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Abstract

New protocols for coronary computed tomography angiography (CCTA) could lower the radiation dose for patients but
influence the image quality. To compare image quality and radiation exposure in step-and-shoot CCTA and high-pitch spiral
CCTA. Fifty-nine pairs of patients matched for weight, height, sex and heart rate were included in this study (74 m, 44 f,
average age 60 years, age range 29-94 years). Step-and-shoot CCTA and high-pitch spiral CCTA was performed on a third
generation dual-source CT in equally sized patient groups. The signal-to-noise ratio (SNR) in the ascending aorta and the
coronary arteries were determined for each dataset. Image quality was rated using a five-point scale. We used the t-test for
paired samples to compare SNR and effective dose, and the Wilcoxon test to compare image quality scores. Mean effec-
tive dose for the step-and-shoot protocol (4.15+3.07 mSv) was significantly higher in comparison to the high-pitch spiral
protocol (1.2 +0.69 mSv; p<0.0001). Mean SNR was higher with the step-and-shoot protocol compared to the high-pitch
spiral protocol in the aorta, in the left main and peripheral coronary arteries (p <0.01), in the proximal right coronary artery
(p=0.027). Image quality scores were significantly better for the step-and-shoot protocol (p=0.0003). Step-and-shoot CCTA
has significantly better SNR and overall image quality compared to high-pitch spiral CCTA, but with a mean effective dose
more than thrice as high.
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Introduction

Coronary heart disease has a high prevalence and is one of
the leading causes of death worldwide [1-3]. For example,
because of the high prevalence of coronary heart disease,
more than one million patients undergo invasive coronary
angiography (ICA) in the United States every year [3].
Although ICA is still the gold standard diagnostic test, a
reliable noninvasive imaging technique would be desir-
able, especially as less than half of all invasive coronary
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angiographies showed no need of percutaneous coronary
intervention [4].

Coronary computed tomography angiography (CCTA)
has been introduced more than 15 years ago and is mean-
while established as a modality with high sensitivity and
high negative predictive value for detecting coronary artery
stenosis. In the last few years, newer generation multislice
computed tomography (CT) scanners have brought a signifi-
cant increase in temporal and spatial resolution whereas the
radiation dose and the needed amount of contrast could be
decreased significantly [5]. An important factor for radiation
exposure reduction has been the use of prospective elec-
trocardiographic (ECG) gated CT data acquisition, mostly
performed in step-and-shoot mode [6, 7]. Second and third
generation dual source scanners also allow for prospective
high-pitch spiral CCTA, with even lower radiation exposure.

The aim of this study was to compare image quality and
radiation exposure of the “state-of-the-art” step-and-shoot
CCTA and the modern approach the high-pitch spiral CCTA
feasible on second and third generation dual-source CT
scanners.
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Materials and methods

This retrospective, single center study compares step-and-
shoot data acquisition to the new high-pitch spiral CCTA.
The protocol of our study was approved by our local ethics
committee and written informed consent was waived. All
patients included in this study underwent CCTA for clinical
indications with low or intermediate pre-test probability for
coronary disease.

Inclusion criteria were patients with risk of coronary
disease and a clinical indication for CCTA. Exclusion cri-
teria were cardiac arrhythmia, severe coronary sclerosis
within the coronary artery segments or filiform coronary
arteries where it is impossible to place the normalized ROI
within the vascular lumen, and incomplete documentation of
patient data such as height, weight or pulse frequency during
the CCTA examination.

Patient characteristics

The radiology information system (RIS) of our hospital
was searched for patients who underwent a CCTA between
August 2014 and August 2015. In total, 416 patients under-
went a CCTA during this period; all these examinations were
performed on a dual-source scanner. 197 patients underwent
CCTA with retrospective triggering and were thus excluded
from the study. From the remaining 219 patients, 126 were
examined using step-and-shoot mode and 93 using high-
pitch spiral-mode.

We included 118 patients (n=59 in each group, 74
males and 44 females, average age 60 years, age range
29-94 years). Due to a larger amount of examination using
the step-and-shoot protocol and the variety of influencing
factors, we used the propensity score matching [8] to find
the best comparable partners. Matching was performed
separately for male and female patients because of differ-
ent thoracic wall anatomy and thus possible differences in
radiation dose.

Of the 118 patients, a total of 32 underwent invasive coro-
nary angiography. The results of coronary angiography were
used as a gold standard to compare stenosis assessment by
CCTA.

