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The 2010 UK National Institute of  
Health and Care Excellence (NICE) 

guidelines for assessing patients with 
‘chest pain of recent onset’ recommend 
coronary artery calcium scoring (CACS) to 
assess patients with a low risk of coronary 
artery disease (CAD) according to defined 
criteria. This study aims to evaluate the 
implementation of these guidelines in an 
area with a prevalence of CAD higher than 
the national average. 

Consecutive patients with recent onset 
stable chest pain were assessed by 
cardiologists in outpatient clinics at 
University Hospital Aintree, Liverpool, 
between January and December 2011. 
A total of 186 patients with a low risk 
of CAD underwent CACS and follow-
on computed tomography coronary 
angiography (CTCA) if CACS <400. 

A CACS of zero was found in 94 patients 
and three of these were excluded due 
to motion artefacts. Of the remaining 
91 patients, 75 (82.4%) had no visible 
atheroma, 10 (11%) had minor plaque, 
five (5.5%) had moderate disease and one 
(1.1%) had apparent severe disease, which 
was shown to be a false-positive result on 
subsequent invasive coronary angiography.

This study shows a negative predictive 
value for severe disease of 99% for a 
CACS of 0 in stable patients with a low 
pre-test probability of CAD. This supports 
the NICE guidelines, with CACS being the 
investigation of choice in the UK to rule 
out significant CAD in selected patient 
populations. The fact that almost half of  
all the patients referred for CTCA had a 
CACS of zero makes this a good quick rule-
out tool and, hence, avoids the need  
for follow-on CTCA.

Introduction
The North West Health Authority has the third 
highest prevalence of coronary artery disease (CAD) 
in England at 4.0%.1 The average for the prevalence 
of CAD in England, as of 2010, is 3.4%, and this 
makes the prevalence of CAD in the northwest region 
higher than the national average.1 The investigation 
of new-onset stable chest pain by a non-invasive and 
safe test in low-risk symptomatic individuals is highly 
relevant. To this effect, the recent National Institute 
for Health and Care Excellence (NICE) guidelines2 
have highlighted a need for calcium scoring as an 
alternative to exercise treadmill testing to rule out CAD 
in stable, symptomatic low-risk individuals. Raggi et 
al.3 showed a substantial cost benefit of the use of 
coronary artery calcium scoring (CACS) over the use 
of exercise testing in this very population. In the light 
of the new UK guidelines, exercise treadmill testing 
has become obsolete in diagnosing CAD and has been 
removed from the latest iteration of the guidelines.2 
Indeed, Lamont et al.4 did show that coronary calcium 
had lower false-positive results than the exercise 
treadmill test as compared to the gold-standard 
invasive angiography. 

The NICE guidelines use table 12,5 to attribute a risk 
profile to patients presenting with chest pain, which 
will then guide the choice of investigation options 
in patients with new-onset and stable chest pain 
syndromes. 

The table uses the character and typicality of the pain, 
together with age, sex and risk factors, to attribute a 
pre-test probability of CAD. If the pre-test likelihood of 
having CAD is 10–29%, then the flowchart (figure 12) 
is used and a CACS is performed.

Using CACS to screen low-risk symptomatic 
individuals before proceeding to computed 
tomography coronary angiography (CTCA) has 
numerous advantages. If the CACS is zero, as per 
the above flowchart, then there would be no need to 
proceed to CTCA. Therefore, the risk of stochastic and 
deterministic injury is reduced due to lower radiation 
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exposure, as compared with CTCA and 
invasive angiography.6 With new algorithms, 
better detectors and improved software, the 
radiation exposure can be kept as low as 1.0 
mSv.7 Additionally, there is no use of iodinated 
contrast in calcium scoring and, hence, no 
risk of adverse reactions to contrast agents.8 
Another major advantage of CACS is that it 
takes half of the time to perform a CACS as 
compared with a CTCA.

