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Abstract

To evaluate diagnostic impact of clinical use of coronary computed tomography angiography (CCTA) in patients with sus-
pected stable coronary artery disease (CAD) and its consequences in daily practice for patient management, depending on
stress test results in daily practice. Between 2009 and 2014 of a total population of 1352 patients of the German Cardiac Com-
puted Tomography (CT) Registry who had previously undergone stress tests, CCTA visualizations were carried out on the
coronary arteries with suspected stable CAD. Patients were divided into three groups according to stress test results: Group
1 with inconclusive (n=178, 13.2%), Group 2 with ischemia in stress test (n=372, 27.5%) and Group 3 without ischemia
in stress test (n=2802, 59.3%). The test of preference was the stress electrocardiogram (ECG), which was performed more
frequently in patients without ischemia in stress test as compared to those with ischemia (96.3% vs. 93.0%, p=0.015). The
incidence of detected obstructive CAD was lower in patients with suggested ischemia in stress test as compared to patients
with inconclusive results (14.1% vs. 21.1%, p=0.037). There was no difference in the incidence of an obstructive CAD in
patients with and without ischemia in stress test (14.1% vs. 15.8%, p=0.440). CCTA is a reliable, non-invasive option for
ruling-out obstructive CAD irrespective of the stress test result.
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Introduction

Coronary computed tomography angiography (CCTA) is a
broadly accepted modality for the non-invasive workup of
selected patients with suspected stable coronary artery dis-
ease in clinical practice [1-7]. In some healthcare settings,
CCTA is considered a first-line diagnostic test for patients
with angina chest pain [8]. Current European Society of
Cardiology (ESC) guidelines recommend further testing
in patients with suspected stable coronary artery disease
(SCAD) based on the pre-test probability (PTP). In order
to obtain optimal results and to avoid overestimation of
coronary stenoses, CCTA should be performed in patients
with a low intermediate pre-test probability (PTP 15-50%).
If Duke Criteria indicate a high risk patient, patients with
stress-induced ischemia should be considered for coronary
angiography. In cases of an inconclusive stress test results,
further testing is recommended depending on patient char-
acteristics and preferences [9].The German Cardiac CT Reg-
istry provides information about the indications, procedural
data and clinical results of cardiac computed tomography in
a routine clinical setting. The aim of our current analysis was
to evaluate the influence of prior stress test results in cases
of suspected stable coronary artery disease on the results of
CCTA and the diagnostic impact of CCTA.

Materials and methods

The German Cardiac CT Registry has records of 7061 car-
diac CT examinations using at least 64-slice CT at 12 expert
centers conducted between 2009 and 2014. 1352 patients
with suspected stable coronary artery disease (CAD) who
were undergoing CCTA for imaging of the coronary arteries
with prior stress tests were included in our analysis and com-
prise the study population. Patients with other indications
(e.g. no prior stress test, imaging of the pulmonary veins,
clarification of cardiac mass, TAVI-procedure, valvular
heart disease, history of CAD or evaluation of an implant)
were excluded (n=15709). Patients were divided into three
groups depending on their stress test results: Group 1 with
inconclusive stress test (i.st), Group 2 with ischemia in stress
test (st+) and Group 3 without ischemia in stress test (st—)
(Fig. 1). The CT scan was performed either as CCTA only
or as a combined calcium scan using prospective triggering
and retrospective acquisition with and without tube current
modulation. Interpretation and reporting of the CT scan was
performed by a cardiologist or radiologist or by a consensus
reading. At the time of examination, data were collected
including patient demographics, medical history, and stand-
ardized cardiovascular risk factors as determined by a struc-
tured patient interview in a web based electronic case report

n=7061

Total number of included patients in
German Cardiac CT Registry

Exclusion* of patients with

Imaging of the pulmonary veins (n=1061)
Clarification of cardiac mass (n= 1)
Clarification of pericardial disease (n = 5)

Evaluation of implant (n = 14)
History of CAD (n=791)

TAVI (n=75)

Study population

of the coronary arteries)
n= 1352 (100%)

