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Prognostic Performance 
of Prospective versus 
Retrospective Electro
cardiographic Gating
in Coronary Computed Tomographic Angiography

Coronary computed tomographic angiography (CCTA) with prospective electrocardio-
graphic gating reduces radiation exposure, but its prognostic power for predicting cardio-
vascular risk in patients with suspected CAD has not been fully validated. To determine 
whether prospective gating performs as well as retrospective gating in this population, we 
compared these scan modes in patients undergoing 64-slice CCTA.

From January 2009 through September 2011, 1,407 patients underwent CCTA; of these, 
915 (mean age, 57.8 ± 13.5 yr; 54% male) had suspected coronary artery disease at the 
time of CCTA and were included in the study. Prospective gating was used in 195 (21%) and 
retrospective gating in 720 (79%). The mean follow-up duration was 2.4 ± 0.9 years.

Overall, 390 patients (42.6%) had normal results on CCTA, 382 (41.7%) had nonobstruc-
tive coronary artery disease, and 143 (15.6%) had obstructive disease. Major adverse car-
diac events occurred in 32 patients (3.5%): 11 cardiac deaths, 15 late revascularizations, 
and 6 nonfatal myocardial infarctions. Total event occurrences were similar in both groups 
(retrospective, 3.8%; prospective, 2.6%; P=0.42), as were the occurrences of each type 
of event. On adjusted multivariate analysis, nonobstructive (P=0.015) and obstructive (P 
<0.001) coronary artery disease were independently associated with major adverse cardiac 
events. Scan mode was not a predictor of outcome. The mean effective radiation dose was 
4 ± 2 mSv for prospective compared with 12 ± 4 mSv for retrospective gating (P <0.01).

The prognostic value of CCTA with prospective electrocardiographic gating compares 
favorably with that of retrospective gating, and it involves significantly less radiation expo-
sure. (Tex Heart Inst J 2018;45(4):214-20)

C oronary angiography is the gold standard for diagnosing coronary artery dis
ease (CAD)1; however, it is invasive and can cause complications. In recent 
years, coronary computed tomographic angiography (CCTA) with multi

detector computed tomography (MDCT) has gained acceptance as a noninvasive 
option for evaluating low to intermediaterisk patients in whom CAD is suspected. 
 The primary computed tomographic (CT) scanning technique has been helical 
CT with retrospective electrocardiographic (ECG) gating (RG); it produces superb 
images, enabling diagnostic accuracy and prognostic power.13 However, RG exposes 
patients to radiation continuously throughout the cardiac cycle, so various techniques 
have been used to reduce exposure.4,5 One of the most valuable is axial CT with pro
spective ECG gating (PG), which substantially reduces radiation exposure.6 It works 
on a stepandshoot basis, meaning that image data are acquired only during the mid
tolate diastolic phase of the cardiac cycle. 
 Several investigators610 have shown that the image quality and diagnostic accuracy 
of lowdose CCTA with PG are comparable to those of CCTA with RG, but the 
prognostic value of PG has not been established. We therefore compared the 2 scan 
modes in patients with suspected CAD.

