
Aortic Aneurysm

Female Sex is Associated with Adverse 
Cardiac Remodeling and Increased 
Antihypertensive Requirements After 
Thoracic Endovascular Aortic Repair
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Background: Thoracic endovascular aortic repair (TEVAR) has largely replaced open surgical 
repair (OSR) for many thoracic aortic pathologies due to lower perioperative morbidity and mor-

tality. However, the increased aortic stiffness imparted by stent grafts may have long-term car-

diovascular consequences, particularly among women. The purpose of this study is to evaluate 
sex-specific differences in cardiac remodeling and antihypertensive requirements following 
TEVAR compared with OSR.

Methods: A retrospective review was conducted of 671 adult patients who underwent TEVAR or 
OSR for thoracic aortic aneurysm or dissection between January 2015 and January 2022. Of 
these, 101 patients met inclusion criteria, with complete 3-year antihypertensive medication and

≥1-year echocardiographic follow-up data. Primary outcomes included changes in left ventricular 
ejection fraction (LVEF), left ventricular hypertrophy (LVH), and antihypertensive medication re-

quirements. Multivariable Poisson generalized estimating equation and logistic regression models 
were used to identify factors associated with medication escalation and cardiac remodeling. 
Results: Among female patients, TEVAR was associated with significantly greater antihypertensive 
medication requirements at 12, 24, and 36 months postoperatively (P < 0.05) compared with OSR. 
Worsening LVH occurred more frequently after TEVAR (P < 0.05), whereas changes in LVEF, rates 
of stroke, myocardial infarction, and 1-year mortality were similar between groups. In multivariable 
analysis, TEVAR independently predicted higher antihypertensive requirements (incidence rate ratio 
(IRR) 1.48; 95% CI, 1.27—1.73; P < 0.001), while OSR was associated with significantly lower odds of 
worsening LVH compared with TEVAR (OR 0.11; 95% CI, 0.01—0.63; P = 0.012). No significant dif-

ferences were observed between TEVAR and OSR among male patients.

Conclusion: Female patients undergoing TEVAR demonstrated greater adverse cardiac 
remodeling and higher antihypertensive requirements than those undergoing OSR. These find-

ings suggest that sex-related differences in aortic stiffness and device oversizing may contribute 
to poorer long-term remodeling outcomes in women, underscoring the need for sex-specific 
endograft sizing and development of more compliant endografts.
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INTRODUCTION

Thoracic endovascular aortic repair (TEVAR) has 
become the preferred intervention for many 
thoracic aortic pathologies over open surgical repair 
(OSR). TEVAR offers decreased length of hospital 
stay and reduced perioperative morbidity and mor-

tality, including lower rates of early death, spinal 
cord ischemia, renal insufficiency, and re-

operation for bleeding. 1,2 Despite these advantages, 
TEVAR is associated with increased aortic stiffness, 
attributed to the mechanical properties of the stent 
grafts which are orders of magnitude less compliant 
than native aortic tissue. 3—6 Increased aortic stiff-
ness raises left ventricular afterload, which can 
contribute to cardiac remodeling and elevated sys-

tolic blood pressure (SBP). Elevated SBP, in turn, ac-

celerates aortic stiffening. Our previous study has 
shown that patients undergoing TEVAR were likely 
to require more antihypertensive medications 
compared to patients with OSR, suggesting 
increased aortic stiffness following TEVAR. 7 The 
increased antihypertensive requirements observed 
after TEVAR likely reflect the reciprocal relationship 
between SBP and aortic stiffness. 8

Given the increasing utilization of TEVAR over 
OSR, it is essential to evaluate both short- and 
long-term outcomes across diverse patient popula-

tions, including potential sex-based differences. 
Although thoracic aortic disease is more prevalent 
in men, women demonstrate disproportionately 
faster aneurysm growth, higher risks of rupture 
and dissection, and a greater incidence of acute 
aortic events at smaller diameters. 9 Current litera-

ture consistently shows that female patients expe-

rience inferior postoperative outcomes compared 
with male patients following both TEVAR and 
OSR, including higher long-term mortality 10,11 

and higher rates of access-related complications af-

ter TEVAR. 12 The underlying reasons for these dis-

parities are likely multifactorial. One critical issue is 
that women remain persistently underrepresented 
in endovascular device trials relative to disease 
prevalence, a disparity that has remained un-

