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Introduction: Hypertension is the strongest independent predictor of Coronary Artery Disease (CAD)
identified by Computed tomography of coronary arteries (CTCA). In this study, CTCA-assessed Coronary Calcium
Scoring (CCS) was studied in hypertensive subjects referred for CTCA.

Keywords: Coronary artery; Hypertension;
Computed tomography; Coronary angiography
Methods: After excluding TAVI and graft assessment patients, the individual electronic health records of W) Check for updates
410 consecutive patients who underwent CTCA between July and November 2020, were reviewed with a mean
age of 58.7 years. Risk factors were recorded including smoking (38%), hyperlipidaemia (33%), positive family
history (22%), systemic hypertension (48%), diabetes mellitus (30%), and male gender (46%). Referral criteria,
ethnicity, cardiac, and past medical history were recorded. Patients were stratified into four groups according to
CAD severity: absent, mild, moderate, and severe disease, as seen on CTCA. The mean CCS for each CAD category
was compared between hypertensive and non-hypertensive patients. Mean CCS were further compared according
to the number of coronary arteries affected and the severity of CAD in each artery.

@ OPEN ACCESS

Results: Out of all CTCA reports, 200 (48.8%) CCS were interpreted in the very low-risk category, 80 (19.5%)
low risk, 58 (14.1%) moderate risk, 23 (5.6%) moderately high risk and 49 (12.0%) high risk. A significant
difference in mean CCS and CAD severity was observed between mild, moderate, and severe CAD (p = 0.015
and p < 0.001). Comparison of CCS between hypertensives and non-hypertensives, across the four CAD severity
categories, revealed a significant difference in mean CCS in the severe CAD category (p = 0.03). There was no
significant difference in the CCS between hypertensives with chest pain and hypertensives without chest pain. A
higher number of affected coronary arteries was associated with a higher mean CCS and a significant difference in
CCS was observed between hypertensive and non-hypertensive subjects for the number of arteries affected. Similar
results were observed when comparing mean CCS in moderate-severely affected coronary arteries.

Conclusion: Hypertensive patients with a high CCS were associated with a higher incidence of severe CAD
independent of the presence of chest pain. These results suggest that the incorporation of CCS in the investigation
of CAD on CT angiography may pose a powerful adjunct in proposing an alternative paradigm for the assessment of
patients with hypertension, in the progress of coronary artery disease.

(CTCA) as the first-line diagnostic tool for patients with stable
chest pain if clinical assessment indicates typical or atypical
angina or in patients with non-anginal chest pain who show

Introduction

Coronary artery disease (CAD) is one of the leading causes

of morbidity and mortality worldwide, accounting for 17.3
million deaths per year [1]. As its prevalence continues to rise,
the need for a guideline-specific and effective pathway for the
diagnosis of CAD is becoming essential..

National Institute for Health and Care Excellence (NICE)
guidelines [2] ‘chest pain of recent onset: assessment and
diagnosis’ (Clinical guideline 95, update 2016) recommend
the use of Computed Tomography Coronary Angiogram

https://doi.org/10.29328/journal.jccm.1001176

electrocardiographic (ECG) changes that are suggestive of an
underlying CAD. Accordingly, CTCA became a rapidly growing
and powerful diagnostic tool to evaluate for the presence of
CAD, which has changed the paradigm in the field of diagnostic
cardiovascular medicine due to its cost-containing and value-
based care [3]. With a high sensitivity and a high negative
predictive value in appropriate patient cohorts, its utility in
excluding coronary artery disease as a cause of chest pain
cannot be understated [4].
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Systemic hypertension and CAD share a profound and
intricate relationship in the realm of cardiovascular health.
Hypertension (HTN) per se can be a precursor for CAD, left
ventricular hypertrophy which if untreated can be complicated
by myocardial infarction, heart failure, and eventually death.
Early identification and management thus can save lives and
avoid early onset complications.

