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Abstract
Background: Conventional coronary angiography is accepted as a gold standard to detect coronary artery stenosis.
Accuracy of 640-slice coronary CTA, which is a new non-invasive technique to image the coronary arteries, should be
assessed.
Objective: To compare the diagnostic accuracy for detection of significant coronary artery stenosis between the 640-slice
computed tomography and the conventional coronary angiography.
Methods: Seventy-four consecutive patients who underwent both 640-slice coronary CTA and conventional coronary
angiography between January 2012 and December 2012 were enrolled. Vessel-by-vessel and segment-by-segment analysis
from both modalities, were compared in all patients. Lesion causing ≥ 50% narrowing and ≥ 70% narrowing were described
as significant luminal stenosis. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) were analyzed.
Results: Fifty-eight males and 16 females, mean age 67±10 years were included. Mean heart rate prior to scan was 67±12
beats/min. Twenty-six segments of previous PCI and 31 grafts were recorded. In vessel-by-vessel analysis, sensitivity,
specificity, PPV, and NPV of ≥ 50% narrowing were 100, 100, 81, and 100%, respectively. The vessel-by-vessel analysis,
sensitivity, specificity, PPV, and NPV of ≥ 70% narrowing on 640-slice CT were 100, 99, 92 and 100%, respectively.
Among patients with previous CABG, sensitivity, specificity, PPV, and NPV were 98, 100,100, and 100%, respectively.
Conclusion: 640-slice coronary CTA has high diagnostic accuracy when compared with conventional coronary angiography,
especially in graft lesions.
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Introduction
Coronary artery disease (CAD) is a leading cause of death
in Thailand and the world. Early detection of coronary artery
disease is important as timely treatment may significantly

reduce morbidity and mortality. Although invasive coronary
angiography (CAG) remains the gold standard for CAD
evaluation, multidetector computed tomography coronary
angiography (MDCT) has recently emerged as a non-invasive
test to assess CAD. Coronary computed tomography
angiography (CTA) offers accurate, rapid, and non-invasive
delineation of the extent and severity of anatomic CAD. Singleand multicenter studies have demonstrated that coronary
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CTA has high sensitivity and negative predictive value for
excluding significant CAD1,2,3.
Since 1999, Multi-Slice Computed Tomography
(MSCT) has made significant technical advances allowing
improvements in its temporal as well as its spatial resolution(6).
The acquisition time, detector number, and spatial and
temporal resolution of MSCT have continuously improved
with each new generation of scanners, resulting in excellent
image quality and diagnostic accuracy in the detection of
CAD(5,6,,10,11,15). Previous 4-, 16-, and 64-slice MSCT systems
used a helical scanning technique with retrospective ECG
gating. Subsequently, dual-source CT was introduced
with superior temporal resolution and excellent imaging
quality as well as increased heart rates(6,16). Simultaneously,
developments in MSCT technology have focused on
reduction of radiation dose. In particular, the availability of
dose modulation and prospective ECG gating have
drastically reduced patient radiation dose(6,29,30). Recently,
the 640-slice CTA systems were introduced allowing image
acquisition. Continuous technological advances in hardware
acquisition and software processing are steadily improving
its accuracy in the detection of coronary artery obstruction.
Coronary artery bypass graft (CABG) is frequently
performed in order to restore myocardial perfusion in patients
with severe triple vessel disease (TVD) or left main coronary
artery stenosis(4,18). At present, CAD is the standard of
reference for the detection of stenosis CAD in patients with
prior CABG. However, CAG is associated with a small but
non-negligible risk of complications, patient discomfort, and
cost of hospital stay(4,19). As a result, a non-invasive
investigation to assess patient after CABG may be of clinical
benefit in selected patient.
The diagnostic performance of CTA for the evaluation
of patients with prior CABG has increased with each new
generations of CT equipment(4,20). When using older
generation equipment such as the 16-slice CTA, high
diagnostic accuracy was reported in the assessment of
graft patency and significant stenosis (4,21,22,23), while the
assessment of significant stenosis in native coronary
arteries remained suboptimal(4,24,25,26). When using the
64-slice CTA, the efficacy of CTA in the detection of
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significant stenosis in native coronary arteries and graft
improved, with fair diagnostic accuracy in the detection of
graft and native vessel stenosis, but still at the cost of
high radiation and contrast doses(4,5,27,28). The 320-slice CT
accuracy was introduced for evaluation of CAD with reducing
radiation burden, scan time, and contrast volume for
previous CABG patients(7,9).
According to ESC guideline 2011, coronary CTA is
considered as Class IIa (LOE B) recommendation in low to
intermediate likelihood of CAD patients suspected of acute
coronary syndrome but inconclusive of cardiac enzyme
and ECG, alternative to CAG.
Recently, the 640-slice computed tomography
angiography emerged as a non-invasive modality. It has
technological advances for evaluation of CAD. With high
spiral and temporal resolution, the 640-slice CTA is
proposed as an alternative modality for ACS diagnosis.
The purpose of the present study is to evaluate the
diagnostic accuracy of the 640-slice CTA for detecting
angiographically significant CAD and compare the result
with conventional coronary angiography, which is recognized
as a standard of reference.

