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Abstract

Background: Analyzing the diagnostic cut-off values of chest radiographs provides an in-depth understanding
of unrecognized aortic diseases, thereby contributing to a more comprehensive approach to identifying
subtle aortic abnormalities.

Objectives: The objective of this study was to determine the cut-off measurements for superior mediastinal
width and mediastinal width-to-thoracic cage ratio from chest radiographs for the early detection of unrecognized
thoracic aortic diseases. In addition, this study aimed to enhance diagnostic strategies for identifying aortic
abnormalities.

Methods: This retrospective analysis included 152 patients who underwent computed tomography angiography
(CTA) of'the thoracic aorta and chest radiograph between April 2007 and January 202 1. Superior mediastinal
width was measured at three levels on chest radiographs. Thoracic CTA findings were categorized into
normal and abnormal groups, the latter comprising aortic dissection, intramural hematoma, penetrating
atherosclerotic ulcer, and aneurysm. The cut-off values for the superior mediastinal width and mediastinal
width-to-thoracic cage ratio were calculated using receiver operating characteristic (ROC) curve analysis.
Results: The optimal cut-off values were a mediastinal width >8.4 cm at the aortic knob level (ROC 77.3,95%
confidence interval (CI) 69.8-84.9, P <0.001; sensitivity 72.7%, specificity 71.1%, positive predictive value
(PPV) 58.8%, negative predictive value (NPV) 82.1%) and a mediastinal width-to-thoracic cage ratio > 0.294
at the same level (ROC 78.6, 95% CI 70.8-86.3, P <0.001; sensitivity 80.0%, specificity 61.9%, PPV 54.3%, NPV
84.5%).

Conclusion: The established superior mediastinal width and ratio cut-off values from chest radiographs can
aid clinicians in identifying patients who are at risk for silent thoracic aortic disease, prompting further CTA
evaluation that can prevent fatal outcomes and improve patients’ quality of life.
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of mediastinum.

The early diagnosis of aortic rupture remains a
challenge, particularly in patients with underlying
cardiovascular diseases who present with
asymptomatic or nonspecific clinical features.(™®
Aortic rupture is a life-threatening complication that
is associated with high morbidity and mortality
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rates.”"'? While numerous studies have demonstrated
the diagnostic accuracy of computed tomography (CT)
in evaluating aortic pathology,-'**¥ routine screening
with CT remains limited because of radiation exposure
and the risk of developing contrast-induced
nephropathy, especially in patients with compromised
renal function.?*3)

Conversely, chest radiography is a widely
available, cost-effective, and noninvasive imaging
technique that entails minimal radiation exposure and
does not necessitate contrast agents.®? It is a valuable
initial screening tool and diagnostic modality for
various pulmonary and cardiac diseases, particularly
in emergency department settings.®® Notably, the
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aortic silhouette can often be visualized on chest
radiographs, and therefore, the recognition of abnormal
findings on these chest radiographs may facilitate the
early detection of aortic disease and help prevent life-
threatening consequences.

This study aimed to establish diagnostic cut-off
values for the superior mediastinal width and width-
to-thoracic cage ratio on chest radiographs to aid in
the identification of silent thoracic aortic disease. This
approach may assist clinicians in recognizing patients
who are at-risk, particularly those without trauma or
suspicious symptoms, and may benefit from further
evaluation with computed tomography angiography
(CTA).

Materials and methods

This retrospective study was reviewed and approved
by the Naresuan University Institutional Review

Patients who were
diagnosed by-way-of
CTA of the aorta.

n =452
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Board (IRB protocol no. P3-0020/2563), and imaging
findings were correlated with clinical parameters.

The study analyzed chest radiographs to determine
the superior mediastinal measurements for detecting
asymptomatic or subclinical aortic diseases in patients
without traumatic injuries. A total of 452 patients who
underwent CTA of the thoracic aorta between April
2007 and January 2021 were initially reviewed. Of
these, 64 pediatric patients under 15 years of age were
excluded. Furthermore, patients whose chest
radiographs showed evidence of aortic surgical
materials or were not obtained within one month of
the CTA were excluded. A review of clinical data
from the medical records revealed that none of the
patients exhibited chest pain or other typical symptoms
that were suggestive of thoracic aortic disease. After
applying these criteria, 152 patients were included in
the final analysis. Figure 1 shows the flow of patients
through the study.