Previous studies have been crucial to our current
knowledge of the identification of risk factors and their
predictive value for CAD [5]. There exists, however, a gap in
research into how these risk factors on CAD severity correlate
with Coronary Calcium scoring (CCS) and CTCA findings. The
understanding of such risk factors is critical not only in the
re-evaluation and hence reformation of the CTCA pathway,
but also, ultimately, for the prevention of cardiovascular
morbidities and mortality altogether.

CCS plays an important role in cardiovascular risk
stratification. The most widely used system for the
quantification of CCS is the Agatston method which calculates
a score based on the extent of coronary artery calcification,
incorporating both the area and density of calcium deposits.

The aim of this investigation is to assess the ability of CCS
to predict the severity of CAD on CT angiography in patients
with arterial hypertension compared with normotensive
subjects in a cohort of patients referred for CTCA.

Methods
Study population and data source

A retrospective study, reviewing the individual electronic
health records of 566 consecutive patients, who underwent
CTCA between July and November 2020, was conducted.
Data were collected from the imaging database at London
North West University Health NHS Trust in London. Patients
who received imaging for Transcatheter Aortic Valve
Implantation (TAVI) studies, Coronary Artery Bypass Grafting
(CABG) assessment studies, and those with inadequate data
availability were excluded from the study. Patients with
known CAD were not included in the study.

Feature extraction

Data collected were used to define baseline characteristics,
cardiovascular risk factors, previous medical history, and
interventional procedures (previous percutaneous coronary
intervention (PCI), CABG, permanent pacemaker (PPM)
insertion or valve transplant). For this patient population,
all risk factors were recorded including smoking status,
dyslipidaemia, positive family history of cardiac disease,
systemic hypertension, diabetes mellitus, and gender.
Patients’ racial backgrounds were also recorded (Caucasian,
Afro-Caribbean, Indo-Asian, Arabs, Chinese and Other).

Each patient case was followed indefinitely. Referral
criteria, CTCA outcomes, and recommendations were
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reported. Any subsequent investigations and interventions
were noted, including dobutamine stress echocardiography
(DSE), stress nuclear test, cardiac magnetic resonance (CMR),
stress CMR, exercise tolerance testing (ETT), and invasive
coronary angiography (ICA).

CCTA was performed prospectively with padding, usually
30% to 80% at 10% intervals, in addition to best phases, with
reconstructions of 0.5 mm thickness and 0.25 mm spacing,
using small field-of-view images of the heart. Scanning was
done using CCTA was carried out using a Siemens AS+ slice
scanner (Siemens Healthcare GmbH, Erlangen, Germany).
Although heart rate varied per scan, we aimed for < 65 bpm
using metoprolol (oral up to 100 mg; intravenous up to
30 mg) where required, safe, and indicated.

Radiology reports were used to collect data on the degree
of stenosis and/or calcification in each coronary artery. Other
information collected from radiology includes coronary
origins and dominance, size of the left ventricle, left atrium
and myocardium, aortic root size, pericardial effusion, and
hiatus hernia, other non-coronary cardiac abnormality.
Coronary Calcium Scoring (CCS) was also recorded and used
for statistical analysis.

Outcome definition [6]

The degree of calcification/stenosis in each coronary
artery was noted, as ‘absent’, ‘mild’, ‘moderate’, and ‘severe’.
The most severe lesion in each case was identified and
used for stratification and statistical analysis. Mild disease
was defined as < 50% artery stenosis, moderate disease as
50% - 69% and severe disease as = 70%.

Statistical analysis

Subjects were stratified into four groups for analysis:
absent, mild, moderate, and severe CAD disease, as seen on
CTCA reports. Baseline characteristics and associated risk
factors were compared, between patients with absent, mild,
moderate, and severe disease, by means of univariate logistics
regressions. Univariate analysis of risk factors was performed
using the chi-square (x?) test for categorical variables
(gender, diabetes, hypertension, family history, smoking,
and dyslipidaemia) and ANOVA for continuous variables
(age). The mean CCS for each CAD category was compared
between hypertensive and non-hypertensive patients using
independent t - tests. Similarly, mean CCS were further
compared, by means of a ¢ - test, in regard to the number of
coronary arteries affected and the severity of CAD in each
artery.