Methods
Patient population
The patient population consisted of 74 consecutive
patients (58 males and 16 females with a mean age of
6710 years) who received both the 640-slice CTA and the
conventional coronary angiography at Phramongkutklao
Hospital. Among 74 patients, 11 patients had previous CABG
and 11 patients had previous percutaneous coronary
intervention (PCI). Inclusion criteria were age ≥20 years.
Table 1 presents baseline characteristics of the study
population.
Computed tomography coronary angiography
acquisition
CTA studies were performed by ECG gate volumetric
640-slice CTA scanner (Aquilion ONE, Toshiba Medical
System, Otawara, Japan) with 320 detector rows, each 0.5
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mm wide. Metoprolol, 50 to 100 mg orally, was prescribed
prior to acquisition if baseline patient’s heart rate exceed
65 bpm, unless contraindication. In addition, nitroglycerine
oral spray (1.25 mg Isoket®) just before CTA acquisition, if
tolerated. The entire heart was imaged within single heart
beat, with maximum of 16 cm craniocaudal coverage.
Prospective scan mode was used in most of the cases.
Phase window was set at 70 to 80% of R-R interval.
Retrospective scan mode was performed in patients who
required LV function measurement.
Tube voltage was set at 100 kv and maximal tube
current was 400 to 580 mA (depending on body weight and
thoracic anatomy). A bi-phasic contrast injection protocol
was used and the average total amount of non-ionic contrast
media (Ultravist 370, Bayer UK) was 45 mL, which was
injected into the antecubital vein with flow rate 5.0 mL/s
then immediately followed by a saline flush of 40 mL injected
with a dual syringe injector. In order to synchronize the
arrival of the contrast media and the scan, bolus arrival
was detected using automated peak enhancement detection
at the descending aorta using a threshold of +300 Hounsfield
units. All images were performed during an inspiratory
breath-hold. A data set was initially reconstructed at 75%
of R-R interval, with 0.5 mm of slice thickness and a
reconstruction interval of 0.25 mm. For processing and
evaluation, images were transferred at remote workstation
with dedicated software (Vitrea ƒx 1.0, Vital Images, MN,
USA). During the CTA examination, mean HR (+SD) was
6712 bpm. Radiation dose was quantified with a dose–length
product conversion factor of 0.014.
In both venous grafts and arterial grafts, CTA was
performed with graft protocol; the coverage was extended
to proximal of origin of internal mammary aterial graft from
subclavian artery.
Computed tomography coronary angiography images
analysis
CTA images analysis was performed by one CTA
experienced cardiologist who was blinded to the invasive
coronary angiography result. Firstly, three-dimensional
volume rendered reconstructions were used to obtain
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general information regarding the status and anatomy of
coronary arteries and grafts. Subsequently, axial slices and
multiplanar curred reconstruction were visually examined
for the presence of significant luminal narrowing of ≥ 50%
and ≥ 70% reduction of luminal diameter as recommended
by the SCCT guidelines for the interpretation and reporting
of CTA(29). Coronary anatomy was assessed in a standardized
manner by dividing the coronary artery tree into 17 segments
according to a modified American Heart Association
classification(30). Degree of luminal stenosis was assessed
according to Goldstein et al(31). It is described as minimal = 1
to 25% luminal stenosis, mild = 25 to 50% luminal stenosis,
moderate = 51 to 70% luminal stenosis, severe = 71 to
99% luminal stenosis, and total occlusion = 100% luminal
stenosis. Bypass graft luminal stenosis were analyzed as
native vessel. Calcium score were recorded in all patients
except in CABG. Plaque types was also recorded as calcified,
non-calcified, and mixed plaque. Of note, the presence of
in-stent stenosis was identified by reduced or complete
absence of contrast within the stent as well as reduced or
absent runoff of contrast distally to the stented segment.
Conventional coronary angiography analysis
Invasive coronary angiography was performed
according to standard techniques. Angiograms were
assessed by an experienced interventionists blinded to the
results of CTA data. The available coronary segments were
identified on the basis of the American Heart Association
guidelines. The same segmental model was used in both
coronary angiography and CTA analysis. Subsequently,
all segments were visually classified as no luminal stenosis,
less than 50% luminal narrowing, 50 to 70% luminal
narrowing, and more than70% luminal stenosis. Each
segment was described as significant luminal stenosis if
presence of more than 50% and more than 70% luminal
diameter reduction.

