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Original Article
Chest CT signs and serum homocysteine
levels can effectively diagnose chronic heart failure
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Abstract: Objective: Chronic heart failure (CHF) is a significant clinical and public health concern, and improving its
diagnostic accuracy remains an urgent challenge. This study aimed to evaluate the diagnostic value of chest com-
puted tomography (CT) signs and serum homocysteine (Hcy) levels in the preoperative diagnosis of CHF. Methods:
Clinical records of 97 patients hospitalized with suspected CHF between January 2019 and December 2023 were
retrospectively analyzed. The accuracy, specificity, and sensitivity of chest CT in diagnosing CHF were calculated,
using color Doppler echocardiography as the gold standard. Key CT features, including pulmonary venous hyperten-
sion (PVH), atrial dilatation (AD), cardiogenic pulmonary edema (CPE), and pleural effusion (PE), were assessed.
Serum Hcy levels were compared, and diagnostic performance was evaluated using a receiver operator character-
istic (ROC) curves. Results: The accuracy, sensitivity, and specificity of chest CT for diagnosing CHF were 82.47%,
91.07%, and 70.73%, respectively. Among patients with diagnosed with CHF, 48 (76.19%) had PVH, 44 (69.84%)
had CPE, 44 (69.84%) had PE, and 47 (74.60%) had AD. PVH, AD, CPE, and PE were strongly correlated with CHF (all
P<0.05). The area under the curve (AUC) for CHF diagnosis was 0.831 for CT alone, 0.824 for Hcy alone, and 0.922
for the combined approach. Conclusion: Chest CT demonstrated high diagnostic efficiency for CHF, aiding clinicians
in preoperative assessment and differentiation. It provides reliable identification of key CHF-related signs, including
PVH, AD, CPE, and PE, all of which are strongly correlated with CHF. In addition, integrating serum Hcy levels with
imaging findings enhances diagnostic accuracy.
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Introduction As aforementioned, the heterogeneity in the
occurrence and presentation of CHF prevents a
single test from definitively diagnosing HF.
However, the frequent co-occurrence of pulmo-
nary hypertension in CHF patients represents a
potential diagnostic opportunity. Evidence sug-

gests that pulmonary artery-related parameters

Heart failure (HF) is a major clinical and public
health concern. Due to the heterogeneity and
complexity of its pathogenesis, clinical mani-
festations, and survival outcomes, effective
treatment strategies remain limited in most

cases [1]. HF is the leading cause of hospital-
ization and is associated with mortality risk.
Globally, it affects approximately 65 million
people, with an incidence of 1-2% in developed
countries [2]. HF is classified into acute heart
failure (AHF) and chronic heart failure (CHF),
with CHF being a progressive syndrome result-
ing from structural or functional cardiac abnor-
malities. Hypertension, coronary heart disease
(CHD), and dilated cardiomyopathy are com-
mon causes of CHF [3]. Patients often present
with fatigue, insomnia, dyspnea, edema, de-
pression and chest pain [4].

are associated with survival outcome in HF
patients [5]. Computed tomography (CT) is the
preferred approach for obtaining comprehen-
sive chest images and excluding pulmonary dis-
eases [6]. Consequently, chest CT findings can
aid clinicians in identifying and diagnosing CHF.
Moreover, chest CT enables a more accurate
characterization of the cardiac pathophysiology
in HF patients [7, 8]. A study comparing chest
CT, echocardiography and right ventricular cath-
eterization reported that chest CT had high
diagnostic value for identifying CHF and can
help predict survival outcome in CHF patients
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Table 1. General information of suspected
chronic heart failure patients (n=97)

Category N (%); mean + sd
Sex
Male 51 (52.58)
Female 46 (47.42)
Average age (years old) 73.24+6.63
Cardiac function classification
Il 46 (47.42)
I 32 (32.99)
v 19 (19.59)
Primary heart disease
Coronary heart disease 58 (59.79)
Hypertensive heart disease 26 (26.80)
Rheumatic heart disease 13 (13.40)

with reduced ejection fraction (EF) in advanced
stages [9]. Moreover, chest CT enhances the
diagnostic efficacy of transthoracic echocar-
diography in HF [10]. Homocysteine (Hcy), a key
contributor to atherosclerosis, is closely associ-
ated with cardiovascular disease [11]. Recent
studies have reported elevated serum Hcy lev-
els in CHF patients, suggesting that Hcy may
serve as a risk factor for CHF [12]. However,
further evidence is required to establish the
combined diagnostic value of chest CT and Hcy
levels in HF.