Statistical analysis was performed using the SPSS software
package (version 21.0; SPSS Inc., Chicago, IL, USA) [7].

Results

Population characteristics

A total of 420 patient reports were analysed. Continuous
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variables are presented as means and standard deviations,
while categorical variables are displayed as frequencies and
percentages.

The mean age at the scan was 58.7 (SD 13.8 years), and
217 patients (52.9%) were females. (Table 1) summarises
the baseline demographics and clinical characteristics of the
study population (n = 410).

Understanding CTCA results — statistical analysis

Subjects were stratified into four groups for analysis:
absent, mild, moderate, and severe CAD disease, as seen on
CTCA reports.

Toaidanalysisofresults,baseline populationcharacteristics
were compared (Table 2), between the four groups: absent,
mild, moderate, and severe CAD. The normality of data was
assessed via Kolmogorov-Smirnov and Shapiro-Wilk tests.
The mean age increases with the severity of CAD, whereas the
percentage of females who had CAD decreases dramatically
with severity.

Out of all CTCA reports, 200 (48.8%) CCS were interpreted
in the very low-risk category, 80 (19.5%) low risk, 58 (14.1%)
moderate risk, 23 (5.6%) moderately high risk and 49 (12.0%)
high risk.

The prevalence of hypertensive and diabetic patients
increases with increasing severity of CAD. The prevalence of
dyslipidaemia was the highest in patients with severe CAD,
whereas the prevalence of smokers remains relatively similar
across all four categories. Out of the total cohort, 203 (48.3%)
patients were hypertensive.

182 (43.3%) patients of the total cohort presented with
atypical chest pain symptoms, whereas only 37 (8.8%) had

Table 1: Baseline Demographics and Clinical Characteristics of total cohort.

Variables Study Patients (n = 410)
Age, years 58.7 £13.8
Female 217 (52.9)
Ethnicity
Afro-Caribbean 6 (1.5)
Caucasian 175 (42.7)
Chinese 3(0.7)
Indo-Asian 202 (49.3)
Other 24 (5.9)
Risk Factors
Hypertension 197 (48.0)
Diabetes 122 (29.8)
Dyslipidaemia 135(32.9)
Current Smoker 38(9.3)
Family History 90 (22.0)
Past Medical History
Valve Transplant 1(0.2)
PPM 6(1.5)
Aortic Stenosis 4(1.0)
Results are presented as mean * standard deviation or frequencies (percentage).
CABG: Coronary Artery Bypass Graft; PCI: Percutaneous Coronary Intervention; PPM:
Permanent Pacemaker; Defibrillator
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typical chest pain. As seen in Table 2, the majority of patients
with atypical chest pain showed absent-mild CAD, whereas a
majority of those with typical chest pain showed severe CAD
on CTCA. A further 71 patients presented with non-anginal
pain, either in the form of musculoskeletal-sounding chest
pain or palpitations. 130 patients reported no chest pain atall,
prior to CTCA.

Univariate analysis (Table 2), for comparison of patients
with absent, mild, moderate, and severe CAD revealed that
age, gender, hypertension, diabetes, dyslipidaemia, and
smoking were all independently associated with the presence
of CAD on CTCA / higher risk for CAD. However, family history
of cardiac disease or ethnicity was not a significant predictor
of CAD on CTCA.

Coronary Calcium Score (CCS)

The mean CCS was calculated for each CAD category,
as observed on CTCA (Figure 1). An increase in mean CCS
is observed, with increasing severity of coronary disease.
A significant difference in mean CCS and CAD severity was
observed between mild, moderate, and severe CAD (p <0.001).

