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Thoracic aortic dilatations (TADs) are commonly detected incidentally. A TAD may develop into aortic 
aneurysm and subsequently lead to aortic dissection, a highly lethal condition. Earlier detection of 
TADs could improve the surveillance and surgical management of aneurysms, potentially reducing 
aortic ruptures. The opportunistic use of thoracic sectional imaging studies performed for other 
indications, including breast radiation therapy planning, could be used to detect TADs. However, the 
frequency of TADs and the clinical risk factors for TADs in females undergoing adjuvant breast radiation 
therapy remain unknown. We retrospectively collected a consecutive cohort of 861 females with breast 
cancer who underwent adjuvant radiotherapy planning with computed tomography (CT). Using CT 
scans, we manually measured thoracic aortic dimensions on the hospital’s dedicated picture archiving 
and communication software (PACS). Following the European Society of Cardiology guidelines, 
a segment of the aorta was considered dilated when its maximal diameter exceeded 40 mm. 
Additionally, we collected clinical patient data regarding known risk factors predisposing patients to 
TADs. Out of 861 patients, 80 (9.3%) had a TAD. Compared to those without any TADs, patients with at 
least one TAD were older (71.3 ± 9.7 years vs. 62.9 ± 11.7 years; P < .001) and more frequently displayed 
hypertension (62 [77.5%] vs. 354 [45.3%], P < .001), a history of a TIA or stroke (10 [12.5%] vs. 36 
[4.6%], P = .007), and aortic valve insufficiency (10 [12.5%] vs. 51 [6.5%], P = .047). The opportunistic 
use of radiotherapy planning CT scans allows earlier TAD diagnosis, and a significantly large number of 
female patients (9.3%) had at least one abnormal thoracic aortic dimension. This finding could indicate 
a need to consider a systematic screening of TADs in patients undergoing adjuvant radiotherapy.
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Frequently, thoracic aortic dilatations (TADs) and thoracic aortic aneurysms (TAAs) are asymptomatic and 
thus often detected incidentally1,2. TADs are associated with aortic aneurysms and aortic events, including 
aortic dissection3,4 and aortic rupture, a rare condition that has mortality rates of 97–100% within 24 h of the 
event5. The opportunistic use of thoracic sectional imaging studies performed for other reasons could be readily 
used to detect TADs. Most patients with breast cancer (i.e., patients with local and locally advanced invasive 
cancer and many patients with ductal carcinoma in situ treated with breast-conserving surgery and high-risk 
patients treated with mastectomy) are offered postoperative adjuvant radiation therapy (RT;6,7). The latter 
necessitates thoracic computed tomography (CT) scanning for RT planning, facilitating TAD screening.
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The current diagnostic criteria and indications for TAD surgery are based on the dimensions of the thoracic 
aorta3,4. The European and American criteria for aortic dilatations differ slightly on the definition of aortic 
dilatations3,4. The European Society of Cardiology (ESC) deems the thoracic aortic dilated if the maximum 
diameter is > 40 mm3. According to the American College of Cardiology, the maximum diameter of thoracic 
aortic dilatation varies between males and females according to the level of the aorta (Table 1)4. However, these 
diameter-based cutoffs are not accurate in risk stratification in patients with short stature or in taller patients3. 
Indeed, the cutoffs for indexes calculated by dividing the aortic diameter by height (aortic height index [AHI]) 
and body surface area (aortic size index [ASI]) have been shown to predict complications associated with 
aortic abnormalities more accurately than the diameter-based cutoffs4. Of these measures, AHI is more reliable 
because ASI is partially dependent on the patient’s weight, which can fluctuate during the follow-up time8. The 
European and American criteria for aortic dilatation, surgical operation, and the follow-up recommendations 
are summarized in Table 1.

The prevalence of incidentally detected TAD in populations scanned for non-cardiovascular reasons 
utilizing varying criteria has ranged from 2.7 to 8%9–11. Given the apparent potential of RT planning CT scans 
for opportunistic TAD screening, the aim of this study was to evaluate the prevalence of TADs among females 
imaged for adjuvant breast RT. We hypothesized that a high prevalence of TAD in this population could indicate 
a need for systematic evaluation of the aortic diameters in RT planning CT scans.

Materials and methods
Patients
We retrospectively collected data from consecutive female patients with newly diagnosed non-invasive and 
invasive breast cancer who underwent an RT planning CT scan in Tampere University Hospital during 2019–
2020. Patients undergoing palliative RT were excluded because this population affected by an incurable disease 
would likely not benefit from systematic screening for aortic dilatation.