To evaluate the utility of chest CT and serum
Hcy levels for the preoperative diagnosis of
CHF, this study retrospectively analyzed the
clinical data from 97 patients who were hospi-
talized with suspected CHF between January
2019 and December 2023. Key clinical signs,
including pulmonary venous hypertension
(PVH), atrial dilatation (AD), cardiogenic pulmo-
nary edema (CPE), pleural effusion (PE) were
assessed using chest CT. This study aimed to
verify the diagnostic efficacy of chest CT and
Hcy level in HF and provide reliable scientific
evidence.

Methods
Case selection

Ninety-seven patients with suspected CHF who
were hospitalized in the First Affiliated Hospital
of Xinxiang Medical University between January
2019 and December 2023 were retrospective
included in this study. This study was approved
by the Ethics Committee of the First Affiliated
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Hospital of Xinxiang Medical University. General
information is shown in Table 1.

Inclusion criteria: (1) Patients with suspected
CHF based on clinical symptoms who required
further tests (e.g., color Doppler echocardiogra-
phy); (2) Patients with complete clinical data
and high-quality imaging; (3) Patients with no
history of severe trauma in the past two weeks;
no malignant tumor or other cerebrovascular/
cardiovascular diseases; no dysfunction of the
liver, kidney, lungs or other organs; no hemato-
logic or systemic immune diseases; no history
of myocardial infarction or hyperthyroidism in
the past six months; and no use of anti-epilep-
tic, anti-inflammatory, or hormone drugs.

Exclusion criteria: (1) Acute coronary syndrome
within past 6 months prior to admission; (2)
Congenital heart disease, moderate-to-severe
heart valve disease, pericardial disease, or
restrictive cardiomyopathy; (3) History of post-
cardiac transplantation, severe liver disease,
malignant arrhythmia with hemodynamic insta-
bility, renal insufficiency, malignant disease,
severe infections, or other serious wasting dis-
eases; (4) Incomplete clinical data or poor-qual-
ity imaging.

Data collection

Patient data were retrieved from electronic
medical records, including demographic infor-
mation (age, sex, cardiac function classifica-
tion), serum biochemical markers, and imaging
data (chest CT and color Doppler echocardiog-
raphy). Data entry was performed using
Excel software, with duplicate entries by two
independent reviewers, followed by cross-
checking to ensure accuracy and maintain data
integrity.

Outcome measurement

The primary outcome measures were chest CT
findings and serum Hcy levels. Secondary out-
come measures included pulmonary venous
hypertension (PVH), atrial dilatation (AD), car-
diogenic pulmonary edema (CPE), and pleural
effusion (PE).

Chest CT scan: All patients underwent thoracic
spiral CT scanning (GE Healthcare, Waukesha,
WI, USA) with an inter-slice spacing set as 10
mm. AD was assessed using the mediastinal
window, with continuous scanning performed
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Table 2. Diagnostic results of chronic heart failure using Chest CT and Color Doppler echocardiography

Chest CT diagnosis results

Color Doppler echocardiography result - - - - Total
Chronic heart failure Non-chronic heart failure

Chronic heart failure 51 12 63

Non-chronic heart failure 5 29 34

Total 56 41 97

from the lung apex downward. Vessel thickness
and fluid retention were also evaluated. In addi-
tion, the degree of pulmonary edema was
observed through the pulmonary window. After
scanning, CT images were analyzed, and CHF-
related clinical signs, including PVH, AD, CPE,
and PE, were recorded.

