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Background: Atrial fibrillation (AF) presents a potential challenge when performing coronary computed tomography

angiography (CTA). To date, there is no ideal protocol for CTA in patients with AF. We sought to design a protocol for

single-heartbeat coronary CTA in patients with AF.

Methods: We enrolled 32 patients with AF and a very low probability of coronary artery disease who were referred

for CTA to assess pulmonary vein anatomy for catheter ablation. A 256-slice scanner was used. Twelve patients

underwent CTA using non-gated triple Flash (NGTF) consisting of three prospective electrocardiogram (ECG)-triggered

helical scans with a built-in ECG simulator, while retrospectively gated helical (RGH) was used in 20 patients.

Radiation dose, and a 4-point scale was used to assess coronary artery image quality between CTA scan modes.

Results: A total of 96 vessels were analyzed. The 4-point score showed no significant differences between the RGH

and NGTF scans (2.9 � 0.6 vs. 2.8 � 0.8, respectively; p = 0.34). The number of coronary arteries with extensive

blurring did not significantly differ between the protocols, and included four vessels (6.6%) in RGH vs. three vessels

(8.3%) in NGTF (p = 0.5). Radiation exposure was significantly higher with RGH scans, with a dose-length product of

835 � 146 mGy compared with 382 � 35 mGy for NGTF (p < 0.0001).

Conclusions: Single heartbeat NGTF CTA has comparable image quality and significantly lower radiation dose

compared to RGH scans in patients with AF. Whether this protocol can be used in next-generation computed

tomography scanners has yet to be determined.
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INTRODUCTION

Coronary computed tomography angiography (CTA)

has become a well-established tool in the diagnosis of

coronary artery disease in patients with sinus rhythm. CTA

can be used to rule out coronary artery stenosis in pa-

tients with stable chest pain with a negative predictive

value of 99%.
1-3

The diagnostic accuracy of CTA is con-

siderably affected by multiple factors, particularly tachy-

arrhythmia and an irregular heartbeat. The presence of

atrial fibrillation (AF) is considered to be a relative con-

traindication for CTA, mainly when controlling heart rate

cannot be maintained.
4-6

Furthermore, an abnormal

heart rhythm during scan acquisition such as AF, atrial

flutter, and extrasystole can significantly increase radia-

tion exposure with CTA.
7

A retrospectively-gated helical (RGH) CTA scan is the

recommended protocol in the presence of an irregular
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rhythm. RGH has the advantage of enabling reconstruc-

tion of images in different phases of the cardiac cycle,

which may improve the diagnostic accuracy in the pres-

ence of motion artifacts. However, RGH is associated with

an increase in radiation exposure compared with a pro-

spective electrocardiography (ECG)-triggered scan.
8,9

The

latest generation of dual-source multi-detector computed

tomography scanners has introduced a new scan mode,

prospectively ECG-triggered helical data acquisition (flash

spiral),
10

with very high pitch values of more than 3.0. This

technique enables acquisition of the entire heart volume

within a fraction of a single cardiac cycle with sub-millisi-

evert radiation exposure.
11

The flash spiral mode is only

possible with dual-source CTA as it can provide a high tem-

poral resolution, and is specifically recommended in pa-

tients with a slow and regular heart rate.
12,13

This study

aimed to introduce a new scanning protocol for patients

with AF that can achieve a diagnostic accuracy similar to

RGH with a decrease in radiation exposure.

METHODS

Selection of patients

We performed this prospective study in a tertiary care

center between 2012 and 2015. We included 32 patients

who planned to undergo pulmonary vein isolation for AF

who were at a low risk of coronary artery disease. Twelve

consecutive CTAs were performed using our new non-

gated triple Flash spiral (NGTF) scanning protocol during

the study period, and were compared with 20 CTAs that

had been previously performed using the RGH technique.

Patients with a heart rate greater than 65 beats/minor

with sinus rhythm during the CTA acquisition were ex-

cluded. The study was approved by the regional ethics

committee, and all patients provided informed consent.

