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ABSTRACT
Objective: Multislice computed tomography is an emerging technology with the potential for non-invasive
coronary investigation. The aim of this study was to evaluate the feasibility and limitations of multislice computed
tomography in the detection of coronary artery disease.
Patients and Methods: Multislice computed tomography was performed in symptomatic patients with atypical
chest pain and in asymptomatic patients. Each patient underwent prospective electrocardiograph triggered
investigation without contrast medium for screening and quantification of coronary calcifications, and
retrospective electrocardiography gated multislice computed tomography angiography for visualisation of
coronary artery lumen changes.
Results: Superior image quality of both axial and 3-dimensional images was achieved with multislice computed
tomography in patients with slower heart rates and those in regular sinus rhythm. Greatly improved image
quality in obese patients, allowed for reliable quantification of coronary calcifications. With multislice computed
tomography angiography, good image quality was achieved in patients with a heart rate of less than 70 beats
per minute.
Conclusion: Multislice computed tomography appears of benefit in the non-invasive assessment of coronary
artery disease, despite its use being currently limited by the exposure time of 250 ms to patients with a slower
heart rate.

Key Words: Computed tomography, angiography, Coronary vessels, Electrocardiography

INTRODUCTION
Coronary artery disease (CAD) is a major health
problem and a frequent cause of mortality in developed
countries. The need to detect coronary atherosclerosis
early in its clinical course is well recognised.1 Selective
coronary angiography (SCA), an invasive procedure,
remains the diagnostic standard for establishing
the presence, site and severity of CAD. However, the
nature and predictability of plaque behaviour cannot be
determined by SCA. In addition, SCA cannot be used
as a screening test as it is an invasive procedure, involv-
ing certain risks.2 Given the associated patient risk and
costs of SCA, an alternative method for determining

CAD would be very useful and could lead to a reduction
in diagnostic coronary catheterisation procedures.3,4

Several imaging techniques have been utilised to image
CAD non-invasively, including transthoracic and
transoesophageal echocardiography,5,6 fluoroscopy,7

and magnetic resonance imaging (MRI).8,9 None of
these techniques have achieved reliable results in a
clinical setting due to limitations in spatial, temporal,
or contrast resolution. Electron beam computed tom-
ography (EBCT) has also been used in the diagnosis of
CAD, primarily as a means of quantifying coronary
calcification,10-12 and detecting coronary artery stenoses
or occlusion. However, high costs and limited avail-
ability to date have precluded widespread use of this
approach.13-15

Multislice computed tomography (MSCT) represents a
recent advance of the widely used and cost-effective
helical CT scanning technique. With four slices scanned
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simultaneously and a half-second rotation time, MSCT
provides new opportunities for cardiac imaging. Partial
view acquisition and electrocardiograph-gated helical
reconstruction are feasible with this new type of scanner,
allowing image acquisition with an effective exposure
time of 250 ms in the slow motion phase of the cardiac
cycle. The aim of this study was to evaluate the
feasibility and limitations of MSCT use in the detection
of CAD.

PATIENTS AND METHODS
Patient Population
One hundred consecutive patients (78 men, 22 women)
were referred for quantification of coronary calcifi-
cations and detection of coronary artery stenoses
between July 1999 and May 2000. Patients recruited
into the study included symptomatic patients with
atypical chest pain (n = 54), where MSCT was used
as a primary investigation tool to assess the risk of
CAD, and asymptomatic patients (n = 46), where MSCT
was used to evaluate individual risk of developing
CAD. Exclusion criteria for investigations were renal
insufficiency (creatinine levels >1.5 mg/dL), previous
coronary bypass surgery, or an unstable clinical
condition. The study was approved by the Board of
Ethics, Klinikum Grosshadern, and the National Federal
Office for Radiation Protection. All subjects gave
informed consent following detailed explanation of the
procedure. Participants ranged in age from 27 to 87 years
(mean age, 63 ± 15 years), and had a mean heart rate of
72 ± 16 beats per minute.