Methods
This prospective observational registry 
study included consecutive patients who 
were referred to the cardiology outpatient 
department of Aintree University Hospital, 
Liverpool, by primary care physicians for 
assessment of non-acute, stable chest 
pain syndromes between January and 
December 2011. They were risk stratified 
in clinic using the NICE guidelines, as 
above, and suitability for CACS and CTCA 
was assessed. The exclusion criteria were 
known allergy to iodinated contrast media 
or history of contrast-induced nephropathy, 
history of multiple myeloma or previous 
organ transplantation, calculated creatinine 
clearance of <60 ml/min, atrial fibrillation 
or uncontrolled tachyarrhythmia, second- or 

third-degree atrioventricular block, evidence 
of New York Heart Association (NYHA) 
functional class III or IV heart failure, known 
or suspected moderate or severe aortic 
stenosis, known CAD, known or suspected 
intolerance to beta blockers, body mass index 
>40 kg/m2, and pregnancy.

All consecutive patients with a low 
probability of CAD (10–29%), and who did 
not have any of the exclusion criteria above, 
underwent a CACS followed by CTCA. 
This was in line with the recommendation 
from the British Society of Cardiovascular 
Imaging.9 Imaging was performed on a 
Toshiba Aquilion 160-slice CT scanner 
and analysed by a consultant cardiologist 
and consultant radiologist as per Society 
of Cardiovascular Computed Tomography 
guidelines.10,11 The reports were collated and 
analysed by calcium scores derived from the 
Agatston calculation.12 The different levels 
of stenoses, as reported on the CTCA, were 
split into mild, moderate and severe. Mild 
stenosis was defined as 1–49%, moderate 
stenosis as 50–69% and severe stenosis as 
≥70%. Mild and moderate stenoses were 
termed non-obstructive, whereas severe 
stenosis was defined as being obstructive 
and, hence, significant. 

Results
In total, 186 patients had a CACS with 
corresponding CTCA performed. Of these, 94 
had a CACS of zero. However, three patients 
had significant motion artefacts on the 
CTCA that made interpretation difficult and 
were, hence, excluded from the study. The 
distribution of the patients with CACS with 
corresponding CTCA is shown in figure 2. 

This study compares the value of a zero 
calcium score with findings of significant 
luminal narrowing on CTCA. The 91 
patients included in this study had baseline 
characteristics as shown in table 2.

The degrees of stenoses as determined by 
CTCA are summarised in figure 3.

The single case of severe stenosis was 
reported in a 45-year-old woman with no 
pre-existing medical conditions who was 
referred to the cardiology clinic with atypical 
chest pain. Due to her low-risk profile, she 
was referred on for CACS and CTCA. Although 
there was an absence of calcification, the 
CTCA suggested a severe left main stem 
lesion. She proceeded to have formal 
invasive coronary angiography, which showed 
angiographically normal coronary circulation. 

Age Non-anginal chest pain Atypical angina Typical angina

Men Women Men Women Men Women

Lo Hi Lo Hi Lo Hi Lo Hi Lo Hi Lo Hi

35 3 35 1 19 8 59 2 39 30 88 10 78

45 9 47 2 22 21 70 5 43 51 92 20 79

55 23 59 4 25 45 79 10 47 80 95 38 82

65 49 69 9 29 71 86 20 51 93 97 56 84

For men older than 70 with atypical or typical symptoms, assume an estimate >90%.

For women older than 70, assume an estimate of 61–90% EXCEPT women at high risk AND with typical  
symptoms where a risk of >90% should be assumed.

Values are % of people at each mid-decade age with significant coronary artery disease (CAD).

Hi = high risk = diabetes, smoking and hyperlipidaemia (total cholesterol >6.47 mmol/L).

Lo = low risk = none of these three.

The shaded area represents people with symptoms of non-anginal chest pain, who would not be  
investigated for stable angina routinely.

Note: These results are likely to overestimate CAD in primary care populations.  
If there are resting ECG ST–T changes or Q-waves, the likelihood of CAD is higher in each cell of the table.

Reproduced with kind permission from National Clinical Guideline Centre.2 Adapted from Pryor DB et al5

Offer CT 
calcium scoring

If score is 0:
investigate other 

causes of chest pain

If score is 1–400:
offer 64-slice 
(or above) CT 

coronary angiography

If score is >400:
follow pathway for 

61–90% CAD

Table 1. Percentage of people estimated to have coronary artery disease according  
to typicality of symptoms, age, sex and risk factors2

Figure 1. Coronary angiography  
calcium (CACS) scoring pathway2

Key: CAD = coronary artery disease;  
CT = computed tomography

Adapted from National Clinical Guideline Centre2
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The CTCA pictures were retrospectively 
reviewed, and the apparent stenosis was 
deemed to be a result of motion artefact.

