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Abstract To compare image quality and radiation

dose estimates for coronary computed tomography

angiography (CCTA) obtained with a prospectively

gated transaxial (PGT) CT technique and a retro-

spectively gated helical (RGH) CT technique using a

256-slice multidetector CT (MDCT) scanner and

establish an upper limit of heart rate to achieve

reliable diagnostic image quality using PGT. 200

patients (135 males, 65 females) with suspected

coronary artery disease (CAD) underwent CCTA on a

256-slice MDCT scanner. The PGT patients were

enrolled prospectively from January to June, 2009.

For each PGT patient, we found the paired ones in

retrospective-gating patients database and randomly

selected one patient in these match cases and built up

the RGH group. Image quality for all coronary

segments was assessed and compared between the

two groups using a 4-point scale (1: non-diagnostic;

4: excellent). Effective radiation doses were also

compared. The average heart rate ± standard devia-

tion (HR ± SD) between the two groups was not

significantly different (PGT: 64.6 ± 12.9 bpm, range

45–97 bpm; RGH: 66.7 ± 10.9 bpm, range 48–97

bpm, P = 0.22). A receiver-operating characteristic

(ROC) analysis determined a cutoff HR of 75 bpm up

to which diagnostic image quality could be achieved

using the PGT technique (P \ 0.001). There were no

significant differences in assessable coronary seg-

ments between the two groups for HR B 75 bpm

(PGT: 99.9% [961 of 962 segments]; RGH: 99.8%

[1038 of 1040 segments]; P = 1.0). At HR [ 75

bpm, the performance of the PGT technique was

affected, resulting in a moderate reduction of per-

centage assessable coronary segments using this

approach (PGT: 95.5% [323 of 338 segments];

RGH: 98.5% [261 of 265 segments]; P = 0.04).

The mean estimated effective radiation dose for the

PGT group was 3.0 ± 0.7 mSv, representing reduc-

tion of 73% compared to that of the RGH group

(11.1 ± 1.6 mSv) (P \ 0.001). Prospectively-gated

axial coronary computed tomography using a 256-

slice multidetector CT scanner with a 270 ms tube

rotation time enables a significant reduction in

effective radiation dose while simultaneously provid-

ing image quality comparable to the retrospectively

gated helical technique. Our experience demonstrates

the applicability of this technique over a wider range

of heart rates (up to 75 bpm) than previously

reported.
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Introduction

Coronary computed tomography angiography

(CCTA) has become the preferred noninvasive

method to rule out coronary artery disease (CAD)

in intermediate risk, symptomatic patients [1–10].

However, radiation dose concerns associated with

retrospectively gated helical (RGH) CCTA tech-

niques limited its application in a larger patient

population prior to the introduction of prospectively

gated transaxial (PGT) CCTA, which enabled a

63–83% radiation dose reduction. Nonetheless, the

application of PGT CCTA with 64-slice and dual-

source multidetector computed tomography (MDCT)

was limited to patients with heart rates below 65 bpm

[11–18].

Newer-generation, wide-coverage MDCT systems

have attempted to expand the population of patients

eligible for low-dose CCTA. Preliminary investiga-

tions using 320-slice MDCT demonstrated PGT

CCTA at low heart rates, and explored its use in

patients with heart rates above 65 bpm; however,

those studies noted an increased radiation dose in

this subgroup due to a widened acquisition window

[19–21]. Early experience with PGT using a 256-slice

MDCT scanner with 8 cm z-axis coverage, a rotation

time of 270 ms, and novel radiation dose reduction

technologies [22] was also reported [23, 24]. Some of

these studies focused on patients with heart rates

below 65 bpm due to previously established clinical

practice using 64-slice MDCT [23, 24], while others

suggest that the increased temporal resolution may

enable low-dose PGT at higher heart rates [25];

however, these observations need further investiga-

tion. This study aims to compare the image quality

and effective radiation dose of PGT with RGH CCTA

using 256-slice MDCT, and to determine whether the

faster rotation time of the scanner enables low-dose

PGT at higher heart rates than previously reported.