CT imaging technique

In all patients a four-channel ECG was used to monitor
the heart rate. We administered an intravenous f-blocker
(Beloc® i.v. 5 mg/5 ml, AstraZeneca GmbH, London,
England) in recommended dosage [9, 10] via an intrave-
nous catheter (16G) placed in the right antecubital vein to
achieve a heart rate below 70 beat per minute (bpm). The
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initial dose of metoprolol was 2.5 mg. Depending to the
response rate additional injections were made in intervals
of 5 min up to a maximum dose of 15 mg. Additionally
0.4 mg of sublingual nitroglycerine spray (Nitrolingual
Pumpspray; Pohl-Boskamp, Hohenlockstedt, Germany)
were administered 2—4 min before cardiac CT.

50 ml of contrast (Ultravist 370, Iopromid; Bayer
Healthcare, Leverkusen, Germany) were injected to all
patients at a flow rate of 5 ml/s, followed by 50 ml iso-
tonic saline at the same flow rate, using a dual head injec-
tor (Medtron Accutron CT-D, Medtron, Saarbriicken,
Germany).

All examinations were performed with the same 384-
slice CT scanner (Somatom Force, Siemens Medical Solu-
tions, Erlangen, Germany) using a provided bolus tracking
software by the same vendor (CareBolus, Siemens Medical
Solutions, Erlangen, Germany) for CCTA acquisition [11,
12]. Therefore a single low dose scan (120 kV, 20 mAs)
linked to the CT-scout at the high of the ascending aorta to
place a circular region of interest (ROI) centrally in the aor-
tic lumen. Afterwards repeated low dose scans with a delay
of 1.13 s were started 10 s after contrast injection until the
trigger threshold of 120 HU was reached. After reaching the
trigger threshold the CT table moved to the start position and
the patient was instructed to hold her/his breath.

Two different CCTA acquisition protocols were used.
The first group of patients received a CCTA with the new
adaptive step-and-shoot mode. The second type of CCTA
was performed in adaptive high-pitch spiral mode. Both
modes were performed with prospective ECG-triggering
(Fig. 1). Scan parameters of both techniques were described
in Table 1.

An experienced radiologist chose the protocol prior
the examination based on individual patient characteris-
tics. After the examination, the images were immediately
viewed by a radiologist and the sufficient quality evaluated
so that the decision as to whether the examination should be
repeated could be made immediately afterward.

Independent of the mode all CT data were acquired in the
caudocranial direction with a temporal resolution of 66 ms,
a collimation of 2% 192X 0.6 mm, a gantry rotation time of
0.25 s. An automatic modulation of the tube current was
used in all examinations (CARE Dose 4D, Siemens Medical
Solutions). Tube voltage was optimized for every patient in
both protocols by using automatic tube voltage adjustment
called “CARE kV” by the vendor [13]. For reconstruction of
the axial CCTA images a slice thickness of 0.6 mm, an incre-
ment of 0.4 mm, a field-of-view of 180 x 180 mm and a soft
reconstruction kernel (Bv40) were chosen for both acquisi-
tion modes. All datasets were reconstructed using advanced
modeled iterative reconstruction (ADMIRE) software (Sie-
mens Healthcare AG). The calculation of the effective dose
was made by multiplying the scanner provided dose-length
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Fig. 1 Screenshot of ECG-
gating in preparation of CCTA.
Prospectively ECG-gated step
and shoot protocol with sequen-
tial prospective activation of

the X-ray beam (columns)

between the table movements
at a predefined segment of the
RR interval (usually 60-80%
of the R—-R interval). Prospec-
tively ECG-gated high-pitch
spiral protocol with a coverage
speed of up to 737 mm/s and
image acquisition within one
heart beat (about 150 ms) with
a temporal resolution of 66 ms.
The image acquisition in the
high-pitch spiral protocol is
usually centered at 70% of the

R-R interval

Table 1 Scan parameters for CCTA

table movement
e

Parameters

Step-and-shoot CTTA

High-pitch spiral
CTTA

Acquisition mode Prospective Prospective
ECG pulsing Auto Auto
Scan direction Craniocaudal Craniocaudal

Tube voltage

CareKV, Siemens

CareKV, Siemens

Tube current CareDose4D CareDose4D
Gantry rotation time 250 ms 250 ms
Temporal resolution 66 ms 66 ms
Reconstruction kernel ~ Bv40 Bv40
Slice/collimation 2% 192x0.6 mm 2%x192x0.6 mm
Matrix size 512x512 512x512
Slice thickness 0.6 mm 0.6 mm
Slice increment 0,4 0,4
Contrast media volume 50 ml 50 ml
Contrast media flow 5 ml/s 5 ml/s

rate
Pitch 3,2

product with a conversion coefficient of the chest of 17 uSv/

mGy X cm [14].

