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Abstract: 

Chest  pain  and  dyspnea  are  common  presentations  for
symptomatic individuals with suspected CAD in the primary care
office and cardiology clinics. However, it is imperative to properly
diagnose  who  should  undergo  further  evaluation  for  cardiac
etiologies  of  chest  pain,  with  either  non-invasive  or  invasive
imaging tests. The purpose of this review is to highlight the role of
coronary  artery  calcium  (CAC)  score  as  a  screening  tool  for
symptomatic patients to detect CAD. The purpose of CAC scoring
is  to  establish  the  presence  and  severity  of  coronary
atherosclerosis and can play a vital role in symptomatic patients.
The use of CAC testing in symptomatic patients has traditionally
been  limited  due  to  fundamental  concerns  including  the
occurrence  of  coronary  calcification  relatively  late  in  the
atherosclerotic  process  and  high  prevalence  of  CAC  in  the
population.   Further  issue  relate  to  its  low  specificity  for
obstructive CAD,  as well  as demonstration of  significant ethnic
variability in plaque composition and calcification patterns.  

CAC testing as  gained attention as  an inexpensive,  rapid,
reproducible  and  a  safe  alternative  to  exclude  CAD  in
symptomatic patients and defer further invasive imaging tests. 
This paper will review the available literature in regards to use of
CAC in symptomatic populations.  

Introduction: 
Coronary  artery  disease  (CAD)  is  a  leading  cause  of
cardiovascular mortality accounting for 42.6% of all such deaths
followed by stroke (17%).(1) For the past few decades, the pretest
probability  (PTP)  of  obstructive  CAD was assessed based upon
symptom presentation and known cardiovascular (CV) risk factors
such as hypertension, hyperlipidemia, family history of CAD, and



smoking.(2,3)  These risk factor assessment scores predict only
65-80% of future cardiac events, which leads to many individuals
experience a major adverse cardiac events (MACEs) despite being
classified as low risk by means of traditional risk factors.(4,5) 

The  presence  of  calcium  in  the  coronary  arteries  correlate
strongly  with  the  presence  and  severity  of  coronary
atherosclerosis, as confirmed by histopathology and intravascular
ultrasound  studies  (IVUS).(7,8)  Non-invasive  evaluation  of
symptomatic  individuals  to  rule  out  acute  coronary  syndrome
(ACS)  using  a  high  reliable  consistent  screening  technique
remains a clinical challenge. Several studies have demonstrated
the efficiency of coronary artery calcium (CAC) to predict the CV
events  in  asymptomatic  patients,  independent  of  conventional
risk factors(9) and is recommended as a first-line examination in
lower risk patients with stable chest pain symptoms to rule out
coronary atherosclerosis by 2010 National Institute for Health and
Clinical  Excellence  (NICE)  guidelines.  However,  there  was  a
considerable  controversy  and  limitations  for  the  use  of  CAC
testing  in  symptomatic  patients.  In  this  review,  we  intend  to
review the role of CAC in symptomatic patients with supporting
evidence  and  emphasizing  the  challenges  for  its  widespread
application based on the most significant research articles.

Symptomatic individuals with pre-test probability of CAD
Chest  pain  and  dyspnea  are  common  presentations  for
symptomatic individuals with suspected CAD in the primary care
office and cardiology clinics. Acute chest pain is one of the most
common  symptoms  in  patients  presenting  to  emergency
department(ED),  accounting  for  approximately  5-6  million  ED
visits and 1 in every 50 outpatient visits in the US.(6) The vast
majority  of  these  are  discharged  with  non-cardiac  diagnosis
(about 55%). However, due to the high morbidity and mortality of
CAD,  most  patients  undergo  non-invasive/invasive  cardiac
imaging to  better  determine individual  CV risk.  This  ultimately
imposes an enormous burden on the annual healthcare costs and
remains a challenge for physicians to evaluate the patients with
the most adequate diagnostic approach to stratify CV risk. 



