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Detection of Coronary Artery Stenoses by
Contrast-Enhanced, Retrospectively
Electrocardiographically-Gated, Multislice
Spiral Computed Tomography

Stephan Achenbach, MD; Tom Giesler, MD; Dieter Ropers, MD; Stefan Ulzheimer, MS;
Hans Derlien; Christoph Schulte, MD; Evelyn Wenkel, MD; Werner Moshage, MD;
Werner Bautz, MD; Werner G. Daniel, MD; Willi A. Kalender, PhD; Ulrich Baum, MD

Background—Multislice spiral computed tomography (MSCT) with retrospectively ECG-gated image reconstruction
permits coronary artery visualization. We investigated the method’s ability to identify high-grade coronary artery
stenoses and occlusions.

Methods and Results-A total of 64 consecutive patients were studied by MSCXX4nm cross-sections, 500-ms rotation,
table feed 1.5 mm/rotation, intravenous contrast agent, retrospectively ECG-gated image reconstruction). All coronary arteries
and side branches with a luminal diamete2.0 mm were assessed concerning evaluability and the presence of high-grade
stenoses*70% diameter stenosis) or occlusions. Results were compared with quantitative coronary angiography. Of 256
coronary arteries (left main, left anterior descending, left circumflex and right coronary artery, including their respective side
branches), 174 could be evaluated (68%). In 19 patients (30%), all arteries were evaluable. Artifacts caused by coronary
motion were the most frequent reason for unevaluable arteries. Overall, 32 of 58 high-grade stenoses and occlusions were
detected by MSCT (58%). In evaluable arteries, 32 of 35 lesions were detected, and the absence of stenosis was correctly
identified in 117 of 139 arteries (sensitivity, 91%; specificity, 84%). If analysis was extended to all stenoseH0fth
diameter reduction, sensitivity was 85% (40 of 47) and specificity was 76% (96 of 127).

Conclusions—MSCT with retrospective ECG gating permits the detection of coronary artery stenoses with high accuracy
if image quality is sufficient, but its clinical use may presently be limited due to degraded image quality in a substantial
number of cases, mainly due to rapid coronary mot{@itcculation. 2001;103:2535-2538.)
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he latest generation of multislice spiral computed tomogra- 63+10 years). Only patients in sinus rhythm, without implanted
phy (MSCT) scanners permits image acquisition in 4 Pacemakers or valve prostheses, and without contraindications to the

parallel slices with a rotation time of 500 ms. Using the administration of iodinated contrast agent were included in the study.

. . Al ien ritten inform nsent. Th r |
simultaneously recorded ECG, images can be reconstructed with patients gave written informed consent. The study protocol was

= ) . ’ approved by the institutional review board.
a data acquisition window o£250 ms!-2 This approach permits
visualization of the coronary lumen after intravenous injection of Muyltislice Spiral CT
contrast agertt:” We conducted a comparison of MSCT with  According to a previously published protocoMSCT data were
retrospectively ECG-gated image reconstruction and quantita- acquired using a Siemens Volume Zoom CT scanner during intra-
tive coronary angiography (QCA) in 64 patients to assess the venous injection of contrast agent (160 mL at 4 mL/s) in 4 parallel
accuracy of MSCT for the detection of coronary stenoses and slices (1.0 mm collimation) with a gantry rotation time of 500 ms and

. . . . . atable feed of 1.5 mm/rotation. The tube current was 150 mA at 140
ﬁ]i:(l:ll::;l:;;ljr; %I:a?i%rgsnﬁtﬁfatré?a;‘zg%a%ﬁ?ronary arteries, kV. Using the algorithm 180°MCI (Multislice Cardiac Interpola-

tion),* cross-sectional images were reconstructed with a slice thick-
ness of 1.2 to 1.4 mm in 1.0-mm intervals using retrospective ECG
Methods gating to obtain image acquisition windows of 125 to 250 ms
A total of 64 consecutive patients referred for invasive coronary (full-width tenth-maximum of phase contribution profijedepend-
angiography due to suspected coronary artery disease were investiing on the patient’s heart rate-or each patient, 10 data sets were
gated (48 men and 16 women; mean weight-19 kg; mean age, created during different time instants of the cardiac cycle (0% to 90%

Received February 23, 2001; revision received April 10, 2001; accepted April 17, 2001.

