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 Summary
 Background: To assess the diagnostic value of MDCT coronary angiography for evaluation of acute chest pain of 

coronary origin in non-diabetic patients.

 Material/Methods: In 22 patients without DM, we assessed coronary arteries with multidetector CT angiography and 
invasive conventional angiography.

 Results: CT coronary angiography revealed positive coronary artery disease findings in 16 patients; LAD 
was affected in 16 (72.3%), RCA in 14 (63.3%), and LCX in 8 (36.4%) cases. The proximal part of 
LAD was the most commonly affected coronary artery (14 cases, 63.3%) in the studied patients who 
underwent MSCT coronary angiography. As regards the calcium score, 4 patients (18%) had low 
calcium scores, 6 cases (27%) had moderate calcium scores, and 12 cases (55%) had high calcium 
scores. There were 6 patients with positive findings of coronary artery disease detected on MDCT 
coronary angiography that were not mirrored by conventional angiography.

 Conclusions: MDCT angiography of the coronaries is a good and rapid method for evaluation of the coronary 
anatomy and for early detection and grading of coronary lesions in non-diabetic patients.
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Background

Acute chest pain is one of the most common reasons for 
patient visits in emergency departments. Patients are often 
worried about a potential heart attack, but there are many 
other causes of chest pain that should be considered; some 
of them are life threatening, while others are not [1].

Making correct decisions for patients with acute chest pain 
remains a challenge [2].

Diagnosis based on patient’s medical history, initial cardiac 
enzyme levels, and initial electro-cardiograms (ECG) has 
many limitations [3].

Multiple chest problems, either vascular or non-vascu-
lar, including pulmonary embolism (PE), acute coronary 

syndromes, aortic dissection, pleural, pulmonary, or osse-
ous lesions, must be taken into account [4].

Recently, contrast-enhanced multidetector computed 
tomography (MDCT) has become the imaging modality of 
choice, when a clinical suspicion of acute coronary syn-
drome or aortic dissection is raised. MDCT is capable of 
detecting, in a single scan, a multitude of non-threatening 
causes of acute chest pain, such as pneumonia, pericarditis, 
or fractures [5].

Recently, multiple studies have demonstrated that ECG-
gated CT of the whole chest is useful and allows for an 
accurate evaluation of the coronaries and non-vascular 
structures in a single scan, when a protocol called triple 
rule-out CT(TRO) is applied [6].
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Material and Methods

Patients

A total of 22 patients (12 males) without diabetes mellitus 
(DM) who presented with acute chest pain of coronary ori-
gin were examined in Zagazig University hospitals between 
February 2016 and October 2016.

All patients underwent:
• Clinical assessment.
• Computed tomographic angiography.
• Coronary angiography.

Selection of cases

Patients were selected on the basis of:
•  Clinical features of vascular origin: unexplained breath-

lessness (dyspnea) and/or tachypnea, hypotension, with 
or without pleuritic chest pain.

•  Clinical examination: signs of acute chest pain, tachyp-
nea (respiratory rate >20/min), tachycardia (heart rate 
>100/min), central cyanosis, fever, signs of acute right 
sided heart failure, hypotension, clinical signs of pulmo-
nary hypertension, and presence of risk factors.

•  Non-radiological data such as ECG changes sugges-
tive of infarction (e.g., ST segment elevation or T wave 
inversion).

The exclusion criteria were: 
•  Contraindications to use contrast material (allergy, renal 

failure).
• Diabetes mellitus.

Ethical consideration

The protocol and informed consent forms used in this 
study were approved by the Institutional Review Board 
(IRB) of Zagazig University. All participants signed a writ-
ten informed consent and filled a written survey consisting 
of demographic and clinical data.

Methods

Clinical assessment:

Full medical history:
• Personal history: name, age, sex, habits (e.g. smoking).
•  Present history: character of acute chest pain, duration, 

site, radiation, exacerbating and relieving factors, associ-
ated symptoms, presence of a similar attack earlier, use 
of medication for a similar attack or for DM.

