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Abstract

Background

Magnetic Resonance Imaging (MRI) and Multi-Slice Computed Tomography (MSCT) have
emerged as potential non-invasive coronary imaging techniques. The objective of the present
study was to clarify the current accuracy of both modalities in the detection of significant cor-
onary artery lesions (compared to conventional angiography as the gold standard) by means
of a comprehensive meta-analysis of the presently available literature.

Methods

A total of 51 studies on the detection of significant coronary artery stenoses (50% diameter
stenosis or more) and comparing results to conventional angiography were identified by
means of a MEDLINE search. Weighted sensitivities, specificities, predictive values, all with 95%
confidence intervals (Cls), as well as summary odds ratios were calculated for both techniques.
In addition, the relationship between diagnostic specificity and disease prevalence was deter-
mined using meta-regression analysis.

Results

A comparison of sensitivities and specificities revealed significantly higher values for MSCT
(weighted average: 85%, 95% Cl: 86%-88% and 95%, 95% Cl: 95%) as compared with MRI
(weighted average: 72%, 95% Cl: 69%-75% and 87%, 95% Cl: 86-88%). A significantly higher
odds ratio (16.9-fold) for the presence of significant stenosis was observed for MSCT as com-
pared to MRI (6.4-fold) (p<0.0001). Linear-regression analysis revealed a better specificity for
MSCT versus MRI in lower disease prevalence populations (p=0.056).

Conclusion

Meta-analysis of the available studies with MRI and MSCT for non-invasive coronary angiog-
raphy indicates that MSCT has currently a significantly higher accuracy to detect or exclude
significant CAD.
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Introduction

In the western world, coronary artery disease (CAD) remains the leading cause of death and its
prevalence is still increasing. The current gold standard for the detection of CAD, invasive coronary
angiography (CAG), allows direct visualization of the coronary lumen with high spatial and tempo-
ral resolution. However, it is an invasive procedure with several important drawbacks, including the
significant costs and a small risk of serious complications '2. Furthermore, in a substantial number
of procedures, no evidence of clinically important CAD is demonstrated. In patients with a low to
intermediate pre-test likelihood of CAD, therefore, non-invasive evaluation of the coronary arteries
would be highly desirable, whereas direct referral for invasive CAG may still be preferred in patients
with a high pre-test likelihood.

Over the past decade, Magnetic Resonance Imaging (MRI) and, more recently, Multi-Slice Computed
Tomography (MSCT) have emerged as non-invasive cardiac imaging techniques. Their rapid devel-
opment has lead to the expectation that both techniques can be applied in the detection of CAD by
direct visualization of coronary artery stenoses (instead of the detection of their functional conse-
guences). However, which technique is more likely to be implemented in the diagnostic workup of
patients with suspected CAD eventually, still remains a heated issue of debate.

To evaluate the accuracies of MRl and MSCT in the detection of CAD, we performed a comprehensive
meta-analysis of the presently available literature on MRI and MSCT in the detection of significant

coronary artery stenoses.

Methods

Review of published reports

The objective of the current analysis was to evaluate the available reports on the diagnostic accuracy
of MSCT and MRI in the detection of CAD. The studies were identified by means of several search
strategies:

1. A search of the MEDLINE database (January 1990 -January 2005) was performed using the fol-
lowing keywords: computed tomography, magnetic resonance imaging, coronary artery disease,
stenosis, occlusion, detection, and angiography.

2. A manual search of cardiology and radiology journals (American Heart Journal, American Journal of
Cardiology, Circulation, European Heart Journal, European Journal of Radiology, Heart, Journal of the
American College of Cardiology, Journal of Magnetic Resonance Imaging, Magnetic Resonance Imag-
ing, Magnetic Resonance in Medicine, Radiology) from 1990 to 2005.

3. Reference lists from the cited manuscripts were screened for additional studies that may have
been missed.

Only articles performing a head-to-head comparison between non-invasive angiography with

either MRl or MSCT and invasive CAG in patients with known or suspected CAD were considered for
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Table 1. Diagnostic accuracy of MRI to detect coronary artery stenoses in 28 studies with 903 patients.