From the Department of Internal Medicine Il (S.A., T.G., D.R., H.D., W.M., W.G.D.), the Institute of Medical Physics (S.U., W.A.K.), and thesInstitut
of Diagnostic Radiology (C.S., E.W., W.B., U.B.), University of Erlangen-Nurnberg, Germany.

Correspondence to Dr S. Achenbach, Medizinische Kilinik I, Universitat Erlangen, Ostliche Stadtmauerstr 29, 91054 Erlangen, Germany. E-mail
stephan.achenbach@rzmail.uni-erlangen.de

© 2001 American Heart Association, Inc.

Circulation is available at http://www.circulationaha.org

2535


https://core.ac.uk/display/357584052?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

2536 Circulation May 29, 2001

Figure 1. MSCT and coronary angiography in a
patient with a stenosis of the LAD. A, Cross-
sectional image in axial orientation obtained by
MSCT. The proximal LAD shows narrowing of
the lumen (arrow). B, Sliding thin-slab
maximume-intensity projection (slab thickness,
10 mm) of the left main coronary artery and
LAD (arrow indicates stenosis). C, 3D recon-
struction of the heart and contrast-enhanced
coronary arteries shows the LAD stenosis
(arrow). D, Invasive coronary angiography con-
firms the presence of the stenosis (arrow; 84%
diameter reduction; reference diameter,

3.5 mm.).

of the R wave-to-R wave interval). For each individual artery, the In the 174 evaluable arteries, all 6 occlusions and 26 of 29
data set containing the fewest motion artifacts was used for further high-grade stenoses={0% diameter reduction) in vessel
evaluation. segments with a diameter2.0 mm were correctly detected

On the basis of the cross-sectional images, sliding thin-slab . L. .
maximum-intensity projectiorisand 3D reconstructions rendered on  PY MSCT (Figures 1 and 2). One of one lesion in the left main

an off-line workstation (NetraMD, Sclmage), the coronary arteries Coronary artery, 19 of 22 in the LAD and diagonal branch, 5
were classified as evaluable or unevaluable. In the evaluable arteries,of 5 in the left circumflex and marginal branches, and 7 of 7
the presence of high-grade stenoses and occlusions was assessegsjons in the right coronary artery were correctly identified.
using visual estimation (Figure 1). Results were documented sepa- || 3 false-negative stenoses were located in diagonal

rately for the 4 major epicardial arteries (left main, left anterior b h ith f di t 28l |
descending [LAD], left circumflex, and right coronary artery). Side ranches with a mean reierence diameter o mm. in