• Family history: DM, dyslipidemia, and blood disorders.
•  Clinical examination: Performed by the referring physician.
•  Laboratory investigations including: cardiac enzymes, 

renal function tests, blood glucose on admission, fasting 
blood glucose (FBG), postprandial blood glucose (after 
2 h, 2h- PPBG), and HBA1c (for excluding DM).

Computed tomographic angiography

A total of 22 patients without DM were enrolled for CT 
coronary angiography due to typical chest pain (defined as 

a retrosternal or precordial diffuse burning, heaviness, or 
squeezing sensation that may radiate to the left arm, neck 
or lower jaw, precipitated by effort and relieved by rest or 
nitrates); 73% of patients had intermediate risk of IHD, and 
about 27% had low risk of IHD.

The mean age was 55.5 years, ranging between 45 and 66 
years. There were 12 males and 10 females. The average 
heart rate was 99 beats/min during the attack and 62 beats/
min during the scan.

Technique

Patient preparation:
•  Fasting for 4-6 hours prior to the examination. 

Medications were not discontinued.
•  Counseling: all steps of the procedure were explained in 

detail to the patients to evaluate their suitability for the 
scan, like breath-holding.

•  Heart rate was evaluated before the examination. The 
examination was performed, if heart rate was below 65 
beats per minute.

•  Patients with heart rates above 70 beats per minute were 
given a cardioselective beta-blocker; 100 mg of metopro-
lol or atenolol, orally 1 hour before the study, to obtain 
a stable low heart rate. Contra-indications to b-blockers 
were excluded.

Scan protocol

All examinations were performed with a 128 MDCT device 
(Philips) in the Radiology Department, Zagazig University 
hospital.

Patient positioning and preparation for scanning

• Supine position was used for CT examinations.
• ECG tracing was obtained with 3 ECG leads.
• Intravenous contrast injection with a flow rate of 5 mL/s.
•  We asked patients for repeated test breath holds. Patients 

were advised to hold breath during inspiration, which 
was preceded by a cycle of inspiration and expiration.

Image acquisition and reconstruction

• Initially, a low-energy topogram was acquired.
•  A bolus tracking technique was used to ensure homoge-

neous contrast enhancement of all coronaries, a series 
of dynamic low-dose axial scans (every 2 s) were taken 
at the level of the carina to track the bolus of contrast 
material and to monitor contrast enhancement at the 
level of the ascending aorta. When enhancement of 100–
120 Hounsfield units was reached, the MDCTA imaging 
sequence of the coronaries was started.

•  Coronary CTA scan: sublingual nitroglycerin was admin-
istered about 3 minutes before the scan. If systolic 
blood pressure decreased below 100 mm Hg, nitroglyc-
erin was not administered. The total volume of injected 
contrast agent ranged from 80 to 100 ml, and contrast 
infection was followed by a 50-mL chaser of saline at a 
rate of 5 mL/s. A single breath-hold scan during comfort-
able inspiration was acquired. To obtain a volumetric CT 
dataset for the coronaries, the scan covered the whole 
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heart from the proximal part of the ascending aorta 
(approximately 1–2 cm below the carina) to the diaphrag-
matic surface of the heart.

A 128-slice MDCT scanner was used to increase the vol-
ume coverage, reduce scan time, and decrease the amount 
of contrast agent. In addition, the scanner provided thinner 
slice collimation and faster tube rotation, improving both 
spatial and temporal resolution.

The whole procedure was completed in about fifteen 
minutes.

Technical specifications of the imaging protocol for contrast-
enhanced coronary angiography by MDCT

Coronary MDCT acquisition

Cardiac CT scans were performed using 128-slice MDCT 
with the following parameters: slice thickness, 0.5 mm; 
helical retrospective gating and reconstruction interval of 
1 mm.