Coronary Screening
A multislice CT scanner (Somatom Plus 4 Volume-
Zoom, Siemens, Forchheim, Germany) with dedicated
cardiac reconstruction software, was employed.
Sequential scanning of calcium screening commenced,
using simultaneous acquisition of four 2.5 mm
collimated slices at a table feed of 3.6 mm/sec, 500 ms
rotation time, 140 kV, 100 mAs, and 250 ms exposure
time. Prospective electrocardiograph (ECG) triggering
at 450 ms prior to the next R wave (Figure 1),16 allowed
investigation of the entire heart within a 20 to 30 second
period, while the patient held his or her breath.

Coronary CT Angiography
Prior to MSCT angiography, a test bolus of 20 cc with a
flow rate of 3 cc/sec was given, and repeated scanning
(every 2 seconds) of the ascending aorta at the level of
the main pulmonary artery was completed. Scan delay
was then determined as the interval from the start of

the injection to peak enhancement in the ascending
aorta, plus three seconds. Coronary vessel enhancement
was achieved with 140 cc of non-ionic contrast material
(Ultravist 300®; Schering, Berlin, Germany), with a
flow rate of 2.5 to 3 cc/sec. After the predetermined
delay time, helical scanning was commenced using
simultaneous acquisition of four 1 mm collimated slices
at a table speed of 3.6 mm/sec and a rotation time
of 500 ms. During the helical scan, the ECG trace
was digitally recorded. Helical scanning ranged from
1 cm below the carina, to the base of the heart, covering
12 cm in 30 to 34 seconds.

Helical raw data and the digital ECG trace were used to
retrospectively reconstruct axial images with a temporal
resolution of 250 ms per slice,17 on a dedicated
workstation (InSight, NeoImagery Technologies, City
of Industry, California, USA). Slices at the different z-
positions were reconstructed at the end of diastole,
immediately prior to the P wave (Figure 2) and 400-
550 ms prior to the next R wave. The field of view was
adjusted to encompass the heart only. The effective slice
thickness and reconstruction increments were 1.25 mm

Figure 1. Coronary screening with multislice computed tomog-
raphy: prospective electrocardiograph triggering.

Figure 2. Coronary multislice spiral computed tomography
angiography: retrospective electrocardiograph gating.
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and 0.5 mm, respectively, resulting in 210 to 240 axial
slices for the entire volume.

RESULTS
The imaging protocol was well tolerated by all patients.
All subjects were able to hold their breath for the
required duration. Total room time required for each

study was 20 minutes or less. No contrast reactions or
complications occurred. Selective coronary angiography
was performed in 32 patients within 8 ± 12 days of
the MSCT angiographic study, using a transfemoral
Judkins approach. Visualisation of stenoses on MSCT
angiography was evaluated and compared with that
achieved on SCA.

Figure 3. Coronary segments seen in axial multislice computed tomography images (a) and application of the volume rendering technique
to the same data set, demonstrating the course of the coronary segments (b).
Nomenclature is as specified by the American Heart Association18: 1-4: segments of the right coronary artery; 5: left main stem;
6-10: segments of the left anterior descending artery; 11 and 12: segments of the ramus circumflexus; RNS: ramus nodi sinuatrialis;
RVD: ramus ventricularis dexter; RMD: ramus marginalis dexter; CS: coronary sinus; RPLD: ramus posterolateralis dexter; RPLS: ramus
posterolateralis sinister; RAVS: ramus atrioventricularis sinister.

(a)

(b)
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Contrast Enhancement and Contrast-to-Noise
Ratio
The blood attenuation in the aortic root (46 ± 13
Hounsfield Unit [HU]) was similar to that of the left
ventricle (45 ± 12 HU) on the non-enhanced MSCT
images. Attenuation in the aortic root and in the coron-
ary arteries increased significantly after contrast
administration (p < 0.001, paired t test). Aortic root
attenuation increased to 256 ± 22 HU (range, 232 to
283 HU). Larger branch vessels from the major coronary
arteries were often identified (Figures 3a and 3b).18

Attenuation in all the major coronary arteries increased
to exceed 200 HU, while intraventricular attenuation
increased to a greater degree (mean, 275 ± 21 HU).

The average contrast-to-noise ratio (CNR) of the MSCT
data was 9.1. The CNR was highest (11.0 ± 1.8) in the
proximal right coronary artery and lowest (6.0 ± 2.1) in
the distal ramus circumflexus. The CNR on the MSCT
images decreased systematically from proximal to distal,
within each coronary artery.