Determining the PTP of CAD  based on the key parameters from
the  clinical  history  is  a  fundamental  component  in  the  initial
evaluation  of  symptomatic  patients  with  suspected  CAD which
directly influences the decision for noninvasive diagnostic testing
and treatment.(7) To assist the clinician and to provide a clinical
insight  into  the  risk  for  cardiovascular  complications,  Coronary
Artery Surgery Study (CASS) Registry,(8) Diamond and Forrester,
(3) and Pryor  and colleagues(9) have shown the prevalence of
angiographically significant CAD based on age, sex, and angina
typicality.  Reeh  et  al.(10) demonstrated  that  prevalence  of
obstructive CAD is  < 5% in  patients  with  PTP< 15% and they
recognized  the  performance  of  diagnostic  testing  among  the
patients with PTP 5-15% is more closely reflects current clinical
practice  and  particularly  with  atypical  symptoms  which  need
further  clarification.  However,  this  study  estimated  the  clinical
likelihood  of  CAD  risk  by  using  the  new  PTPs  based  on  age,
gender, the nature of symptoms and presence of cardiovascular
risk factors (such as family history of CVD, dyslipidemia, diabetes,
hypertension,  smoking,  and  other  lifestyle  factors).  In  a
Prospective  Multicenter  Imaging  Study  for  Evaluation  of  Chest
Pain (PROMISE) trial,  50% intermediate likelihood of obstructive
CAD patients were reclassified to a PTP< 15% according to Reeh
at al. PTP.(11)

Functional and anatomical cardiac testing in symptomatic
patients
The  screening  or  diagnostic  tests  should  provide  information
about the absence or presence of CAD, and preferable the extent
of  the  CAD.  Since  most  of  the  symptomatic  patients  will  have
another cause for their symptoms such as pulmonary, gastric or
myogenic,  it  is  important  to  excluded  CAD  by  non-invasive
imaging.

Functional  Testing:  Functional  cardiac  testing  (exercise
electrocardiography  (ECG),  exercise/pharmacologic  stress
echocardiography,  exercise/pharmacologic  cardiac  nuclear
imaging with SPECT or PET, and pharmacologic stress MRI) has
been a preferred algorithm for evaluation of stable chest pain to
identify  the  patients  with  ischemia  before  invasive  coronary



angiography  (ICA). These  diagnostic  modalities  are  readily
available  in  the  clinical  setting and ED for  risk  stratification in
patients presented with angina like symptoms. However, all those
have significant limitations. Resting 12-lead ECG lacks adequate
sensitivity and negative predictive, (12,13) and exercise ECG is a
useful tool only in ambulatory patients for the detection of CAD.
(14,15) Resting 2-D echocardiography (echo) has low sensitivity
to  predict  cardiac  events  in  patients  with  possible  ACS  (16)
whereas,  stress  echo  requires  experienced  technicians  and
readers with good image quality to maintain diagnostic accuracy
and  reproducibility  (17).Single  photon-emission  CT(18) and
perfusion imaging(19) are not ideal for initial evaluation and to
rule  out  ACS  for  several  reasons  including  cost,  substantial
exposure  to  radiation,  time  to  perform  a  test  and  required  a
trained technician.  After functional  testing (FT),  majority of the
symptomatic patients were later found to have non-obstructive
CAD  or  normal  coronary  arteries  on  ICA.(7)   Because  of  this
diagnostic  inefficiency  of  Functional   Testing,  assessment  of
symptomatic patients is not targeted for the detection of CAD,
instead  the  assessment  is  focused  on  the  risk  stratification  of
patients to reduce the healthcare cost and need for unnecessary
invasive procedures..

Anatomical  testing  :   Evaluation  of  symptomatic  patients  by
assessing CAC score and coronary plaque burden has a significant
impact  in  clinical  practice.  This  might  enhance  the  efficacy  of
early detection of coronary stenosis in the assessment of acute
chest  pain.(17)  However,  CCTA  entails  the  risk  of  contrast
nephropathy,  radiation  exposure  and  moreover  the  test  is  not
easily  affordable  by  many.(18)  The  use  of  iodine  contrast  and
drugs such as β- blockers or nitrates may cause bradycardia. High
heart  rate  (HiHR),  arrhythmias  and  obesity  could  affect  image
quality and reduce its accuracy.  CAC score is less affected by
motion artifacts due to HiHR and arrhythmias. This provides an
edge for easy-to-use and less invasive tests such as CAC scoring
for risk stratification of subjects with chest pain and risk of CAD to
reduce the need for expensive and invasive procedures without
needles, contrast or β - blockers or nitrates.