Color Doppler echocardiography: All patients
underwent color Doppler echocardiography (iE-
elite and 7C with transducer S5-1 and X5-1;
Phillips, Andover, MA, USA) to assess cardiac
enlargement, systolic and diastolic function,
and EF. The presence of cardiac enlargement,
impaired systolic and diastolic function, and
reduced EF was indicative of HF.

Serum homocysteine (Hcy) levels: Fasting
venous blood samples were collected from all
patients in the morning following hospital
admission. Samples were centrifuged at 3000
rpm for 15 minutes to separate serum, and Hcy
levels were measured using an enzymatic
assay. Homocysteine assay kits were pur-
chased from Ortho-Clinical Diagnostics, Inc.

Statistical methods

All data were analyzed using SPSS 25.0 statisti-
cal software. Categorical data were presented
as the number of cases (percentage), while
measured data were expressed as the mean
+ standard deviation. Analysis of variance
(ANOVA) was used for continuous variables,
and the chi-square test was applied to categori-
cal variables. Diagnostic sensitivity, specificity,
and the area under the receiver operating char-
acteristic (ROC) curve (AUC) were calculated
based on Bayes’ theorem. A two-tailed P-value
<0.05 was considered statistically significant.

Results
General information

This study included 97 patients with suspected
CHF, including 51 males and 46 females, with
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an average age of 73.24+6.63 years old. Based
on cardiac function classification, there were
46 cases of grade Il, 32 cases of grade Ill, and
19 cases of grade IV CHF. Regarding the prima-
ry underlying heart diseases, CHD, hyperten-
sive heart disease, and rheumatic heart dis-
ease were observed in 58, 26, and 13 cases,
respectively (Table 1).

Accuracy of chest CT in diagnosing CHF

Among the 97 suspected CHF cases, CHF was
confirmed in 63 patients (64.95%) by color
Doppler echocardiography and in 56 patients
(57.73%) by chest CT. Using color Doppler echo-
cardiography as the gold standard, the diag-
nostic accuracy, sensitivity, and specificity of
chest CT for CHF were calculated as 82.47%,
91.07%, and 70.73%, respectively (Table 2).
Representative chest CT images of CHF are
shown in Figure 1.

Diagnostic value of PVH in CHF

As shown in Figure 2, among the 63 patients
diagnosed with CHF by color ultrasound, 48
patients (76.19%) exhibited pulmonary ven-
ous hypertension (PVH). In contrast, PVH was
observed in 11 (32.35%) of the 34 non-CHF
patients identified by color ultrasound. A Chi-
square test revealed a significant difference in
PVH occurrence between CHF and non-CHF
patients (P<0.0001, x?=17.81). Furthermore,
ROC curve analysis was performed to assess
the diagnostic utility of PVH for CHF. The results
showed that the AUC for PVH in CHF diagnosis
was 0.794 (95% Cl: 0.698-0.891).

Diagnostic value of CPE in CHF

As shown in Figure 3, among the 63 patients
diagnosed with CHF by color ultrasound, 44
(69.84%) had cardiogenic pulmonary edema
(CPE), while CPE was present in 15 (44.12%) of
the 34 non-CHF patients identified by color
ultrasound. A chi-square test demonstrated

Am J Transl Res 2025;17(4):3085-3093



Diagnosis of chronic heart failure

Figure 1. CT images from a chronic heart failure patient. A: Enlarged and blurred pulmonary hilums, thickened and
blurred bronchovascular bundles (arrows), thickened smooth interlobular septa, diffuse ground-glass shadows in
the lung fields; B: Mediastinal window in patients with chronic heart failure, presence of a small pericardial effusion.

a significant difference in CPE occurrence
between CHF and non-CHF patients (P=0.013,
Xx?=6.132). Additionally, ROC curve analysis was
conducted to evaluate the diagnostic value of
CPE in CHF. The results showed that the AUC
for PVH in CHF diagnosis was 0.731 (95% Cl:
0.626-0.836).