Image Quality
Superior quality of both axial and 3-dimensional (3D)
images could be achieved with MSCT in patients with
slower heart rates or a regular sinus rhythm. Image
quality was greatly improved in obese patients, allowing
for reliable quantification of coronary calcifications.
Figure 4 provides a representative comparison between
MSCT and EBCT imaging in an obese patient, illus-
trating the superior image quality achieved with the
MSCT technique. Using MSCT angiography, good
image quality was achieved in all patients with a heart
rate less than 70 beats per minute.

Coronary MSCT angiography has the potential to allow
better visualisation of the extent of atherosclerosis than
that obtained with non-enhanced CT screening. Figure
5 shows MSCT angiography imaging of a 67 year-old
male patient, with coronary atherosclerosis demon-
strated by plaques appearing in the coronary wall. In
the authors’ experience with MSCT angiography, no
correlation between calcified plaques and high grade
stenosis has been noted.

DISCUSSION
A non-invasive, imaging technique requires high spatial
resolution and high contrast-to-noise ratios to identify
stenoses in coronary arteries. A sufficient injection of
contrast material is also necessary to obtain a high
contrast level. A further major challenge for coronary
CT angiography is to control for significant cardiac
motion artifacts. MSCT offers several advantages as an
imaging approach in this regard — a thin section, short
acquisition time, and the ability to use retrospective
data processing.

Scan acquisition during the slow motion phase of
the heart allows the shortest possible scan time. To
obtain images which are completely free of motion
artifacts, a very short acquisition time would there-
fore be necessary.19 Unfortunately, to date acquisition
times this short are impossible to obtain using MSCT
(Figure 6). Although EBCT has a shorter acquisition
time compared with MSCT, the dosage applied in
EBCT is limited. This along with other reasons accounts
for the greater noise level seen with EBCT imaging.
Research shows that in helical CT reconstruction, the
180° linear interpolation algorithm is superior to the

Figure 4. Comparison of electron beam computed tomography (left) and multislice computed tomography with electrocardiograph triggered
sequential scanning (right) for coronary screening in an obese patient (140 kg).
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360° linear interpolation algorithm for reducing motion
artifacts in the ascending aorta.20 According to the 180°
linear interpolation algorithm, also available in MSCT,
the temporal resolution of a 500 ms helical MSCT scan
is approximately 250 ms, with a proportionate decrease
in motion artifact. Additionally, fast table movement in
the helical mode tends to lead to pitch artifacts that
increase cardiac motion artifacts and thereby reduce the
accuracy of the score or stenosis measurement. In terms
of the compromise between scan speed and motion
artifact, the authors suggest the use of a pitch of approxi-
mately 1.5 for MSCT imaging.

Prospective ECG triggering is widely used but is in-
accurate in the context of rapid changes in heart rate,

Figure 6. Diagram showing diastolic time according to heart rate.
Motion free images of the heart can be acquired with 500, 250
and 100 ms scan times in patients with a heart rate less than 50,
70, and 110 beats per minute, respectively. An exposure time of
50 ms is desirable to image the heart at any given heart rate.19

or absolute arrhythmia. Irregularities during ECG
recording will result in cardiac motion artifacts and in
slice gaps or overlaps due to axial movement with every
heart beat. As the heart rate changes during respiratory
suspension, rapid adaptation of the ECG trigger to the
heart rate is also essential. Retrospective ECG gating
has advantages over prospective ECG triggering for
patients with irregular heart rates due to fibrillation,
and for those individuals with frequent changes in
heart rate while holding their breath. In the current
study, an interval of 400 to 550 ms prior to the next
R wave was selected for retrospective ECG gated re-
construction of the MSCT raw data, to ensure image
reconstruction prior to significant motion artifacts
arising from systolic cardiac movement. ECG gating
can also ensure scanning of the entire heart without
gaps or overlap caused by axial movement of the heart
during a cardiac cycle.

With regard to coronary screening, ECG-triggered
multislice CT has a number of advantages over single
slice CT and EBCT. Firstly, multislice acquisition
allows improved calcium quantification and repro-
ducibility as errors are largely eliminated. Due to the
complex 3D motion of the heart, there is a high likeli-
hood of missing calcifications or counting them twice
with single slice sampling. Multislice imaging con-
siderably reduces this probability. Moreover, EBCT is
restricted to a fixed tube current setting. With multislice
CT, the tube current setting can be adjusted for pa-
tient obesity to provide appropriately low image noise,
allowing accurate calcium evaluation for all patients.