Statistical analysis
CTA results were compared with CAG analyses,
segment-by-segment, and vessel–by-vessel. Sensitivity,
THAI HEART JOURNAL Vol. 27 No.1 January 2017
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specificity, PPV NPV, including 95% confidence intervals
(CI), for the detection of greater than 50% and greater than
70% luminal narrowing each segment were calculated.
Continuous data were expressed as mean+SD. Statistical
analyses were performed using SPSS software version
17 (SPSS, Inc., Chicago, IL, USA). A value of P< 0.05 was
considered statistically significant and all reported P-values
were two-sided.

Results
Study population
Seventy-four patients were enrolled in this study.
The clinical baseline characteristics of patient population
are shown in Table 1. Most of the patients were male and
mean age was 6710 years. Most underlying disease were
dyslipidemia, hypertension, diabetes, and ESRD. Seven
percent of the patients were still smoking. Eleven patients
had previous PCI and 11 patients were previous CABG.
Average HR during image acquisition was 68±12 bpm.
Detection of significant coronary arteries and grafts
stenosis
Sixty-three patients had 641 vessels and 2,564
segments evaluated. Interpretation of main branches vessels
were described as left main coronary artery (LM), left
anterior descending artery (LAD), left circumflex artery (LCX),
and right coronary artery (RCA). Subsequently, branches
were described as diagonal branches (DG), obtuse marginal
branches (OM), ramus intermediate (ramus), posteriolateral
branches (PL), and posterior descending artery (PDA).
Among 11 patients with previous CABG, 31 grafts were
assessed. Most bypass grafts were saphenous vein graft
connected to OM or PDA and most arterial grafts were left
internal mammary artery (LIMA) connected to LAD or DG.
Calcium score was investigated in all patients except
CABG patients. They were varying in calcium scoring
between 0 to 6,317. Intracoronary plaque types were
categorized as calcified, non-calcified, and mixed plaque.
Calcium scoring and intracoronary plaque types were shown
in supplementary appendix.

Table 1 Baseline characteristics of patients (n = 74)
Characteristics

Value

Men/women

58/16

Age (years)

67±10

DM, n(%)

31 (41.9%)

HT, n(%)

69 (93.2)

DLP, n(%)

74 (100%)

ESRD, n(%)

5 (6.8%)

Smoking, n(%) Current

7 (9.5%)

Family history of CAD

3 (4.1%)

Previous PCI

18 (24.3%)

Previous CABG

11 (14.9%)

PPM or ICD

1 (1.4%)

Primary and secondary effectiveness end points
Out of 63 patients with CTA examination, 65 segments
were excluded from the study due to densely calcified
coronary vessels and motion artifact from extra-systole
during image acquisition. Importantly, on patient basis, no
patient with significant coronary artery stenosis was missed
by CTA when compared with CAG. Because of the overall
accuracy of detection luminal stenosis, the sensitivity and
specificity of detection of the greater than 50% luminal
narrowing were 100% and 100% respectively. In addition,
the PPV and NPV were 81% and 100% respectively. In the
detection of greater than 70% luminal narrowing, sensitivity,
specificity, PPV,and NPV were 100%, 99%, 92%, and 100%,
respectively. An overview of diagnostic accuracy of the
greater than 50% and greater than 70% luminal stenosis
were shown in Figure 1. According to main vessels and
branches analysis, results for the detection of luminal
narrowing were shown in Figure 2 and Figure 3.
Furthermore, the sensitivity, specificity, PPV and NPV
among bypass graft were 98%, 100%, 100%, and 100% ,
respectively, as shown in Figure 4 and Figure 5.
THAI HEART JOURNAL Vol. 27 No.1 January 2017

Accuracy of Coronary Artery Disease Severity of Stenosis Between 640-slice Computed Tomography and Conventional Coronary Angiography at Phramongkutklao Hospital

20

Figure 1.

