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Abstract

Background Coronary computed tomography angiography
(CTA) is increasingly used as a test to rule out coronary
artery disease (CAD) in patients with a low to intermediate
pre-test probability of the disease. We used the database of
the German CT registry, collected between 2009 and 2014 in
a broad patient population, to analyze contemporary radia-
tion dose associated with coronary CTA in clinical practice.
Patients and methods The prospective observational reg-
istry included a total of 7061 patients >18 years, referred
to 12 participating centers for a clinically indicated cardiac
CT examination. All centers were cardiology units well
experienced in CTA and used multi-slice CT scanners with
at least 64 rows. Coronary CTA was performed in a sub-
set of 5001 patients, 59.6 + 11.8 years, body mass index
(BMI) 26.9 + 4.5 kg/m?, 38% females. Three time periods
with approximately equal numbers of patients were created
(01/09-03/10, 04/10-03/11, 04/11-07/14). The dose—length
product of all examinations and derived effective dose in
mSv (conversion factor k = 0.014) as well as the influence of
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patient characteristics on dose were compared for the three
time periods.

Results BMI and proportion of female patients remained
stable over time, and mean heart rate decreased from
60.3 + 9.0 to 58.5 + 9.3 bpm from the first to the last time
period (p < 0.001). Overall, the mean effective dose of coro-
nary CTA was 3.6 mSv (Q1 1.8 mSv, Q3 7.4 mSv). Within
the three time periods, it declined from 5.6 (2.7, 8.6) mSv
during the first to 4.8 (2.1, 8.2) mSv during the second and
2.5 (1.3, 4.6) mSv during the last time period (p < 0.001).
Paralleling the decline in radiation dose over time, the
proportion of prospectively ECG-triggered examinations
increased (68, 79, 83%; p < 0.001), and the proportion of
examinations with retrospective gating and no tube current
modulation decreased (5.3, 4.0, 1.6%; p < 0.001). Tube cur-
rent (mAs) and voltage (kV) both decreased over time. In
multivariable analysis, besides earlier time period, further
independent predictors of an increased radiation dose were
older age, higher heart rate, and higher BMI as well as the
technical factors higher mAs, higher kV, and retrospective
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gating. At three sites, CT scanners with improved technol-
ogy were installed during the last time period.

Conclusions In current clinical practice among German
cardiology units with specific expertise in cross-sectional
cardiovascular imaging, overall radiation dose of coronary
CTA was comparably low. Over time, a decline in radia-
tion dose was demonstrated, probably due to a combination
of improvements in data acquisition protocols and patient
preparation as well as installation of new CT scanners with
advanced technology.

Keywords Coronary CT angiography - Estimated
effective radiation dose - Dose—length product - Coronary
artery disease

Introduction

Computed tomography coronary angiography (coronary
CTA) is increasingly used in the diagnostic workup of
patients with suspected coronary artery disease (CAD).
Current European guidelines support its use with a class Ila
recommendation in patients with stable chest pain within the
lower range of intermediate pre-test probability of CAD, i.e.,
between 15 and 50% [1]. Owing to its excellent sensitivity
in detecting coronary plaque build-up, coronary CTA yields
high negative predictive values. Accordingly, a high degree
of certainty can be obtained with regard to the absence of
CAD and respective prognostic implications [1]. However,
in low-risk populations, radiation dose of medical imaging
has been an issue [2—4].

There is a general consensus that radiation dose should
be kept as low as achievable while maintaining diagnostic
image quality. The Prospective Multicenter Study on Radia-
tion Dose Estimates of Cardiac CT Angiography in Daily
Practice I (PROTECTION I) sampled the radiation dose
associated with coronary CTA as estimated at 50 world-
wide sites in the year 2007 [5]. The CT scanners in use at
the participating sites were 16- and 64-slice systems. A
median radiation dose of 12 mSv was calculated. Of note,
dose estimates of diagnostic invasive coronary angiography
typically comprise 2-7 mSv [2, 4, 6], and *™Tc sestamibi
myocardial perfusion imaging appears to be in the same
range [2, 4, 7]. Since PROTECTION I, technical develop-
ments as well as novel imaging protocols have substantially
reduced the radiation dose associated with coronary CTA
[8], but are not applicable to all patients and may not have
fully penetrated clinical practice. We, therefore, interrogated
the German Cardiac CT Registry which included real-world
data on more than 7000 patients between 2009 and 2014,
regarding trends in radiation exposure of coronary CTA in
clinical practice.

