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Low-dose CT-derived attenuation scan: One
acquisition, more applications?

Riemer H. J. A. Slart, MD, PhD,a,b and Michel Koole, PhDa,c

a Department of Nuclear Medicine andMolecular Imaging, University Medical Center Groningen,

University of Groningen, Groningen, The Netherlands
b Faculty of Science and Technology, University of Twente, Enschede, The Netherlands
c Department of Nuclear Medicine, University Hospital Leuven, Leuven, Belgium

Received Oct 24, 2014; accepted Oct 25, 2014

doi:10.1007/s12350-014-0029-8

See related article, pp. 419–428

Coronary artery calcium (CAC) is an important

marker of coronary artery disease and is of prognostic

value for cardiovascular events.1 Usually, CAC is

measured using a dedicated high-dose CT scanning

protocol. However, in case of hybrid PET/CT imaging,

CT imaging is often limited to low-dose CT scanning

only to correct the PET data for the absorbing effect of

the adjacent tissue and to reconstruct attenuation cor-

rected (CTAC) emission data.

Myocardial perfusion imaging (MPI) using PET-CT

technology requires a CT scan for attenuation correction

but is not used routinely to measure the coronary cal-

cium burden. In general, two CTAC scans are performed

to correct for rest and stress MPI. To reduce the number

of CTAC scans necessary for MPI and CAC quantifi-

cation Kaster et al,2 evaluated in the current issue of the

journal: (1) if a low-dose CTAC scan can also accurately

quantify CAC, (2) one low-dose CTAC scan can be used

for both the rest MPI as well the stress MPI.

They evaluated in a standard cohort of patients the

post-stress CT attenuation scan (stress CTAC), using the

same settings as for the rest CTAC scan. In the valida-

tion cohort, a modified post-stress CT attenuation scan

(Ca-CTAC) was acquired to measure CAC. This modi-

fied scan protocol was a similar low-dose, cine-mode,

prospective ECG-gated CT scan, acquired at end-expi-

ration breath-hold, and at 70% of the cardiac phase with

two times the standard-CTAC mA.

The major findings were that a modified Ca-CTAC

scan showed a trend towards slight decreases of 2%-

3.5% in segmental stress perfusion in the anterior wall

segments (p\ .05).

Correlation and agreement between the proposed

Ca-CTAC and standard CAC-CT calcium scores at the

optimal threshold of 110 HU were also excellent

(r2 = 0.99, j = 1.0). There was a small bias in the

regression slope vs unity: Ca-CTAC = 0.96 9 CAC

(p\ .05), but the categorical classification of calcium

was accurate in all 23 patients (j = 1.0). It was con-

cluded that a single low-dose rest CTAC scan can be

used for accurate attenuation correction of both rest and

stress PET perfusion images, thus allowing a post-stress

CTAC scan to quantify CAC. This is particularly

important since it only uses one-quarter of the radiation

dose of the standard CAC-CT. This scan also detects the

presence/absence of calcium with 100% accuracy. On

the other hand, increased respiratory- and heart-rate

adversely affect the ability to co-register the stress PET

and post-stress CTAC scans. In this study, however, this

was observed in only one patient suggesting that rest CT-

CTAC may actually be more accurate than stress CTAC

for the reconstruction of stress PET perfusion images. As

mentioned by the authors, a potential limitation of the

present study is that the PET reconstruction assumes an

end-expiration CT scans for proper attenuation correc-

tion. If the CT scan is not performed properly, a motion

artifact can be introduced into the reconstructed perfu-

sion images as observed in the one patient, which was

excluded. Careful quality assurance is therefore critical

to ensure that PET and CTAC scans are properly

acquired and aligned. Alternative use of the proposed

Ca-CTAC protocol may be considered before the rest

PET scan, instead of post-stress as evaluated in the
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present study. Lower heart-rates prior to pharmacologi-

cal stress are expected to result in less CT motion

artifacts. In a previous study, a rest CTAC scan was

performed at a lower HU threshold to measure coronary

calcium and achieved a j = 0.72 [95% CI 0.61-0.83]

with 79% of calcium scores in concordant clinical cate-

gories, compared to standard CT-CAC.3 Future

advancements in PET-CT scanner technology may allow

calcium scoring to be performed using a helical image

acquisition mode. This could potentially reduce the

breath-hold artifacts, which are hypothesized to con-

tribute to the small but statistically significant reductions

in anterior wall perfusion. Iterative reconstruction tech-

niques may further improve the quality of CTAC,

especially in terms of noise and resolution characteris-

tics. These reconstruction techniques are being

introduced on current PET/CT systems and are becoming

widely available for clinical use. Potentially these tech-

niques could even further reduce the acquisition time,

therefore limiting the risk for motion artifacts. Iterative

CT reconstructions may also limit the effect of BMI on

the CTAC image quality and therefore guarantee accu-

rate CAC quantification, even for patients with higher

BMI. On the other hand, one should also be aware of the

possible impact of metal artifacts on CAC quantification,

a pitfall that is also well known for standard CT-CAC

quantification. However, new reconstruction techniques

can also help avoiding this pitfall by reducing the metal

artifacts using more accurate reconstruction models.4

The reduction of radiation dose that was achieved in

this study is another important additional finding since

the radiation burden to patients remains an issue of

concern. In this context, a single MPI stress acquisition

procedure especially in patients with low/intermediate

risk on CAD will be another step forward, because the

majority of the stress MPI findings will be normal.

However, the value of a normal MPI needs to be pro-

jected against the complete assessment of all clinical

variables obtained at the time of initial testing.5

Finally, accurate and reproducible CAC quantifi-

cation can only be achieved by dedicated software, as

also mentioned by the author, and by accurate calibra-

tion of the scoring methods. Therefore, improvements of

the software in terms of visualization, automated

detection, and user interaction will further enhance CAC

quantification while accurate phantom calibrations can

greatly improve plaque detection.6
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