changed over time. 13,14 Inferior postoperative out-

comes in women may also be explained by more 
adverse preoperative characteristics. Compared to 
male patients, women are more likely to be older, 
have higher baseline frailty, comorbidity associa-

tion, and aortic stiffness at baseline at the time of 
TEVAR. 10,15 Additionally, female patients under-

going TEVAR often have smaller absolute aortic di-

ameters but larger aortic size indices relative to 
males, leading to a proportionally greater aneu-

rysm burden and higher likelihood of presenting

with symptomatic or ruptured aneurysms. 16 These 
anatomical constraints are reflected in the 
instructions-for-use for endovascular devices, 
which disproportionately exclude women 
compared to men.

While postoperative sex-based outcome dispar-

ities following TEVAR are increasingly recognized, 
little is known about whether these differences 
extend to long-term hemodynamic changes. To 
address this gap, we investigated sex-specific differ-

ences in cardiac remodeling and aortic stiffness 
following TEVAR and OSR.

METHODS

This was a retrospective, single-institution review 
of 671 adult patients who underwent TEVAR or 
OSR for thoracic aortic aneurysm, aortic dissection, 
or both between January 2015 and January 2022 at 
Loyola University Medical Center. Of these 671 pa-

tients, 101 met the inclusion criteria and were 
included in the final analysis. Inclusion criteria 
consisted of patients aged 18 years or older who un-

derwent either OSR or TEVAR for thoracic aortic 
disease and had complete 3-year antihypertensive 
medication follow-up data as well as at least 
1 year of echocardiogram follow-up. Exclusion 
criteria included concomitant cardiac surgery, se-

vere aortic valve disease, and blunt thoracic aortic 
injury.

Parts of the work and patient data included in 
this manuscript have been previously published. 
Specifically, our prior study 7 included 566 adult pa-

tients who underwent OSR or TEVAR between 
January 2015 and December 2020 at Loyola Uni-

versity Medical Center of whom 100 met the inclu-

sion criteria. In the current analysis, 29 patients 
from the original cohort were excluded because of 
incomplete echocardiographic follow-up. The cur-

rent study extends the study period through 
January 2022 (671 patients total screened) and 
refined inclusion criteria to require complete echo-

cardiographic follow-up. An additional 30 patients 
from the expanded study period were newly iden-

tified, resulting in a final cohort of 101 patients. 
All echocardiographic analyses, blood pressure 
outcomes, and antihypertensive utilization data 
for these 30 newly enrolled patients represent orig-

inal findings not previously reported. Critically, the 
prior publication did not include any sex-stratified 
outcome comparisons. The current study’s primary 
novel contribution is a dedicated analysis of sex-

based differences in outcomes following OSR and 
TEVAR.
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Collected demographic and clinical variables 
included age, sex, body surface area (BSA), smok-

ing history, hypertension (HTN), hyperlipidemia, 
diabetes mellitus (DM), coronary artery disease 
(CAD), renal insufficiency, end-stage renal disease 
(ESRD), previous aortic repair, and previous stroke. 
Postoperative outcomes included changes in the 
number and dosage of antihypertensive medica-

tions, left ventricular ejection fraction (LVEF), left 
ventricular hypertrophy (LVH), stroke, myocardial 
infarction, and mortality. Aortic aneurysms 
were categorized by location as ascending, arch, 
descending, or combined. Aortic dissections were 
reported based on the DeBakey classification: 
Type I, Type II, Type IIIa, or Type IIIb. The Loyola 
University Chicago Institutional Review Board 
approved this study for retrospective review of 
deidentified clinical data and waived the require-

ment for informed consent.

The primary outcomes of interest were cardiac 
remodeling and changes in the number and dosage 
of antihypertensive medications. To assess cardiac 
function, transthoracic echocardiographic imaging 
results were collected, including only images 
interpreted by experienced cardiologists at our 
institution. Cardiac remodeling was assessed 
by comparing preoperative and postoperative 
(≥1 year) LVEF and LVH measurements. Worsening 
LVEF was defined as any numerical reduction in 
ejection fraction compared with the preoperative 
echocardiogram. LVH was determined based on 
the interpretation documented in the echocardio-

gram report. Worsening LVH was defined as pro-

gression from none or mild to moderate or severe 
compared with the preoperative study. The pres-

ence of LVH and reduced LVEF are well-

established markers of adverse cardiac remodeling 
and are associated with increased cardiovascular 
morbidity and mortality. 17,18

