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ABSTRACT

Aim: To compare the radiation doses received by patients undergoing coronary computed tomography (CT
angiography) using prospective and retrospective electrocardiogram (ECG) simultaneous protocols,
considering factors such as age, gender, body mass index, heart rate, and Agatston calcium score.
Methods: A total of 80 patients (heart rate: 45—78 bpm) were retrospectively evaluated. Forty-two (42) patients
underwent prospective ECG-gated scanning, and thirty-eight (38) underwent retrospective ECG-gated
scanning. Patients' age, gender, body mass index (BMI), Agatston calcium score, dose-length product (DLP),
and effective dose (mSv) were recorded. The effective radiation dose (mSv) was calculated by multiplying the
DLP by a conversion coefficient of 0.014. The scanner utilized radiation dose-reduction technologies,
including CARE kV algorithms, X-CARE (Organ-Based Dose Modulation), CARE Dose 4D and Tin Filter.
Results: The mean effective radiation doses were recorded as 1.54 mSv for the prospective cohort and 2.85
mSv for the retrospective cohort. While no statistically significant disparity was observed based on gender, a
weak positive correlation was detected between patient age and radiation dose (r=0.09, p<0.05).
Conclusion: Prospective ECG-triggered acquisition yields significantly lower radiation exposure than
retrospective protocols, contingent upon rigorous patient selection and the maintenance of appropriate heart
rate limits. Irrespective of the scanning technique employed, a positive correlation was established between
effective radiation dose and both Body Mass Index (BMI) and heart rate, whereas no statistically significant
association was found regarding age or gender. While the relationship between Agatston score and effective
dose appeared more distinct within the retrospective cohort, it presented only a weak positive correlation that
failed to reach statistical significance.
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1. Introduction

Coronary artery disease (CAD) remains a
leading cause of global morbidity and
Received: 2025-10-05 / Revisions: 2025-11-18 mortality. Coronary Computed Tomography
Accepted: 2025-12-01 / Published: 2026-01-01 Angiography (CCTA), a non-invasive imaging
modality, has gained prominence due to its
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ability to provide both anatomical and
functional information [1,2]. However, because
it involves exposure to ionising radiation,
careful protocol selection is particularly
important in younger and low-risk populations
[3.4].

One of the most influential determinants of
radiation dose during CCTA is the type of
ECG-gated acquisition: Retrospective ECG
gating involves continuous helical scanning
throughout the cardiac cycle, allowing
functional assessment but resulting in higher
radiation doses [5,6]. Prospective ECG
triggering, on the other hand, restricts data
acquisition to specific phases of the cardiac
cycle (typically mid-diastole), substantially
reducing radiation exposure [7]. This technique
is best suited for patients in a stable sinus
rhythm with controlled heart rates [8].

As can be understood from the defined
technical parameters, for the same imaging
procedure, the retrospective method prolongs
the patient's exposure time to X-rays by
extending the scan duration. Conversely, in the
prospective method, this duration is shortened,
thereby reducing the patient's total radiation
dose resulting from X-ray exposure [9]

The recently introduced Siemens Go.Top
device, along with CARE kV algorithms,
CARE Dose 4D, X-CARE (Organ-Based Dose
Modulation)) software and Tin Filter
technologies, has been designed to deliver low
doses [10].

The aim of this study is to evaluate, in a
clinical patient sample, the effect of patient age,
sex, body mass index (BMI), calcium score, and
basal heart rate on the radiation dose during
CCTA scans performed with the Siemens
Go.Top (Siemens Healthcare, Forcheim,
Germany) device using these two protocols,
and to compare the results with the current
literature.
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2. Materials and methods

2.1. Study Design: This retrospective study
was conducted at a single centre (Private
Atagehir Avicenna Hospital/Istanbul) and
included 80 patients of different ages, body
mass index (BMI) and gender, imaged with
Siemens Go.Top (Siemens Healthcare,
Forcheim, Germany) between February 2021
and June 2025. Prior to Coronary Computed
Tomography Angiography (CCTA), all patients
underwent non-contrast spiral CT calcium
scoring, with Agatston scores calculated to
assess plaque burden and guide protocol
selection [3,11]. This scoring also contributed
to radiation optimisation strategies.