Figure 5. Multislice computed tomography (left) shows mixed calcified and non-calcified plaques (arrow) in segments 6 and 7 of the left
anterior descending coronary, indicating different stages of atherosclerotic changes in the artery wall. Selective coronary angiography
(right) shows wall irregularities only.
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Scanner specifications require that prospectively
triggered MSCT investigation of the heart must be
performed with 4 times the 2.5 mm slice thickness. It
has been shown that calcified plaques are more often
detected in thinner slices due to decreased partial
volume, however.21 While new technical developments
are underway currently to reduce the slice thickness
required, this impact of slice thickness on the results
of calcium scoring should be kept in mind.

Retrospective ECG gating with MSCT requires a longer
exposure time (250 ms) than prospectively ECG trig-
gered electron beam CT (100 ms). However, a major
advantage of retrospective ECG gating is that images
can be reconstructed at any desired time point within
the R wave to R wave interval. This advantage is most
evident in patients with irregular heart rates due to
atrial fibrillation although even in the normal heart,
changes in heart rate frequently occur within a breath-
hold.22 Disadvantages of retrospective ECG gating with
MSCT include increased radiation compared with the
prospective approach, and its deficient exposure time
for patients with higher heart rates.

In the current study, the evaluation of coronary segments
was based primarily on scrolling through the original
axial slices. To achieve 3D post-processing within a
reasonable timeframe (10 to 15 minutes), real time
interactive 3D visualisation without manual segment-
ation was used exclusively to reach the diagnosis. Sliding
thin slab maximum intensity projection was found

Figure 7. Multislice computed tomography showing the limitations of the 250 ms exposure time in patients with a high heart rate (a) and
sufficient image quality after administering a β-blocker to reduce heart rate (b). The patient was noted to have abnormal coronary artery
branching, the left anterior descending artery and the ramus circumflexus arising from a common stem (arrow).

to be particularly useful to follow the course of the
coronary vessels, in order to create MSCT angiographic
projection planes comparable to those derived from
SCA. Shaded surface display (SSD) was not used in this
study because of the time-consuming manual segment-
ation it demands to visualise the entire coronary tree.

One of the current limitations for the application of
coronary MSCT angiography is its temporal reso-
lution of 250 ms exposure time per slice. With this
exposure time, diagnostic image quality can be achieved
only in patients with a heart rate of less than 70 beats
per minute.16,17 Higher heart rates can be reduced to
allow sufficient diagnostic image quality by adminis-
tering an oral beta blocker one hour prior to the CT
investigation, after contraindications have been excluded
(Figure 7). Shorter exposure times with MSCT may be
realised in the future, with faster gantry rotation and
alternative reconstruction algorithms.23

CONCLUSION
Retrospective ECG gated MSCT provides high coronary
image quality, despite cardiac motion, and the small size
and tortuosity of the coronary arteries. Recent research
has shown the potential of MSCT to image calcium and
stenoses within the major coronary artery segments.

While further studies need to confirm these encouraging
results, MSCT appears to have the potential to become
a useful non-invasive test for the diagnosis of coronary
artery disease in the future.



Multislice Spiral Computed Tomography in Cardiac Imaging

258 J HK Coll Radiol 2001;4:252-258

REFERENCES
1. Eggen DA, Strong JP, McGill HC. Coronary calcification:

relationship to clinically significant coronary lesions and race,
sex, and topographic distribution. Circulation 1965;32:948-955.

2. Hoeg JM. Grand rounds at the clinical center of the National
Institutes of Health: evaluating coronary heart disease risk-tiles
in the mosaic. JAMA 1997;277:1387-1390.

3. Adams DF, Fraser DB, Abrams HL. The complications of
coronary arteriography. Circulation 1973;48:609-618.

4. Levin DC. Invasive evaluation (coronary arteriography) of the
coronary artery disease patient: clinical, economic and social
issues. Circulation 1982;66(Suppl. 3):71-79.

5. Feigenbaum H. Transthoracic ultrasonic visualization of coron-
ary atherosclerosis. J Am Soc Echocardiogr 1989; 2:253-258.