Image analysis

Quantitative image analysis of the axial CCTA images
was made in the ascending aorta and the proximal and
distal parts of both coronary arteries for each dataset by
determining the signal-to-noise ratio (SNR) in each vessel.
SNR was defined as a quotient of the mean density and
the standard deviation of a normalized region of interest
(ROI). The ROI in the ascending aorta was placed at the

prospective high —pitch spiral CCTA

table movement
e

prospective step-and-shoot CCTA

same height as the release of the left coronary artery and
hat a standardized surface of 100 mm?, since this can be
regarded as sufficiently representative. The surface of the
ROI in the left main coronary artery (LM) was determined
to 25 mm? and to 15 mm? in the right coronary artery
(RCA, segment 1 and 2), in the left anterior descending
artery (LAD, segment 7) as well in the ramus circumflexus
(RCX, segment 13). The size of the ROI was chosen so
that it is adapted as closely as possible to the standard
width of the vessels. Beside the size of the ROI special
attention was paid that no coronary plaques were included
within the ROI position (Fig. 2).

Qualitative image analysis for both study groups was
independently performed by two board-certified radiolo-
gists with 10 respectively 6 years of experience in cardiac
imaging. Both readers were blinded for the mode of CT
data acquisition and for the patient’s clinical information.
The readers evaluated the images independently at differ-
ent times on a workstation equipped with PACS software
(IMPAX EE R 20, Agfa Healthcare, Mortsel, Belgium).

The qualitative assessment of the image quality was
performed for the segments of the main coronary arter-
ies according to the 17-segment model provided by the
American Heart Association guidelines [15]. A Likert-
scale point score system with a 5-point ranking scale was
used to classify the image quality (Table 2).

In addition, the degree of stenosis in each coronary seg-
ment was also evaluated. Reconstructions of the coronary
arteries were performed using the Syngo.Via reconstruc-
tion software (Siemens Syngo.Via Multimodality Work-
place; Version VB30A_HFO01, Siemens, Germany). A
distinction was made between stenoses less than 50% and
greater than or equal to 50%.
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Fig.2 Measurement of image
quality (signal-to-noise ratio).
Placement and size of ROI in
the ascending aorta (300 pix)
and LM (50 pix), RCX (25 pix),
LAD (25 pix), proximal RCA
(25 pix) and peripheral RCA
(25 pix) in step-and-shoot proto-
col (a, c, e, g, i) and high-pitch
spiral protocol (b, d, f, h, j)
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Table 2 Evaluation criteria for the 5-point ranking scale to classify
the image quality

1. High noise level, poor vessel definition

2. Considerable image noise, partially limited vessel wall delineation
3. Little image noise and good delineation of vessel borders

4. Very little image noise and clear delineation of vessel walls

5. Excellent delineation of vessel walls, high attenuation in the vessel

Statistical analysis

The Wilcoxon test was used to compare image quality scores
between the two patient groups. Interrater agreement was
assessed using weighted x. k values were interpreted accord-
ing to thresholds proposed by Landis and Koch [16] (with
k <0 being poor agreement; 0.01-0.2, slight agreement;
0.21-0.4, fair agreement; 0.41-0.6, moderate agreement;
0.61-0.8, substantial agreement; and 0.81-1, almost per-
fect agreement).

The propensity score matching was performed with the
R software environment for statistical computing [17] using
the “Matchlt” package [18]. The matching method was
“nearest neighbor” that matches the closest control unit for
each treated unit. Conditional on the covariates a distance
measure utilizing a logistic regression model is used to esti-
mate the propensity score. For each treated unit matches are
chosen one at a time. Therefore each control unit that is not
yet matched but is closest to the treated unit on the distance
measure is chosen at each matching step.

The t-test for paired samples was used to compare SNR
between the step-and-shoot protocol and the high-pitch pro-
tocol. In this case, the Bonferroni correction [19, 20] was
used to avoid the effect of multiple comparisons (as SNR
from three vessels are compared). Due to the Bonferroni
correction a p value of 0.0167 or less was considered statisti-
cally significant for SNR comparison.