Patients and Methods

This retrospective, observational cohort study received institutional review board 
(IRB) approval. The IRB did not require informed consent, because the study posed 
minimal risk to patients. We used relevant data obtained during routine clinical care 
and from followup telephone calls.
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 We queried our database and found 1,407 patients 
who had presented with chest pain and undergone 
CCTA at our institution from January 2009 through 
September 2011. We then excluded 324 who had atrial 
f ibrillation, aortic stenosis necessitating transcatheter 
aortic valve replacement, an established diagnosis of 
CAD documented by coronary angiography, or a history 
of percutaneous coronary intervention (PCI) or coronary 
artery bypass grafting (CABG) (Fig. 1). An additional 
168 patients were excluded because of inadequate clini
cal followup; none of these patients were documented 
as deceased in the Social Security Death Index. 
 The final cohort comprised 915 patients with com
plete clinical followup as of 31 March 2013. They were 
divided into 2 groups based on scanning method: 720 
patients (79%) had undergone CCTA with RG, and 
195 (21%) with PG (Table I). 
 The indications for CCTA were chest pain suspi
cious for CAD, an abnormal or equivocal stress test, 
or both. No predefined guidelines or criteria had been 
used to select patients for PG. Boardcertif ied readers 
with level III training determined the scan mode. In 
general, patients were considered for PG only if their 
heart rates were steady and slower than 65 beats/min. 
No investigator in this study was involved in the clinical 
management of enrolled patients beyond interpreting 
their images and making followup telephone inquiries.
 Patients’ baseline characteristics, cardiac symptoms, 
and medications were retrieved during chart review. 
Followup information was obtained through chart 

review, telephone interviews with use of a structured 
questionnaire approved by the IRB, and Social Security 
Death Index verification. 
 The primary endpoints of the study were major ad
verse cardiac events (MACE), defined as cardiac death, 
nonfatal myocardial infarction (MI), or late (>30 d) 
revascularization (PCI or CABG). Cardiac death was 
def ined as death caused by acute MI, ventricular ar
rhythmias, or refractory heart failure. Nonfatal MI was 
def ined by the presence of positive biomarkers (tro
ponin I) in addition to ECG abnormalities, physical 
symptoms suggesting myocardial ischemia, or both.

Image Acquisition and Analysis 
 Patients were prepared and images were gathered in 
accordance with Society of Cardiovascular Computed 
Tomography guidelines.11 Patients were given 50 mg of 
metoprolol tartrate orally and 5 mg intravenously as 
needed to achieve a heart rate <65 beats/min. Patients 
were also given 0.4 mg of nitroglycerin sublingually un
less their systolic blood pressure was <100 mmHg. 
 A Brilliance 64 CT Scanner (Philips Healthcare) 
was used to acquire the images (collimation width, 64 
× 0.625 mm). The xray tube voltage was set at 120 
kV, and the current was 500 to 900 mA. Retrospec
tive ECG gating was performed with dose modulation 
(maximal tube output in middiastole or 75% phase of 
RR interval), and images were reconstructed for every 
10% of the RR interval. For PG, the xray window was 
set at middiastole (75% phase of RR interval), and no 
padding was applied. The zaxis was from just above the 
carina to below the caudal border of the left ventricle. 
Images were reconstructed and analyzed with use of a 
Brilliance workstation (Philips). The CT images were 
read by a boardcertified cardiac imager.
 A 17segment model of the coronary arteries was used 
to evaluate the extent of disease. The left anterior de
scending, left circumf lex, and right coronary arteries, 
and the diagonal, ramus intermedius, and obtuse mar
ginal branches were all divided into 3 segments: proxi
mal, mid, and distal. The left main, posterolateral, and 
posterior descending coronary arteries were not divided 
into segments. Each segment was graded according to 
the presence of plaque and the severity of stenosis with
in the coronary artery: 0 = no plaque, 1 = nonobstruc
tive CAD (<50% stenosis), and 2 = obstructive CAD 
(≥50% stenosis).2,3,12 Arteries <1.5 mm in diameter were 
considered to be uninterpretable. 
 The effective radiation dose was calculated by multi
plying the dose–length product by a conversion coef
ficient of 0.014 mSv/(mGy•cm).13

Statistical Analysis
Descriptive statistics are presented as mean ± SD for 
normally distributed variables, which include age, body 
mass index (BMI), systolic and diastolic blood pressures, 

1,407 patients

324 patients were excluded:
• 207 had CAD.
• 77 had atrial fibrillation.
• 40 had TAVR.

1,083 patients

915 patients
(720, RG; 195, PG)

168 patients had incomplete 
follow-up.

Fig. 1  Flow chart shows patient selection.  
 

