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Background and Objective: Several incidental cardiovascular findings are present in a routine chest 
computed tomography (CT) scan, many of which do not make it to the final radiology report. However, 
these findings have important clinical implications, particularly providing prognosis and risk-stratification 
for future cardiovascular events. The purpose of this article is to review the literature on these incidental 
cardiovascular findings in a routine chest CT and inform the radiologist on their clinical relevance. 
Methods: A time unlimited review of PubMed and Web of Science was performed by using relevant 
keywords. Articles in English that involved adults were included.
Key Content and Findings: Coronary artery calcification (CAC) is the most common incidental cardiac 
finding detected in a routine chest CT and is a significant predictor of cardiovascular events. Noncoronary 
vascular calcifications in chest CT include aortic valve, mitral annulus, and thoracic aortic calcifications (TAC). 
Among these, aortic valve calcification (AVC) has the strongest association with coronary artery disease 
and cardiovascular events. Additional cardiac findings such as myocardial scar and left ventricular size and 
noncardiac findings such as thoracic fat, bone density, hepatic steatosis, and breast artery calcifications can 
also help in risk stratification and patient management.
Conclusions: The radiologist interpreting a routine chest CT should be cognizant of the incidental 
cardiovascular findings, which helps in the diagnosis and risk-stratification of cardiovascular disease. This 
will guide appropriate referral and management. 
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Introduction

Chest computed tomography (CT) is performed for a 
variety of clinical indications in the lungs, mediastinum, 
pleura and chest wall. In addition to providing answers to 
specific clinical questions, a chest CT also contains several 
incidental cardiovascular findings. One study showed 
that an incidental cardiac abnormality is seen in 78% of 
routine chest CT scans (1). Some of these findings are 
more evident than before due to advances in multidetector 

CT technology. These incidental cardiovascular findings 
are often overlooked and typically not included in the 
radiology report. Choy et al. showed that 22.3% of 
pertinent cardiac findings were not included in chest CT 
report including coronary artery, aortic valve, and mitral 
annular calcifications (1). Sverzellati et al. showed 63.2% of 
potentially clinically significant cardiovascular findings were 
unreported in routine chest CT reports at four academic 
centers (2). Kuetting et al. reported that only 37% of  
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cardiac findings were reported in routine chest CTs in ICU 
patients (3). However, these findings have an impact on 
patient management and have prognostic implications.

In this narrative review, we aim to summarize the current 
evidence-based literature on the clinical significance of 
these incidental cardiovascular abnormalities in a routine 
chest CT. This article provides a unique, comprehensive 
discussion and comparison of the current available data 
regarding incidental cardiovascular findings with their 
prognostic and clinical significance. With the increased 
emphasis placed on the quality and value of radiologist’ 
report over quantity, it is important to understand the 
clinical significance of these findings to improve the 
healthcare and outcomes of patients. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://cdt.amegroups.com/article/
view/10.21037/cdt-23-79/rc).

Methods

PubMed and Web of Science databases were searched for 
this narrative review from origin to February 2023. The 
search strategy is summarized in Table 1. Original research, 
review articles and guidelines/expert consensus in English 
that involved an adult population were included in this 
review.

Discussion

Coronary artery calcification (CAC)

CAC is a well-known indicator of coronary artery disease 
(CAD) and an important prognostic marker as shown by 
numerous studies (4-8). CAC is typically evaluated using a 
dedicated prospectively ECG-triggered cardiac CT, from 
which the calcium is quantified (9,10). In addition to the 

total CAC score, other parameters including the number of 
involved vessels, location and patterns of calcification have 
also been shown to have prognostic value. Worse prognosis 
has been reported with higher burden of calcification, 
higher number of calcific foci, calcification in the left main 
coronary artery, and spotty pattern of calcification (11,12).

CAC can be detected in up to 53% of the patients 
without a history of CAD in CT scan for noncardiac 
indications (13). Incidental CAC in a routine chest CT 
can be visually categorized as mild (isolated flecks of 
calcification), moderate (between mild and severe), and 
severe (continuous calcification) (14) (Figure 1). An ordinal 
scoring has also been described with a score of 1 for CAC 
involving less than 1/3rd of the length of a coronary artery, 
score of 2 for CAC involving 1/3–2/3rd of the artery and a 
score of 3 for CAC involving more than 2/3rd of the artery. 
The individual vessel scores are added, which provides 3 
categories of increasing severity: 0, 1–3, and 4–12 (14,15). 
Additionally, segment involvement score (SIS) can be used 
for scoring of CAC. It is based on assigning 1 to each 
coronary artery segment with coronary calcification (16). 
Multiple studies have shown high concordance between 
CAC score in a routine chest CT and ECG-gated cardiac 
CT (17-19). The sensitivity and specificity of non-gated 
routine chest CT for CAC score were reported as 96.8% 
and 100% respectively (19).

