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MULTISLICE COMPUTED TOMOGRAPHY CORONARY ANGIOGRAPHY IN PATIENTS WITH ANGINA

PECTORIS

lli¢ S. Dragana, Jankovic Sonja

Aim. Multislice computed tomography (MSCT) is a non-invasive method for the
heart and coronary arteries imaging.

The aim of the research was to establish the diagnostic exactness of MSCT in the
revelation of significant coronary artery disease in patients with angina pectoris,
using digital subtraction angiography (DSA) of coronary arteries as the gold
standard.

Material and methods. In 78 (56 men, 22 women; average age 64,3+11 years),
patients with clinical signs of angina pectoris were done examination of the coronary
arteries on 64-slice MSCT in order to detect significant stenoses (>50% luminal
narrowing). MSCT of coronary arteries was compared with the invasive coronary
angiography.

Results. In 78 patients, 864 segments of coronary arteries were available for
evaluation. In all segments of coronary arteries, invasive coronary angiography
identified 51 lesions. Forty-five lesions were detected by MSCT. The matching
sensitivity and specificity were 88% and 97%. Sensitivity, specificity and positive and
negative predictive values in a patient-per-patient analysis were 93%, 93%, 90%,
and 96%, respectively.

False-negative results — Seventeen segments of coronary arteries with diameter
reduction in range 51% to 75% were missed on the MSCT scan. The major of the
missed lesions were located in the left anterior descedenting artery and the left
circumflex artery (small side branches). Four segments were missed because of
severe calcifications and five because of motion artifacts.

False-positive results — Thirty nine segments were incorrectly classified as
significantly because of overestimation.

Conclusion. MSCT coronary angiography is an effective, fast, reliable and non-
invasive method for the analysis of the coronary arteries. The best results were
obtained in patients with healthy coronary arteries (high percentage of negative
predictive value), which can significantly reduce the number of invasive coronary
angiography. With the improvement of technical characteristics, CT is gaining more
importance in the analysis of coronary stenoses and analysis of atherosclerotic
plaque.
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MYJIbTUCNTUPAJTIbHAA KOMMbIOTEPHAA TOMOIPA®UA-KOPOHAPOIPA®USA Y BOJIbHbIX CO

CTEHOKAPAWEN HAMPAXXEHUS

lli¢ S. Dragana, Jankovic Sonja

Lenb. MynstcnvpanbHas komnbloTepHas Tomorpadus (MCKT) npenctaenset
co60 HEWHBA3VBHBIA METOA, BU3yanu3aumy cephua U KOPOHApHbIX apTepuid.
Lenbio nccnepoBaHnii 6bi10 YCTAHOBWTL AMArHOCTMYECKYID TOYHOCTb MCKT
B BbIIBNEHUM CYLLEECTBEHHbBIX N3MEHEHUI cepaLa y 60/bHbIX ULLEMUYECKO 6ones-
HbIO CO CTEHOKapAWEeN HamnpsikeHusi, ¢ MOMOLLbI0 LMPPOBON CYBTPaKLIMOHHON
aHruorpadumn (DSA) KOpoHapHbIX apTePUIA, kKak 30/10TOr0 CTaHAAPTa.

Martepuan u metogbl. Y 78 (56 MyXuuH, 22 XEHWMHbI; CpegHuii Bo3pacT
64,3+11 neT), NaLUMEHTOB C KIMHUYECKVMM NPU3HakamMu cTeHokapaum Gbiin npose-
[LleHbl 06CnenoBaHns KOPOHAPHbIX apTepuii Ha 64-cpe3osoii MCKT ¢ Lenbio BbisiB-
NEHNs 3Ha4YMMbIX cTeHo30B (>50% cyxeHns npocseTa). MCKT kopoHapHbIx apTe-
pwii BbIN0 CPaBHEHO C MHBA3VBHOW KOPOHAPHOW aHruorpaduei.

Pesynbratbl. Y 78 60/bHbIX, 864 CErMEHTOB KOPOHAPHBIX apTEPWIA BblNN LOCTYNHbI
LS OLeHKU. Bo Bcex cermeHTax KOpoHapHbIX apTepuii, Npy MHBa3MBHON KOPOHapP-
Ho aHrnorpadum BoisiBneHo 51 nopaxerne. Copok NsiTb NopaxeHuin Geinn obHa-
pyxeHbl MCKT. ConocTtaBneHue 4yBCTBUTENBHOCTU 1 cneunduyHocTy Geinn 88%
n 97%. YyBCTBUTENLHOCTb, CNEUMdUYHOCTb, MONOXMUTENbHAS W OTpUUATENbHAs
NMPOrHOCTMYECKAs LIEHHOCTb aHanmuaa nauneHToB 6biin 93%, 93%, 90% u 96%,
COOTBETCTBEHHO.