@ Springer

Patients and methods

The study was designed as a prospective observational reg-
istry for patients 18 years and older referred for a clinically
indicated cardiac CT examination. The objectives of the
registry were to collect data from a large all-comer cohort
including indications for the examination, study parameters,
safety, and therapeutic implications in clinical practice. Fur-
ther objectives included assessment of downstream resource
utilization following coronary CT angiography as well as
analysis of radiation exposure. The project was financed by
Stiftung Institut fiir Herzinfarktforschung (IHF, Ludwig-
shafen, Germany). Institutional review board approval was
obtained from Landesédrztekammer Rheinland-Pfalz.

All participating sites were cardiology units with ade-
quate experience in the field of cardiac CT (at least 300
patients per year undergoing cardiac CT scans) and using a
minimum equipment of 64-slice CT system. A total of 12
centers participated (see “Appendix”). The register was doc-
umented under ClincalTrials.gov (Identifier NCT01197703).

Patients

All consecutive patients at participating sites were included
if meeting the inclusion criteria: age 18 years or older, refer-
ral for a clinically indicated cardiac CT examination, written
informed consent for participating in the registry. Exclusion
criteria included cardiac CT examinations performed within
a specific research protocol and failure to provide informed
consent.

Data collection and risk factors

The study patients underwent their cardiac CT examination
as clinically indicated and ordered by referring physician.
At the time of examination, data were collected prospec-
tively including patient demographics, medical history, and
standardized cardiovascular risk factors as determined by a
structured patient interview in a web-based electronic case
report form (CRF).

Body mass index (kg/m?) was calculated on the basis of
height (m) and weight (kg). Diabetes was considered to be
present if the patient was taking insulin or oral antidiabetic
medication or if he or she had previously received such treat-
ment and was currently controlling the condition through
dietary modulation. A patient was considered to be hyper-
tensive if he or she had received such a diagnosis on the
basis of systemic blood pressure >140/90 mmHg, or was
being treated with antihypertensive medications, dietary
modulation, or both. Regarding family history, a patient
was considered to have a positive family history if a history
of coronary heart disease or stroke was present in first or
second degree relatives (females at an age <65 years, males
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at an age <55 years). A patient who had stopped smoking
more than 20 years ago was not considered to have smoking
as a risk factor. Otherwise, he or she was classified as cur-
rent smoker or previous smoker if having stopped >1 month
before being interrogated. Pre-test probability of coronary
artery disease (CAD) was calculated according to the rec-
ommendations given in the actual European guidelines [1].

Cardiac CT

Detailed information regarding indications for the cardiac
CT examination, scan parameters and contrast protocol,
study results (including results of coronary calcification
exam and coronary CT angiography), complications and
consequences were collected through a structured data base.
Scan range (mm), tube current (mA, mAs), tube voltage
(kV), and dose length product (DLP, mGy*cm) were part
of the data base. Estimated effective radiation dose was cal-
culated from DLP, applying a conversion factor of k = 0.014
for chest CT in adults [9].

Statistics

Statistical analyses were performed using SAS 9.3 software
packages. Results are presented as mean + standard devia-
tion or median and quartile values. Categorical parameters
are described by absolute numbers and percentages. To ana-
lyze trends over time, three periods with a comparable num-
ber of examinations were chosen, i.e., January 2009-March
31, 2010; April 1, 2010-March 31, 2011, and April 1,
2011-July 2014. Cochran-Armitage and Jonckheere-Terp-
stra tests were performed for comparing parameters between
these defined time periods. Further, patients were classified
into those with an estimated effective radiation dose above

versus below the median, and comparisons were done by Chi
square or Wilcoxon’s rank-sum test. Independent predictors
were identified by logistic regression analysis.

Results

Out of a total of 7061 patients entered in the registry
between January 2009 and July 2014, 5001 (71%) under-
went a contrast-enhanced study of their coronary arteries
(coronary CTA) and thus were eligible for the current analy-
sis. Approximately, 45% of the patients were characterized
as having angina pectoris (n = 2248), 68% of whom were
thought of as having atypical angina pectoris. A low pre-test
probability (PTP) <15% was observed in 8.4%, an inter-
mediate PTP (15-50%) in 62.2%, and a high PTP >50% in
29.3%. These proportions remained largely stable over time
with the only exception of slightly more patients with a PTP
<15% and fewer patients with a high PTP during the last
time interval (10.4 and 26.4%, respectively). Approximately,
18% had dyspnea >New York Heart Association (NYHA)
II (n = 916). In 27% (n = 1373), a previous stress test had
shown a pathological (n = 782) or inconclusive (n = 571)
result. The vast majority of the stress tests, i.e., 94%, had
been exercise stress electrocardiographic (stress ECG) tests.