Mean CCS and hypertension

Accounting for the results of the univariate analysis and
our previous study, (that Hypertension is the strongest
independent predictor for the presence of CAD on CTCA,
amongst diabetes, gender, dyslipidaemia, and smoking),
the mean CCS was compared between Hypertensive and
Normotensive patients across the four CAD severity categories
(Table 3, Figure 2). A significant difference in mean CCS is
observed in the mild (p = 0.033), moderate (p = 0.033), and
severe (p = 0.030) CAD categories (Figure 3, Table 4).

The mean CCS in hypertensive patients with typical chest
pain were compared against hypertensives with atypical or
no chest pain with regard to CAD severity (Table 5, Figure 4).
A significant difference was observed in patients with absent
stenosis (p = 0.023) and mild CAD (0.027) thus suggesting
that CCS does not help to differentiate hypertensive subjects
with or without chest pain.

CCS and number of diseased coronary arteries

A higher number of affected coronary arteries correlated
with a higher mean CCS and a significant difference in CCS
was observed between hypertensives and non-hypertensives
for the number of arteries affected (Table 6, Figure 5).
Similar results were observed when comparing mean CCS
in moderate-severely affected coronary arteries (Tables 6,7
Figure 6).

Discussion

We have shown that hypertensive patients with a high
CCS have a higher incidence of severe CAD independent of
the presence or absence of stable chest pain. Compared to
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Table 2: Comparison of Baseline Characteristics and Risk Factors, amongst the 4 groups of CAD disease.

CAD
Variables No Stenosis (n = 200) Mild (n=80) Moderate (n = 69) Severe (n = 61)
Age, years 59.1+13.3 57.7 +13.6 57.1+15.2 60.4 +13.9 <0.001*
Female 104 (52.0) 41 (51.3) 30 (43.4) 42 (68.9) 0.001*
Ethnicity 0.392
Afro-Caribbean 5(2.5) 0 (0.0) 0 (0.0) 1(1.6)
Caucasian 77 (38.5) 39 (48.8) 30 (43.4) 29 (47.5)
Chinese 2(1.0) 1(1.3) 0(0.0) 0(0.0)
Indo-Asian 100 (50.0) 38 (47.5) 26 (37.7) 38(62.3)
Other 16 (8.0) 4 (5.0) 3(4.3) 1(1.6)
Risk Factors
Hypertension 62 (31.0) 41 (51.3) 40 (58.0) 54 (88.5) <0.001*
Diabetes 47 (23.5) 24 (30.0) 20 (29.0) 31(50.8) 0.011*
Dyslipidaemia 53 (26.5) 28 (35.0) 22 (31.9) 37 (60.7) 0.007*
Current Smoker 13 (6.5) 12 (15.0) 9 (13.0) 4 (6.6) 0.020*
Family History 41 (20.5) 22 (27.5) 12 (17.4) 15 (24.6) 0.451
Chest Pain <0.001*
Typical (n=37) 8(4.0) 6(7.5) 9 (13.0) 14 (23.0)
Atypical (n=142) 87 (43.5) 36 (45.0) 27 (39.1) 25 (41.0)
Mean CCS 0.2+0.07 59.5+11.5 460.5 +96.3 1036.4 +40.0 <0.001*
Statistical analysis was done using chi-square test for categorical variables (gender, ethnicity, risk factors and chest pain) and one-way ANOVA for numerical variables (age, mean
CCS). CCS; Coronary Calcium Score. Results are presented as mean * standard deviation or frequencies (percentage). (*p < 0.05).

Mean Coronary Calcium Score by CAD severity Comparison of mean CCS in different risk factor profiles
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Comparison of mean CCS for number of arteries affected
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Table 3: Comparison of Mean CCS in hypertensives and normotensive subjects, for
Absent, Mild, Moderate and Severe CAD as seen on CTCA.