Medication information was collected preopera-

tively and at 12 months, 24 months, and 36 months 
postoperatively. Escalation in the number or dosage 
of antihypertensive medications was used as a sur-

rogate marker of elevated blood pressure and 
increased aortic stiffness given the well-established 
bidirectional relationship between arterial stiffness 
and blood pressure. 19,20 The REASON study demon-

strated that patients with higher aortic stiffness, as 
measured by pulse wave velocity, exhibit a blunted 
systolic blood pressure response to antihypertensive 
therapy and are more likely to require higher doses 
or combination therapy to achieve blood pressure 
control. 21 Therefore, longitudinal changes in anti-

hypertensive therapy were used to reflect postoper-

ative alterations in vascular compliance.

STATISTICAL ANALYSIS

Demographic and clinical continuous variables 
were summarized via medians and ranges while dif-

ferences between procedure groups for these vari-

ables were assessed by the Wilcoxon rank-sum 
test. Categorical variables were summarized via fre-

quencies and percentages, and differences between 
procedure groups for these variables were assessed 
by Fisher’s exact test. Multivariable Poisson general-

ized estimating equation models assessing differ-

ences between surgery types in the number of 
medications over time, adjusting for demographic 
and clinical factors of interest. Multivariable logistic 
models for worsening ejection fraction and wors-

ening left ventricular hypertrophy were also fit to 
examine which factors significantly affect these out-

comes. Analyses were conducted in R 4.3.1.

RESULTS

Table I summarizes the demographics and clinical 
characteristics of female (n = 50) and male 
(n = 51) patients who underwent TEVAR or OSR. 
The median age was 66 years in the female cohort 
and 59 years in the male cohort. Male patients had 
a significantly higher BSA (P < 0.05), whereas a 
greater proportion of current smokers was observed 
in the female cohort (P < 0.05). No significant 
sex-based differences were identified in age, BMI, 
or comorbidities, including HTN, DM, CAD, ESRD, 
renal insufficiency, stroke, or hyperlipidemia 
(HLD). Similarly, there were no significant sex dif-

ferences in prior aortic repair, underlying pathology 
(aneurysm, dissection, or both), or thoracic aortic 
disease distribution, including ascending, arch, 
thoracic, or combined involvement.

No significant differences were observed in post-

operative outcomes between the female and male 
cohort, including the number or dosage escalation 
of antihypertensive medications at 12, 24, and 
36 months after surgery (Table II). Similarly, mea-

sures of cardiac remodeling, including LVEF and 
LVH at follow-up, did not differ between cohorts. 
Rates of stroke, myocardial infarction, and mortality 
at 1 year were also comparable between female and 
male patients.

Table I also presents the demographics and clin-

ical characteristics of female patients treated with 
TEVAR (n = 20) or OSR (n = 30). No significant dif-

ferences were observed in age, BMI, BSA, smoking 
status, or comorbidities, including HTN, DM, CAD, 
ESRD, renal insufficiency, or HLD between the 
two groups. A higher prevalence of prior stroke 
was noted among female patients treated with
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Table
 

I. Baseline demographics and
 

clinical characteristics stratified
 

by
 

sex
 

and
 

procedure type

Characteristic

Females (N
 

=
 

50) Males (N
 

=
 

51)

P
 

value 
b

(sex) TEVAR
 

(N
 

=
 

20) OSR
 

(N
 

=
 

30) 

P
 

value 
b

(procedure) TEVAR
 

(N
 

=
 

19) OSR
 

(N
 

=
 

32)

P
 

value 
b

(procedure)