CAC score on a routine chest CT is not only associated 
with CAD, but also with other cardiovascular risk 
factors like type 2 diabetes mellitus (DM), dyslipidemia, 
hypertension, and Framingham Risk score (FRS) (20,21). 
CAC score in a routine chest CT has prognostic value and 
can predict major adverse cardiovascular events (MACE) 
(22-25). The ordinal CAC score was found to be associated 
with increased CV deaths with an estimated hazard ratio 
(HR) of 1.21 (26). CAC score has hazard ratios of 1.54 and 

Table 1 The search strategy summary 

Items Specification

Date of search 02/03/2023

Database(s) PubMed, Web of Science

Timeframe No time limit

Search terms used (Chest computed tomography) AND (incidental) AND (cardiac OR cardiovascular)

Inclusion criteria Original articles, reviews, guidelines and expert consensus about incidental cardiovascular findings on non-
gated chest CT; articles in English; articles with adult cohort

Exclusion criteria No incidental cardiovascular findings; findings on CTs other than non-gated chest CT; articles not in English

https://cdt.amegroups.com/article/view/10.21037/cdt-23-79/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-23-79/rc


Cardiovascular Diagnosis and Therapy, Vol 13, No 4 August 2023 745

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(4):743-761 | https://dx.doi.org/10.21037/cdt-23-79

1.41 for coronary and cardiovascular events respectively, 
even after adjusting for age, sex, clinical indication, image 
quality and type of medical center (27). The incidence 
of any cardiovascular event increases by 25% for every 1 
standard deviation (SD) increase in the CAC score and 
incidence of any coronary event increases by 42% for every 
1 SD increase (27). Visible CAC on chest CT in patients 
without known CAD is associated with an increased rate 
of MACE (HR =6.0) at median follow-up of 3.5 years (28). 
Similarly, increase in CAC is strongly associated with 
increased risk of cardiac death (15,24,29). Hughes et al. 
reported that the odds ratio (OR) for death increased by 50% 
for each SD increase in calcium score detected by routine 
chest CT, after adjustment of other traditional cardiovascular 
risk factors (24). In a large study of 4,953 scans, CAC on 
routine chest CT was found to be associated with increased 
myocardial infarction and revascularization (24).

Low-dose  CT (LDCT) examinat ions  for  lung 
cancer screening in smokers provides an opportunity to 
additionally screen for CAC in this cohort which has a 
higher risk of CAD as well (15,30). A meta-analysis of 
four randomized controlled trials of LDCT demonstrated 
that cardiovascular events are strongly associated with the 
presence of CAC, regardless of sex with a relative risk of 
2.85. Also, higher CAC score is associated with increased 
cardiovascular events with a relative risk of 3.47 (30). CAC 
can also be detected on contrast-enhanced chest CT studies, 
although visual evaluation underestimates calcium due to 
high attenuation of contrast media. Contrast-enhanced 
chest CT has a sensitivity of 83% and specificity of 100% 
for the detection of CAC (31). In a study of 116 patients, 
only 13 contrast-enhanced studies were mislabeled as 
negative CAC, with all these patients having Agatston score 

of <30 (31). CAC on contrast-enhanced CT was associated 
with MACE with a hazard ratio of 4.5 (31). CAC detected 
on CT pulmonary angiography has been shown to be an 
independent predictor of short-term adverse outcomes in 
patients without known cardiac disease (32).

The 2016 SCCT/STR guidelines recommended 
the routine interpretation of the presence and severity 
(mild, moderate, severe) of CAC in all routine chest CT 
scans irrespective of the indications of the scans (33). 
Moreover, the recent expert consensus document of SCCT 
recommends reporting CAC Data and Reporting System 
(CAC-DRS) category based on either Agatston or visual 
scoring of CAC on all non-gated non-contrast chest CT 
scans regardless of the indication (34).

Aortic valve calcification (AVC)

AVC is a sequela of fibrocalcific changes of the valve leaflets. 
Significant AVC can lead to valvular stenosis. AVC could 
be qualitatively graded as (I) mild—separate, small, calcified 
foci; (II) moderate—multiple, larger calcified foci; or (III) 
severe—extensive, confluent calcification (Figure 2). AVC 
could also be quantified using Agatston scoring technique, 
which has excellent agreement with the qualitative score 
(35-37). In clinical practice, dedicated AVC score is used 
to quantify the degree of aortic stenosis in patients with 
discordant echocardiographic findings, especially with low 
flow, low gradient aortic stenosis (38). In such patients, the 
aortic valve area and gradients (mean and peak) correlate 
with AVC scores. Sex-specific thresholds have been 
established for severity of aortic stenosis, i.e., ≥1,274 AU in 
women and ≥2,065 AU in men (39-42).