Year Author Pts (n) Mean age (yrs) Male Prevalence of CAG Techniq A ble (%) Sensitivity (%) Specificity (%)
(%) CAD (%) criterium (nr segments) (nr segments) (nr segments)
2D Breath Hold
1993 Manning etal. 39 54 90 74 >50,V* GE 98 (147/150) 90 (47/52) 92 (87/95)
1993 Pennell etal.® 7 NA NA 71 #,V* GE NA 83(5/6) NA
1996 Mohiaddin etal.# 16 57 NA NA >50,V* GE 90 (43/48) 56 (5/9) 82(28/34)
1996 Pennell etal.#” 39 55 92 NA >50,V GE NA 85 (47/55) NA
1997 Postetal. 35 58 77 NA >50,V* GE 89(125/140) 63 (22/35) 89(80/90)
Weighted mean 93(315/338) 80(126/157) 89(195/219)
3D Breath Hold
1999 Kessleretal. "o 6 NA NA NA >50,V GE NA 60 (3/5) NA
2000 Van Geuns et al. * 38 NA 71 68 >50,V GE 69 (187/272) 68(21/31) 97 (151/156)
2000 Regenfus etal.? 50 61 80 72 >50,V GE 77 (268/350) 86 (48/56) 91(193/212)
2002 Regenfus etal. "t 32 58 72 69 >50,V GE 76 (171/224) 87 (26/30) 91(129/141)
2004 Jahnke etal. 7 40 62 60 63 >50,V SSFP 45(143/320) 63(12/19) 82(102/124)
Weighted mean 66 (769/1166) 78(110/141) 91(575/633)
3D Navigator
1996 Postetal.™ 20 58 80 75 >50,V GE 96 (77/80) 38(8/21) 95 (53/56)
1997 Mdiller et al. 2 35 61 71 86 >50,V SE NA 83 (45/54) 94(115/122)
1997 Kessleretal.? 73 60 75 NA >50,V GE 52(236/455) 65 (28/43) 88(169/193)
1998 Woodard et al. 2 10 60 50 NA >30,V* GE NA 70(7/10) NA
1999 Sandstede etal. ¢ 30 63 77 100 >50,V* SE 77(92/120) 81(30/37) 89 (49/55)
1999 Van Geuns etal. ¢ 32 NA 62 NA >50,V GE 74(151/203) 50(13/26) 91(114/125)
1999 Kessleretal. "t 6 NA NA NA >50,V GE NA 60 (3/5) NA
2000 Sardanellietal.”” 42 65 79 87 >50,V GE 86 (234/273) 82(55/67) 89 (149/167)
2001 Kim et al 109 59 69 59 >50,QVv* GE 86 (374/434) 83 (78/94) 73 (204/280)
2002 Pleineta 10 61 80 100 >50,V* GE 93 (37/40) 88(15/17) 85(17/20)
2002 Weber et al.® 1 61 NA NA >50,V TFE 70 (62/88) 88(14/16) 93 (43/46)
2002 Wi geretal.? 25 62 80 NA #V SE 85(102/120) 75(18/24) 100 (78/78)
2002 Regenfus etal. ' 32 58 72 69 >50,V GE 69 (155/224) 60 (15/25) 88(115/130)
2002 Watanabe etal. ”® 12 71 75 100 >50,V TFE 70 (49/70) 80(12/15) 85 (29/34)
2002 Van Geuns etal.? 27 59 NA 70 >50,V GE 69(139/201) 46 (12/26) 90(102/113)
2003 Bogaertetal.’ 21 62 71 68 >50,Q TFE 72(134/186) 56 (15/27) 83(89/107)
2003 lkonenetal.® 69 58 63 68 >50,Q* GE 84 (233/276) 75 (64/85) 62(92/148)
2004 Jahnke etal.”* 40 62 60 63 >50,V SSFP 79 (254/320) 72(26/36) 92 (200/218)
2005 Gerberetal.® 27 65 89 81 >50,Q TFFE 100 (294/294) 62 (36/58) 84(198/236)
2004 Mdiller etal.® 30 60 83 100 >50,NA GE 100 (221/221) 85(35/41) 84(151/180)
2005 Sommer etal.* 18 63 61 61 >50,Q TFE 87(109/126) 82(14/17) 88(80/91)
Weighted mean 82(2953/3731) 73 (543/744) 85(2047/2399)
3T
2005 Sommeretal.* 18 63 61 61 >50,Q TFE 86 (108/126) 82(14/17) 89 (80/90)
Weighted mean 1.5T 83(3441/4147) 72(749/1043) 87(2600/2997)

*Only vessels available, no segmental analysis * Same study group. In case of study comparing 2 techniques, results of technique with best results were included in the overall weighted mean.
Abbreviations: CAG: conventional angiography, GE: gradient echo; NA: not available, Q: quantitative analysis, SE: spin-echo, SSFP: steady-state free precession, TFE: turbo flash echo, TFFE: turbo flash field echo, V: visual

analysis
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evaluation, while abstracts, reviews and articles written in another language than English were dis-
regarded. Finally, reports indicating that the patients included were subsets of previously published
studies (n=1) or reports with insufficient data to calculate sensitivity and specificity on a segmental
basis (n=9) were also excluded. When papers reported results of multiple observers, data from the

observer with the highest accuracy were used for further analysis.
Statistical Methods

From each publication, a 2 x 2 frequency table was constructed based upon true negative and posi-
tives and false negative and positives. Diagnostic sensitivity (= true positives / [true positive + false
negatives]) and specificity (= true negatives / [true negatives + false positives]) were calculated.
Pooled calculations for diagnostic accuracy of MRl and MSCT techniques were performed based
upon the proportional sample size of each report. The 95% confidence intervals (Cls) of the weighted
sensitivities and specificities were calculated using the following formula: p + 1.96*V{(p*(100-p))/n},
where p = weighted sensitivity or specificity (%) and n = the total number of segments.

Summary odds ratios were calculated using the Comprehensive Meta Analysis™ program (www.
meta-analysis.com, access date: February 2004). The odds ratio and summary odds ratio, with 95%
Cls, for angiographic CAD was defined for positive MSCT and MRI studies. For this analysis, only data
with negative and positive study findings were included. Pooled summary data for CAD incident
cases/denominators of negative and positive studies were also calculated. A chi-square test for het-
erogeneity was calculated. The summary odds ratio was calculated using a random effects inverse
variance approach. Analysis of variance techniques were also applied to compare the effect size for
MSCT versus MRI.

To compare the relationship between accuracy and disease prevalence, a meta-regression analysis
was performed. For MSCT, a univariable meta-regression was performed estimating the influence of
diagnostic specificity on CAD prevalence. Use of multivariable regression analyses did not alter the
univariable relationship but were performed and included the prevalence of males and average age
of the population. From this model, a linear regression model was employed to calculate the correla-
tion and beta coefficients.

Diagnostic sensitivity and specificity was compared for intermediate and high-risk groups by em-
ploying analysis of variance techniques. Using a general linear model, the average diagnostic sensi-
tivity and specificity for intermediate and high-risk groups was compared for MSCT and MRI; weight-
ed by average sample size. A p-value <0.05 was considered statistically significant.
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Table 2. Diagnostic accuracy of MSCT to detect coronary artery stenoses in 24 studies with 1300 patients.