6. Tardif JC, Vannan MA, Taylor K, Schwartz SL, Pandian NG.
Delineation of extended lengths of coronary arteries by
multiplane transesophageal echocardiography. J Am Coll
Cardiol 1994;24:909-919.

7. Agatston A, Janowitz W. Coronary calcification detection by
ultrafast computed tomography. In: Stanford W, Rumberger J,
editors. Ultrafast computed tomography in cardiac imaging:
principles and practice. New York: Futura Mt Kisco; 1992.
77-96.

8. Taylor AM, Pennell DJ. Recent advances in cardiac magnetic
resonance imaging. Curr Opin Cardiol 1996;11:635-642.

9. van der Wall EE, van Rugge FP, Vliegen HW, Reiber JH, de
Roos A, Bruschke AV. Ischemic heart disease: value of MR
techniques. Int J Card Imaging 1997;13:179-189.

10. Becker CR, Knez A, Jakobs TF, et al. Detection and
quantification of coronary artery calcification with electron beam
and conventional computed tomography. Eur Radiol 1999;9:
620-624.

11. Agatston AS, Janowitz W, Hildner FJ, Zusmer NR, Viamonte
M Jr, Detrano R. Quantification of coronary artery calcium using
ultrafast computed tomography. J Am Coll Cardiol 1990;15:
827-832.

12. Budoff MJ, Georgiou D, Brody A, et al. Ultrafast computed
tomography as a diagnostic modality in the detection of coronary
artery disease: a multicenter study. Circulation 1996; 93:
898-904.

13. Moshage WE, Achenbach S, Seese B, Bachmann K, Kirchgeorg

M. Coronary artery stenoses: three-dimensional imaging with
electrocardiographically triggered, contrast agent-enhanced,
electron-beam CT. Radiology 1995;196:707-714.

14. Budoff MJ, Oudiz RJ, Zalace CP, et al. Intravenous three-
dimensional coronary angiography using contrast enhanced
electron beam computed tomography. Am J Cardiol 1999;83:
840-845.

15. Rensing BJ, Bongaerts A, van Geuns RJ, van Ooijen P, Oudkerk
M, de feyter RJ. Intravenous coronary angiography by electron
beam computed tomography: a clinical evaluation. Circulation
1998;98:2509-2512.

16. Becker CR, Knez A, Leber A, et al. Initial experiences with
multi-slice detector spiral CT in diagnosis of arteriosclerosis of
coronary vessels. Radiologe 2000;40:118-122. German.

17. Hong C, Becker C, Bruening R, Schoepf UJ, Knez A, Reiser
MF. Retrospective ECG gating technique for reduction of cardiac
motion artifacts in multislice CT coronary angiography.
Radiology 2000;217(Suppl.):374. (Abstract).

18. Austen WG, Edwards JE, Frye RL, et al. A reporting system
on patients evaluated for coronary artery disease. Report of the
Ad Hoc Committee for Grading of Coronary Artery Disease,
Council on Cardiovascular Surgery, American Heart Assoc-
iation. Circulation 1975;51(Suppl. 4):5-40.

19. Ritchie CJ, Godwin JD, Crawford CR, Stanford W, Anno H,
Kim Y. Minimum scan speeds for suppression of motion artifacts
in CT. Radiology 1992;185:37-42.

20. Loubeyre P, Grozel F, Carrillon Y, et al. Prevalence of motion
artifact simulating aortic dissection on spiral CT using a 180
degree linear interpolation algorithm for reconstruction of the
images. Eur Radiol 1997;7:320-322.

21. Kajinami K, Seki H, Takekoshi N, Mabuchi H. Quantification
of coronary artery calcification using ultrafast computed
tomography: reproducibility of measurements. Coron Artery Dis
1993;4:1103-1108.

22. Mao SJ, Oudiz RJ, Bakhsheshi H, Wang SJ, Brundage BH.
Variation of heart rate and electrocardiograph trigger interval
during ultrafast computed tomography. Am J Card Imaging 1996
10:239-243.

23. Kachelriess M, Kalender WA. Electrocardiogram-correlated
image reconstruction from subsecond spiral computed
tomography scans of the heart. Med Phys 1998; 25: 2417-2431.


