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Abstract Purpose To evaluate image quality and

contrast opacification from coronary images acquired

from 320-detector row computed tomography (CT).

Patient dose is estimated for prospective and retro-

spective ECG-gating; initial correlation between 320-

slice CT and coronary catheterization is illustrated.

Methods Retrospective image evaluation from forty

consecutive patients included subjective assessment

of image quality and contrast opacification (80 ml

iopamidol 370 mg I/ml followed by 40 ml saline).

Region of interest opacification measurements at the

ostium and at 2.5 mm diameter were used to

determine the gradient of contrast opacification

(defined as the proximal minus distal HU measure-

ments) in coronary arteries imaged in a single

heartbeat. Estimated effective dose was compared

for prospective versus retrospective ECG-gating, two

body mass index categories (30 kg/m2 cutoff), and

single versus two heartbeat acquisition. When avail-

able, CT findings were correlated with those from

coronary catheterization. Results Over 89% of arterial

segments (15 segment model) had excellent image

quality. The most common reason for image degra-

dation was cardiac motion. One segment in one

patient was considered unevaluable. Contrast opaci-

fication was almost universally considered excellent.

The mean Hounsfield units (HU) was greater than

350; the coronary contrast opacification gradient was

30–50 HU. Patient doses were greater for retrospec-

tive ECG-gating, larger patients, and those imaged

with two heartbeats. For the most common (n = 25)

protocol (120 kV, 400 mA, prospective ECG-gating,

60–100% phase window, 16 cm craniocaudal cover-

age, single heartbeat), the mean dose was

6.8 ± 1.4 mSv. All CT findings were confirmed in

the four patients who underwent coronary catheter-

ization. Conclusion Initial 320-detector row coronary

CT images have consistently excellent quality and

iodinated contrast opacification. These patients were

scanned with conservative protocols with respect to

iodine load, prospective ECG-gating phase window,

and craniocaudal coverage. Future work will focus on

lowering contrast and radiation dose while maintain-

ing image quality.
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Introduction

Advances in computed tomography (CT) have

improved image quality and simplified the imple-

mentation of CT into a non-invasive cardiovascular

imaging program [1–5]. The improved image quality

has translated into an increased accuracy of CT

images for the diagnosis of coronary artery disease

(CAD) when compared to catheter-based imaging. To

date, the high negative predictive value has provided

the greatest benefit to patient care [6–11].

The technology advancement from 16- to 64-slice

systems progressed in a relatively uniform fashion

with improved craniocaudal volume coverage,

decreased gantry rotation time, and smaller detector

elements [12, 13]. During the evolution from 16- to

64-slices, the recognition of high patient radiation

doses also became important, and efforts to reduce

dose were introduced to retrospective ECG-gated

cardiac CT protocols [14–16]. In addition, over the

last year prospectively ECG-gated CT acquisition has

reduced patient exposure to levels near, and in some

cases less, than coronary catheterization [17–19]. One

consequence of prospective gating is that cardiac

function cannot be assessed as the X-ray CT exposure

does not span the entire R-R interval.

Since the establishment of 64-slice cardiac CT, the

hardware advances have diverged with one advance

focusing on temporal resolution and the second

focusing on craniocaudal volume coverage. Dual-

source CT was designed to improve temporal reso-

lution to 83 milliseconds (ms), improving image

quality by reducing motion artifact [20–25]. The

development of wide area detector CT [26–28]

enabled greater coverage per gantry rotation. Expan-

sion from a prototype 256-detector row to a 320-

detector row system has enabled whole heart cover-

age, in theory reducing patient irradiation by

eliminating helical oversampling [29–31].

There are theoretical advantages of this system

with respect to image quality. First, 320-detector row

cardiac CT eliminates ‘‘stair-step’’ artifacts inherent

in 64-slice technology that images sub-volumes of the

entire cardiac volume over multiple gantry rotations.

Second, the subsecond acquisition of the entire

cardiac volume allows the contrast bolus to be

imaged at a single time point. Since this had not

been possible before 320-detector row CT, we now

begin to investigate noninvasive physiologic coro-

nary artery contrast opacification gradients. Our

objective was to provide an initial evaluation of

coronary images from 320-detector row CT. We

assessed image quality, contrast opacification, and

estimates of effective dose. We also provide pre-

liminary correlation between 320-detector row CT

coronary images and coronary catheterization

findings.

