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Prevalence of Incidental Extracardiac
Findings on Multidetector Computed
Tomographic Coronary Angiography

Cok Kesitli Bilgisayarli Tomografik Koroner
Anjiyografideki Rastlantisal Ekstrakardiyak
Bulgularin Prevalans:

ABSTRACT Objective: To determine the prevalence, spectrum, and significance of incidental extra-
cardiac findings in patients undergoing multidetector computed tomographic (MDCT) coronary an-
giography. Material and Methods: We performed a retrospective review of 375 consecutive patients
referred for MDCT coronary angiography. All MDCT angiography examinations were performed by
a 16-slice MDCT scanner. Extracardiac findings were classified as clinically insignificant or significant.
Insignificant findings were those considered to be of minor clinical significance with no immediate
follow-up or treatment required. Clinically significant findings were classified as moderately or highly
significant. Moderately significant findings were those considered to be of potential clini-
-cal importance, requiring correlation with patient history or a follow-up examination. Highly signi-
ficant findings were those considered to be of definite clinical importance requiring immediate workup
and treatment. Results: A total of 242 extracardiac findings were found in 155 (41.3%) patients. Eighty-
three (22.1%) patients had insignificant findings and 72 (19.2%) had significant findings. We found
13 highly significant findings including pulmonary embolism, aortic aneurysm, aortic dissection, lung
cancer, esophageal carcinoma and hepatic metastasis distributed among 12 patients (3.2%), and 8 pa-
tients who eventually had therapeutic consequences. Conclusion: Because extracardiac structures such
as lungs, mediastinum and upper abdomen are appropriate for assessment in MDCT coronary angi-
ography and extracardiac findings are frequent, the reporting radiologist should be aware of the like-
lihood and frequency of these findings and their probable significance.

Key Words: Coronary artery disease; thoracic diseases; multidetector computed tomography;
angiography

OZET Amag: Bu ¢alismanin amaci ¢ok kesitli bilgisayarli tomografik (CKBT) koroner anjiyografi ge-
¢iren hastalardaki rastlantisal ekstrakardiyak bulgularin prevalansi, spektrumu ve 6neminin belir-
lenmesidir. Gereg ve Yontemler: CKBT koroner anjiyografiye gonderilen ardigik 375 hastanin
raporlar1 geriye doniik olarak tekrar gozden gecirildi. Tim CKBT anjiyografi incelemeleri 16-ke-
sitli CKBT cihazi kullanilarak gerceklestirildi. Ekstrakardiyak bulgular; klinik agidan 6nemsiz ve-
ya 6nemli olarak siniflandirildi. Yakin bir takip veya tedavi gerekliligi olmayan klinik yonden 6nemi
az olan bulgular 6nemsiz bulgular olarak kabul edildi. Klinik yonden 6nemli bulgular orta derece-
li 6nemli ve ciddi olarak simiflandirildi. Hastanin 6ykiistiyle korele edilmesi gereken veya takip in-
celemeyi gerektiren potansiyel klinik 6nemi olan bulgular orta derecede 6nemli bulgular olarak
kabul edildi. En kisa zamanda ileri bir inceleme ve tedavi gerektiren klinik 6nemi kesin olan bul-
gular ise ciddi derecede 6nemli bulgular olarak kabul edildi. Bulgular: 155 (%41.3) hastada toplam
242 ekstrakardiyak bulgu saptandi. 83 (%22.1) hastanin 6nemsiz, 72 (%19.2) hastanin 6nemli bul-
gular1 vardi. 12 (%3.2) hastada, pulmoner emboli, aort anevrizmast, aort diseksiyonu, akciger kan-
seri, 6zofagus karsinomu ve hepatik metastazi igeren toplam 13 adet ciddi derecede 6nemli bulgu
saptadik ve neticede 8 hasta tedavi edildi. Sonug: Akciger, mediastinum ve iist abdomen gibi eks-
trakardiyak yapilar CKBT anjiyografi ile degerlendirmeye uygun oldugu ve ekstrakardiyak bulgu-
lar sik oldugu i¢in, bu tetkikleri raporlayan radyolog bu bulgularin olabilirliginin, sikliginin ve olasi
6nemlerinin farkinda olmalidir.