CAD = coronary artery disease; PG = prospective electrocardio-
graphic gating; RG = retrospective electrocardiographic gating; 
TAVR = transcatheter aortic valve replacement 
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heart rate, and radiation dose. Nonnominally distrib
uted variables are presented as median and range, and 
categorical variables, as frequency and percentage. Stu
dent t tests were used to identify differences in means 
between the 2 groups; MannWhitney U tests, to exam
ine differences in medians; and χ2 analysis, to identify 
significant heterogeneity in the frequencies. For survival 
analyses, statistical tests were performed separately for 
each ECG gating technique to compare prognostic 
performance between the two. KaplanMeier estimates 
of MACE rates and overall survival were calculated in 
strata defined by the scan mode and extent of disease. 
Twosided logrank tests were used to determine sig
nificance. A Cox proportional hazards model was used 
to calculate unadjusted and adjusted hazard ratios and 
corresponding 95% CIs.
 The rate of MACE as a function of time was also 
evaluated, with use of univariate and multivariate Cox 
regression analysis. In multivariate analysis, baseline 
characteristics with P values <0.1 were adjusted for each 
CCTA parameter. Cox regression analysis results are 
presented as hazard ratios with 95% CI.
 Statistical tests were performed with IBM SPSS 20 
and PASW Statistics 18 (SPSS Inc., an IBM company). 
A P value <0.05 was considered statistically significant.

Results

The final cohort comprised 915 patients (mean age, 57.8 
± 13.5 yr). The majority were white (n=580, 63.4%), 

male (n=497, 54.3%), and nonsmokers (n=669, 73.1%). 
Other baseline characteristics included hypertension in 
427 patients (46.7%), diabetes mellitus in 125 (13.7%), 
and hyperlipidemia in 296 (32.3%). 
 Coronary computed tomography angiography with 
RG was performed in 720 patients (78.7%) and with 
PG in 195 patients (21%). The PG patients were young
er (53.8 ± 13.9 vs 58.9 ± 13.5 yr; P <0.001) and had a 
lower BMI (28 ± 4.9 vs 30.3 ± 7.4 kg/m2; P <0.001). 
The frequency of a family history of CAD was higher in 
the PG patients (28.7% vs 11.8%; P <0.001), as was the 
use of aspirin before CCTA (29.2% vs 21.8%; P=0.04). 
The other baseline characteristics were not significantly 
different between the 2 groups (Table I).

Coronary Computed Tomography 
Angiography Findings
On CCTA, 390 patients (42.6%) had normal coronary 
arteries, and 525 (57.4%) had evidence of CAD. Of the 
525 patients with CAD, a single coronary artery was 
involved in 222 (42.3%); 2 coronary arteries, in 103 
(19.6%); 3 coronary arteries, in 101 (19.2%); and the left 
main coronary artery, in 99 (18.9%). Obstructive CAD 
was documented in 143 patients (27.2%). The patients 
who underwent PG had a lower rate of obstructive 
CAD than those who had RG (8% vs 18%; P <0.001), 
and they had a higher rate of normal coronary arter
ies (55% vs 39%; P <0.001). No other CCTA findings 
were significantly different. Table II details the extent 
of CAD in each group.

TABLE I. Baseline Characteristics of the 915 Patients

          Variable Value

Gating

P  Value
Retrospective 

(n=720)
Prospective 

(n=195)

Age (yr) 57.8 ± 13.5 58.9 ± 13.2 53.8 ± 13.9 <0.001

Male 497 (54.3) 393 (54.6) 104 (53.3) 0.81

White 580 (63.4) 446 (61.9) 134 (68.7) 0.09

Body mass index (kg/m2) 29.8 ± 7 30.3 ± 7.4 28 ± 4.9 <0.001

Diabetes mellitus 125 (13.7) 104 (14.4) 21 (10.8) 0.2

Hyper tension 427 (46.7) 341 (47.4) 86 (44.1) 0.47

Hyper lipidemia 296 (32.3) 229 (31.8) 67 (34.4) 0.49

Smoking 246 (26.9) 194 (26.9) 52 (26.7) 0.33

Family history of CAD 141 (15.4) 85 (11.8) 56 (28.7) <0.001

Aspirin use 214 (23.4) 157 (21.8) 57 (29.2) 0.04

Statin use 212 (23.2) 159 (22.1) 53 (27.2) 0.15

Heart rate before CCTA  
(beats/min)