The study was approved, and the need for patients’ consent was waived by the institutional review board 
of Tampere University Hospital (study identifier: R22628) according to national law and local regulations. All 
research was performed in accordance with relevant guidelines and regulations.

Computed tomography protocol
Patients with breast cancer scheduled for postoperative radiotherapy underwent a planning CT scan of the chest 
to allow the delineation of RT targets (the breast/chest wall and, when indicated, the area requiring a booster 
dose and the lymph node regions; 8).

In this study, CT imaging was performed during the study period according to routine clinical practice 
using one of the three CT scanners (Philips Brilliance Big Bore [Philips Healthcare, the Netherlands], Siemens 
SOMATOM Confidence 64 [Siemens Healthineers, Germany] or Toshiba Aquilion LB [Toshiba Medical System, 
Japan]) without contrast agent or electrocardiogram gating. The patients were scanned in the supine position 
with both hands above the head.  Sabella Flex Positioning System (CDR Systems, Canada) was used with a 
10° tilt for patient immobilization. Additionally, patients with left-sided breast cancer were imaged with deep 
inspiration breath hold to minimize radiation dose to the heart during the RT. The tube voltage was set to 120 
kVp, and the tube current and the CT scanner exposure time per rotation were automatically adjusted according 
to the patient’s size, varying between 100 and 350 mAs. Finally, the slice thickness was 3 mm, and the scanning 
area extended cranially above the jawline and caudally below the diaphragm, covering the breasts and lungs.

Radiological measurements
One reader (A.L.) measured the thoracic aortic diameters on the hospital’s Picture Archiving and Communication 
Systems (PACS; Sectra vs. 24.2.). Multiplanar reconstruction (MPR) of the image stacks were used to allow three-
dimensional presentation of the structures. The thoracic aortic diameters were measured from the following 
segments: the sinus of Valsalva, sinotubular junction, tubular part, mid-aortic arch, and mid-descending 
(thoracic) aorta (DA; Fig.  1)4.  The reader measured two perpendicular measurements from these segments, 
the other representing the maximum diameter. Measurements were obtained by drawing lines from the outer-
to-outer vascular wall, vertical to the centerline of the vessel3. Next, the maximum diameter of the aorta was 
used for statistical analyses. The thoracic aorta was considered dilated if its greatest dimension was > 40 mm in 

Maximum-diameter based criterion for abnormal thoracic 
aortic dimension

Growth-based criterion 
for abnormal thoracic 
aortic dimension ASI criterion AHI criterion

Follow-up 
recommendation

ESC3  > 40 mm Females: > 0.7 mm/y; 
Males: > 0.9 mm/y

27.5 mm/m2 in 
patient with short 
stature

No 
recommendation

Annually if dilatation 
exceeds 45 mm or if 
growth rate is > 3 mm/y

ACC4
Root (females/males) > 35–37.2 mm / > 36.3–39.1 mm, ascending 
aorta > 28.6 mm, mid-descending aorta (females / males) > 24.5–
26.4 mm / > 23.9–29.8 mm

 > 0.29 mm/y No 
recommendation

No 
recommendation

At six months and then 
annually if there is a high 
likelihood of progression

Table 1.  European and American criteria for abnormal thoracic aortic diameters and growth rates; follow-up 
recommendations for patients without a diagnosis of connective tissue disease. ASI: aortic surface index, AHI: 
aortic height index, ESC: European Society of Cardiology, mm: millimeter, y: year, ACC: American College of 
Cardiology.
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any of the measured planes3. Lastly, AHI and ASI determination and results are presented and discussed in the 
Supplementary Materials.

To evaluate intra- and inter-reader reproducibility, the reader (A.L.) reanalyzed a randomly selected subset of 
50 patients, and another reader (M.L.) measured the same 50 patients twice. The interval between the first and 
second measurements was to be a minimum of five days.

Clinical variables
After performing the measurements, one reader (A.L.) reviewed patients’ medical history, including medications, 
from patient records. The reader collected a comprehensive clinical patient dataset, encompassing established 
risk factors associated with TADs. These factors included the diagnosis of hypertension, hypercholesterolemia, 
diabetes, arteritis, vasculitis, or coronary artery disease; a detailed smoking history; a history of transient 
ischemic attack (TIA)/stroke; aortic valve regurgitation; and stenosis. Additionally, we compiled information 
pertaining to body mass index (BMI).

Statistical analysis
Data were analyzed using SPSS (version 26, 1989–2019 SPSS Inc, USA). Statistical significance was set to a P 
value ≤ 0.05. Unless otherwise stated, continuous variables are presented as means ± standard deviations (SDs) 
and interquartile ranges (IQRs) and categorical numbers as crude numbers and percentage shares.