Demographics 
Age, median

 
(range) 65

 
(31—84) 66

 
(28—82) 0.812

 
62
 

(38—81) 59
 

(27—84) 0.599
 

0.098
 

BMI, median
 

(range) 31.2
 

(15.9—52.1) 27.9
 

(18.6—51.3) 0.330
 

28.6
 

(23.4—41.5) 29.1
 

(26.0—56.0) 0.606
 

0.153
 

BSA, median
 

(range) 1.89
 

(1.23—2.62) 1.76
 

(0.00—2.21) 0.576
 

2.12
 

(1.87—2.62) 2.20
 

(1.70—3.27) 0.441
 

<0.001
 

a
 

Comorbidities 
HTN

 
18
 

(90.0%) 23
 

(76.7%) 0.285
 

17
 

(89.5%) 26
 

(81.3%) 0.694
 

0.796
 

DM
 

3
 

(15.0%) 1
 

(3.3%) 0.289
 

2
 

(10.5%) 3
 

(9.4%) >0.999
 

>0.999
 

CAD
 

6
 

(30.0%) 13
 

(43.3%) 0.387
 

7
 

(36.8%) 6
 

(18.8%) 0.192
 

0.204
 

ESRD
 

1
 

(5.0%) 0
 

(0.0%) 0.400
 

4
 

(21.1%) 0
 

(0.0%) 0.016
 

a
 0.362

 
Renal insufficiency

 
2
 

(10.0%) 2
 

(6.7%) >0.999
 

2
 

(10.5%) 2
 

(6.3%) 0.623
 

>0.999
 

Smoker 4
 

(20.0%) 12
 

(40.0%) 0.216
 

3
 

(15.8%) 1
 

(3.1%) 0.140
 

0.003
 

a
 

Previous aortic repair 5
 

(25.0%) 3
 

(10.0%) 0.240
 

6
 

(31.6%) 1
 

(3.1%) 0.008
 

a
 0.786

 
Stroke 8

 
(40.0%) 1

 
(3.3%) 0.002

 
a
 2

 
(10.5%) 3

 
(9.4%) >0.999

 
0.263

 
HLD

 
8
 

(40.0%) 13
 

(43.3%) >0.999
 

7
 

(36.8%) 14
 

(43.8%) 0.771
 

>0.999
 

Aortic anatomy
 

Aneurysm
 

11
 

(55.0%) 24
 

(80.0%) 0.079
 

6
 

(31.6%) 21
 

(65.6%) 0.003
 

a
 0.097

Dissection
 

8
 

(40.0%) 6
 

(20.0%) 8
 

(42.1%) 11
 

(34.4%) 
Both

 
1
 

(5.0%) 0
 

(0.0%) 5
 

(26.3%) 0
 

(0.0%) 
Ascending 0

 
(0.0%) 23

 
(95.8%) <0.001

 
a
 0

 
(0.0%) 19

 
(90.5%) <0.001

 
a
 0.169

 
Arch

 
0
 

(0.0%) 0
 

(0.0%) 3
 

(27.3%) 0
 

(0.0%) 
Descending 11

 
(91.7%) 0

 
(0.0%) 6

 
(54.6%) 0

 
(0.0%) 

Combination
 

1
 

(8.3%) 1
 

(4.2%) 2
 

(18.2%) 2
 

(9.5%) 
Dissection

 
type (DeBakey) 

Type I 0
 

(0.0%) 5
 

(83.3%) <0.001
 

a
 2

 
(15.4%) 8

 
(80.0%) 0.005

 
a
 0.443

 
Type II 0

 
(0.0%) 1

 
(16.7%) 0

 
(0.0%) 0

 
(0.0%) 

Type IIIa 6
 

(66.7%) 0
 

(0.0%) 9
 

(69.2%) 2
 

(20.0%) 
Type IIIb

 
3
 

(33.3%) 0
 

(0.0%) 2
 

(15.4%) 0
 

(0.0%)

BMI, body
 

mass index; BSA, body
 

surface area; CAD, coronary
 

artery
 

disease; DM, diabetes mellitus; ESRD, end-stage renal disease; HLD, hyperlipidemia; HTN, hypertension; OSR, open
 

surgical repair; TEVAR, thoracic endovascular aortic repair.
a
 P
 
<
 

0.05
 

considered
 

statistically
 

significant.
b
 Wilcoxon

 
rank

 
sum
 

test; Fisher’s exact test.
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TEVAR compared with OSR (P < 0.05). There were 
no significant differences in the frequency of prior 
aortic repair and underlying aortic pathology (aneu-

rysm, dissection, or both). Ascending aortic aneu-

rysms and type A dissections were treated with 
OSR, while thoracic aortic aneurysms and type B 
dissections were treated with TEVAR (P < 0.001).