Methods and materials

Study group

The study population consisted of 200 patients (135

male, 65 female, mean age: 56 ± 10 years) who

underwent cardiac CT angiography on a 256-slice

MDCT scanner (Brilliance iCT, Philips Healthcare,

Cleveland, OH, USA). The PGT patients were

enrolled prospectively from January to June, 2009.

For each PGT patient, we found the paired ones in

RGH patient database. The selection criteria for

matching were age (within 2 years), BMI (within

5%), heart rate (2%) and heart rate variability (within

3%). Then we randomly selected patients from this

group to match the PGT group.

All patients were referred to cardiac CTA for the

rule-out of native coronary artery disease (CAD; PGT

group), with those patients additionally needing

cardiac functional analysis undergoing RGH. Patients

with renal insufficiency (creatinine B 120 lmol/I),

stents and coronary artery bypass grafts (CABG)

were excluded from the study. The study was

approved by our medical school Institutional Review

Board (IRB). Informed consent, including informa-

tion about radiation risk from MDCT scans and

reactions to iodine was obtained from all patients.

Patient preparation

Other than pre-medication that may already have

been given to the patients, no additional b-blocker

medications were administered upon arrival to further

lower heart rates. In addition, no nitrates were used in

this study.

Data acquisition

Injection protocol

The examination included a low-dose scout image

(Surview), followed by a coronary calcium scoring

scan using prospective ECG gating. The images from

the calcium scoring scan were used to optimize the

scan length needed for the diagnostic CCTA scans

(both RGH and PGT). The scan coverage was

planned from the level of 1 cm below the tracheal

bifurcation to the diaphragm. A volume of 70–80 ml

of contrast media (Iohexol 350; GE Healthcare,

Shanghai, China) followed by 40 ml of saline was

injected into the antecubital vein at a rate of 5–6 ml/s

with an 18-gauge catheter using a dual-head injector

(Ulrich REF XD 2051; Ulrich Medical GmbH, Ulm

Germany). Automatic bolus tracking (Bolus Pro,

Philips Healthcare, Cleveland, OH, USA) was used

by defining a region of interest (ROI) in the

ascending aorta at the level of aorto-pulmonary
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fenestration, with the scans initiated 6 s after the

signal attenuation reached a pre-determined threshold

of 180 Hounsfield Units (HU).

Acquisition protocol: retrospectively gated helical

(RGH) scans

RGH scans were acquired with a tube voltage of

120–140 kVp (140 kVp was used in two patients

whose BMI [ 30), 0.27 ms rotation time, an effec-

tive tube current–rotation time product (normalized

to the pitch factor) of 800–1,000 mAs, a pitch factor

of 0.16 and a fixed detector collimation of

128 9 0.625 mm. The standard temporal resolution

of 135 ms is further improved by employing

advanced cardiac adaptive multi-cycle reconstruction

algorithms that combine data from consecutive

cardiac cycles [26]. The use of the overlapped pitch,

along with dedicated cardiac gating algorithms (Beat-

to-Beat Variable Delay Algorithm, Philips Health-

care, Cleveland, OH, USA) [27, 28] enable the

detection and reconstruction of the quiescent physi-

ologic cardiac phase of interest—typically ventricular

diastole or diastasis at lower heart rates or the end-

systolic rest phase at higher heart rates [25]. Since left

ventricular functional assessment had to be per-

formed in this sub-group of patients and we wanted to

retain the option of reconstructing any cardiac phase

for coronary image quality assessment, ECG tube

current modulation was turned off. However, other

dose reduction technologies, such as dynamic helical

z-collimation (Eclipse DoseRight Collimator, Philips

Healthcare, Cleveland, OH, USA) that reduces the

excess radiation exposure caused by z-overscanning

occurring at the beginning and the end of helical

scans were employed. This dynamic collimator has

been shown to reduce radiation exposure in RGH

scans by approximately 25% for typical cardiac scan

lengths [22].