Anahtar Kelimeler: Koroner arter hastalify; torasik hastaliklar; bilgisayarhi tomografi; anjiyografi
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onventional coronary angiography (CCA) is
C the accepted reference standard for the evalu-

ation of coronary artery stenoses due to its un-
precedented temporal and spatial resolution and the
ability to allow therapeutic interventions in the sa-
me session. However, it is expensive and has small
but serious and potentially life-threatening compli-
cations including arrhythmia, stroke, coronary artery
or graft dissection, embolic events, and myocardial
infarction.! During the past decade, considerable
progress has been achieved in the field of noninvasi-
ve coronary imaging with magnetic resonance ima-
ging, electron beam computed tomography and most
recently, MDCT. Progress with the MDCT scanner
technology, which led to improved spatial resoluti-
on through thinner slice collimation and increased
temporal resolution through faster gantry rotation,
has made MDCT scanning a robust technology for
coronary imaging. Studies comparing the MDCT co-
ronary angiography with CCA for the evaluation of
coronary artery stenosis have shown promising re-
sults and MDCT coronary angiography is rapidly be-
coming a major part of clinical practices worldwide.*?
MDCT coronary angiography is now considered a
useful modality to detect coronary artery plaques and
stenoses to evaluate remodeling of coronary athe-
rosclerotic lesions and the size and function of the
ventricles.? In addition to the heart and coronary ves-
sels, MDCT coronary angiography examination may
also provide important information on portions of the
lungs, chest wall, mediastinum, great vessels, spine
and upper abdomen. Some of the incidental extra-
cardiac findings may account for the patient’s clinical
symptoms, while other incidental findings may indi-
cate underlying malignant disease or even remain un-
certain without further investigations or follow up.

In this study, we retrospectively examined the
prevalence, spectrum, and significance of extracar-
diac findings in a series of patients undergoing
MDCT coronary angiography.

I MATERIAL AND METHODS
STUDY GROUP

The study group consisted of 375 consecutive pati-
ents (237 male, 138 female; mean age 55.7 years;
range 20-88 years) with suspected or known coro-
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nary artery disease who underwent MDCT coro-
nary angiography between February 2007 and Oc-
tober 2008 in our institution. The medical of the
patients were retrieved from our department’s ra-
diology information system. The incidental extra-
cardiac findings and additional investigations
performed due to highly significant findings were
recorded. This study was approved by the local et-
hics committee and informed consent was obtai-
ned from all patients.

MDCT SCANNING PROTOCOL

All MDCT examinations were performed by a 16-
row MDCT scanner (GE Lightspeed Ultra 16, Gen-
eral Electrical Medical Systems, Milwaukee, Wisc.;
USA) with the same protocol. Patients were positi-
oned supine on the CT table and connected to the
with ECG monitoring. In all patients, 130 mL of io-
dinated contrast agent (Iodixanol, Visipaque® 320
mgl/mL, GE Healthcare Bio-[Sciences], Milwauke-
e, Wisc.; USA) was injected at a flow rate of 4
ml/sec. The main acquisition parameters were the
use of retrospective ECG gating, craniocaudal scan
direction, detector collimation of 16 x 0.625 mm,
tube voltage of 120 kv, tube current of 320-460
mA, table feed of 2.75-3.0 mm/rotation and gantry
speed of 0.5 sec/rotation. In all patients, the data
sets were reconstructed (with a slice thickness of
0.625 mm and 0.4 mm increments) during the mid-
to-end diastolic phase 65%-75 of the R-R interval.

DATA ANALYSIS

All data were transferred to a separate computer
workstation (Advanced workstation 4.2, GE Healt-
hcare, Milwaukee, Wisc.; USA) equipped with car-
dIQ software (GE Medical Systems).
radiologists reviewed each study by consensus. All

Two

images were reviewed in the axial plane using all of
the following settings: mediastinal windows
(width= 400, level= 40), lung windows (width=
1500, level= -500), vascular windows (width= 700,
level= 200), and bone windows (width= 2500, le-
vel= 500). Extracardiac MDCT findings were clas-
sified as clinically insignificant or significant.
Insignificant findings were those considered to be
of minor clinical significance with no immediate
follow-up or treatment required. Insignificant fin-
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dings such as vascular calcifications and degenera-
tive skeletal changes were not recorded. Clinically
significant findings were classified as moderately
or highly significant. Moderately significant find-
ings were those considered to be of potential clini-
cal importance, requiring correlation with patient
history or a follow-up examination. Highly signifi-
cant findings were those considered to be of defi-
nite clinical importance requiring immediate
workup and treatment.