AVC is also a marker of atherosclerosis that can be easily 

A B C

Figure 1 Axial non-contrast chest CT images show coronary artery calcification. (A) Mild coronary artery calcification in left circumflex 
artery (arrow); (B) moderate coronary artery calcifications in the left anterior descending and left circumflex coronary arteries (arrows); (C) 
severe coronary artery calcifications including left main, left anterior descending, and left circumflex artery (arrows). 
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identified in a routine chest CT. AVC is associated with 
other CVD risk factors including diabetes, hypertension, 
obesity, and metabolic syndrome, even after adjustment 
for age and gender (43,44). AVC also correlates with CAD 
and is a marker of subclinical CAD. A meta-analysis of 13 
studies showed that AVC is associated with a higher risk 
of CAD than controls (45). AVC is associated with higher 
prevalence and severity of CAD, with one study showing 
that AVC is associated with a CAC score of 441±802, 
whereas patients without AVC had a lower CAC of  
265±566 (44). Another study showed that the prevalence 
ratio of AVC increased from 1.83 in patients with mild CAC 
(<100) to 3.36 in patients with higher CAC (>400) (46).

A study of 10,410 patients showed that AVC is an 
independent predictor of MACE, independent of the 
severity of CAD (47). The HR of MACE was 2.03 in the 
presence of calcification of two or three leaflets compared 
to no calcification (47). Owens et al. showed that AVC is 
predictive of cardiovascular events (HR =1.5), coronary 
events (HR =1.72) and cardiovascular mortality (HR 
=2.5), after adjusting for cardiovascular risk factors and 
inflammatory markers (48). The negative predictive value of 
AVC for overall mortality is 98.8 % (45).

Mitral annular calcification (MAC)

MAC could be diffuse or localized to the anterior or 
posterior annulus. It can occasionally resemble a mass or 
may present with milk of calcium, which has a central lower 
attenuation than the periphery (49). MAC is commonly 
encountered on non-gated chest CTs with an approximate 
8% prevalence (50). Visual or quantitative assessment of 
MAC has been proposed on dedicated cardiac CT studies. 
Visual scoring classifies MAC into three groups based on 

circumferential involvement: (I) mild— < one third of 
the annulus involved; (II) moderate-between one third 
and half of the annulus involved; and (III) severe— > half 
of the mitral annulus involved (51) (Figure 3). Another 
visual scoring system of MAC included circumferential 
involvement of mitral annulus as well as calcium thickness 
and distribution/extent, involvement of trigone and valve 
leaflets (52). Quantification of MAC can also be done on 
non-contrast cardiac CT like Agatston CAC scoring (51). 
To our knowledge, there is no study in the literature 
investigating the feasibility of using similar scorings systems 
on non-gated chest CTs.

MAC is an atherosclerotic marker as it is an independent 
predictor of the presence and severity of CAD (53-55). 
MAC scores correlate with CAC scores, even after adjusting 
for traditional cardiovascular risk factors and inflammatory 
markers. As the CAC score increased from 100–399 to 
≥400, the relative risk (RR) of MAC increased from 2.09 to 
2.58 (55). MAC is also associated with AVC and thoracic 
aortic calcifications (TAC) (56). Additionally, the combined 
presence of AVC and MAC was found to be associated with 
the presence (OR =9.36), extent (beta-estimate of 1.86) 
and vulnerable characteristics of coronary plaques (OR 
=4.87). Hence, they can be seen as markers of CAD disease  
severity (57).

MAC has been shown to predict adverse cardiovascular 
events. Patients with MAC had a hazard ratio of 1.53 for 
cardiovascular events (47). Similarly, MAC was associated 
with an increased risk of myocardial infarction (MI) (HR 
=1.75) and vascular death (HR =1.53), after adjusting for 
other cardiovascular risk factors. The impact of the MAC 
was shown to be related to the thickness, with a MAC of 
>4 mm being a strong independent predictor of MI and 
ventricular dysfunction (58). The risk of cardiovascular 

A B C

Figure 2 Axial non-contrast chest CT images show aortic valve calcification. (A) Mild calcification of aortic valve leaflets (arrow); (B) 
moderate calcification of aortic valve leaflets (arrows); (C) severe calcification of aortic valve leaflets (arrow).
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event also increases with the number of mitral leaflets 
affected, with one-leaflet involvement having 1.83-fold 
higher risk and two leaflet involvement having 2.08-fold 
higher risk than no mitral calcifications (47). A recent meta-
analysis of 26 studies including 35,070 subjects reported 
that MAC is associated with higher all-cause death and 
cardiovascular mortality (59).

In contrast to these studies, Bhatt et al. did not find 
significant association between MAC and moderate or 
severe coronary artery stenosis and number of obstructive 
vessels (60). Although it might not provide independent 
and incremental information as much as the CAC, MAC 
still provides significant information for cardiovascular risk 
assessment and valvular interventions. Therefore, reporting 
of the presence and severity (mild, moderate, severe) of the 
MAC was recommended by SCCT in CAC-DRS (34).

Thoracic aortic calcification (TAC)

Atherosclerotic TAC is more commonly seen in the aortic 
arch and descending thoracic aorta than the ascending aorta. 
TAC is a marker of CAD and is significantly associated with 
CAC (23,61). Like CAC, TAC can be classified visually or 
quantified using Agatston method (62). One visual scoring 
system classifies TAC into three groups: (I) mild—≤3 focal 
calcifications; (II) moderate—4–5 focal calcifications or one 
calcification extending over more than 3 slices of 5 mm 
thickness); and (III) severe—>5 focal calcifications or >1 
calcification extending more than 3 slices (22) (Figure 4).