(patients with suspected stable coronary artery
disease for detection and/or exclusion of stenosis

Valvular disease (n = 50)
Unstable angina (n =91)

No angina or dyspnea (n=3333)
PTP <15% or >85% (n=155)
No stress test (n=274)

*Overlapping of parameters are possible

Stress test with ischemia
n =372 (27.5%)

Inconclusive stress test
n=178 (13.2%)

Stress test without ischemia
n =802 (59.3%)

Exclusion of CAD 46.9%
Stenosis >50% 21.1%

Exclusion of CAD 47.0%
Stenosis >50% 14.1%

Fig.1 Coronary CT in patients with suspected stable coronary artery
disease for detection and/or exclusion of coronary artery stenoses.
All patients (n=1.626) were divided into two groups: group 1 with
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Exclusion of CAD 46.6%
Stenosis >50% 15.8%

inconclusive or no stress test and group 2 with conclusive stress test.
CAD coronary artery disease, CT computed tomography, PTP pre-test
probability, TAVI transcatheter aortic valve implantation
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forms (CRFs). Detailed information regarding indication for
cardiac CTA, study results (including results of coronary
calcification exam and coronary CTA), diagnostic impact,
procedures avoided by CT and recommended procedures
were also collected via a structured data base.

A patient was considered to be hypertensive if he or
she had received such a diagnosis on the basis of per-
sistently elevated systemic blood pressure greater than
140/90 mmHg. Criteria for diabetes was based on the patient
having increased levels of plasma glucose in oral glucose
tolerance test, after fasting or elevated glycated hemoglobin
(A1C). The cardiovascular risk factor cigarette smoking
was divided into three categories: smoker (smoking during
the last 2 month), former smoker (smoker who quit smok-
ing at least 1 month ago) and non smoker. Patients whom
had stopped smoking more than 20 years ago were not con-
sidered to have smoking as a risk factors. Family history
was defined as coronary heart disease or stroke in first- or
second-degree relatives under the age of 65 (females) and
55 (males). Symptoms of chest pain were divided into typi-
cal, atypical and non-anginal chest pain according to the
ESC guidelines [9]. Typical angina meets all three of the
following characteristics: (1) substernal chest discomfort of
characteristic quality and duration, (2) provoked by exertion
or emotional stress and (3) relieved by rest and/or nitrates
within minutes. Atypical angina meets only two of these
characteristics, while non-angina chest pain lacks or meets
only one of the characteristics. The pre-test probability
(PTP) was determined according to the updated CAD con-
sortium model [10] by age, gender and the nature of symp-
toms [9] for all patients. Information regarding indications
for the cardiac CT examination, scan parameters and con-
trast protocol, study results (including coronary CT angi-
ography), complications and consequences were collected
via a structured data base. The following parameters of our
study population (n=1352) were analysed in each group:
patient characteristics, procedural characteristics, detection
of obstructive coronary stenosis (as defined by the presence
of coronary stenosis) equal to or greater than 50%, exclusion
of CAD (as defined by the absence of plaques and stenosis),
cardiovascular risk factors, referring physician, indication
for CT scan, symptoms, previous stress test results, diagnos-
tic and clinical impact of the CT scan.

Statistical analysis

Quantitative variables were expressed as mean =+ standard
deviation or median and interquartile range. Qualitative
data (nominal or ordinal scale) were given as frequen-
cies and rates. For comparison between subgroups, the
classic Chi-squared-test or Kruskal-Wallis test were used.
P-values of 0.05 or less were considered significant. Data
analysis was performed at the Institute for Myocardial

Infarction Research Foundation using SAS statistical
analysis software, version 9.3 (SAS Institute, Inc., Cary,
North Carolina, USA).

Results
Patient characteristics and risk factors

Mean patient age was 58.1 + 11.3 years. The mean body
mass index (BMI) was 26.9+4.4 kg/mz. 47.8% (646/1352)
were female. The mean PTP was 38.0% (28.0, 59.0). 14.9%
(202/1352) of the patients met all three of the angina char-
acteristics, 69.0% (933/1352) two and 16.1% (217/1352)
only one criterion. 13.2% (178/1352) of the patients had
an inconclusive stress test, while 86.8% (1174/1352) had a
conclusive stress test. Conclusive stress tests include those
with positive (n=372, 27.5%) and negative results (n= 802,
59.3%).