Methods

This study was approved by our institutional human

research committee. All patients had clinical indica-

tions for coronary CTA and thus written informed

consent was not required. We retrospectively studied

40 consecutive patients referred for the evaluation of

chest pain, dyspnea, and/or pre-surgical evaluation to

exclude CAD (Table 1). Patients were imaged axially

using a 320 9 0.5 mm detector configuration scanner

(Toshiba AquilionOne Dynamic Volume CT, Toch-

igi-ken, Japan). The CT gantry has a minimum

rotation time of 350 ms. All patients were imaged at

120 kV and one of two mA settings: 400 (n = 28) or

580 (m = 12). The decision to use the higher mA

setting (Table 2) was made at the discretion of the

attending cardiovascular imager who considered both

body mass index and the geometry of the patients’

thorax.

Patients were imaged with retrospective ECG-

gating (n = 6) if a clinical indication for cardiac

function was clearly identified. In order to optimize

visualization of myocardial and valve motion

throughout the cardiac cycle, dose modulation was

not used. The remaining patients (n = 34) were

imaged with prospective gating. In these patients

(Table 3), there was a variable length of the ‘‘phase

window’’, defined as the fraction of the R-R interval

during which the patient was exposed. All patients

received 80 ml of iopamidol 370 mg I/ml (Isovue-

370, Bracco Diagnostics, Princeton, NJ) followed by

40 ml normal saline injected with a dual injector

(EZEM Empower CTA DUAL Injector, EZEM Inc,
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Lake Success, NY) at 6 ml per second. Bolus track-

ing in the descending aorta was performed using a

200 Hounsfield unit (HU) threshold. All patients with

a resting heart rate greater than 65 beats per minute

received intravenous metoprolol in 5 mg increments

(Table 1). Forty percent (16/40) of patients were

receiving oral beta-blockade for a known medical

condition at the time of examination, including

55.5% (5/9) of the patients that did not receive IV

metoprolol before the CT examination. There were

no patients with a contraindication to beta-blockade,

and there were no observed or reported side effects

from metoprolol. All 40 patients received 0.4 mg

sublingual nitroglycerine before imaging. There were

no complications and all patients left the department

in stable condition immediately after image

acquisition.

Table 1 Clinical

indications, patient

demographics, cardiac risk

factors, and heart rate at the

time of 320-detector row

CT acquisition

BMI: body mass index;

CAD: coronary artery

disease; suspected CAD, no

intervention: diagnosed by

angiography, nuclear

cardiology, stress

echocardiography, or stress

electrocardiography; CAD,

prior intervention: includes

stent placement and/or by-

pass surgery; IV beta

blockade: intravenous

metoprolol dosage at time

of acquisition; bpm: beats

per minute

Prospective

ECG-gating

Retrospective

ECG-gating

Total

Number of patients 34 6 40

Indication

Chest pain 24 4 28

Dyspnea 4 1 5

Pre-surgical evaluation 6 1 7

Demographics

Male 23 5 28

Mean age (range) 52.7 (30–77) 61.5 (47–79) 54.0 (30–79)

BMI kg/m2, (range) 29.6 (17.0–54.1) 26.0 (22.4–31.8) 29.1 (17.0–54.1)

Risk factors

Dyslipidemia 20 5 25

Hypertension 19 5 24

Obesity 15 1 16

Diabetes 2 1 3

Smoking 4 0 4

CAD history

No known CAD 29 4 33

Suspected CAD, no prior intervention 4 0 4

CAD, prior intervention 1 2 3

IV Beta-blockade

None 6 3 9

5 mg 10 0 10

10 mg 7 0 7

[10 mg 11 3 14

Heart rate at CT, bpm (range) 60.0 (45–71) 66.2 (52–82) 61.0 (45–82)

Table 2 Milliampere (mA) settings stratified by body mass

index (BMI)

BMI (kg/m2) 400 mA 580 mA

\30 23 2

[30 5 10

Total 28 12

Table 3 Distribution of patients at different phase windows

with prospective gating

Prospective ECG-gated phase

window

Number of patients (%)

65%–85% 2 (5.9)

70%–85% 4 (11.8)

60%–100% 25 (73.5)

60%–100% (2 R-R) 3 (8.8)