Acquisition of CTA using the NGTF protocol

Twelve patients underwent CTA with a 256-row dual-

source computed tomography scanner (Siemens Defini-

tion Flash�; Siemens Healthcare, Forchheim, Germany)

using the NGTF protocol consisting of three sequential

Flash spiral scans as follows: cranio-caudal, caudal-cranial,

and cranio-caudal scan directions. Built-in ECG simulation

with regular rhythm and heart rate of 60 beats/min was

used for gating during the NGTF scan (Figure 1).

Cardiac monitoring was continued to ensure a con-

trolled heart rate during the scan for all of the patients.

Beta-blockers were used to maintain a resting heart rate of

less than 65 beats/min. CTA data were acquired with a

breath hold in deep inspiration. All of the patients received

sublingual nitroglycerine during the procedure. A test

bolus of 20 mL of contrast agent XENETIX 350� (350 mg

iodine/mL) followed by a 40-mL saline flush, both at flow

rates of 6 mL/s, were administered to determine the time

to peak enhancement in a region of interest in the ascend-

ing aorta. For coronary CTA, 80-95 mL of contrast media

followed by a 45-mL saline flush were administered, both

at flow rates of 6 mL/s. Image acquisition was started after

the predetermined delay time plus 5 seconds.

Acquisition of CTA using RGH

Twenty-two patients underwent CTA using RGA with

ECG-controlled tube current modulation where the X-

ray was on throughout the cardiac cycle. The maximum

intensity was between 40% and 70% of the RR interval,

but fell to 5% at the rest of the cardiac cycle (Figure 2).

A test bolus of 20 mL was used similar to that in the NGTF

procedure, and 65-75 mL of contrast medium (calcu-

lated according to the delay and the scan time) was

used for CTA with the same flow rate of 6 mL/s. Image

acquisition was started after the predetermined delay

time plus 3 seconds.

CTA image reconstruction

Data from the three NGTF scans were reconstructed,

while data from the systolic and diastolic phases were
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Figure 1. Patient position and monitoring during NGTF scan. The scan

considered non gated scan as it triggered by a built-in simulated ECG but

not the patient’s ECG.



used for RGH. The reconstructed slice thickness was 0.6

mm. Axial images and curved multiplanar reconstruc-

tion images (Figure 3) were reviewed by two readers us-

ing a workstation (MMWP�; Siemens Healthcare) with

a window level of 200 HU and width of 700 HU.

Image quality

The objective and subjective image quality was eval-

uated separately by two readers for all CTAs.
8

Four-point

scale was used to score subjective image quality (1 for

non-diagnostic quality, 2 for acceptable quality, 3 for

good quality, and 4 for excellent image quality). The fi-

nal subjective scores were averaged (Figure 4). Objec-

tive CTA quality was assessed by measuring the image

noise and signal using a 1-cm
2

region of interest in the

aortic root at the level of the left main coronary artery.

Image noise was defined as the standard deviation (SD)

in HU and signals were defined as mean HU (Figure 4).

Effective radiation dose

The effective radiation dose was derived from the

dose-length product, which was multiplied by a conversion

factor of 0.014 for chest computed tomography in adults.
14

Statistical analysis

Quantitative variables were expressed as means � SD,

and categorical variables were expressed as frequencies or

percentages. Subjective and objective image quality and

radiation exposure between the NGTF and RGH protocols

were compared. For normally distributed continuous vari-

ables, the two-sample t-test was used, and the chi-square

or Fisher’s exact test was used for categorical variables. A p

value < 0.05 was considered to be statistically significant

for all tests. SPSS for Windows (version 20.0 SPSS Inc., Chi-

cago, IL, USA) was used for statistical analysis.

RESULTS

Baseline characteristics of the patients

The mean (SD) age of the patients was 41 � 6 years
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Figure 2. Model shows ECG gating in Flash vs. RGH: (A) in flash high

pitch gating: the X-ray is on during the scan only (single heart beat) in

cranio-caudal direction, caudal-carnial and cranio-caudal scan. (B) in

RGH scan: X-ray is on throughout the cardiac cycle with maximum inten-

sity between 40% and 70% of RR interval (black arrow), while it drop to

5% at the rest of RR (arrow head).

Figure 3. Excellent image quality of the coronary artery using NGTF

protocol.