We used the intra-class correlation coefficient test to evaluate the intra- and inter-reader reproducibility. We 
employed the two-way mixed model to evaluate the absolute agreement and report the average measurements. 
Additionally, we used the Chi-square test to test the statistical difference between categorical values, and when 
the assumptions were violated, we employed the Fischer’s exact test. We used the Mann–Whitney U test to study 
the differences in continuous variables between groups.

Results
Patient characteristics
We retrospectively enrolled 861 (mean age 63.7 ± 11.7 years; IQR: 54.9, 73.2 years) female patients with breast 
cancer who underwent thoracic CT scan for adjuvant RT planning. Patient characteristics and the mean aortic 
dimensions are presented in Tables 2 and 3, respectively.

Intra- and inter-reader reproducibility
The intra-reader reproducibility of the measurements of 50 patients was excellent for thoracic aortic measurements 
(0.832–0.999 / 0.797–0.976 [P < 0.001 for all]) and HAA (0.830 / 0.905 [P < 0.001 for both]) measurements 
for readers 1 and 2, respectively (Table 4, Supplementary Materials). The inter-reader reproducibility of the 
measurements of the same patients was excellent for thoracic aortic (first measurements: 0.831–0.959, repeated 

Fig. 1.  A schematic presentation of the thoracic measurement segments (left) and a sagittal view image (right). 
A: sinus of Valsalva, B: sinotubular junction, C: tubular part, D: mid-aortic arch, E: mid-descending (thoracic) 
aorta, P: right pulmonary artery. The dashed line indicates the level of the diaphragm.
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Maximum diameter (mean ± SD [IQR]) (n = 861)

Sinus of Valsalva MD (mm) 33.1 ± 3.6 (30.5, 35.5)

Sinotubular MD (mm) 28.6 ± 3.4 (26.4, 30.8)

Tubular MD (mm) 34.0 ± 3.9 (31.3, 36.4)

Arch MD (mm) 29.0 ± 2.9 (27.1, 30.7)

DA-mid MD (mm) 23.6 ± 2.6 (22.0, 25.2)

Table 3.  Mean maximum aortic diameters of females who underwent breast radiotherapy planning computed 
tomography scan. SD: standard deviation, IQR: interquartile range, MD: maximum diameter, mm: millimeter, 
DA-mid: mid-descending aorta.

 

All (n = 861) No thoracic aortic dilatation (n = 781, 90.7%) Thoracic aortic dilatation (n = 80, 9.3%) P value

Age (year; IQR points: lower, higher) 63.7 ± 11.7 (54.9, 73.2) 62.9 ± 11.7 (53.9, 72.0) 71.3 ± 9.7 (66.1, 77.7)  < .001

Overweighta .941

No (BMI < 25 kg/m2) (%) 285 (35.7) 259 (35.7) 26 (36.1)

Yes (BMI ≥ 25 kg/m2) (%) 513 (64.3) 467 (64.3) 46 (63.9)

BSAb (m2) 1.8 ± .2 1.8 ± .2 1.8 ± .2 .950

Smoking historyb .434

Never (%) 525 (65.3) 471 (64.6) 54 (72.0)

Previously (%) 178 (22.1) 165 (22.6) 13 (17.3)

Yes (%) 101 (12.6) 93 (12.8) 8 (10.7)

Hypertension  < .001

No (%) 445 (51.7) 427 (54.7) 18 (22.5)

Yes (%) 416 (48.3) 354 (45.3) 62 (77.5)

Hypercholesterolemia .052

No (%) 628 (72.9) 577 (73.9) 51 (63.8)

Yes (%) 233 (27.1) 204 (26.1) 29 (36.3)

Statins use .061

No (%) 664 (77.1) 609 (78.0) 55 (68.8)

Yes (%) 197 (22.9) 172 (22.0) 25 (31.3)

Diabetesc .579

No (%) 724 (84.1) 655 (83.9) 69 (86.3)

Yes (%) 137 (15.9) 126 (16.1) 11 (13.8)

Coronary artery disease (%)d .099

No (%) 811 (95.1) 739 (95.5) 72 (91.1)

Yes (%) 42 (4.9) 35 (4.5) 7 (8.9)

Aortic valve regurgitation .047

No (%) 800 (92.9) 730 (93.5) 70 (87.5)

Yes (%) 61 (7.1) 51 (6.5) 10 (12.5)

Stroke/TIAe .007

No (%) 815 (94.7) 745 (95.4) 70 (87.5)