Total 34 (100)

Patients with a heart rate over 65 beats per minute at the time

of scanning were imaged over two heartbeats (2 R-R)
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For each patient, the reconstruction phase with

minimum artifact was determined at the CT console

by reconstructing those 5% intervals available. In

those patients for whom a motion-free phase was not

identified, image reconstruction proceeded to 1%

intervals around the 5% intervals with fewest motion

artifacts. Anonymized images were transferred to an

image post-processing workstation (Vitrea 4.0, Vital

Images, Minnetonka, MN, USA). Two cardiovascular

imagers (readers) independently rated coronary artery

image quality using the American Heart Association 15

segment model [32]. Before the study, the two readers

plus a third determined by consensus the levels of

image degradation defining the following four point

scale: 4- excellent, no artifact; 3- good, mild artifact; 2-

acceptable, moderate artifact present but images still

interpretable, 1- unevaluable, severe artifact renders

interpretation not possible (Fig. 1). For all segments

that did not received a score of 4, the reason for

reduction in image quality were noted: motion artifact,

image noise, poor contrast opacification, or beam

hardening artifact. Those segments that were degraded

by motion were analyzed with respect to heart rate and

the duration of the R-R interval during which data was

acquired. Those segments degraded by high image

noise were analyzed with respect to mA setting and

BMI. Additionally, each reader rated contrast opacifi-

cation on a four point scale, with four being the best, for

each coronary segment.

The interobserver agreement between the two

readers was evaluated first with the proportion of

concordance and second with the prevalence and bias

adjusted kappa statistic. The later is considered more

robust than the standard Cohen’s kappa statistic as the

ratings for both overall image quality and contrast

opacification were heavily skewed with the majority

of scores being in the highest category.

To evaluate the gradient of coronary artery opaci-

fication, for the 33 patients who were imaged in a single

heartbeat, two direct planimetry region of interest

(ROI) HU measurements were made in each normal

left anterior descending (LAD), left circumflex (LCx),

and right coronary artery (RCA). The proximal ROI

was placed at the ostium; the distal ROI was placed at

the location where the coronary artery tapered to a

2.5 mm diameter. The 320-detector row CT imaging

Fig. 1 Representative axial

320-detector row images

through the mid-RCA

illustrate the four image

quality scores. 4- Excellent,

no artifact (a); 3- good,

mild artifact (b); 2-

acceptable, moderate

artifact present but images

still interpretable (c); 1-

unevaluable, severe artifact

renders interpretation not

possible (d)
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reports were used as a gold-standard to identify which

coronary arteries were considered normal.

The CT dose was estimated using an adaptation of

the CT dose index 100 (CTDI100) methods currently

in practice for 64-slice CT scanners [33]. Tradition-

ally, CT dose is estimated from CTDI measurements

using a 100 mm long ion chamber and 150 mm long,

320 mm diameter cylindrical phantom. Measure-

ments taken with this apparatus estimate a dose

length product (DLP) based on the total craniocaudal

anatomy scanned. The DLP is converted to an

estimated effective dose using the conversion factor

k [34]. However, this standard is not applicable to the

320-detector row CT system since the primary X-ray

beam is larger than both the standard ionization

chamber and the dosimetry phantom. To estimate

effective dose, we measured the system dose using

both the standard 100 mm ion chamber as well as a

new, 300 mm chamber combined with a 360 mm

long dosimetry phantom. By comparing standard

measurements with those from the 300 mm chamber,

we derived a scaling factor for standard dosimetry

equipment as suggested by Mori et al [29]. The

scaling factor was applied to 320-detector row

measurements to estimate dose using traditional

methods.

In four patients the findings from 320-detector row

coronary CT angiography were correlated with those

from invasive coronary angiography. Lesion-by-

lesion comparison was made by consensus among

two readers.

Results

Seventeen of the possible 600 segments (40 patients9

15 segments per patient) were either too small

(\1.5 mm) to be characterized (n = 11), not present

in the patients’ normal anatomy (n = 4), or the

segment was occluded (n = 2), limiting characteriza-

tion. For the remaining 1,166 segments (583 segments

independently scored by two readers) reader 1 and 2

scored 89.9% (517/583) and 88.7% (524/583) seg-

ments as excellent, respectively (Table 4). All but one

of the remaining segments was scored as either 2 or 3;

the reasons for image degradation appear in Table 4.