Postoperative outcomes in female patients un-

dergoing TEVAR or OSR are summarized in 
Table II. No baseline difference in the number of 
antihypertensive medications was observed at

0 months between the TEVAR and OSR female pa-

tients. Antihypertensive medication use was signif-

icantly higher in the TEVAR cohort at 12, 24, and 
36 months postoperatively (P < 0.05) (Fig. 1). How-

ever, there were no significant differences between 
groups in the number of agents added or in dosage

escalation over time, indicating that while TEVAR 
patients required more medications overall, the lon-

gitudinal pattern of escalation was comparable be-

tween cohorts. A greater proportion of TEVAR 
patients developed worsening LVH at follow-up 
(P < 0.05). Baseline LVEF and LVH did not differ be-

tween groups, and no significant changes in LVEF 
were observed at follow-up. One-year rates of 
stroke, myocardial infarction, and mortality were 
comparable between TEVAR and OSR cohorts.

Table III presents results from the multivariable 
Poisson GEE model assessing the escalation of anti-

hypertensive medication in female patients after sur-

gery. Increasing age (incidence rate ratio (IRR) 1.007, 
95% CI 1.001—1.013, P = 0.017) and higher BMI 
(IRR 1.021, 95% CI 1.011—1.031, P < 0.001) were 
independently associated with greater likelihood of

Table II. Antihypertensive medication requirements and postoperative outcomes by sex and procedure 
type

Characteristic

Females (N = 50) Males (N = 51)

P value b 

(sex)

TEVAR 
(N = 20) OSR (N = 30)

P value b 

(procedure)

TEVAR 
(N = 19)

OSR

(N = 32)

P value b 

(procedure)

Antihypertensive medication requirements

Number escalation 7 (35.0%) 8 (26.7%) 0.547 7 (36.8%) 13 (40.6%) >0.999 0.404

Dosage escalation 5 (25.0%) 4 (13.8%) 0.456 3 (15.8%) 5 (15.6%) >0.999 0.794

Medications at

0 month, median 
(range) 

2 (0—5) 2 (0—4) 0.097 2 (0—7) 2 (0—4) 0.146 0.975

Medications at

12 months, median 
(range) 

2.5 (1—4) 1 (0—4) <0.001a 2 (0—5) 2 (0—5) 0.450 0.639

Medications at

24 months, median 
(range) 

3 (1—5) 1.5 (0—4) 0.003a 2 (0—5) 2 (0—5) 0.367 0.958

Medications at

36 months, median 
(range)

2.5 (1—5) 1.5 (0—4) 0.003a 2 (0—5) 2 (0—5) 0.546 0.875

Cardiac remodeling 
EF% at baseline, 

median (range) 
60 (40—72.5) 60 (40—75) 0.912 60 (45—65) 60 (40—80) 0.803 0.786

EF% at follow-up, 
median (range)

58.8 (45—70) 60 (35—67.5) 0.856 60 (30—65) 60 (25—72) 0.602 0.628

Worsening EF 3 (15.0%) 3 (10.0%) 0.672 1 (5.3%) 4 (12.5%) 0.639 0.760

LVH at baseline 5 (25.0%) 10 (33.3%) 0.754 9 (47.4%) 10 (31.3%) 0.369 0.529

Worsening LVH 7 (35.0%) 1 (3.3%) 0.005a 4 (21.1%) 8 (25.0%) >0.999 0.455

Postoperative outcomes at 12 months

Stroke 2 (10.0%) 4 (13.3%) >0.999 2 (10.5%) 2 (6.3%) 0.623 0.525

Myocardial infarction 0 (0.0%) 1 (3.3%) >0.999 0 (0.0%) 2 (6.3%) 0.523 >0.999

Mortality 1 (5.0%) 1 (3.3%) >0.999 1 (5.3%) 1 (3.1%) >0.999

EF%, ejection fraction; LVH, left ventricular hypertrophy; MI, myocardial infarction; OSR, open surgical repair; TEVAR, thoracic 

endovascular aortic repair.
a P < 0.05 considered statistically significant.
b Wilcoxon rank sum test; Fisher’s exact test.
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escalation. Compared with OSR, TEVAR was 
strongly associated with increased antihypertensive 
medication requirements (IRR 1.479, 95% CI 
1.266—1.729, P < 0.001). Stroke history was not

significantly associated with escalation (IRR 1.100, 
95% CI 0.894—1.354, P = 0.37), and time since sur-

gery (months) did not demonstrate a significant ef-

fect (IRR 1.002, 95% CI 0.997—1.008, P = 0.38).