JloXHO-0TpULaTeNbHble pesynbTatel — B CEMHAALATU CerMeHTax KOPOHAapHbIX
apTepuii C yMeHbLUEHVEM AyameTpa B AvanadoHe ot 51% no 75% Gbinv npony-
LLeHbl Npu ckaHuposaH MCKT. OCHOBHble NPONYLLEHHbIE MOPAXEHNs 10KaNN30-

Multislice computed tomography (MSCT) is a non-in-
vasive method for the heart and coronary arteries imaging.
In addition, the results of numerous studies comparing
MSCT with digital subtraction angiography (DSA) coro-

Ba/MCb B NIEBOI nepefHelt apTepun, HUCXOASILLEN WM NeBOW apTepun (Menkue
60KoBble BETBY). Bbinyn NponyLLeHbl YeTbipe CerMeHTa n3-3a Tsxenon kanbLuyduka-
LK 1 NSiTb 13-32 apTePakToB ABMKEHUS.

JIOXHOMONOXUTENbHbIE Pe3ysbTaTbl — TPUALATL AEeBATb CErMEHTOB Bbln OLwu-
604HO KnaccuPULMPOBaHbI U3-3a NEPEOLIEHK.

3aknioyeHune. MCKT kopoHaporpadums — 310 apdekTUBHbIN, BbICTPbINA, HAAEeX-
HbI M HEeVHBA3MBHBI METOZ, aHanu3a KOPoHapHbIX apTepuii. Hannyylume pesynb-
TaTbl ObIIM MOMyYEeHbl Y MALMEHTOB CO 340POBLIMU KOPOHAPHBIMU apTepusiMiu
(BbICOKWI NPOLLEHT HEraT1BHOW NPOrHOCTUYECKOW LLEHHOCTM), YTO NO3BONSET 3HA-
YUTENBHO CHU3UTb KONMYECTBO MHBA3NBHOW KOPOHAPHOW aHrvorpaduu. C ynyuie-
HUEM TexHuyeckux xapaktepuctuk, KT nmeeT Gonbluoe 3HayeHue npu aHanuae
KOPOHApPHbIX CTEHO30B 1 aHaN3e aTepoCkIepoTUYECKIX BasLIeK.

Poccuiickuii kapanonoruyeckuii xypHan 2016, 4 (132), Aurn.: 165-168
http://dx.doi.org/10.15829/1560-4071-2016-4-eng-165-168

KnioueBblie cnoBa: MCKT kopoHapHbIx apTepwii, kopoHapoaHruorpadus [CA,
CcTeHokapaus.

Clinical Center Nis, Nis, Cepbusi.

nary angiography suggested enhanced sensitivity of the
technique as well, with no loss in specificity [1].

The aim of this study is to compare the accuracy of the
analysis of the coronary vessels with noninvasive method —
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MSCT with invasive coronary angiography as the gold
standard.

Material and methods

The study group included 78 patients (56 men, 22 women,
mean age 64,3%11 years, range 32—80), patients which had
stable angina which is a cardiac examination confirmed.
Exclusion criteria were contraindications to iodinated con-
trast, patients with previous stenting coronary arteries and
bypass surgery. We also exclude patients with an acute coro-
nary syndrome. All examinations were done in Department
of Radiology University Clinical Center Nis, Serbia.

DSA coronary angiography was carried out according
to standard techniques after MSCT. Coronary arteries
were divided into segments as stated by the classification of
the American Heart Association [2]. All coronary seg-
ments visualized upon catheterization were included in the
investigation. Reduction of diameter more of 50% in rela-
tion to a reference segment were considered to represent
important stenoses [3].

MSCT was performed using a Multi-Slice Computed
Tomography Toshiba Aquilion 64 system (Toshiba Medi-
cal Systems, Tokyo, Japan), with a rotation time of 0,33
seconds and a collimation of 64x0,5 mm.

The tube current was 120 kV and 300 mA. Nonionic
contrast material was administered in the cubital vein, with
an amount of 80 to 90 ml, depending on the total scan
time, and a flow rate of 5.0 ml/s (Iopromide /Ultravist
370, Bayer Health Care Pharmaceutical, Germany).
Automated detection of peak enhancement in the descend-
ing aorta was used for timing of the bolus on +180
Hounsfield units. Data acquisition was administer during
an breath hold of 8 to 10 seconds.

