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Background: Aortic distensibility (AD) is an important determinant of cardiovascular (CV) morbidity and mortality. There is scant data on 
the association between AD measured within the descending thoracic aorta and CV outcomes.
Objective: We evaluated the association of AD at the descending thoracic aorta (AD desc) with the primary outcome of all-cause mortality, 
myocardial infarction (MI), stroke or coronary revascularization in patients referred for a cardiovascular magnetic resonance (CMR) study.
Methods: 928 consecutive patients [(mean age 60 ± 17; 33% with prior cardiovascular disease (CVD))] were evaluated. AD desc was 
measured at the cross-section of the descending thoracic aorta in the 4-chamber view (via steady-state free precession [SSFP] cine 
sequences) and was grouped into quintiles (with the 1st quintile corresponding to the least AD, i.e., the stiffest aorta). Cox 
proportional-hazards regression analysis were performed for the primary outcome.
Results: A total of 315 patients (34%) experienced the primary outcome during a median (25% IQR, 75% IQR) follow-up of 5.0 
(0.56, 9.3) years. A decreased AD was significantly associated with hypertension, diabetes, renal disease, and dyslipidemia (p 
<0.0001). A primary outcome occurred in 43% of patients with AD desc ≤ median compared to 25% with AD desc > median, 
p <0.0001, and in 44% of patients with AD desc in the 1st quintile compared to 31% with AD desc in the other quintiles (p = 0.0004). 
Event free survival was incrementally reduced amongst quintiles (p <0.0001). However, AD desc ≤ median was not an independent 
predictor of the primary endpoint after multivariable adjustment in the overall population [adjusted HR 1.09 (95% CI:0.82–1.45), p = 
0.518] or in the subgroup analysis of patients with or without prior CVD.
Conclusion: In this real-world cohort of 928 patients referred for CMR, AD desc is not an independent predictor of CV outcomes.
Keywords: cardiovascular magnetic resonance, aortic distensibility, descending aorta, AD, CMR

Introduction
Aortic stiffness (AS) has been shown to be a determinant of atherosclerotic disease and an independent predictor of 
cardiovascular (CV) mortality and morbidity.1–4 It has been demonstrated in various patient populations with risk factors 
such as hypertension, renal disease or in those with already established CV disease.1,5–8 Its prognostic utility, however, as 
a biomarker for screening sub-clinical cardiovascular disease (CVD) or modifying its treatments is not well established. 
AS is considered to be an endpoint to various mechanisms of endothelial or vascular injury that are involved in the 
formation of atherosclerosis, such as hypertension, dyslipidemia, diabetes mellitus, smoking, collagen and elastin 
turnover, as well as bone and mineral resorption.9 Currently, the European Society of Hypertension recommends 
measuring AS as a sub clinical marker of CVD and to guide blood pressure treatments.10

AS can be measured by various imaging modalities. Direct measurement is done by measuring aortic distensibility 
(AD), which is inversely related to AS and is a well-established parameter of local AS in population studies.11 It is 
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calculated as the fractional change in volume or cross-sectional area for a given change in pressure. Indirect measure
ments are done by aortic pulse wave velocity (PWV), which has been the widely accepted non-invasive gold standard for 
the measurement of AS due to its cost effectiveness and precision.12

Although there is an abundance of data that correlates AS or AD to various risk factors, disease processes and 
mortality; hard CV outcome data in large real-world populations are limited along with the reproducibility of reference 
values. Furthermore, methods evaluating AD have relied on (ascending) aorta measurements or carotid-femoral PWV 
using tonometry.13 Thus, PWV, depending on where it can be practically applied to measure aortic properties, may reflect 
only local aortic or regional vessel properties and robust outcome data on the entire vascular system has remained 
incompletely explored.14–16

Cardiovascular magnetic resonance (CMR) is an imaging modality with high spatial and temporal resolution that can 
study various areas of the CV system in any dimensional plane and thus, can readily evaluate any aortic location. It has 
been utilized to evaluate the association between AD and CV risk factors in several published studies and has been shown 
as a predictor of CV morbidity.17–19 In the Dallas Heart study, CMR-derived ascending AD and aortic arch PWV was 
shown to have modest correlation with CV events in patients without CVD.19 However, like with PWV and CMR, 
a paucity of data exists on the value of the descending thoracic AD (AD desc) in predicting CV events.