Cardiac computed tomography (CT) is the most established non-
invasive  imaging  technique  for  CAC  detection  and  is  a  non-
contrast,  limited chest  CT acquired with an ~3-5s breath hold.
Recent advancements in the cardiac imaging modalities and its
clinical application, multidetector CT (MDCT) provides high image
quality  with  spatial  temporal  resolution,  soft  based  motion
correction and usually takes 10-15mins at  ≥ 1mSv of radiation.
Coronary calcium is defined as a lesion of at least 1 mm2   with
>130 Hounsfield Units (HU) or ≥3 adjacent pixels and the original
calcium score  was  developed  by  Agatston  et  al.(20).  Agatston
score is determined as a product of the calcified plaque area and
maximal calcium lesion density from 1 to 4 based on Hounsfield
units.  The standardized methods have been used to relate the
CAC score and coronary plaque burden as shown in Table 1.

Table 1: Calcium score interpretation.
CAC score 
(Agatston 
units)

Presence of 
atherosclerotic plaque

Risk of  coronary artery disease
(CAD)

0 No identifiable atherosclerotic
plaque

Very low, < 5%

1-10 Minimal plaque burden Very unlikely, < 10%
11-100 Mild plaque burden Mild or minimal coronary stenosis
100-399 Moderate plaque burden Moderate  non-obstructive  CAD

highly likely
≥ 400 Extensive plaque burden Higher  likelihood  of  atleast  one

significant  coronary  stenosis  (>
50%)

 

CAC testing and Functional testing: CAC testing (sensitivity, 90%;
specificity,  85%)  compares  well  with  exercise  ECG  testing
(sensitivity,  68%;  specificity,  77%),  single-photo  emission  CT
myocardial perfusion imaging (sensitivity, 88%; specificity, 77%),
and stress echocardiography (sensitivity, 76%; specificity, 88%).
(21) Lubbers et al.(22) Evaluated the sequential testing algorithm
in a prospective randomized trial that used CAC as a first-line test,
advancing to CTA when CAC scores were 1 to 400. The event-free
survival was demonstrated in 96.7% for patients randomized to
CT  and  89.8%  for  patients  randomized  to  FT  (P<0.011).
Additionally,  CT approach established diagnosis sooner than FT
(P<0.0001),  resulting  in  less  downstream  testing  (25%  versus
53%;  P<0.0001)  and  lower  cumulative  diagnostic  costs  (€369



versus €440; P<0.0001). Lubbers and colleagues concluded that
“Incorporating the calcium scan into the diagnostic workup was
safe and lowered diagnostic expenses and radiation exposure.”
In  a  recent  prospective  trail,  the  prognostic  value  of  CAC
compared to functional stress testing among stable patients with
suspected CAD was investigated. In that trial, most patients who
experienced clinical events presented with positive (CAC > 0) CAC
scans and only a minority exhibited abnormal functional  stress
test.(11)
Guidelines for CAC testing in symptomatic individuals
Previous studies have shown the CAC score as an effective filter
for  CTA/  invasive  angiogram  to  diagnose  a  significant  CAD  in
patients presenting with chest pain. Based on such data, a 2007
ACC/AHA  expert  consensus  statement(2) and  2010  UK-based
National  Institute  for  Health  and  Clinical  Excellence  (NICE)
guidelines(23) endorsed  CAC  testing  as  a  first  line  test  for
symptomatic patients with a low PTP of obstructive CAD  (10–29
%) by modified Diamond-Forrester (DF) score. According to the
2019  ESC  Guidelines  for  the  diagnosis  and  management  of
chronic  coronary  syndromes,  CAC  testing  is  recommended  in
symptomatic patients with PTP 5-15% to determine the clinical
likelihood of obstructive CAD.(27) Calcium score of zero obtained
by cardiac CT is associated with a low prevalence of obstructive
CAD  (<5%)  and  low  risk  of  death  or  nonfatal  MI  (<  1%).
Furthermore,  2019  ACC/  AHA  guidelines  on  cholesterol
management to reduce the atherosclerotic cardiovascular risk in
adults  suggest  coronary  artery  calcium  (CAC)  score  may  be
considered  to  guide  statin  therapy  after  quantitative  risk
assessment using traditional risk factors.(24) 

