
EDITORIAL

Adding calcium scoring to myocardial perfusion
imaging: Does it alter physicians’ therapeutic
decision making?

Ron Blankstein, MD, and Sharmila Dorbala, MD

See related article, pp. 188–196

Tests do not directly affect clinical status. Instead

we must presume that they lead clinicians and

patients to modify behavior, which hopefully will

lead to fewer clinical events.

—Report of a workshop sponsored by the National

Heart, Lung, and Blood Institute1

While the paucity of studies relating cardiovascular

imaging to patient outcomes has drawn much attention,

the complex nature of cardiovascular disease makes it

extremely hard to study how a test performed today can

lead to better outcomes in the future. Realizing this, a

simpler question is whether imaging testing leads to

changes in patient or physician behavior. In other words,

does the test lead to initiation of new therapies that

would not have otherwise been considered?

Among symptomatic patients with known or sus-

pected coronary artery disease (CAD), myocardial

perfusion imaging (MPI) provides important informa-

tion about the presence and extent of ischemia or

infarction and can be used to predict the presence of

hemodynamically significant obstructive CAD. This

information can then be used in deciding between

medical therapies and revascularization. Positron emis-

sion tomography (PET) is a superb technique to assess

myocardial perfusion.2 While PET has many advantages

over SPECT techniques, such as improved image reso-

lution, robust attenuation correction and ability to

measure absolute myocardial blood flow, it is limited in

its ability to identify pre-clinical atherosclerosis and

severe multi-vessel atherosclerosis (balanced ischemia).

On the other hand, coronary artery calcium (CAC)

scoring identifies whether coronary calcifications are

present or absent, and reliably quantifies the burden of

calcified coronary atherosclerosis (though not necessarily

representing obstructive CAD).3 The exam is simple, does

not require intravenous contrast and can be performed

with a relatively low radiation dose (*1-2 mSv)4 on the

majority of CT scanners as well as on hybrid SPECT/CT

and PET/CT platforms.

In patients undergoing MPI, CAC scoring can be

used to better define the presence or absence of calcified

atherosclerosis, thereby resulting in improved risk

assessment. In highlighting the complementary infor-

mation provided by these tests, several recent studies

have showed that approximately 21-47% of patients

with normal MPI have extensive coronary calcifications

(i.e. CAC [ 400).5-8 Among patients who are otherwise

considered low to intermediate risk, such findings could

be used to reclassify their risk, thereby indicating that

more aggressive therapies should be considered.

The increased availability of hybrid SPECT/CT and

PET/CT platforms has facilitated the acquisition of CAC

score together with MPI during a single setting. One of

the arguments for such an approach is that the identifi-

cation of CAC can be used to identify the presence and

extent of atherosclerosis. On the other hand, when

extensive calcifications are found, perfusion imaging

can be used to determine the physiologic significance of

plaque.9 However, in contrast to screening cohorts

undergoing CAC scoring, patient cohorts undergoing

combined MPI and CAC at the same setting have a

higher pretest likelihood of CAD as they are more likely

to be symptomatic patients referred for an evaluation of

ischemia.6,7 Patients referred for PET MPI may have an

even higher risk, due to their reduced functional capacity

and/or presence of obesity. However, even in such

patient populations, the presence of severe calcified

coronary atherosclerosis provides substantial incremen-

tal prognostic value.7 Therefore, the logical next

question is whether the improved diagnosis of coronary

atherosclerosis by CAC score leads to changes in
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physician treatment strategies (initiate or optimize

medical therapy) or patient behavior (lifestyle changes)?

A corollary to this question is whether aggressive

management of risk factors based on CAC score averts

future adverse cardiovascular events.