Table IV presents the results of the multivariable 
logistic model assessing the likelihood of developing 
worsening LVH in female patients after surgery. 
Neither age (OR 1.003, 95% CI 0.944—1.075, 
P = 0.92) nor BMI (OR 0.967, 95% CI 0.852— 
1.089, P = 0.57) were associated with worsening 
LVH. Compared with TEVAR, OSR was associated 
with a significantly lower likelihood of developing 
worsening LVH (OR 0.108, 95% CI 0.010—0.628, 
P = 0.012). Stroke history was not significantly asso-

ciated with worsening LVH (OR 1.473, 95% CI 
0.221—10.11, P = 0.68).

Table I presents the demographics and clinical 
characteristics of male patients treated with TEVAR 
(n = 19) or OSR (n = 32). No significant differences 
were observed in age, BMI, BSA, smoking status, or 
comorbidities, including HTN, DM, CAD, renal 
insufficiency, HLD, or stroke between the two 
groups. A higher prevalence of ESRD and prior 
aortic repair were noted in the TEVAR cohort 
(P < 0.05). Ascending aortic aneurysms and type 
A dissections were managed with OSR, while 
thoracic and arch aortic aneurysms and type B dis-

sections were treated with TEVAR (P < 0.05).

Postoperative outcomes among male patients 
who underwent TEVAR or OSR are summarized in 
Table II. Antihypertensive medication use at 12, 
24, and 36 months did not differ significantly be-

tween cohorts. No differences were observed in

Fig. 1. Antihypertensive escalation in female patients with OSR or TEVAR compared with male patients.

Table III. Multivariable model for 
antihypertensive medication escalation in female 
patients

Characteristic IRR 95% CI P value

Age (y) 1.007 1.001, 1.013 0.017 a 

BMI 1.021 1.011, 1.031 <0.001 a 

Months 1.002 0.997, 1.008 0.38 
Surgery type: OSR (ref) ― ―

Surgery type: TEVAR 1.479 1.266, 1.729 <0.001 a 

Stroke 1.100 0.894, 1.354 0.37

BMI, body mass index; IRR, incidence rate ratio; CI, confidence 

interval; ref, reference.
a P < 0.05 considered statistically significant.

Table IV. Multivariable model for worsening 
LVH in female patients

Characteristic OR 95% CI P-value

Age (y) 1.003 0.944, 1.075 0.92

BMI 0.967 0.852, 1.089 0.57

Surgery type: TEVAR

(ref)

― ―

Surgery type: OSR 0.108 0.010, 0.628 0.012 a 

Stroke 1.473 0.221, 10.11 0.68

BMI, body mass index; OR, odds ratio; CI, confidence interval; 

LVH, left ventricular hypertrophy; ref, reference.
a P < 0.05 considered statistically significant.
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the number of agents required or in dosage escala-

tion. Baseline LVEF and LVH were similar between 
groups, with no significant interval change identi-

fied on follow-up. One-year rates of stroke, myocar-

dial infarction, and mortality were likewise 
comparable between TEVAR and OSR cohorts.

DISCUSSION

In this study, we observed that female patients un-

dergoing TEVAR experienced greater adverse car-

diac remodeling despite escalation in 
antihypertensive therapy. This suggests that postop-

erative increases in medication use may be insuffi-

cient to counteract the hemodynamic effects of 
heightened aortic stiffness in women. Older women 
are known to exhibit greater baseline aortic stiffness 
than men, largely due to the loss of estrogen-

mediated vascular protection after menopause. 15 

Increased stiffness has been closely linked to left 
ventricular hypertrophy, diastolic dysfunction, and 
treatment-resistant hypertension, all of which may 
predispose women to adverse remodeling after 
endograft implantation. Furthermore, our dataset 
captured baseline comorbidities and select postoper-

ative cardiac parameters but did not systematically 
track the longitudinal development of new or wors-

ening comorbidities that may independently influ-

ence blood pressure over time. In particular, aortic 
insufficiency, which may develop as a consequence 
of increased aortic stiffness following repair, was not 
assessed, yet could meaningfully contribute to 
changes in blood pressure trajectory. Future studies 
should incorporate longitudinal comorbidity sur-

veillance, including serial evaluation for aortic 
insufficiency, to more fully characterize the hemo-

dynamic burden driving adverse cardiac remodeling 
in this population.