Figure 4. Assessment of image quality. (A) Assessement of subjective

image quality by 4 point score. (B) Assessment of objective image qual-

ity using a region of interest (1 cm
2
) in the ascending aorta at the level

of left main coronary arter yo noise defined as standard deviation in HU.

Signal defined as the mean HU.

A

B

A

B



and there were 25 (78%) men. We found no differences

in baseline characteristics between the NGTF and RGH

groups (Table 1).

Image quality

A total of 96 vessels were analyzed (36 vessels in the

NGTF group and 60 vessels in the RGH group). The scores

of subjective image quality were not significantly differ-

ent between the NGTF and RGH groups (2.8 � 0.8 vs. 2.9

� 0.6, p = 0.34). The objective image quality scores were

not significantly different regarding image noise (32 � 7

vs. 30 � 8 HU, p = 0.09) and image signal (421 � 132 vs.

432 � 124 HU, p = 0.8) between the NGTF and RGH groups

(Table 2). The number of coronary arteries with exten-

sive blurring (reliable assessment of vessels was impos-

sible) was not significantly different between the proto-

cols, with four (6.6%) vessels in the RGH group and three

(8.3%) vessels in the NGTF group (p = 0.5).

Radiation exposure and contrast medium

Radiation was significantly lower in the NGTF group

than in the RGH group. The dose-length product was 381

� 35 mGy vs. 835 � 146 mGy (p < 0.0001), and the esti-

mated effective dose was 5.33 � 0.49 mSv vs. 11.69 �

2.04 mSv (p < 0.0001), respectively. This corresponded

to a 54% reduction in radiation exposure in the NGTF

group (p < 0.0001, Figure 5).

Significantly more contrast volume was used in the

NGTF group than in the RGH group (112 � 3 vs. 91 � 2

mL, p < 0.0001, Figure 5). Importantly, contrast-induced

nephropathy was not reported after CTA in the present

study.
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Figure 5. Comparing NGTF acquisition with RGH scan. (A) Radiation

exposure is significantly reduced using NGTF vs. RGH. (B) Contrast vol-

ume signifcantly higher in NGTF scan. (C) There is no significant differ-

ence in subjective image quality.

A

B

C

Table 1. Baseline characteristics and CTA finding showed no

significant different between NGTF and RGH groups

Variable NGFT group RGH group p value

Age 43 � 6 40 � 5 0.23

Male sex, n (%) 9 (75%) 16 (80%)0 0.74

Diabetes mellitus, n (%) 4 (33%) 7 (37%) 0.9

Hypertension, n (%) 0.4 (33.3%) 9 (45%) 0.50

Dyslipidemia, n(%) .1 (8.3%) 2 (10%) 0.87

Family history of CAD, n (%) 2 (17%) 1 (5%) 0.27

Current smoking, n (%) .1 (8.3%) 3 (15%) 0.58

Body weight, kg 078 � 13 081 � 12 0.6

BMI, kg/m
2

28.3 � 4.8 29.7 � 5.3 0.67

Heart rate beat per minutes 56 � 4 58 � 5 0.40

BMI, body mass index; CCS, coronary calcium score.

Table 2. Subjective and objective image quality radiation

expoure and contrast volume in both groups

Variable NGFT group RGA group p value

Noise 32 � 7 30 � 8 0.09

Signal 0421 � 132 0432 � 124 0.80

SNR 13.4 � 60. 15.2 � 50. 0.50

Image quality score 02.8 � 0.8 02.9 � 0.6 0.34

Contrast volume( ml) 112 � 30 91 � 2 < 0.0001

Radiation msV 05.33 � 0.49 11.69 � 2.04 < 0.0001

Radiation dose DLP 381 � 35 0835 � 146 < 0.0001

DLP, dose length product; SNR, signal to noise ratio.



DISCUSSION

In this study, we compared the new protocol NGTF

with the standard RGH protocol in patients with AF. We

found that there were no significant differences in ob-

jective or subjective image quality between protocols.

However, radiation exposure was significantly lower and

the volume of contrast medium was higher in the NGTF

group compared with the RGH group.