Mean CCS
CAD severity Hy?:‘:il;,s;;’ es Non;;l:tze ;;i)ves p - value
Absent stenosis (n =200) 0.23 £0.14 0.16 £ 0.08 0.216
Mild (n = 80) 82.6+22.1 36.8+£9.01 0.033*
Moderate (n = 69) 487.3 £131.6 223.2+443 0.033*
Severe (n=61) 1293.0 £ 227.1 694.9 £ 198.6 0.030*

Statistical analysis was done using independent one-sided ¢ - tests. Results are presented
as mean * standard error. (*p < 0.05).

Table 4: Comparison of Mean CCS in patients with only hypertension, diabetes only and
patients with both hypertension and diabetes, for Absent, Mild, Moderate and Severe
CAD as seen on CTCA.

Mean CCS
Caseveriy PR e et P
Absent (n = 84) 0.24 £0.23 0.26+0.18 0.31 +1.21 0.963
Mild (n = 46) 49.81+229 48.46 +16.2 123.58 £42.3 0.148
Moderate (n=52) | 279.13 +180.3 | 539.86 + 191.0 416.28 +169.1 0.834
Severe (n=49)  419.00+181.7 1301.82 +272.2 1285.23 + 356.7 0.741

Statistical analysis was done using one way ANOVA. Results are presented as mean *
standard error. (*p < 0.05).
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Table 5: Comparison of Mean CCS in hypertensive patients with chest pain and those
without chest pain, for Absent, Mild, Moderate and Severe CAD as seen on CTCA.

Mean CCS

Hypertensives +

Hypertensives +

CAD severity Typical Chest Pain  Atypical/No Chest Pain p - value
(n=45) (n=152)
Absent stenosis (n = 62) 0.0+0.0 0.33+£0.16 0.023*
Mild (n =39) 34.5+103 93.3+26.5 0.027*
Moderate (n = 49) 336.8+81.2 527.9 +165.0 0.157
Severe (n = 47) 1080.8 + 267.7 1406.4 + 315.7 0.223

Statistical analysis was done using independent one-sided ¢ - test. Results are presented
as mean * standard error.

Table 6: Comparison of Mean CCS in hypertensive patients and non-hypertensives, for
number of coronary arteries affected with CAD as seen on CTCA.

Total number of arteries Mean CCS
affected Hypertensives = Non-Hypertensives = p - value
0 156.0 + 14.3 0.1+0.0 0.181
1 297.4+75.1 303+7.6 0.142
2 267.5+65.1 112.6 +35.8 0.047*
3 645.3 +148.6 511.4+157.7 0.549
4 1035.6 + 225.7 524.0 +118.7 0.007*
5 2679.0 £ 242.2 676.0 £100.0 0.019*

Statistical analysis was done using independent ¢ - test. Results are presented as mean *
SEM. Number of arteries involved, refers to the four main coronary arteries, namely Left
Main Artery, Left anterior descending (LAD), Left Circumflex and Right Coronary Artery
(RCA) and their branches.

Table 7: Comparison of Mean CCS in hypertensive patients and non-hypertensives, for
number of coronary arteries affected with CAD as seen on CTCA.

N of moderate-severely Mean CCS
arteries affected Hypertensives | Non- Hypertensives | p - value
0 208.0 £91.2 8.7+23 0.032*
1 311.6 £83.9 147.6 £ 43.8 0.095
2 4788 +76.9 392.4+109.0 0.545
3 1579.8 + 105.6 791.6 + 262.8 0.073
4 850.8 +168.3 4039+728 0.314
5 3614.8 £262.0 676.0 +100.0 0.038*

Statistical analysis was done using independent ¢ - test. Results are presented as mean
+ standard deviation.

normotensive patients, additional symptoms in those with
hypertension, appear to have no effect on CCS. Furthermore,
this data has shown that a higher number of affected
coronary arteries was associated with a higher mean CCS,
and a significant difference in CCS was observed between
hypertensives and non-hypertensives for the number of
affected arteries. These novel results further enhance the
prominence of hypertension as the most important predictor
for CAD severity, while additionally revealing the equally
importantimplication of CCS in the presence and investigation
pathway of CAD on CT angiography.

