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Abstract
 

Background: Nowadaysamong non communicable diseases Coronary  artery  disease heads in both in mortality 

and morbidity.Its early detection and hence cure needs multimodal diagnostic tools CT scan being among the 

latest modality.The diagnostic value of conventional coronary angiography has been challenged by the 

emergence  & fast growing  use of a less invasive imaging technique, multislice computerised  tomography 

(MSCT) angiography to avoid radiation hazard. From  time  to  time ,the  manufacturers have  implemented  

strategies to  reduce  the  radiation  exposure and these include ECG-gated dose modulation, automated 

exposure control,lowering the tube voltage,& increasing the pitch value with the use of dual source CT 

scanners.The non-invasiveness of this technique being highly desirable replacing conventional invasive 

coronary angiography. Hence reducing risk of radiation exposure hence health care threats. 

Aim: The aim of our study was to assess & compare the radiation doses between the prospective & 

retrospective ECG-gated coronary CT angiography in CAD patients. 

Methods: We performed our study ,a  prospective comparative study conducted in the Department  of  

Radiodiagnosis  & Imaging  of a tertiary institute at Srinagar,Kashmir,India after taking  due clearance from 

the  Institutional Ethical Committee(IEC).Inclucluded Patients were low to intermediate  risk for CAD and 

patients with high risk for CAD but were reluctant for undergoing an invasive procedure.99 patients were 

enrolled in the study for a total period of two years, underwent contrast-enhanced ECG-gated CT coronary 

angiography by either of the two methods. 

Results: In this study, we compared  a new method of coronary CTA based on prospectively gated sequential 

axial acquisition(PGA CTA) with the retrospectively gated helical acquisition (RGH CTA) as the reference 

method in a total of 99 patients.We demonstrated an important and significant decrease in radiation dose by 

PGA CTA with an equivalent image quality and number of assessable segments compared with RGH CTA. 

Conclusion: with adequate preparation & careful patient selection, most patients can have a diagnostic CCTA  

exam with prospective  gating &their effective radiation dose & subsequent risk of developing a radiation-

induced malignancy can be greatly reduced. . Prospectively-gated acquisition (PGA CTA) has been specifically 

designed to reduce the of coronary CT angiography by limiting X-ray exposure to a brief predetermined 

diastole window & eliminating overlapping areas of exposure. 

Summary: Lower dose reduces the long-term risk to the patient of developing a radiation-induced malignancy. 

Consequently, reducing  the radiation  burden  to  the  lowest  level without  compromising the  diagnostic 

image  quality  should  be  the  persistent  goal  for  the  radiologist. 
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I. Introduction 

 The  National Research Council’s Committee on the Biological Effects of Ionising Radiation recent  

report (BEIR VII) concluded that a dose of 10mSv would cause an average of 1 in 1,000 lifetime 

cancers
(1)

.Lower dose reduces the long-term risk to the patient of developinga radiation-induced malignancy
(2,3)

. 

Consequently,. In CAD diagnostic, the value of conventional coronary angiography has been challenged by the 

emergence  & fast growing  use of a less invasive imaging technique, multislicecomputerised  tomography 

(MSCT) angiography,
(4,5)

the non-invasiveness of this technique being highly desirable. 
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Despite  these  facts, still the  major  limitation in the  widespread  use  of  CCTA  remains  the  high  

radiation  exposure. Effective  doses  for   a  conventional  coronary  angiogram  range  from 5-12mSv,
(6,7)

 

whereas  effective  doses for  a standard  retrospectively  gated  helical CCTA(RGH CTA)  range  from 12- 28 

mSv.
(8,9)

From  time  to  time ,the  manufacturers have  implemented  strategies to  reduce  the  radiation  

exposure and these include ECG-gated dose modulation, automated exposure control,lowering the tube 

voltage,& increasing the pitch value with the use of dual source CT scanners.Prospectively-gated acquisition 

(PGA CTA) has been specifically designed to reduce the radiation dose of coronary CT angiography by limiting 