Patients with ischemia in stress test had a lower pre-test
probability than those without ischemia in stress test (st+:
37.5% vs. st—: 38.0%, p=0.019) and with an inconclusive
stress test (st+: 37.5% vs. i.st: 47.0%, p=0.007). I Patients
with ischemia in stress test were more likely female as com-
pared to those without ischemia in stress test (st+: 54% vs.
st—: 42.1%, p<0.001). All groups did not differ in body
mass index (i.st: 26.8 +4.3 kg/m?® vs. st+: 26.8 +4.5 kg/m>
vs. st—: 26.8+4.2 kg/mz, p=0.700), diabetes (i.st: 11.4%
vs. st+: 8.5% vs. st—: 9.8%, p=0.760), family history of
myocardial infarction (MI), coronary artery bypass graft
(CABG) and/or sudden death (i.st: 38.6% vs. st+: 21.9%
vs. st—: 37.2%, p=0.120) and hypertension (i.st: 65.0% vs.
st+: 60.6% vs. st—: 59.7%, p=0.680). The total number of
cardiovascular risk factors were less frequent in patients with
ischemia in stress test as compared to those without (st+: 2.0
vs. st—: 3.0, p<0.001). Patient characteristics are shown in
Table 1.

Clinical symptoms

Patients with an inconclusive stress test met more often all
three criteria of angina as compared to those with ischemia
in stress test (i.st: 25.3% vs. st+: 14.0%, p=0.001). Patients
with ischemia in stress test had more often dyspnea during
exercise as compared to those without ischemia in stress
test (st+: 33.2% vs. st—: 22.3%, p<0.001). The stress test of
preference was the stress electrocardiogram (ECG), which
was performed more frequently in patients without ischemia
in stress test as compared to those with ischemia in stress
test (96.3% vs. 93.0%, p=0.015). Further details are listed
in Table 2.
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Table 1 Patient characteristics and risk factors (n=1.626)

Inconclusive stress test

Conclusive stress test p-value*  p-value

b

Stress test with ischemia

Stress test without ischemia

Number of patients
Pre-test probability
Age

Age>75 years
Male

Body mass index
Diabetes

Renal failure
Current smoker
Prior smoker (< 1 month)
Never smoked

FH of MI/CABG/SD (m< 55,
f <65 years)

Hypertension

Systolic BP (mmHg)
Diastolic BP (mmHg)
Hyperlipidaemia
Cholesterol (mg/dl)
Cholesterol > 190 mg/dl
LDL (mg/dl)

LDL > 130 mg/dl

HDL (mg/dl)

HDL <40 mg/dl
Triglyceride (mg/dl)
Number of classic risk factors

178 (13.2%)
47.0 (28.0,59.0)
58.2+9.7

1.7% (3/178)
52.2% (93/178)

26.8+4.3 (n=176)

11.4 (20/175)
1.7% (3/175)
11.0% (19/172)
20.9% (36/172)
68.0% (117/172)
38.6% (64/166)

65.0% (115/177)
130 (120,145)
80 (75,90)
58.2% (96/165)
219 (189,256)
74.1% (83/112)
137 (111,163)
56.7% (59/104)
61 (50,72)
7.7% (8/104)
116 (79,170)
2.5(2.0,3.0)

372 (27.5%) 802 (59.3%)