In our study, the relationship between the
effective radiation dose exposure and the
parameters of acquisition protocol, age, sex,
body mass index (BMI), heart rate, and calcium
score was investigated and compared with the
existing literature. As far as we could ascertain,
there are limited studies in the literature that
compare the effective radiation dose with the
simultaneous use of all the parameters we
employed. This distinction highlights the
novelty of our work and, we believe,
contributes significantly to the current body of
literature [12-15].

In patients with a heart rate exceeding 65
beats per minute (bpm), 5 mg of intravenous
metoprolol was administered on the scanning
table to reduce the heart rate, concurrently with
blood pressure monitoring [16]. In patients
with persistently elevated heart rates where the
target reduction was not adequately achieved,
the dose was safely and incrementally increased
up to a maximum of 15 mg.

Patients with arrhythmias such as atrial
fibrillation and frequently recurring
extrasystoles, those with respiratory distress
unable to hold their breath for the entire
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acquisition period (approximately 15 seconds),
and patients with a calcium score exceeding
1000, which can result in diagnostic difficulty
due to intense artifacts, were excluded from the
study.

The institutional ethics committee approved
the study, and all patient data were anonymised.
CCTA scans were performed using the Siemens
SOMATOM  Go.Top (2021, Siemens
Healthcare, Forchheim, Germany) equipped
with CARE kV, CARE Dose 4D and X-CARE
(Organ-Based Dose Modulation) software.
Tube filtration was accomplished using a thin
tin filter [17-19].

For the CCTA examinations, parameters for
both the prospective and retrospective
Electrocardiography (ECG)-gated protocols
were set as follows: 0.625 mm collimation, a
gantry rotation time of 0.33 s, 140 kV tube
voltage, and 625 mA tube current.

The radiation dose received by the patients
was automatically provided by the Computed
Tomography (CT) scanner immediately after
the acquisition as the Dose Length Product
(DLP), with the unit of mGy-cm. The obtained
DLP, value was then converted to Effective
Dose in mSv (miliSievert) using region-specific
conversion coefficients (k-factors), which are
determined based on the radiosensitivity of the
exposed organs. This coefficient system is
based on the tissue weighting factors
recommended by the International Commission
on Radiological Protection (ICRP) and the
specific geometry of the Computed
Tomography scan region. In ICRP data, this
coefficient is specified as 0.014 for the adult
thorax region. Accordingly, effective doses in
mSv were calculated in this study by
multiplying the DLP values by the 0.014
coefficient: Effective Dose (mSv) = DLP
(mGy-cm) x 0.014 [20].
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Retrospective ECG gating was employed for
data acquisition, with continuous radiation
exposure maintained throughout the entire
cardiac cycle. This technique allowed for image
reconstruction across all phases, thereby
providing comprehensive data on coronary
arteries during both systole and diastole.
Although this protocol resulted in a higher
radiation dose due to the extended exposure
time, it was essential for diagnostic assessment
as it enabled the visualization of all coronary
segments regardless of the cardiac phase.
Consequently, this method was specifically
utilized for patients presenting with heart rates
>65 bpm, calcium scores >400, or those with
limited breath-holding capacity.

In the prospective triggering technique, data
acquisition is timed to the R-R interval
corresponding to the diastolic phase, when the
heart is relatively quiescent. The resulting data
is limited exclusively to the diastolic phase of
the cardiac cycle. This methodology reduces
the acquisition time and, consequently, the
radiation dose exposure. Therefore, this
technique is considered ideal for patients in
sinus rhythm whose heart rate is stable and <65
bpm.

2.2. Statistical Analysis: Data were analysed
using SPSS version 24.0. Student's t-test was
used for parametric comparisons, and the
Mann-Whitney U test for non-parametric data.
The prediction of the radiation dose based on
age, gender, body mass index (BMI), calcium
score, and heart rate was assessed using
regression analysis, while the correlations
between these parameters and the dose were

determined using Pearson’s  correlation
analysis. A p-value < 0.05 was considered

statistically significant.
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3. Results

The patient cohort included in the study was
limited to a total of 80 individuals, comprising
54 males and 26 females. The patients' ages
ranged from 27 to 80 years, with a mean age of
55.2 + 12,7 years. During the acquisition, the
patients' heart rates varied between 45 and 78
bpm (Table 1).