Year Author Pts (n) Mean age Male (%) Prevalence CAG BB-use Assessable (%) Sen ity (%) Specificity (%)
(yrs) of CAD (%) criterium (nr segments) (nr segments) (nr segments)
4-slice
2001 Achenbach et 64 63 75 NA >50,Q* NA 68 (174) 85 (40/47) 76 (96/127)
2001 Knezetal.” 44 NA 86 70 >50,V No 93 (358) 78(39/50) 98 (301/308)
2002 Nieman et al. % 53 56 75 62 >50,Q No 70(358) 82(42/51) 93 (285/307)
2002 Becker et al. 28 64 96 64 >50,V No* 95(187) 81(21/26) 90(145/161)
2002 Vogl etal.* 64 56 56 NA >50,V Yes 100 (1039) 75(59/79) 99 (955/960)
2002 Nieman etal.* 78 57 73 75 >50,Q No 68 (505) 84 (48/57) 95 (424/448)
2003 Nieman et al.** 24 64 83 100 >50,Q NA 69 (146) 90(71/79) 75 (50/67)
2003 Morgan-Hughes et al. * 30 56 80 NA >70,Q No* 68 (140) 72(18/25) 86 (99/115)
2003 Leberetal.” 91 62 79 67 >50,V Yes 80 (653) A (72/88) 95 (539/565)
2004 Kuettner et al. 66 61 74 100 >70,Q No 57 (487/858) 66 (39/59) 98 (420/428)
2004 Gerberetal.® 27 65 89 81 >50,Q Yes 100 (294/294) 79 (46/58) 71(168/236)
Weighted mean 78 (4877/6243) 80(495/619) 94 (3482/3722)
8-slice
2004 Maruyama et al.* 25 63 68 64 >50,Q No 74 (258/348) 90 (27/30) 99 (226/228)
2004 Matsuo etal. # 25 65 76 76 >50,Q Yes 94 (94/100)° 75 (45/60) 96 (177/185)
Weighted mean 79 (352/448) 80 (72/90) 98 (403/413)
16-slice
2003 Ropers et al. 77 58 65 53 >50,Q* Yes 88(270/308) 91(51/56) 93 (200/214)
2002 Nieman etal.® 59 58 90 86 >50,Q* Yes 100(231/231) 95 (82/86) 86 (125/145)
2004 Kuettner etal. # 60* 58 73 60 >50,Q Yes 100(728/728) 70(39/56) 97 (655/672)
True 16-slice
2004 Dewey et al. “ 34 64 79 NA >50,Q* No 98(133/136) 88(37/42) 94 (86/94)
2004 Mollet etal.#” 128 59 88 83 >50,Q Yes 100 (1384/1384) 92 (216/234) 95(1092/1150)
2004 Martuscelliet al. # 64 58 92 67 >50,Q Yes 84 (613/729) 89 (83/93) 98 (511/520)
2004 Hoffmann etal. 33 57 82 67 >50,Q Yes 83 (438/530) 70 (30/43) 94 (371/393)
2005 Kuettner etal.* 72 64 58 50 >50,Q Yes 100 (936/936) 82(96/117) wm (805/819)
2005 Mollet et al.*? 51 59 73 63 >50,Q Yes 100(610/610) 95 (61/64) 98 (537/546)
2005 Schuijf et al.* 45 63 93 98 >50,V No 94 (298/317) 98 (59/60) 97 (231/238)
2005 Morgan-Hughes et al. ¥ 58 61 81 56 >50,V No 100 (675/675) 83(75/90) 97 (566/585)
Weighted mean 96 (6316/6584) 88(829/941) 96 (5179//5376)
Weighted mean overall 87(11545/13275) 85(1396/1650) 95 (9064/9511)

BB-use: additional administration of BB medication prior to data acquisition to reduce heart rates.
* Only vessels available, no segmental analysis.

*Exclusion of patients with heart rates higher than 75 bpm

* Of these 60 patients, 4 had previous bypass grafting, sensitivity and specificity data are without these 4 patients.
Abbreviations: BB: beta-blocking medication, CAG: conventional angiography, NA: not available, Q; quantitative analysis, V: visual analysis.
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Results
Accuracy of MRI

A total of 28 studies comparing MRI to invasive CAG were analyzed and are summarized in Table 1.
In 21 studies, the 3D navigator technique was used *?*, whereas data were acquired during breath-
holds in 10 studies '%75243°, Analysis of the original data resulted in weighted means for sensitivity
and specificity of respectively 72% (95% Cl: 69% to 75%) and 87% (86% to 88%) for 1.5T MRI. Average
percentage assessable coronary segments was 83% with a 95% Cl of 82% to 84%.

Accuracy of MSCT

The results of the studies that compared either 4-slice MSCT ¢34, 8-slice #'? or 16-slice MSCT 3 to
invasive CAG are summarized in Table 2. For all MSCT studies combined, weighted sensitivities and
specificities were 85% (95% Cl: 83-87 and 95% (95% Cl: 95%). Average percentage segments with di-
agnostic image quality was 87% (95% Cl: 86% to 88%), while a significant increase could be observed
from 78% with 4-slice systems to 96% with the more recent 16-slice systems.

OMRI  mMSCT
100 1

80 4
60 -

40 -

Percentage

20 4

Sensitivity Specificity

Figure 1. Comparison of sensitivities and specificities of MRl and MSCT in the detection of significant CAD.
Comparison between the 2 techniques

The results of the pooled analysis with the corresponding 95% Cls are summarized in Table 3. In
the detection of significant CAD, weighted means for sensitivity, specificity, positive and negative
predictive values were higher for MSCT as compared to MRI, without overlap of 95% Cls. Also, the
percentage evaluable segments was significantly higher with MSCT as compared to MRI. In Figure 1,
sensitivities and specificities of both MRl and MSCT in the detection of coronary artery stenosis are
shown.