We hypothesized that the CMR–derived direct measurement of AD desc might be associated with the primary outcome 
of all cause-mortality, myocardial infarction (MI), stroke, or coronary revascularization.

Methods
This is a retrospective cohort study using our CMR database containing 1315 consecutive patients referred for CMR from 
January 2006 through December 2011 at our institution. We included all referrals to our CMR center during this time 
frame, hence, participants with baseline CVD (defined as prior stroke, MI, or coronary revascularization) were also 
studied. Indications for CMR primarily included the assessment of non-ischemic cardiomyopathies (35%), and myocar
dial viability or ischemia (22%). Other less common indications were for the assessment of valvular disease (8%), 
arrhythmias (7%) or congenital heart disease (6%). About one third of the scans overlapped in referral categories and all 
scans assessed myocardial function.

All participants of this study signed informed consent for research purposes and met all standards and guidelines of 
the Declaration of Helsinki and Care guidelines. All patient data has been kept anonymous. The study was reviewed and 
approved by the Division of Cardiology, and Clinical Research at New York Presbyterian Brooklyn Methodist Hospital, 
New York. Due to the non-interventional nature of the study, an ethics committee review was waived.

Cardiac Magnetic Resonance Imaging Protocol
CMR imaging was performed with a 1.5 Tesla [Siemens Avanto Siemens HealthCare] whole body magnetic resonance 
scanner as previously described.20 Cine images utilizing the steady-state free precession sequences (SSFP) were acquired 
for cardiac imaging. The following imaging parameters were used: field of view of 270–340 mm with 25–50% over- 
sampling, 80–100% field of view in the phase direction, slice thickness of 4–6 mm, matrix size 1.4 mm × 1.3 mm and 
receiver bandwidth 930Hz/Pix, and temporal resolution was 20–40 msec. Four chamber views were acquired through 
standard 4-chamber acquisition with alignment in orthogonal planes of the short axis and two chamber views of the left 
ventricle (LV). SSFP cine CMR with ECG gating was performed to evaluate AD. Blood pressure measurements were 
obtained during scan time or closest to the time of CMR scan. Pulse pressure (PP) was calculated by the difference in 
systolic blood pressure (SBP) and diastolic blood pressure (DBP).

Evaluation of Cardiovascular (CV) Risk Factors
Before CMR, patients completed standardized questionnaires to obtain clinical demographics, CV traditional risk factors 
(smoking, high cholesterol, diabetes, and hypertension), prior history of coronary artery disease (CAD), prior history of stroke 
and medications. We defined a prior history of CAD as any MI or coronary revascularization (percutaneous coronary intervention 
[PCI] or coronary artery bypass surgery [CABG]). This included patients who underwent an elective PCI or CABG who did not 
present with the clinical syndrome of a MI but still had evident CAD. Non-obstructive or non-revascularized CAD was not 
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included. We defined chronic kidney disease as patients who had abnormal renal function by creatinine level at the time of scan or 
who had a prior history of kidney disease. Claudication was defined as symptoms of exercise induced lower extremity pain. Prior 
CVD was defined as patients with prior CAD, symptomatic carotid disease with or without revascularization, stroke, or those 
with symptoms of claudication or lower extremity revascularization. These data were compiled in the CMR database and any 
missing information was also gathered from pertinent medical records and from their referring physicians.

Aortic and Cardiac Magnetic Resonance Analysis
CMR measurements were performed as previously reported and in accordance with the recommendation of the task force of 
the Society for Cardiovascular Magnetic Resonance.20 Two research personnel conducted the CMR measurements. They were 
trained and monitored by 2 physicians for measurement consistencies and were blinded to patient outcomes. An average of 
three measurements for each parameter was obtained. A third research staff member compiled follow-up data. Precession 
software (Heart Imaging Technologies, LLC, and Durham, NC) was used for offline analysis. For LV mass calculations, 
endocardial and epicardial borders were traced manually in SSFP sequences at both end-systole and end-diastole (excluding 
papillary muscle). LV function was also calculated per task force of the Society of Cardiovascular Magnetic Resonance 
recommendation.20 We defined abnormal left ventricular ejection fraction (LVEF) as <45%. The cross-sectional area of the 
descending thoracic aorta was manually traced in a 4-chamber SSFP cine image as depicted in Figure 1. Measurements were 