During the MSCT examination, electrocardiography
was execute simultaneously for retrospective gating of the
data. An initial data set was reconstructed with a slice
thickness of 0,5 mm, the ECG was edited manually, when
the heart rate was irregular. Post processing were done on
the workstation (Vitrea 1, Vital Images, Plymouth, Min-
nesota).

Conventional diagnostic coronary angiography was
performed toward standard techniques on Axiom Artis
(Siemens, Germany). Contrast material was the same
Iopromide (Ultravist 370).

MSCT angiograms were assessed by two radiologist
with some years experience. General information on the
standing and courses of the coronary arteries were obtained
by volume rendering (VR). Then the primary axial slices
were inspected for the presence of significant stenoses
(>350% reduction of diameter), assisted by curved multi-
planar reconstructions. Segmentation of the coronary
arteries was carried out as established by the American
Heart Association/American College of Cardiology guide-
lines [3]. Conventional angiograms were assessed by an
experienced observer without knowledge of the MSCT
data who identified the available coronary segments on the
basis of the American Heart Association/American Col-
lege of Cardiology guidelines [3]. Each segment was then
evaluated on the basis of the evaluation of 2 orthogonal
views.

Sensitivity, specificity and positive and negative predic-
tive values for the detection of stenoses on conventional
angiography were determined on segmental bases, vessel
and patients. All statistical analyses were performed using
SPSS software version 21.0 (SPSS, Inc., Chicago, Illi-
nois).

Table 1

Detection of Significant (>50%) Stenosis With 64 —slice Computed Tomography Coronary Angiography
Coronary segment N TP N FP FN Sensitivity Specificity PPV NPV
All segments 864 169 639 39 17 169/186 (90%) 639/678 (94%) 169/208 (81%) 639/656 (97%)
LM 74 4 70 0 0 4/4 (100%) 70/70 (100%) 4/4 (100%) 70/70 (100%)
LAD 285 74 181 21 9 74/83 (89%) 181/202 (89%) 74/95 (T7%) 181/190 (95%)
Proximal 74 30 35 5 4 30/34 (88%) 35/40 (87%) 30/35 (85%) 35/39 (89%)
Middle 72 31 35 5 1 31/32 (96%) 35/40 (87%) 31/36 (86%) 35/36 (97%)
Distal 70 6 58 4 2 6/8 (75%) 58/62 (93%) 6/10 (60%) 58/60 (96%)
Side branches 69 7 53 7 2 7/9 (T7%) 53/60 (88%) 7/14 (50%) 53/55(96%)
LCX 217 23 180 9 5 23/28 (82%) 180/189 (95%) 23/32 (72%) 180/185 (97%)
Proximal 73 10 60 2 1 10/11 (90%) 60/62 (96%) 10/12 (83%) 60/61 (98%)
Middle 72 7 59 4 2 7/9 (T7%) 59/63 (93%) 7/11 (63%) 59/61 (96%)
Side branches 72 6 61 3 2 6/8 (75%) 61/64 (95%) 6/9 (66%) 61/63 (96%)
RCA 288 68 208 9 3 68/71(95%) 208/215 (96%) 68/77 (88%) 208/211 (98%)
Proximal 76 31 41 4 0 31/31 (100%) 41/45 (91%) 31/35 (88%) 41/41 (100%)
Middle 74 28 41 4 1 28/29 (96%) 41/45 (91%) 28/32 (87%) 41/42 (97%)
Distal 70 6 62 1 1 6/7 (85%) 62/63 (98%) 6/7 (85%) 62/63 (98%)
PDA 68 3 64 0 1 3/4 (75%) 64/64 (100%) 3/3 (100%) 64/65 (98%)

Abbreviations: LM — left main coronary artery, LAD — left anterior descending coronary artery, LCX — left circumflex coronary artery, RCA — right coronary artery, PDA —
posterior descending artery, TP — true positive, TF — true negative, FP — false positive, FN — false negative, PPV — positive predictive value, NPV — negative predictive

value.
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Results

In this study were included 78 successive patients (56
males, 22 females; average age 64,3%11 years). The aver-
age time period between MSCT and DSA angiography was
45+£65 days.

In 864 segments assessed with conventional coronary
angiography. The value of sensitivity was 90,86% (169/186,
95% confidence interval [CI]: 88,77% to 94,58%, the
value of specificity was 94,25% (639/678, 95% CI: 92,22%
to 95,88%), the positive predictive value was 81,25%
(169/208, 95% CI: 75,27% to 86.31%) and the negative
predictive value 97.41% (639/656, 95% CI: 95,88%
to 98,48%) for the detection of significantly stenotic
lesions (Table 1).