All  these  above  guidelines  rely  on  the  PTP  of  CAD.  More
controversially, in 2016 NICE guidelines update made three major
changes to the 2010 version.(25) The first recommendation is to
remove the PTP model for a clinical assessment of the likelihood
of CAD, and the use of CTCA as the first-line investigation in all
patients with atypical or typical angina symptoms or those who
are asymptomatic with suggested EKG changes for ischemia. The
second change is that calcium score of zero in patients with low
PTP is no longer used to rule out CAD. Thirdly, CCTA should be



considered as a first line test for  all  stable chest pain patients
based  on  their  cost-effectiveness  analysis  suggesting  that  this
would be a lower cost strategy. For instance, the PROMISE Trial
enrolled  10,003  symptomatic  patients  with  low-intermediate
disease  prevalence  population  with  only  11% having  CAD and
reported  the  similar  clinical  outcomes  among  the  patients
evaluated  by  CCTA  and  functional  tests  (exercise
electrocardiography,  nuclear  stress  testing,  or  stress
echocardiography)  over  a  median  follow-up  of  2years.  (26)
Although,  SCOT-HEART  trial  enrolled  patients  with  high
prevalence  of  CAD and  demonstrated  the  diagnostic  ability  of
CCTA when added to the standard-of-care (SOC).  Exercise ECG
was used as a SOC in SCOT-HEART trail  but not any functional
imaging tests or CAC testing.(27) There is little or no clinical data
available  supporting  the  NICE  recommendations  for  CCTA
demonstrating the diagnostic accuracy or cost effectiveness over
other  noninvasive  imaging  tests  in  population  with  low-
intermediate risk of CAD. Furthermore, it increases the need for
radiographers  and  consultants  to  perform  and  report  the
additional CCTA. 

The ability  of  CAC score to  rule out obstructive CAD in
symptomatic patients
CCTA had been demonstrated to have high discriminatory ability
for  CAD  compared  to  both  CAC  and  FT.(11) CAC  testing  is
recommended to use in a binary fashion (CAC present or absent)
so  that  those  without  CAC  may  avoid  further  evaluation  of
obstructive  CAD  and  those  with  any  CAC  (CAC>0)  receive
additional  testing. Even  though  the  CAC  score  showed  a
significant correlation with the severity of CAD, the CAC> 0 itself
cannot  differentiate  between  obstructive  and  non-obstructive
CAD. Therefore, there is a considerable controversy for its use in
symptomatic patients and the prevalence of obstructive CAD with
CAC=0 strongly depends on the study population.(28) There is a
great  clinical  value  when  CAC  applied  in  selected  patient
populations.

CAC  is  an  effective  initial  tool  to  risk  stratify  the  low  to
intermediate  risk  patients  with  possible  angiographically



significant CAD on the basis of its high negative predictive value
and sensitivity.(29,30) Fernandez-Friera et al.(31) determined the
diagnostic value of CAC to detect the obstructive CAD among 225
patients  with  possible  ischemic  chest  pain  and thrombolysis  in
myocardial  infarction  (TIMI)  scores  <4  (OR=  7.01;  p  =  0.02).
Calcium score of zero were reported in 133 patients (59%) and 2
patients (2/133=1.5%) have obstructive CAD on CCTA with 99%
NPV.  Only  2  out  of  133 low-  to  intermediate-risk  patients  with
CAC=0 had obstructive CAD. Budoff et al. demonstrated that an
absence of CAC was highly associated with no obstructive CAD on
angiography with 98% NPV and precludes the need for invasive
angiography. The area under the receiver operating characteristic
(ROC)  curve  for  the  discrimination  of  obstructive  angiographic
disease significantly increased when the combined model (CAC
and risk factors) was compared with risk factors alone (ROC area:
0.830 ± 0.024 vs. 0.672 ± 0.019). (36) 