Figure 2.

Figure 3.

THAI HEART JOURNAL Vol. 27 No.1 January 2017

Accuracy of Coronary Artery Disease Severity of Stenosis Between 640-slice Computed Tomography and Conventional Coronary Angiography at Phramongkutklao Hospital

21

Figure 4.

Figure 5.

Discussion
The present study demonstrated excellent diagnostic
accuracy of 640-slice CTA for detection of significant coronary
stenosis and graft occlusion.
Detection of coronary arteries and graft vessel stenosis
Only 2.5% of vessels were uninterpretable due to heavy
calcification and artifact. Overall graft vessels were good
imaging for evaluation.

Our study results are better than prior data, obtained
from previous generation scanner, including 64-slice CTA
and 320-slice CTA(2,8). Importantly, no patients with
significant CAD were missed when using 640-slice CTA.
Our study also showed the great result of main branches
analysis, the excellent sensitivity for detection of greater
than 50% luminal stenosis was 100% and 100% negative
predictive value. Furthermore, sensitivity detection of greater
than 70% luminal stenosis was 100% and 96% of negative
predictive value. Compared with previous study from
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64-slice CTA, in all vessels, sensitivity was 94.9% and
negative predictive value was 99%(8). Similar to the
diagnostic accuracy of 320-slice CTA, the detection of
greater than 50% luminal stenosis was 100% in sensitivity
and 100% in negative predictive. However, when using the
320-slice CTA the detection of Greater than 70% luminal
stenosis was only 94% in sensitivity and 98% negative
predictive value, little difference from our study.
In grafts analysis, although evaluation was good, in
present study, the assessment of native vessels was not
recorded for interpretation.Slightly higher diagnostic
accuracy for detection of grafts and native vessels has
been reported when using other novel CTA technologies.
Weustink et al., using dual-source CTA in 52 patients
with prior CABG, reported excellent accuracy in 100% in
evaluation of graft stenosis on a segment basis (32).
From previous study, the diagnostic performance of
the 320-slice multidetector CTA on CABG patients, sensitivity,
specificity, PPV, and NPV were 96%, 92%, 83%, and 98%,
respectively. Our study showed that 640-slice CTA has
high resolution and technical processing imaging, so the
results in detection of grafts stenosis were also excellent,
with 98% sensitivity, 100% of specificity, 100% PPV, and
100% NPV.
Clinical implication
Invasive coronary angiography remains gold standard
for diagnosis of CAD in native vessels and grafts(17).
However, from previous CABG patients whom only graft
visualization is required, CTA may omit the need for repeat
of coronary angiography. CTA may be considered as a
useful alternative investigation in patients that ICA should
be avoided due to a higher risk of procedural complications.
In addition, in patients with a history of CABG, CTA may
provide anatomical information prior to PCI. CTA may also
be useful for pre-surgical evaluation in patients undergoing
re-operative cardiac surgery. Moreover, CTA is a rapid and
comprehensive representation of complex anatomy and can
be used in patients with incomplete surgical history, in whom
precise graft anatomy is unknown. In clinical practice, CTA
is used as a non-invasive alternative to coronary angiography
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in carefully selected patients with suspected ACS and to
rule out CAD(12,13,14,17).
Study limitations
From initial results, the limitations of the present study
should be considered. First, this is a descriptive observational
study with retrospective data. Secondly, data was recorded
and analyzed from patients who were both investigated
with 640-slice CTA and Conventional CAG so high calcium
score was recorded. If vessels or segments were high
calcium score, the interpretation by CTA was difficult from
heavy calcification and artifact. Thirdly, because it is a
retrospective study, data correction was recorded from OPD
and IPD information and might be missed. Fourthly, as a
single-center study, the generalizability of the present results
is limited. Fifthly, as CTA and invasive coronary angiography
analysis were performed blinded, differences in segment
and small vessel allocation may have occurred. Lastly,
in the retrospective study, patients who had negative
result with the 640-CTA were not futher investigated with
conventional CAG.