Our primary objective was mechanistic rather 
than procedural comparison, specifically to explore 
how different types of aortic intervention may 
differentially affect aortic compliance and cardiac 
remodeling. The observed association between 
TEVAR in women and higher rates of adverse car-

diac remodeling should therefore be interpreted as 
hypothesis-generating and not as evidence of supe-

riority or inferiority of one procedure over another.

The increased risk of cardiac remodeling and anti-

hypertensive escalation observed in female patients 
may also reflect the impact of endograft oversizing. 
Because women have smaller native aortic diame-

ters, they are more likely to experience greater rela-

tive oversizing. Kuo et al. demonstrated that

excessive stent oversizing in patients with narrow 
aortas was associated with increased left ventricular 
wall thickening and hypertrophy. 22 Furthermore, 
sex-based vascular studies have shown that women 
possess thinner aortic walls and higher activity of 
matrix metalloproteinases, which may exacerbate 
the effects of endograft-induced stiffness and pro-

mote maladaptive remodeling. 9 These findings un-

derscore the importance of individualized stent 
sizing and postoperative blood pressure manage-

ment, particularly in women with smaller aortic 
diameters.

In contrast, male patients generally have larger 
aortic diameters and consequently experience less 
stent oversizing and postprocedural stiffening. 
This may contribute to their reduced need for 
antihypertensive escalation and lesser degrees of 
cardiac remodeling. Du et al. reported that TEVAR 
facilitated reversal of adverse left ventricular 
remodeling among patients who achieved favorable 
aortic remodeling following repair of acute type B 
dissection. 23 However, those results were derived 
predominantly from male cohorts, limiting their 
generalizability to female patients.

Finally, a systematic review and meta-analysis of 
sex-based outcomes after TEVAR demonstrated 
significantly lower 2-year survival among women 
compared with men, despite similar short-term 
mortality. 11 The divergence in long-term outcomes 
may reflect the cumulative effects of increased aortic 
stiffness and adverse cardiac remodeling in women. 
These findings highlight the need for sex-specific 
considerations in endograft sizing, device design, 
and postoperative management, as well as for 
improved representation of female patients in endo-

vascular device trials and registries.

LIMITATIONS

Endograft length and oversizing data were not 
collected. Although experimental models show a 
length-dependent increase in aortic stiffness after 
stent-graft deployment, clinical studies have re-

ported mixed results, with stiffness progression 
driven more by traditional cardiovascular risk fac-

tors than by graft length itself. 3,5,24,25 Postoperative 
echocardiograms were obtained during routine 
follow-up within 1—3 years rather than at prespeci-

fied study intervals, limiting assessment of the tem-

poral course of cardiac remodeling.

Aortic pathology differed between cohorts: most 
TEVAR cases involved the descending thoracic aorta, 
whereas most OSR cases involved the ascending
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aorta or arch. We acknowledge this represents an 
imperfect anatomical comparison. Ascending aortic 
repair was selected as an institution-matched open 
surgery cohort of sufficient size and comparable 
physiologic burden. An anatomically matched com-

parison with open thoracoabdominal aortic repair 
was not feasible due to low case volume, differing in-

dications, and selection criteria. Time from initial 
dissection or aneurysm identification to repair was 
not systematically recorded and may be an important 
determinant of perioperative hemodynamics and 
longer-term remodeling outcomes; this should be 
prioritized in future prospective studies.

Furthermore, increased postoperative antihyper-

tensive use may partly reflect closer surveillance 
and more aggressive medication titration after major 
aortic repair rather than true hemodynamic deteri-

oration alone, a distinction our retrospective design 
cannot fully resolve.

CONCLUSION

In this study, female patients undergoing TEVAR 
demonstrated greater adverse cardiac remodeling 
and higher antihypertensive requirements compared 
with those who underwent OSR. Given that female 
sex is independently associated with increased aortic 
stiffness and maladaptive cardiac remodeling after 
TEVAR, these findings highlight the need for sex-

specific considerations in endograft sizing, device 
compliance, and postoperative management. Future 
studies should aim to enhance inclusion of female pa-

tients in endovascular trials and optimize device design 
to mitigate stiffness-related remodeling in women.
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