Specification 128-slice scanner

• Tube current (mAs), 340.
• Tube voltage (kV), 120.
• Tube rotation time (ms), 280.
• Scan range (mm), 153.
• Contrast dose (mL), 80.

Image reconstruction

CTA angiography of the coronaries was performed in the 
spiral acquisition mode, with continuous acquisition of 
data throughout the cardiac cycle. To achieve a good qual-
ity of the reconstructed axial images, we used the follow-
ing parameters: slice thickness, 0.75 mm; pixel matrix, 
512×512; increment between images, 0.4 mm; thinner slic-
es increased the resolution of the 3-D dataset and improved 
the quality of reformatted images; we used a small field of 
view (FOV), 18 to 20 cm. A larger FOV of 35 cm was used 
only if there were incidental extracardiac findings.

Image evaluation

The axial images were most important for the evaluation, 
as they can reveal all recognized pathologies, and multipla-
nar reformatted (MPR) images can visualize the coronaries 
in multiple orientations, thereby showing the presence of 
significant stenosis in the coronaries.

After detecting calcified and non-calcified plaques on axial 
images, 3 to 5 mm, thin-slab, maximum intensity projec-
tion (MIP) images were obtained to project the information 
of 4 to 7 original slices into one image.

The degree of luminal narrowing was evaluated by com-
paring the narrowed segment lumen with proximal and 
distal normal lumens, with manual correction or place-
ment of the calipers and reconstruction of a true cross-sec-
tional image of the vessel orthogonal to the long-axis view.

A quantitative assessment could be made in some cases 
that had excellent image quality and no severe calcifica-
tions; this improved diagnostic accuracy for the detection 
of significant stenoses. Direct measurements of lumen 
caliber were used particularly for intermediate lesions.

Curved MPR images, curved MIP images, and 3-D volume-
rendering technique images were used to provide a general 
overview of the coronary and cardiac anatomy.

Statistical analysis

All data were collected, tabulated, and statistically ana-
lyzed using the SPSS 19.0 software, for Windows (SPSS 
Inc., Chicago, IL, USA) and MedCalc 13 software, for 
Windows (MedCalc Software bvba, Ostend, Belgium). 
Quantitative data were expressed as means ±SDs and 
medians (range), and qualitative data were expressed as 
absolute frequencies (number) and relative frequencies 
(percentage). P<0.05 was considered statistically signifi-
cant (S), p<0.001 was considered highly statistically sig-
nificant (HS), and p³0.05 was not considered statistically 
significant (NS).

Results

Based on the clinical examination of patients without DM, 
a large number of patients had tachycardia, rapid pulse 
rate, average pulse volume, average respiratory rate, and 
normal blood pressure (Table 1).

Clinical examination
Patients (N=22)

No. %

Heart rate (beats/min)

 Average 10 45.5%

 Tachycardia 12 54.5%

Pulse rate

 Average 10 45.5%

 Rapid 12 54.5%

Pulse volume

 Average 16 72.7%

 Weak 6 27.3%

Respiratory rate

 Average 20 90.9%

 Tachypnea 2 9.1%

Blood pressure

 Normotensive 12 54.5%

 Hypertensive 10 45.5%

Table 1.  Clinical examination of the studied patients who underwent 
MSCT coronary angiography.
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ECG findings were non-specific in 12 patients, a depressed 
ST segment was found in 4 patients, and T wave changes 
were seen in 6 patients (Table 2).

As regards laboratory findings, a high number of patients 
had elevated cholesterol, LDL, HDL, normal cardiac 
enzymes, and D- dimmer (Table 3).

CT coronary angiography revealed that 16 cases had posi-
tive coronary artery disease findings; LAD was affected 
in 16 (72.3%) cases, RCA in 14 (63.3%) cases, and LCX in 8 
(36.4%) cases (Table 4).

The proximal part of LAD was the most commonly affect-
ed coronary artery in the studied patients who underwent 
MSCT coronary angiography (Table 5)

As regards the calcium score, 4 cases had low calcium 
scores, 6 cases had moderate calcium scores, and 12 cases 
had high calcium scores (Table 6).