Acquisition protocol: prospectively gated transaxial

(PGT) scans

These are axial scans prospectively triggered only

during a particular physiologic cardiac phase of

interest [11]. PGT scans were acquired with a tube

voltage of 120–140 kVp (140 kVp was used in two

patients whose BMI [ 30), 270 ms rotation time, and

an effective tube current–X-ray on time product of

210–330 mAs. The scanner comes equipped with an

adaptive axial z-collimation that optimizes the

craniocaudal scan length for each patient [22]. Also,

a field-of-view (FOV) dependent z-increment, or step

size, dynamically reduces overlap between steps

(i.e., increases step size) with reduced FOV [29].

Scans were prospectively triggered at the center of a

physiologic rest phase for each patient. This trigger

typically occurred at 75% of the R-R interval

(corresponding to diastasis) for heart rates \70 bpm

and 45% of the R-R interval (end-systolic rest phase)

for heart rates C70 bpm. An additional phase toler-

ance of 5% around a specific phase of interest was

employed for heart rates C70 bpm prior to the scan.

No phase tolerance was used in patients with heart

rates \70 bpm. In addition, real-time arrhythmia

handling capabilities enable disabling the x-rays until

the heart rate stabilizes, thus providing dose savings

by scanning only during sinus rhythm. The standard

temporal resolution is 135 ms—multi-cycle recon-

structions are not available in this mode.

Table 1 shows a summary of acquisition param-

eters in both protocols used in this study.

Table 1 Summary of the acquisition protocols used in the

study

Parameters Prospective

(PGT)

Prospective

(PGT)

Tube voltage (kVp) 120–140 120–140

Current–time product (mAs)a 210–340 800–1,000

Rotation time (ms) 270 270

Pitch NA 0.16

Acquisition angle (degrees)b 280–480� –

Detector configuration (mm) 128 9 0.625c 128 9 0.625

Field-of-view (FOV, mm) 250 250

Threshold for bolus tracking

(HU)

180 180

Post-threshold delay (sec) 6 6

Slice thickness (mm) 0.9 0.9

Increment (mm) 0.45 0.45

a mAs in PGT: mA 9 X-ray ON time. mAs (eff) in RGH:

(mA 9 rotation time)/pitch
b The values of the acquisition angle in PGT depend on the use

of phase tolerance
c Adaptive axial z-collimation is used to optimize the

craniocaudal scan length
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Image reconstruction and analysis

All images were reconstructed using a standard

reconstruction kernel (XCB) with a thickness of

0.9 mm and an increment of 0.45 mm and at a FOV

of 250 mm. From the RGH scans, images were

reconstructed at multiple physiologic cardiac phases

and the phase with the best image quality was used

for assessment. From the PGT scans, images from

only the phase(s) scanned (75% of the R-R interval at

heart rates \70 bpm and 45% of the R-R interval

with 5% phase tolerance at heart rates C70 bpm)

were reconstructed.

All images were then transferred to a workstation

(Brilliance Workspace V4.02, Philips Healthcare,

Cleveland, OH, USA), with analysis performed with

both standard formats (axial, multiplanar reforma-

tions [MPR], and curved multiplanar reformations

[CMPR]) and also with a dedicated cardiac applica-

tion (Comprehensive Cardiac Analysis [CCA]). For

analysis, the coronary arteries were segmented into a

15-segment American Heart Association (AHA)

model [30] and segments with a luminal diameter

of C1.5 mm were ranked using a 4-point scale (4:

excellent image quality, vessels with sharp edges

without discontinuity and artifacts; 3: good image

quality, vessels with mild artifacts without disconti-

nuity and could be evaluated; 2: fair, vessels with

moderate artifacts, blurring without discontinuity and

difficult to evaluate; 1: poor, with severe motion

artifacts, discontinuity and non-assessable). Segments

with score of C3 were considered assessable. Images

were evaluated in consensus by two experienced

radiologists (with more than 5 years experience in

CCTA) side-by-side who were blinded to the mode of

acquisition.

Objective image quality parameters were mea-

sured. CT image attenuation in Hounsfield Units

(HU) and image noise were measured in a region of

interest (ROI) of 1 cm2 in the ascending aorta at the

level of the origin of the left main coronary artery on

the axial images. The image noise was measured as

the standard deviation of HU within each ROI.

