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Extracardiac findings on computed tomography
attenuation correction: Is it worth paying extra
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Due to the profound impact of attenuation artifacts

on diagnostic accuracy, especially specificity,1 several

methods like computed tomography attenuation correc-

tion (CTAC),2 prone myocardial perfusion image (MPI)

acquisition,3 or external radionuclide sources like 153Gd4

have been developed. CTAC has evolved as the most

common standard used, since it not only improves

diagnostic accuracy and outcome prediction by reducing

attenuation artifacts1,5,6 but also enables the evaluation

of coronary calcium scoring,7 offering substantial added

diagnostic and prognostic value.8,9 Furthermore, the

application of a CTAC can discriminate defects caused

by left bundle branch block from real perfusion defects

in SPECT MPI10 and allows diagnosis of pulmonary

hypertension by determining the diameter of the main

pulmonary artery in CTAC.11

Moreover, incidental findings can be found in

CTAC with a high prevalence.12,13 These early results

on incidental findings in CTAC have recently been

confirmed by a systematic review and meta-analysis

demonstrating a prevalence of 44% incidental extracar-

diac findings, 16% major incidental extracardiac

findings, and 0.7% previously unknown malignancies.14

Although most of these findings might be negligible,

some are of clinical relevance. In fact, it is recom-

mended by the EANM procedural guidelines for

radionuclide MPI with SPECT and SPECT/CT that non-

contrast-enhanced CT scans for AC and also scouts

should be additionally screened by a physician fully

trained in CT readings.15 Accordingly, the review of all

visible non-cardiovascular structures is recommended

by the Society of Cardiovascular Computed Tomogra-

phy in patients undergoing non-contrast calcium scoring

and coronary CT angiography.16 Despite these recom-

mendations, the field still remains controversial.

Considering the high prevalence of these findings, con-

cerns are reported about increased cost and radiation

exposure due to follow-up scans, morbidity of biopsy or

resection, and anxiety of both the patient and the

physician about a non-significant pathology. In addition,

only a minority of incidental findings that seem clini-

cally significant in CTAC might actually be detrimental

to patient outcome.17 Hence, considering doubtful clin-

ical relevance, the debate is ongoing whether it is worth

paying extra attention to extracardiac findings.

In the current issue of the Journal of Nuclear Cardi-

ology, Zadro et al. investigated the prevalence of

extracardiac findings on CTAC for MPI by SPECT and

evaluated the prognostic outcome. The authors retrospec-

tively screened 1506 patients who underwent MPI SPECT

and low-dose CTAC. Extracardiac findings of CTACwere

captured and classified as major or minor abnormalities.

The prevalence of minor and major extracardiac findings

was high, which were found in 830 (55.1%) and 212

(14.1%) patients, respectively, whereas 464 (30.8%)

patients had no abnormality. Aneurysm of the aorta

(33.8%), liver cirrhosis (27.2%), non cystic hypodense

lesions of the liver (18.5%), and suspicious nodules in the

lung (16.6%), accounted for the most frequent major

abnormalities. Of note, in 53% of these patients, major

extracardiac findings were previously unknown and 42%

of these patients had an abnormal MPI SPECT.

Patients with major extracardiac findings were fol-

lowed up over a period of 3.2 ± 1.2 years with an

acceptable loss to follow-up rate (5.2%). Among the

patients with major extracardiac findings, 12 (6.0%) died
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from cardiovascular vs 36 (17.9%) from neoplastic

causes, reflecting annual mortality rates of 1.9% vs

5.6%, respectively (p\ 0.001). This holds true for the

subgroup of 103 patients with previously unknown

major extracardiac findings. Neoplastic mortality was

mainly due to bronchopulmonary cancer and hypodense

intra-hepatic nodules reflecting hepatocellular carci-

noma, metastasis, cholangiocarcinoma, and cancer of

unknown primary syndrome. There was no significant

impact on survival arising from abnormal myocardial

perfusions SPECT, myocardial ischemia, or myocardial

infarction scar in these patients.