Mean patient age was 59.6 + 11.8 years, and 1874 were
female (38%). BMI was 26.9 + 4.5 kg/m>. Table 1 gives
demographic and risk factor data of the overall patient
group. Additionally, the demographic data are presented for
the respective subgroups in the three time periods created
for the analysis of changes over time. There were notable
trends in risk factor exposure over time in that the proportion
of current smokers increased whereas the prevalence of sys-
temic hypertension decreased. Overall, the median number

Table 1 Demographic patient data given in the total group and in the three subgroups classified according to the respective time period

Total 01/09-03/10 04/10-03/11 04/11-07/14 p value for trend

(5001) (1666) (1527) (1808)
Age (years) 59.6 +11.8 59.7+12.0 60.6 + 11.9 58.6+11.6 0.002
Females (%) 37.5 36.1 37.5 38.7 0.12
BMI (kg/m?) 269 +4.5 269 +4.5 268 +4.3 27.0+4.6 0.63
Heart rate during CTA (bpm) 59.4+92 60.3+9.0 59.4+92 585+93 <0.001
Outpatient setting (%) 68.9 58.3 74.1 72.8 <0.001
Inpatient setting (%) 30.5 40.2 25.7 27.1 <0.001
Current smoker (%) 13.4 10.0 13.4 16.3 <0.001
Systemic hypertension (%) 61.3 65.3 64.3 55.2 <0.001
Diabetes mellitus (%) 9.7 9.7 9.1 10.2 0.61
Hypercholesterolemia (%) 58.3 57.6 64.8 539 0.016
Family history of CAD (%) 33.7 294 38.4 334 0.035
Total no. of risk factors, median (Q1, Q3) 3.0(2.0,3.0) 2.0(2.0,3.0) 3.0 (2.0,4.0) 3.0(2.0,3.0) 0.082

BMI body mass index, CAD coronary artery disease, CTA coronary computed tomography angiography, Q1/03 25th/75th percentile value

@ Springer



908

Clin Res Cardiol (2017) 106:905-912

of risk factors per patient appeared relatively stable, i.e.,
between 2 and 3. Also, the percentage of female patients and
the patients’ BMI remained stable over time. However, mean
heart rate declined from 60.3 + 9.0 bpm during the first to
58.5 + 9.3 bpm during the last time interval (p < 0.001),
probably reflecting increased efforts by the participating
centers to control heart rate in preparation for data acquisi-
tion. The relative number of outpatient vs. inpatient exami-
nations fluctuated over time, with no apparent continuous
trend over time.

Among the 5001 patients undergoing coronary CTA,
additional non-contrast-enhanced scans for quantifying
coronary artery calcium (CAC) were performed in 3894
patients (78%). Overall, median estimated effective radia-
tion dose associated with CAC scanning was 0.6 mSv. Over
time, CAC-associated radiation dose decreased statistically
significantly from 0.7 to 0.4 mSv (p < 0.001). As shown in
Table 2, this may at least in part be explained by changes in
data acquisition protocols, as the proportion of scans per-
formed using retrospective gating decreased, and the propor-
tion of scans using prospective triggering increased.

Coronary CTA itself was associated with a median esti-
mated effective radiation dose of 3.6 (1.8, 7.4) mSv. Effec-
tive dose declined significantly over time, from a median of
5.6 mSv during the first to 2.5 mSv during the last period
(p < 0.001, Fig. 1). DLP was reduced from a median of
397 mGy*cm to a median of 176 mGy*cm (p < 0.001).
Details are given in Table 3. Similar as for CAC scanning,
the proportion of CTA acquisitions with retrospective gating
and no tube current modulation significantly declined from
5.3t0 1.6% (p < 0.001), and the proportion of prospectively
ECG-triggered acquisitions increased from 67.5 to 82.2%
(p < 0.001). The median scan range was not documented
during the first time period. It was unchanged between the
second and third time interval. Tube current slightly went
down over time from a median of 380 mAs to a median
of 338 mAs (p < 0.001). Similarly, tube voltage decreased

mSv (Median)

| | | | |
2009 2010 2011 2012 2013 2014

Fig. 1 Median estimated effective radiation dose over time associ-
ated with CTA. Data points are shown per 3 months

significantly. The median values are given in Table 2. Mean
tube voltage decreased from 116 28 to 113 + 11 kV.