No segment was limited by poor contrast opacifica-

tion. Each imager gave a score of 1 (unevaluable) to

single segment (mid-RCA) in the same patient. Both

imagers cited high image noise, and one imager also

cited motion artifact.

Combining the scores from both imagers

(Table 5), 82 segments had motion artifact. The

mean heart rate was less than 65 beats per minute,

and there was no correlation with the duration of the

Table 4 Summary of image quality scores

Image quality score Reason for image quality degradation Reader 1 Reader 2

4 N/A 517 524

3 or 2 Motion 39 43

Noise 24 12

Beam hardening 2 3

Score definition: 4- excellent, no artifact; 3- good, mild artifact; 2- acceptable, moderate artifact present but images still interpretable,

1- unevaluable, severe artifact renders interpretation not possible. The single segment that received a score of 1 by both readers is

described in the text. N/A: Not applicable because by definition a score of 4 refers to no image quality degradation

Table 5 Summary of image acquisition parameters in coro-

nary artery segments with motion artifact and high noise

Reader 1 Reader 2

Segments with motion

Mean heart rate

(range)

61.7 (57–70) 64.3 (45–70)

15% window 5/60 (8%) 5/60 (8%)

20% window 3/30 (10%) 2/30 (7%)

40% window 27/406 (7%) 31/406 (8%)

100% window 4/86 (5%) 5/86 (6%)

Total 39/582 (7%) 43/582 (7%)

Segments with noise

400 mA 6/411 (2%) 3/411 (1%)

580 mA 18/171 (11%) 9/171 (5%)

Mean BMI kg/m2

(range)

37.6 (20.5–54.1) 38.0 (20.5–54.1)

Total 24/582 (4%) 12/582 (2%)

Window: percentage of the R-R interval during which CT data

was acquired, mA: milliamperes, BMI: body mass index
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R-R interval during which CT data was acquired.

Thirty-six segments were degraded by image noise

with significantly (P \ 0.01) more segments imaged

at 580 mA. Five additional segments had beam

hardening artifact from heavily calcified lesions.

The overall mean score (both readers) for contrast

opacification was 3.93 of a maximum of 4 (Table 6).

For both overall image quality and contrast opacifi-

cation, the concordance rate was 0.89 with 95%

confidence interval (0.86, 0.92). The rate of near

concordance, defined as two scores differing by 1 or

less, was 98% for image quality and 97% for contrast

opacification. Measurement of interobserver variabil-

ity using the kappa statistic yielded 0.78 with 95%

confidence interval (0.73, 0.83) for image quality and

0.78 with 95% confidence interval (0.73, 0.84) for

contrast opacification.

For those patients imaged in one heartbeat, the

mean contrast opacification at the ostium and the

point where normal arterial tapering reached 2.5 mm

was 399 HU and 361 HU, respectively (Table 7). The

HU difference (i.e. opacification gradient) was rela-

tively consistent along the different arteries with an

overall 95% confidence interval of (28, 54 HU).

The mean estimated effective dose was 8.3 ±

3.4 mSv (Table 8). A significantly (P \ 0.01) higher

dose was delivered to the six patients who underwent

retrospective gating (14.0 ± 2.3 mSv) when com-

pared to the 34 patients imaged with prospective ECG

gating (7.2 ± 2.3 mSv). Three of the 34 patients

(mean heart rate = 74 beats per minute) imaged with

prospective gating had a 2 R-R acquisition; these

patients received significantly (P \ 0.01) higher

doses (12.6 ± 3.4 mSv) than the 31 prospectively

gated single R-R patients (6.7 ± 1.4 mSv). The initial

experience with the new technology was reflected in

the considerable variability in the width of the

prospective phase window. Conservative windows

were favored; 25 prospectively gated patients under-

went 60–100% phase window. The mean dose for

these patients was 6.8 ± 1.4 mSv.

Seven lesions (two occlusions, two stenoses

[50%, two stenoses \ 50%, and one coronary artery

aneurysm) were identified by 320-detector row CT in

the four patients that underwent coronary catheteri-

zation (Figs. 2, 3). All seven lesions were confirmed

by coronary catheterization.