X-ray exposure to a brief predetermined diastole window & eliminating overlapping areas of exposure. With 

retrospective ECG-gating  as  the  standard  protocol , raw data are acquired using the spiral/helical   mode at a 

very low pitch. At the same time, the patient's ECG is recorded. Using the ECG tracing, images  are  

reconstructed to create image stacks at any  desired  phase  of  the  cardiac  cycle. On the other hand, 

prospectively- triggered cardiac CT  uses  a step-and-shoot  data acquisition in which a series of transverse 

images are acquired while the patient is stationary,& the  patient translates to the next  position while the X-ray 

beam is off. With prospective ECG-triggering, a signal is derived from the R-wave of the patient's  ECG . Using 

this trigger, scanning is performed over a finite portion of the R-R interval, usually in diastole, during the period 

of least cardiac motion. Thus, prospective-gated  acquisition (PGA) protocol by  using  the ʻ step  and  shoot  

technique ʼ or  the  sequential  technique   avoids  the  extraneous  radiation  dose  by  completely  turning  off  

the X-ray beam during  most of  the  cardiac  cycle. Prospectively-triggered technique for cardiac CT has been 

adapted for use on several current CT scanners ,including the 64- & 320-row MDCT,& on the dual-source 

CT.
(10,11)

 

A  number  of  studies   have  already  established  that  while  the  PGA  protocol   results  in  reduced  

effective  doses  to  the  patient  by  as much  as  80% ,the  image  quality  and  the  assessment  of  the  luminal  

size  are   similar  between  the  two  in  patients  with  a  heart  rate  of  <70bpm. Mean  patient  radiation  dose  

from  the  actual  examination  z-axis  length  for  prospective  gating is 6.2±2.0(range ,2.3-11.9); for  

retrospective gating this  dose  was 26.7mSv ±6.1(range ,17-43.8mSv).
(12)

Prospective ECG-triggering  has been 

confirmed to be one of the most efficient techniques for radiation dose reduction in cardiac CT angiography.
(13)

 

Consequently, reducing  the radiation  burden  to  the  lowest  level without  compromising the  diagnostic 

image  quality  should  be  the  persistent  goal  for  the  radiologist.To conclude, with adequate preparation & 

careful patient selection, most patients can have a diagnostic CCTA  exam with prospective  gating & their 

effective radiation dose ,& subsequent risk of developing a radiation-induced malignancy can be greatly 

reduced. .
(14)

 

 

II. Methods 
 This study  was a prospective comparative study conducted in the Department  of  Radiodiagnosis  & 

Imaging  at a tertiary institute of Srinagar,Kashmir,India after taking  due clearance from the  Institutional 

Ethical Committee(IEC). 

 

Subjects:  Inclusion criteria:Patients with a low to intermediate  risk for CAD (as assessed by the   referring 

clinician on the basis of clinical/lab findings) and patients with high risk for CAD but were reluctant for 

undergoing an invasive procedure like conventional coronary angiography were included in the study.99 

patients were enrolled in the study for a total period of two years. After proper clinical evaluation and work-up 

as per set proforma, all patients underwent contrast-enhanced ECG-gated CT coronary angiography by either of 

the two methods(Group 1:n=66, retrospective ECG-gating; Group 2:n=33,prospective ECG-triggering). 

 

Exclusion criteria  

1)-pregnancy, 

2)-contrast allergy, 

3)-CKD  patients, 

4)-patients with severe arrhythmias, 

5)-Inability to follow instructions , lay supine  & motion-less, 

6)-observed heart rate fluctuation of >10bpm during observation at the scanner prior to the performance of 

coronary  CT  angiographic  sequence , 

7)-patients with uncontrolled tachycardia, 

8)-post-operative state of valve  replacement, 

9)-high coronary calcium scores (CAC score> 600). 
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EXAMINATION TECHNIQUES &  IMAGING PROTOCOLS: 

All coronary CTA  examinations were conducted on a 64-slice Cardiac  CT scanner (Somatom  

Sensation 64 Cardiac,Siemens Medical Systems, Forchheim,Germany). Premedication with  an oral β-blocker 

was used to lower the heart rate in those patients with a baseline heart rate of >75bpm, 30-60 minutes prior to 

the scan with an additional dose of  intravenous β-blocker (metaprolol) in an attempt  to achieve a target heart 

rate of ≤70bpm.None of these patients had any contra-indication  for β-blocker. Prior to scanning, a technologist 

instructed all patients regarding  breath hold. The scanning direction was craniocaudal& extended from the level 

of carina  to diaphragm . The scanning sequence included obtaining the scout scannogram followed by CAC 

scoring sequence and contrast enhanced angiography.For CAC scoring, prospectively triggered imaging  was  

used with a tube voltage & an effective tube current of 120 kVp& 200 mAs,  respectively.The calcium score  

was generated in Agatston units using  SYNGO  software(Siemens Medical Systems, Forcheim 