60.3 ± 11.5 60.7 ± 11.5 59.2 ± 11.3 0.11

CAD = coronary artery disease; CCTA = computed tomographic coronary angiography 
 
Data are presented as mean ± SD or as number and percentage. P <0.05 was considered statistically significant.
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Clinical Outcomes and Survival Analysis
During a mean followup duration of 2.4 ± 0.9 years, 
MACE occurred in 32 patients (3.5%): 11 cardiac 
deaths, 15 late revascularization procedures (10 PCI 
and 5 CABG), and 6 nonfatal MIs. The occurrence of 
MACE was similar for both groups (RG, 3.8%; vs PG, 
2.6%; P=0.42), as was the occurrence for each type of 
event: cardiac death (RG, 1.4%; vs PG, 0.5%; P=0.32), 
late revascularization (RG, 2.1%; vs PG, 1.5%; P=0.63), 
and nonfatal MI (RG, 0.7%; vs PG, 0.5%; P=0.78). 
 Overall, patients with obstructive CAD had the high
est annualized MACE rate, followed by those with non
obstructive CAD; the rate was less than 0.5% per year 
in those with normal arteries. The rates between the RG 
and PG groups in each category were not significantly 
different (Fig. 2).
 KaplanMeier analysis revealed no significant differ
ence in MACEfree survival between the RG and PG 
groups (Fig. 3). In comparison of overall MACEfree 
survival by extent of CAD at 4 years after CCTA, the 
rate was higher in patients with nonobstructive CAD 
than in those with obstructive CAD, and it was highest 
in patients with normal arteries (P <0.0001) (Fig. 4).

Predictors of Major Adverse Cardiac Events
On univariate Cox regression analysis, age (P <0.001), 
diabetes mellitus (P=0.015), nonobstructive CAD 
(P=0.005), and obstructive CAD (P <0.001) were as
sociated with MACE (Table III). After adjustment in 

the multivariate model, nonobstructive CAD (P=0.015) 
and obstructive CAD (P <0.001) each remained inde
pendently associated with MACE. The use of PG was 
not associated with higher rates of MACE in either the 
univariate or multivariate model.

Effective Radiation Dose
The mean effective radiation dose in the PG group (4 
± 2 mSv) was significantly lower than that in the RG 
group (12 ± 4 mSv; P <0.01) (Fig. 5).
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Fig. 2  Annualized major adverse cardiac event (MACE) rates 
according to severity of coronary artery disease (CAD) detected 
by retrospective and prospective electrocardiographic-gated 
coronary computed tomography angiography.  
 

P <0.05 was considered statistically significant.

TABLE II. Comparison of Severity of Coronary Artery 
Disease Detected on CCTA

Gating

Grade
Retrospective 

(n=720)
Prospective 

(n=195) P  Value

Normal 282 (39) 108 (55) <0.001

Nonobstructive 
CAD

310 (43) 72 (37) 0.14

   1-vessel 101 32 —

   2-vessel 57 13 —

   3-vessel 77 12 —

   LMCA 75 15 —

Obstructive  
CAD

128 (18) 15 (8) <0.001

   1-vessel 76 13 —

   2-vessel 31 2 —

   3-vessel 12 0 —

   LMCA 9 0 —

CAD = coronary artery disease; CCTA = computed tomographic 
coronary angiography; LMCA = left main coronary artery 
 
Data are presented as number and percentage.

