Supplementary Materials

Prevalence and risk factors of thoracic aortic dilatation detected incidentally in adjuvant radiotherapy planning CT scans in patients with breast cancer


Protocol description of aortic height index (AHI), aortic size index (ASI), and heart-aorta angle determination

In medical literature, there has been increasing awareness of indexes describing the size of the aorta. Therefore, we present the prevalence of thoracic aortic dilatations calculated using the aortic height index (AHI) and aortic size index (ASI), as well as the associated risk factors. We calculated AHI by dividing the thoracic aortic diameter by the patient’s height and ASI by dividing the thoracic aortic diameter by the patient’s body surface area (1). As in a study by Zafar et al. (1), patients were stratified into five categories based on their AHI and ASI values. AHIs were categorized into the following categories (cm/m): ≤2.40, 2.40 to 3.04, 3.05 to 3.69, 3.70 to 4.34 and ≥4.35. ASIs were categorized into the following categories (cm/m2): <2.00, 2.00 to 2.74, 2.75 to 3.49, 3.50 to 4.25, and ≥4.25.

We then determined the heart-aortic angle (HAA) because of its associations with wall shear stress and ascending aortic dilatations (2). We followed the three-step pipeline presented by Kauhanen et al. (2). Shortly, the midpoint of the left ventricle was first identified on both coronal and sagittal planes. Subsequently, a longitudinal line passing through the center of the mitral valve annulus and the left ventricular apex in axial and sagittal planes was drawn. The final step entailed acquiring a three-chamber projection by rotating the short-axis line on the coronal plane counterclockwise, leading to the visualization of the aortic sinus, which facilitated measuring the angle between the long axis line of the left ventricle and the central aortic line.

Results
 
AHI and ASI indexes
Due to incomplete height and weight data, the AHI and ASI indexes were computed only for a subset of the population. We considered only the weights measured within six months before or after the RT planning CT scan. The mean AHI and ASI indexes for each thoracic aortic segment are presented in Supplementary Table 1. Out of 798 patients with information for AHI determination, 680 patients (85.2%) belonged to the lowest AHI category (<2.40 cm/m) and 117 (14.7%) to the second lowest (2.40 cm/m to 3.04 cm/m). Patients with AHI ≥ 2.40 cm/m were older (70.7 ± 9.3 years vs. 62.3 ± 11.8 years, P < .001) and more frequently had hypertension (84 [71.2%] vs. 302 [44.4], P < .001); hypercholesterolemia (45 [38.1%] vs. 179 [26.3%], P = .008); statin use (40 [33.9%] vs. 148 [21.8%], P = .004); coronary artery disease (10 [8.5%] vs. 28 [4.4%], P = .041); and a history of stroke or TIA (15 [12.7%] vs. 30 [4.4%], P < .001) than those with AHI < 2.40 cm/m (Supplementary Table 2).

Out of 782 patients with information for ASI determination, 466 (59.6%) patients belonged to the lowest (<2.00 cm/m2) ASI category and 311 (39.8%) to the second lowest (2.00 cm/m2 to 2.74 cm/m2). Patients with ASI ≥ 2.00 cm/m2 were older (68.2 ± 10.5 years vs. 60.3 ± 11.6, P < .001) and more frequently had normal body weights (144 [45.6%] vs. 358 [76.8%], P < .001); hypertension (167 [52.8%] vs. 211 [45.3%], P = .038); statin use (88 [27.8%] vs. 94 [20.2%], P = .013); coronary artery disease (21 [6.6%] vs. 14 [3.0%], P = .016); aortic valve insufficiency (41 [13.0%] vs. 17 [3.6%], P < .001) and less frequently had diabetes (37 [11.7%] vs. 88 [18.9%], P = .007) than those with ASI < 2.00 cm/m2 (Supplementary Table 2).
 
The mean heart-aorta-angle
The mean HAA was 127.9° ± 8.1° (interquartile range: 122.7°, 133.2°). The intra- and inter-reader reproducibility of the heart-aorta-angle of two observers is presented in Supplementary Table 3.


Discussion
We evaluated the ASI and AHI indexes, which normalized the aortic dimensions for the heights and weights of patients. Overall, 14.8% of patients had an AHI ≥ 2.40 cm/m, and 40.4% had an ASI ≥ 2.00 cm/m2. Although most patients were in a low-risk category, these findings underscored the need for follow-up research (1) and increased medical attention beyond what would be indicated solely by assessing the diameter of the aorta. Next, we evaluated HAA because of its established correlation with ascending aortic dilatation and wall shear stress (2), increasing the risk of thoracic ruptures. Overweight or obesity and heart diseases have been associated with a smaller HAA. Additionally, aortic elongation, associated with older age (3), might influence the heart’s position (2). The patients in our cohort were relatively old and had a comparatively high incidence of heart diseases, making them prone to having a smaller HAA. A normal HAA has been reported to be 140° ± 7° (4), whereas the mean HAA in our patient cohort was 127.9° ± 8.1°. This finding suggests that the patients in our cohort were at a higher risk of ascending aortic dilatation and wall shear stress than the normal population.
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	Supplementary Table 1. Mean aortic height indexes and aortic surface indexes of females who underwent breast radiotherapy planning computed tomography scan.