Yes (%) 46 (5.3) 36 (4.6) 10 (12.5)

Table 2.  Patient characteristics of 861 females who underwent breast radiotherapy planning computed 
tomography scan.  Descriptors are given for the whole patient sample and separately for those with and 
without thoracic aortic dilatation. P value indicates the statistical difference between those with and without 
thoracic aortic dilatation. Abbreviations. IQR: interquartile range, BMI: body mass index, BSA: body surface 
area, TIA: transient ischemic attack. aAvailable for 798 (92.7%) of the patients. bAvailable for 804 (93.4%) of the 
patients. cPatients diagnosed of having diabetes were further classified as having or having had type 2 diabetes 
(n = 120 [86.3%]) or other type of diabetes (e.g., gestational or type 1 diabetes; n = 19 [13.7%]). dAvailable for 
853 (99.1%) of the patients. eTIA (n = 15 [32.6%]), stroke (n = 31 [67.4%]).
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measurements: 0.725–0.967 [P < 0.001 for all]) and HAA (first measurements: 0.733, repeated measurements: 
0.845 [P < 0.001 for both]) measurements (Table 4, Supplementary Materials).

TAD prevalence
Out of 861 patients, 80 (9.3%) had at least one TAD defined as a maximal aortic diameter of > mm in any of the 
thoracic aortic segments. Out of 80 patients with at least one dilated aortic measurement, 32 (40.0%) patients had 
a dilated sinus of Valsalva, and 53 (66.3%) had a dilated tubular diameter. Fewer than five females had a dilatation 
of the sinotubular junction, aortic arch, or DA. Notably, these measurements are not mutually exclusive.

Differences in risk factors between patients with and without TAD
Compared to patients without any TADs, those with at least one TAD (thoracic aortic diameter > 40  mm) 
were older (71.3 ± 9.7  years vs. 62.9 ± 11.7  years; P < 0.001), more often displayed hypertension (62 [77.5%] 
vs. 354 [45.3%], P < 0.001), a history of a TIA or stroke (10 [12.5%] vs. 36 [4.6%], P = 0.007), and aortic valve 
regurgitation (10 [12.5%] vs. 51 [6.5%], P = 0.047). Furthermore, patients with at least one TAD had a smaller 
mean HAA (124.0° ± 8.0° vs. 128.3° ± 8.0°, P < 0.001) than those without any TADs.

Discussion
Although thoracic aortic dilatations are associated with lethal conditions, they are frequently asymptomatic, 
making their early detection challenging. There has been no previous research regarding the prevalence of TADs 
in patients with breast cancer. Our study aimed to determine the utility of RT planning CT scans for TAD 
screening. The prevalence of TADs detected on RT planning CT scans according to the maximum diameter-
based criterion (> 40 mm) was 9.3% in our cohort. Patients with at least one TAD were older, more frequently 
affected by hypertension, and had more frequently had a TIA or stroke and aortic valve regurgitation than 
patients without any TADs. Given the high prevalence of TADs and because RT planning CT scans are not 
normally reported by radiologists, we believe that a substantial number of TADs may go unnoticed. Further 
research is needed to investigate whether a more systematic evaluation of the thoracic aorta could produce fewer 
aortic events during a follow-up to support screening practice.

The prevalence of TADs varies throughout the literature. For instance, Benedetti et al. reported that the 
incidentally detected TADs was 2.7% out 24,992 patients with a mean age of 66 years who had undergone routine 
chest CT for various indications12. Elsewhere, Mori et al. reported the prevalence of incidentally identified 
ascending aortic dilatation to be 1.1% in patients aged 50–64 years and 4.0% in patients aged 65–84 years in a 
population of 5,662 patients scanned for any indication in a single tertiary Canadian institution10. Ramchand et 
al., using CT scans of 1000 adult male and female cardiac patients with atrial fibrillation evaluated for pulmonary 
vein isolation (a catheter ablation technique), showed that 20% of the patients in this population had dilated 
aorta, and 1% had significant aortic enlargement (> 5.0 cm;13). The prevalence of aortic dilatation of 9.3% in our 
cohort fell between these prevalence rates, likely reflecting the number and severity of cardiac comorbidities in 
the studies. Notably, all patients in our cohort were females, unlike in previous studies, where the incidence of 
TADs has been lower in females14.