Table 1. Basic characteristics of the patient population.

In the regression analysis including age, sex,
heart rate, calcium score, and BMI, age and sex
did not have a significant effect on the effective
radiation dose, whereas heart rate, calcium
score, and body mass index demonstrated
significant effects. A moderate-to-strong
positive correlation was observed between
radiation dose and body mass index (r = 0.56, p
= 0.05), while no significant correlation was

Characteristic Value
Total Number of Patients 80
Gender (Male / Female) 54/ 26

Age (mean +SD (range))

27-80 (55.2 + 12.7)

Mean heart rate, bpm 45-78 bpm

Exclusion Criteria

Atrial fibrillation, frequent extrasystoles, inability to hold breath (~15
seconds), calcium score >1000

* mean: average; *SD: standard deviation;*bpm - beats per minute.

Patients with arrhythmias such as atrial
fibrillation and  frequently  recurring
extrasystoles, those with respiratory distress
unable to hold their breath for the entire
acquisition period (approximately 15 seconds),
and patients with a calcium score exceeding
1000, which can result in diagnostic difficulty
due to intense artifacts, were excluded from the
study.

While there was no significant difference in
age between the prospective and retrospective
acquisition protocol groups, the gender
difference exhibited a tendency toward being
higher in the prospective group. Conversely,
body mass index (BMI) and basal heart rate
were significantly higher in the retrospective
group [21]. The mean Dose Length Product
(DLP) (114.2 £ 58.9 mGy-cm vs. 181.5 + 73.4
mGy-cm) and Effective Doses (1,60 + 0.82
mSv vs. 2.54 + 1.03 mSv) were significantly
lower in the prospective group when compared
to the retrospective group (Table 2).
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detected between radiation dose and age (r =
0.09, p= 0.40). There was a strong positive
correlation between age and BMI (r =0.76, p =
0.02) and a moderate positive correlation
between heart rate and BMI (r = 0.44, p = 0.05).
In this study, no statistically significant
difference in effective dose was found between
male and female patients across both the
prospective and retrospective groups (p =
0.427) [22].

In all patients included in our study, the
relationship between age and dose was positive
for both protocols independently and
collectively, irrespective of the acquisition
technique. However, this difference (p=0,409)
was not found to be statistically significant.
The number of patients with a heart rate
exceeding 65 bpm was statistically significantly
higher (p<0.001) in the retrospective group
compared to the other group. Furthermore, the
effective radiation dose in this same high heart
rate  patient  cohort was also found to be
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Table 2. Imaging protocols and radiation dose parameters.

Parameters Prospective ECG-Gated Retrospective ECG- o-value
CT(n=42) Gated CT (n = 38)

Age (years £SD (range)) 53.6 +10.6 553+11.3 0.409
Gender (male/female) 30/12 24114 0.427
Body Mass Index (kg/m?) 262+4.4 293+£52 0.04
Baseline heart rate (beats/min) | 55+ 8 66+ 12 <0.001
Mean DLP (mGy-cm) 114.2 £58.9 181.5+73.4 <0.001
Mean Effective Dose (mSv) 1.60 £ 0.82 2.54+1.03 <0.001
Number of patients 42 38 >0.05
Calcium score 68.76 + 102.90 69.3 +120.18 0.988

* mean: average; *SD: standard deviation;*bpm - beats per minute; *BMI: Body Mass Index; * mSv:
milliSievert; n:number of participants; p <0.05: statistically significant.

significantly  elevated (p<0.001). It is
hypothesized that the selection of the
retrospective technique is the most significant
factor contributing to the higher effective
radiation dose in patients with high heart rates
[23-25].