Along with CAC, increasing TAC risk categories 
detected on non-gated chest CTs were associated with 
cardiovascular events and all-cause mortality, although 
CAC is a stronger predictor than TAC (HR for all-cause 

mortality 9.13 vs. 5.45; HR for cardiovascular events 
4.46 vs. 2.25) (23). The association between TAC and 
cardiovascular events is higher for descending aortic (HR 
=1.49) and arch (HR =1.43) calcifications than ascending 
aorta calcifications (HR =1.26) (26). Descending aortic 
calcifications on routine chest CT have been shown to be 
an indicator of cardiovascular risk (HR =1.45) and included 
in a CT-based prediction model (23). Additionally, TAC is 
an independent risk factor for all-cause mortality with HR 
of 1.61 (63). A recent analysis of CAC Consortium data by 
Han et al. showed that the severity of TAC was important 
for cardiovascular risk assessment. TAC score >300 (by 
Agatston method) was strongly associated with higher 
cardiovascular events compared to patients with TAC  
<300 even after adjusting for clinical risk factors and CAC 
(HR =4.72) (62). A study of 1,164 patients showed that 
risk scores based on TACs, plaques, irregularities, and 
elongation were all predictive of MACE complementing 
other established risk scores (64).

A few other studies reported contradictory results. 
The MESA and Framingham Heart Study (FHS) showed 
no significant correlation between TAC and cardiac 
events, independent of CAC (65,66). Similarly, results of 
Heinz Nixdorf Recall (HNR) and Early Identification 
of Subclinical Atherosclerosis by Noninvasive Imaging 
Research (EISNER) studies showed that TAC was not a 
predictor of cardiac events after adjustment of CAC and 
FHS (67,68). Despite limited prognostic role of TAC 
beyond CAC, the reporting of TAC on all non-contrast 
chest CT and calcium scoring scans even without CAC is 
recommended by 2016 SCCT/STR guideline (Class IIb 
recommendation) and subsequent Coronary Artery Calcium 
Data and Reporting System, respectively (33,34).

A B C

Figure 3 Axial non-contrast chest CT images show mitral annulus calcification. (A) Mild calcification of mitral annulus (arrow); (B) 
moderate calcification of mitral annulus (arrow); (C) severe calcification of mitral annulus (arrow).



Canan et al. Incidental CV findings in chest CT748

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(4):743-761 | https://dx.doi.org/10.21037/cdt-23-79

Epicardial fat

The fat (adipose) tissue surrounding the heart is categorized 
into two types: epicardial adipose tissue (EAT), which is 
situated between the myocardium and visceral pericardial 
layer, and paracardiac adipose tissue (PAT), which is located 
outside the parietal pericardium (69) (Figure 5). The part 
of EAT that surrounds the coronary arteries is called as 
peri-coronary adipose tissue (PCAT). Additionally, small 
deposits of fat surrounding the thoracic aorta represents 
peri-aortic fat (70). Total thoracic adipose tissue (TAT) 
includes both epicardial and paracardial adipose tissue. 
Finally, subcutaneous adipose tissue (SAT) represents the 

fat volume outside of the sternum and vertebra. Epicardial 
fat has been shown to be metabolically active and produces 
inflammatory mediators such as cytokines that can result in 
coronary arterial inflammation and atherosclerosis, since 
there is no fascial barrier between these structures (70-73). 
Hence epicardial fat has become an important marker of 
coronary atherosclerosis.

EAT correlates with whole body fat mass, abdominal 
adiposity, waist circumference, insulin resistance and 
triglyceridemia (73). EAT correlates with atherosclerosis 
including CAD, CAC score, non-calcific plaque, coronary 
artery stenosis grade, and carotid intima-media thickness 

A B C

Figure 4 Non-contrast chest CT images show thoracic aortic calcification. (A) Mild calcification of aortic arch (arrow); (B) moderate 
calcification of descending thoracic aorta (arrow); (C) sagittal oblique multiplanar reformatted image shows severe calcification of entire 
thoracic aorta. CT, computed tomography.

A B

Figure 5 Non-contrast chest CT images show epicardial and paracardiac adipose tissue. (A) Axial non-contrast chest CT image shows the 
epicardial fat (asterisk) between the myocardium and pericardium (arrowheads); (B) color-coded image shows the borders of the epicardial 
(yellow areas) and paracardiac fat (red areas). Blue line represents the pericardium. CT, computed tomography.
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(74-78). In women, greater amounts of epicardial adipose 
tissue (EAT) have been correlated with a decrease in 
coronary flow reserve (79). Increased EAT has been found 
to be connected to increased risk of coronary atherosclerosis 
and cardiovascular disease in individuals with HIV infection 
who are undergoing antiretroviral therapy (ART), as well as 
in patients with rheumatologic disorders (79).