For the classification of the significance of pul-
monary nodules, the current Fleischner criteria
were used as guideline and based only on the size
they were assigned to one of the categories based
only on size. Pulmonary nodules smaller than 8
mm were considered clinically insignificant. How-
ever, if smaller than 8 mm, but with other imaging
characteristics to suggest malignancy, they were
classified as highly significant findings. Pulmonary
nodules larger than 8 mm were considered mode-
rately significant findings. But other imaging cha-
racteristics to suggest malignancy they were
classified as highly significant findings.

I RESULTS

Coronary artery MDCT was performed successfully
and without complications in all 375 patients. All
scans were included in the analysis for extracardi-
ac findings. Extracardiac findings were found in
155 of the 375 (41.3%) patients by MDCT. Eighty-
three (22.1%) patients had insignificant findings
and 72 (19.2%) had significant findings. Sixty
(16%) patients had moderately significant findings
and 12 (3.2%) had highly significant findings. A to-
tal of 242 extracardiac findings were found in 155
patients (97 male and 58 female, with mean age;
59.0 years, range 27 to 88). One hundred and two
(66%) patients had only one extracardiac finding,
29 had 2, 16 had 3, 6 had 4 and 2 had 5. Of the 242
extracardiac findings, 136 (56.2%) were considered
insignificant findings and 106 (43.8%) were consi-
dered significant findings. Among the 106 signifi-
cant extracardiac findings, 93 (38.4%) were
moderately significant and 13 (5.4%) severe. The
13 highly significant extracardiac findings were
distributed in 12 patients; 4 females and 8 males,
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with a mean age of 66.7 years years (range 48-83
years). Insignificant extracardiac findings on
MDCT were more frequent than significant find-
ings. The most common insignificant extracardiac
findings were emphysema and bullae (10%) (Figu-
re 1), noncalcified pulmonary nodules smaller than
8 mm (9%), calcified lymph nodes (8%) and calci-
fied pulmonary nodules (5%). The most common
moderately significant extracardiac findings were
mediastinal lymphadenopathy (7%), ascending aor-
tic aneurysm smaller than 50 mm (5%), and non-
calcified pulmonary nodules larger than 8 mm
(4%). 10 patients (3 female, 7 male; age range 45-77
years) with noncalcified pulmonary nodules larger
than 8 mm were recommended for radiological fol-
low-up examination.

Twelve patients who had 13 highly signifi-
cant extracardiac findings underwent further eva-
luation or intervention immediately. One patient
with type 2 dissection and ascending aorta ane-
urysm were investigated by transthoracic echo-
MDCT
angiography and he underwent ascending aortic

cardiography as well as thoracic
surgery (Figure 2). Three patients with ascending
aortic aneurysm between 50 and 70 mm were ad-
ditionally examined by transthoracic echocardi-
ography and thoracic MDCT angiography. Two of
these patients were operated and the other was re-

ferred to follow-up in order to control progressi-

B \

FIGURE 1: Axial MDCT image of a 67-year-old woman shows multiple lung
cysts and bulla in the bilateral lower lobe segments.
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tailed list of all extracardiac findings with percen-
tages is given in Table 1.

FIGURE 2: Axial MDCT image of a 52-year-old man shows type 2 dissection
(arrow) and aneurysm of the ascending aorta with a diameter of 6.2 cm.

on. Two patients with pulmonary embolism were
treated with anticoagulant therapy (Figure 3).
One patient who had 28 x 32 mm spiculated pul-
monary mass in the left upper lobe underwent
lung biopsy with a histological diagnosis of ade-
nocarcinoma (Figure 4). One patient who had 22
mm suspicious pulmonary nodule investigated by
positron emission tomography and biopsy, histo-
logically proved adenocarcinoma. Another pati-
ent with a 15 mm suspicious pulmonary nodule
had a prior thoracic CT examination performed
two years ago. and the final decision was that the
nodule was most likely benign due to its stability
during this period. One patient with esophageal
wall thickening underwent esophagoscopy and
biopsy with a histological diagnosis of esophageal
carcinoma. Two patients with indeterminate liver
lesions that did not meet the criterion of a cyst
were additionally examined by ultrasound and
triphasic MDCT. One of these patients had a 16
mm hipodense lesion in segment 8 of the liver.
Triphasic MDCT revealed that this lesion had en-
hancement characteristics of a hemangioma. An-
other patient with a prior history of pancreatic
adenocarcinoma had a 24 mm hipodense lesion in
segment 4. Ultrasound and triphasic MDCT reve-
aled additional four lesions in the liver. The pati-
ent underwent a liver biopsy with a histological
diagnosis of metastasis of adenocarcinoma. A de-
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DISCUSSION

MDCT coronary angiography is performed with in-
creasing frequency as a non-invasive method for
evaluation of coronary artery disease in sympto-
matic and asymptomatic patients. The detection of

extracardiac findings on MDCT coronary angiog-

FIGURE 3: Axial MDCT image of a 58-year-old woman shows bilateral pul-
monary embolism (arrows).