The number of patients aged over 60 years
in our study totaled 33, with 15 undergoing the
prospective technique and 18 the retrospective
technique. While the difference was not
statistically significant, it exhibited a tendency
to be higher favoring the retrospective group.
The under 60 years cohort totaled 47 patients,
where 27 utilized the prospective technique and
20 the retrospective technique. Contrary to the
older cohort, this difference, though also not
statistically significant, showed a tendency
favoring the prospective group. There was no
statistically significant correlation between the
over 60 and under 60 age cohorts (r=0.11,
p=0.29). When effective doses were evaluated
irrespective of the protocol in the two age
groups (1.98 mSv vs. 1.99 mSv), no statistically
significant difference was found (r=0.005,
p=0.98); however, the inclusion of patients in
the retrospective group alone significantly
contributed to the overall dose increase.
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A calcium score greater than zero (>0) was
found in 37 (%46.25) of the patients included in
the study. The mean Agatston score was
slightly lower in the prospective group (68.76 £
102.90) compared to the retrospective group
(69.3 = 120.18), although no statistically
significant difference was observed between
them (p>0.05). (Table 2)

In our study, a weak positive correlation (r =
0.185, p = 0.099) was found between the
calcium score and the effective dose (mSv -
millisieverts), irrespective of the acquisition
protocol, although this relationship was not
statistically significant. Protocol-based analysis
revealed a very weak positive correlation in the
prospective protocol (r = 0.135, p = 0.378) and
a weak positive correlation in the retrospective
protocol (r = 0.192, p = 0.270); however,
neither correlation reached the level of
statistical significance.

4. Discussion

The findings of this study demonstrate that
the prospective protocol is the most significant
parameter for achieving a low radiation dose
during Coronary Computed Tomography
Angiography (CCTA) scans performed with the
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Siemens Go.Top device. The positive
association between increasing age and higher
dose may be attributed to the typically higher
Body Mass Index (BMI) and heart rate
observed in older age cohorts. Furthermore, the
tendency of a higher calcium score to lead to an
increase in effective dose can also be
considered a major contributing factor to the
non-statistically  significant  slight dose
elevation seen in the older patient groups.
Another significant finding, consistent with the
literature, is that gender difference did not result
in a statistically significant change in radiation
doses [26,27].

The radiation doses reported in this study
(1.60 £ 0.82 mSv (milliSievert) and 2.54 = 1.03
mSv (milliSievert)) are notably lower when
compared to the dose ranges previously
published in the literature. Specifically, the
mean dose for prospective CCTA is generally
reported as 1.8 mSv in the literature and
retrospective scans are reported to range
between 3.5 and 8.0 mSv [5,28,29]. The low
radiation dose achieved with the prospective
ECG-triggered protocol is consistent with and
further supported by the advanced dose-
reducing technologies of the Siemens Go.Top
device [10] . Literature reports the average dose
with the Siemens Go.Top system to be 1.2-1.6
mSv [30]. When comparing our dose values
obtained using the prospective protocol 1.60 +
0.82 mSv (milliSievert) with published doses
from both the Siemens Go.Top and other
devices, no statistically significant difference
was found (p>0.05). Conversely, the dose
values achieved with the retrospective ECG-
triggered protocol (2.54 + 1.03 mSv) were
significantly lower (p<0.001) than the values
reported in the current literature. This favorable
outcome is attributed not only to the advanced
dose-reducing software of the Siemens Go.Top
device (CARE Dose 4D, CARE kV, X-CARE
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(Organ-Based Dose Modulation) and Tin Filter
algorithms), but also to our study criteria,
specifically the exclusion of patients with high
calcium scores (>1000) and the meticulous
control of heart rate achieved through beta-
blocker administration [3,31,32].

The Siemens Go.Top device, utilizing
CARE Dose 4D, CARE kV, X-CARE (Organ-
Based Dose Modulation) and Tin Filter
algorithms, enables CCTA acquisition using
the prospective technique with effective
radiation doses capable of dropping below 1
mSv (The lowest dose in our study was 0.35
mSv). However, achieving this dose advantage
requires appropriate patient selection and
rhythm stability.

The higher effective dose in the
retrospective protocol is an expected finding. In
our study, the retrospective protocol was
preferentially used in patients over 60 years of
age, though this preference did not reach
statistical significance. This selection was
based on clinical factors such as relatively high
basal heart rates (bpm), the presence of rare
extrasystoles, a calcium score exceeding 400,
and difficulty with breath-hold control. The
literature has demonstrated that the mean
radiation dose is significantly elevated in
patients with a high calcium score, due to the
increased artifacts and image noise [33] A
Coronary Artery Calcium Score (Agatston
score) of 400 or greater indicates moderate
coronary artery calcification and may
negatively impact the image quality of CCTA
[34]. This situation typically necessitates the
use of parameters such as a higher tube current
or an extended scanning duration to maintain
diagnostic accuracy, thereby potentially leading
to an increase in the effective radiation dose.
Furthermore, it has been reported that advanced
calcification reduces the efficacy of automatic
tube current modulation systems, and
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consequently, low-dose protocols have limited
applicability in this patient cohort [35].