The single severe stenosis case picked up 
by the CTCA would amount to a negative 
predictive value of 99% (95% confidence 
interval [CI] 94–100%) for significant stenosis 
in low-risk patients with a calcium score of 
zero. Unfortunately, sensitivity and specificity 
cannot be calculated from this data set as 
only the test negative patients, i.e. CACS zero, 
have been reported in this study.

Discussion
There is a sizeable body of evidence with 
respect to CACS and stenosis on CTCA in chest 
pain syndromes,13–15 and in asymptomatic 
patients, as a screening tool.16–18 There 
are, however, not much published UK data 
supporting the recent NICE guidelines2 for 
patients referred to secondary care with stable 
chest pain. In this observational study, CTCA 
was used as a measure of coronary artery 
stenosis in symptomatic low-risk, stable 
patients with a CACS of zero. It shows a 
negative predictive value of 99% for significant 
stenosis in low-risk patients with absent 
calcium in their coronary arteries. However, one 
must be cautious in interpreting such results as, 
although no significant stenoses were detected 
on either CTCA or coronary angiogram in this 
patient population, 16.5% did have non-
calcified stenosis as measured by CTCA.

CACS + CTCA
n=186

CACS 0
n=94

Study population
n=91

Artefact
n=3

CACS 1–400
n=92

Table 2. Baseline characteristics

Age (years), mean ± SD 49.8 ± 9.4

Male sex, n (%) 37 (41%)

BMI (kg/m2), mean ± SD 28.7 ± 5.3

Risk factors

Diabetes, n (%) 3 (3%)

Smoking, n (%) 25 (28%)

Hyperlipidaemia, n (%) 32 (35%)

Hypertension, n (%) 25 (27%)

Family history, n (%) 38 (42%)

Presenting complaints

Non-anginal CP, n (%) 59 (65%)

Atypical angina, n (%) 24 (26%)

Typical angina, n (%) 8 (9%)

Key: BMI = body mass index; CP = chest pain; SD = standard deviation
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Figure 3. The degrees of stenoses as determined by computed tomography coronary 
angiography (CTCA) 

Figure 2. The distribution of the  
patients with coronary angiography  
calcium scoring (CACS) with  
corresponding computed tomography  
coronary angiography (CTCA)
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Meta-analyses have revealed that the 
sensitivity and specificity of CTCA to 
determine significant luminal narrowing 
compared with the gold standard of invasive 
angiography can be up to 97% and 90%, 
respectively.19,20 In a more specific context of 
CACS of zero, an Italian study of 279 patients 
quoted sensitivity, specificity, and positive 
and negative predictive values of CTCA versus 
coronary angiography as high as 100%, 95%, 
76% and 100%, respectively.21 The use of 
CACS to determine the absence of coronary 
artery stenosis as compared with invasive 
coronary angiography has also been validated 
by numerous studies as highlighted by Sarwar 
et al.’s seminal meta-analysis.16 It shows 
a negative predictive value for significant 
CAD, as compared with invasive coronary 
angiography, of 93% in the pooled data of 
10,335 patients. This highlights the fact that 
CTCA can be an alternative measure  
of luminal stenosis as compared to  
formal angiography. 

In asymptomatic patients, an absence of 
coronary artery calcification confers an 
excellent prognosis. This patient population 
has been shown to have a cardiovascular 
event rate of as low as 0.5% over four 
years.16 Hence, in the USA, there is a great 
drive to use CACS as a prognostic tool in 
asymptomatic individuals.17 In the UK, 
however, under the National Health Service 
(NHS), investigations are reserved for 
symptomatic individuals and CACS  
has found a niche in excluding significant 
CAD in low-risk, stable individuals that  
have been referred to secondary care for 
further assessment.

The current position in Europe22 is that 
absence of calcium cannot be used to rule 
out coronary artery stenoses in symptomatic 
individuals, especially when young and with 
acute symptoms. However, this statement 
is mostly based on a study23 that identified 
21 consecutive patients from a patient 
population of 2,300 over a period of two 
years. These are very small numbers in a 
single retrospective study and more research 
is required in this emerging field.