Diagnostic value of PE in CHF

As shown in Figure 4, pulmonary edema (PE)
was observed in 44 (69.84%) of the 63 CHF
patients identified by color ultrasound, where-
as among the 34 patients classified as non-
CHF identified by color ultrasound, PE was
detected in 11 (32.35%). A statistically signifi-
cant difference in the incidence of PE between
CHF and non-CHF patients was identified using
the chi-square test (P=0.0004, x?=12.641).
Furthermore, the diagnostic performance of PE
for CHF was evaluated using a receiver operat-
ing characteristic (ROC) curve. The AUC for
PE in diagnosing CHF was 0.738 (95% ClI:
0.634-0.841).

Significance of AD in CHF based on chest CT

As shown in Figure 5, atrial dilatation (AD) was
detected in 47 (74.60%) of the 63 CHF patients
identified by via color ultrasound, while AD was
present in only 12 (35.29%) of the 34 non-CHF
patients identified by via color ultrasound. The
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chi-square test revealed a statistically signifi-
cant difference in AD occurrence between CHF
and non-CHF patients (P=0.0002, x>=14.321).
Additionally, the ROC curve analysis of AD
for CHF diagnosis showed that the AUC of
PVH for CHF detection was 0.816 (95% CI:
0.723-0.908).

Diagnostic value of CT combined with Hcy level

According to the biochemical index detection
results, the serum Hcy level in CHF patients
was (30.96+7.20) ymol/L, significantly higher
than (22.53+5.26) umol/L for non-CHF pa-
tients. The diagnostic values of CT, Hcy levels,
and their combined application in CHF diagno-
sis were assessed using ROC curve analysis.

The sensitivity and specificity of Hcy levels
for CHF diagnosis were 88.24% and 68.25%,
respectively. The AUC for CT alone for CHF diag-
nosis was 0.831, while that for Hcy levels alone
was 0.824. However, the combined diagnostic
approach yielded an AUC of 0.922, demonstrat-
ing significantly improved diagnostic accuracy
(P<0.05). These results are illustrated in Figure
6 and summarized in Table 3.

Discussion

Heart failure (HF) occurs when the heart is too
stiff to pump effectively or when the cardiac
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Figure 2. Pulmonary venous hypertension (PVH) statistics in suspected chronic heart failure (CHF) patients (P<0.0001, x?>=17.81). A: PVH incidence in CHF patients;
B: PVH incidence in non-CHF patients; C: ROC curve for PVH for diagnosing CHF.
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Figure 3. Statistics of cardiogenic pulmonary edema (CPE) for suspected chronic heart failure (CHF) patients (P=0.013, x>=6.132). A: CPE incidence in CHF patients;
B: CPE incidence in non-CHF patients; C: ROC curve for CPE in diagnosing CHF.
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Figure 4. Statistics of pleural effusion (PE) in suspected chronic heart failure (CHF) patients (P=0.0004, x>=12.641). A: PE incidence in CHF patients; B: PE incidence
in non-CHF patients; C: ROC curve for PE for diagnosing CHF.
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Figure 5. Statistics of atrial dilatation (AD) in suspected chronic heart failure (CHF) patients (P=0.0002, x?=14.321). A: AD incidence in CHF patients; B: AD incidence
in non-CHF patients; C: ROC curve for AD for diagnosing CHF.
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Figure 6. ROC analysis of CT, Hcy and their combination for diagnosing CHF.

Hcy: homocysteine; CHF: chronic heart failure.

Table 3. Diagnostic performance of CT, Hcy, and their combination

for chronic heart failure

preventive intervention and
reducing the burden of cardio-
vascular diseases [20]. A
2017 study [21] highlighted
that chest CT facilitates the
identification of risk factors
and improves the detection
rate of cardiovascular diseas-
es. Therefore, the use of chest
CT for CHF diagnosis is a fea-
sible approach. In this study,
color Doppler echocardiogra-
phy was used as the gold stan-
dard to assess the diagnostic
performance of chest CT in
CHF. The results revealed that
chest CT has high specificity,
sensitivity, and accuracy in
CHF diagnosis.