In a subset analysis of MSCT and MRI, the summary odds ratios and the 95% Cls for the different
techniques are plotted in Figure 2. Based upon a combined analysis, the summary odds ratio was
elevated 16.9-fold (95% Cl: 11.0-26.1) for an abnormal MSCT (p<0.0001), indicating that an abnormal
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segment had 16.9-fold increased odds of significant CAD at cardiac catheterization. In contrast, the
summary odds ratio was increased 6.4-fold (95% Cl: 5.0-8.3) for MRI (p<0.0001). The analysis of vari-
ance analysis noted a significantly higher odds of CAD with MSCT (p<0.0001).

Positive Negative
Total N Segments Segments
MRI (n of studies) of Segments "~ p w/ CAD 0.01 0.1 1 10 100
3T (1) 107 14 /17 10/90 —_—
3D Navigator (18) 2,754 455/ 635 276 /2,119 —
3D Breathhold (4) 769 107 /136 58 /633 —
2D Breathhold (3) 312 74196 21/216 -
Summary MRI (26) 3,942 650 / 884 365/ 3,058
p<0.0001 for each comparison. 0.01 0.1 1 10 100
Decreased OR+ > Increased OR
Positive Negative
. Total N segments  segments
MSCT (n of studies) ~ of Segments  /'cap w/ CAD 0.01 0.1 1 10 100
16 Slice Collimation (7) 4,952 545/701 138/ 4,251 -
16 Slice* (2) 998 90 /112 31/886 |
8 Slice (2) 503 72/90 10/413 —
4 Slice (11) 4,341 495/619 240/ 3,722 ——
Summary (22) 10,794 419 /9,272 1,201 /1,522 ——
p<0.0001 for each comparison. 0.01 0.1 1 10 100
* 12 inner rings applied Decreased OR+ » Increased OR

Figure 2. Forest plotof summary odds ratio (OR) comparing MSCT with MRIfor the diagnosis of CAD stenosis >50%.
(n) = number of included studies. Positive = number with CAD/number of positives; Negative = number without
CAD/number of normals.

The relationships between the diagnostic specificities of MRl and MSCT and the prevalence of CAD
were plotted between 50-100% and predicted for 10-50% prevalence of CAD in the study population
(Figure 3). Using meta-regression techniques, an inverse relationship between diagnostic specificity
and CAD prevalence for MSCT was observed (p=0.056). The amount of explanatory variance was
-0.37 for MSCT. When examining these results for MRI, no relationship for MRl and CAD prevalence
was observed (r>=0.25, p=0.55). For MSCT, this relationship remained consistent even when control-
ling for the average age and the frequency of men enrolled in each study.
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Table 3. Diagnostic accuracy for the differentimaging techniques.

Sens 95% Spec 95% PPV 95% NPV 95%
Technique (%) Cl (%) (%) Cl (%) (%) Cl (%) (%) Cl (%)
MRI2D BH (n=5) 80 74-86 89 85-93 84 78-90 86 82-91
MRI3DBH (n=5) 78 71-85 91 89-93 65 58-72 95 93-97
MRI 3D Navigator 73 70-76 85 84-86 61 58-64 91 90-92
(n=21)
MRI Overall (n = 28) 72 69-75 87 86-88 65 62-68 90 89-91
MSCT 4-slice (n=11) 80 77-83 94 93-95 67 64-70 97 96-98
MSCT 8-slice (n=2) 80 72-88 98 97-99 88 81-95 96 94-98
MSCT 16-slice (n=11) 88 86-90 96 95-97 81 79-83 98 98
MSCT Overall (n = 24) 85 83-87 95 95 76 74-78 97 97

Diagnostic accuracy including uninterpretable segments

MRI 3D Navigator (n = 8) 59 54-63 71 68-74 40 36-44 84 82-86
MRI Overall (n=9) 58 53-63 70 68-72 37 33-41 85 83-87
MSCT 4-slice (n=8) 66 62-70 76 75-77 32 29-35 93 92-94
MSCT 16-slice (n=10) 85 83-87 94 93-95 71 68-74 97 97
MSCT Overall (n=18) 77 75-79 94 93-95 51 49-53 96 96

BH: breath hold; Cl: confidence interval; PPV: positive predictive value; NPV: negative predictive value
Number in parentheses represents number of studies.

Discussion

Analysis of the available literature on MRI and MSCT revealed a considerable advantage for MSCT
compared to MRI in the detection of CAD. A significant higher overall accuracy in the detection of
coronary artery stenoses was demonstrated for MSCT as compared to MRI. In addition, an almost
17-fold elevated odds ratio was observed for an abnormal test result with MSCT, significantly higher
than MRI (P<0.0001). Linear-regression analysis revealed a better specificity for MSCT versus MRI in
lower disease prevalence populations (p=0.056). This is an important observation, since non-invasive
imaging of the coronary arteries is most likely to be implemented as diagnostic tool to exclude CAD
in patients with a low to intermediate likelihood of CAD, and thus to avoid the risks and expenses of
invasive CAG in this particular patient group.