Figure 1 CMR showing a true FISP cine sequence (4-chamber view) showing the descending thoracic aorta cross sectional area highlighted in red (for illustrative purpose) 
during diastole (A) and systole (B). Arrows pointing to the descending aorta.
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done at the thoracic level consistent to the cardiac structure in the 4-chamber view in all patients. Descending aorta 
measurements included the following: maximal (A desc max) and minimal (A desc min) cross sectional lumen areas (cm2) of 
descending aorta; absolute changes in descending aortic areas: Δ A desc = (A desc max – A desc min). Descending AD (AD desc) 
was calculated as the relative change in cross-sectional area normalized for peripheral pulse pressure, PP (mmHg) so: AD desc= 

Δ A desc/(A desc min x PP) in 10−3 mmHg −1.21

Outcomes and Follow-Up
The primary outcome was defined as the composite of all-cause mortality, MI (defined as hospitalization for chest pain 
with the diagnosis of MI per prior definition),22 stroke, or coronary revascularization including CABG or PCI. Patients 
were followed up for the primary outcome during a median (25% IQR, 75% IQR) study follow up of 5.0 (0.56, 9.3) 
years. Telephone interviewers contacted patients to inquire about any CV event that occurred after the index CMR scan. 
Hospital chart review or NY state mortality records, if necessary, were available to confirm outcomes.

Statistical Analysis
Normal reference values of AD across various imaging modalities are limited. Ingna Voges et al provided normal 
reference values in percentile curves of the cross sectional thoracic aorta via CMR in 71 healthy children and young 
adults.23 Due to the lack of reference values, particularly of the descending aorta distensibility, continuous variables, 
mean and standard deviation were used if normally distributed, while median and range were used for skewed data. 
Categorical variables were reported as frequencies. Binomial confidence intervals were utilized to provide 95% 
confidence interval around the estimates. Baseline characteristics were compared between those with primary 
outcomes versus those without using a Student’s t-test for continuous variables and a chi-square test for categorical 
variables. AD desc distribution was descriptively displayed as continuous variable, ≤ median cutoff and as quintiles 
distribution (with the 1st quintile being the lowest distensibility or stiffest aorta). Absolute percentages of patients 
with the primary outcome versus those without and across the different AD desc quintiles were assessed by the 
Cochran-Armitage test.

Kaplan–Meier curves log-rank statistic was used to test differences between survival curves in patients with AD desc 

≤median cutoff, or AD desc ≤ 1st quintile cutoff. Prediction of the primary outcome was assessed by using univariable (Log 
rank test) and Cox proportional hazards and multivariate regression analysis. The major following risk factors included in the 
model were: age, gender, obesity (BMI>30 kg/m2), dyslipidemia, hypertension, smoking, diabetes, and history for CVD, 
prior renal disease and an abnormal LVEF; as all of these are known to have a strong association with the primary outcome. 
Subgroup analysis was performed to evaluate the effect of prior history of CVD on the association between AD desc and the 
primary outcome. All statistical analyses were performed with JMP software version 10 (SAS Inc., Cary, North Carolina). 
All probability values were 2-sided. Statistical significance was set a prior at a two-tailed p <0.05.

Results
We evaluated 1315 patients who underwent CMR between 2006–2011 at our institution. Of those, 148 patients were 
excluded due to either lack of follow-up data, significant artifacts impeding measurements, or those with a history of 
prior aortic surgery or interventions. Blood pressure data for calculating AD desc for the remaining 1167 patients was 
available in 928 patients, who were included in the final analysis.

Clinical Characteristics
Baseline clinical characteristics of study population are shown in Table 1. The mean age was 60 years [age strata was 
distributed as follows: strata 1 (<46 years) included 195 (21%) patients; strata 2 (≥46 to <60 years) included 244 (26%) 
patients; strata 3 (≥60 to <72 years) included 221 (24%) patients and strata 4 (≥ 72 years) included 268 (29%) patients]. 
One third of the population had prior CVD, a quarter were diabetic, and 53% were over age 60.
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CMR Aortic Distensibility Data
Hemodynamic parameters and CMR aortic measurements values are presented in Table 2. AD desc (10−3 mmHg −1) distribution 
in the entire population was as follows (mean ± SD 3.50 ± 2.84; median 2.77 (25–75% IQR 1.38–4.84)). AD desc distribution in 
quintiles is shown in Table 3. The 1st quintile had the lowest AD desc value (i.e., least AD or stiffest aorta) while the 5th quintile 
had the highest AD desc value (highest AD).