There are multiple acquisition protocols for cardiac

CTA such as the prospective ECG-triggered protocol, in

which the scan is triggered by the ECG signal at a prede-

fined time interval. This time interval is averaged using

multiple cardiac cycles before actual acquisition to ob-

tain data during the diastolic phase. The scan is stopped

at the rest of the cardiac cycle, resulting in lower radia-

tion exposure. However, this scan mode is more suscep-

tible to variations in heart rate and is not recommended

for patients with arrhythmias.
15-17

RGH allows scanning

of the heart during systole and diastole, which makes it

the recommended acquisition protocol for patients with

cardiac arrhythmias such as AF. RGH enables the recon-

struction of multiple scan phases to overcome motion

artifacts and improve the diagnostic accuracy of CTA.
18-20

In addition, a prospective ECG-triggered helical data ac-

quisition (flash spiral) scan can enable acquisition of a

single heartbeat with a low radiation dose, although it

ideally requires a regular and slow heart rate.
21,22

In our study, we found that NGTF which consists of

three flash spiral scans required a larger volume of con-

trast medium than RGH to maintain vascular contrast

opacification. This can be explained by the longer total

scan time with this protocol, which requires three differ-

ent scans (cranio-caudal, caudal-cranial, and cranio-cau-

dal) and two pauses between acquisitions.

Multiple studies have assessed the diagnostic accu-

racy of CTA in patients with AF. Oncel et al.
23

studied the

diagnostic accuracy of the RGH protocol using dual-

source CTA, and found that the sensitivity and specificity

of computed tomography in detecting more than 50%

stenosis were 87% and 98%, respectively. A similar re-

sult was reported by Marwan et al.
24

who found that the

sensitivity of CTA in detecting significant coronary ste-

nosis compared with invasive angiography was 95%

(95% CI 77-100) with a specificity of 94% (95% CI 89-97).

In addition, Yang et al.
25

investigated the accuracy of

RGH in 64-slice CTA for patients with AF, and reported

overall sensitivity and specificity per segment level of

86.4% and 99.3%, respectively. Xu et al.
26

showed that

prospective ECG-triggered sequential CTA was feasible

using dual-source computed tomography, and that it im-

proved the diagnostic image quality and decreased the

radiation dose by > 60% compared with RGH.

To the best of our knowledge, this is the first study

to use a non-gated flash spiral protocol to scan patients

with AF. We used built-in ECG gating because the flash

protocol required a regular and slow heart rate as a pre-

requisite, and AF was rejected by the software. Further-

more, we used three scan phases to increase the chance

of acquiring the coronary arteries at the diastolic phase,

thus reducing the amount of motion artifacts in the im-

ages (Figure 5).

Our study has important clinical implications be-

cause it describes a new scanning protocol for imaging

patients with controlled AF with a comparable image

quality and a 54% reduction in radiation compared with

RGH. Moreover, NGTF can probably be used in patients

with other irregularities such as extrasystole, and in pa-

tients with a controlled heart rate when the ECG signal

is inadequate for gating. Further studies should be per-

formed including a larger number of patients to com-

pare NGTF with standard invasive coronary angiography

to determine the diagnostic accuracy of this new scan-

ning protocol. Moreover, different strategies aimed at

reducing the volume of contrast media can be applied,

such as using a lower flow rate (5 mL/s), a smaller volume

during the test bolus (15 mL), and/or using the bolus

tracking technique as an alternative to the test bolus.
27

There are several limitations to this study. Only a

small number of patients was included. In addition, this

scan protocol can only be used on a dual-source computed

tomography machine. In addition, we only included pa-

tients at low risk of coronary artery disease. Including

higher risk individuals such as patients with a large amount

of coronary calcification, post-coronary intervention, or

post-coronary bypass surgery may have affected the im-

age quality of our protocol. Moreover, only patients with

a heart rate < 65 beats/min were included. Therefore, the

effect of a faster heart rate could not be assessed. Finally,

invasive coronary angiography was not used as the gold

standard imaging technique to analyze the diagnostic

accuracy of CTA protocols in this study.
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CONCLUSIONS

The use of single-heartbeat, non-gated, triple flash

CTA had comparable subjective and objective image

quality to RGH. In addition, this protocol resulted in a

54% reduction in radiation dose compared with RGH in

the patients with AF. Further studies are needed to eval-

uate whether this protocol can be used in next-genera-

tion computed tomography scanners with faster gantry

rotation.