Nineteen percent (170 of 864), of all segments were
classified as heavily calcified, 30,9% (267 of 864) as mod-
erately calcified and 49,4% (427 of 864) as non-calcified.

Table 2
Diagnostic accuracy of multi-slice computed tomography
Variable Segment analysis Vessel analysis Patient analysis
Sensitivity 90% 88% 93%
specificity 94% 97% 93%
PPV 81% 83% 90%
NPV 97% 98% 96%

Abbreviations: PPV — positive predictive value, NPV — negative predictive value.

The diagnostic performance of MSCT coronary angiogra-
phy for detection of significant obstructive lesions in
non-calcified, moderately calcified and heavily calcified
segments (Table 2).

False-negative results — Seventeen segments of coro-
nary arteries with diameter reduction in range 51% to 75%
were missed on the MSCT scan. The major of the missed
lesions were located in the LAD and LCx (small side
branches). Four segments were missed because of severe
calcifications and five because of motion artifacts.

False-positive results — Thirty nine segments were
incorrectly classified as significantly because of overesti-
mation.

The sensitivity for classification of vessels with or cor-
onary artery disease was 88,24% (95% CI:
76,12% to 95,53%), specificity was 96,48% (95%
CI: 93,43% to 98,38%), positive predictive value was
83,33% (95% CI: 70,70% to 92,07%) and negative pre-
dictive value was 97,63% (95% CI: 94,91% to 99,12%).
In the remaining 308 coronary arteries, 45 were correctly
identified in 247 vessels.

Thirty one patients with >1 significant lesions were
identified by conventional coronary angiography.

Twenty-nine of these patients (94%) were correctly
identified on MSCT. Single-vessel disease was in nine
patients (11,5%), two-vessel lesions was in ten patients

Comparative Study by Autors

Per segment
Author N NS (%) Sens (%) Specif. (%)
16-MSCT
Mollet [9] 128 7 92 95
Hoffman [10] 103 6 95 98
Achenboch [11] 50 4 94 96
Mollet [12] 51 0 95 98
Garcia [13] 187 29 85 91
Dewey [14] 129 9 83 86
Hausleiter [15] 129 1 93 87
64-MSCT
Leschka [16] 53 0 94 97
Raff [17] 70 12 86 95
Leber [18] 59 0 88 97
Pugliese [19] 35 0 99 96
Mollet [20] 52 2 99 95
Ropers [21] 82 4 95 93
Nikolaou [22] 72 10 86 95
Hausleiter [23] 114 8 92 92
Achenbach [24] 100 3 86 99
DSCT
Nikolaou [25] 20 4 95 93
Scheffel [26] 30 1 96 98
Weustink [27] 100 0 95 95
Achenbach [28] 100 3 96 92

Abbreviation: NS — unseen segments.

Table 3

Per patients
PPV (%) NPV (%) Sens (%) Spec (%) PPV (%) NPV (%)
79 98 100 86 97 100
87 99 97 87 90 95
69 99 100 83 100 86
87 99 97 84 89 95
36 99 98 55 50 99
90 95 93 74 93 92
46 99 -
87 99 100 100 100 100
66 98 95 90 93 93
- 99 94
78 99 100 90 96 100
76 99 100 92 97 100
56 99 96 91 83 98
72 97 97 72 83 95
54 99 99 75 74 99
80 99 - -
79 98 - -
86 99 - -
75 99 99 87 96 95
90 99 -
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(12,8%) and twelve patients were classified as having mul-
tivessel discase.

Sensitivity for classification of patients with or without
CAD was 93,55% (95% CI: 78.54% t0 99,02%), specificity
was 93,62% (95% CI: 82,44% to 98,59%), positive predic-
tive value was 90,62% (95% CI: 74,95% to 97,91%) and
negative predictive value was 95,65% (95% CI: 85,13%
t0 99,34%).

Discussion

MSCT has the possibilities to detect significant coro-
nary artery stenosis, which is shown by our 64-slice CT
data; notwithstanding, this generation of MSCT scanners
also has some technical limitations. Recent studies have
reported two major limitations in assessing coronary artery
disease with MSCT: rigid atherosclerotic calcification and
motion artifacts [4, 5].

It is significant that only 17 segments that are labeled as
false negative were not exactly diagnosed because of insuf-
ficient image quality (Table 1). In addition, the specificity
of 90% was observed, with the sensitivity of 94%, on a
segmental basis (Table 2). From the clinical point of view,
segmental analysis is very important in the further selec-
tion of patients for invasive therapeutic treatment. In our
study, a sensitivity of 93% was noted, and specificity of
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