Table 1 Demographic and Clinical Characteristics of Study Population (n = 928) Categorized by Primary 
Outcome

Total  
(n=928)

Patients with 
Primary Outcome 
(n=315)

Patients Without 
Primary Outcome 
(n=613)

P value

Age, years 60 ± 17 67 ± 14 56 ± 17 <0.0001

Male 491(53%) 181 (57%) 310(51%) 0.049

BMI, kg/m2 28 ± 6 27.9 ± 6 28.3 ± 6 0.417

Smoking history 79 (9%) 29 (9.2%) 50(8.2%) 0.587

Race

Non-Hispanic whites 403 (44%) 139(44.1%) 264 (43.1%) 0.199

Hispanic 118 (13%) 44(13.9%) 74 (12.1%) 0.159

African American 362 (39%) 117 (37.1%) 245 (39.9%) 0.303

Others 44 (5%) 15 (5%) 29(4.7%) 0.217

Prior MI 161 (17%) 78 (24.8%) 83(13.5%) <0.0001

Prior CABG 62 (7%) 30 (9.5%) 32 (5.2%) 0.013

Prior HF 303 (33%) 151 (47.9%) 152 (24.8%) <0.0001

Prior CVA 44 (5%) 29(9.3%) 15 (2.5%) <0.0001

Prior PCI 166 (18%) 83 (26.4%) 83 (13.5%) <0.0001

Prior CAD * 270(29%) 132(41.9%) 138(22.5%) <0.0001

Prior CVD** 308 (33%) 156(49.5%) 152(24.7%) <0.0001

Co-morbidities

Diabetes 246 (27%) 111(35.2%) 135(22.0%) <0.0001

Hypertension 580 (63%) 240 (76%) 340 (55.5%) <0.0001

Kidney disease 114 (12%) 59(18.7%) 55(8.9%) <0.0001

Claudication 20 (2%) 12 (3.9%) 8 (1.3%) 0.012

Dyslipidemia 436 (47%) 179 (56.8%) 257(41.9%) <0.0001

Family History

MI 165 (17.8%) 55(17.5%) 110(17.9%) 0.855

Sudden cardiac death 51 (5.5%) 16 (5.1%) 35 (5.7%) 0.689

Notes: Data are expressed as the mean± SD or number (%) patients. *Prior CAD defined as documented history of prior MI or coronary 
revascularization (PCI or CABG). **Prior CVD was defined as patients with prior CAD, CVA, or symptoms of claudication. 
Abbreviations: BMI, body mass index; HTN, hypertension; CAD, coronary artery disease; HF, heart failure; CABG, coronary artery bypass 
graft; CVA, cerebrovascular accident; CVD, cardiovascular disease; MI, Myocardial Infarction; PCI, percutaneous intervention.
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CMR Aortic Distensibility and Risk Factors
Average AD desc (10−3 mmHg −1) across different age strata (p <0.0001) is shown in Figure 2. An age-related 
significant decrease in AD desc was noted (r = − 0.50, p <0.0001). Additionally, AD desc correlated inversely with 
BMI (r = -0.11, p =  0.001). Men had less AD desc (10−3 mmHg −1) than females (3.26 ± 2.55 vs. 3.78 ± 3.13 mm, p = 
0.006, respectively). There were no differences in AD desc based on race. Additionally, there was no significant changes 
between AD desc (10−3 mmHg −1) in current smokers vs. former or nonsmokers (3.56 ± 2.89 vs. 3.49 ± 2.84, p = 0.86, 
respectively).

Patients with a history of hypertension had a less distensible aorta compared to those with a normal blood pressure 
(2.77 ± 2.36 vs. 4.72 ± 3.15, p <0.0001, respectively). Similar data was noted for AD desc in patients with diabetes, 
kidney disease and dyslipidemia [diabetics vs. nondiabetics: 2.53 ± 1.95 vs. 3.85 ± 3.03, p <0.0001]; chronic kidney 
disease vs. normal kidney function: 2.61 ± 2.20 vs. 3.62 ± 2.89, p <0.0001, respectively and dyslipidemia vs. no 
dyslipidemia: 2.89 ± 2.40 vs. 4.05 ± 3.08, p <0.0001, respectively.