FIGURE 4: Axial MDCT image of a 75-year-old man shows a spiculated mass
(arrow) in the left upper lobe with a diameter of 3.2 cm. Histology confirmed
diagnosis of adenocarcinoma.
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TABLE 1: Summary of 242 Incidental Extracardiac
Findings on MDCT in 155 patients.

Extracardiac Findings No (%)

Insignificant findings 136 (56.2%)
Emphysema, bulla 26
Atelectasis 12
Calcified pulmonary nodule 14
Noncalcified pulmonary nodule (<8 mm) 22
Bronchiectasis 8
Lung cysts 3
Calcified pleural plaque 5
Calcified lymph nodes 21
Hiatal hernia 5
Liver cyst 9
Fatty liver 5
Splenic cyst 2
Splenic calcification 3
Vertebral hemangioma 1

Significant findings 106 (43.8%)
Moderate 93 (38.4%)
Consolidation, ground glass opacity 5
Noncalcified pulmonary nodule (8-30 mm) 10

Interstitial lung disease 5
Plevral effusion 8
Plevral thickening 5
Pericardial effusion 8
Pericardial thickening 4
Pericardial calcification 2

Mediastinal lymphadenopathy (>10 mm) 18
Ascending aortic aneurysm (40-50 mm) 13
Descending aortic aneurysm (30-40 mm) 6
Pulmonary artery ectasia 8
Sclerotic bone lesions 1
Severe 13 (5.4%)

Ascending aortic aneurysm (>50 mm) 4
Aortic dissection

1
Pulmonary embolism 2
Pulmonary mass (>30 mm) 1
Suspicious pulmonary nodule 2
Esophageal wall thickening 1
Indeterminate liver lesion 2

raphy examination is important because they may
account for the patient’s clinical symptoms, indi-
cate underlying malignant disease or require im-
mediate workup and treatment. In this study,
41.3% of the patients referred for MDCT coronary
angiography had extracardiac findings, 3.2% had
highly significant extracardiac pathology requiring
immediate workup and treatment, and 8 patients
eventually had therapeutic consequences.

Turkiye Klinikleri ] Med Sci 2009;29(1)

So far, several studies have been published
evaluating the prevalence of incidental extracar-
diac findings using electron-beam-computed to-
mography (EBCT) and 16-slice or 64-slice
MDCT.*" Depending on the patient population,
incidental extracardiac findings are detected on
10-60% of cardiac CT scans.*'* Hunold et al revi-
ewed 1812 consecutive patients who underwent
non-contrast EBCT for calcium scoring.* They fo-
und that 53% of the study subjects had incidental
extracoronary findings and 11% had significant
findings requiring further diagnostic investigati-
ons. They included a large number of minor ab-
normalities, such as pulmonary scarring,
atelectasis, degenerative arthritis and rib fractu-
res. In a similar study of 1326 EBCT examinations
for calcium scoring, Horton et al.> found that 7.8%
of the patients had significant extracardiac find-
ings requiring additional work-up and 5% of pati-
ents had noncalcified pulmonary nodules. No
pulmonary emboli were reported, which may be
ascribed to the fact that no contrast agent was ad-
ministered in those patients. In our study with
contrast-enhanced MDCT coronary angiography,
pulmonary emboli were detected in 0.5% of pati-
ents, which is similar to the results of Haller et al
They reviewed 166 consecutive patients who un-
derwent 16-slice MDCT coronary angiography
and found significant extracardiac findings in
4.8% and incidental pulmonary emboli in 0.6% of
patients. Onuma et al reviewed 503 patients who
underwent 16-slice or 64-slice MDCT coronary
angiography examinations.® Cardiologists evalua-
ted the heart, while radiologists reviewed the ot-
her organs, and found that 22.7% of patients with
clinically significant extracardiac findings re-
quired further work-up, and 3.6% who eventually
had therapeutic consequences. Dewey et al repor-
ted an incidence of 5% for clinically significant
findings and only 10% for nonsignificant findings,
in a cohort of 108 patients scanned with a 16-sli-
ce MDCT.? However, Gil et al reported a 56.2%
rate of extracardiac findings in their study, with-
out classifying them by severity, in a cohort of 258
patients also scanned with 16-slice MDCT.X The
differences in the incidence of extracardiac find-
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ings in these studies are related to the technique
used, as EBCT will use thicker slices than MDCT,
and will be performed without the administration
of a contrast agent that might specifically demon-
strate some otherwise hidden findings, and to the
predetermined criteria to include and/or classify
the findings.