Higher pericardial fat volume (combination of epicardial 
and paracardial fat) (Figure 6) was associated with poorer 
CVD prognosis, hard atherosclerotic CVD (ASCVD), 
HF and adverse LV remodeling. This association was not 
dependent of hepatic fat severity, inflammation, or insulin 
resistance (80). Epicardial fat volume (EFV) is a strong 
predictor of myocardial ischemia, has an independent role 
in predicting CAD and is associated with MACE, even 
after adjustment for FRS, CAC score, and BMI (81-83). In 
women, the risk of HF was found to be higher in association 
with an increase in pericardial fat compared to men (HR: 
1.44 vs. 1.13) (84). A recent meta-analysis demonstrated 
that EFV was connected with obstructive coronary stenosis 
(OR =1.055), significant coronary stenosis (OR =1.514), 
myocardial ischemia (OR =1.062), and MACE (HR =1.040). 
However, the association with CAC was only marginally 
significant (OR =1.007). Furthermore, EFV was identified 
as an independent predictor of non-calcified obstructive 
or vulnerable coronary plaques in patients with low-to-
intermediate-risk (85).

Epicardial fat is typically quantified using dedicated 
software algorithms from an ECG-gated cardiac CT. 
Although no visual scoring of EAT is present, manual 
measurement of EAT thickness on imaging has been 
attempted to avoid additional software use. However, 
EAT volumetry is calculated by dedicated software 
corre la tes  bet ter  wi th  CAD extent  than manual 

bidimensional measurements of EAT thickness and is more  
reproducible (86). Similar quantification of EAT in a routine 
chest CT has excellent correlation with ECG-gated cardiac 
CT. This EAT from a routine chest CT has equivalent CAD 
predictive value as an ECG-gated CCTA (87). Along with 
CAC, extent of pericardial fat from routine chest CT is 
related to worse survival and is an independent predictor 
of all-cause death above and beyond age, sex, and CT 
determined hepatic fat, abdominal subcutaneous adipose 
tissue, aortic or valve calcification (25).

TAT has also been shown to be associated with CAC 
(88,89). Both TAT and SAT were demonstrated associations 
with the presence and severity of CAC and identified 
as an independent predictor, even after accounting for 
factors such as age, gender, BMI, and cardiovascular risk. 
In comparison to PAT and SAT, EAT showed a stronger 
correlation with the presence and severity of CAC, as well 
as with the FRS (88). Thoracic fat has been reported to 
be associated with metabolic syndrome (OR =5.7) (78). 
Periaortic fat is independently associated with CAC and 
increased prevalence of cardiovascular disease regardless of 
visceral adipose tissue volume (90). Besides, an association 
between periaortic adipose tissue and peripheral arterial 
disease has been observed (91).

Myocardial calcification and fat

Following MI, ventricular remodeling can result in 
myocardial deposition of calcium or fat. Myocardial 
calcification, especially in thinned myocardium indicates 
chronic MI, seen in 8% of such patients (92) (Figure 7). 
Calcification can also be seen as sequela of previous surgery 
or trauma. Myocardial fatty metaplasia can be seen in 60% 
of healed MI (93). This fat has mean attenuation between 

A B C

Figure 6 Axial non-contrast chest CT images show epicardial fat within the pericardium between the anterior pericardium (arrowheads) and 
the myocardium (arrows). (A) Mild amount of epicardial fat; (B) moderate amount of epicardial fat; (C) large amount of epicardial fat. CT, 
computed tomography.
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A B

Figure 7 Axial non-contrast chest CT images show myocardial scar. (A) Subendocardial calcification and fatty replacement (arrow) of 
the left ventricle indicative of myocardial scar and fatty metaplasia from previous myocardial infarction; (B) moderate subendocardial 
calcification (arrow) of the left ventricle mid and apical septum, consistent with myocardial scar from chronic myocardial infarction. CT, 
computed tomography.

−10 and −20 HU, which is higher than that of pericardial 
fat, which typically has an attenuation of −100 HU (94) 
(Figure 8). CT has high accuracy in detecting myocardial 
fat and has excellent agreement with myocardial perfusion 
imaging in detecting chronic MI (95,96). Myocardial fat can 
also be seen in other abnormalities such as tuberous sclerosis, 
lipoma, dilated cardiomyopathy, and muscular dystrophy and 
occasionally without any specific etiology (93). Compared to 
non-MI controls, patients with MI had significantly higher 
prevalence of left ventricle (LV) myocardial fat as observed 
on CT. In the MI group the percentage of individuals with 
LV fat deposition was 62%, whereas in control group, it 

was only 3% (96). In a small study of MI patients with LV 
fat deposition on CT, the fat deposition was located in the 
segments supplied by the infarct-related artery, predominantly 
involving the subendocardium (94%) (96). Batal et al. found 
that 10% of patients with prior MI have subendocardial 
fat deposition on chest CT (97). Furthermore, the mean 
duration since the occurrence of the infarct was significantly 
higher in patients with LV fat deposition (8.2±4.4 years) 
compared to those without (2.2±2.6 years) (96). In patients 
with MI older than 3 years, increased percentage of fat was 
seen in infarcted LV at all 3 levels (base, midventricular, 
apical) (98). Adipose tissue in MI also increases with age, in 
males, and in those with CABG surgery (99).