Changes in CT technology available at the participating
centers were not systematically documented in the registry.
Upon request, three centers reported operating a new CT
machine, one each in 2012, 2013, and 2014, respectively.
Accordingly, these changes all became apparent during the
last time period and might in part explain the significant
reduction of radiation dose during that period. However,
the decrease in radiation dose was observed homogeneously
among the participating centers and thus cannot solely be
attributed to variations in patient recruitment or scanner
technology.

To identify potential influences on radiation dose, demo-
graphic differences were analyzed with the median effec-
tive radiation dose of 3.6 mSv as a threshold. Whereas dur-
ing the first of the three time periods, radiation dose was
>3.6 mSv in 63.8% of coronary CTA acquisitions; this was
the case in only 57.8% during the second and 29.9% during

Table 2 Scan parameters and estimated effective radiation dose associated with non-contrast coronary calcium scanning in the total group and

within the 3 time periods

Total 01/09-03/10 04/10-03/11 04/11-07/14 p value for trend
(3893) (1273) (1246) (1374)
Retrospective gating, no tube current modulation (%) 4.4 10.9 2.7 0.6 <0.001
Retrospective gating with tube current modulation (%) 16.2 25.3 14.6 10.2 <0.001
Prospective triggering (%) 79.4 63.8 82.7 89.1 <0.001
Scan range (mm), median (Q1, Q3) 137 (125, 150) NA 140 (123, 150) 137 (125, 149) 0.55
Tube voltage (kV), median (Q1, Q3) 120 (120, 120) 120 (120, 120) 120 (120, 120) 120 (120, 120)  0.094
Tube current (mAs), median (Q1, Q3) 80 (66, 80) 80 (66, 100) 80 (69, 80) 80 (64, 80) <0.001
Dose length product (mGy*cm), median (Q1, Q3) 40 (25, 69) 48 (29, 76) 46 (24, 76) 27 (25, 59) <0.001
Effective dose (mSv), median (Q1, Q3) 0.6 (0.4, 1.0) 0.7 (0.4, 1.1) 0.6 (0.3, 1.0) 0.4 (0.4,0.8) <0.001

BMI body mass index, CAD coronary artery disease, CTA coronary computed tomography angiography, Q1/03 25th/75th percentile value
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Table 3 Scan parameters and estimated effective radiation dose associated with CTA in the total group and within the 3 time periods

Total 01/09-03/10 04/10-03/11 04/11-07/14 p value for trend

(5001) (1666) (1527) (1808)
Retrospective gating, no tube current modulation (%) 32 53 4.0 1.6 <0.001
Retrospective gating with tube current modulation (%) 19.5 27.2 17.3 16.2 <0.001
Prospective triggering (%) 71.3 67.5 78.7 82.2 <0.001
Scan range (mm), median (Q1, Q3) 137 (125, 144) NA 137 (124, 141) 137 (127, 140)  0.68
Tube voltage (kV), median (Q1, Q3) 120 (100, 120) 120 (100, 120) 120 (100, 120) 120 (100, 120) <0.001
Tube current (mAs), median (Q1, Q3) 370 (320, 430) 370 (320,447) 370 (320,456) 338 (286,400) <0.001
Dose length product (mGy*cm), median (Q1, Q3) 255 (126, 531) 397 (190,598) 344 (149,584) 176 (96,332)  <0.001
Effective dose (mSv), median (Q1, Q3) 3.6(1.8,7.4) 5.6 (2.7, 8.6) 4.8 (2.1,8.2) 2.5(1.3,4.6) <0.001
Proportion of scans >3.6 mSv (%) 50 64 58 30 <0.001

BMI body mass index, CAD coronary artery disease, CTA coronary computed tomography angiography, Q1/Q3 25th/75th percentile value

the third time period. Patients receiving a radiation dose
above the median were significantly older (60.8 + 11.8 vs.
58.4 + 11.7 years, p < 0.001), more frequently male (64.1
vs. 61.0%, p = 0.024), had a higher BMI (27.5 + 4.7 vs.
26.3+4.1 kg/mz, p < 0.001), and their heart rate was higher
(61.0 £ 9.6 vs. 57.7 + 8.5 bpm, p < 0.001). Among the tech-
nical parameters, acquisition mode (retrospective rather than
prospective) was associated with an increased radiation dose
as were higher tube current and tube voltage.