37.5 (28.0,58.0) 38.0 (28.0,59.0) 0.007 0.019
58.0+122 57.5+11.1 0.850 0.250
5.9% (22/372) 4.9% (39/802) 0.026 0.450
46.0% (171/372) 57.9% (464/802) 0.170 <0.001
26.8+4.5 (n=368) 26.8+4.2 (n=798) 0.920 0.770
8.5% (31/366) 9.8% (78/797) 0.270 0.470
2.5% (9/366) 2.8% (22/793) 0.580 0.760
14.5% (52/359) 17.9% (137/764) 0.280 0.150
14.8% (53/359) 16.5% (126/764) 0.075 0.460
70.8% (254/359) 65.6% (501/764) 0.520 0.085
21.9% (117/356) 37.2% (289/777) 0.200 0.160
60.6% (220/363) 59.7% (475/795) 0.330 0.780
135 (120,145) 135 (120,150) 0.810 0.830
80 (70,90) 80 (73,90) 0.480 0.950
57.2% (199/348) 62.6% (473/755) 0.830 0.084
213 (193,240) 219 (189,251) 0.270 0.250
79.8% (186/233) 74.1% (433/584) 0.230 0.087
130 (109,153) 134 (109,162) 0.540 0.540
50.9% (111/218) 54.4% (302/554) 0.330 0.370
57 (43,67) 56 (45,69) 0.028 0.530
15.2% (33/217) 10.5% (58/552) 0.059 0.069
123 (90,181) 125 (89,181) 0.500 0.720
2.0 (1.0,3.0) 3.0 (2.0,3.0) 0.120 <0.001

Bold printed numbers represent significance

BP blood pressure; CABG coronary artery bypass graft; F'H family history; HDL high density lipoprotein; LDL low density lipoprotein; MI myo-

cardial infarction; SD sudden death

#Comparison between patients with “inconclusive stress test” and “stress test with ischemia”

®Comparison between patients with “stress test with ischemia” and with “stress test without ischemia

Procedural characteristics and results of the CT scan

An additional assessment of coronary artery calcification
was performed more frequently in patients without ischemia
in stress test as compared to those with ischemia (st—: 91.0%
vs. st+: 85.8%, p=10.006). For patients with a conclusive
stress test the median total Agatston-score was 55.0 (inter-
quartile range [IQR] 13.0, 169.0; stress test with ischemia
48.0, IQR 14.0, 144.0; stress test without ischemia 59.0,
IQR 12.9, 178), whereas the total Agatston-score for patients
with inconclusive stress test was 77 (IQR 10.0, 178.0).
Obstructive CAD was detected less frequently in patients
with ischemia in stress test as compared to those with
inconclusive stress test results (st+: 14.1% vs. i.st: 21.1%,
p=0.037), while there was no difference in the incidence
between patients with ischemia in stress test and without
(st+: 14.1% vs. st—: 15.8%, p=0.0440, Table 3).

@ Springer

Clinical consequences

For all groups, there was no difference in the diagnos-
tic impact of the CCTA (Table 4) regarding a completely
new diagnosis (i.st: 1.2% vs. st+: 1.4% vs. st—: 1.4%,
p=0.540), an additional diagnosed aspect (i.st: 3.6% vs.
st+: 4.3% vs. st—: 3.2%, p=0.920) or for exclusion/con-
firmation of the suspected diagnosis (i.st: 95.2% vs. st+:
94.2% vs. st—: 95.5%, p=0.800). As a consequence of
CCTA, invasive coronary angiography could be avoided
more frequently in patients with ischemia in stress test as
compared to those without ischemia in stress test (st+:
59.8% vs. st—: 52.5%, p=0.029).
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Table 2 Source of reimbursement, referral and clinical symptoms (n=1.626)
Inconclusive stress test ~ Conclusive stress test p-value*  p-value®
Stress test with ischemia Stress test without ischemia
Angina pectoris
Stable typical (3 criteria) 25.3% (45/178) 14.0% (52/372) 13.1% (105/802) 0.001 0.680
Stable atypical (2 criteria) 56.7% (101/178) 69.9% (260/372) 71.3% (572/802) 0.002 0.620
Chest pain only (1 criterion) 18.0% (32/178) 16.1% (60/372) 15.6% (125/802) 0.590 0.810
NYHA
None/NYHA I 69.3% (122/176) 66.8% (248/371) 77.7% (623/802) 0.560 <0.001
NYHA II-1IV 30.7% (123/176) 33.2% (123/371) 22.3% (179/802) 0.560 <0.001
Previous stress test
Stress ECG 89.3% (159/178) 93.0% (346/372) 96.3% (772/802) 0.140 0.015
Stress echo 6.2% (21/372) 5.6% (21/372) 5.9% (47/802) 0.800 0.880
SPECT 7.3% (16/372) 4.3% (16/372) 0.2% (2/802) 0.140 <0.001