The clinical significance of incidental detected MI 
is that such unrecognized MI accounts for as much as  
one-fourth of all MI and carries a similar prognosis as that 
of recognized MI (100,101). Fatty metaplasia may be the 
only indicator of a silent MI and hence it important to 
recognize this abnormality (102). Direct evidence on the 
link between myocardial fat and prognosis is uncertain. 
Bader et al. showed that myocardial fat in non-contrast 
chest CTs was associated with improved survival in 
patients regardless of history of MI (103), whereas Hata 
et al. demonstrated its association with accelerated LV  
dysfunction (104). However, Batal et al. did not find any 
significant association between myocardial fat and LV 
ejection fraction or survival (97). Another study showed 
that fatty metaplasia is more often seen in older infarcts, in 
whom cardiac risk factors and medications did not have a 
significant influence (105).

Figure 8 Axial non-contrast chest CT image shows fatty 
metaplasia of subendocardial layer of the lateral wall of the left 
ventricle (arrows), indicating remote myocardial infarction. CT, 
computed tomography.
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Left ventricular size

Enlargement of LV could be seen in ischemic heart disease, 
nonischemic cardiomyopathies or valvular dysfunction. Since 
these diseases could be clinically silent, incidental detection 
of LV enlargement in routine chest CT might be the only 
indicator leading to further investigation and diagnosis of 
the underlying pathology. Although, cardiac MRI is the gold 
standard for quantification of LV size and function (106), 
a dedicated retrospective-gated cardiac CT could also be 
useful to detect LV enlargement with reasonable accuracy 
compared to MRI (107,108). Routine chest CT is also a 
reliable technique to detect LV enlargement with a high 

specificity (ranges 88–100%) and negative predictive values 
(range, 91–93%) (109-111) (Figure 9). LV is considered 
enlarged if the transverse diameter of LV on axial chest CT 
images is ≥55 mm in women and ≥60 mm in men (112). 
Due to the known correlation between LV enlargement and 
cardiovascular events, this information is very valuable from 
a chest CT.

Hepatic fat

Hepatic fat or steatosis (HS) is seen in CT as diffuse 
hypoattenuation of the liver parenchyma of <40 HU or 
the ratio of liver/spleen attenuation of <1 (Figure 10). 
In severe steatosis, the attenuation of liver is lower than 
that of intrahepatic blood vessels (113). Causes of HS 
include obesity, dyslipidemia, diabetes, and metabolic  
syndrome (114). Nonalcoholic fatty liver disease (NAFLD) 
is linked to metabolic syndrome (73). HS by CT has been 
shown to be an independent predictor for the development 
of type 2 DM (115). Patients with HS also had higher 
values for BMI, visceral fat, diastolic blood pressure, and 
triglycerides concentration (116). HS is associated with 
markers of atherosclerosis including carotid intima medial 
thickness (CIMT), carotid plaque burden and CAC. 
Patients with HS had 20% greater CIMT than those 
without HS. Furthermore, NAFLD showed a notable 
elevation in CIMT when compared to matched (age, sex 
and BMI) healthy controls. Additionally, individuals with 
NASH exhibited even higher CIMT compared to those 

Figure 9 Axial contrast enhanced chest CT image shows left 
ventricular enlargement with a diameter of 70.2 mm. CT, 
computed tomography.

Figure 10 Hepatic steatosis on non-contrast chest CT. (A) Axial upper abdominal image from a non-contrast chest CT shows diffuse 
hepatic steatosis. Note the decreased attenuation of the liver compared to surrounding hemidiaphragm (arrows) and the spleen (asterisks); (B) 
the  HU of these areas in the liver are less than <40 HU and the ratio of liver/spleen parenchymal attenuation is <1, consistent with hepatic 
steatosis. CT, computed tomography; HU, Hounsfield unit.

A B



Canan et al. Incidental CV findings in chest CT752

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(4):743-761 | https://dx.doi.org/10.21037/cdt-23-79

with simple steatosis (117). Prevalence of CAC was higher 
in HS (52%) than those without it (37%) (118).

HS was independently associated with CAC, even after 
adjusting for CAD risk factors and liver enzymes. The 
presence of HS was also linked to a higher prevalence of 
atherosclerotic risk factors as well as an elevated 10-year 
total CHD risk based on FRS (118). In diabetic patients, 
increased hepatic fat has been shown to be associated 
with a higher risk of CAD (119). Hepatic fat is associated 
with increased cardiovascular disease risk independent of 
other prognostic risk factors (120). Additionally, NFALD 
was a predictor of cardiovascular disease independent 
of conventional risk factors (OR =4.12) (121). However, 
another study found that HS is associated with higher 
prevalence of cardiovascular risk factors, but it is not 
significantly associated with poor cardiovascular outcome/
prognosis (80).

