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Each year, approximately 19 million non-gated chest computed to
mography (CT) scans are performed in the United States for various 
clinical indications [1]. The AI-CVD project was established to oppor
tunistically derive actionable information from routine chest CT scans, 
specifically non-contrast chest CT (NCCT) scans. Among the clinically 
relevant metrics that can be extracted from NCCT, cardiac chamber 
volumes are of particular interest [2]. We previously showed that 
AI-CVD cardiac chamber volumetry in coronary artery calcium (CAC) 
scans, particularly the left atrium (LA) and left ventricle (LV), predicts 
future atrial fibrillation (AF) and heart failure (HF) [3–5]. Furthermore, 
we previously compared AI-CVD chamber volumetry with manual 
chamber volumetry in cardiac MRI and demonstrate comparable results 
for predicting HF [6]. In this study, we compared AI-CVD–derived car
diac chamber volumetric measurements from non-gated NCCT with 
corresponding echocardiographic measurements.

We included 1675 participants from the Multi-Ethnic Study of 
Atherosclerosis (MESA) who underwent both non-gated, chest NCCT 
and echocardiography at exam 6 (2016–2018) and provided consent for 
commercial use of their data (mean age: 73.6 ± 8.4 years; 44.6% male). 
NCCT-scans were acquired via the established MESA lung protocol 
(www.mesa-nhlbi.org). Automated AI-CVD cardiac chambers volumetry 
was performed using AutoChamber™ (HeartLung.AI, Houston, TX), an 
FDA-approved (K252029) deep learning tool within the AI-CVD plat
form that segments all four cardiac chambers and left ventricular mass. 
For each participant, LA, LV, right atrial (RA), and right ventricular (RV) 
volumes and LV mass were automatically calculated by summing 
segmented cross-sectional areas on soft tissue kernel images, multiplied 
by slice thickness, and indexed to body surface area to derive volume 
indices like LAVI, and LVVI. Echocardiography protocols have been 
reported [7] and involved two-dimensional imaging performed by 
sonographers trained and certified by the Northwestern University 
Echocardiography Core Laboratory (NUECL) using a standardized pro
tocol. De-identified studies were analyzed at the NUECL using GE 
EchoPAC software, with cardiologist review for quality assurance. LV 
volumes at end-diastole and ejection fraction were derived using the 
biplane Simpson’s method from apical 2- and 4-chamber views, 
excluding papillary muscles and trabeculae. LA volume was measured at 
end-systole, excluding pulmonary veins and the appendage. As with 
NCCT, volumes were indexed to body surface area.

Among the 1675 participants, 158 had baseline (MESA Exam 6) AF 
and 37 had HF, of whom 9 had an ejection fraction <40%. Over a me
dian follow-up of 2.6 years, 16 HF events occurred (3.94 incidence per 
1000-person-years), while over a median of 1.6 years, 49 new AF events 
were observed (6.78 incidence per 1000-person-years). Mean LVVI was 
53.0 ± 12.1 mL/m² on NCCT compared with 41.0 ± 8.8 mL/m² on 
echocardiography (Fig. 1-Panel a). Similarly, mean LAVI was higher on 
NCCT (36.2 ± 13.3 mL/m²) than on echocardiography (28.2 ± 9.2 mL/ 
m²) (Fig. 1-Panel b). Echocardiography’s lower volumes reflect its 
known underestimation of chamber size compared with CT [8], due to 
lower spatial resolution, geometric assumptions, and difficulty delin
eating the endocardial border in poor acoustic windows or marked 
trabeculation [8].

Participants with baseline HF demonstrated higher LVVI values on 
both NCCT and echocardiography, consistent with prior literature, 
particularly in HF with reduced ejection fraction [9]. NCCT-based LVVI 
demonstrated comparable discrimination for baseline HF (AUC 0.76 
[0.66–0.85] vs. 0.70 [0.61–0.80], p = 0.12) (Fig. 1-Panel c). For AF, 
LAVI was higher among affected individuals on both NCCT and echo
cardiography, with NCCT-based LAVI showing significantly higher 
discrimination (AUC 0.77 [0.73–0.81] vs. 0.72 [0.67–0.76], p = 0.01) 
(Fig. 1-Panel d).