Radiation dose measurements

The volume computed tomography dose index

(CTDIvol) and the dose-length product (DLP) were

noted from the CT console after each scan. The

estimated effective radiation dose was derived as the

product of the DLP and a conversion coefficient k,

where k is the conversion coefficient for the chest

(k = 0.014 mSv mGy-1 cm-1) [31, 32].

Statistical analysis

Statistical analyses were performed by using com-

mercially available software (SPSS 11.5, SPSS,

Chicago, IL, USA). Continuous variables were

expressed as mean ± standard deviation, with cate-

gorical variables expressed as frequencies or per-

centages. Continuous variables and demographic data

were compared by a Student’s t-test. A receiver-

operating characteristic (ROC) analysis was per-

formed to establish an upper threshold of heart rate

for the prediction of motion artifacts and consistent

diagnostic image quality. Point estimates, 95% con-

fidence intervals (CIs) and area under the curve

(AUC) were calculated. The optimum threshold of

heart rate (HRthresh) for the prediction of motion

artifacts in PGT scans was chosen. Each scan group

(PGT and RGH) was sub-divided into low heart rate

(BHRthresh) and high heart rate ([HRthresh) sub-

groups. Chi-square test or Fisher’s exact test was used

to compare the proportion of assessable segments

(score C 3) between PGT and RGH protocol when

appropriate. A P value \ 0.05 was considered statis-

tically significant.

Results

All patients underwent CCTA successfully. Statistical

analysis showed the gender, age, body mass index

(BMI) and heart rate matched between the two

groups. Table 2 summarizes the demographic data

and scan details (scan length and scan time) of the

two cohorts (P [ 0.05 for both).

Coronary image quality comparisons

1,300 segments with diameter C1.5 mm were avail-

able for analysis in the PGT group. Image quality was

considered assessable in 1,284 (98.8%) segments

with score C3. Median subjective image quality for

all segments was 4. Out of the 1,305 segments with

diameter C1.5 mm analyzed in the RGH group,

image quality was considered assessable in 1,299
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(99.5%) segments. Median subjective image quality

for all segments was 4. There were significant

differences in assessable coronary segments between

the two groups (P = 0.03).

A receiver-operating characteristic (ROC) analysis

determined an upper threshold of heart rate of

75 bpm beyond which artifacts resulting from coro-

nary motion started affecting the image quality in the

PGT group (AUC = 0.92; 95% CI: 0.87, 0.98;

P \ 0.05; see Fig. 1). For heart rates B75 bpm there

were no significant differences in assessable coronary

segments between the two groups (PGT: 99.9% [961

of 962 segments]; RGH: 99.8% [1,038 of 1,040

segments]; P = 1.0). The median image quality for

both PGT and RGH at heart rates B75 bpm was 4. At

heart rates [75 bpm, the performance of the PGT

technique was influenced by motion artifacts, result-

ing in a moderate reduction of assessable coronary

segments using this approach (PGT: 95.5% [323 of

338 segments]; RGH: 98.5% [261 of 265 segments];

P = 0.04). Despite the increase in the number of non-

diagnostic segments, the median image quality for

both PGT and RGH at heart rates [75 bpm was 4.

Table 3 summarizes the image quality characteristics

of the two patient groups.

Based on the heart rate of 75 bpm identified in the

ROC analysis, a patient-based analysis showed that 73

of 74 subjects (98.9%) in the PGT group and 78 of 80

subjects (97.5%) in the RGH group, respectively, had

diagnostic image quality. Thus there is no statisti-

cally significant difference between the groups based

on this heart rate threshold (P = 1.0). At heart

rates [75 bpm,14 of 26 subjects (53.9%) in the PGT

group and 17 of 20 subjects (85%) in the RGH group,

respectively, had diagnostic image quality. There is

statistically significant difference between two groups

(P = 0.03) above the heart rate threshold. Figures 2

and 3 are representative examples of cases scanned with

PGT, with average heart rates of 54 bpm and 92 bpm

respectively, both ranked 4. Figure 4 is a clinical

example showing the real-time arrhythmia handling

capabilities of the PGT mode where the scan was

paused (and x-rays turned off) during an arrhythmic

event and resumed once sinus rhythm was restored—

the image quality was not affected by the premature

beat and the coronary image quality was ranked 4.