Conclusion
The present study demonstrated an excellent
diagnostic accuracy of the 640-slice CTA as a non-invasive
modality for detection luminal narrowing of coronary artery
and grafts when compared with invasive coronary
angiography. High negative predictive value is suggested
to be used for exclusion of CAD.
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Supplementary appendix
Table 2 Calcium scoring (Agatston Score)
N

%

Mean

SD.

Median

Min

Max

Ca_score_LM

63

85.1%

56.13

96.42

0

0

409

Ca_score_LAD

63

85.1%

221.16

304.61

141

0

1558

Ca_score_DG1

63

85.1%

8.89

50.43

0

0

386

Ca_score_DG2

63

85.1%

0.4

1.8

0

0

9

Ca_score_LCX

63

85.1%

177.56

351.57

46

0

1803

Ca_score_OM1

63

85.1%

0.11

0.88

0

0

7

Ca_score_OM2

63

85.1%

0.11

0.88

0

0

7

Ca_score_Ramus

10

13.5%

46.1

71.34

0

0

195

Ca_score_RCA

63

85.1%

279.16

620.48

65

0

3883

Ca_score_PL

63

85.1%

0.14

1.13

0

0

9

Ca_score_PDA

63

85.1%

1.29

9.12

0

0

72

Ca_score_Total

63

85.1%

759.81

1162.21

383

0

6317
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Table 3 Plaque types
Variables

Mixed
Yes, n (%)
No, n (%)

Calcified
Yes, n (%)
No, n (%)

Non-calcified
Yes, n (%)
No, n (%)

Plaque_LM

6 (8.5%)

65 (91.5%)

22 (31%)

49 (69%)

7 (9.9%)

64 (90.1%)

Plaque_LAD

30 (42.3%)

41 (57.7%)

33 (46.5%)

38 (53.5%)

12 (16.9%)

59 (83.1%)

Plaque_DG1

6 (8.5%)

65 (91.5%)

13 (18.3%)

58 (81.7%)

4 (5.6%)

67 (94.4%)

Plaque_DG2

1 (1.4%)

70 (98.6%)

2 (2.8%)

69 (97.2%)

1 (1.4%)

70 (98.6%)

Plaque_LCX

19 (26.8%)

52 (73.2%)

31 (43.7%)

40 (56.3%)

4 (5.6%)

67 (94.4%)

Plaque_OM1

3 (4.2%)

68 (95.8%)

7 (9.9%)

64 (90.1%)

0 (0%)

71 (100%)

Plaque_OM2

0 (0%)

71 (100%)

3 (4.2%)

68 (95.8%)

0 (0%)

71 (100%)

Plaque_Ramus

0 (0%)

14 (100%)

5 (35.7%)

9 (64.3%)

1 (7.1%)

13 (92.9%)

Plaque_RCA

23 (32.4%)

48 (67.6%)

33 (46.5%)

38 (53.5%)

14 (19.7%)

57 (80.3%)

Plaque_PL

0 (0%)

71 (100%)

2 (2.8%)

69 (97.2%)

2 (2.8%)

69 (97.2%)

Plaque_PDA

2 (2.8%)

69 (97.2%)

2 (2.8%)

69 (97.2%)

2 (2.8%)

69 (97.2%)
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การศึกษาความแมนยำในการวินจิ ฉัยโรคหลอดเลือดหัวใจโคโรนารีต่ บี หรืออุดตัน
จากการตรวจดวยเครือ่ งเอ็กซเรยคอมพิวเตอร 640 สไลด เปรียบเทียบกับ
วิธมี าตรฐาน คือการสวนหลอดเลือดหัวใจโคโรนารี่
สุรางคนา ดวงสุวรรณ, พบ.1, มนตรี เจริญพานิชสันติ, พบ.1, ฆนินทร สุนทรธาดา, พบ.1, นครินทร ศันสนยุทธ, พบ.1,
ปชุม ทาสุคนธ, พบ.1, ประสาท เหลาถาวร, พบ.1, ชุมพล เปย มสมบูรณ, พบ.1, โสภณ สงวนวงษ, พบ.1,
ชาญณรงค นาคสวัสดิ์, พบ.1, ปรีชา เอือ้ โรจนองั กูร, พบ.1, วราภรณ ติยานนท, พบ.1, ธรณิศ จันทรารัตน, พบ.1,
วีรพร ปน พานิชการ, พบ.1, ธัญรัตน อรามเสรีวงศ, พบ.1, หัสยา ประสิทธิด์ ำรง, พบ.1
1