As regards the comparison between MDCT, coronary angi-
ography, and conventional coronary angiography, MDCT 
coronary angiography detected positive findings in 6 
patients that were not mirrored by conventional angiogra-
phy (Table 7; Figures 1–3).

MSCT coronary angiography 
findings

Patients (N=22)

No. %

Coronary artery stenosis

 Absent 6 27.3%

 Present 16 72.7%

Involved vessel 

 LAD 16 72.7%

 RCA 14 63.6%

 LCX 8 36.4%

Table 4. MSCT coronary angiography findings of the studied patients.

ECG finings
Patients (N=22)

No. %

Non-specific 12 54.5%

Specific 10 45.5%

Depression of ST segment 4 27.3%

T wave changes 6 18.1%

Table 2.  ECG findings of the studied patients who underwent MSCT 
coronary angiography.

Laboratory findings
Patients (N=22)

No. %

Cardiac enzymes

 Normal 22 100%

 Abnormal 0 0%

D-dimer (ng/mL)

 Normal 18 81.8%

 Abnormal 4 18.2%

 Mean ±SD 306.81± 97.88

 Median (range) 265 (250–505)

Cholesterol (mg/dl)

 Normal 2 9.1%

 Abnormal 20 90.9%

 Mean ±SD 274.36±59.27

 Median (range) 255 (199–400)

Table 3.  Laboratory findings of the studied patients who underwent 
MSCT coronary angiography.

Laboratory findings
Patients (N=22)

No. %

LDL (mg/dl)

 Normal 2 9.1%

 Abnormal 20 90.9%

 Mean ±SD 168.45±29.26

 Median (range) 180 (90–190)

HDL (mg/dl)

 Normal 2 9.1%

 Abnormal 20 90.9%

 Mean ±SD 47.36±8.86

 Median (range) 50 (35–63)

Arterial blood gases

 Normal 22 100%

 Abnormal 0 0%

FBG, 2h-PPBG, HBA1c

 Normal 22 100%

 Abnormal 0 0%
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Discussion

In this study, a large number of patients presented to our 
emergency department due to acute chest pain suggestive 
of acute coronary syndrome. Some of them had myocardial 
infarction, as evidenced by typical chest pain, ST segment 
elevation, and elevated initial cardiac biomarkers. These 
patients were referred directly to a cardiology depart-
ment for PCI or thrombolysis, whilst others were referred 
to a radiology department for CT coronary angiography. 
However, initial non-contrast cardiac CT revealed high cal-
cium scores (more than 1000) and rendered CT coronary 
angiography unnecessary for some patients, other patients 
were found unfit for the exam. A total of 22 patients with-
out DM (based on ADA diagnostic criteria for DM, 2016) 
[7] presented with acute chest pain, non-diagnostic resting 

ECG and echocardiography, and normal cardiac biomark-
ers, and they were enrolled for multidetector CT angiogra-
phy of the coronary arteries between February 2016 and 
October 2016.

The mean age of patients was 55.5 years, ranging from 45 
to 66 years. Twelve (54.5%) patients were male, and 10 
(45.5%) patients were female.

As regards the prevalence of risk factors, there is an agree-
ment between our study and a study performed in 2015 
in 20 patients with acute chest pain and non-diagnostic 
resting ECG and echocardiography, and normal cardiac bio-
markers. These patients were enrolled for multidetector 
CT angiography of the coronaries, and it was found that 
10 (45.45%) cases were hypertensive, 6 (27.27%) cases were 
smokers, and 20 (90.9%) cases had dyslipidemia. We found 
that 12 (54.54%) cases had positive family history and 12 
(54.54%) cases were obese. As regards the calcium score, 
similarly to our study, it was found to be below 800 in all 
the examined patients [8].