Various incidental extracardiac findings have
been reported, with a common one being the pul-
monary nodule. The frequency of the incidental
finding of pulmonary nodules in MDCT coronary
angiography was reported to range from 5% to
20%.5#1011 The Fleischner Society’s recommenda-
tions for follow-up and management of pulmonary
nodules detected incidentally on screening CT do
not suggest follow-up of nodules smaller than 4
mm in non-smokers and patients with low risk of
lung cancer.” Larger nodules greater than 8 mm or
with suspicious radiographic features such as spic-
ulation or irregular margins may benefit from for-
mal thoracic CT for characterization and detection
of probable concurrent nodules, evaluation of lym-
phadenopathy or other pulmonary diseases." A re-
cent review on solitary pulmonary nodules by
Winer-Muram showed that more than 90% of no-
dules smaller than 2 cm were benign.'¢ Stability of
size over a 2-year follow-up period will be reassu-
ring. In our study, 34 pulmonary nodules were de-
tected in 24 patients. The frequency of pulmonary
nodules in our study population was 6.4% (24/375);
most (64%) were smaller than 8 mm and their im-
aging characteristics did not suggest malignancy.
We considered that two nodules had suspicious ra-
diographic features; one of the nodules was diag-
nosed as lung adenocarcinoma by follow-up
evaluation with positron emission tomography and
lung biopsy.

For cardiac imaging, to maximize spatial reso-
lution and anatomic detail, it is necessary to use a
field of view (FOV) that contains only the heart,
called coned-down or limited FOV. However, this
FOV includes only one third of the chest volume
and excludes a large portion of the lung parench-
yma. The limited scan FOV, which does not cover
the entire chest, is a limiting factor for the applica-
tion of MDCT coronary angiography to detect in-
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cidental extracardiac findings. In a recently publis-
hed study, Northam et al found that during MDCT
coronary angiography, if only limited FOV images
were viewed, more than 67% of lung nodules lar-
ger than 10 mm and more than 80% of nodules
smaller than 10 mm would be missed.* Combining
their findings with those of Onuma et al showed
that fewer than one third of pulmonary neoplasms
would be diagnosed with use of only a limited
FOV 3

In a study reported by Budoff et al, reviewing
the literature to determine the potential benefits
and harms of specifically overreading MDCT coro-
nary angiography for extracardiac findings, they
suggested that specifically reanalyzing the data set
for noncardiac disease would almost certainly cau-
se additional costs and anxiety to the patient, wit-
hout proven benefit.”” We believe that this
suggestion is not good enough, especially given the
many types of incidental findings, many of which
are not benign. A favored approach should be to
detect the incidental extracardiac findings and re-
port their clinical significance. There is a major be-
nefit for the individual patient in identifying
potentially life-threatening extracardiac findings
such as aortic dissection or pulmonary embolism.
In our study, one patient had type 2 aortic dissec-
tion and two patients had pulmonary embolism.
These findings led to an immediate aortic surgery
and anticoagulant therapy, respectively. In our
study, 3 cases of malignancies consisting of 1 esoph-
agus and 2 lung cancers were detected during the
asymptomatic and surgically treatable stage.

Our study is limited by the lack of follow-up to
evaluate the validity of our classification system on
patients with moderately significant findings. Ho-
wever, the primary aim of our study was to deter-
mine the prevalence of significant extracardiac
findings requiring additional clinical or radiologi-
cal follow-up but it was not to follow the outcome
of the abnormalities detected.

I CONCLUSION

Today, MDCT scanner is increasingly used as a
method to evaluate coronary arteries. Because ex-
tracardiac structures such as lungs, mediastinum
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and upper abdomen are readily appropriate for as- radiologist should be aware of the likelihood and
sessment in MDCT coronary angiography, and ex- frequency of these findings and their probable sig-
tracardiac findings are frequent, the reporting  nificance.
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