branches were included in the analysis of the respective coronary 117 of 139 coronary arteries, the absence of high-grade
artery (eg, a stenosis detected in a diagonal branch would be stenoses and occlusions was correctly detected, and in 22
documented as an LAD stenosis). cases, the presence of a high-grade lesion was incorrectly
suspected based on MSCT. By QCA, the mean diameter
. . . ) ) reduction of these false-positive lesions wast28%; in 5
Invasive coronary angiograms were obtained in all patients 1to3 lesions. the diameter reduction was between 50% and 70%
days after MSCT using 6-French catheters. The angiograms were ! o AR
evaluated by QCA with automated vessel contour detection after 1 hese values correspond to a sensitivity of 91%, specificity
catheter-based image calibration (QuantCor QCA, Pie Medical of 84%, positive predictive value of 59%, and negative
Imaging). Lesions with a mean diameter reductior0% in 2 planes  predictive value of 98% for the detection of high-grade
\é\{ere tCOHSifdered h:thgra?e steP%Ses. t'” a.dditiond. the rgferetncecoronary artery stenoses by MSCT. When coronary arteries
iameter of every lesion (vessel diameter in nondiseased artery . . . .
immediately proxi)r/nal to the lesion) was documented because onI)YJUdged unevalua_tt_)lt_e by MSCT were included in the analysis,
lesions in vessel segments with a lumen diameter0 mm were  the overall sensitivity was 58% (32 of 55 stenoses detected).
included in the analysis. If the threshold for the definition of stenosis in MSCT and
QCA was lowered to 50% diameter reduction, sensitivity and
Results specificity were 85% (40 of 47) and 76% (99 of 130),
MSCT was performed without complications in all patients. Out of respectively, in evaluable arteries, and overall sensitivity was
256 coronary arteries, 82 were judged to be unevaluable due t055% (40 of 73 stenoses detected).
reduced image quality (32%). The most frequent reasons for
impaired evaluability were motion artifacts (39 arteries) and severe Discussion
vessel calcification (27 arteries). The right coronary artery was most Our study demonstrates that MSCT with retrospective ECG
frequently affected by degraded image quality (33 patients). In 19 gating permits the detection of high-grade coronary artery
patients (30%), all arteries were evaluable by MSCT. stenoses and occlusions with high sensitivity (91%) and

Quantitative Coronary Angiography
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Figure 2. A, Cross-sectional image showing a
motion artifact of the right coronary artery
(arrows) that renders the artery unevaluable. B,
Severe calcifications of the LAD (arrows) render
the artery unevaluable concerning the presence
of stenoses. C, Sliding thin-slab maximum-
intensity projection (slab thickness, 10 mm)
shows a high-grade stenosis of a large diagonal
branch (arrow). D, Corresponding coronary
angiogram (arrow shows stenosis of diagonal
branch with 76% diameter reduction and refer-
ence diameter of 2.5 mm). E, 3D reconstruction
of the heart and coronary arteries in a patient
without coronary artery stenoses. F, Corre-
sponding coronary angiogram. In E and F, large
arrow indicates LAD; small arrow, diagonal
branch; and arrowhead, left circumflex coronary
artery.

specificity (84%) if an image quality sufficient for evaluation number of unevaluable segments. Improvements may be
is obtained. These values are similar to the results of achieved through the use of further refined image reconstruc-
contrast-enhanced electron beam tomograpkyHowever, tion algorithms, more suitable kernels, or by increasing the
probably because of the longer image acquisition time, the tybe current (at the cost of higher radiation exposure).
number of interpretable vessel seems to be lower with MSCT However, because most of the unevaluable segments were
than with electron beam tomography. Only 68% of the jffected by coronary motion, further shortening the image
coronary arteries could bg evaluated in our study; a similar acquisition window seems mandatory.
value was observed by. Nieman .et7al. o General drawbacks of MSCT for coronary visualization
B s ELde e et I he paent st be bl o pero tre
' Jrecessary breathhold and the method requires the injection of

side branches, in the analysis if the vessel diameter measure dinated rast t and th tient to radiati
=2.0 mm. This approach was chosen because to be cIinicaIIyIO inated contrast agent and exposes he patient to radiation.

useful, a noninvasive method must be able to reliably rule out 11€refore, the method may be considered not completely
coronary artery stenoses in all arteries that would be potential NPninvasive. These drawbacks are similar to those of electron

targets of revascularization therapy. Stenoses in vessels withb€am tomography; however, electron beam tomography has a

a diameter <2.0 mm rarely constitute targets for markedly lower radiation dose. The effective dose for elec-

revascularization3.14 tron beam tomography coronary angiography was estimated
Although the image quality that can be obtained by MSCT at 1.7 mSw5 but the estimated dose for our MSCT protocol

is impressive, measures need to be taken to reduce thes 3.9 to 5.8 mSw. The MSCT radiation dose can be even
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Ohnesorge B, Flohr T, Becker C, et al. Cardiac imaging by means of
electrocardiographically gated multisection spiral CT: initial experience.
Radiology 2000;217:564-571.