The objective image quality measurements are

summarized in Table 4. No significant differences

were seen in the mean CT attenuation and noise

Table 2 Summary of demographic and scan details of the two groups

Patient/Scan details Prospective scans (PGT, N = 100) Retrospective scans (RGH, N = 100) P

Age (years) 57.3 ± 10.3 55.3 ± 10.7 0.21

Gender (male/female) 65/35 70/30

Body mass index (BMI) 26.7 ± 5.3 (20–32) 25.8 ± 7.4 (19–34) 0.19

Heart rate (bpm) 64.6 ± 12.9 (45–97) 66.7 ± 10.9 (48–97) 0.22

Heart rate variation (HRV, bpm) 2.1 ± 1.1 (0–16) 2.4 ± 2.2 (0.5–11.9) 0.20

Scan length (cm) 11.1 ± 1.1 (9.4–12.8) 11.4 ± 1.0 (8.8–13.2) 0.10

Scan time (s) 4.6 ± 0.3 (3.7–7.4) 4.3 ± 0.4 (4.3–6.5) 0.09

With the exception of gender, all data are shown as mean ± standard deviation, along with the range

1.00.80.60.40.20.0

1- Specificity

1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity

ROC Curve

75 bpm

Fig. 1 Receiver-operator characteristic (ROC) curve to estab-

lish a cut off mean heart rate value up to which diagnostic

image quality can be consistently achieved using PGT. The

curve suggests a cut off of 75 bpm beyond which coronary

image quality was affected (Area under curve [AUC] = 0.92;

95% CI: 0.87, 0.98; P \ 0.05)
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(standard deviation) measurements from the two scan

groups (P = 0.87 and 0.29 for CT attenuation and

standard deviation respectively).

Comparison of radiation dose estimates

There were significant differences in the CTDIvol,

DLP, and estimated effective radiation dose between

the two scan groups (P \ 0.001; see Table 5). The

mean estimated effective radiation dose of the PGT

group was 3.0 ± 0.7 mSv, reflecting a reduction of

73% compared to the RGT scans (11.1 ± 1.6 mSv)

performed with no dose modulation.

Discussion

We compared the image quality and radiation dose of

PGT and RGH CCTA on a wide-detector, 256-slice

MDCT scanner with a gantry rotation time of 270 ms.

A recent study using this scanner reported equivalent

coronary image quality and a radiation dose reduction

of 76% with PGT compared to RGH in 25 patients [23].

Klass, et al., demonstrated significant improvements in

image quality and robustness with PGT CCTA on the

same scanner when compared to a matched cohort of

patients scanned using 64-slice MDCT with the same

scan technique and equivalent effective radiation dose

[24]. The authors reported 1% non-assessable seg-

ments on 256-slice MDCT compared to 5% non-

assessable segments on 64-slice MDCT, with the

improvement attributed to the faster gantry rotation

time of the 256-slice CT [24]. However, as with prior

studies [12–18], these investigations focused on lower

heart rates, with a mean heart rate of 56 bpm reported

during the CCTA acquisitions.

We have shown that PGT using 256-slice MDCT

with 270 ms rotation time results in significant

Table 3 Comparison of coronary image quality between PGT and RGH groups

Heart rate Scan type N Mean HR (bpm) Assessable segments (%) P

All PGT 100 64.6 ± 12.9 98.8% (1,284/1,300) 0.03a

RGH 100 66.7 ± 10.9 99.5% (1,299/1,305)

B75 bpm PGT 74 58 ± 7.5 (range 45–75) 99.9% (961/962) 1.0b

RGH 80 61 ± 7.1 (range 48–75) 99.8% (1,038/1,040)