Three prior studies attempted to address the first

question.10-12 Wong and colleagues11 showed in 703

asymptomatic patients that underwent CAC score, that

the presence of CAC was an independent predictor of

risk reducing behaviors such as increased use of aspirin

and cholesterol lowering medications as well as con-

sultation with a physician. In a separate study, Taylor

et al10 attempted to answer the question of whether a

screening calcium score results in changes in subsequent

aspirin and statin. Among 1640 active duty male army

personnel, they showed that the presence of coronary

calcification (CAC [ 0) was associated with an inde-

pendent 3-fold greater likelihood of statin and aspirin

usage. Thompson et al12 previously studied 200 con-

secutive patients who were referred for CAC scoring

following a negative MPI. Upon subsequent follow-up,

the 17.5% of patients with a CAC score greater than 100

had a significantly greater use of aspirin and lipid low-

ering therapies.

However, data demonstrating that the use of imag-

ing based markers such as CAC leads to reduced future

cardiovascular events is limited. This is due to the fact

that studies addressing this question would be complex

and expensive as a long follow-up period would be

required. Moreover, randomization of patients with risk

factors such as CAC into different types of therapy (i.e.

with no therapy representing the most extreme option)

may be limited due to ethical considerations. The

St. Francis Heart Study13 tested the hypothesis that

treatment with atorvastatin and vitamins C and E would

reduce a composite of all atherosclerotic cardiovascular

disease events in a population with elevated CAC. The

study results were negative for the primary endpoint, but

showed a trend toward lower events in subgroup of

patients with CAC score of[400 in the treatment group

compared to the control group. The authors concluded

that the study failed to detect differences in outcomes

between the two treatment groups, likely because of

inclusion of lower risk subjects or an inappropriate

selection of the treatment threshold of CAC score.

The study by Dr Bybee and colleagues, published in

this issue of JNC, represents an important addition to the

emerging literature regarding the integration of MPI and

calcium scoring. The authors sought to determine whe-

ther the identification of coronary atherosclerosis among

patients presenting for a clinical PET scan is associated

with subsequent changes to medical therapies. The

30-day rate of initiation or optimization of dose of

medical therapies (statins, aspirin, beta-blockers, ACE

inhibitors, and omega-3 fatty acids) was determined by

chart review. Bybee et al studied 760 patients with no

prior CAD and a normal clinically indicated vasodilator

stress MPI study. In this cohort, 64.1% had coronary

calcifications with 30% having CACS C 100 and 14%

having CACS C 400.

In regards to medical therapies, several important

findings are noteworthy. First, at baseline, a significant

proportion of patients who were found to have extensive

coronary calcifications (i.e. CAC score of [400) were

not treated with statin therapy (52%) or aspirin (49%).

Within 30 days of the PET/CT exam, 43% of the study

cohort had initiation or augmentation of medical thera-

pies. Not surprisingly, patients with a CAC score [400

were almost twice as likely to have an increase in

medical therapies, a finding that was predominantly

driven by increased use of statin medications. It might

have been interesting to find out what is the CAC score

threshold that triggered changes in therapy although

such an analysis (ROC curve) would likely require a

larger cohort.

Perhaps somewhat less expected was the finding that

initiation of aspirin therapy (12% of the cohort) did not

differ between patients with or without calcifications.

Also of note is that 31% of patients with CAC = 0 had a

change in therapies following the PET/CT scan, sug-

gesting that changes in therapy were used for risk factor

reduction (i.e. treatment of dyslipidemia or hypertension)

rather than for secondary prevention of ischemic heart

disease. In a multi-variable model, increased CAC

emerged as an independent predictor of initiation or

optimization of medical therapies and for every 100 unit

increase in Agatston score, the odds ratio for predicting

changes in medical therapies was fairly modest, yet

statistically significant (OR = 1.05; P = .003). Also,

18% of the patients in the high Framingham risk score

group had no coronary artery calcium, supporting the

concept that the current risk prediction models may over

estimate risk in certain cohorts (e.g. diabetics14) and that

there may be a role for CAC to further refine risk-

assessment in selected cohorts.15

The overall results of this study are complementary

to existing literature and support the notion that the CAC

score may influence physician practices and lead to

optimization of medical therapy in patients referred for a

stress PET study. An important strength of the study by

Bybee and colleagues is that simultaneous assessment of

MPI and CAC was performed on all consecutive patients

who did not have known CAD. Thus, the study is not

limited by referral bias and the results are applicable to

similar populations of patient presenting for MPI.