Cardiogenic chest pain was strongly related to the presence of
CAC, and coronary artery stenosis  in patients without CAC is rare.
(32,33) 20%  to  50%  of  low-intermediate  risk  symptomatic
patients  were  found to  have a  CAC score  of  zero.(34,35) In  a
systemic review of 18 studies, 10 037 symptomatic patients who
underwent coronary CTA and CAC scanning revealed that 84% of
patients  with  CAC=0  had  no  CAD,  13%  had  non-obstructive
stenosis, 3.5% had ≥ 50% stenosis, and 1.4% had ≥ 70% stenosis
on CCTA. The presence of CAC >0 had a pooled sensitivity of 98%
for  the  detection  of  significant  CAD  on  ICA.  Zero  CAC  was
associated with a relative risk ratio of 0.07 (95% CI, 0.03 to 0.19;
P<0.00001) for ACS. Mouden et al.(36) in a study of 3501 patients
with  stable  anginal  symptoms  and  a  low-intermediate  PTP
underwent  SPECT myocardial  perfusion imaging (MPI)  and CAC
scoring.  868 (mean age,  54 years ± 11;  70% female)  patients
were found to have calcium score of zero. 88% (n=766) patients
had  normal  SPECT  myocardial  perfusion  findings  and  12%
(n=102)  patients  were  found  to  have  abnormal  SPECT  or
equivocal  results.  91%  of  these  102  patients  had  normal
coronaries  and  9%  (those  with  abnormal  SPECT  findings)  had
nonobstructive CAD on CCTA, excluding obstructive CAD in all of
these  patients.  9  patients  (9%)  were  found  to  have  normal



coronary arteries on ICA. In a median followup of 17-months, no
patients had flow-limiting CAD (95% CI, 0-0.01). Previous studies
reported  a  3.1%  of  pooled  incidence  of  obstructive  CAD  in
patients without any CAC (374 out of 12,072) ) using CCTA as a
reference standard method (with a cutoff value of  > 50% or  >
70% luminal narrowing).(7,28,35,37–46) These compelling data in
patients with CAC score of zero demonstrated the ability of CAC
score  in  ruling  out  obstructive  CAD  in  low-intermediate  risk
patients. Furthermore, McLaughlin et al.(47) and Laudon et al.(32)
concluded  that  the  low-moderate  probability  risk  patients  with
calcium  score  of  zero  could  be  safely  discharged  and  could
potentially defer further diagnostic imaging. 

Importance of CAC score of zero and its utility to predict
the future cardiac events in symptomatic patients
The  presence  of  any  CAC  (CAC  >0)  is  a  sensitive  marker  for
obstructive  CAD and might  be  the  most  appropriate  screening
threshold in patients presenting with the symptoms.  A calcium
score of zero in asymptomatic patients has been shown to predict
an excellent 10-year survival rate of approximately 99 %.(48) The
predictive value of CAC in diabetes(49), in younger adults(50) and
in  the  elderly(51) has  been  confirmed.  It  is  of  major  clinical
importance if a similar relationship exists between a CAC score of
0  and  ACS  in  symptomatic  patients.  However,  a  Bayesian
approach to clinical decision making argued to consider pretest
probability  of  obstructive  CAD  based  on  both  the  clinical
presentation  and  risk  factors  along  with  a  CAC score  of  0  for
accurate CAC interpretation.(52) A recent study of 3,468 patients
who  underwent  anatomical  testing  were  evaluated  using  3
different prediction models based on the risk factors and calcium
score. These models demonstrated moderate-good discrimination
to estimate the PTP of CAD in patients with chronic stable angina
and is significantly improved with addition of CAC data suggesting
that  the  CAC  score  could  add  important  information  to  the
diagnostic work-up.(53)

For  the  past  decade,  the  role  of  CAC in  predicting  the  future
coronary  events  in  symptomatic  patients  have  been
demonstrated. In a multicenter retrospective study, Detarno et al.