Discussion

Excellent image quality was achieved in nearly 90%

of coronary artery segments imaged with 320-detector

row CT. One benefit of whole cardiac coverage single

Table 6 Distribution of

mean scores for overall

image quality and contrast

opacification stratified by

coronary segment

SD: standard deviation, CI:

confidence interval, RCA:

right coronary artery, PDA:

posterior descending artery,

LM: left main, LAD: left

anterior descending, D1:

first diagonal, D2: second

diagonal, LCx: left

circumflex, OM1: first

obtuse marginal, OM2:

second obtuse marginal

Variable n Overall image quality Contrast opacification

Mean ± SD 95% CI Mean ± SD 95% CI

Proximal RCA 40 3.91 ± 0.2 3.84–3.98 3.95 ± 0.2 3.90–4.0

Mid RCA 39 3.44 ± 0.7 3.20–3.67 3.93 ± 0.2 3.87–4.0

Distal RCA 40 3.85 ± 0.3 3.74–3.96 3.87 ± 0.4 3.75–3.99

PDA 40 3.85 ± 0.4 3.73–3.97 3.87 ± 0.4 3.74–3.99

LM 40 4.00 ± 0 4.0–4.0 3.99 ± 0.1 3.96–4.0

Proximal LAD 40 3.91 ± 0.3 3.83–3.99 3.92 ± 0.2 3.85–3.99

Mid LAD 40 3.85 ± 0.3 3.75–3.95 3.94 ± 0.2 3.87–4.0

Distal LAD 40 3.81 ± 0.4 3.69–3.93 3.95 ± 0.2 3.90–4.0

D1 40 3.89 ± 0.4 3.77–4.0 3.94 ± 0.2 3.87–4.0

D2 40 3.93 ± 0.2 3.85–4.0 3.93 ± 0.2 3.85–4.0

Proximal LCx 40 3.94 ± 0.2 3.87–4.0 3.94 ± 0.2 3.88–3.99

Mid LCx 39 3.90 ± 0.4 3.78–4.0 3.91 ± 0.3 3.83–3.99

Distal LCx 35 3.86 ± 0.4 3.72–3.99 3.86 ± 0.3 3.75–3.96

OM1 40 3.92 ± 0.2 3.84–4.0 3.93 ± 0.2 3.85–4.0

OM2 30 4.00 ± 0 4.0–4.0 3.97 ± 0.1 3.92–4.0
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beat coronary CTA is the absence of stair-step

artifacts introduced by multiple gantry rotations. The

most common reason cited for reduced image quality

was motion artifact. However, motion rendered only a

single segment in a single patient unevaluable.

Additional data will be required to compare our

observations with the fraction of unevaluable seg-

ments from 64-slice [35–38], and 16-slice MDCT

[11]. Our meticulous protocol for heart rate control

was considered paramount in achieving routine high-

quality images. The degree of motion artifact is

inversely proportional to the temporal resolution (or

effective temporal resolution, discussed below) of the

scanner. The 320-detector row CT scanner used has a

minimum temporal resolution of 175 ms.

An important question not addressed by our study

is the lowest temporal resolution for which all

patients can be imaged without concern for motion

artifact. Catheter angiography enjoys a temporal

resolution of approximately 30 ms, considered uni-

versally sufficient [39]. Dual-source CT has a

minimum temporal resolution of 83 ms, with trials

investigating CT protocols without beta-blockade

[12, 24, 40]. Advantages of such protocols include

improved patient throughput and less operator depen-

dence. The disadvantage is more motion artifact. To

date, no ‘‘upper bound’’ on the acceptable temporal

resolution has been established. Motion artifact can

also be mitigated by multisegment reconstruction [41,

42]. The effective temporal resolution is halved in 2

segment (2R-R) reconstruction; the same CT volume

is acquired from two heartbeats to halve the contri-

bution from each. We achieved excellent image

quality in the three patients with 2R-R reconstruction

at the expense of significantly increased patient dose

secondary to the longer exposure. Thus, we reserve

this approach for patients with rapid heart rates or

with a contraindication to beta-blockade.

Noise was the second most common reason for

decreased image quality. The majority of patients

were imaged with 400 mA; larger patients were

imaged at 580 mA, the maximum setting for this

hardware. The majority of segments degraded by

noise were imaged at 580 mA, and the mean BMI in

these patients was [37 kg/m2. We obtain the BMI

for each patient and roughly use 30 kg/m2 as a

threshold for imaging at a higher mA. However,

patients’ thoracic anatomy is highly variable; for

example, some patients have a large thorax but the

BMI is less than 30 kg/m2. These patients require

higher doses to achieve sufficient image quality for

interpretation.