The use of CCSinthe coronary arteriesisareliable predictor
of coronary heart disease events. Because of its ease of use
and lack of invasiveness, it is broadly used in clinical practice
for determining the risk of major cardiovascular events. With
high sensitivities for disease (from 88% to 100%) [8-11] a
negative test has a negative predictive value of nearly 100%
for ruling out significant coronary disease [12-14]. Therefore,
asymptomatic individuals with no associated risk factors and
CCS = 0 are highly unlikely to have any atheromatous plaque
or any cardiovascular events within the next two to five years
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[15]. On the contrary, positive (non-zero) CCS scores, indicate
the existence of coronary atherosclerotic disease, and rising
values are linked to increased CAD risk [16]. Despite this,
studies have questioned the use of CCS in low-risk populations
since significant stenosis with a CCS of 0, is possible [17].
Nonetheless, the added predictive value of CCS on CV events
remains to be confirmed [18].

The association of CCS with CAD has been shown by
many prospective studies [19]. Results from this study are
consistent with previous studies (MESA, Framingham, and the
Cardiovascular Health Study, Rotterdam, HNR) demonstrating
that increasing CCS is associated with increased CAD risk.
This study expands these findings, demonstrating that in
patients with hypertension, a high CCS was associated with a
higher incidence of severe CAD, as compared to normotensive
patients.

MESA, a prospective multicentre study, used electron-
beam computed tomography (EBCT) to investigate the
CCS distribution across different ethnicities [20]. Most
importantly, MESA introduced the presentation of estimated
curves for the 50%, 75", and 90" percentiles of CCS across age,
aiding the clinical interpretation of CCS by providing guidance
as to what constitutes a high CCS for a particular patient
[21]. While these results are noteworthy in examining the
distribution of CCS on the basis of age, gender, and ethnicity,
CCS differences across ethnicities were not fully explained
by risk factor discrepancies, suggesting that other factors
must be accountable for the variability in CCS. Our previous
study did not find any significant difference in ethnicity
between hypertensive and non-hypertensives, suggesting
that ethnicity is not a significant predictor of CAD severity,
nor hypertension in the context of CTCA [22]. This could be
due to the small cohort size of certain ethnic groups in our
study. Larger cohort studies, of equally sized ethnic groups,
would be essential in further establishing the predictive value
of ethnicity on cardiovascular disease.

The CARDIA study included individuals aged between 32
and 46 years, to investigate the prognostic effect of CCS on
CAD. The study reported CCS to highly predict risk beyond
established risk variables in younger adults over a 10-year
follow-up [23]. A CCS score of 100 or more was associated with
an increased risk of fatal and nonfatal CHD during 12.5 years
of follow-up. Therefore, selective use of screening for CCS
might be considered in individuals with risk factors in early
adulthood to inform discussions about primary prevention.

The predictive value of CCS scanning in symptomatic
patients is less clearly established. Previous studies evaluating
the accuracy of CCS score to detect significant CAD in a low-
intermediate risk emergency department (ED) population
have predominantly shown CCS to be an effective initial tool
for risk stratification of low- to intermediate-risk patients with
possible acute coronary syndromes, on the basis of its high

https://doi.org/10.29328/journal.jccm.1001176

5

sensitivity and high negative predictive value and additive
diagnostic value [24-28]. Dennis et al conducted a prospective
study in ED patients with stable chest pain and concluded
that patients with absence/low CCS, are more likely to be
experiencing non-cardiac chest discomfort.

Although these test characteristics would suggest the use
of CCS as an effective supplement in evaluating people at low-
to-intermediate risk, many studies argue that CCS alone did
not improve prognostic value [29] in symptomatic patients.
A CCS of 0, does not rule out ACS, and a high CCS score does
not rule out the need for CTCA [30].