,Germany).Coronary calcification was categorized into following groups: no/minimal coronary calcium(0-

10),low calcium(11-99),moderate calcium(100-299) & elevated calcium (≥300) for a patient-based analysis.For 

contrast angiography,low-osmolar  iodinated contrast agent (  viz,Iopamidol, Iohexol, Iopamiro)  was 

administered via a dedicated pressure injector(Mallinckrodt Puritan Bennett injector) at a rate of 4.5-5.5ml/sec, 

followed by a 25 ml of saline bolus chase injected at the same rate. Retrospective CT angiography  was 

performed  with the following  parameters:helical scanning direction,a fixed pitch of 0.2,use of dose modulation 

(peak tube current of 650mA during  40-80%  of the R-R interval  & minimal tube current  of 300mA  during 

the rest of the scan),64x0.625mm collimation,330 ms gantry rotation time,120-140 kVp tube voltage. 

Prospective CT angiography  data  was acquired with a 40mm  axial scan(64x0.625mm) when the table was  

stationary. Thereafter, the table was moved 35mm, thereby allowing  a 5mm overlap for next examination (Step 

and shoot axial scanning direction). Scan  beam-on time  was centered  at  65-75%  of the R-R   interval, with a 

constant  tube current of 650mA with tube voltage of 120-140 kVp. The images  were reconstructed with a 

section thickness of 0.625mm or 0.75mm & a  reconstruction section interval  of 0.4mm or 5mm respectively, 

with the use  of a small or medium sized cardiac field of view. . Reconstructions were individually optimised to 

minimise the coronary artery motion artefact& then transferred to  a work station (Leonardo Siemens Medical  

Solutions) for further analysis. Post-processing  of data was performed using Circulation,3D-post processing & 

In-Space softwares. 

 

Statistical Analysis. 

 Statistical analysis was performed using SPSS software (version 20.0). Comparison of the  patient data 

between the two groups was performed by using a t-test for continuous covariates ,such as age, and by using a 

Chi-square test  for categorical data 

 

III. Results 

 
Figure 1 
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Table 1 summarises the age distribution of the two patient groups 
S t u d y  G r o u p                              A g e  g r o u p  ( y e a r s )  

Total 2 5 - 3 5 3 5 - 4 5 4 5 - 5 5 5 5 - 6 5 > 6 5 

G r o u p  1 7 ( 1 0 . 6 ) 2 1 ( 3 1 . 8 ) 2 5 ( 3 7 . 9 ) 1 1 ( 1 6 . 7 ) 2 ( 3 . 0 ) 6 6 ( 1 0 0 ) 

G r o u p  2 1 ( 3 . 0 ) 1 4 ( 4 2 . 4 ) 1 1 ( 3 3 . 3 ) 6 ( 1 8 . 2 ) 1 ( 3 . 0 ) 3 3 ( 1 0 0 ) 

T o t a l   8 ( 8 . 1 ) 3 5 ( 3 5 . 4 ) 3 6 ( 3 6 . 4 ) 1 7 ( 1 7 . 2 ) 3 ( 3 . 0 ) 9 9 ( 1 0 0 ) 

(Data in parentheses are percentages)Chi-square:2.417;p-value:0.660 

 

There was no statistically significant difference  in the age distribution between the two study groups table and 

fig 1.No  significant difference in the mean age of patient population between the two study groups(p-

value:0.56) 

 

 
Figure 2 

 

Table 2: Sex Distribution of the Patient Population 
 

             Study Group 

                   S e x    

Total  F e m a l e   M a l e   

        G r o u p  1 2 0 ( 3 0 . 3 ) 4 6 ( 6 9 . 7 ) 6 6 ( 1 0 0 ) 

        G r o u p  2 9 ( 2 7 . 3 ) 2 4 ( 7 2 . 7 ) 3 3 ( 1 0 0 ) 

            T o t a l   2 9 ( 2 9 . 3 ) 7 0 ( 7 0 . 7 ) 9 9 ( 1 0 0 ) 