Figure 2 shows the results of a multivariable logistic
regression analysis incorporating the above named patient-
related and technical factors. Time period remained a sig-
nificant predictor of radiation dose, possibly as a conse-
quence of changes in scanner technology. Using tertiles (3
time periods), the odds ratio (OR) of receiving a radiation
dose >3.6 mSv was 0.84 (p = 0.008). Independent patient-
related factors were age (OR 1.11 per 10 years, p = 0.017),

Fig. 2 Multivariable logistic
regression analysis of patient-
related and technical factors
potentially associated with

a higher versus lower radia-

Prospective triggering

Female
tion dose. As a threshold, the
overall median radiation dose . . .
of 3.6 mSv was used. BMI body Time period [per tertile]
mass index (kg/mz), HR heart
rate Age [per 10 years]

Tube voltage [per 10 kVp]

mean HR [per 10 bpm]

BMI [per 10 kg/m**2]

Tube current [per 100 mAs]

BMI (OR 1.72 per 10 units, p < 0.001), and heart rate (OR
1.56 per 10 units, p < 0.001). The technical parameters scan
mode, tube current, and tube voltage also retained their sig-
nificant association with radiation dose.

Discussion

The main finding of the current analysis is that between
2009 and 2014, radiation dose associated with coronary
CTA in the German CT registry significantly declined from
a median of 5.6 mSv to a median of 2.5 mSv. Compared
with the international PROTECTION I study published in
the year the current registry started patient enrolment, i.e.
2009 [5]; radiation dose was reduced by a factor of approx-
imately 5 only 5 years later. The recently published pro-
spective SCOT-HEART trial examined 4146 patients with

Odds Ratios with 95% Wald Confidence Limits
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suspected coronary artery disease and compared a standard
diagnostic strategy usually including exercise stress ECG
with a strategy additionally including coronary CTA [10].
The CTA technology at the 12 SCOT-HEART study cent-
ers mainly consisted of modern 320-row scanners, and the
median effective radiation exposure associated with coro-
nary CTA was 4.1 mSv. Accordingly, the current radiation
dose data from the German CT registry are reassuring in
that first, overall radiation dose was comparably low, and
second, radiation dose significantly declined over time. This
was documented in a clinical setting within a registry includ-
ing a broad and unselected patient population. Corroborating
these results are data on CAC scanning obtained in almost
80% of the coronary CTA patients in the current registry. In
previous reports, CAC scanning had usually been associated
with a radiation dose of approximately 1 mSv [11], even
though very low dose protocols have achieved <0.5 mSv
[12]. Currently, the median dose was only 0.6 mSv, and it
significantly declined to 0.4 mSv over time.

Probably, a combination of changes in scanning proto-
cols, improved patient preparation, and new CT technology
(“hard ware”) explains the trend for lower radiation dose
with time observed in the current study. The proportion of
scanning protocols using prospective triggering rather than
retrospective gating steadily increased, and if retrospective
gating was still employed, tube current modulation was
added to save radiation. Further, tube current and tube volt-
age were decreased. This likely accounts at least in part for
the continuous decrease in radiation dose observed during
the three time periods. Tube current modulation added to
retrospective gating has been reported to reduce radiation
by 28-44% [13, 14]. Prospective triggering as opposed to
retrospective gating has been reported to reduce radiation by
an additional 57-82% [15, 16]. Low kV- (tube voltage) set-
tings have been used to achieve the sub-mSv radiation dose
range with the latest CT scanner generation [8].

Heart rate reduction was apparently performed more
intensely later than earlier during the registry. Prospective
triggering depends upon heart rate control. In multivariable
analysis, these two parameters both were predictive of esti-
mated radiation dose.

Changes in CT technology were not systematically docu-
mented in the current registry. Upon request, three partici-
pating centers reported installation of new scanners after
2011, which probably added to the decline in radiation dose
observed during the last time period. Indeed, although a
number of technical parameters changed, time period per
se remained a strong and independent predictor of lower
radiation dose in multivariable analysis. Accordingly, factors
we did not account for in our analysis must have influenced
radiation dose, most probably the improvement in scanner
technology achieved during the last time period. In addition,
some demographic data were related to a lower radiation

@ Springer

dose such as lower age, lower BMI, and (only in univari-
ate analysis) female sex. These factors cannot explain the
declining dose over time, as except for age, no concordant
trends over time were observed.