Table 2 Cardiac Magnetic Resonance Parameters of the Overall Study Population Categorized by Primary Outcome (n = 928)

Parameters Total Patients with 
Primary Outcome 
(n=315)

Patients Without 
Primary Outcome 
(n=613)

P value

Anatomic and Functional analysis

LVWT (mm) 0.87±0.5 0.89±0.46 0.86±0.51 0.425

LVIDd (mm) 5.8±0.9 5.98±1.04 5.74±0.93 0.0006

LVIDs (mm) 4.2±1.3 4. 94±1.43 4.02±1.23 <0.0001

LV mass (g) 119.3 ± 41.0 123.1±45.9 115.69±36.46 0.245

LVEF (%) 43.9±11.9 41.1±11.71 45.59±11.8 0.0006

LVEF(<45%) n. (%) 385 (41.5%) 172 (54.6%) 213 (%) <0.0001

LV scar (%) 7.3±9.2 8.93±10.1 5.68±8.01 0.02

RVEF (%) 37.9±17.1 36.29±17.55 38.9±16.86 0.089

Hemodynamic

Systolic BP (mmHg) 125.9±19.9 126.45±21.46 125.55±19.15 0.529

Diastolic BP (mmHg) 71.1± 11.5 70.45±12.34 71.42±11.02 0.242

Pulse Pressure (mmHg) 54.7± 16.4 56.0±17.14 54.13±15.94 0.107

Heart Rate (BPM) 75.8±14.4 76.39±14.52 75.52±14.34 0.345

Aortic measurements

Cross sectional Area Descending 
Aorta (cm2), Maximum area (ES)

4.9±1.6 5.25±1.53 4.68±1.57 <0.0001

Cross sectional Area Descending 
Aorta (cm2), Minimum area (ED)

4.2±1.5 4.65±1.42 4.0±1.5 <0.0001

Aortic Area Change (Δ A desc) 0.65±0.41 0.59±0.42 0.68±0.40 0.006

Descending Aortic distensibility 

(AD desc) (10−3 mmHg−1)

3.50±2.84 2.77±2.46 3.88±2.95 <0.0001

Note: Data are expressed as the mean± SD or number (%) patients. 
Abbreviations: BP, blood pressure; BPM, beat per minute; LV, left ventricle; LVEF, LV ejection fraction; RVEF, right ventricle ejection fraction; ES, end systolic; ED, end 
diastolic; LVWT, left ventricle wall thickness; LVIDd, left ventricle internal diameter diastole; LVIDs, left ventricle internal diameter systole.
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Study Outcomes
The median (25%IQR, 75%IQR) study follow-up duration was 5.0 (0.49, 9.3) years. Of the 928 patients, 315 (33.9%) 
had one of the primary outcomes: 205 (22%) died, 60 (6.5%) patients had MI, 25 (3%) patients had stroke, 68 (7%) 
patients had PCI, and 21 (2%) patients had CABG (i.e, 694 events in 315 patients). Patients who experienced the primary 
outcome were older, more often male, hypertensive, diabetics, and had a prior history of CVD or other comorbidities. 
The baseline clinical characteristics of patients with and without a primary outcome are presented in Table 1.

CMR Aortic Distensibility and Outcomes
Patients who had a primary outcome were more likely to have lower LVEF and right ventricular ejection fraction (RVEF) 
and a higher LV scar percentage on CMR. We found that AD desc and the absolute changes in descending aortic cross- 
sectional areas (Δ A desc) were significantly lower in patients experiencing the primary outcome (Table 2), p <0.0001. 
Additionally, the primary outcome occurred in 43% of patients with AD desc ≤ median compared to 25% with AD desc > 
median, p <0.0001, and in 44% of patients with AD desc in the 1st quintile compared to 31% with AD desc in the other 
quintiles (p = 0.0004). In Kaplan–Meier analysis (Figure 3), patients with AD desc ≤ median had worse overall event-free 
survival versus those with AD desc > median (log rank X2 = 20.5, p <0.0001). Similar results are shown when AD desc 

quintiles were also utilized, as shown in Figure 3.
Table 4 illustrates univariate and multivariable Cox proportional hazards models in evaluating the association 

between clinical and CMR variables and the primary outcome in the overall population. Univariate analysis showed 
that AD desc ≤ median was associated with primary outcome [unadjusted HR of 1.82 (95% CI: 1.41–2.35), p <0.0001]. 