TADs can lead to aortic aneurysms, predisposing the patient to a fatal thoracic aortic rupture. Detecting 
aortic dilatation at an early stage and regularly monitoring this condition could prevent aortic ruptures and 
unnecessary mortality. However, aortic dilatation is often asymptomatic and typically screened only if the 
patient has genetic risk factors3. Indeed, most dilatations of the thoracic aorta are detected as incidental findings 
in patients undergoing thoracic imaging for unrelated reasons3. Thus, the opportunistic use of RT planning 
CT scans for early detection of aortic dilatations could be a valuable approach to identifying patients with 
asymptomatic TADs. Indeed, breast cancer is the most common cancer among females15, and most patients 

Observer 1 Observer 2 Interobserver agreement

First 
measurement

Second 
measurement

Intra-class correlation 
coefficient

First 
measurement

Second 
measurement

Intra-class 
correlation 
coefficient

Intra-class correlation 
coefficient between 
first measurements

Intra-class correlation 
coefficient between 
second measurements

Mean ± SD Mean ± SD
Coefficient (95% CI), 
P value Mean ± SD Mean ± SD

Coefficient (95% 
CI), P value

Coefficient (95% CI), 
P value

Coefficient (95% CI), 
P value

Sinus of 
Valsalva 
MD (mm)

34.4 ± 3.6 32.0 ± 4.0 .832 (.139–.942), < .001 35.0 ± 4.0 35.9 ± 4.1 .797 (.640–
.885), < .001 .831 (.704–.904), < .001 .725 (− .201–

.915), < .001

Sinotubular 
junction 
MD (mm)

30.6 ± 3.9 28.4 ± 3.9 .854 (.184–.951), < .001 31.2 ± 3.7 31.2 ± 3.9 .934 (.884–
.963) < .001 .923 (.860–.957), < .001 .816 (− .110–

.944), < .001

Tubular 
MD (mm) 34.5 ± 4.0 34.5 ± 4.0 .999 (.999–

1.000), < .001 35.4 ± 3.6 35.1 ± 3.6 .969 (.944–
.982), < .001 .892 (.790–.941), < .001 .915 (.847–.952), < .001

Arch MD 
(mm) 30.1 ± 2.8 30.1 ± 2.8 .988 (.997–.999), < .001 30.7 ± 2.9 30.5 ± 2.8 .945 (.904–

.969), < .001 .888 (.794–.938), < .001 .928 (.866–.960), < .001

DA-mid 
MD (mm) 24.6 ± 2.4 24.6 ± 2.4 .997 (.996–.999), < .001 25.0 ± 2.6 25.1 ± 2.5 .976 (.958–

.987), < .001 .959 (.921–.978), < .001 .967 (.898–.986), < .001

Table 4.  Intra- and inter-reader reproducibility of two observers in a randomly selected sample of 50 patients. 
SD: standard deviation, CI: confidence interval, MD: maximum diameter, mm: millimeter, DA-mid: mid-
descending aorta.
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diagnosed with breast cancer are treated with postoperative RT. In Finland, the incidence of breast cancer was 
170.6 per 100,000 females in 202216. Leveraging RT planning CT scans for the opportunistic screening of aortic 
dilatation could help identify 15.9 female patients with undiagnosed aortic dilatation per 100,000 females who 
should be monitored for TAD growth. Moreover, the prognosis of treated female breast cancer has considerably 
improved17. Therefore, the relevance of TAD detection in this population is growingly important.

This study had certain limitations. We were able to collect a relatively large consecutive retrospective dataset of 
patients diagnosed with breast cancer who had undergone adjuvant breast RT. Nevertheless, the main limitation 
of the study was that these patients underwent non-contrast aortic imaging, solely allowing the measurement 
of the outer-to-outer vascular wall (i.e., the lumen could not be distinguished). The difference in contrast versus 
non-contrast CT-based aortic dimensions has varied from 2 to 6  mm18. Since the guidelines were based on 
contrast imaging, this study might have slightly overestimated the prevalence of aortic dilatation. Furthermore, 
although we were able to consider multiple risk factors for TAD, a prospectively collected dataset could be 
amended using other factors, such as family risk. Additionally, we did not have long-term follow-up data, and 
therefore, long-term outcomes and cost–benefit analyses for integrating the opportunistic screening of TADs 
and their inevitable follow-up costs are needed before recommending systematic evaluation for screening of the 
aortic diameters.

Overall, the prevalence of aortic dilatation was 9.3% in female patients undergoing chest CT for RT planning. 
Patients diagnosed with breast cancer with at least one TAD had more known risk factors for TADs than patients 
without TADs. The opportunistic use of RT planning CT scans could facilitate earlier detection of TADs. 
Ultimately, there is a need for further research on the systematic screening of TADs in females treated for breast 
cancer and undergoing RT planning CTs.

Data availability
Data is provided within the manuscript or supplementary information files. Individual-level data is not share-
able.
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