Bold printed numbers represent significance

ECG electrocardiogram; MR magnetic resonance; NYHA New York Heart Association; SPECT single-photon emission computed tomography

#Comparison between patients with “inconclusive stress test” and “stress test with ischemia”

®Comparison between patients with “stress test with ischemia” and with “stress test without ischemia”

Table 3 Procedural characteristics and results of coronary CT angiography (n=1.626)

Inconclusive stress test Conclusive stress test

p-value* p-value®

Stress test with ischemia Stress test without ischemia

Coronary CT angiography only 14.6% (26/178)

Coronary CT angiography and coronary 85.4% (152/178)
calcium

Agatston-score (total) 77 (10,378)

No calcification
Exclusion of any CAD
Obstructive CAD

One vessel with any stenosis > 50%

53% (80/151)
46.9% (82/175)
21.1% (37/175)
13.1% (23/175)
6.9% (12/175)
1.1% (2/175)

Two vessels with any stenosis > 50%

Three vessels with any stenosis > 50%

14.2% (53/372) 9.0% (72/802) 0910  0.006
85.8% (319/372) 91.0% (730/802) 0910  0.006
48 (14,144) 59 (13,178) 0290  0.700
46.4% (148/319) 48.4% (352/728) 0.180  0.560
47.0% (174/370) 46.4% (370/798) 0970  0.830
14.1% (52/370) 15.8% (126/798) 0.037  0.440
9.7% (36/370) 10.9% (87/798) 0230 0.540
2.2% (8/370) 3.5% (28/798) 0.006  0.220
2.2% (8/370) 1.4% (11/798) 0.410  0.320

Bold printed numbers represent significance

CAD coronary artery disease, CT computed tomography

#Comparison between patients with “inconclusive stress test” and “stress test with ischemia”

®Comparison between patients with “stress test with ischemia” and with “stress test without ischemia”

Discussion

The German Cardiac CT Registry provides a large data-
base regarding the clinical use of CCTA. This data provide
valuable insights into daily routine in contrast to rand-
omized trials, as it highlights the challenges of treating
patients with prior diagnostic ambiguity from previously
performed test. In contrast to patients without ischemia
in stress test, those with ischemia were more likely to be
female with a lower number of classic risk factors and a
significantly lower pretest probability. This population also

suffered less frequent from typical stable angina as com-
pared to patients with an inconclusive stress test. For this
reason, a CAD was uncommon in this subgroup.
Non-invasive testing for ischemia is recommended in
patients with an intermediate PTP (15-85%) [9]. Alter-
natively, coronary CT angiography can be performed in
patients who are at low intermediate PTP (15-50%), if left
ventricular ejection fraction is > 50% and provided that ade-
quate technology and expertise are locally available [9]. For
the majority in all groups, a stress ECG was the preferred
diagnostic method and was performed more often in patients
with indications of ischemia in stress test compared to those

@ Springer
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Table 4 Consequences (n=1.626)

Inconclusive stress test Conclusive stress test

p-value® p-value®

Stress test with ischemia  Stress test without ischemia

Diagnostic impact
Suspected diagnosis excluded/confirmed
Completely new diagnosis
Additional aspect diagnosed
Procedures avoided by CT
None
Invasive coronary angiography
Recommended procedures
None
Testing for ischemia

Invasive coronary angiography

95.2% (160/168)
1.2% (2/168)
3.6% (6/168)

35.4% (58/164)
53.7% (88/164)

59.5% (97/163)
4.9% (8/163)
17.2% (28/163)