[75 bpm PGT 26 84 ± 7.1 (range 76–97) 95.5% (323/338) 0.04a

RGH 20 85 ± 6.7 (range 76–97) 98.5% (261/265)

a V2 test was used
b Fisher’s Exact test was used

Fig. 2 PGT-CCTA of a 55 year old female (BMI: 25 and

mean HR: 56 ± 1.0 bpm) with an anomalous origin of the

right coronary artery (RCA). a Curved multi-planar reformation

(CMPR) of the right coronary artery (RCA) artery. b Volume

rendered depiction showing coronary artery system with the

anomalous origin of the RCA. The scan was centered at 75%

physiologic cardiac phase. All segments were ranked 4

(excellent). Effective dose: 2.3 mSv
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effective radiation dose reduction and maintained

image quality compared to RGH in demographic-,

HR-, and BMI-matched patient groups. The percent-

age of assessable coronary segments was high at

98.8% (PGT) and 99.5% (RGH). The mean heart rates

in the PGT group were higher (64.6 ± 12.9 bpm) and

the heart rate range was wider (45–97 bpm) than

reported in previous studies. The low number of non-

assessable segments in this study, despite a higher

heart rate range, may be explained by the faster gantry

rotation time and increased coverage of the system

used. ROC analysis (Fig. 1) suggested a heart rate cut-

off of 75 bpm below which there were no significant

differences in image quality between PGT and RGH,

with negligible non-diagnostic coronary segments

(PGT: 0.1%, RGH: 0.2%, P = 1.0). This demon-

strates an increase in the patient population eligible

for PGT compared to prior reports that have estab-

lished cutoffs of 63 bpm [14] and 59.9 bpm [18] for

PGT using 64-slice or dual-source MDCT.

Beyond the heart rate threshold of 75 bpm the

difference of image quality between two groups was

significant. There was a moderate increase of non-

assessable segments using this technique (5%) com-

pared to RGH (1.5%; p = 0.04). Fourteen of the 26

patients (53.9%) had diagnostic images in PGT group.

This can be explained by the impact of heart rate

variations on the cardiac physiology. The increase in

heart rate causes an exponential reduction of the

duration of ventricular diastasis typically targeted for

coronary CTA imaging, making this rest phase

disappear at heart rates [80 bpm [33–36]. In contrast,

the duration of the composite end-systolic rest period,

although not as wide as diastasis, is affected to a lesser

extent and is known to range between 100 and 150 ms

depending on the heart rate. Recent evidence suggests

that it is possible to target this rest period on the 256-

slice CT with a standard temporal resolution of

135 ms for heart rates greater than 75 bpm using RGH

[37] or PGT [25]. However, because of its narrower

window, challenges remain with PGT for patients

with high heart rates (as reflected by our patient-based

results). While multi-cycle reconstructions benefit

RGH [26], these benefits do not extend to PGT.

Lastly, rapid changes of heart rate after contrast

injection can lead to an error of the prospective

triggering time. Despite this, the proportion of

assessable segments at heart rates above 75 bpm

remained comparable to the proportion of assessable

segments reported in previous studies for patients with

steady heart rates below 65 bpm [14, 18].

The wide coverage of 256-slice MDCT allowed us

to complete PGT scans in less than 5 s, with one to

two steps needed to cover the cardiac anatomy. This

is in comparison to up to 15.4 s and four to six steps

needed on 64-slice and dual-source MDCT [2, 12],

thus also minimizing the effects of heart rate

variation during the scan.

Fig. 3 PGT-CCTA of a

65 year old female (with

BMI: 25 and mean HR:

92 ± 1.2 bpm). a Curved

multi-planar reformation

(CMPR) of the RCA

showing luminal

irregularities (arrows).

b Curved multi-planar

reformation of the left

anterior descending (LAD)

artery showing a significant

non-calcified lesion

(arrow). c The

corresponding ECG. The

scan was centered at 45%

physiologic cardiac phase,

with an additional 5% phase

tolerance employed.