In this study, 6 (27.27%) cases had normal coronary arter-
ies, 6 (27.27%) cases showed non-significant CAD, 10 
(45.45%) cases showed significant CAD, and 2 (9%) showed 
myocardial bridges. In a study carried out in 2007, that 
enrolled 58 participants with a history of acute chest pain, 
15 (28.8%) cases had no detectable coronary artery lesions 
on CT angiography, 20 (34%) patients had nonsignificant 
lesions, and 23 (39%) had significant stenoses [9].

Affected coronary artery
Patients (N=22) Extent of involvement (%)

No. % Mean ±SD Median (range)

LAD involvement 

 Proximal 14 63.6%  61.71±18.71 66 (40–90)

 Mid 8 36.4%  57.50±15 50 (50–80)

 Distal 2 9.1% 50

RCA involvement

 Proximal 6 27.3%  53.33±14.43 45 (45–70)

 Mid 8 36.4%  35.50±12.23 32 (25–53)

LCX involvement

 Proximal 8 36.4%  51±15.29 50 (34–70)

Table 5. Affected coronary arteries in the studied patients who underwent MSCT coronary angiography.

Calcium score N=22 %

No evidence of CAD 0 0

Very low 1–10 0 0

Low 11–100 4 18.2

Moderate 101–400 6 27.3

High >400 12 54.6

Table 6. Calcium scores of the studied patients.

Conventional angiography
Total

+ve –ve (or less)

MSCT coronary 
angiography

+ve 10 6 16

–ve (or less) 0 6 6

Total 10 12 22

Table 7. Agreement between MSCT coronary angiography and conventional angiography.

P value <0.05 was considered statistically significant.
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Plaques were seen in 16 (72.72%) patients, 14 (87.5%) of 
them had calcified plaques, 10 patients (62.5%) had non-
calcified plaques, and 6 (37.5%) of them had mixed plaques.

As regards the affected vessels, we found that the left ante-
rior descending artery (LAD) was affected in 16 (72.7%) 
cases, the left circumflex artery was affected in 8 (36.4%) 
cases, and RCA was affected in 14 (63.6%) cases, which is 
agreement with a study performed in 2014 that includ-
ed 50 patients referred for MSCT coronary angiography 
(patients with previous coronary bypass grafts and those 
with coronary stents were excluded). History of contrast 
allergy, renal impairment, and severe chest conditions were 
the remaining exclusion criteria. Coronary angiographic 
CT studies were performed with a 320 CT scanner and 

determined that the most common site of stenosis was the 
left anterior descending artery (76.7%), but the circumflex 
artery (43.3%) and the right or left main coronary arteries 
(40%) were affected differentially, when compared to our 
study [10].

As regards the number of affected vessels, 6 cases (27.2%) 
had normal coronary arteries, one vessel was affected in 2 
cases (9.1%), two vessels were affected in 6 cases (27.3%), 
and three vessels were affected in 8 cases (36.4%), which 
shows that multi-vessel disease is most common. This is 
not in agreement with a study performed in 2015 in which 
35% of cases had one affected vessel, 30% had two affected 
vessels, and 5% had 3 affected vessels [8].

Figure 1.  Male patient, a 55-year-old smoker, non-diabetic, with hyperlipidemia and complaints of retrosternal acute chest pain (A), (B) CPR 
image of LAD shows proximal and middle segments with multiple calcified (yellow arrow) and mixed (green arrow) plaques and mild 
to moderate stenotic lesions (maximum 50% stenosis), (C), (D) Invasive coronary angiography shows LAD, confirming the proximal and 
middle segment stenosis(arrows).

A

C

B

D
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Findings of CTCA are correlated with invasive conventional 
coronary angiography with a concordance rate of 72.7%. 
There is an agreement in sensitivity and NPV (both 100%) 
in studies performed in 2007 and 2014 with 64 MDCT and 
320 MDCT, respectively [9,10].