Table 3 Distribution of Aortic Distensibility in Descending Aorta (AD Desc) Values in the Overall 
Population by Quintiles (n = 928)

Minimum 25% 50% 75% Maximum

1st quintile 0.05 0.38 0.67 0.95 1.14

2nd quintile 1.15 1.39 1.71 1.93 2.20

3rd quintile 2.21 2.45 2.79 3.14 3.56

4th quintile 3.57 3.96 4.45 4.85 5.36

5th quintile 5.37 6.25 7.32 9.15 20.94

Note: 1st quintiles correspond to least aortic distensibility and 5th quintile corresponds to the highest aortic distensibility.

Figure 2 Mean AD across different age strata (p <0.0001). Data presented as mean and standard deviation (error bars).
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However, it was not an independent predictor of the primary endpoint in the multivariate model [adjusted HR 1.09 (95% 
CI: 0.82–1.45), p = 0.52].

Other significant predictors for the primary outcome in the multivariate model were age, prior CVD and abnormal 
LVEF as shown in Table 5.

Figure 3 Kaplan-Meier Survival Curves illustrates the survival rate among study population showing significant difference between the groups as categorized by: (A) AD desc 

≤median cutoff, (B) different AD desc quintiles, (C) AD desc ≤ 1st quintile cutoff. (A) KM curves categorized by ADdesc ≤median cutoff. (B) KM curves categorized by AD desc 

quintiles. 1st quintiles correspond to least aortic distensibility and 5th quintile corresponds to the lowest aortic distensibility. (C) KM curves categorized by AD desc ≤ 1st 
quintile cutoff.
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Subgroup Analysis
There was a statistically significant difference between mean AD desc in those with prior CAD vs. no CAD (2.88 ± 2.49 v. 
s 3.76 ± 2.94, p <0.0001, respectively) and prior CVD compared to no CVD (2.87 ± 2.47 vs. 3.83 ± 2.96, p <0.0001, 
respectively). AD desc was not an independent predictor of the primary outcome in patient with prior CVD [AD desc ≤ 
median adjusted HR 1.13 (95% CI: 0.76–1.68), p = 0.538] or without prior CVD [AD desc ≤ median adjusted HR 1.07 
(95% CI: 0.71–1.60), p = 0.758]. Similar nonsignificant results for adjusted HR were shown when AD desc was used as 
a continuous variable or as AD desc ≤ 1st quintile (data not shown).

Table 4 Distribution of Aortic Distensibility in Descending Aorta (AD Desc) in the Overall Population 
by Quintiles Categorized by Primary Outcome (n = 928)

Patients with Primary 
Outcome  
(n = 315)

Patients Without Primary 
Outcome  
(n = 613)

¥P value

1st quintile 84 (26.67%) 101 (16.48%) <0.0001

2nd quintile 83 (26.35%) 103 (16.80%)

3rd quintile 61 (19.37%) 130 (21.21%)

4th quintile 52(16.51%) 129 (21.04%)

5th quintile 35 (11.11%) 150 (24.47%)

Note: ¥Cochran Armitage test.

Table 5 Univariate and Multivariate Cox Proportional Hazards Regression Models for Clinical and Cardiac CMR 
Imaging Variables Associated with Primary Outcome in the Overall Population (n = 928)