ABBREVIATIONS

CTA, coronary computed tomography angiography;

AF, atrial fibrillation; NGTF, non-gated triple flash; RGH,

retrospectively gated helical; ECG, electrocardiogram.

FUNDING

This research received no specific grant from any

funding agency in the public, commercial, or not-for-

profit sectors.

DISCLOSURES

The authors declare that there are no conflicts of in-

terest.

REFERENCES

1. Al-Mallah MH, et al. Cardiac computed tomography in current

cardiology guidelines. J Cardiovasc Comput Tomogr 2015;9:

514-23.

2. Chien N, Wang TD, Chang YC, et al. The emerging roles of coro-

nary computed tomographic angiography: acute chest pain eval-

uation and screening for asymptomatic individuals. Acta Cardiol

Sin 2016;32:167-73.

3. Hsu PY, Lee WJ, Cheng MF, et al. The incremental diagnostic per-

formance of coronary computed tomography angiography added

to myocardial perfusion imaging in patients with intermediate-

to-high cardiovascular risk. Acta Cardiol Sin 2016;32:145-55.

4. Raff GL, Chinnaiyan KM, Cury RC, et al. SCCT guidelines on the

use of coronary computed tomographic angiography for patients

presenting with acute chest pain to the emergency department:

a report of the Society of Cardiovascular Computed Tomography

Guidelines Committee. Journal of Cardiovascular Computed To-

mography 2014;8:254-71.

5. Taylor AJ, Cerqueira M, Hodgson JM, et al. ACCF/SCCT/ACR/AHA/

ASE/ASNC/NASCI/SCAI/SCMR 2010 appropriate use criteria for

cardiac computed tomography. A report of the American College

of Cardiology Foundation Appropriate Use Criteria Task Force,

the Society of Cardiovascular Computed Tomography, the Ameri-

can College of Radiology, the American Heart Association, the

American Society of Echocardiography, the American Society of

Nuclear Cardiology, the North American Society for Cardiovascu-

lar Imaging, the Society for Cardiovascular Angiography and In-

terventions, and the Society for Cardiovascular Magnetic Reso-

nance. J Am Coll Cardiol 2010;56:1864-94.

6. Alsaileek A, Alharthi M, Almallah M. Coronary computed tomog-

raphy angiography in a patient with atrial fibrillation, case re-

port. Journal of the Saudi Heart Association 2011;23:245-7.

7. Techasith T, Ghoshhajra BB, Truong QA, et al. The effect of heart

rhythm on patient radiation dose with dual-source cardiac com-

puted tomography. J Cardiovasc Comput Tomogr 2011;5:255-63.

8. Abazid R, Smettei O, Sayed S, et al. Objective and subjective im-

age quality with prospectively gated versus ECG-controlled tube

current modulation using 256-slice computed tomographic an-

giography. Journal of the Saudi Heart Association 2015;27:256-

63.

9. Hausleiter J, Meyer TS, Martuscelli E, et al. Image quality and ra-

diation exposure with prospectively ECG-triggered axial scan-

ning for coronary CT angiography; the multicenter, multivendor,

randomized PROTECTION-III study. JACC Cardiovasc Imaging 2012;

5:484-93.

10. Machida H, Tanaka I, Fukui R, et al. Current and novel imaging

techniques in coronary CT. RadioGraphics 2015;35: 991-1010.

11. Achenbach S, Marwan M, Ropers D, et al. Coronary computed to-

mography angiography with a consistent dose below 1 mSv using

prospectively electrocardiogram-triggered high-pitch spiral ac-

quisition. Eur Heart J 2010;31:340-6.

12. Achenbach S, Marwan M, Schepis T, et al. High-pitch spiral acqui-

sition: a new scan mode for coronary CT angiography. J Cardio-

vasc Comput Tomogr 2009;3:117-21.