CCS as a stand-alone test for acute chest pain triage has
not been recommended per current guidelines [31]. Notable
reasons for this recommendation are that these conclusions
were derived from relatively small cohort studies, the
possibility of missing obstructive non-calcified plaque, and
the rapidly emerging evidence that CTCA is a safe and efficient
tool in the triage of low-intermediate risk patients with acute
chest pain in the ED [32-35].

Further, our current study has shown that a higher number
of affected coronary arteries was associated with a higher
mean CCS, and a significant difference in CCS was observed
between hypertensive and non-hypertensive subjects for the
number of affected arteries. Previous studies [36,37] agreed
that the regional distribution of CCS and in particular the
total number of coronary arteries affected, adds prognostic
information, with higher risk in patients with diffuse
atherosclerotic disease. Specifically, the Framingham Heart
Study (FHS) concluded that the number of coronary arteries
with CCS and the presence of CCS in the dominant coronary
artery was significantly linked with major CV events over a
median follow-up of seven years [38].

A high calcium score indicates an increased burden
of atherosclerotic plaque in the coronary arteries. For
hypertensive patients, this can be an essential tool for risk
assessment. Since hypertension is a known risk factor
for atherosclerosis and CAD, when combined with a high
calcium score, it suggests a more significant risk of future
cardiovascular events, such as heart attacks and strokes.

Future directions and guidelines [39]

The 2016 NICE guidelines on stable chest pain of recent
onset, recommend that all patients with new onset stable
chest pain should be investigated with a CTCA as a first-line
investigation. However, the current national guidelines do
not address the inequity between the increasing demand for
CTCA and the contrasting constrained imaging capacity. In a
previous study, we showed hypertension to be the strongest
independent predictor of CAD detected on CTCA. Combined
with theresults ofthe currentstudy, HTN remains the strongest
independent predictor of CAD. Nonetheless, the use of CCS in
the CTCA referral pathway is deemed equally important. The
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combination of the two factors can yield a powerful adjunct
in proposing an alternative paradigm for the investigation of
patients with hypertension and stable chest pain.

Interestingly, NICE guidelines, no longer recommend the
use of a zero-calcium score to rule out CAD even in patients
with a low-risk factor profile, because of case reports of
significant coronary stenoses in patients with a zero-calcium
score [40]. The 2017 guidelines from the SCCT recommended
consideration of CCS testing, in the context of shared decision-
making, for asymptomatic individuals with a 10-year
atherosclerotic cardiovascular disease (ASCVD) risk of 5%
to 20%, or in those with < 5% ten-year risk but with another
strong indication, such as a family history of premature CAD
[41]. Further, the 2018 US Preventative Services Task Force
Guidelines on non-traditional risk factors, recommend that in
asymptomatic adults, the current evidence is insufficient to
assess the balance of benefits and harms of adding CAD score
to traditional risk assessment for CVD prevention.

Future directions - Perfecting the guidelines

An approach, in attempting to minimise the number of
CTCA referrals, would look into evaluating CCS data to skip
unnecessary CTCA if obstructive lesions are highly unlikely.
Previous studies have shown CCS to be a strong discriminator
for obstructive CAD, suggesting that it should be accounted
for in future studies. In asymptomatic patients with low to
moderate atherosclerotic cardiovascular disease, CCS predicts
atherosclerotic disease risk with high accuracy. However, in
symptomatic patients, the value of CCS is less clear.

To further narrow down the pathway, we analysed the data
to assess the CCS in hypertensive patients with typical chest
pain against how many with atypical chest pain or no chest
pain had significant CAD on CTCA. The data has shown that
hypertensive patients with a high CCS were associated with a
higher incidence of severe CAD independent of the presence
or absence of stable chest pain. The data has also shown that
the higher the CCS in hypertensive patients, the higher the risk
of severe CAD, as compared to non-hypertensives, regardless
of chest pain presentation. Consequently, a high CCS in
the absence of hypertensives poses a lower risk of severe
disease. These results suggest that hypertension remains the
distinguishable factor and the strongestindependent predictor
for severe CAD and that those with hypertension, regardless
of chest pain presentation, may benefit from alternative or
concurrent functional investigation to better distinguish
flow-limiting from non-flow-limiting CAD, depending on the
treatment algorithm employed.

