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known, even if in the CONFIRM trial these patients are 
doing well in the long term [4]. It has  recently been 
 reported that coronary artery disease  severity on CCTA 
is strongly correlated with the occurrence of major ad-
verse cardiac events (MACE). Most of these studies are 
limited because of the short follow-up (no longer than 
2 years) and the heterogeneity of the studied popula-
tion. In addition, no long-term data are available on 
the value of CCTA in patients with suspected ischaemic 
heart disease and normal coronary arteries. Accord-
ingly, the aim of the present study was to evaluate the 
long-term prognostic role of normal CCTA findings in a 
cohort of patients with suspected ischaemic heart dis-
ease.

Materials and methods

Patients and study protocol
The screened population consisted of consecutive pa-
tients who presented to our out-patient clinic for car-
diac evaluation (exercise electrocardiogram, stress 
echocardiography or invasive coronary angiography) 
between April 2005 and March 2007 because of sus-
pected coronary artery disease. Ischaemic heart dis-
ease was suspected on the basis of the patient history 
(new-onset chest pain), a high-risk profile, or abnormal 
or  inconclusive stress test. In all patients, CCTA was 
performed in addition to the standard clinical workup 
in order to clarify the diagnosis of possible coronary 
disease. Some patients were excluded because they 
met at least one of the following exclusion criteria: un-
willingness to participate or high probability of loss in 
follow-up, allergy to iodine contrast agents, known 
cardio vascular disease and coronary artery disease on 
CCTA. Thus, the analytical study population consisted 
of 200 patients with normal CCTA. Normal CCTA was 
defined as well visualised  coronary arteries without 
any calcifications, narrowing or wall abnormalities 
(fig. 1). Patients with soft plaques were also excluded. 
The study was approved by our  institutions’ scientific 
and ethical committees, and all patients gave informed 
consent. 

Summary

Objectives: The aim of this study was to assess the 5-year prognostic value 

of multidetector coronary computed tomography angiography (CCTA) in 

patients with normal coronary arteries.

Background: Use of CCTA is increasing in patients with suspected coro-

nary artery disease. Although there is a large body of data supporting the 

prognostic role of CCTA for major adverse cardiac events in the long-term 

prognostic the role in patients with normal coronary arteries is still par-

tially unknown.

Methods: Between April 2005 and March 2007, 506 consecutive patients 

(313 men) were studied with CCTA in order to detect the presence of coro-

nary artery disease. Patients were classified as having strictly normal cor-

onary arteries versus abnormal coronary arteries (plaques, calcified and 

obstructive coronary arteries). Patients with strictly normal coronary arter-

ies were followed up for 5 years, for the occurrence of: (1) cardiac death, 

(2) nonfatal myocardial infarction, (3) unstable angina requiring hospitali-

sation, and (4) revascularisation.

Results: Two hundred patients (124 men, mean age 64 ± 27 years) were 

 enrolled and subsequently followed up for exactly 5 years after the initial 

investigation. Pretest probability was 25 ± 15% in the total population and 

13 ± 4% in the 200 studied patients. During this follow-up 2 patients (1%) 

died from noncardiac causes (1 sepsis and 1 chronic obstructive pulmo-

nary disease), 1 patient underwent percutaneous atrial septal defect clo-

sure (0.5%) and 1 patient (0.5%) experienced nonfatal endocarditis. Acute 

coronary syndrome, myocardial infarction or stable angina pectoris did 

not occur during this follow-up. A total of 196 patients were free of adverse 

events (98%).

Conclusions: CCTA provides important prognostic information in patients 

with normal coronary arteries showing excellent long-term prognosis 

without coronary events.
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Ischaemic heart disease is the leading cause of mortal-
ity and morbidity [1]. There is a large body of data sup-
porting the role of  coronary computed tomography 
angiography (CCTA) [2–3], but its long-term prognostic 
role in patients with suspected coronary  artery disease 
and strictly normal coronary arteries is still partly un-
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A structured interview was conducted and a clinical 
history acquired. The following cardiac risk factors 
were assessed before CCTA: diabetes mellitus, hyper-
cholesterolaemia, hypertension (blood pressure over 
140/ 90 mm Hg or use of antihypertensive medica-
tions), positive family history of coronary artery dis-
ease, and current tobacco usage. Pretest probability of 
ischaemic heart disease was  calculated based on the 
standard recommendations of the American Heart 
 Association, and the Framingham cardiovascular dis-
ease (CVD) score was calculated [5–6].