(54) reviewed event data among 491 patients (mean age= 55 +
12yrs;  57%  males)  who  underwent  CAC  testing  and  coronary
angiography.  They  found  higher  CAC  were  associated  with  an
increased risk of  coronary events  over  the next  30 months as
compared to patients in the lowest quartile of score (OR=10.8,
95% CI,  1.4-  85.6)  and  only  1  (1/98=1.0%)  event  occurred  in
individuals with CAC=0.  The atherosclerotic plaque burden was a
considerable marker of disease but not stenosis severity.   CAC
was  considered  as  a  strong  independent  predictor  of  future
events compared to sum of all conventional risk factors.(55)

The absence of CAC demonstrated a low pre-test probability for
significant  CAD  among  symptomatic  patients  at  low  to
intermediate risk. Hoffmann et al. have reported only 1 event of
ACS in the absence of  calcified plaque among 368 (mean age
53±12 yrs; 61% male) low risk patients presenting to the ED(56)
and these findings were consistent with Sarwar et al.(30) pooled
analysis who reported that a positive CAC have a 99 % sensitivity
and 99% NPV for the identification of ACS.

Studies have demonstrated that the absence of CAC is associated
with a very low event rate in patients with chest pain syndrome.
In  a  study  of  192  patients  with  acute  chest  pain  syndromes
requiring  hospitalization  underwent  CAC  testing  in  ED  and
observed that absolute calcium scores were strongly related to
the occurrence of hard events (p< 0.001) and all cardiovascular
deaths (p< 0.001).(57) The frequency of events were significantly
increased across ascending quartiles of CAC score and patients
with CAC=0 have an 0.6% annualized event rate.  Keelan et al.
(58) reported significant event-free survival with CAC scores <100
relative to those with scores ≥100 (RR= 3.20; 95% CI,1.17 - 8.71;
p= 0.02) among 288 patients over a mean followup of  6.9yrs.
Only 1 in 87 patients with CAC < 20 experienced a subsequent
hard  event  during  follow-up. Schmermund  et  al.  (32)
demonstrated the relative risk (RR) estimate of MACE associated
with a CAC score > 100 as 12.0 (95% CI, 4.7-30.6) and remained
predictive in a multivariate analysis (RR=4.4; 95% CI, 1.5-12.6).
Although these studies found the significant prognostic value for
CAC, small  sample size and small  number of hard evets (<30)



limited  the evidence of  CAC utility  in  symptomatic  patients  as
reflected in a class IIb guidelines recommendation for use.(36,59)

CAC=0 versus CAC >0 in stable symptomatic patients 
Increasing  CAC  scores  were  significantly  associated  with
increasing risk of major adverse cardiac events (MACEs), and zero
scores  were  generally  associated  with  low  event.  The  pooled
analysis of 7 studies reported the cumulative relative risk (RR)
ratio  for  patients  with  a  CAC  score  of  zero  as  compared  with
patients with positive CAC scores was found to be 0.09.(30)  Hou
et  al.(60) found  the  probability  of  3-year  MACE  among  4,425
symptomatic patients referred for CCTA was only 2.1% for CACS
=  0  (<1%  per  year)  and  33.8%  for  CACS  >400.  The  HR  for
patients  with  CACS  of  101  to  400  and  >400  compared  with
patients with CACS = 0 were 9.21 (95% CI: 6.50 to 13.05) and
22.22 (95% CI:  16.08 to  30.71),  respectively.  Budoff et  al.(11)
reported  9  hard  events  (cardiovascular  death/  MI)  occurred
among 1457 negative CAC scans (CAC=0) with an event rate of
0.6%. This study investigators revealed that those with zero CAC
(n-1457), only 0.5% had > 70% stenosis, 1.0% had 50% to 70%
stenosis,  14.7%  had  nonobstructive  stenosis  and  80.8%  had
normal coronary arteries (zero stenosis) on CCTA. Furthermore,
they noted very low event rate (1.4%) among the patients with
CAC score of zero, 5.2 % with CAC score 100-400 and increasing
to 6.4% in those with CAC scores> 400.