Ineligible (n = 64)
Pediatric participants below

A 4

Eligible
n =388

v

15 years of age

Excluded (n = 236)
e Chest radiographs showed

152 Analyzed

v

evidence of aortic surgical
materials

e Chest radiographs were
performed over a period of
one month from CTA

Figure 1. Flow chart represents the selection of the study population. CTA, computed tomography angiography.
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Demographic data, including sex, age, weight, and
height, were recorded, and body surface area (BSA)
was calculated using the Mosteller formula. These
parameters were analyzed to assess the influence of
body size and to validate the generalizability of the
proposed cut-off values. Chest radiography was
performed using the posteroanterior (PA) projection
with patients in the upright position. All patients were
instructed to maintain full inspiration during image
acquisition. The source-to-image distance was
standardized at 180 cm.

To ensure accuracy of the measurement, two
investigators (KL and AS) were blinded to the CTA
findings and independently reviewed the chest
radiographs. The superior mediastinal width was
measured at three anatomical levels, namely 1) the
aortic knob; 2) the carina; and 3) the widest portion
of the superior mediastinum (Figure 2). The
measurement was defined as the maximum horizontal
distance between the right and left lateral borders of
the superior mediastinal shadow.
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The CTA images and initial chest radiographs
were reviewed and assessed at separate times to
minimize interpretation bias. The CTA findings were
categorized into normal and abnormal groups. Aortic
diseases classified in the abnormal group included
aortic dissection (Figure 3A), intramural hematoma
(IMH) (Figure 3A), saccular aneurysm (Figure
3B), penetrating atherosclerotic ulcer (PAU) (Figure
3C), and fusiform aneurysm (Figure 3D). According
to current medical guidelines, a fusiform thoracic aortic
diameter > 5.5 cm is considered aneurysmal and
places patients at increased risk of serious
complications, which often require surgical intervention
even in the absence of known aortic disease. 43> In
this study, this threshold was used for aortic aneurysm
identification. Aortic diameters were measured at four
anatomical levels, namely the midascending aorta,
distal ascending aorta, aortic arch, and middescending
aorta, using axial cross-sections perpendicular to the
direction of blood flow with multidimensional
reconstructions (Figure 4).

A

Figure 2. Superior mediastinal and thoracic cage measurements on chest radiograph. Schematic illustration showing the

method for measuring superior mediastinal width at 3 levels: the aortic knob (red solid line), the widest superior mediastinum
(yellow dotted line), and the carina (blue solid line). The superior mediastinal width at each level was determined by the

longest horizontal distance between the right and left lateral borders of the superior mediastinal shadow. Specifically, the
aortic knob level measurement extends from the right lateral border of the superior mediastinum to the left lateral border of

the aortic knob. The widest superior mediastinum represents the maximal horizontal measurement between the right and left

mediastinal interfaces. The carina level measurement is taken at the point of tracheal bifurcation, applying the same method.

The thoracic cage width (green dashed line) is measured as the longest horizontal distance between the inner borders of the

ribs on both sides at the level of the diaphragm.
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Figure 3. Examples of CTA demonstrating with aortic pathology. (A) axial CT image at the main pulmonary artery level
showing a crescent-shaped, non-enhancing IMH at the ascending aorta (yellow arrow) and a double aortic lumen with an
intimal flap indicative of aortic dissection at the descending aorta (red arrow), (B) coronal oblique CTA view illustrating an
out-pouching lesion of a partially thrombosed saccular aneurysm arising from the proximal descending aorta (green arrow),
(C) sagittal oblique view (“candy cane” view) CTA view revealing a non-calcified atheromatous plaque with a PAU at the
proximal descending aorta (blue arrow), located just distal to the origin of the left subclavian artery, (D) sagittal CT image
showing a fusiform aneurysm of the aortic root (red arrow). Ao, aorta; CT, computed tomography; CTA, computed tomography
angiography; IMH, intramural hematoma; LV, left ventricle; PA, pulmonary artery; PAU, penetrating atherosclerotic ulcer.