Patient preparation, scan protocol and image 
reconstruction
Up to 20 mg of metoprolol was intravenously adminis-
tered before CCTA in patients with heart rates >90 
beats/min. In all patients, CCTA was performed using 
a 64-slice scanner Toshiba Acquilion (64 0.625-mm 
 collimation, 330-ms gantry rotation time, VCT, Toshiba  
Medical Systems, Tokyo, Japan). Dose modulation was 
attained with “electrocardiographic gating” for a max-
imum gantry delivery between 40 and 80% during the 
R-R interval. Reconstructions were retrospective. A 
 bolus of 80 ml of high concentration contrast (Iomeron 
400 mg/ml, Bracco Imaging, Milan, Ital y) was adminis-
tered intravenously at 5 ml/s, followed by 50 ml of 
 saline injected at the same infusion rate. The scan was 
initiated according to the bolus-tracking technique. 

CCTA procedure
Two expert assessors unaware of the patients’ clinical 
status evaluated all CCTA examinations. In the case of 
disagreement, a joint reading was performed and a 
consensus decision was reached. Coronary arteries 
were divided into 16 segments according to the Ameri-
can Heart Association classification [7]. Each segment 
was classified as interpretable or not. Patients were 
 excluded when a proximal segment, mid-segment or 
more than three segments were uninterpretable. If a 
segment contained calcific plaques, the patients were 
excluded from the study.  Coronary arteries were de-
fined as normal provided no calcium was present along 
the complete artery. Reconstructions were performed 
at the time of the CCTA testing. 

Follow-up
Follow-up, either clinic visit or telephone interview, 
was performed by two trained research nurses. A 
standardised questionnaire was used. Prognosis was 
measured as an endpoint of cardiac fatal event and 
nonfatal event. Patients were contacted by telephone 
and in the event of doubt their general practitioner 
was contacted. Finally, 42% of the patients had a clini-
cal visit at time of follow-up. Patients were followed up 
for the occurrence of: (1) cardiac death, (2) nonfatal my-
ocardial infarction, (3) unstable angina requiring hos-
pitalisation, and (4) revascularisation. Follow-up was 
performed during the month following the end of the 
5th year after the baseline CCTA. Patients were regu-
larly followed up by their general practitioner and once 
a year by the research nurse in charge of the follow-up. 
In an unclear clinical situation the patient was evalu-
ated by a cardiologist. At follow-up, deaths were re-
viewed and classified as cardiac (death caused by acute 
myocardial infarction, ventricular arrhythmia or re-
fractory heart failure) or noncardiac. Myocardial in-
farction was defined as recommended by the European 
Heart Association [8]. The diagnosis of nonfatal myo-
cardial infarction was based on the presence of typical 
chest pain, elevated cardiac enzymes, and typical ECG 
changes.

Statistical analysis
Statistical analysis was performed using SAS (SAS Insti-
tute Inc., Cary, North Carolina). Continuous variables 
are presented as mean ± standard deviation, and dis-
crete variables as ab solute numbers and percentages.

Results 

Of the 506 patients prospectively screened, 306 were 
excluded because CCTA images showed clear coronary 

Figure 1: CCTA showing normal coronaries (left) in 3D reconstruction, normal LAD on 

the right.
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artery disease or calcifications in 292 patients (95%) or 
were uninterpretable in 12 patients (4%). Two patients 
(1%) were excluded because of lack of consensus 
 between the readers (table 1 and 2). Among these 306 
patients, 146 (48%) had plaque with insignificant 
 coronary stenosis and 160 (52%) showed significant cor-
onary stenosis which was further confirmed by inva-
sive coronarography. In the 200 patients with normal 
CCTA, the pretest probability of coronary disease at 10 
years using the Framingham score was 20 ± 7% in the 
complete cohort of 506 patients. In the 306 patients 
with abnormal CCTA imaging this 10-year risk was 25 ± 
15%, although in the 200 patients with normal coro-
nary arteries it was 13 ± 4%. Demographic data are 
shown in table 1. Of the 200  remaining patients, follow-
up was available for all (100%). Incidence of MACE dur-
ing follow-up was 2% and two patients died (1%). Cause 
of death was chronic obstructive pneumopathy in one 
patient and sepsis in the other. Nonfatal endocarditis 
occurred in one patient (0.5%) and one patient under-
went percutaneous closure of a septum secundum 
atrial septal defect. No patient ex perienced myocardial 
infarction or acute coronary syndrome, or developed 
chronic angina pectoris. The mean radiation exposure 
was 10 ± 4 mSv in our patients.