An important finding, consistent with the
literature, is the absence of a statistically
significant effect of gender difference and age
on radiation doses, outside of the acquisition
protocol, body mass index and heart rate.
However, a weak positive correlation between
the calcium score and effective dose was
observed in our study, which was more
pronounced in the retrospective protocol, yet
did not reach the level of statistical significance
[36]. We hypothesize that the deviation of this
finding from the existing literature stems from
our decision to set the calcium score threshold
at 400. Although not statistically significant, the
weak positive correlation observed in our study
between the calcium score and effective dose
does not contradict the established knowledge
that an increase in calcium plaque burden leads
to a resultant increase in effective dose.

In a multicenter study conducted by
Hausleiter et al., a weak but significant negative
correlation (r = —-0.21, p = 0.03) was detected
between age and effective dose, indicating a
slight reduction in effective dose as age
increased [26]. Similarly, another study
reported a significant negative correlation
between age and effective dose (r = -0.19, p =
0.04) [37]. Our study also observed a
comparable trend, showing a minimal dose
reduction with increasing age (1.98 mSv vs.
1.99 mSv), irrespective of the acquisition
protocol.

In a study conducted by Einstein et al., [38]
the mean effective dose in females was reported
to be %8-10 higher than in males, though this
difference was only borderline statistically
significant (p = 0.06). The same study also
reported that due to the additional dose
absorbed by the breast tissue in female patients,
the mean effective dose was slightly higher
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compared to males, even when identical
technical parameters were employed. In
contrast, a study with a larger sample size
conducted by Maruyama et al. [39] reported
that the female sex showed a significant
positive correlation with the effective dose (r =
0.27,p =0.01).

In our study, a minimal negative correlation
was observed in the effective dose received by
females, which was not statistically significant
(p=0.427). We hypothesize that this result is
attributable to the dose-reducing algorithms of
the Siemens Go.Top device, specifically the
breast-sparing protocol X-CARE (Organ-Based
Dose Modulation) used in every scan.

The limitations of this study include its
single-center design, an insufficiently high
patient count, the lack of quantitative image
quality assessment, and the inability to compare
results with the gold standard, conventional
angiography.

4.1. Conclusions
There is a paucity of research in the literature
that compares effective radiation doses in
Coronary Computed Tomography
Angiography (CCTA) using both prospective
and retrospective ECG-gated protocols while
simultaneously  analyzing  five  distinct
parameters: age, gender, body mass index
(BMI), heart rate, and calcium score. Therefore,
notwithstanding its limitations, we believe that
this study makes a significant contribution to
the existing body of knowledge by addressing
this gap. For patients characterized by
appropriate heart rates and low calcium burdens
(<400 Agatston), prospective ECG-gated
CCTA offers a significant advantage in terms
of radiation dose reduction. Such a benefit
directly influences clinical algorithms, favoring
this technique for young and low-risk cohorts to
ensure safer diagnostic imaging. Consistent
with existing literature, our results demonstrate



Demir et al. / Exp Biomed Res / 2026; 9(1):10-20

that elevated Body Mass Index (BMI), heart
rates, and Agatston scores (>400) are associated
with a significant increase in effective radiation
dose, independent of the selected acquisition
protocol.  Conversely, no  statistically
significant correlation was found regarding age
or gender. The observed rise in radiation
exposure among patients with Agatston scores
of 400 or higher can be attributed to the
technical adjustments necessary to maintain
optimal image quality and diagnostic accuracy
in the presence of severe calcification. The
integration of advanced dose-reduction
software and hardware in the Siemens Go.Top
system further enhances radiation safety while
maintaining high diagnostic quality. While the
single-center nature and sample size limit
generalizability, future multicenter studies with
larger cohorts are warranted to validate and
expand upon these findings.
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