Bone density

Osteoporosis is characterized by the decreased bone 
density with increased risk of bone fractures. Dual energy 
X-ray absorptiometry (DEXA) of lumbar spine and 
femoral necks is the most commonly used and reliable 
method of measuring bone mineral density (BMD) and 
detecting osteoporosis (122). Osteoporosis can also be 
diagnosed from a chest CT when there is osteopenia 
with coarse and prominent vertical trabeculations in the 
vertebra. This has important implication since the risk of 
fracture can be potentially decreased by early treatment 

of osteoporosis. Combining sagittal reconstruction of the 
thoracic vertebrae from a standard chest CT image with 
spinal CT attenuation proves to be valuable in predicting 
bone mineral density (BMD) in populations at high risk  
(Figure 11). BMD is quantified by placing a region of 
interest in the vertebral body and is expressed in Hounsfield 
unit. It can be calculated from either thoracic or lumbar 
vertebra which correlates closely independent of age, 
sex, and race (123). In a particular study, it was observed 
that the mean BMDs in the thoracic spine were found to 
be 20.7% higher for female subjects and 17.0% higher 
for male subjects compared to the lumbar spine (124). A 
CT attenuation of >141 HU at T10-L3 vertebral bodies 
demonstrated a sensitivity of 93.5% and specificity of 
86.1% in detecting normal trabecular BMD. Conversely, a 
threshold of <102.4 HU showed a specificity of 96.9% and 
sensitivity of 82.1% in differentiating osteoporosis from 
osteopenia, and normal BMD. The CT attenuation values 
were lower for vertebrae with compression than normal 
morphology (108.9±20.6 vs. 136.8±32.2 HU) (125).

Osteoporosis has been shown to correlate with 
cardiovascular risk factors and cardiovascular diseases 
(126,127). Osteoporosis on CT correlates with hypertension, 
abnormal lipids, atherosclerosis, vascular calcification, and 
congestive heart failure. CT-derived volumetric BMD is 
inversely associated with CAC (P=0.05) (128). The inverse 
association of BMD with CAC is stronger in women 
without dyslipidemia (129). BMD has been inversely 
associated with subclinical and clinical CVD and MACE, 
even after adjusting for potential confounding factors (130). 

A B

Figure 11 Non-contrast chest CT images show decreased mineral density of the vertebral body with increased trabeculation (arrows) on 
axial (A) and sagittal (B) reconstructions. CT, computed tomography.
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Furthermore, Tankó et al. showed that postmenopausal 
women with osteoporosis are at an increased risk for 
cardiovascular events (3.9-fold risk), that is proportional to 
the severity of osteoporosis (131). 

Breast artery calcification

Breast arterial calcification (BAC) is a result of calcium 
deposition in the media of the arteries. Although this 
calcium deposition occurs in a different layer than the 
intimal deposition of CAC, both these calcifications 
increase the arterial wall stiffness and associated with higher 
morbidity and mortality (132-135). BAC has been shown 
to correlate with the risk of CAD and the actual CAC  
score (136) (Figure 12). A study of 2,100 asymptomatic 
patients showed that the presence and severity of BAC is a 
strong indicator of coronary artery plaque and CAC score 
with odds ratio of 3.02 and 3.54 respectively (127). A meta-
analysis of 10 studies with 3,952 patients demonstrated 
the association of BAC with higher risk of CAD with 
an odds ratio of 3.86 (137). A more recent systematic 
review and meta-analysis of 31 studies in 35,583 patients 
demonstrated that BAC is associated with CAD (OR =2.61) 
as well as diabetes mellitus (OR =2.17) and hypertension  
(OR =1.80) (138). BAC is potentially a stronger predictor 
of CAD than the traditional risk factors such as family 
history, hypertension, and hyperlipidemia (137,139,140). 
A meta-analysis of 19 studies with 33,583 women showed 
that BAC did not only have high specificity for the presence 
of CAD (84.5–93%), but it also had high specificity for 
CAD morbidity and mortality (88–97%) (141). BAC is also 
associated with aortic calcification (142).

Note that most of the abovementioned studies used 

mammography for evaluation of BAC. A CT scan study also 
showed a similar significant association between BAC and 
both CVD and all-cause mortality independent of the other 
cardiovascular risk factors (all cause HR =5.67; 95% CI, 
1.50–21.41) (143). This association was not seen with splenic 
and iliac arterial calcification (143). Since BAC is a strong 
predictor of CAC, CAD and CAD mortality, some authors 
indicate that BAC should be reported in chest CT (144).

Previous studies on chest CT

Multiple studies have demonstrated that reporting the 
abovementioned incidental cardiac findings helps to establish 
the diagnosis, alter management, and provide prognostic 
information (22,27,47,145,146). Mendoza et al. showed that 
detection of CAC on non-gated chest CT resulted in a 
change in management in 20.5% of the patients, which was 
more common in patients without an established diagnosis 
of CAD compared to those with CAD. The most common 
change was alteration in the medication regimen (73.5%). 
2.6% of the patients needed percutaneous coronary 
intervention while 1.9% had surgery (145).