In our study, patients with pre-examination heart rate 
above 65 beats per minute were given a cardioselective 
B-blocker (orally 1 hour before the study) to obtain a stable 
low heart rate, if no contra-indications to B-blockers were 
present. If heart rate was still above 75 beats per minutes, 
the examination was postponed. This is in agreement with 
the protocol of Pugliese et al., who reported that the exami-
nation should be postponed, if heart rate is above 75 beats/
min [8].

Similarly, nitroglycerine was not administrated prior to the 
study, because, in spite of its coronary-dilator effect that 
enhance vessel visualization, the drug can increase heart 
rate and lead to overestimation of diameter reduction of 
stenotic lesions, as nitroglycerine dilates the healthy seg-
ments [8].

Figure 2.  Female patient, 63 years of age, with uncontrolled hyperlipidemia and complaints of retrosternal acute chest pain (A), (B) CPR image of 
LAD shows that the proximal segment has a calcified plaque (about 15 mm in length) that causes approximately 40% luminal stenosis. 
The diagonal branches have no stenoses or calcified plaques. The distal LAD shows preserved caliber up to the cardiac apex. (C) Invasive 
conventional coronary angiography of LAD confirms the degree of stenosis (40%, arrow), (D) CPR image of LCX, the proximal left 
circumflex artery has a calcified mural plaque. No significant stenosis or non-calcified plaques were noted.

A

C

B

D

As regards image quality in relation to the cardiac cycle, 
the left main and LDA arteries were best visualized in mid-
diastole (at 60–70%) in most patients. For the right coro-
nary artery, the optimal timing of acquisition was in dias-
tole (at 40%). The left circumflex artery showed optimal 
image quality at 50–60%. This is in agreement with a study 
from 2001 that reached the same conclusions [11].

The visibility of a coronary artery segment was consid-
ered good, when there was a sharp delineation from the 
surrounding structures, a nearly artifact-free course of 
the segment, with little blurring even in its peripheral sec-
tions, and sufficient contrast between the vessel lumen and 
wall. Visualization was considered adequate in the pres-
ence of image degrading artifact that allowed evaluation 
with moderate confidence, and it was considered poor in 
the presence of image degrading artifacts (evaluation was 
possible but only with low confidence). The examined seg-
ment was considered non-assessable, when image degrad-
ing artifacts were severe enough to prevent differentiation 
between significant stenosis and occlusion or between nor-
mal segments and mildly atherosclerotic lesions [11].
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It is now clear that non-invasive CT angiography of the 
coronary arteries requires the use of at least 16-slice scan-
ners, with improved imaging observed in 64-slice scanners. 
In this study, a 128-slice CT scanner showed improved sen-
sitivity and specificity in comparison to 64-slice scanners; 
this could be attributed to reduction of tube rotation time 
with consequent improvement in temporal resolution [12].

Figure 3.  Female patient, 55 years of age, hypertensive, with hyperlipidemia and complaints of retrosternal acute chest pain associated with 
syncope, dyspnea, and tachycardia (A) CPR image of LAD shows that the proximal segment has a small, calcified plaque (located about 
27 mm from the origin of the artery, orange arrow). It measures about 3mm in length and causes up to 41% (non-significant) stenosis; 
the middle segment shows adequate contrast filling with a segment (19 mm long) of myocardial bridging (yellow arrow); thickness of 
covering myocardium=4 mm; the distal segment gradually decreases in caliber, wrapping around the cardiac apex, (B) CPR image of LAD 
shows a myocardial bridge over the middle LAD segment (arrow), (C) VR 3D reconstruction of LAD confirms the presence of myocardial 
bridge (black arrow), (D) Invasive coronary angiography of LAD shows proximal segment stenosis of 40% (arrow).

A

C

B

D

Conclusions

Based on the results of our study, we concluded that MDCT 
coronary angiography is a good and rapid non-invasive 
imaging modality that is able to evaluate the coronary 
anatomy and detect and grade early coronary lesions in 
non-diabetic patients.
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