(Data in parentheses are percentages)Chi-square: 0.098, p-value: 0.755 

There  was no statistically significant difference in the sex distribution between the two study groups, with 

majority of patients belonging to the male group table/fig.2 

 

 
Fig. 3 
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Table 3: BMI  of the Patient Population 
                   Study Group                B M I ( k g / m 2 )  

Total  Normal (18.5-24.9)  Overweight (25-29.9) O b e s e   

(>30) 

G r o u p  1 2 6 ( 3 9 . 4 ) 3 9 ( 5 9 . 1 ) 1 ( 1 . 5 ) 6 6 ( 1 0 0 ) 

G r o u p  2 1 0 ( 3 0 . 3 ) 2 2 ( 6 6 . 7 ) 1 ( 3 . 0 ) 3 3 ( 1 0 0 ) 

T o t a l   3 6 ( 3 6 . 4 ) 6 1 ( 6 1 . 6 ) 2 ( 2 . 0 ) 9 9 ( 1 0 0 ) 

 

Data in parentheses are percentages) Chi-square: 0.955, p-value: 0.620 

Mean BMI of Group 1 patients was 25.78±2.15kg/m
2 

& for Group 2 patients ,it was 26.35±1.87kg/m
2
.On 

statistical analysis, there was no significant  difference in the mean BMI between the two study groups(p-

value:0.20) table/fig. 3. 

 

 
Figure 4 

 

Table 4: Clinical Indication for Coronary CT Angiography 
C l i n i c a l  I n d i c a t i o n G r o u p  1  ( n = 6 6 )   G r o u p  2  ( n = 3 3 ) 

 A n g i n a  p e c t o r i s 2 8  ( 4 2 . 4 ) 1 3  ( 3 9 . 4 ) 

A t y p i c a l  c h e s t  p a i n 1 8  ( 2 7 . 3 ) 1 0  ( 3 0 . 3 ) 

D y s p n e a 1 4  ( 2 1 . 2 ) 9  ( 2 7 . 3 ) 

N e w  c h e s t  p a i n  a f t e r  c o r o n a r y  r e v a s c u l a r i s a t i o n   3  ( 4 . 5 ) 1  ( 3 . 0 ) 

P o s i t i v e  s t r e s s  t e s t  2  ( 3 . 0 ) 0 

S u s p e c t e d  c o r o n a r y  a n a m o l y 1  ( 1 . 5 ) 0 

(Data in parentheses are percentages)Chi-square: 2.09.p-value:0.835 

 

Table5 : Risk Stratification in the Patient Population 
               S t u d y  G r o u p           F r a m i n g h a m  R i s k  G r o u p s                    Total  

H i g h   I n t e r m e d i a t e   L o w   

G r o u p  1 5 ( 7 . 6 ) 4 0 ( 6 0 . 6 ) 2 1 ( 3 1 . 8 ) 6 6 ( 1 0 0 ) 

G r o u p  2 2 ( 6 . 1 ) 2 1 ( 6 3 . 6 ) 1 0 ( 3 0 . 3 ) 3 3 ( 1 0 0 ) 

T o t a l   7 ( 7 . 1 ) 6 1 ( 6 1 . 6 ) 3 1 ( 3 1 . 3 ) 9 9 ( 1 0 0 ) 

(Data in parentheses are percentages) 

Chi-square :0.120,p-value: 0.942 
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Figure 5 

 

There  was no statistically significant difference in risk statification between the two study groups, table 

/fig. 5. 

 

 
Figure 6 

 

Table 6: Actual Z-axis(scan)length. 
S t u d y  G r o u p N Mean Z-axis Length(cm) S t d .  D e v i a t i o n 

G r o u p  1 66 1 5 . 1 0 2 . 4 5 

G r o u p  2 33 1 5 . 8 0 3 . 1 7 

Independent t-test;p-value:0.230 

There  was no statistically significant difference in Mean Z-axis Length(cm) between the two study 

groups, table /fig. 6. 
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Figure 7 

 

Table 7: Calculated DLP (dose-length product). 
S t u d y  G r o u p N Mean calculated DLP(mGy.cm)  S td.Deviatio n 

G r o u p  1 6 6 1 2 8 0 . 3 9 2 0 8 . 9 0 

G r o u p  2 3 3 2 7 8 . 1 8 6 5 . 1 8 

 

Independent t-test; p-value:≤0.0001(highly significant)The mean calculated dose length product (DLP) as 

displayed on the CT unit was 1280.39±208.90 mGy.cm for study Group 1 & 278.18±65.18 mGy.cm for Group 

2.There was a highly significant difference in the mean calculated DLP between the two patients groups. 