Log-rank P=0.94

195 188 118 21 0
720 703 481 218 19
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Fig. 3  Kaplan-Meier curve of MACE-free survival according to 
scan mode.  
 

P <0.05 was considered statistically significant. 
 

MACE = major adverse cardiac events
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Discussion

Recent advances in CT technology have enabled much 
faster image acquisition with a lower radiation dose, 
while preserving or improving diagnostic accuracy. 
Scanning in PG mode is one of the methods that con
siderably decreases the radiation dose needed for cardiac 
CT. Investigators14 from the Prospective Multicenter 
Study on Radiation Dose Estimates of Cardiac CT An
giography I study, which sampled 64MDCT CCTA 
reports from 47 international sites, reported a median 
radiation dose of 11.2 mSv for RG, compared with 3.6 
mSv for PG.

 Even though PG does not capture data throughout 
the cardiac cycle, it is well established that CCTA image 
quality and diagnostic accuracy with PG are compa
rable to that with RG.610 Our study is one of the first to 
compare the prognostic value of CCTA with PG and 
RG, and our results indicate that the predictive values 
for both scan modes are similar. We found that the pres
ence of coronary lesions on CCTA was an independent 
predictor of MACE, but the scan modes were not. A 
normal CCTA result was associated with an excellent 
prognosis, regardless of scan mode. Furthermore, an 
abnormal CCTA result was predictive for MACE in 
both the RG and PG groups. These f indings suggest 
that PG is at least as effective as RG for prognosticating 
MACE in patients suspected of having CAD. 

Log-rank P <0.0001
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Fig. 4  Kaplan-Meier curve of MACE-free survival according to 
severity of coronary artery disease.  
 

P <0.05 was considered statistically significant. 
 

CAD = coronary artery disease; MACE = major adverse cardiac 
event

TABLE III. Predictors of Major Adverse Cardiac Events

     Variable

Univariate Model Multivariate Model*

HR 95% CI P  Value HR 95% CI P  Value

Age 1.05 1.02–1.08 <0.001 — — —

Male 1.24 0.61–2.52 0.55 — — —

Hypertension 1.39 0.68–2.81 0.92 — — —

Diabetes mellitus 2.54 1.20–5.37 0.015 — — —

Dyslipidemia 1.52 0.75–3.08 0.25 — — —

Smoking 1.6 0.74–3.47 0.23 — — —

Prospective gating 1.04 0.39–2.74 0.94 1.29 0.49–3.41 0.61

Nonobstructive CAD 8.16 1.87–35.71 0.005 6.61 1.44–30.25 0.015

Obstructive CAD 24.6 5.62–107.73 <0.001 17.39 3.53–85.74 <0.001

CAD = coronary artery disease; HR = hazard ratio

*Adjusted for age, sex, and cardiovascular risk factors

P <0.05 was considered statistically significant.

Fig. 5  Comparison of the mean effective radiation dose (mSV) 
in the retrospective and prospective electrocardiographic-gated 
groups.  
 