Although MRI has become an established modality in the non-invasive evaluation of many cardiac
parameters, including ventricular function, myocardial perfusion and mass, our analysis suggests
that concerning coronary imaging the technique is currently outperformed by MSCT. Despite initial
promising results, diagnostic accuracy was significantly less compared to MSCT studies. However,
it should be taken into account that both technologies are in a constant evolutionary state. For in-
stance, the introduction of 3 Tesla systems may increase the resolution of MRI sufficiently to allow
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improved detection of CAD %, With MSCT on the other hand, the number of detector rows has
increased from 4 to 64 and further expansion to 128 will soon be realized. This will result in faster
acquisition times, enabling the coverage of the whole heart in less than 10 seconds. With these sys-
tems, breathing artefacts or breath-hold associated increases in heart rate during acquisition are less
likely to occur. Indeed, studies performed with 16-slice technology show an increase in the number
of evaluable segments as well as diagnostic accuracy as compared to results obtained with 4-slice
systems (Table 3). Still, several important limitations exist, including the relatively high radiation ex-
posure (which will increase slightly with more detector rows) and the limited value in patients with
heart rates above 65 *” or with tachy-arrhythmias (for which reasons beta-blockers are frequently ad-
ministered). The use of multi-segmented reconstruction algorithms, which are available on certain
MSCT systems, may allow the inclusion of patients with higher heart rates without loss in temporal
resolution or need for beta-blockade ##**.

Another limitation of MSCT is that currently the technique does not allow quantification of stenosis
severity. Eventually reliable absolute measurements of vessel diameter and lesion severity, similar
to quantitative coronary angiography, will be needed. Nevertheless, a reliable estimate of overall
coronary plaque burden can already be derived from MSCT. Indeed, the technique shows a clear po-
tential for plaque characterization *%*”. Several studies comparing MSCT to intravascular ultrasound
imaging, have shown a relation between the average Hounsfield Unit of the coronary plaque and its
echogenicity, suggesting that MSCT can distinguish between soft, intermediate and calcified plaque

56,57
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Figure 3. Relationship between CAD prevalence and diagnostic specificity for MSCT and MRI. Diagnostic speci-
ficity is plotted with a line of best fit within a range from >50% to 100% and predicted across a range of CAD
prevalence rates from 10% to 50%.
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Clinical implications

Because of its invasive nature and cost, indications for catheter-based diagnostic CAG have been
restricted to a small fraction of high-risk patients with high pre-test likelihood of CAD. These
patients are usually selected by risk-stratification and prior non-invasive imaging. Therefore, in
current practice, coronary anatomy remains unknown in the majority of patients with CAD as well
as in all asymptomatic subjects with a high-risk profile, frequently resulting in suboptimal therapy.
The emergence of non-invasive diagnostic angiography by MSCT will grant the opportunity to
obtain anatomic information about the coronary atherosclerotic process at a pre-clinical stage on
a large scale. This is likely to have a profound impact on the practice of cardiology, in particular in
the fields of revascularization on the one end, and prevention on the other end of the spectrum.
Limited information is currently available on the accuracy of MSCT in low- and intermediate-
prevalence populations, although extrapolation of the available data (Figure 3) suggests no loss
in specificity of MSCT with decreasing disease prevalence. This observation suggests that the
presence of CAD can be excluded with high accuracy such that the use of MSCT as a first-line
evaluation tool could now be tested prospectively in selected subgroups.

Conclusion

Meta-analysis of available studies with MRI and MSCT for non-invasive coronary angiography in-
dicates that MSCT has currently a significantly higher accuracy to detect or exclude significant
CAD. MSCT may be considered the technique of choice to non-invasively evaluate coronary artery

anatomy.
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Abstract

Background

Early identification of coronary artery disease (CAD) in patients with diabetes is important,
since these patients are at elevated risk for developing CAD and have worse outcome as com-
pared to non-diabetic patients, once diagnosed with CAD. Recently, non-invasive coronary
angiography and assessment of left ventricular (LV) function has been demonstrated with
multi-slice computed tomography (MSCT). The purpose of the present study was to validate
this approach in patients with type 2 diabetes.

Methods

MSCT was performed in 30 patients with confirmed type 2 diabetes. From the MSCT images,
coronary artery stenoses (= 50% luminal narrowing) and LV function (LV ejection fraction,
regional wall motion) were evaluated and compared with conventional angiography and
2D-echocardiography.

Results

A total of 220 (86%) of 256 coronary artery segments were interpretable with MSCT. In these
segments, sensitivity and specificity for the detection of coronary artery stenoses were 95%.
Including the uninterpretable segments, sensitivity and specificity were 81% and 82%, respec-
tively. Bland-Altman analysis in the comparison of LV ejection fractions demonstrated a mean
difference of —0.48% =+ 3.8% for MSCT and echocardiography, not significantly different from
zero. Agreement between the 2 modalities for assessment of regional contractile function was
excellent (91%, kappa statistic 0.81).

Conclusion

Accurate non-invasive evaluation of both the coronary arteries and LV function with MSCT is
feasible in patients with type 2 diabetes. This non-invasive approach may allow optimal iden-
tification of high-risk patients.



MSCT in Diabetes
Introduction

Type 2 diabetes is a major risk factor for coronary artery disease (CAD) and is associated with a 2- to
4-fold increase in the risk of developing CAD . Furthermore, prognosis of patients with type 2 diabe-
tes and confirmed CAD has been demonstrated to be worse than in non-diabetic patients with CAD.
For example, the likelihood of developing myocardial infarction is significantly higher in diabetic
patients with unstable angina compared to non-diabetic individuals. Moreover, mortality rate after
myocardial infarction has also been shown to be doubled 2 Early identification of CAD is therefore of
paramount importance in patients with diabetes.