Further analysis of clinical
signs, including pulmonary

Variable AUC S.E. P 95% Cl venous hypertension (PVH),
CcT 0.831  0.046 <0.0001  0.742-0.921 atrial dilatation (AD), cardio-
Hey 0.824  0.043  <0.0001  0.739-0.908 genic pulmonary edema (CPE),
Joint detection 0922 0029 <0.0001  0.865-0.979 and pleural effusion (PE),

Hcy: homocysteine.

muscle is weakened. Hypertension, CHD, dia-
betes, obesity, and smoking are all significant
contributors to HF [13]. HF imposes a substan-
tial economic burden on both patients and
health care system, with treatment costs rising
continuously [14]. The incidence and risk of HF
increase with age [15], and diagnosing CHF
remains a major challenge in the elderly popu-
lation [16]. An accurate diagnosis is essential
for timely and appropriate treatment strate-
gies. Therefore, improving the diagnostic rate
of CHF is an urgent clinical need.

CT enables three-dimensional visualization of
organs [17]. Chest CT is a non-invasive imaging
modality that facilitates the understanding of
lung structure and pathophysiology, aiding in
disease assessment [18]. It has considerable
potential in diagnosing cardiovascular disease
and is expected to improve the cost-effective-
ness of disease screening in the future [19].
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obtained based on chest CT
confirmed their association
with  CHF. Pulmonary hyper-
tension is a common hemodynamic alteration
in HF that arises from pressure injury and
chronic venous congestion due to increased
left atrial pressure [22]. In CHF-induced pulmo-
nary hypertension, the sustained high-pressure
environment also impairs atrial function, lead-
ing to right AD [23]. When the right atrial stroke
volume exceeds that of the left atrium, fluid
accumulates in the alveoli, causing pulmonary
edema [24]. Moreover, HF is a well-recognized
cause of PE [25]. The above four signs, all
detectable by chest CT, provide valuable insight
into the pulmonary pathophysiology of HF.

However, chest CT has certain limitations. First,
the risks of radiation exposure must be consid-
ered, and further studies are needed to evalu-
ate the relationship between radiation dose
and CHF diagnosis. Second, chest CT is rela-
tively expensive, which poses financial con-
straints for routine screening. Thus, enhancing
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the diagnostic accuracy of chest CT by integrat-
ing cost-effective biochemical markers could
be a more practical approach. In this context,
we evaluated serum Hcy levels, a methionine
metabolite strongly associated with cardiovas-
cular disease. Hcy-mediated endothelial cell
damage can lead to structural and functional
vascular abnormalities and is considered a
possible etiologic factor in CHF assessment
[26, 27]. Elevated Hcy levels have been widely
reported to promote mast cell aggregation and
are an independent risk factor for myocardial
fibrosis, diastolic dysfunction, and ventricular
remodeling [12]. In the present study, we found
that Hcy can serve as a useful biomarker for
CHF diagnosis, with its diagnostic value further
enhanced when combined with chest CT.

This study still has several limitations. The pri-
mary limitation is its monocentric and retro-
spective design, which may limit the gene-
ralization of the findings. Additionally, the retro-
spective nature of data collection may lead to
an underestimation of outcomes due to poten-
tially incomplete patient records. While some
data were automatically sourced from the
patient management system, most required
manual retrieval from various patient docu-
ments, introducing a possibility of data omis-
sion or inconsistencies. Furthermore, this study
focused solely on homocysteine (Hcy) levels,
without assessing other biochemical markers
that may be critical for CHF diagnosis, possibly
missing additional relevant indicators.

In conclusion, this study demonstrated that
chest CT exhibits high diagnostic performance
in CHF, aiding clinicians in preoperative assess-
ment and differentiation of the disease.
Moreover, the combined diagnostic approach
integrating serum Hcy levels further enhances
diagnostic accuracy. Given that chest CT can
accurately capture the clinical signs, our find-
ings suggest that PVH, AD, CPE, and PE are
significantly associated with CHF. These
insights contribute to the expanding clinical
application of chest CT in CHF diagnosis and
management.
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