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ABSTRACT

INTRODUCTION. Acute heart failure (AHF) is a diagnosis requiring rapid treatment. Cardiomegaly on chest radiograph is a
common marker of cardiac pathology used to identify AHF, but it has limited sensitivity. Low-dose chest CT (LDCT) may
improve assessment, though no standardised CT method exists. We examined the association between LDCT heart-to-lung
ratio and clinical AHF.

METHODS. We included 230 consecutive emergency department patients with acute dyspnoea. Maximal heart and lung
diameters were measured on axial LDCT slices using automated segmentation (TotalSegmentator v1). A heart-to-lung ratio (%)
was calculated. AHF diagnosis was adjudicated by cardiologists. Logistic regression assessed the association between heart-to-
lung ratio, analysed as a continuous variable, and AHF (OR per one-percentage-point increase with 95% CI).

RESULTS. Among 230 patients, 100 were diagnosed with AHF. Using heart-to-lung ratio categorically, 106 had < 50% and 124 ≥
50%. Using heart-to-lung ratio continuously, a one-percentage-point increase in heart-to-lung ratio was associated with AHF
(OR: 1.19, 95% CI: 1.12-1.27, p < 0.001), with an optimal cut-off of 52% (area under the curve = 0.85).

CONCLUSIONS. The heart-to-lung ratio on LDCT was significantly associated with AHF, with an optimal threshold just above the
radiographic cut-off. Standardising CT-specific cut-offs may enhance diagnostic accuracy in emergency care.

FUNDING. None.

TRIAL REGISTRATION. The National Ethics Committee on Health Research Ethics, Denmark, approved the original study
(Project-id: H-17000869).

Acute heart failure (AHF) is characterised by a rapid onset of cardinal symptoms such as dyspnoea and is
associated with high morbidity, mortality and a significant risk of rehospitalisation, which makes prompt
assessment and treatment initiation essential [1, 2]. While dyspnoea is one of the primary symptoms of AHF, it is
also observed in other acute conditions, including exacerbation of chronic obstructive pulmonary disease,
pneumonia and pulmonary embolism [3]. Consequently, imaging plays a key role in distinguishing between these
diagnoses in patients presenting with dyspnoea in the emergency department (ED) [4]. Chest radiographs and
lung ultrasounds are commonly used in acute settings, not only when AHF is suspected, but also for differential
diagnosis [5]. However, due to low sensitivity, additional imaging modalities, including chest CT, are often
required in acute or frail patients [6]. In recent years, the availability and use of CT in the ED have increased,
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providing valuable insights into conditions affecting patients with dyspnoea [7, 8].

On an anteroposterior chest radiograph, cardiomegaly is traditionally defined as a cardiothoracic ratio > 50%.
This original threshold is typically used as a trigger to recommend further cardiological evaluation [9, 10].
Although CT offers more detailed imaging and could improve assessment in suspected AHF, no standardised
method for evaluating cardiomegaly on CT exists, leading to substantial variation in interpretation [8, 11].
Furthermore, the literature on this topic is very limited, and the 50% cardiothoracic ratio for cardiomegaly has
not been validated for CT imaging [12]. However, an enlarged heart on low-dose chest CT (LDCT) has previously
been identified as one of the five most important CT signs for assessing the risk of AHF [8]. Therefore, the aim of
this study was to investigate the relationship between heart size from chest CT and the clinical diagnosis of AHF.

Methods

Design

This study was based on a consecutive sampling of patients admitted to the ED with acute dyspnoea between
November 2017 and October 2019 at Bispebjerg University Hospital, Copenhagen, Denmark. The National Ethics
Committee approved the original study on Health Research Ethics, Denmark (project id: H-17000869) [8]. All
patients provided informed written consent before participating in the study.

The study included patients presenting with dyspnoea accompanied by at least one objective sign of the
condition, such as peripheral oedema, jugular venous distention, orthopnoea or bilateral rales on auscultation [4,
8]. Patients were excluded if they could not give informed consent due to cognitive impairments, declined to
provide written consent or were not Danish citizens. Additional exclusion criteria included patients scheduled for
a chest CT for other clinical indications, such as suspected pulmonary embolism, aortic dissection or aneurysm.
Furthermore, individuals with acute coronary syndrome, those experiencing circulatory instability requiring
inotropic support, respiratory instability requiring ventilation (either mechanical or non-mechanical) or who had
a life expectancy of less than three months were excluded from the study.

All patients underwent a thorough clinical examination, blood sampling, chest radiography, detailed
echocardiographic assessment and LDCT. All study examinations had to be completed within 12 hours of
admission.

Calculation of heart-to-lung ratio on low-dose CT

The LDCTs were acquired using a multislice CT scanner (Somatom Definition Flash, Siemens Medical Solutions,
Forchheim, Germany) with a low-dose protocol (< 2 mSv) and without contrast enhancement [8].