Cumulative incidence curves by tertiles demonstrated substantial 
overlap between NCCT- and echocardiography-derived LVVI for HF, 
with the highest tertile of each showing incidence rates of 9.9 and 8.1 
per 1000-person-years, respectively (Fig. 1-Panel e). Similarly, for LAVI 
and AF, the highest tertile of NCCT-scan and echocardiography 

demonstrated 45.9 and 38.6 incidence per 1000-person-years (Fig. 1- 
Panel e). For HF prediction, NCCT-derived LVVI (combined with age and 
sex in a Cox proportional hazard model) demonstrated a C-index of 0.82, 
compared with 0.79 for the echocardiography-based model (similarly 
combined with age and sex). The 95% confidence interval for the dif
ference in C-indices (CT minus echocardiography) was − 0.06 to 0.07, 
with a two-sided p-value of 0.36. For AF, the NCCT-derived LAVI model 
(combined with age and sex) yielded a C-index of 0.73, compared with 
0.73 (combined with age and sex) for the echocardiography-based 
model. The difference in C-indices was negligible (95% CI: − 0.04 to 
0.05; two-sided p = 0.66), suggesting comparable discriminative per
formance between modalities (Table 1).

To our knowledge, this is the first study comparing AI-derived 
chamber volumetry from non-gated NCCT with echocardiography. Our 
findings show that NCCT-based AI-derived cardiac chambers volumetry 
and echocardiography provide similar discrimination of prevalent and 
incident HF and AF. Recently, the American Heart Association suggested 
that non-gated NCCT scans have the potential to become a cornerstone 
of clinical practice by improving cardiovascular disease risk prediction 
and reaching a broader, more diverse population through opportunistic 
AI tools, particularly among patients who have traditionally been 
identified only by coronary artery calcium (CAC) scanning [1]. How
ever, our findings suggest that this potential extends beyond CAC, as 
AI-based analysis of NCCT can identify a comparable range of high-risk 
patients to those previously detectable only through echocardiography. 
Although non-gated acquisitions do not allow determination of the 
cardiac cycle phase at which chamber volumes are captured, we have 
previously demonstrated that non-gated NCCT provides non-inferior 
predictive performance compared with ECG-gated scans for both HF 
and AF [10]. Importantly, NCCT-derived measures are not intended to 
replace echocardiography but rather to serve as an opportunistic 
screening and triage tool in patients already undergoing NCCT for other 
indications. Further studies with longer follow-up, broader age ranges, 
larger sample sizes and cross cardiac cycle comparisons are needed to 
validate these findings.

In summary, AI-enabled opportunistic assessment of cardiac cham
ber volumes from non-gated NCCT demonstrates comparable perfor
mance to echocardiography for cardiovascular risk assessment, while 
offering practical advantages by eliminating the need for contrast 
agents, ECG-gating, and specialized operator expertise. Larger obser
vational studies, clinical trials, and cost-effectiveness analyses are war
ranted to further evaluate NCCT-based AI-enabled screening as a tool for 
the primary prevention of cardiovascular disease.
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Fig. 1. Comparison of AI-enabled cardiac chambers volumetry based on non-gated chest CT scans with echocardiography.
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Table 1 
Comparative analysis of AI-based chamber volumetry from non-gated lung CT and manual echocardiography for the prediction of atrial fibrillation and heart failure.

Chamber Echocardiography C-Index Non-Gated CT scan  
C-Index

Two-Sided p value 95% Confidence  
Interval of Difference*

Lower bound of 95%  
CI of Difference

Heart Failure

Left Ventricular Volume Index 0.79 (0.70–0.91) 0.82 (0.67–0.93) 0.36 (− 0.06, 0.07) − 0.06
Left Atrial Volume Index 0.79 (0.39–0.90) 0.82 (0.19–0.913) 0.29 (− 0.61, 0.07) − 0.61
Left Ventricular Mass Index 0.77 (0.67–0.90) 0.83 (0.20–0.93) 0.35 (− 0.59, 0.09) − 0.59
Left-to-Right Ventricular Volume Ratio 0.78 (0.68–0.90) 0.81 (0.71–0.92) 0.43 (− 0.05, 0.10) − 0.05
Left-to-Right Atrial Volume Ratio 0.77 (0.68–0.89) 0.78 (0.68–0.90) 0.45 (− 0.01, 0.03) − 0.01
Atrial Fibrillation
Left Atrial Volume Index 0.73 (0.66–0.79) 0.73 (0.66–0.81) 0.66 (− 0.04, 0.05) − 0.04
Right Atrial Volume Index 0.67 (0.61–0.77) 0.70 (0.64–0.79) 0.20 (− 0.01, 0.07) − 0.01
Left-to-Right Atrial Volume Ratio 0.72 (0.65–0.78) 0.68 (0.62–0.77) 0.18 (− 0.07, 0.01) − 0.07
Left Atrial-to-Ventricular Volume Ratio 0.71 (0.64–0.77) 0.70 (0.63–0.78) 0.81 (− 0.04, 0.03) − 0.04

* Difference: Non-gated CT - Echocardiogram.
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