Knez A, Becker C, Ohnesorge B, et al. Noninvasive detection of coronary
artery stenosis by multislice helical computed tomograiyculation.
2000;101:E221-E222.

7. Nieman K, Oudkerk M, Rensing BJ, et al. Coronary angiography with
multi-slice computed tomogaphizancet 2001;357:599—-603.

Reddy G, Chernoff DM, Adams JR, et al. Coronary artery stenoses:
assessment with contrast-enhanced electron-beam CT and axial recon-
structions.Radiology 1998;208:167-172.

. Schmermund A, Rensing BJ, Sheedy PF, et al. Intravenous electron-beam
computed tomographic coronary angiography for segmental analysis of

higher when a higher tube current is used, and it can exceed 5.
the dose of invasive coronary angiograpghynly MRI can
visualize the coronary arteries without contrast and radiation, ¢
but thus far, MRI has not achieved clinically satisfactory
results for stenosis detectiéf.

The encouraging results obtained in this investigation
justify further research to improve the accuracy of MSCT for 8.
the detection of coronary stenoses, to evaluate its applicabil-
ity and clinical usefulness in defined patient subsets, and to
compare it to other methods for noninvasive coronary angiog-

raphy, such as MRI and electron beam tomography.

Acknowledgments
This study was supported by the ELAN-Program, University of

Erlangen-Nurnberg; Johannes und Frieda Marohn-Stiftung, Erlan-

gen; and Bayerische Forschungsstiftung.

References

1. Kachelrigg M, Ulzheimer S, Kalender WA. ECG-correlated image recon-
struction from subsecond multi-slice spiral CT scans of the h&set
Phys 2000;27:1881-1902.

2. Ohnesorge B, Flohr T, Becker C, et al. Cardiac imaging with rapid,
retrospectively ECG synchronized multilevel spiral ®adiologe 2000;
40:111-117.

3. Kopp AF, Ohnesorge B, Flohr T, et al. Cardiac multidetector-row CT:
first clinical results of retrospectively ECG-gated spiral with optimized
temporal and spatial resolutioRRofo Fortschr Geb Rontgenstr Neuen
Bildgeb Verfahr 2000;172:429—-435.

4. Achenbach S, Ulzheimer S, Baum U, et al. Noninvasive coronary
angiography by retrospectively ECG-gated multislice spiral CiFcu-
lation. 2000;102:2823-2828.

10.

11.

12.

13.

14.

15.

16.

coronary artery stenose3.Am Coll Cardiol 1998;31:1547-1554.

Rensing BJ, Bongaerts A, van Geuns RJ, et al. Intravenous coronary
angiography by electron beam computed tomography: a clinical eval-
uation. Circulation. 1998;98:2509-2512.

Achenbach S, Moshage W, Ropers D, et al. Value of electron-beam
computed tomography for the detection of high-grade coronary artery
stenoses and occlusioris.Engl J Med 1998;339:1964-1971.

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.

Botas J, Stadius ML, Bourassa MG, et al. Angiographic correlates of
lesion relevance and suitability for percutaneous transluminal coronary
angioplasty and coronary bypass grafting in the Bypass Angioplasty
Revascularization Study (BARIAmM J Cardiol 1996;77:805-814.
Saucedo JF, Popma JJ, Kennard ED, et al. Relation of coronary artery size
to one-year clinical events after new device angioplasty of native coro-
nary stenosesAm J Cardiol 2000;85:166—-171.

Becker C, Schatzl M, Feist H, et al. Assessment of the effective dose for
routine protocols in conventional CT, electron beam CT and coronary
angiography.Rofo Fortschr Geb Rontgenstr Neuen Bildgeb Verfahr
1999;170:99-104.

Duerinckx AJ. Imaging of coronary artery disease: MRThorac
Imaging 2001;16:25-34.