Wang e t al.(61) evaluated 1753 patients with stable chest pain
who underwent CAC scoring ± CT coronary angiography (CTCA)
as part of routine clinical care.  52.2% (n=915) patients (mean
age 56.8 ± 12.0 years; 46.2% male) had a zero CAC score and
82.1% (n=751) of zero CAC patients underwent CCTA. On CCTA,
89.7% had normal coronary arteries, 8.4% had non-calcified CAD
with < 50% stenosis and 1.9% had ≥ 50% stenosis in at least one
coronary  artery.  The  absolute  annualized  rates  of  MACEs  in
patients with CAC score of zero and any detectable CAC (CAC>0)
were reported as 1.9 and 7.4 respectively (HR 3.8, p = 0.009)
over a median follow-up of 2.2years.

In a recent study,  Lo‐Kioeng‐Shioe et al.(62) included 19 studies
including almost  35,000 patients to assess the pooled relative



risk (RR) ratios of CAC for MACE, and adjusted hazard ratios (HR)
of the associations between different CAC strata (CAC 0–100,100–
400, and ≥ 400, versus CAC = 0). 18 of 19 studies assessed the
occurrence  of  cardiovascular  events  stratified  per  CAC  status
(CAC > 0  vs  CAC = 0)  and  one  study  reported  HRs  per  CAC
stratum. A total 1601 (4.7%) cardiovascular events were analyzed
and only 1.18% (n=158) of these events occurred in patients with
a  CAC  score  of  zero. The  pooled  RR  ratio  was  5.71  (95%-CI:
3.98;8.19) in patients with CAC > 0 and for incidence of all-cause
mortality or nonfatal myocardial infarction was 3.64 (95% CI: 2.68
to  4.96).  The  study  investigators  found  both  a  threshold  of
CAC ≥ 100 and ≥ 400 yielded an increased cumulative relative risk
for MACEs using a reference group of zero CAC score as shown in
Table 2.

Additionally,  the calcium score also guides therapy for  primary
prevention. In patients with atherosclerotic cardiovascular disease
10-year risk (ASCVD) of 5% or more with CAC > 0 should prompt
initiation of statin therapy for primary prevention. Such practice
can have greater impact in reducing future myocardial infarction
risk,  compared to  discharging patients  with  a  normal  treadmill
without a discussion of future cardiovascular risk and modulation
through statin therapies.(63)



Table 2: Comparing risk for major adverse cardiac event at different

thresholds of CAC*
 *Meta- analysis from 19 observational studies evaluated by Lo‐Kioeng‐Shioe et al.(62)

Conclusion:

The prompt and accurate evaluation of symptoms has immense
implications for patient morbidity and mortality and health care
economics.  The primary goal  of  the evaluation of  symptomatic
patients  is  accurate  risk  stratification  and  identification  or
exclusion of ACS, rather than the detection of CAD. Determining
the  pre-test  probability  (PTP)  of  CAD  based  on  the  clinical
presentation  and  history  is  helpful  in  the  initial  evaluation  of
symptomatic  patients  with  suspected  CAD  which  directly
influences  the  decision  for  noninvasive  diagnostic  testing  and
treatment.  The  presence  of  atherosclerosis  on  CAC  scan  is  a
strong predictor of CAD than conventional risk factors, and this
has  been  validated  in  multiple  large  epidemiologic  and  cohort
studies. The CAC score is an effective filter in low -intermediate
risk symptomatic patients; however, CACs cannot reliably exclude
obstructive CAD. In patients with a CAC score of 0 the event rate
is  negligible  and  represents  a  population  that  will  generally
remain free of ASCVD for at least a decade. If CAC is present (CAC



score >0), additional imaging should be considered, dependent of
the extent of coronary calcification and patient characteristics.  It
becomes  clear  that  among  patients  with  CAC  =  0,  a  higher
pretest probability of CAD is still predictive of significant coronary
artery  stenosis,  emphasizing  the  utility  of  CAC  =  0  in  low-
intermediate-risk patients. CAC has a great value when used in a
binary  fashion  (CAC  present  or  absent)  in  a  selected  patient
population such as low-intermediate PTP of CAD. A finding of zero
CAC might be used as a rationale to emphasize lifestyle therapies
rather  than  pharmacotherapy  and  to  forgo  repeated  imaging
studies. 

.
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