Effective radiation dose:

3.2 mSv
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In addition to demonstrating maintained image

quality between PGT and RGH, this study has

documented a 73% radiation dose reduction with

PGT compared to RGH. The mean effective radiation

dose for the PGT group (3.0 mSv) is within the

2.1–6.2 mSv reported previously [12–18]. This

Fig. 4 PGT-CCTA of a 75 year old female (BMI: 25, mean

HR: 57 ± 10.0 bpm and HR variation of 50–78 bpm during

the scan). a Curved multi-planar reformation (CMPR) of the

left anterior descending artery (LAD) showing a focal calcified

lesion at the origin of the left main (LM) (arrow). b A three-

dimensional angio-like maximum intensity projection (MIP)

view showing the coronary artery system. c The ECG of the

exam and d the heart rate variation during the scan. The real-

time arrhythmia handling mechanism detected the occurrence

of an atrial premature beat—the scan was momentarily

suspended (shown as a light blue ‘X’ in c) and resumed once

sinus rhythm returned, thus not compromising the overall

image quality. Effective radiation dose: 4.4 mSv

Table 4 Objective image quality measurement comparison between PGT and RGH groups

Objective image quality measurements Prospective (PGT) Retrospective (RGH) P

CT attenuation in ascending aorta (HU) 373.3 ± 68.5 (258.3–444.8) 371.7 ± 61.7 (243.0–479.0) 0.87

Image noise (HU) 33.4 ± 6.3 (19.1–49.6) 32.2 ± 9.4 (18.7–45.1) 0.29

HU Hounsfield unit

Table 5 Comparison of radiation dose estimates between PGT and RGH groups

Radiation dose parameters Prospective (PGT) Retrospective (RGH) t value P

CTDI (mGy) 19.6 ± 4.4 (16.3–30.2) 64.7 ± 8.3 (51.0–114.0) 47.61 \ 0.001

DLP (mGy cm) 217.1 ± 51.3 (145.7–338.9) 730.3 ± 105.0 (516.4–1,308.7) 43.69 \ 0.001

ED (mSv) 3.0 ± 0.7 (2.0–4.7) 11.1 ± 1.6 (7.2–18.3) 45.01 \ 0.001

CTDI computed tomography dose index, DLP dose length product, ED effective dose
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reduction enables CCTA to be performed at an

effective radiation dose below that of an invasive

coronary angiogram [9, 10]. The extra 5% phase

tolerance employed in PGT scans at heart rates

greater than 75 bpm resulted in an increase in the

average effective radiation dose to 4.0 mSv, which is

still within the previously reported range associated

with PGT [12–18], and also provided the flexibility of

additional reconstruction windows.

Our study has demonstrated the capability of

256-slice, low-dose, PGT CCTA in providing con-

sistent image quality comparable to the traditional

RGH technique while also offering significant reduc-

tion in effective radiation dose. Our initial experience

shows applicability of this technique beyond the

commonly recommended heart rates. However,

appropriate patient selection, preparation and strict

inclusion criteria still hold the key to the consistency

and success of the exam. Further studies are needed

to evaluate the performance of these new CT systems

in providing consistent low dose coronary imaging at

higher heart rates.

Limitations

We acknowledge the following limitations of this

study. This was a single center retrospective study of

cardiac CTA scans on a newly installed scanner. The

protocols used were for the most part the default

settings provided by the manufacturer and were not

individually adjusted based on a patient’s BMI and

weight to further reduce radiation dose; however,

care was taken in planning the craniocaudal lengths

to reduce the radiation exposure in all patients. The

use of 100 kVp was not employed as it was not

available at the time of this study—this would have

helped achieve additional radiation dose savings in

certain groups of patients while also facilitating a

reduction in the contrast volumes [14, 18]. The

number of patients in the high heart rate group

([75 bpm) was small in both PGT and RGH

subgroups. No ECG-triggered tube modulation was

employed in RGH mode. Had dose modulation

techniques been used, the dose associated with the

RGH group would have been lower. Lastly, we did

not assess the diagnostic accuracy of CCTA by

comparing it to invasive coronary angiography.

Conclusion

Prospectively gated coronary computed tomography

using a wide-coverage 256-slice multidetector CT

scanner with a fast tube rotation time enables a

significant reduction in radiation dose exposure while

at the same time providing image quality comparable

to the conventional retrospectively gated helical

technique. Our experience demonstrates that the

image quality of prospectively gated transaxial cor-

onary CT angiography is comparable to retrospec-

tively gated helical scans in patients with heart rates

up to 75 bpm, which is higher than reported with

previous-generation MDCT scanners.
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