Lower BMI was an independent predictor of a lower radi-
ation dose whereas female sex was not. Female patients had
a smaller body size, probably accounting for the significant
association of female sex with a lower radiation dose in uni-
variate but not multivariate analysis. Conversely, increases
in radiation dose were observed with increasing age. This
can most likely be explained by the reasoning of the treating
physicians who considered the priority for radiation safety
less compelling compared with younger patients.

Estimating the risk associated with a low radiation dose
is difficult. On the basis of calculations presented by Ger-
ber et al. [4], a single exposure to a dose of 2.5 mSv might
translate into a lifetime risk of developing a fatal malignancy
of 1/8000. Given that the background risk of a fatal malig-
nancy ranges in the order of 1/5 [4], it appears impossible
in practice to quantify the exceedingly low additional risk
conferred by coronary CTA. A younger age of the patient at
the time of exposure would increase the risks, whereas the
risk after age 60 is thought to be negligible [3]. Perhaps, it
is more meaningful to compare the dose with average annual
background exposure due to cosmic rays, radon and other
natural sources, which in fact is thought to equal approxi-
mately 2.5 mSv in Western Europe [17]. Indeed, the coro-
nary CTA-associated dose estimates observed in the current
registry compare favorably with the dose usually ascribed
to invasive coronary angiography and cardiac nuclear stud-
ies [4].

Limitations

Centers participating in the German CT registry represent
cardiology units with specific expertise in cross-sectional
cardiovascular imaging. Small centers or those embedded
in a different setting were not part of the registry, precluding
general conclusions. The participating centers were asked to
include all patients consecutively, but there were no on-site
visits or computer algorithms available for verifying truly
consecutive patient inclusion. Therefore, we cannot rule out
that variations in radiation dose were a result of varying
patterns of patient recruitment among centers with different
radiation dosing. However, a homogenous decline in radia-
tion dose across the participating centers argues against this
suggestion. Although the registry was prospective in nature,
the exact mechanisms underlying the reduction in radiation
dose could not be elucidated. However, estimates were pos-
sible of the respective influence of demographics (prob-
ably very little), changes in scanning protocol, and patient
preparation.
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Conclusions

When analyzing potential risks and benefits of medical
imaging, it is important to consider the pre-test likelihood of
the disease being examined and the therapeutic means avail-
able to treat it in case the diagnosis is made. In the elderly
population, CAD is highly prevalent, and effective treat-
ment options such as revascularization and medical therapy
are readily available. Although CAD mortality is declin-
ing in the western world, the public health burden imposed
by the disease is still highly problematic. On the individual
patient level, preventive therapy is difficult, because global
risk calculators are imprecise, and clinical symptoms as a
warning sign are frequently absent [18]. Approximately,
1/3 of all patients suffer an acute coronary syndrome as the
first manifestation of CAD [19]. This explains why current
guidelines consider imaging methods for enhanced risk
stratification, including CAC scanning, with a Class IIb
indication [20]. Coronary CTA has usually been used to
examine symptomatic patients with suspected CAD or, less
frequently, patients awaiting non-coronary cardiac or extra-
cardiac interventions [21]. Prospectively, it may also hold
promise for prognostic improvements in selected patients
at risk of advanced coronary atherosclerosis. In the SCOT-
HEART trial, the use of coronary CTA compared favorably
with exercise stress ECG in patients examined for suspected
CAD [10]. The (possible) benefits of coronary CTA need
to be weighed against the potential risks associated with its
use. It is reassuring that in current clinical practice among
German cardiology units with specific expertise in cross-
sectional cardiovascular imaging, overall radiation dose of
coronary CTA was comparably low, and a further decline
could be demonstrated in recent years.
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Appendix

Centers participating in the German cardiac CT registry in
alphabetical order:

Cardioangiologisches Centrum Bethanien, Frankfurt,
Deutsches Herzzentrum, Munich,

Elisabeth Krankenhaus Essen,

Herzzentrum Bogenhausen, Munich,

Kerckhoff Klinik, Bad Nauheim,
Klinikum am Eichert, Goppingen,
Klinikum Ludwigshafen,
Klinikum Traunstein,
Universititsklinikum Erlangen,
Universitiatsklinikum Gief3en,
Universititsklinikum Heidelberg,
Universititsklinikum Tiibingen.
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