Non-invasive testing including myocardial perfusion scintigraphy and dobutamine stress echocar-
diography have been used to detect CAD 3*. However, direct visualization of the coronary arteries
may be preferred since patients with diabetes frequently have diffuse, multi-vessel CAD. Currently,
conventional angiography is performed to evaluate the presence and extent of CAD. However, this
is an invasive approach associated with a minimal but definitive risk of complications, and a non-
invasive technique that is capable of direct visualization of the coronary arteries would be preferred.
A promising new imaging technique for the non-invasive detection of CAD is multi-slice computed
tomography (MSCT), which allows the acquisition of high quality images of the entire heart within
a single breath-hold. Several studies have demonstrated the technique to be useful in the detection
of coronary artery stenoses with sensitivities and specificities ranging from 72% to 95% and 75% to
99%, respectively >,

In addition, MSCT allows simultaneous assessment of left ventricular (LV) function, which also is an
important prognostic parameter * Although the studies on assessment of LV function with MSCT
are scarce, the initial results demonstrated a good relation between LV ejection fraction assessed by
MSCT and 2D-echocardiography or Magnetic Resonance Imaging (MRI) 27,

Combined assessment of LV function and the coronary artery status with MSCT may allow optimal
non-invasive evaluation of patients with diabetes with suspected CAD. Thus far, the value of MSCT
has not been evaluated in patients with diabetes. Accordingly, the purpose of the present study was
to perform a combined assessment of coronary arteries and LV function in patients with type 2 dia-
betes using MSCT; the results were compared to conventional angiography and 2D-echocardiogra-
phy, respectively.
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Methods

Patients and study protocol

The study group consisted of 30 patients with known type 2 diabetes who were scheduled for con-
ventional angiography because of anginal complaints. Criteria for the diagnosis of diabetes were, as
recommended by the American Diabetes Association *:
1. symptoms of diabetes plus casual plasma glucose concentration = 200 mg/dI (11.1 mmmol/I) or
2. fasting plasma glucose level = 126 mg/dl (7.0 mmol/I).
Exclusion criteria were: atrial fibrillation, renal insufficiency (serum creatinine >120 mmol/L),
known allergy to iodine contrast media, severe claustrophobia and pregnancy.
The average interval between conventional angiography and MSCT was 17 + 27 days, whereas
2D-echocardiography was performed prior or after the CT examination within two weeks. All pa-
tients gave written informed consent to the study protocol, which was approved by the local ethics
committee.

MSCT; Data acquisition

In the initial 12 patients, MSCT was performed using a Toshiba Multi-Slice Aquilion 0.5 (collimation
4 x 2.0 mm) system and in the remaining 18 patients using a Toshiba Multi-slice Aquilion 16 system
(collimation 16 x 0.5 mm) (Toshiba Medical Systems, Otawara, Japan). Rotation time was 0.4s or 0.5s,
depending on the heart rate, while the tube current was 250 mA, at 120 kV. A bolus of 140 ml con-
trast (Xenetix 300°, Guerbet, Aulnay S. Bois, France) was administered with an injection rate of 4 ml/s
in the antecubital vein. To time the scan, automated peak enhancement detection in the aortic root
was used. The heart was imaged from the aortic root to the cardiac apex during inspiratory breath
hold, while the ECG was recorded simultaneously for retrospective gating of the data. To assess LV
function, 20 cardiac phases were reconstructed in the short-axis orientation with a slice thickness of
2.00 mm and subsequently transferred to a remote workstation with dedicated cardiac software (MR
Analytical Software System [MASS], Medis, Leiden, the Netherlands).

To evaluate the coronary arteries, 5 reconstructions covering diastole (65% - 85% of the R-R range)
were generated with a slice thickness of either 1.0 mm (4-slice system) or 0.5 mm (16-slice system).
If motion artifacts were present, additional reconstructions were made at 40%, 45% and 50% of the
cardiac cycle. Images were transferred to a remote workstation (Vitrea2, Vital Images, Plymouth,
Minn. USA) for post-processing.

MSCT; Data analysis
Stenosis assessment was performed using a modified AHA-ACC segmentation model: the left main

coronary artery (segment 5), the right coronary artery (segments 1, 2, 3, and if present 4 and 16),
the left anterior descending coronary artery (segments 6,7, 8, and 9), and the left circumflex artery
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(segment 11,13, and if present 12, 14, 15, and 17). Only side-branches of >1.5 mm as determined by
quantitative coronary angiography or supplied by coronary bypass grafts were evaluated. Images
were evaluated by an experienced observer blinded to the catheterization results, using both the
original axial MSCT images and curved multiplanar reconstructions. Each segment was first evalu-
ated as interpretable or not. Subsequently, the presence of significant narrowing (=50% reduction of
lumen diameter) was determined in the assessable segments. In addition, coronary bypass grafts, if
present, were evaluated for the presence of =50% luminal narrowing or not. In those patients, native
coronary segments prior to the anastomosis of a patent graft, were not evaluated.

Regional wall motion was assessed visually using the short-axis slices (displayed in cine-loop format)
by one observer blinded to all other data using a previously described 17-segment model ’. Each
segment was assigned a wall motion score using a 4-point scale (1=normokinesia, 2=hypokinesia,
3=akinesia, and 4=dyskinesia). LV ejection fraction was calculated using semi-automated endocar-
dial contour detection, with manual correction when necessary. Papillary muscles were regarded as
being part of the LV cavity.

Conventional angiography

Conventional angiography was performed according to standard techniques. Vascular access was
obtained by using the femoral approach with the Seldinger technique.

Coronary angiograms were visually evaluated by an experienced observer blinded to the MSCT
data.

2D-echocardiography

Patients were imaged in the left lateral decubitus position using a commercially available system
(Vingmed System FiVe/Vivid-7, GE-Vingmed, Milwaukee, WI, USA). Images were acquired using a 3.5
MHz transducer at a depth of 16 cm in the parasternal and apical views.

Regional wall motion was analyzed using the same 17- segment model and 4-point scale as de-
scribed above. LV ejection fractions were calculated from the 2- and 4-chamber images using the
biplane Simpson’s rule 7.