Discussion

CCTA is considered a reliable method for ruling out 
 coronary artery disease and detecting obstructive 
 coronary stenosis [9–10]. However, data supporting the 
long-term prognostic value of CCTA, especially in 
 patients with strictly normal coronary arteries, are 
limited. Prior studies have demonstrated a good pre-
dictive value of CCTA for mortality and morbidity from 
coronary artery disease [11–12]. Severity of coronary ar-
tery disease at CCTA has predictive value at 16 months, 
as recently shown [13], and this was also confirmed by 
the CONFIRM registry [4]. Our study had a longer 
 follow-up in a very selected and completely homogene-
ous cohort of patients. We specifically demonstrated 
that patients without coronary artery stenosis had 
 excellent long-term prognosis at 5 years with no occur-
rence of coronary events recorded. Pretest coronary 
 artery disease probability was rather low at 25% in this 
group of patients. This is not surprising since all pa-
tients had normal coronary arteries. 
The main message of our study is that patients with 
normal coronary arteries have a very favourable 5-year 
prognosis. Indeed none of our 200 patients experi-
enced major adverse cardiac events during the follow-
up period. In this group of patients, at relatively low 
risk, CCTA has a good prognostic value. In agreement 
with other studies with shorter follow-up of enrolled 
patients [14], our study confirmed that the absence of 
coronary artery disease at CCTA is associated with a 
high event-free survival rate for all cardiac events at 
5 years. This is certainly owing to the absence of plaque 
at inclusion more than control of risk factors. We be-
lieve that this diagnostic modality can be safely used 
to  exclude coronary artery disease in patients with 
suspected coronary artery disease and especially to 
 re assure patients with intermediate results of stress 
tests, scintigraphy or stress echocardiography, without 
the need for an invasive coronary angiogram. A major 
concern of CCTA in comparison to stress echocardiog-
raphy and stress test is radiation exposure. However, 
different approaches in the use of CCTA have been 
shown to reduce radiation exposure considerably [15, 
16]. Our data also confirm the excellent survival of pa-
tients with a normal CCTA; as it has also been shown 
for patien ts with normal invasive coronarography [17–
19]. However, at 7–10 years the survival rate is lower for 
patients with normal coronarography than for pa-
tients with normal CCTA. This reflects the difference 
between CCTA and invasive angiography in the assess-
ment of normal coronary arteries, CCTA being proba-
bly more accurate to demonstrate “normal coronary 
arteries”. In these cited studies, some patients were 

Table 1: Characteristics of the study population.

Patients with normal coronary  
angiogram (200 pts)

Patients with abnormal  
coronary angiogram (306 pts)

Age (years)  64 ± 17  65 ± 11 

Male 126 (63%) 240 (78%)

Diabetes  28 (14%)  68 (20%)

Smokers  72 (36%) 103 (34%)

Hypertension  88 (44%) 182 (60%)

Dyslipidaemia 102 (51%) 235 (77%)

Heredity  54 (27%)  92 (30%)

Dyspnoea  26 (13%)  36 (12%)

Atypical chest pain 110 (55%)  60 (19%)

Typical chest pain  32 (16%) 180 (59%)

Routine check-up  32 (16%)  30 (10%)

Framingham score  13 ± 4%  25 ± 15%

Table 2: Disposition of the patient population.

506 patients screened

292 patients with coronary disease

214 patients

12 patients with uninterpretable CT

202 patients

2 patients refused to participate

200 patients included
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classified as having “normal coronary arteries”, based 
on invasive coronarography; small plaques might have 
been present, but not diagnosed, with an impact on 
long-term prognosis. These patients would certainly 
not have been attributed to the “normal coronary ar-
teries” group when evaluated by CCTA.
Radiation exposure could be a concern. However, it 
was a rather low dose in our cohort of patients and 
with modern CT machines the dose dramatically de-
creases from 4 to 6 times to a total dose of 1 to 2 mSv.
Some limitations must be considered. This was a sin-
gle-centre study with a significant but limited number 
of patients. The cohort of patients as selected does not 
represent the daily practice of cardiologist since most 
of the patients have more typical symptoms than the 
ones included in this trial. However, our results show 
that in selected patients with normal coronary arteries 
CCTA is a very good diagnostic tool to exclude coro-
nary artery disease and gives major information on 
long-term prognosis.

Conclusions

CCTA provides very helpful information in patients 
with unknown coronary artery disease and provides 
important prognostic information in patients with 
normal coronary arteries showing excellent long-term 
prognosis without coronary events. CCTA is useful in 
patients with a low pretest probability of ischaemic 
heart disease, atypical symptoms and in whom defini-
tive exclusion of the disease is required.

Disclosure statement
None to declare.
This work was supported by the “Fonds scientifique cardiovasculaire, 
Fribourg”.

References
 1 Mackhay J, Mensah GA. The Atlas of Heart Disease and Stroke. 

Geneva,Switzerland: World Health Organization, 2004.
 2 Ostrom MP, Gopal A, Ahmadi N, et al. Mortality incidence and the 

severity of coronary atherosclerosis assessed by computed tomog-
raphy angiography. J Am Coll Cardiol. 2008;52:1335–43.

 3 Chow BJ, Wells GA, Chen L, et al. Prognostic value of 64-slice car-
diac computed tomography severity of coronary artery disease, 
coronary atherosclerosis, and left ventricular ejection fraction. 
J Am Coll Cardiol. 2010;55:1017–28.