13. Smettei OA, Sayed S, Alhabib A, et al. Ultra-fast, low dose high-

pitch (FLASH) versus prospectively-gated coronary computed to-

mography angiography: comparison of image quality and patient

radiation exposure. J Saudi Heart Assoc. DOI: https://doi.org/

10.1016/j.jsha.2017.11.001. [Articles in Press]

14. Christner JA, Kofler JM, McCollough CH. Estimating effective

dose for CT using dose-length product compared with using or-

gan doses: consequences of adopting International Commission

on Radiological Protection publication 103 or dual-energy scan-

ning. AJR Am J Roentgenol 2010;194:881-9.

15. Sun Z, Ng KH. Prospective versus retrospective ECG-gated multi-

slice CT coronary angiography: a systematic review of radiation

dose and diagnostic accuracy. Eur J Radiol 2012;81:e94-100.

16. Deseive S, Pugliese F, Meave A, et al. Image quality and radiation

357 Acta Cardiol Sin 2018;34:352�358

Non-Gated coronary CTA in patients with AF



dose of a prospectively electrocardiography triggered high pitch

data acquisition strategy for coronary CT angiography: the multi-

center, randomized PROTECTION IV study. J Cardiovasc Comput

Tomogr 2015;9:278-85.

17. Hausleiter J, Meyer TS, Martuscelli E, et al. Image quality and ra-

diation exposure with prospectively ECG-triggered axial scan-

ning for coronary CT angiography: the multicenter, multivendor,

randomized PROTECTION-III study. JACC Cardiovasc Imaging 2012;

5:484-93.

18. Hou Y, Yue Y, Guo W, et al. Prospectively versus retrospectively

ECG-gated 256-slice coronary CT angiography: image quality and

radiation dose over expanded heart rates. Int J Cardiovasc Imag-

ing 2012;28:153-62.

19. Leschka S, Scheffel H, Desbiolles L, et al. Image quality and recon-

struction intervals of dual-source CT coronary angiography: rec-

ommendations for ECG-pulsing windowing. Invest Radiol 2007;

42:543-9.

20. Jeong DW, Choo KS, Baik SK, et al. Step-and-shoot prospectively

ECG-gated versus retrospectively ECG-gated with tube current

modulation coronary CT angiography using the 128-slice MDCT:

comparison of image quality and radiation dose. Acta Radiol

2011;52:155-60.

21. Ghadri JR, Küest SM, Goetti R, et al. Image quality and radiation

dose comparison of prospectively triggered low-dose CCTA: 128-

slice dual-source high-pitch spiral versus 64-slice single-source

sequential acquisition. Int J Cardiovasc Imaging 2012;28:1217-

25.

22. Stolzmann P, Goetti RP, Maurovich-Horvat P, et al. Predictors of

image quality in high-pitch coronary CT angiography. Am J Ro-

entgenol 2011;197:851-8.

23. Oncel D, Oncel G, Tastan A. Effectiveness of dual-source CT coro-

nary angiography for the evaluation of coronary artery disease in

patients with atrial fibrillation: initial experience. Radiology 2007;

245:703-11.

24. Marwan M, Pflederer T, Schepis T, et al. Accuracy of dual source

computed tomography to identify significant coronary artery

disease in patients with atrial fibrillation: comparison with coro-

nary angiography. Eur Heart J 2010;31:2230-7.

25. Yang L, Zhang Z, Fan Z, et al. 64-MDCT coronary angiography of

patients with atrial fibrillation: influence of heart rate on image

quality and efficacy in evaluation of coronary artery disease. AJR

Am J Roentgenol 2009;193:795-801.

26. Xu L, Yang L, Zhang Z, et al. Prospectively ECG-triggering sequen-

tial dual source coronary CT angiography in patients with atrial fi-

brillation: comparison with retrospective ECG-gated helical scan.

Eur Radiol 2013;23:1822-8.

27. Zhang LJ, Qi L, Wang J, et al. Feasibility of prospectively ECG-trig-

gered high-pitch coronary CT angiography with 30 mL iodinated

contrast agent at 70 kVp: initial experience. Eur Radiol 2014;24:

1537-46.

Acta Cardiol Sin 2018;34:352�358 358

Rami M Abazid et al.