94.2% (327/347) 95.5% (697/730) 0.680  0.380
1.4% (5/347) 1.4% (10/730) 0.820  0.930
4.3% (15/347) 3.2% (23/730) 0.690  0.330
23.7% (79/333) 30.4% (207/680) 0.006  0.026
59.8% (199/333) 52.5% (357/680) 0.200  0.029
64.9% (216/333) 61.6% (425/690) 0250 0310
2.7% (9/333) 2.0% (14/690) 0200  0.500
11.4% (38/333) 14.2% (98/690) 0.076  0.220

Bold printed numbers represent significance

CT computed tomography; MRI magnetic resonance imaging; PET positron emission tomography; SPECT single-photon emission computed

tomography

2Comparison between patients with “inconclusive stress test” and “stress test with ischemia”

SComparison between patients with “stress test with ischemia” and with “stress test without ischemia”

with an inconclusive stress test results. The frequency of
this sort of testing is presumably due to its simple nature
and widespread availability, in addition to demonstrating
low pretest probability. Surprisingly, there is a very high
proportion of patients in the registry who had a previous
conclusive stress test and were nevertheless subsequently
examined with a CCTA. The proportion of patients in this
group meeting the Duke criteria (Duke Treadmill Score)
with respect to risk stratification is unknown. This miss-
ing risk stratification for previously performed stress test in
high, intermediate and low cardiovascular (CV) mortality
risk is also a frequently observed problem in daily practice.
Many times, the assessment is based solely on the clinical
evaluation of the referring physician. Since a CCTA was
performed in this group, it is presumed that these patients
presented with an intermediate or low CV mortality risk.
Of these patients with a conclusive stress test, CCTA dem-
onstrated no difference in the incidence of obstructive CAD
between patients with suspected ischemia in stress test and
those characterized by the absence of ischemia in the pre-
vious stress test. This is mainly caused by a low sensitiv-
ity and specificity in the chosen stress test (stress ECG).
Another cause for this surprising correlation might be the
variables in interpretation of stress test results, which are
suspected to be mainly false-positive results. The attending
physicians may have had doubts about the specificity of the
chosen stress test, since the result was in contradiction to
their clinical assessment. This factor is taken into account in
the consensus recommendations of the German Radiology
Society (DRG), the German Cardiac Society (DGK) and the
German Society of Pediatric Cardiology (DGPK) on the use

@ Springer

of cardiac imaging with computed tomography [11], which
corresponds more to what is experienced in daily practice on
this point compared to the ESC guidelines, which give the
physician more options in the selection of the appropriate
diagnostic tool.

This explains why a surprisingly lower incidence of
obstructive CAD was found in the group with suspected
ischemia in the stress test as compared to those with incon-
clusive stress test results. Despite to higher frequency of
atypical angina and the lower pretest probability among the
less comorbid patient cohort, this result was nevertheless
expected by the physicians. Invasive coronary angiogra-
phy could be avoided more often in patients with suspected
ischemia in the stress test group than for patients who tested
for no ischemia in stress test. Therefore, CCTA provides
valuable results and is a reliable non-invasive option for rul-
ing-out obstructive CAD irrespective of the stress test result.

Limitations

There was no definition of criteria which classified the stress
test as positive or negative. The proportion of patients for
whom Duke criteria indicate a high-risk patient is unknown.
The judgment of the attending physicians carrying out the
CT scan to question the results of the stress test remains a
matter of speculation. The proportion of stress tests incor-
rectly classified as “conclusive” cannot be known. Lastly,
it is unclear whether the stress tests were carried out by the
referring physicians or the expert center .
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Conclusions

In a large study of patients investigated in experienced clini-
cal settings, the decision to perform invasive coronary CTA
to test for suspected stable CAD relied on previous stress
test results. The stress ECG was the preferred stress test of
the registry with known limited accuracy in detection of
ischemia as well as with regard to a proper interpretation.
Therefore, CCTA provides valuable results in daily routine
and is helpful in avoiding invasive coronary angiography in
patients for whom stress test seemed to be false positive or
for whom high cardiovascular mortality risk from ischemia
is not present.
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