Table 7 Coronary opacification measured at the ostium and at the point at which the vessel reaches a diameter \ 2.5 mm

Vessel HU at Ostium (SD) HU at 2.5 mm diameter (SD) Difference in HU 95% CI of difference

Left main 428.2 (48.7)

LAD 391.6 (53.4) 348.3 (43.0) 43.3 27.5–62.2

LCx 401.5 (54.3) 358.4 (49.7) 43.1 28.9–62.6

RCA 403.7 (50.2) 376.9 (47.8) 26.8 9.7–53.0

Mean 398.9 (52.6) 361.2 (46.8) 37.7 27.7–53.6

Thirty-three patients were included in this analysis. All patients with two-segment reconstruction protocols were excluded. HU:

Hounsfield unit, SD: standard deviation, CI: confidence interval, LAD: left anterior descending, LCx: left circumflex, RCA: right

coronary artery

Table 8 Mean and range of estimated effective dose stratified by patient BMI and method for ECG-gating

BMI ECG-gating All

\30 kg/m2 [30 kg/m2 Pro Retro Pro (1R) Pro (2R-R)

Mean effective dose (SD), mSv 7.9 (3.1) 8.7 (3.7) 7.2 (2.3) 14 (2.8) 6.7 (1.4) 12.64 (3.4) 8.3 (3.4)

Range, mSv 4.9–15.6 5.2–18.1 4.9–16.5 10.1–18.1 4.9–9.4 10.4–16.5 4.9–18.1

P 0.01 \0.01 \0.01

BMI: body mass index, Pro = Prospective, Retro = Retrospective, 1R = single heartbeat acquisition, 2R-R = two heartbeat

acquisition. SD = standard deviation, mSv: milliSievert
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The uniformly very high score for contrast opac-

ification reflected the relative high iodine load (80 ml

of 370 mg I/ml contrast media) and injection rate

(6 m/s). This is in keeping with our philosophy of

maximizing image quality for 320-slice coronary CT.

Subsequent protocols will test contrast opacification

using smaller iodine doses. Since the entire coronary

artery is imaged simultaneously, ROI measurements

in normal coronary arteries at the ostium plus a point

more distal provides initial insight into the gradient of

contrast opacification. Measurements using CT tech-

nology without single heartbeat acquisition cannot

accurately depict the gradient since contrast opacifi-

cation is imaged at different time points along the

coronary arterial tree. We chose 2.5 mm as the

‘‘distal’’ point of coronary tapering. The advantage

of smaller vessels would have been an investigation

of a potentially larger gradient. However, ROI

measurements become difficult and potentially less

accurate for small caliber arteries. The measured

gradient of approximately 40 HU was statistically

greater than zero (determined by 95% confidence

intervals) and was relatively consistent for all coro-

nary arteries.

The subjective measures of overall image quality

and contrast opacification had high mean scores over

all coronary arterial segments. Image quality was

enhanced with aggressive beta-blockade, the absence

of stair-step artifacts, sufficient signal, and the large

volume of iodinated contrast media delivered to each

patient. Moreover, those patients who underwent

prospective ECG gating had a relatively wide phase

window, enabling additional reconstructions for

patients with subtle motion artifact. This near ideal

imaging environment also led to very small interob-

server variability.

Fig. 2 Two curved planar

reformatted images in a 51-

year-old man (heart rate

66 bpm, BMI = 22.4 kg/

m2) acquired with

retrospective ECG-gated

320-detector row coronary

CT (120 kV, 400 mA)

demonstrate proximal LAD

occlusion (a); volume

rendered CT illustrates the

spatial relationship between

the left circumflex (LCx)

and the occluded LAD (b);

catheter angiography

demonstrates retrograde

filling of the LAD via the

LCx(c)
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Because of concerns for radiation-induced carci-

nogenesis and the potential widespread utilization of

coronary CTA, there is considerable effort to reduce

patient dose. Using methods previously described for

estimating the risk of thyroid malignancy from

cervical spine CT [43], Einstein et al. estimated a

significant number of potential radiation-induced

neoplasms from coronary CTA [44]. With this in

mind, the ECG-gating in coronary CTA has migrated

from retrospective without dose modulation, to

retrospective with dose modulation, to prospective

[45, 46]. Each successive step has decreased dose.