TotalSegmentator version 1 [13] was used to obtain time-saving, repeatable and fully automated segmentations.
Because version 1 does not provide a complete heart segmentation but only segmentations of individual cardiac
structures, the total heart segmentation was defined as the union of the left and right atria, the left and right
ventricles and the myocardium. The total lung volume was defined as the segmented lung tissue and, if pleural
effusion was present, as the union of the lung and pleural effusion. The heart-to-lung ratio was defined as the
ratio of the maximal heart diameter to the maximal lung tissue diameter, each measured in millimetres on the
axial slice where each structure reached its largest diameter. Because the maximal diameters do not necessarily
occur on the same slice, the heart and lung measurements were performed independently. The heart-to-lung
ratio was calculated as: heart diameter divided by lung diameter × 100%. An increase in heart-to-lung ratio,
therefore, reflects a proportionally larger cardiac size relative to thoracic width.

Echocardiography

The examinations were conducted using the EPIQ 5 Ultrasound system (Philips) with an X5-1 transducer and
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subsequently analysed using IntelliSpace Cardiovascular 4.1.0.0 (Philips). Recordings and interpretations were
reviewed and approved by expert cardiologists accredited in echocardiography [8].

The examinations were performed by experienced cardiologists in accordance with the 2016 European Society of
Cardiology guidelines [14]. The protocol emphasised key parameters, including left ventricular ejection fraction,
E/A ratio, E/eʼ ratio, left atrial volume index and the quantification of severe valvular disease.

Definition of clinical acute heart failure diagnosis

Two cardiologists assessed clinical AHF by reviewing echocardiography, clinical information, blood tests and
medical records. Any discrepancies were resolved through discussion with a third cardiologist. The evaluation
covered all essential components for diagnosing AHF [2, 15], with particular emphasis on echocardiographic
markers of congestion, including elevated left ventricular filling pressure, in conjunction with cardiac
dysfunction or an acute precipitating factor. Notably, the cardiologists did not review chest radiographs or CT
radiology images to avoid circular reasoning [1]. An AHF likelihood scale was made based on previously
identified criteria, categorising patients according to a five-point Likert scale: 1. Not at all, 2. Somewhat
improbable, 3. Neutral, 4. Somewhat probable, 5. Definite. From these, a binary classification was created,
grouping 1-3 as not having AHF and 4-5 as having clinical AHF.

Statistical analysis

All statistics were performed using R (version 4.4.1). Continuous variables were presented as medians with IQR
and compared using the Kruskal-Wallis test. Categorical variables were presented as counts with percentages and

compared using the χ2 test. A p-value < 0.05 was considered statistically significant.

In this study, the heart-to-lung ratio was the primary predictor variable. Patients were grouped according to
heart-to-lung ratio < 50% and ≥ 50% when the variable was used categorically, as presented in Table 1 and Table
2. A logistic regression model was used to assess the association between a one-percentage-point increase in
heart-to-lung ratio measured on LDCT and the OR of AHF with 95% CI. When assessing the association between
heart-to-lung ratio and odds of AHF, the heart-to-lung ratio was treated as a continuous variable. The model was
adjusted for clinically relevant confounders associated with increased heart size: age, sex, BMI, hypertension and
prior history of heart failure. The diagnostic performance of the adjusted logistic regression model was evaluated
using receiver operating characteristic (ROC) curve analysis, and the area under the curve (AUC) was calculated.
Optimal cut-off values for the heart-to-lung ratio were determined using the Youden index.
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Trial registration: The National Ethics Committee on Health Research Ethics, Denmark, approved the original study (project id:
H-17000869).

Results

Baseline characteristics

A total of 230 participants were included in the present study (median age: 75 years (IQR: 67-81 years); 57% were
male, the median left ventricular ejection fraction was 55% (IQR: 45-60%) and the median heart size on LDCT was
122 mm (IQR: 106-137 mm, SD: 22.5 mm)). Among the included patients, a total of 100 were diagnosed with AHF.

In total, 124 patients (54%) had a heart-to-lung ratio < 50%, and 106 patients (46%) had a heart-to-lung ratio ≥
50%. The ≥ 50% group had a larger maximal heart diameter (123.2 mm vs. 120.3 mm, p = 0.006) and a smaller
maximal lung diameter (218.9 mm vs. 268.4 mm, p < 0.001) than the < 50% group (Table 1).

Patients with a heart-to-lung ratio of≥ 50% had a higher proportion of comorbidities, including heart failure (p =
0.003), valvular heart disease (p = 0.004) and atrial fibrillation (p < 0.001) (Table 1).