Univariate Analysis Multivariate Analysis

Hazards Ratio (95% CI) P Hazards Ratio (95% CI) P

Age 1.03(1.02–1.04) <0.0001 1.02(1.01–1.03) <0.0001

Male gender 1.25(0.98–1.61) 0.077 1.12(0.87–1.45) 0.389

BMI >30 1.00(0.98–1.03) 0.683 1.01(0.99–1.04) 0.342

Smoking history 1.14(0.72–1.82) 0.577 1.11 (0.67–1.82) 0.689

HTN 2.14(1.61–2.85) <0.0001 1.27 (0.91–1.78) 0.160

Diabetes 1.69 (1.30–2.20) <0.0001 1.09(0.81–1.45) 0.576

Dyslipidemia 1.66(1.29–2.14) <0.0001 1.01(0.76–1.35) 0.951

CVD 2.47(1.93–3.17) <0.0001 1.61(1.21–2.16) 0.001

Kidney disease 1.69(1.21–2.36) 0.002 1.38(0.98–1.95) 0.066

Abnormal LVEF (%) 2.09 (1.63–2.68) <0.0001 1.76(1.35–2.28) <0.0001

AD desc ≤ median 1.82 (1.41–2.35) <0.0001 1.09(0.82–1.45) 0.518

Notes: Prior CVD was defined as patients with prior CAD, CVA, or symptoms of claudication. Variables entered in the multivariate model were 
the same as those used in the univariate model. 
Abbreviations: HTN, hypertension; BMI, body mass index; AD desc, aortic distensibility descending aorta; LVEF, left ventricle ejection fraction; 
95% CI, 95% confidence interval.
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Discussion
We evaluated the relationship of AD in the descending thoracic aorta measured by CMR with the composite of all-cause 
mortality, MI, stroke, and coronary revascularizations. This study is the largest CV outcome study, to our knowledge, in 
assessing AD desc in a real-world referral population for CMR.

We have shown that decreased distensibility (a stiffer aorta) was associated with older age, hypertension, diabetes, 
renal disease, dyslipidemia, and the primary outcome but was not an independent predictor of the outcomes when 
adjusted for other known CV risk factors or the presence of prior CVD.

Since there is no defined cutoff for normal AD desc, we utilized multiple analyses including AD desc as a continuous 
variable, AD desc ≤ median cutoff, or AD desc ≤ 1st quintile cutoff and in all of these, there was no independent predictive 
value for AD vis-à-vis subsequent CV events. This was also true for the subgroup analysis in patients with and without 
CVD. This lack of independent association may reflect that descending AD already captures the impact of the classical 
risk factors to predict the development or progression of CVD and does not add prognostic information provided by these 
clinical variables. It is noteworthy, however, that our population is a real-world referral for CMR, and comorbid with 
33% of the patients with CVD, and hence, the prognostic value of AD may be best studied in larger cohorts of healthier 
patients where CVD is not already present.

In this study, we measured AD in a unique aortic location - that of the descending thoracic aorta. It has been proposed 
that variations in AS may occur in different anatomical locations of the aorta in relation to various risk factors or 
histological changes (elongation and dilations and or fragmentation of elastin fibers within the media) or even as a part of 
normal aging.24–26 Furthermore, inherent dynamic differences in the properties at different aortic locations are proposed 
to be attributed to a higher proportion of collagen to elastin ratio more distally in the aorta compared to proximally. In 
addition, there have been suggested associations of oxidative stress such as smoking to affect the abdominal aorta, with 
mechanisms proposed to involve neutrophilic degradation of elastin.27–30 This may also explain why we observed no 
difference in AD desc in smokers vs. nonsmokers per the aortic location that we studied.

Our overall results vary with other publications on the association of non-invasive measured arterial stiffness 
[distensibility, and PWV]. In a recent study by Redheuil et al21 from the Multi-Ethnic Study of Atherosclerosis 
(MESA) cohort, decreased ascending aortic distensibility (AAD) assessed by CMR predicted all-cause mortality in 
a multi-ethnic population (n = 3675) free of CVD at the time of enrollment. Additionally, the authors reported that 
decreased AAD was associated with CV events in low to intermediate-CVD risk individuals with a HR of 5.3 (p = 0.03) 
for the first quintile of AAD in the fully adjusted model in studying proximal AD. The MESA study also reported similar 
observation (of increased risk but lacking statistical significance) in the subgroup of patients with high baseline CV risk 
profile (adjusted Hazards Ratio of 1.3 [95% CI 0.6–2.9]), p = 0.52. Similarly, “the Dallas Heart Study” by Maroules et al 
evaluated 2212 subjects without CVD (defined as no prior history of MI, stroke, or coronary revascularization by PCI or 
CABG) and reported that CMR-derived AAD is independently associated with non-fatal cardiac events (HR 1.45, P = 
<0.0005), while the associated composite CV events showed a HR 1.18, p = 0.08. Both the MESA and Dallas Heart are 
two of the largest reported ascending aorta distensibility studies using CMR imaging and both studied the proximal aorta. 
In our current study, we have shown that AD desc ≤ median cut off was not an independent predictor of the primary 
endpoint in the overall population [adjusted HR 1.09 (95% CI:0.82–1.45), p = 0.518] and in subgroup analysis of patients 
with or without prior CVD [adjusted HR 1.13 (95% CI: 0.76–1.68), p = 0.538 or adjusted HR 1.07 (95% CI: 0.71–1.60), 
p = 0.758, respectively]. Ultimately, we feel that the differences in population demographics, sample size, and the aortic 
location that we studied, may have attributed to these differences. Further studies should validate the prognostic impact 
of AD and explore its consistencies between various aortic locations.