The presence of a high calcium score should prompt
healthcare providers to intensify treatment and management
strategies for hypertensive patients. This may include more
aggressive blood pressure control, and cholesterol-lowering
medication, in addition to lifestyle modifications such as diet
and exercise to reduce cardiovascular risk.

https://doi.org/10.29328/journal.jccm.1001176
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In summary, a high calcium score in hypertensive
patients holds significant value by aiding in risk assessment,
guiding treatment decisions, motivating lifestyle changes,
and monitoring disease progression. It underscores the
importance of proactive cardiovascular risk management for
individuals with hypertension.

Improving the CCS

The potential implementation of a new and improved CCS
score in clinical practice is a matter of current debate [42].
Emerging evidence on the use of thinner slices for the detection
of microcalcifications would be useful in distinguishing
coronary atherosclerotic lesions in patients with zero CAC
scores [43]. A new CCS score may potentially incorporate
extra-coronary calcification (ECC) to improve individualized
risk prediction, as evidence mounts that ECC has a graded
association with higher CHD and mortality risk [44].

Most importantly, the prognostic value of the test can
be further increased if the age and sex distribution within
percentiles are taken into account. According to the 2016
European Guidelines on Cardiovascular Disease Prevention in
clinical practice, a CAC score = 300 Agatston units or = 75%
percentile for age, sex, and ethnicity is considered to indicate
increased CV risk [44].

Limitations

This study was limited because no quantifiable measures
of hypertension, such as classification categories (Stage
1 or 2), were included in the analysis. The lack of available
documentation on the electronic health records of patients
has hindered this effort. A more detailed inspection into
the classification of hypertension in patients would prove
essential in enhancing our understanding of hypertension and
risk factor pre-assessment for CTCA referrals.

Further, an element of selection bias may be present in the
dataset, since those with the heaviest smoking history, the
greatest degree of dyslipidaemia, and the most severe family
history, may not necessarily have been referred for CTCA
as they are deemed to be in a high-risk category. Naturally,
without continuous data, this could not be evaluated. This
selection bias may account partly, for some of the results that
contradict earlier literature in failing to show a significant
association between family history, diabetes, and smoking, on
CAD predictability.

A supplementary limitation arises from the fact that the
assessment of CAD severity was conducted by radiologists who
possess prior knowledge of the CCS results. This circumstance
potentially introduces bias into the interpretation of CAD, as
the radiologists may inadvertently weigh their assessments
in light of the CCS findings. Consequently, there exists a
possibility of overestimation or underestimation of CAD
severity, influenced by the pre-existing knowledge of the
CCS results. Such an influence could introduce variability
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and compromise the accuracy of CAD interpretation in this
study. Further exploration and consideration of strategies to
mitigate the impact of this potential bias are warranted for
future investigations in this domain.

Although the link between CCS and CAD in hypertensive
patients is clear, future studies should be conducted to
evaluate how useful CCS can be in the CTCA referral pathway.
In line with our current understanding of risk factors and their
predictive effect on CAD, it is vital that future studies on CCS,
assess strict control of risk factors, especially of hypertension.
The use of CCS as a valid screening tool for early diagnosis
of CAD in asymptomatic patients is vital in the appropriate
prevention and ultimately decrease of CAD-related mortality
and morbidity.

Conclusion

Hypertensive patients with a high CCS were associated
with a higher incidence of severe CAD. Further, in those with
hypertension, an additional symptom of stable chest pain
appears to have no effect on CCS. Combined, these results
suggest that the incorporation of CCS in the investigation of
CAD on CT angiography should be considered a key parameter
in the assessment of patients for investigation of angiographic
coronary disease.

Ethical consideration: This study was an audit done by
the first author as part of her degree. Therefore no Ethical
approval was required.
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