Additionally, a few dedicated studies have evaluated the 
cardiovascular prognostic significance of chest CT findings. 
A meta-analysis on 34,028 asymptomatic subjects showed 
higher cardiovascular risk in those with CAC in a routine 
chest CT. On a follow up of 45 months, 160 cardiovascular 
deaths (2.5%) and 570 cardiovascular events (4.5%) 
were seen in those with positive CAC, whereas only 47 
cardiovascular deaths (0.55%) and 72 cardiovascular events 
(1.3%) were seen in those with negative CAC (147). Jacobs 
et al. showed that both CAC and TAC detected on routine 
chest CT were significantly and independently associated 
with increased risk of CVD events (27). Presence of severe 
CAC and TAC are associated with 3.7 (95% CI, 2.7–5.2) 
and 2.7 times (95% CI, 2.0–3.7) higher risk of CVD event 
respectively compared to patients with no calcium (27).

Gondrie et al. showed that incidentally detected AVC, 
MVC and MAC are independent predictors of CVD  
events (47). Severe AVC, MVC and MAC were associated 
with 2.03 (1.48–2.78), 2.08 (1.04–4.19) and 1.53 (1.13–
2.08) increased risks of future CVD events respectively in 
comparison to patients with no calcification (47). Another 
study on smokers with lung cancer screening chest CT 
showed that CAC volume (1.45) and AVC volume (1.1) 
were predictive of 3-year cardiovascular events, along with 
cardiovascular history (1.89) and smoking history >10 years 
(1.24). A secondary model that did not include CV history 

Figure 12 Axial maximal intensity projection reconstruct from 
axial non-contrast chest CT images shows bilateral breast arterial 
calcifications (arrows). CT, computed tomography.
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also showed a significant C-statistic of 0.73 (147). A CT-
based prediction model for detection of patients at risk for 
CVD including patient’s age, sex, left ascending artery and 
mitral valve calcification, cardiac size and descending aorta 
calcification was developed by Jairam et al. This model 
allowed accurate risk stratification and identification of 
high-risk patients (C statistic of 0.71) (22).

The importance of these incidental findings has 
now been recognized and incorporated into guideline 
documents endorsed by several different societies. SCCT/
STR 2016 guidelines for calcium scoring and subsequent 
Coronary Artery Calcium Data and Reporting System 
recommends reporting calcium scoring, mitral annulus 
calcification, TAC in all routine non-gated chest CT 
scans (33,34). Similarly, a consensus statement from the 
British Society of Cardiovascular Imaging/British Society 
of Cardiac Computed Tomography (BSCI/BSCCT) and 
British Society of Thoracic Imaging (BSTI) recommends 
reporting of incidental coronary artery, aortic valve, mitral, 
myocardial and pericardial calcifications in conjunction 
with further management recommendations (148). Finally, 
American College of Radiology recommends reporting of 
incidental CAC on routine chest CT scans by using either 
Agatston or visual scoring methods (149).

Future directions

Advances in artificial intelligence (AI) brings the opportunity 
of using AI models for opportunistic screening in routine 
non-gated chest CTs. Deep learning convolutional neuronal 
networks (CNN) can evaluate multiple parameters at 
rapid pace without involvement of humans at comparable 
accuracies (150). New AI models provides automated 
quantification of calcium scores from chest CTs which has 
a good correlation with manual calcium scoring (151). A 
study of 14,959 patients with low-dose chest CT on the 
NLST database showed that automated score obtained from 
low-dose chest CT is a strong predictor of cardiovascular 
events, and demonstrates high correlation with manual 
quantification (152) Similarly, a deep learning algorithm for 
automated coronary and thoracic aortic calcium scoring on 
various types thoracic CTs that included the heart (CAC 
scoring CT, routine chest CT, PET-CT, radiation therapy 
treatment planning CT, and low-dose chest CT) showed 
interclass agreement (ICC) of 0.79–0.97 for CAC and 
0.66–0.98 for TAC across the range of different types of 
CT examinations. Despite the variations in scan protocols 
and types, the automated scoring of CAC and TAC by deep 

learning algorithm were found to be robust (153).

Strengths and limitations

The main strength of this narrative review is providing 
a comprehensive analysis of clinical and prognostic 
implications of incidental cardiovascular abnormalities 
detected on non-gated routine chest CT scans. Additionally, 
this review incorporates a substantial number of studies 
which allows more diverse range of evidence, increases 
robustness of the findings, and strengthens the overall 
conclusions drawn from the review.

This review also has some limitations. As for any 
systematic review, there is a possibility of selection bias since 
the studies included in this review were selected based on 
certain criteria. Additionally, as studies with nonsignificant 
findings are prone not to be published, a publication 
bias may also exist. Besides, included studies may vary 
significantly in terms of study population, study design, and 
methodology resulting in significant heterogeneity within 
the data which potentially may impact the overall strength 
of the conclusions.

Conclusions

A routine chest  CT has valuable information on 
cardiovascular disease, which is currently underutilized. 
There are several incidental findings that might help with 
diagnosis, cardiovascular risk stratification, appropriate 
referral and subsequent management. It is important for the 
chest radiologist to be cognizant of the clinical significance 
of incidentally encountered cardiovascular findings in  
chest CT.
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