Association between CT-verified heart-to-lung ratio and adjudicated acute heart failure

Both the unadjusted logistic regression model (OR = 1.20, 95% CI: 1.14-1.27, p < 0.001) and the adjusted logistic
regression model (OR = 1.19, 95% CI: 1.12-1.27, p < 0.001) demonstrated a significant association between a CT-
assessed one-percentage-point increase in heart-to-lung ratio and AHF. In the adjusted model, male sex (OR =
2.01, 95% CI: 1.01-4.00, p = 0.047), higher age (OR = 1.05, 95% CI: 1.01-1.09, p = 0.008) and a history of heart failure
(OR = 2.42, 95% CI: 1.13-5.19, p = 0.02) were significantly associated with AHF.

A ROC curve was generated from the adjusted logistic regression model using the calculated predicted probability
of AHF, yielding an AUC of 0.85. The Youden index identified an optimal cut-off value for the heart-to-lung ratio
at 52%, representing the threshold that maximised sensitivity and specificity for predicting AHF (Figure 1).
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Echocardiography measurements in relation to low-dose CT heart-to-lung ratio

The association between high and low heart-to-lung ratios and echocardiographic measures is presented in Table
2. Among patients with a heart-to-lung ratio ≥ 50%, higher values for several parameters were reported,
including left ventricular diameter (p < 0.001), interventricular septum diameter (p = 0.02), left atrium volume
index (p < 0.001), left ventricular volume index (p < 0.001) and left ventricular ejection fraction (p < 0.001).

Discussion

This study found a significant association between a one-percentage-point increase in heart-to-lung ratio and risk
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of AHF (OR: 1.19, 95% CI: 1.12-1.27, p < 0.001). Furthermore, we identified 52% as the optimal heart-to-lung cut-
off on LDCT for detecting AHF, suggesting its potential to serve as a simple, readily available biomarker for
future clinical use and research.

Cardiomegaly is a key radiological finding in suspected AHF and is strongly linked to structural and functional
cardiac abnormalities [16], highlighting its clinical relevance as an indicator of heart disease and a prognostic
factor [10]. In this context, assessing heart size using both chest radiograph and CT plays a crucial role in
diagnosing and risk-stratifying patients with suspected AHF, often serving as an important step before further
investigations, such as echocardiography [17].

When comparing groups based on heart-to-lung ratio, the absolute difference in heart size was minimal, whereas
lung size emerged as the primary distinguishing factor. This finding aligns with the higher prevalence of chronic
obstructive pulmonary disease in the < 50% heart-to-lung ratio group [18] and is consistent with reports showing
hyperinflation in patients with COPD [19]. This may indicate that a low heart-to-lung ratio largely reflects lung
hyperinflation rather than the absence of cardiac pathology, suggesting a potential rule-out value in patients with
COPD. Nevertheless, echocardiographic assessment revealed significant structural differences with larger
cardiac chambers and thicker myocardial walls in patients with a heart-to-lung ratio ≥ 50%. These results
reinforce the clinical relevance of CT-based heart size evaluation, as previously suggested by Chae et al. [20].

Although chest radiographs remain widely used in the ED, recent studies suggest that LDCT may offer superior
diagnostic accuracy in detecting signs of AHF and significantly better performance than chest radiographs in
detecting pulmonary congestion [4, 8].

Given the increasing use of CT in emergency settings [7], establishing a clear diagnostic cut-off for the heart-to-
lung ratio on LDCT to indicate AHF in dyspnoeic patients is essential for improving clinical decision-making and
guiding further treatment.

Study strengths and limitations

This study has several strengths, including a short time from hospital admission to clinical evaluation and
radiological examinations, with all investigations being conducted according to the predefined protocol [8].
Additionally, the segmentation of the maximal heart and lung diameters was performed without knowledge of
the clinical diagnoses of AHF, reducing bias. The use of segmentation as the main method can be seen as a
methodological strength and may be valuable in the absence of a universal CT standard for cardiac and lung size.
The method provides reproducible and consistent results. However, it is not yet available in clinical practice.

Limitations include the need for informed consent, which excluded severely dyspnoeic patients, and the
exclusion of those with acute coronary syndrome requiring continuous telemetry. Restricting the cohort to
individuals over 50 years improves the relevance for higher-risk groups but limits generalisability to younger
populations.

Conclusions

In this study investigating heart-to-lung ratio in a consecutive cohort of acute chest CTs, we found a strong
correlation between increased heart-to-lung ratio and clinical AHF. An optimal cut-off value for distinguishing
patients at low or high risk of AHF on LDCT was identified at 52%. Given the increasing use of CT in emergency
settings, establishing standardised radiological criteria for heart size on CT could enhance clinical decision-
making and improve patient management, with a low heart-to-lung ratio potentially serving as a rule-out marker
of AHF. Future studies should further explore the role of cardiac findings on LDCT.
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