Based on these results, the authors conclude that the

frequency of extracardiac findings diagnosed by CTAC

for SPECT MPI is high. There is no doubt that extrac-

ardiac findings are common in cardiac CT if the

examiner looks beyond the heart, reinforcing what has

been reported previously for non-contrast-enhanced

low-resolution studies such as CTAC13,18 or coronary

artery calcium scoring,19 and contrast-enhanced studies

such as cardiac CT angiography,20 or cardiovascular CT

prior to TAVI,21 or pulmonary vein isolation.22

The key question is whether the recognition of these

non-cardiac findings translates into patient benefit or

might even harm the patient. Yet potential benefits such

as detection of cancer might outweigh the harms. The

prevalence of previously unknown extracardiac malig-

nancies of 1% reported by Zadro et al. is in line with

0.7% reported by Flor et al.14 However, on top, the study

by Zadro et al. adds an important piece to the puzzle as it

not only provides the prevalence of extracardiac find-

ings, but also the outcome of these patients. The annual

mortality rate of 10% reflects the significance of those

findings. The authors should be congratulated for this

comprehensive study investigating the follow-up of

patients with major extracardiac findings over a time

period of 3.2 ± 1.2 years. Unfortunately, the follow-up

of patients without extracardiac findings was not asses-

sed, which would have provided an important group for

comparison.

So far, few studies have investigated the outcome of

patients with extracardiac findings in patients undergo-

ing cardiac CT. Lindsay et al. who investigated the

consequences of incidental non-cardiac findings detec-

ted on cardiovascular CT in 279 patients planned for

TAVI found that survival was significantly associated

with the presence of an extracardiac finding. However,

in multivariate analysis, outcomes after TAVI were not

influenced by any category of incidental finding.21

Additionally, a retrospective observational study

including 414 patients undergoing CT prior to tran-

scatheter aortic valve replacement detected a potentially

malignant incidental finding in 19% of patients—with

no impact on 2-year survival.23 Although these patient

cohorts differ significantly from those undergoing MPI

by SPECT taking into account the high mortality rate of

patients with severe aortic stenosis. Furthermore,

acquisition protocols offer better image quality com-

pared to attenuation correction scans and thereby might

reduce the number of false positive findings.

Regarding incidental extracardiac findings on

CTAC for MPI by SPECT, a prospective multicentre

study investigating 1819 patients recently reported that

out of 51 (2.8%) patients with clinically significant

extracardiac findings, only 4 patients (0.2%) had a

clinically significant pathology.18 Two years later, add-

ing a further 1672 patients, the same research group

concluded that routine reporting of CTAC images is not

beneficial due to a low positive predictive value over a

2-year period of 12%.24

Conversely, the detrimental impact of incidental

findings on clinical outcome has been documented by a

recent study that retrospectively identified 135 patients

(12%) with incidental findings in CTAC.25 Although

these findings did not significantly increase all-cause

mortality, they were associated with a significantly

higher cancer-specific mortality—indicating that

patients with incidental findings may more often end up

with lethal cancer. Nonetheless, it is not self-evident that

the detection of an incidental finding triggering instant

work-up and appropriate treatment will prolong sur-

vival. Moreover, in screening examinations, a so-called

lead-time bias might appear to increase survival time by

early diagnosis, but in fact, no additional life span has

been gained.

Heterogeneity of the above-mentioned study results

might partially be contributed to by the huge variability

of scanning protocols for CTAC. Zadro et al. scanned

with a slice thickness of 2.5 mm during inspiration

breath-hold, Qureshi et al. used a 8-slice non-gated CT

with a slice thickness of 3.75 mm during free breath-

ing,25 and the initially reported high variance of the

positive predictive value regarding extracardiac findings

might reflect different scan parameters such as single-

slice CT vs. 16-slice CT and an acquired slice thickness

of 10 mm during free breathing vs 1.5 mm during

breath-hold in the four centres of the study by Coward

et al.18 Due to technical refinements, acquisition

parameters have continuously improved. Meanwhile,

even 64-slice CT is used during inspirational breath-hold

to acquire CTAC.2 This not only enables the simulta-

neous use of these scans for calcium scoring,7 but might

also improve diagnostic accuracy of incidental extrac-

ardiac findings. However, despite further technical

refinements, due to the lower resolution and limited

scanned area of the thorax, even though a pathology

might be detected on the images, the absence of

pathology on CTAC does not exclude disease, simply
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because a pathology outside the scan range will invari-

ably remain undetected.

Finally, the evidence on the prevalence of incidental

extracardiac findings in CTAC images is staggering and

the association with poor outcome—even independent

of the MPI findings—was demonstrated in the present

study. Although the clinical relevance of extracardiac

findings remains in debate, the present study underpins

the guidelines’ recommendations to review all visible

non-cardiovascular structures and strengthens the

physician’s certainty that the chance of detecting a

clinically relevant extracardiac finding that might have a

significant impact on the patient‘s survival outweighs

the risk of physical and financial harm due to additional

testing. Additionally, looking not only beyond the heart

but also beyond the whole image, e.g., assessing clinical

history or risk factors and interdisciplinary discussion

with the referring physician, might further improve

accurate assessment of extracardiac findings.
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