The disadvantage of using a prospective gating

strategy is that cardiac function cannot be assessed.

However, we consider this to be an acceptable

compromise, given potential cancer risks.

The heterogeneity of the scanning parameters that

contribute to radiation dose reflected our initial expe-

rience with new technology. In comparison with

retrospective gating, prospective gating decreases dose.

The prospective protocol we used most commonly

(n = 25) was single R-R, 60–100% phase window,

120 kV, 400 mA, and a 16 cm cradiocaudal field of

view (320 9 0.5 mm acquisition). On average, the

dose for these patients was 6.8 mSv. Our conservative

(wide) phase window yielded radiation doses higher

than reports of other prospective protocols [17–19].

Future work will study the effects of reducing patient

radiation dose on image quality. The most obvious

modification will be to decrease the phase window

from 40% to 10%, or lower. We did not observe a

correlation between the width of the R-R interval

during which CT data was acquired and the fraction of

segments degraded by motion artifact. However, the

theoretical trade off for narrow phase windows is that

as little as one cardiac phase may be available for

reconstruction. Given this restriction, it is logical to use

the narrowest windows only for patients for whom a

slow regular heart rate can be readily achieved.

Another modification to limit patient irradiation is

a decreased craniocaudal field of view. The wide area

detector row CT scanner can be used with less than

the maximum 16 cm (320-detector) craniocaudal

coverage. For example, imaging over a 14 cm (280

detectors) craniocaudal field of view will decrease

patient dose by 12.5% and should prove sufficient for

most patients. With a phase window reduction from

40% to 10% and 14 cm craniocaudal field of view,

we estimate an average effective radiation dose of

approximately 4.0 mSv, assuming that all remaining

parameters contributing to dose are equal (120 kV,

400 mA, 0.35 sec rotation). Although it should be

Fig. 3 Seventy-two year

old man (heart rate 54 bpm,

BMI = 24.4 kg/m2) imaged

with prospective ECG-

gated (phase window 60–

100%) 320-detector row

coronary CT (120 kV,

400 mA). Curved

multiplanar reformatted

image (a) and cone-down

view (b) demonstrates

occlusion of the proximal

right coronary artery.

Volume rendered CT

aligned in the same

projection (c) as (bottom)

coronary catheterization

shows retrograde filling of

the occluded RCA. Note

also the lesion in the first

obtuse marginal with post-

stenotic dilatation (d)
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reserved for smaller patients, dramatic dose reductions

can be achieved with 100 kV acquisition. Our patient

population (17/40 patients with BMI [ 30 kg/m2) is

generally not well suited for 100 kV imaging, but this

strategy should be considered when possible, in

keeping with the ‘‘as low as reasonably achievable’’

(ALARA) principle [47].

In addition to our small patient cohort, we note

other limitations. With respect to the retrospective

scoring of image quality, there was potential for recall

bias. This was minimized by anonymizing the images;

furthermore, the scoring for image quality was greater

than 2 weeks from the CT data acquisition. The CT

versus coronary catheterization data is limited but

does illustrate the high degree of correlation that

would be expected from 320-detector row coronary

CT images with very high ratings for image quality.

The study of dosimetry in wide area detector CT is

still under development. As described in the methods,

conventional CTDI100 methodology does not apply

to this technology. As a surrogate, a scaling factor

based on a 300 mm chamber combined with a

360 mm long dosimetry phantom was used to

estimate dose. Further work using Monte Carlo

methods is needed to evaluate wide area CT systems

and validate a standard comparable to the CTDI100.

Conclusion

Initial coronary imaging experience with 320-detector

row CT achieved outstanding image quality. A large

majority of patients were imaged in a single heartbeat,

and these patients all had excellent image quality and

contrast opacification of the entire coronary tree.

Correlation between 320-slice CT and catheter-based

angiography is promising. A subpopulation of 25

patients had excellent image quality with a wide phase

window prospective ECG gating and 80 ml iopami-

dol-370. Future work will evaluate the effect on image

quality when lower radiation and contrast doses are

implemented into clinical protocols.
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