Statistical analysis

Sensitivity, specificity, positive and negative predictive values for the detection of significant coro-
nary artery stenoses were calculated. In addition, a patient based analysis was performed. MSCT was
considered correct in the individual patient analysis if at least one significant stenosis was detected
on the MSCT images or if MSCT ruled out the presence of any significant stenosis. Pre-test likeli-
hood of CAD in patients without previous myocardial infarction or coronary bypass grafting was es-
timated using the Diamond-Forrester method 'é. Bland-Altman analysis was performed for each pair
of values of LV ejection fraction to calculate limits of agreement and systematic error between the
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two modalities . Agreement for regional wall motion was expressed in a 4x4 table using weighted
kappa statistics. A kappa value of <0.4 represents poor agreement, a kappa value between 0.4 and
0.75 fair to good agreement, and a kappa value of >0.75 is considered an excellent agreement, based
on the Fleiss’ classification %°. A p-value <0.05 was considered to indicate statistical significance.

Results
Patient characteristics

The patient characteristics are summarized in Table 1. The study group consisted of 30 patients (26
men, mean age 62 + 10 years) with type 2 diabetes. The average duration of diabetes mellitus was
2.9 + 4.4 years at the time of MSCT. A total of 11 patients received oral hypoglycaemic medication or
insulin (n=>5). Cardiac medication was continued during the study period. A total of 16 (53%) patients
used beta-blocking agents, and no additional beta-blocking agents were administered in prepara-

tion of the scan.

Table 1. Clinical characteristics of the study population (n=30).

n (%)
Gender (M/F) 26/4
Age (years) 62+10
Beta-blocking medication 16 (53)
Heart rate during acquisition 6913
Diabetes type 2 30(100)
Average HbA 6.9% * 1.4%
Otherrisk factors for CAD
Hypertension 16 (73)
Smoking 12 (56)
Hypercholesterolemia 21(95)
Family with CAD 12 (56)
History
Previous Ml 20(67)
Previous PCI/CABG 21(70)/11(37)
Vessel disease
1-vessel 6(20)
2-vessel 6(20)
3-vessel 16 (53)
Angina Pectoris
CCSclass 1/2 7(23)
CCSclass 3/4 23(77)
Heart Failure
NYHA class 1/2 25(83)
NYHA class 3/4 5(17)

CABG: coronary artery bypass grafting; CCS: Canadian Cardiovascular Society; MI: myocardial infarction; NYHA: New
York Heart Association; PCl: percutaneous coronary intervention.
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Coronary artery stenoses

A total of 256 coronary segments were present for evaluation by both MSCT and conventional an-
giography. Of the 99 segments studied with 4-slice MSCT, 18 (18%) were uninterpretable, whereas
also 18 (11%) of 157 segments acquired with 16-slice MSCT were of non-diagnostic quality. Thus,
36 (14%) segments were classified uninterpretable. In the remaining 220 segments, conventional
angiography revealed 59 significant (=50% diameter reduction) lesions. Evaluation of the MSCT im-
ages resulted in the correct identification of 56 (95%) stenoses. In 153 of 161 (95%) segments, the
presence of significant stenosis was correctly ruled out. Thus, resulting sensitivity and specificity
were 95%. When the uninterpretable segments were included in the analysis, resulting sensitivity
and specificity were 81% and 82%, respectively.

Figure 1. In panel A, a curved multiplanar reconstruction of a left circumflex coronary artery (LCx) with severe
narrowing of the lumen is depicted. No abnormalities however were observed in the left anterior descending
coronary artery (LAD) of this patient (panel B). Also, in the 3D volume rendered reconstruction (panel C), steno-
ses in the LCx as well as patency of the LAD are clearly visible. Findings were confirmed by conventional X-ray
angiography (panel D).
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A total of 21 grafts were present (arterial=5, venous=16). Conventional angiography revealed the
presence of = 50% luminal narrowing in 9 grafts. MSCT correctly identified all 9 grafts with signifi-
cant stenosis, whereas 9 of 12 grafts without significant stenosis were correctly identified on the
MSCT images. In the 3 remaining grafts however the presence of significant narrowing could not be
evaluated, although patency of the graft could be assessed correctly.

On a per patient basis, MSCT was accurate in 26 (87%) of 30 patients. In 7 patients, no significant ab-
normalities were observed during conventional angiography, and 5 (71%) of these patients were cor-
rectly identified as having no significant lesions using the MSCT images. Of the remaining 23 patients
with significant lesions on conventional angiography, 21 (91%) were correctly identified using MSCT.
In 23 patients CAD was known. In the remaining 7 patients with suspected CAD, the pre-test likeli-
hood according to Diamond-Forrester was intermediate in 2 and high in 5 patients. Conventional
angiography demonstrated the presence of significant lesions in 5 patients, of which 4 (80%) were
correctly identified with MSCT. Of the 2 patients without significant CAD, 1 (50%) was correctly as-
sessed with MSCT.

Examples of MSCT images of both a stenotic and non-stenotic coronary artery with the correspond-
ing angiographic images are shown in Figure 1.

LV function

From one patient, MSCT data were lost (due to technical errors) after successful acquisition, and
therefore data from 29 patients were available for LV function analysis.

oo
.

ALVEF CT - Echo (%)

15 2'5 3'5 4'5 5'5 6'5
Average LVEF CT - Echo

Figure 2. Bland-Altman plot in the comparison of MSCT and echocardiography in the assessment of LV ejection
fraction.