The strengths of our study are the enrollment of a real-world, large referral population including those with prior 
CVD along with the hard CV outcomes that we analyzed. We also examined a unique aortic location in that of the 
descending thoracic aorta and measured AD desc using CMR in an easily accessible and reproducible, non-contrast, SSFP 
(traditional cine image) of the 4-chamber view. Our study also highlights a statistically significant distribution of AD at 
the descending thoracic aorta analyzed into its median and age distribution in a real world and comorbid population and 
exhibits a linear distribution among quintiles of decreasing AS with having a primary outcome and reduced event free 
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survival (Tables 3 and 4; Figures 2 and 3, respectively). Given the lack of reference values available, these may be 
a resource for future studies.

Study Limitations
The study has several limitations inherent to the clinical retrospective study design, limited term follow-up (5-year 
average), the technical acquisition methods of AD desc (though simplified via a 4-chamber view of CMR scans), the lack 
of measured inter-observer variability of the 2 volunteers conducting measurements, as well as the sample size. We also 
used the peripheral (brachial) PP rather than central aortic pressure to calculate AD. This may have resulted in impedance 
mismatch due to the differences in the elastic properties between thoracic aorta and brachial artery or from localized 
peripheral vascular disease. Such mismatch effect is theoretically expected to decrease as age increases (notably our 
mean population age was 60 years).31,32 The number of events may be low especially in the subgroup analyses (where 
a wider 95% CI was observed). Nevertheless, our single center CMR study remains the largest reported sample of AD 
measured at the descending aorta for CV outcomes in a real-world referral population to date.

Despite documenting cardiac medications at study entry (prior to the index CMR), we were unable to monitor the 
compliance of medication adherence and hence we were unable to explore the ongoing dynamic changes of AD in 
response to cardiac medications. Prior studies have suggested an improvement in AS with certain medication classes and 
demonstrated improved aortic wall compliance and clinical outcomes after treatment with beta-blockers and ACE 
inhibitors. These medications may affect AS directly by reducing the hemodynamic afterload and lowering the PP.33,34

Conclusions
In this study, we examined a unique CMR-derived method for AD at the descending thoracic aorta (AD desc) of 928 
patients with the primary outcome of all-cause mortality, MI, stroke, or coronary revascularization. We found that 
a decreased AD desc (a stiffer aorta) was associated with older age, hypertension, diabetes, renal disease, and 
dyslipidemia. AD desc was significantly lower in patients experiencing the primary outcome as was the event free 
survival also lower (AD desc ≤ median; or quintile 1 compared to others; or incrementally amongst quintiles). 
However, AD desc ≤ median was not found to be an independent predictor of the primary endpoint after multivariable 
adjustment in the overall population or in the subgroup analysis of patients with or without prior CVD.

Clinical Competencies
AD is an imaging biomarker to atherosclerosis leading to CV events. Decreased AD (a stiffer aorta) was associated with 
older age, hypertension, diabetes, renal disease, and dyslipidemia. A decrease in AD desc was significantly associated with 
the primary outcome (all-cause mortality, MI, stroke, or coronary revascularization) in the unadjusted model, but not in 
the fully adjusted model.

Translational Outlook
This study suggests that measurements of AD is readily accessible during a CMR study and can potentially be used as an 
imaging biomarker to CV health. Future outlook includes the potential use of AD as a tool to assess and modify anti- 
atherogenic therapies to improve CV outcomes when AS is detected. Larger, multicenter, and prospective studies are 
recommended.

Abbreviations
AS, aortic stiffness; CV, cardiovascular; CVD, cardiovascular disease; AD, aortic distensibility; PWV, pulse wave 
velocity; CMR, cardiovascular magnetic resonance; MI, myocardial infarction; SSFP, steady-state free precession; PP, 
pulse pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; CAD, coronary artery disease; PCI, 
percutaneous coronary intervention; CABG, coronary artery bypass surgery; LVEF, left ventricular ejection 
fraction; AD desc, descending aortic distensibility; RVEF, right ventricular ejection fraction; MESA, Multi-Ethnic 
Study of Atherosclerosis; AAD, ascending aortic distensibility; CVA, cerebrovascular event.
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