Otherwise, a p value of 0.05 or less was considered sta-
tistically significant. Statistical analysis was performed with

Results

Both patient groups of the step-and-shoot and the high-
pitch spiral protocol did not differ significantly after the
matching process in regard to heart rate, height and weight
(Table 3).

The two readers had identical image quality scores in
88/118 patients (74.6%) and differing results in 30/118
patients (25.4%). The resulting weighted kappa was
k=0.69, consistent with substantial interrater agreement.

Overall image quality scores were significantly higher
for patients examined with the step-and-shoot protocol
when compared to the high-pitch spiral (p=0.0003).

Mean SNR was higher with the step-and-shoot protocol
compared to the high-pitch spiral protocol in the ascend-
ing aorta (16.31 £4.66 vs. 12.24 +3.67, p<0.0001),
the LM (20.15+11.03 vs. 12.91 +4.69, p<0.0001), the
LAD (26.91 +11.13 vs. 14.04 +8.08, p<0.0018), the CX
(22.17+12.15 vs. 13.64 +£5.62, p<0.0081) and the RCA
in segment 2 (36.7 +£26.87 vs. 14.95+6.06, p <0.0047).
In the proximal RCA, the mean SNR did not differ sig-
nificantly between the two protocols (17.00+6.57 vs.
15.73 +£8.94, p=0.027).

Both methods of CCTA were compared with ICA
results in terms of sensitivity and specificity. Of a total
of 59 patient pairs, 32 patients underwent ICA. The step-
and-shoot CCTA showed a significantly better sensitivity
compared to the high-pitch spiral CCTA protocol (80%
vs. 50%). The specificity values hardly differed (97.8% vs.
97.3%). The results of the coronary segments are summa-
rized in Table 4. Due to motion artifacts or blooming arti-
facts caused by pronounced coronary sclerosis, the degree
of stenosis in individual segments could not be reliably
assessed. For this reason, 4 segments were not evaluated

Table 4 Correlation of CCTA and ICA

MedCalc 16.4.2 (MedCalc Software, Ostend, Belgium). CCTA positive  CCTA negative
Sensitivity and specificity were calculated with regard
. . Step-and-shoot CCTA
to the comparison of the stenosis degree between ICA and ICA positive . )
CCTA. :
ICA negative 3 133
High-pitch spiral CCTA
ICA positive 17 17
ICA negative 8 279
Table 3 Patient characteristics Characteristics Step-and-shoot CTTA High-pitch spiral CTTA p value
Heart rate (beats/min) 64.46+8.42 64.95+14.64 0.48
Height 172.85+14.93 173.78 +£10.46 0.3
Weight 83,09+15.47 82.73+16.22 0.45
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for the step-and-shoot protocol and 23 segments for the
high-pitch spiral protocol. These were not included in the
calculation of sensitivity and specificity.

A total of five examinations had to be repeated due to
larger artifacts (one from the group of step-and-shoot pro-
tocol and four from the group of high-pitch spiral protocol).
The repetition of the examination was done in the case of the
step-and-shoot protocol with a retrospectively gated spiral
protocol and in the case of the four high-pitch protocols, the
repetition by step-and-shoot protocol was sufficient.

The mean radiation dose was significantly lower for the
patients examined with the high-pitch spiral protocol in both
for the actual (28.92%) as well as the normalized (12 cm)
z-axis length (25.86%).

The mean radiation dose for the patients undergoing
the step-and-shoot protocol was 4.15+3.07 mSv (range
17.12-0.97 mSv) and for the high-pitch spiral protocol
1.20+0.69 mSv (range 3.86—0.35 mSv). The mean tube
voltage did not differ significantly (86.95 kV +17.54) for
the step-and-shoot protocol and (84.75 kV + 10.88) for the
high-pitch spiral protocol.

Discussion

In this study, we compared two prospectively gated car-
diac CT protocols, the step-and-shoot CCTA and a modern
approach the high-pitch spiral CCTA protocol.

Our data showed a significantly higher SNR within the
measured region of interests and a better overall image qual-
ity when using the step-and-shoot protocol but the mean
radiation dose is more than thrice as high compared to the
high-pitch protocol.

To our knowledge, this is the first study to assess image
quality and radiation exposure for the before mentioned
CCTA protocols in comparable patient cohorts.

Comparing CCTA acquisition protocols is difficult, as
repeated CCTA in the same patients would not be permis-
sible on ethical reasons. To achieve comparable patient
cohorts for both CCTA protocols either very large patient
cohorts or preselection are necessary.

