showed little if any improvement in the results. In
addition, use of the values after exercise or combined anal-
ysis with CGM did not increase the accuracy.

Compared with CGM, exercise ECG and pre-test prob-
ability had a higher specificity of 81.3% each. The value for
resting ECG, 63.6%, was similar to that of resting CGM.
The sensitivity was the highest for the pre-test probabil-
ity, 53.1%, with the exercise and resting ECG values being
comparable (52.0 and 50.0%, respectively). The sensitiv-
ity of resting (38.7%) and post-exercise CGM (41.9%) was
markedly lower. In the combined analysis of CGM results
sensitivity was the highest at 61.3%; however, as it had the
lowest specificity (47.4%), this test would have little use
in daily clinical practice. The addition of CGM to exercise
ECG did not lead to an improvement in diagnostic yield.

In addition to the poor test efficiency, CGM has some
technical issues. In the present study, after other exclu-
sion criteria were considered, further four patients had
to be excluded. CGM proved to be very prone to techni-
cal disturbances, and the execution of the test was not as
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straightforward as expected. Furthermore, the mapping of
the ischemic regions [27] could not be confirmed. Whereas
most of the ischemic signals were rated as unspecific, for
the remaining values, there was either no information or
they were localized to the wrong regions. Considering test
implementation and quality, CGM appears to have even
less validity than the conventional resting ECG.

Based on our experience, CGM in its present state of
development is not a meaningful method for diagnosing
stable CAD. A possible source of error may be the auto-
mated analysis. Manual interpretation, however, is not
objective and due to the high complexity of the test method
difficult to learn.

Due to the complexity of the automated analysis, only
the manufacturer of the CGM may be able to improve sen-
sitivity and specificity by enhancing and optimizing the
underlying algorithm.
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