 4 Chow BJ, Small G, Yam Y, et al. Incremental prognostic value of 
 cardiac computed tomography in coronary artery disease using 
CONFIRM: Coronary Computed Tomography Angiography Evalua-
tion for Clinical Outcomes: an International Multicenter Registry. 
Circ Cardiovasc Imaging. 2011;4:463–72. 

 5 ACC/AHA Guidelines for Exercise Testing: Executive Summary. 
A Report of the American College of Cardiology/American Heart 
 Association Task Force on Practice Guidelines (Committee on 
 Exercise Testing). Circulation. 1997;96:345–54. 

 6 Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas AP, et 
al. Guideline for the diagnosis and management of patients with 
stable ischemic heart disease: a report of the American College of 
Cardiology Foundation/American Heart Association task force on 
practice guidelines, and the American College of Physicians, Amer-
ican Association for Thoracic Surgery, Preventive Cardiovascular 
Nurses Association, Society for Cardiovascular Angiography and 
Interventions, and Society of Thoracic Surgeons. Circulation. 
2012;126:e354. 

 7 Austen WG, Edwards JE, Frye RL, et al. A reporting system on pa-
tients evaluated for coronary artery disease.Report of the Ad Hoc 
Committee for Grading of Coronary Artery Disease, Council on 
Cardiovascular Surgery, American Heart Association. Circulation. 
1975;51(Suppl):5–40.

 8 Thygesen K, Alpert JS, Jaffe AS, Simoons ML. Third universal 
 definition of myocardial infarction. Eur Heart J. 2012;33:2551–67.

 9 Min JK, Shaw LJ, Devereux RB, et al. Prognostic value of multi de-
tector coronary computed tomographic angiography for predic-
tion of all-cause mortality. J Am Coll Cardiol. 2007;50:1161–70.

10 Aldrovandi A, Maffei E, Palumbo A,et al. Prognostic value of 
 computed tomography coronary angiography in patients with 
suspected coronary artery disease: a 24-month follow-up study. 
Eur Radiol. 2009;19:1653–60.

11 Min JK, Dunning A, Lin FY, et al. Age- and sex-related differences in 
allcause mortality risk based on coronary computed tomography 
angiography findings results from the International Multicenter 
CONFIRM (CoronaryCT Angiography Evaluation for Clinical Out-
comes: an International MulticenterRegistry) of 23,854 patients 
without known coronary artery disease. J Am Coll Cardiol. 
2011;58:849–60.

12 Andreini D,Pontone G, Mushtaq S, et al. A Long-Term Prognostic 
Value of coronary CT angiography in suspected coronary artery 
disease. J Am Coll Cardiol. 2012;5:690–701.

13 Pundziute G, Schuijf JD, Jukema JW,et al. Prognostic value of multi-
slice computed tomography coronary angiographyin patients with 
known or suspected coronary artery disease. J Am Coll Cardiol. 
2007;49:62–70.

14 Chong FY, Soon K, Brown F, Bell K, Lim Y. Negative coronary CT 
 angiography for chest pain assessment predicts low event rate in 
5 years. J Med Imaging Radiat Oncol. 2012;56:55–7. 

15 Leschka S, Stolzmann P, Desbiolles L,et al. Diagnostic accuracy of 
high-pitch dual-source CT for the assessment of coronary stenoses: 
first experience. Eur Radiol. 2009;19:2896–903.

16 Pontone G, Andreini D, Bartorelli AL, et al. Diagnostic accuracy  
of coronary computed tomography angiography: a comparison 
 between prospective and retrospective electrocardiogram trigger-
ing. J Am Coll Cardiol. 2009;54:346–55.

17 Seven year survival of patients with normal or near normal coro-
nary arteriograms: A CASS registry study. HG. Kemp, RA. Kronmal, 
RE. Vlietstra, MD, RL. Frye. Coronary Artery Surgery Study, JACC 
1986;7:479–83.

18 CR Bemiller, CJ Pepine, AK Roger. Long-term observations in 
 pa tients with angina and normal coronary arteriograms. 
 Circulation. 1973:47;36–43.

19 B Marchandise, MG Bourassa, BR Chaitman, J Lesperance. Angio-
graphic evaluation of the natural history of normal coronary 
 arteries and mild coronary atherosclerosis. Am J Cardiol. 
1978;41:21620.

Correspondence: 
Prof. J.-J. Goy, MD, FESC 
Service de cardiologie 
Hôpital cantonal 
Rue des Pensionnats 5–7 
CH-1700 Fribourg 
jjgoy[at]goyman.com

CARDIOVASCULAR MEDICINE – KARDIOVASKULÄRE MEDIZIN – MÉDECINE CARDIOVASCULAIRE 2016;19(4):117–120