Figure 4. Example of CTA with aortic diameter measurements. (A) sagittal oblique view (“candy cane” view) of the thoracic
aorta showing four designated measurement points: 1) mid-ascending aorta at the level of the pulmonary artery; 2) distal
ascending aorta, slightly proximal to the origin of the innominate artery (yellow arrow); 3) aortic arch, between the origins
of the left common carotid artery (orange arrow) and the left subclavian artery (light blue arrow); and 4) mid-descending
aorta at the level of the pulmonary artery, (B) axial CT image illustrating the measurement of the ascending thoracic aorta
along an axis perpendicular to the direction of blood flow (red double-headed arrow), (C, D) coronal and sagittal CT images
demonstrating the application of multidimensional reconstructions, confirming that all measurements are accurately aligned
perpendicular to the direction of blood flow. CT, computed tomography; Dsc, descending thoracic aorta; LA, left atrium;
MPA, main pulmonary artery; PA, pulmonary artery; SVC, superior vena cava.
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Statistical analysis

Data were expressed as the mean + standard
deviation (SD). Receiver operating characteristic
curve (ROC) analysis was used to determine the
optimal cut-off values for the mediastinal width and
mediastinal width-to-thoracic cage ratio for predicting
thoracic aortic disease. Sensitivity, specificity, and
positive and negative predictive values (PPV and NPV,
respectively) were calculated. A two-tailed P < 0.05
was considered statistically significant. Correlations
between the mediastinal and thoracic cage widths, as
well as between the mediastinal width and BSA, were
evaluated using Pearson’s correlation test. Statistical
analysis was performed using Stata version 12.0
(StataCorp, College Station, TX, USA).

Results

The median age of patients was 65 years (range: 26—
93 years). The cohort consisted of 100 males (65.8%)
and 52 females (34.2%). The data on gender, age,

Table 1. Subject’s characteristic data (n = 152).

Superior mediastinal cut-off measurements in chest radiographs 99
for the screening of silent thoracic aortic diseases

weight, height, and BSA of all patients are shown in
Table 1.

The superior mediastinal measurements at
all levels on chest radiographs are summarized in
Table 2. Thoracic aortic disease was identified on
CTA in 55 patients (36.2%, 95% confidence interval
(CI) 28.6—44.4). Combined aortic pathologies were
observed in seven patients, including aneurysm with
dissection (n = 3), aneurysm with PAU (n= 1), IMH
with dissection (n = 1), IMH with concealed
aneurysmal rupture (n = 1), and concurrent fusiform
aneurysm of the ascending aorta with saccular
aneurysm involving the aortic arch and proximal
descending aorta (n = 1). The remaining 97 patients
(63.8%) had normal CTA findings.

The correlation among the aortic measurements,
thoracic cage, and BSA was performed using
Pearson’s correlation coefficient, as shown in
Table 3. Diagnostic performance metrics, including
sensitivity, specificity, PPV, NPV, and area under the
ROC curve (AUC), are presented in Table 4.

Characteristic data n=152
Gender; n (%)

Male 100 (65.8%)

Female 52 (34.2%)
Age (years) (mean + SD) 64.6+15.4
Weight (kg) (mean + SD) 60.6+13.2
Height (cm) (mean + SD) 161.8+9.9
BSA (m?) (mean + SD) 1.6+0.2

BSA, body surface area; SD, standard deviation.

Table 2. Superior mediastinal width measurements and mediastinal width-to-thoracic cage ratios on chest radiographs (n = 152).

Measurements Mean = SD (cm or ratio)
Aortic knob (cm) 8.5+1.7

Carina (cm) 92+1.9

Widest superior mediastinum (cm) 9.7+2.0

Thoracic cage (cm) 28.2+2.6

Aortic knob / thoracic cage ratio 03=+0.1

Carina/ thoracic cage ratio 0.3+0.1

Widest superior mediastinum / thoracic cage ratio 04=+0.1

* Values are presented as mean + SD

Table 3. Correlation between aortic diameters, thoracic cage, and BSA.

Aortic diameters
Factor Aortic knob Carina Superior mediastinum
r P-value r P-value r P-value
Thoracic cage 0.133 0.103 0.045 0.581 0.057 0.486
BSA 0.138 0.090 0.154 0.058 0.130 0.111

BSA, body surface area.
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Table 4. Diagnostic performance of mediastinal width and mediastinal width-to-thoracic cage ratio for screening thoracic
aortic pathology (n=152).