In the Coronary Evaluation Using 
Multidetector Spiral Computed Tomography 
Angiography Using 64 Detectors (CORE 64) 
substudy, Gottlieb et al. discuss that CACS of 

zero “does not exclude obstructive stenosis or 
the need for revascularisation among patients 
with high enough suspicion of coronary artery 
disease”.24 The CORE 64 substudy does not 
fit in the UK context of assessing low-risk, 
stable patients. The patients selected for 
the trial were eligible for invasive coronary 
angiography within a month after a clinical 
assessment in the acute setting. 

They were, hence, at an inherently 
intermediate-to-high risk of adverse cardiac 
events, regardless of their calcium scores. 
Although the CORE 64 study is against 
associating a CACS of zero with low risk of 
adverse events, it did also show that in the 
eight patients with CACS zero and low clinical 
probability of CAD, no obstructive CAD was 
detected. Moreover, in patients with CACS 
zero and intermediate (n=57) to high (n=7) 
CAD probability, 21% and 29%, respectively, 
had at least one significant coronary lesion.25 
These numbers are too small to draw any 
meaningful conclusions but they do indicate 
that there is more value in having a CACS of 
zero in low-risk patients rather than high-risk 
ones, even in the presence of symptoms.

From the Coronary CT Angiography 
Evaluation For Clinical Outcomes International 
Multicenter (CONFIRM) registry, a recent 
study26 has shown that “the absence of 
measurable CAC significantly reduced, 
but did not fully exclude, the presence of 
obstructive CAD on current generation CCTA”. 
Again, in contrast to the UK approach, 
this study applies to stable all-comers 
who were referred by physicians with 
chest pain syndromes without a detailed 
risk assessment to identify the true low-
risk patients. The authors do quote that 
absent calcium confers negative predictive 
values of 96% and 99% for stenoses of 
≥50% and ≥70%, respectively. In terms 
of prognosis, Sarwar et al.16 found a 1.8% 
adverse cardiovascular event rate in a pooled 
sample of 921 symptomatic patients with no 
detectable calcium on CTCA, compared with 
an almost 9% event rate if coronary calcium 
was present. This does support the argument 
that detection of calcification by CTCA does 
predict significant stenosis and adverse 
cardiac events.

These two studies further emphasise the 
importance of a careful assessment of 

symptoms coupled with risk profiles 
in a clinical setting, as is alluded to by 
Greenland and Bonow.27 We cannot depart 
from the fact that a test is only rendered 
useful if specialist clinical judgement and 
evaluation is applied to the suitability 
and interpretation of the test in the right 
framework to answer the right questions.

Study limitations
This is a small, observational, prospective 
study, which does not assess prognostic 
significance of calcium scores in a clinical 
setting. Long-term morbidity and mortality 
data are needed in this evolving area of 
cardiac imaging. The level of stenosis was 
not assessed by the gold standard, which 
is invasive coronary angiography, and, 
ultimately, CACS and CTCA are anatomical 
tests with no functional elements.

Conclusion
In conclusion, this study lends support 
to the NICE guidelines with CACS being 
the investigation of choice in the UK to 
rule out significant CAD in patients with 
new-onset stable chest pain. There is even 
potential that cardiac risk stratification 
can be carried out in a primary care 
setting using calcium scoring.28 This may 
avoid the need for follow-on CTCA if the 
calcium score is zero. Not only is this a 

Key messages
•	Coronary artery calcium scoring 

(CACS) is a quick rule-out tool for 
low-risk populations, which has 
been validated in the USA and been 
implemented in the new National 
Institute for Health and Care 
Excellence (NICE) guidelines to be 
used in the UK

•	In this small study, a negative 
predictive value of 99% was 
achieved within the first year 
of implementation of the NICE 
guidelines

•	This study adds to the body of 
evidence that implementation of 
the guideline has been possible and 
feasible with promising results 
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benefit to the patient in respect of low-risk 
individuals being subject to lower radiation 
levels in CACS as compared with CTCA, 
but this is also advantageous to the NHS 
in cost reduction and more efficient use 
of resources. However, the significance of 
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