ศูนยหวั ใจสิรนิ ธร หนวยโรคหัวใจและหลอดเลือด กองอายุรกรรม โรงพยาบาลพระมงกุฎเกลา

บทคัดยอ
วัตถุประสงคการศึกษา: เพือ่ ศึกษาความไว ความจำเพาะและความแมนยำในการวินจิ ฉัยโรคหลอดเลือดหัวใจโคโรนารีต่ บี หรือ
อุดตันโดยการตรวจดวยเครือ่ งเอ็กซเรยคอมพิวเตอร 640 สไลด เปรียบเทียบกับการสวนหลอดเลือดหัวใจโคโรนารีใ่ นโรงพยาบาล
พระมงกุฏเกลา
ความสำคัญของปญหา: แมวา การสวนหลอดเลือดหัวใจโคโรนารีไ่ ดรบั การยอมรับวาเปนวิธมี าตรฐานในการวินจิ ฉัยหลอดเลือด
หัวใจโคโรนารีต่ บี หรืออุดตัน ปจจุบนั มีการใชเอ็กซเรยคอมพิวเตอรในการตรวจหลอดเลือดหัวใจแพรหลายมากขึน้ และสามารถตรวจ
ไดโดยผปู ว ยไมตอ งนอนโรงพยาบาล
วิธกี ารศึกษาวิจยั : การศึกษานีเ้ ปนการศึกษาแบบเก็บขอมูลยอนหลัง มีจำนวนผปู ว ยทัง้ หมด 74 คนโดยทุกคนไดรบั ทัง้ การตรวจ
ดวยเอ็กซเรยคอมพิวเตอรแบบ 640 สไลด และการสวนหลอดเลือดหัวใจโคโรนารีใ่ นชวงระหวางเดือนมกราคม พ.ศ.2555 และเดือน
ธันวาคม พ.ศ.2555 โดยนำผลการตีบหรืออุดตันของหลอดเลือดหัวใจแตละสวนและแตละเสนหลักมาวิเคราะหเทียบกันในทัง้ สอง
วิธี โดยมีการสวนหลอดเลือดหัวใจโคโรนารีเ่ ปนวิธมี าตรฐานในการเปรียบเทียบ รอยโรคทีต่ บี หรืออุดตันจะประเมินความแมนยำ
ที่ ≥ รอยละ 50 และ ≥ รอยละ 70
ผลการวิจยั : จากผปู ว ยทัง้ สิน้ 74 คน ผชู าย 58 คนและผหู ญิง 16 คน อัตราการเตนของชีพจรระหวางการตรวจดวยเครือ่ งเอ็กซเรย
อยทู ี่ 67±12 ครัง้ ตอนาที 11 รายไดรบั การใสขดลวดขยายหลอดเลือดหัวใจและ 11 รายไดรบั การผาตัดบายพาส ในการประเมิน
ความแมนยำโดยการตรวจดวยเอ็กซเรยคอมพิวเตอรแบบ 640 สไลด พบวาทีก่ ารตีบของหลอดเลือดหัวใจมากกวารอยละ 50 มี
ความไว ความจำเพาะ PPV และ NPV 100%, 100%, 81% และ 100% ตามลำดับ สวนการตีบของหลอดเลือดหัวใจมากกวารอย
ละ 70 มีความไว ความจำเพาะ PPV และ NPV 100%, 99%, 92% และ 100% ผปู ว ยทีไ่ ดรบั การผาตัดหลอดเลือหัวใจบายพาส
พบวามีความแมนยำคือความไว ความจำเพาะ PPV และ NPV 98%, 100%, 100% และ 100% ตามลำดับ
สรุปผลการวิจยั : การตรวจวินจิ ฉัยโรคหลอดเลือดหัวใจโคโรนารีต่ บี หรืออุดตันดวยเครือ่ งเอ็กซเรยคอมพิวเตอรแบบ 640 สไลด
ก็เปนเครือ่ งมือใหมทมี่ คี วามแมนยำสูงเมือ่ เทียบกับวิธมี าตรฐานคือการสวนหลอดเลือดหัวใจโคโรนารี่
คำสำคัญ: เอ็กซเรยคอมพิวเตอรแบบ 640 สไลด
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