Measurement AUC (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%)  P-value
(95%CI) (95%CI) (95%CTI) (95%CTI) (95%CTI)

Aortic knob > 8.4 cm 713 72.7 71.1 58.8 82.1 <0.001
(69.8-84.9) (65.7-79.8) (63.9-78.3) (51.0-66.7)  (76.1-88.2)

Carina>8.7 cm 764 764 62.9 539 824 <0.001
(68.9-83.8) (69.6-83.1) (55.2-70.6) (45.9-61.8)  (764-88.5)

Widest superior 742 709 68.0 557 80.5 <0.001

mediastinum=>9.8 cm (66.4-82.0) (63.7-78.1) (60.6-75.4) (47.8-63.6)  (74.2-86.8)

Aortic knob / Thoracic 78.6 80.0 61.9 543 84.5 <0.001

cage > 0.294 (70.8-86.3) (73.6-86.4) (54.1-69.6) (464-62.2)  (78.8-90.3)

Carina / Thoracic 76.8 72.7 70.1 580 819 <0.001

cage > 0.326 (69.3-84.2) (65.6-79.8) (62.8-774) (50.1-65.8)  (75.8-88.0)

Widest superior 74.7 782 60.8 53.1 83.1 <0.001

mediastinum / Thoracic  (66.8-82.6) (71.6-84.7) (53.1-68.6) (452-61.00  (77.1-89.1)

cage > 0.330

AUC values 0.7 and 0.8 indicate considered acceptable discrimination. AUC, area under the ROC curve, NPV, negative
predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.
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Figure 5. Area under ROC curves for mediastinal width and mediastinal width-to-thoracic cage ratio at the aortic knob level.
The optimal cut-off points were > 8.4 cm for mediastinal width (AUC 77.3, P<0.001) and>0.294 for the ratio (AUC 78.6,
P <0.001), demonstrating acceptable diagnostic performance for detecting thoracic aortic pathology. AUC, area under the
ROC curve; ROC, receiver operating characteristic.
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The highest AUC values were observed at the
aortic knob level, with an optimal cut-off point of
> 8.4 cm for the mediastinal width. This yielded an AUC
of 77.3% (95% CI 69.8-84.9, P < 0.001) with a
sensitivity of 72.7%, specificity of 71.1%, PPV of
58.8%, and NPV of 82.1%. For the mediastinal width-
to-thoracic cage ratio, a cut-off point of > 0.294
produced an AUC of 78.6% (95% CI 70.8-86.3, P <
0.001), with a sensitivity of 80.0%, specificity of
61.9%, PPV of 54.3%, and NPV of 84.5%. These
thresholds demonstrated the most effective
parameters identified in our evaluation of the superior
mediastinal width (Figure 5). No significant
correlation was observed between the superior
mediastinal and thoracic cage widths, nor between
the superior mediastinal width and BSA (P> 0.05).
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Discussion

An overview of the study workflow and the principal
findings are presented in Figure 6. This study
revealed that the NPVs of the proposed cut-off points
for the mediastinal width and mediastinal width-to-
thoracic cage ratio in chest radiographs offer valuable
insight into identifying silent aortic diseases in
asymptomatic individuals. All identified cut-off values
yielded significant results with NPVs exceeding
80.0% within the 95% CI. Furthermore, the absence
of a significant correlation between the superior
mediastinal width and BSA suggests that these
numbers of measurements and ratios can be broadly
applied for the screening of aortic diseases in patients
regardless of variations in body size.

Superior Mediastinal Cut-off Measurements in Chest Radiographs for Screening of

Silent Thoracic Aortic Diseases

POPULATION MEASUREMENTS RESULTS

E

i

April 2007 to January 2021

0000

WU

Nontraumatic patients
Age 2 15 years

Chest radiograph: Superior mediastinal
and thoracic cage measurements

Patients with chest radiographs and CTA

of the thoracic aorta (n=152) CTA: Aortic diameters

The highest AUC values:

e Optimal cut-off point of > 8.4 cm for
mediastinal widt

¢ Optimal cut-off point of > 0.294 for
mediastinal width-to-thoracic cage ratio

CONCLUSION

Cut-off values from chest radiographs can help
identify patients at risk for silent thoracic aortic
disease, prompting further CTA evaluation that can
prevent fatal outcomes and improve patient’s
quality of life.