P <0.05 was considered statistically significant.
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 Our f indings on the prognostic value of CCTA in 
patients with suspected CAD are consistent with other 
reports.2,3,15,16 The annualized MACE rate in our study 
was highest in the patients with obstructive CAD, fol
lowed by that in patients with nonobstructive CAD. 
Patients with normal arteries had excellent intermedi
ateterm outcomes. In a study of 2,076 patients who 
had CCTA with RG and a mean followup duration of 
16 ± 8 months, the MACE rates were similar to those 
in our RG patients with both nonobstructive CAD 
(0.8% vs 1.7%) and obstructive CAD (3.7% vs 4.5%).2 
Hulten and coauthors15 conducted a metaanalysis that 
included 18 studies to determine the prognostic value 
of CCTA in patients with suspected CAD. They also 
found that the MACE rate was higher in patients with 
obstructive CAD than in those with normal coronary 
arteries or nonobstructive CAD. The weighted average 
annualized MACE rate (death/MI) was higher in pa
tients with scans positive for CAD (8.8% / 3.2%) than 
in those with negative scans (0.17% / 0.15%).
 The focus of these large studies has been to vali
date the overall prognostic performance of CCTA, 
mostly with RG; they have not evaluated the role of 
scan modes. Buechel and colleagues16 have shown good 
prognostic performance of lowdose CCTA with PG: 
patients with normal coronary arteries had excellent 
eventfree survival rates, followed by patients with non
obstructive CAD. Patients with obstructive CAD had 
the lowest eventfree survival rates.16 The MACE rates 
in Buechel and colleagues’ study were similar to those in 
our PG patients who had normal coronary arteries (0 vs 
0.4%) or nonobstructive CAD (3% vs 1.4%). However, 
the MACE rate was much higher in their patients with 
obstructive CAD (26%) than in ours (6.3%), probably 
because they had a higherrisk patient population. They 
also included patients who had prior PCI or CABG, 
and we did not. However, they did not directly com
pare the prognostic value of PG and RG. Finally, they 
used a different MDCT system (64slice GE Health
care LightSpeed VCT XT).
 In our study, the mean effective radiation dose for PG 
was 4 ± 2 mSv, compared with 12 ± 4 mSv for RG. 
These doses are consistent with those in previously re
ported studies in which a similar generation of 64slice 
MDCT was used. Hirai and colleagues10 showed a 79% 
reduction in radiation dose with use of PG; the mean 
effective dose was 4.1 ± 1.8 mSv in their PG group, com
pared with 20 ± 3.5 mSv in their RG group. This reduc
tion in radiation dose with PG is also a greater reduction 
in radiation exposure than is seen when using dose 
modulation with RG.10 Sabarudin and associates17 re
viewed 23 studies in which PG had been evaluated 
with use of several different detectors. Overall, the mean 
effective radiation dose was 3.6 mSv; for 64slice scan
ners, it was 4.7 mSv. Advances in CT technology may 
enable even lower radiation doses with good diagnostic 

accuracy. These approaches include fixed tube current 
modulation, iterative reconstruction, highpitch helical 
dualsource scanning, and automatic attenuation for 
radiation dose optimization and padding reduction.4,5 

However, the prognostic value of these newer radiation 
reduction strategies needs to be validated.
 No guidelines have been established on which scan 
mode is optimal for particular clinical situations. Al
though PG is preferable to RG because it limits radiation 
exposure, the mode chosen ultimately depends on the 
patient’s age, sex, heart rate, BMI, and calcium burden. 
Whereas PG may be suitable for younger patients and 
women, RG is preferred in patients with a higher BMI, 
a higher heart rate, and a greater calcium burden because 
more cardiac phases are obtained, enabling segments 
with artifact to be evaluated. Nevertheless, advances in 
software and hardware will continue to increase the use
fulness of PG, and it may become the main scan mode 
for evaluating patients with suspected CAD. Our data 
show that the prognostic power of CCTA with PG is 
comparable to that of CCTA with RG. 

Limitations
This is a singlecenter retrospective study, and the re
sults need to be validated in a larger multicenter pro
spective study. Because PG scanning is newer than the 
older and more established RG technique, the PG group 
had fewer patients. In addition, there were a few differ
ences between the 2 groups in terms of baseline charac
teristics; nevertheless, our patient population and event 
rates were similar to those in previously reported studies. 
We did not include ventricular function data, which 
was available for the RG group, because the value added 
to the coronary data would have been incremental. Fi
nally, we did not evaluate image quality between the 
RG and PG groups because other studies have shown 
it is comparable.

Conclusion
Previous studies have established the diagnostic accuracy 
of PG, and our study goes a step further, supporting its 
prognostic usefulness. In selected patients, PG is prefer
able to RG because it reduces radiation exposure to the 
patient while preserving the clinical value of CCTA.
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