Despite these attributes, the findings from this study

must be interpreted in the context of the study design

and the cohort studied. First, the observed changes in
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therapy were driven by physician judgment. Conse-

quently, when compared to recommended guidelines and

as is often the case in the real-world, some patients were

over- or undertreated. Nevertheless, assessing the impact

of test results on physician behavior is important and is

ultimately one of the most relevant metrics that deter-

mines patient outcomes. Second, since patients in this

study were referred for pharmacologic MPI, they repre-

sent a higher risk cohort (for instance, 22.1% had diabetes

and reportedly approximately 40% were expected to have

CAD based on the Diamond and Forrester criteria). Thus,

the results of this study cannot be directly extrapolated to

lower risk populations. In addition, due to the higher risk

of this cohort, one may expect that in some of the patients

studies, aggressive medical therapies would be recom-

mended regardless of CAC. In such patients, the added

value of CAC scoring may be lower. On the other hand, in

patients in whom risk reclassification would result by the

addition of CAC, the value of a combined exam would be

higher. When considering the impact of the test on risk

reclassification, it is noteworthy that in the study by Bybee

et al, approximately 18% of the patients in the high FRS

group had no calcium.

Another consideration is that the medical therapies

considered in this study included not only aspirin and

statins, but also agents used in the treatment of heart

failure and hypertension. This suggests that some of the

changes in therapies were instituted for reasons other

than treatment of ischemic heart disease (e.g. hyper-

tension or heart failure). To address this point, the

authors showed that there was no significant difference

in the mean ejection fraction between those with and

without change in medical therapy, yet in the multi-

variate model a lower EF was one of only two

independent predictors (the other being CAC) for pre-

dicting changes in medical therapy.

Lastly, although not the emphasis of this study, the

methods for CAC scan acquisition used in this study

provide an important reminder as to the importance of

using appropriate scanner settings to minimize patient

radiation dose. Among scans performed on the 64-slice

systems, axial acquisition using prospective ECG gating

was utilized (120 kV, 100 mA, 0.6 mm collimation) and

the resulting effective dose was estimated at 1-2 mSv,

which could have further been decreased by using

thicker collimation of 2.5 to 3 mm. On the other hand,

for scans utilizing the 16-slice system, a helical acqui-

sition with tube current modulation was used (120 kV,

200 mAs, 1.5 mm collimation, 0.28 pitch) and the

estimated radiation dose for these scans was consider-

ably higher (3-5 mSv). When suboptimal techniques

(i.e. helical acquisition) are used for CAC scoring,16

doses that are significantly higher than projected may

result. This emphasizes the need to use the optimal CAC

scanning protocol to minimize radiation dose.

In conclusion, the study by Bybee and colleagues

represents one of the first studies assessing the impact of

hybrid PET MPI and CAC scoring on physician pre-

scription practices. By showing that among patients with

normal MPI, the presence of CAC has a significant

impact on physician prescribing patterns, they have

contributed to the evidence supporting the selective use

of CAC among patients referred for PET MPI. While

this study provides a rationale for a selective use of

combined CAC and MPI imaging, other considerations

such as cost and availability of hybrid scanners will be

important factors to consider when establishing recom-

mendations for the adoption of hybrid imaging

strategies. Importantly, answering questions on the

added value of CAC score to nonischemic MPI will also

require comparing how different patient cohorts and

different imaging modalities (i.e. exercise treadmill

testing, CT angiography) affect medical therapies.

Ongoing studies such as the SPARC study will further

inform such questions. Ultimately, however, it will be

incumbent upon our field to show that imaging testing

translates into improved patient outcomes and are cost-

effective.
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