	
	
	AHI (cm/m) (n = 798)
	
	ASI (cm/m²) (n = 782)

	
	
	Mean ± SD (IQR)
	
	Mean ± SD (IQR)

	Sinus of Valsalva
	
	2.0 ± .2 (1.9, 2.2)
	
	1.8 ± .3 (1.7, 2.0)

	Sinotubular
	
	1.7 ± .2 (1.6, 1.9)
	
	1.6 ± .2 (1.4, 1.7)

	Tubular
	
	2.1 ± .3 (1.9, 2.2)
	
	1.9 ± .3 (1.7, 2.0)

	Arch
	
	1.8 ± .2 (1.7, 1.9)
	
	1.6 ± .2 (1.5, 1.8)

	DA-mid
	
	1.4 ± .2 (1.3, 1.5)
	
	1.3 ± .2 (1.2, 1.4)

	Abbreviations. AHI: aortic height index, cm: centimeter, ASI: aortic surface index, SD: standard deviation, IQR: interquartile range, DA-mid: mid-descending aorta.




	Supplementary Table 2. Association between aortic height and aortic surface indexes and clinical parameters. P value indicates statistical difference between groups consisting of females with small and larger index values.

	
	AHI (n = 798)
	ASI (n = 782)

	
	<2.4 cm/m (n = 680)
	≥2.4 cm/m (n = 118)
	P value
	<2.0 cm/m² (n = 466)
	≥2.0 cm/m² (n = 316)
	P value

	Age (year) (IQR points: lower, higher)
	62.3 ± 11.8 (53.1, 71.7) 
	70.7 ± 9.3 (66.5, 77.4)
	<.001
	60.3 ± 11.6 (51.7, 68.4)
	68.2 ± 10.5 (62.6, 76.3)
	<.001

	Overweight
	    
	
	.201
	
	
	<.001

	     No (BMI < 25 kg/m2) (%) 
	249 (36.6)
	36 (30.5)
	
	108 (23.2)
	172 (54.4)
	

	     Yes (BMI ≥ 25 kg/m2) (%) 
	431 (63.4)
	82 (69.5)
	
	358 (76.8)
	144 (45.6)
	

	BSA (m2)
	1.82 ± .2   
	1.77 ± .2
	.010
	1.9 ± .2
	1.7 ± .1
	<.001

	Smoking history1
	    
	
	.716
	    
	    
	.123

	     Never (%)
	423 (65.6)
	75 (65.8)
	
	281 (62.9)
	206 (68.9)
	    

	     Previously (%)
	146 (22.6)
	23 (20.2)
	
	112 (25.1)
	56 (18.7)
	    

	     Yes (%) 
	76 (11.8)
	16 (14.0)
	
	54 (12.1)
	37 (12.4)
	    

	Hypertension
	    
	
	<.001
	
	
	.038

	     No (%)
	378 (55.6)
	34 (28.8)
	
	255 (54.7)
	149 (47.2)
	

	     Yes (%)
	302 (44.4)
	84 (71.2)
	
	211 (45.3)
	167 (52.8)
	

	Hypercholesterolemia
	    
	
	.008
	
	
	.168

	     No (%)
	501 (73.7)
	73 (61.9)
	
	344 (73.8)
	219 (69.3)
	

	     Yes (%)
	179 (26.3)
	45 (38.1)
	
	122 (26.2)
	97 (30.7)
	

	Statins use 
	    
	
	.004
	
	
	.013

	     No (%) 
	532 (78.2)
	78 (66.1)
	
	372 (79.8)
	228 (72.2)
	

	     Yes (%) 
	148 (21.8)
	40 (33.9)
	
	94 (20.2)
	88 (27.8)
	

	Diabetes
	    
	
	.832
	
	
	.007

	     No (%) 
	571 (84.0)
	100 (84.7)
	
	378 (81.1)
	279 (88.3)
	

	     Yes (%)
	109 (16.0)
	18 (15.3)
	
	88 (18.9)
	37 (11.7)
	

	Coronary artery disease (%)2
	
	
	.041
	    
	    
	.016

	     No (%) 
	645 (95.8)
	107 (91.5)
	
	447 (97.0)
	293 (93.3)
	    

	     Yes (%)
	28 (4.2)
	10 (8.5)
	
	14 (3.0)
	21 (6.7)
	    

	Aortic valve regurgitation
	
	
	.062
	    
	    
	<.001

	     No (%)
	633 (93.1)
	104 (88.1)
	
	449 (96.4)
	275 (87.0)
	    

	     Yes (%) 
	47 (6.9)
	14 (11.9)
	
	17 (3.6)
	41 (13.0)
	    

	Stroke/TIA
	
	
	<.001
	    
	    
	.072

	     No (%) 
	650 (95.6)
	103 (87.3)
	
	446 (95.7)
	293 (92.7)
	    

	     Yes (%) 
	30 (4.4)
	15 (12.7)
	
	20 (4.3)
	23 (7.3)
	    

	Abbreviations. AHI: aortic height index, ASI: aortic surface index, cm: centimeter, IQR: interquartile range, BMI: body mass index, BSA: body surface area, TIA: transient ischemic attack.
1 A total of 39/36 patients were excluded from analyses for AHI/ASI because of missing information.
2 A total of 8/7 patients were excluded from analyses for AHI/ASI because of missing information.











	Supplementary Table 3. Intra- and inter-reader reproducibility of HAA of two observers in randomly selected sample of 50 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

	Heart-aorta-angle (degree)
	128.3 ± 6.7
	128.2 ± 7.1
	.830 (.699 - .903), <.001
	124.8 ± 8.3
	124.3 ± 8.4
	.905 (.832 - .946), <.001
	.733 (.453 - .861), <.001
	.845 (.458 - .937), <.001

	Abbreviations. SD: standard deviation, CI: confidence interval.