The difference between each pair is plotted against the average value of the same pair (solid line= mean value
of differences and dotted lines = mean value of differences + 2SDs).
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Global function

Mean LV ejection fraction, as determined by echocardiography and MSCT, was 43% * 14% (range:
19% - 75%) and 43% = 14% (range: 15% - 72%, ns), respectively. Bland-Altman analysis in the com-
parison of CT and echo LV ejection fraction demonstrated a mean difference of -0.48% =+ 3.8%, not
significantly different from zero (Figure 2).

Regional function

Echocardiography revealed contractile dysfunction in 157 (32%) of 493 segments, with 71 (45%)
showing hypokinesia, 74 (47%) akinesia and 12 (8%) dyskinesia. In 149 (95%) of the dysfunctional
segments, decreased systolic wall thickening was also observed on the MSCT images. An excellent
agreement was shown between the two techniques, with 91% of segments scored identically on
both modalities (kappa statistic 0.81 £+ 0.03). Agreements for the individual gradings (1-4) were 97%,
82%, 73%, and 92%, respectively. In Figure 3, examples of short-axis reconstructions are shown, il-
lustrating patients with and without wall motion abnormalities.

Figure 3. MSCT short-axis reconstructions in end-diastole (ED, left panels) and end-systole (ES, right panels). In
the upper two panels (A), normal systolic wall thickening is clearly present in all segments. In the lower two pan-
els, short-axis reconstructions of a patient with a previous inferolateral infarction are shown. Although preserved
wall motion is still present in the anterior region (arrowheads), akinesia of the severely thinned wall is clearly
visible in the infarcted region (arrows) (B).
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Discussion

Our study demonstrates that non-invasive coronary angiography is feasible in patients with diabe-
tes. An excellent sensitivity and specificity of both 95% were shown for the detection of coronary
artery stenoses. Corresponding positive and negative predictive values were 88% and 98%, respec-
tively. With inclusion of the uninterpretable segments, sensitivity and specificity were still 81% and
82%, respectively. Moreover, although inclusion of uninterpretable segments resulted in a positive
predictive value of 62%, the negative predictive value remained high (92%), which is in line with pre-
vious studies "2’ This is an important finding, since clinical management is often difficult in patients
presenting with diabetes and suspected CAD. In a substantial number of patients, non-invasive tests
are inconclusive and knowledge of coronary anatomy (by means of invasive angiography) is often
needed in order to determine the most optimal treatment strategy. The high accuracy of MSCT in
the exclusion of CAD as demonstrated by the high specificity and negative predictive value in the
current study underscores the potential of this technique to function as a first-line diagnostic modal-
ity in the workup of patients with suspected CAD. By ruling out the presence of significant stenoses,
risks and costs of invasive angiography can thus be avoided in a substantial number of patients.
Moreover, accurate information of coronary anatomy and extent of atherosclerosis as well as car-
diac function is obtained, which may optimize treatment strategy and prognostification and may
eventually even serve as a guide for interventional procedures. However, further prognostic studies
are needed in larger cohorts before MSCT can become an established diagnostic tool and replace
conventional coronary angiography in certain patient groups.

In addition, LV function analysis was performed after retrospective reconstruction of the acquired
data. In the assessment of LV ejection fraction, a close correlation was observed between MSCT and
2D-echocardiography. Mean LV ejection fraction as determined by MSCT was slightly less as com-
pared to the echocardiographic results, but no statistical difference was reached. A slight underesti-
mation of LV ejection fraction with MSCT has been reported previously > which may be attributed
to an overestimation of LV end-systolic volume. Since minimal ventricular volume is maintained for
only 80-200 ms, temporal resolution of MSCT may not have been sufficient in all patients.

Overall agreement of regional wall motion score was excellent with 91% of segments scored identi-
cally. The agreement for the individual wall motion scores was highest in the extremes, i.e. in seg-
ments with either normal contractility (97%) or dyskinesia (92%), whereas it was slightly lower in
segments showing intermediate contractile dysfunction. Since MSCT is most likely to be applied as
a first line screening tool, baseline LV function may be used to further refine risk stratification in the
individual patient. However, it does currently not offer an alternative to echocardiographic examina-
tion since evaluation of valvular or diastolic function is not possible with MSCT.

Some limitations of the current study need to be acknowledged. First, in the present study only 30
patients were included. Studies in larger patients cohorts are needed to precisely determine the ac-
curacy of MSCT in patients with type 2 diabetes.

Second, LV function analysis was compared to 2D-echocardiography instead of MRI, which is consid-
ered the current gold standard for evaluation of LV function. In contrast to MRI, 2D-echocardiogra-
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phy relies on geometrical assumptions and may thus be somewhat less accurate. Still, our results are
very similar to those obtained in the few available comparisons between MSCT and MRI ¥4, Third,
in the present study 14% of coronary segments were uninterpretable, which is in line with previous
studies %722, However, with the introduction of 32- and 64-slice systems the percentage of uninter-
pretable segments is likely to decline further.

Fourth, although some authors have recommended the use of beta-blocking agents 7, no additional
beta-blocking agents were administered prior to the examination in the present study. The use of
a multi-segmented reconstruction algorithm, which is available on our MSCT equipment, allowed
the inclusion of patients with heart rates higher than 65 beats per minutes without loss in temporal
resolution #. Furthermore, additional administration of beta-blocking agents may have interfered
with cardiac function analysis, rendering it less reliable.

Finally, a major drawback of MSCT remains the radiation dose, which is approximately 6-9 mSv 2.
The development of new filters and optimized acquisition protocols will lead to a substantial reduc-
tion of radiation dose.

In conclusion, accurate non-invasive evaluation of both the coronary arteries and LV function with
MSCT is feasible in patients with type 2 diabetes. This combined strategy may improve the non-inva-

sive evaluation of CAD in this particular patient group.
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