Previous studies have not sufficiently addressed the issue
of cohort comparability. For example, Smettei et al. [21]
compared fast pitch CCTA and step-and-shoot CCTA, but
did not select the patients in the two groups to assure better
comparability (81 patients in each group).

In regard to radiation exposure, the results of our study
are similar to earlier studies on related topics.

For example, Ghadri et al. [22] have shown a lower
radiation exposure in high-pitch CCTA compared to step-
and-shoot CCTA; however, different scanner types were
used for each type of CCTA. Similarly, Wang et al. [23]
were also able to show lower radiation doses in high-pitch
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CCTA, but this was achieved at lower tube voltage than
the step-and-shoot CCTA.

Previous results on image quality however differ from
our findings. Smettei et al. did not find significant differ-
ences in image quality between high-pitch CCTA and step-
and-shoot CCTA. But, as mentioned above, the patients
were not matched in this study.

Although a number of solutions have contributed to
dose reduction in computed tomography in the past, espe-
cially the usage of prospective vs. retrospective gated
CCTA, further reduction would be desirable to reduce the
life risk of cancer due to CCTA [24, 25]. Newer genera-
tion CT scanner are using the dual-source technology with
two X-ray tubes and two corresponding detector arrays to
enable a z-axis-coverage of the entire heart within one
heartbeat for further dose reduction.

For best comparability we subdivided the two groups of
patients undergoing the two different protocols of CCTA
in male and female patients and a propensity score match-
ing was used to find the nearest partners of both groups.
The propensity score matching is a very useful method
to minimize the difference in the multiple covariates like
heart rate, weight and height which has a leading influence
on image quality and radiation dose. Apart from that it was
guaranteed that the length of the z-axis and the tube volt-
age did not differ significantly in both groups to minimize
the factors influencing the dose of radiation. We found
out that the radiation dose in high-pitch spiral CCTA was
about one-fourth compared to the step-and-shoot CCTA
protocol. Therefore the high-pitch spiral CCTA seems to
be a preferable method of choice in the light of radia-
tion hygiene and reduction of patients risk on radiation
exposure.

On the other side high-pitch spiral CCTA showed a sig-
nificantly lower image quality for the aorta and coronary
arteries within the subjective scoring using a Likert scale by
two blinded radiologists as well in the objective measure-
ment of the signal to noise ratio for the Aorta, the left main
and the peripheral coronary arteries (RCA in segment 2,
LAD in segment 7 and CX in segment 13). Only the first
segment of the right coronary artery shows a notable but not
significant difference for the measurement of the signal to
noise ratio. We can only speculate about this result. Maybe
one reason could be found in the coronary dominance pat-
tern that shows a dominance of the RCA in more than 80%
[26] and the higher blood flow within a dominant RCA [27]
compared to the LM.

Another reason for better image quality of the step-and-
shoot protocol, apart from the higher radiation dose, could
be the absences of table movement during the scan time. In
respective of the acquired images there are more possibili-
ties of reconstruction in the step-and-shoot CCTA protocol
due to the higher amount of R-R interval reconstruction
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percentages, which could also be an important reason for
better image quality, compared to high-pitch spiral CCTA.

A limitation of our study is the retrospective design and
therefore the capabilities of including patients. Due to ethical
reasons we had to use two different groups of patients and
could not justify using both protocols for the same patient.
Therefore the comparability is not ideal but it was optimized
by using the propensity score for matching two groups of
patients fitting the most in biometric data witch influence
the radiation dose and image quality the most. The patients
included in this study were examined for clinical reasons
and had an intermediate risk of coronary disease. Due to the
need to place a ROI within the coronary vessels, no patients
with severe coronary plaques which made it impossible to
place the standardized ROI in the coronary arteries could
be included. Therefore, this study could give only a limited
statement for patients with excessive arteriosclerosis.

A further limitation of the study results from the proto-
cols for image acquisition, since the methodology can only
be applied to the latest generation of Siemens scanners and
is not directly transferable to other device manufacturers.

In conclusion, our study showed a significant reduction
of radiation dose but also lower image quality for high-pitch
CCTA when compared to step-and-shoot CCTA which leads
to lower sensitivity in the determination of the stenosis
degree of coronary plaques. Due to this conflict, the usage
of high-pitch spiral CCTA should be used deliberately and
only for a selected patient population like young individuals
with a low pre-test probability could benefit from the high-
pitch spiral protocol.
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