However, the actual Z-axis (scan) length was comparable between the two groups as in table /fig 7. 

 

 
Figure 8 
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Table 8: Actual Z-axis Effective Dose(mSv). 
S t u d y  G r o u p N Actual Z-axis Effective Dose(mSv) S t d .  D e v i a t i o n 

G r o u p  1 6 6 2 1 . 8 4 3 . 5 1 

G r o u p  2 3 3 4 . 7 3 1 . 1 1 

 

Independent t-test;p-value:≤0.0001(highly significant)Table /fig. 8summarises the mean actual Z-axis 

effective dose(mSv) of the two patient groups.The actual Z-axis effective dose was 21.84±3.51 mSv for study 

Group 1 & 4.73±1.11 mSv for Group 2.There was a statistically significant difference in the actual z-axis 

effective doses between the two study groups with the study Group 1 receiving far more radiation dose when 

compared to the Group 2. 

 

 
Figure 9 

 

Table 9: Normalised Z-axis Effective Dose(12 cm scan length) 
S t u d y  Gro u p N Mean Normalised Effective Dose(mSv) S t d .  D e v i a t i o n 

G r o u p  1 6 6 1 7 . 5 0 2 . 1 7 

G r o u p  2 3 3 3 . 4 7 0 . 6 3 

 

Independent t-test;p-value:≤0.0001Table /fig. 9summarises the mean normalized Z-axis effective dose in the 

two study groups.Thenormalised z-axis effective dose was 17.50±2.17mSv for Group 1 & 3.47±0.63 for Group 

2.There was a statistically significant difference  in the normalised Z-axis effective dose between the two 

groups.Thenormalised  Z-axis effect axis effective dose in group 1 patients was far higher than that in group 2 

patients. 

 

IV. Discussion 
 Despite its diagnostic advantages, the high effective dose 

(2,3,15)
& potential  adverse consequences  of 

coronary CT angiography
(5)

 are a cause for concern & have limited the general applicability of this test. Thus, 

the radiation  exposure associated with MSCT angiography is  considered the  Achilles’ heel of this technology. 

Prospective ECG-triggering  has been confirmed  to be one of the most efficient techniques for radiation 

reduction  in cardiac CT angiography.
(26)

The use  of  prospective ECG-triggering with 64-slice or dual-source 

CT  has been reported  to reduce the effective radiation dose by upto 90% when compared  to the retrospective 

ECG-gated  technique, with diagnostic image quality  being achieved in  more than 90% of the cases.
(6,7,8,16,26)

 

 In this study, we compared  a new method of coronary CTA based on prospectively gated sequential 

axial acquisition(PGA CTA) with the retrospectively gated helical acquisition (RGH CTA) as the reference 

method in a total of 99 patients.We demonstrated an important and significant decrease in radiation dose by 

 PGA CTA with an equivalent image quality and number of assessable segments compared with RGH 

CTA. 

 Radiation Dose: MDCT  is usually performed in a helical mode with overlapping pitch that enables 

adaptive multicycle reconstruction with resultant high temporal resolution.However, this overlapping pitch 



Radiation Exposure. A Serious Concern With cardiovascular imaging (Role Of Radiolog.... 

DOI: 10.9790/0853-1805136271                                 www.iosrjournals.org                                             70 | Page 

results in redundant exposure of chest tissue.Reported radiation doses with the conventional RGH CTA have 

ranged from 11 to 27 mSv
(17,18)

,which is two to four times the radiation exposure of a typical diagnostic invasive 

angiography
.(19,20)

The optimisation of the radiation dose has become a major issue since MDCT scanners were 

introduced.
(21,22)

The use of reduced tube voltage has been shown to significantly reduce the effective radiation 

dose,but it is appropriate only in those patients with a small body habitus.Although the continuous table 

movement of RGH scans requires X-ray exposure  during the entire R-R interval,the most useful interval of the 

cycle for evaluating the coronary artery is the quiescent ,mid-diastolic phase in patients with a low heart 

rate.The PGA protocol we evaluated in this study consists of delivering radiation to the patient only during the 

mid-diastolic phase.
(23,24,25)

This technique results in a significant decrease in the radiation dose(4.7± 

0.8mSv),achieving values close to those observed in invasive angiography(2-5mSv)
(19,20)

 and significantly lower 

than helical MDCT angiography values(15.1±1.9mSv). 