Figure 6. An overview of the study workflow and principal findings. AUC, area under curve; CTA, computed tomography

angiography; DSC, descending thoracic aorta; LA, left atrium; MPA, main pulmonary artery; PA, pulmonary artery; SVC,

superior vena cava.
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Among the evaluated parameters, a mediastinal
width > 8.4 cm and a mediastinal width-to-thoracic
cage ratio > 0.294 at the aortic knob level exhibited
the strongest diagnostic performance for identifying
nontraumatic aortic abnormalities. These findings are
consistent with previous studies,®*3¥ such as those
by Fultz PJ and Seltzer SE, which reported comparable
thresholds. Fultz PJ, et al. evaluated the features of
chest radiographs in patients with nontraumatic
mediastinal hemorrhage following thoracic aortic
aneurysm rupture, dissection, or penetrating ulcers.®®
They also found that a superior mediastinal width
> 8 cm and a mediastinal width-to-chest width ratio
> (.25 on supine radiographs, with obscuration or
bulging of the aortopulmonary window and a shifted
left paraspinal line, were indicative of mediastinal
hemorrhage.®®

Similarly, Seltzer SE, et al. investigated the
mediastinal width-to-chest width ratios in patients with
blunt chest trauma to refine diagnostic approaches.®”
Their study evaluated the significance at three
anatomical levels (aortic arch, midascending aorta, and
middescending aorta) and suggested that an aortic level
ratio > 0.25 could indicate an aortic rupture, thus
potentially making further invasive procedures for
those without rupture unnecessary.®?

It should be noted; however, that these cut-off
values may have limited sensitivity in patients with
aortic-related connective tissue disorders; therefore,
these populations fall outside the scope of this study.
In those cases, more sensitive imaging modalities or
tailored criteria may be necessary. In addition, the
threshold of an aortic diameter > 5.5 cm remains a
widely accepted indicator for the diagnosis of an aortic
aneurysm and determining the need for surgical
intervention.

Underlying conditions that may influence aortic
measurements, including connective tissue disorders,
aortic valve pathology, and long-standing hypertension,
were not evaluated as study variables. However,
patients with visible surgical materials on chest
radiograph images were excluded, as these findings
were presumed to indicate previous aorta-related
surgical intervention.

This study has some limitations. Pham MHC,
et al. reported that the overall prevalence of aortic
aneurysms in the total population was 2.1%.6?
Notably, 36.0% of the included patients in our study
had confirmed aortic pathology, thus indicating that
the derived cut-off values were based on a cohort

Chula Med J

with a relatively high proportion of abnormal findings.
The findings of this study are more reflective of risk
thresholds than normative values intended for general
population-based screening. Future research with
larger sample sizes and a broader demographic
representation is required to establish more
generalizable reference values. Moreover, chest
radiographic technique may influence the study
results. The cut-off values in this study were derived
from radiographs obtained using PA projection with
patients in an upright position and a standardized
source-to-image distance of 180 cm. Differences in
patient positioning or imaging distance may influence
the mediastinal measurements and could potentially
affect the sensitivity and specificity of the proposed
cut-off values. Interobserver variability between the
two readers was qualitatively assessed without further
statistical analysis. Additional studies incorporating
formal interobserver agreement statistics would be
valuable to validate the sensitivity, specificity, PPV,
and NPV of these cut-off values.

Furthermore, relying solely on a mediastinal width
of 8.4 cm and a width-to-thoracic cage ratio of 0.294
at the aortic knob level may overlook the presence of
other aortic diseases. Although our findings suggest
that aortic pathology often originates from a single
location within the superior mediastinum, some cases
involved a combination of aortic abnormalities at
multiple levels. Therefore, evaluating the superior
mediastinal measurements at all assessed levels using
the cut-off values may provide a more comprehensive
screening approach for the detection of asymptomatic
or nonspecific thoracic aortic disease.

Conclusion

The findings of this study highlight the importance of
effective diagnostic tools in the management of aortic
disease. The six cut-off values for the mediastinal
width derived from chest radiographs present a
valuable screening approach for the detection of occult,
nontraumatic thoracic aortic conditions. Their
application can assist clinicians in triaging patients for
further CTA evaluation, which is essential for
preventing fatal outcomes and improving patient
prognosis. Moreover, this approach promotes a
balanced perspective on diagnostic strategies, weighing
the benefits of early detection against concerns related
to radiation exposure and contrast agent use.
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