 The radiation dose in our study was assessed in terms of DLP (dose-length product), actual Z-axis 

effective dose &normalised 12-cm Z-axis effective dose. The mean calculated DLP  was 1280.39±208.90 

mGy.cm  in Group 1(RHG CTA) & 278.18±65.18mGy.cm in Group 2 (PGA CTA)patients. There  was a highly 

significant difference in the dose-length products between the two study groups (p-value ≤0.0001) .Our results 

were consistent with those of Hirai et al
(26)

 who found a significant  difference in the dose-length products for  

retrospective CT angiography (1175  ± 205 mGy.cm) & prospective CT angiography (240±105mGy.cm)  [p-

value<0.001]. The  variations  in the calculated DLP for respective patient groups between  their study & ours  

could be attributed to different  scanner settings or variations in the scan length. In a recent systematic review of 

coronary CT angiography with the use of prospective ECG-triggering versus retrospective gating, by Sun Z et 

al,
(27)

 the variability in the DLP  was striking between different study sites.  The DLP ranged from 129 to 337 

mGy.cm for prospective ECG-gated axial coronary CT angiography. Median DLP at highest dose sites was 

more than 3 times than at the lowest  dose sites.  

 Mean actual Z-axis effective dose was 21.84±3.51 mSv  for Group 1 & 4.73±1.11 mSv  for Group 2 & 

this difference was statistically significant (p-value ≤ 0.0001).Our results were consistent  with  those of 

Shumann et al
(12)

 who obtained an actual  Z-axis effective dose of 6.2mSv±2.0 for prospective gating & 

26.7mSv±6.1 for retrospective gating  (p-value<0.01)].The difference in the mean actual Z-axis effective dose 

for respective  study groups between their study & ours was likely related to  the greater mean scan length for 

both retrospective & prospective  groups in their study compared to ours(18.0±4.9 cm & 17.9±3.7cm versus 

15.10±2.45cm & 15.80±3.17cm  respectively).              

 The mean normalized Z-axis effective dose was 17.50±2.17mSv for  RGH CTA& 3.47±0.63 mSv for 

PGA CTA in our study group..There was a statistically significant reduction in the normalized Z-axis effective 

dose in Group2 patients  with respect  to Group 1.Our results were consistent with those of  Shumann et al
(15)

 

who observed a 12cm normalized Z-axis effective doses(18.1 mSv ±3.0)  for retrospective CT angiography & 

(4.2 mSv ±1.5) for prospective CT angiography [p-value<0.01].Similarly, Earls et al
(23)

 observed a mean 

effective dose of 2.8 mSv for a 12.8cm length and a 12 cm normalised dose of 2.6mSv.Husmann et al
(28)

 and 

Scheffel al
(29)

 reported mean effective doses  of 2.1mSv and 2.5 mSv for scan lengths of 13.0 & 

14.1cm,respectively by PGA.Corresponding 12-cm normalised doses result in effective doses of 1.9 & 2.1 

mSvrespectively.Hirai et al
(24)

 obtained a mean effective dose of 4.1 mSv for the PGA  protocol but no 

information was provided about the Z-axis length.Most recently, Maruyama et al 
(30)

 reported mean effective 

doses of 4.3mSv for PGA  acquisition  and 21.1 mSv for RGH. 

 There was an 80% reduction in the radiation  dose in PGA CTA compared to the RGH CTA in our 

study . Our results compared favourably  with those of Shumann et al
(18)

 and  Hirai N et al
(24)

& who reported  a 

radiation dose reduction of 77% & 79% respectively in prospective CT angiography with respect to 

retrospective CT angiography, performed on 64-slice CT scanner. Oliver Klass et al
(31)

 reported radiation dose 

savings of > 80% using prospective gating compared to retrospective gating. The  higher degree of dose 

reduction in their study could  be attributed to the lack of  ECG-based tube current modulation  with 

retrospective gating . 

 Conflict of Interests: The  authors declare that there is no conflict of interests regarding publication of 

this paper. 
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