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Background: Mid-aortic syndrome (MAS) may induce changes in cardiac structure among patients with 
Takayasu arteritis (TA).
Methods: Consecutive adult patients with TA (January 1, 2011 to January 1, 2018) were enrolled and their 
data was retrospectively analyzed. 
Results: Patients were divided into MAS group (100/457 patients, 21.8%) and non-MAS group (357, 
78.1%). The left ventricular mass index (LVMI) was higher in the MAS group than the non-MAS 
(113.78±26.82 versus 100.74±23.66 g/m2, respectively; P<0.001). The MAS group showed higher prevalence 
than the non-MAS group of mild-to-severe mitral regurgitation (9.0% and 3.9%, respectively; P=0.040) and 
aortic regurgitation (26% and 14.8%, respectively; P=0.003). No difference was found in the rates of heart 
failure (27.0% and 19.9% for MAS and non-MAS, respectively; P=0.126). The MAS group also showed lower 
estimated glomerular filtration rates than the non-MAS group (89.93±18.89 versus 96.16±21.60 mL/min 
/1.73 m2, respectively; P=0.009) and higher prevalence of renal artery stenosis (57% versus 43.7%; P=0.018). 
MAS was independently related to greater LVMI in both unadjusted model [β=12.60; 95% confidence 
interval (CI): 7.09–18.11; P<0.001] and the model adjusted for multiple indices (β=9.91; 95% CI: 4.57–
15.25; P<0.001) in multivariate linear analysis. The LVMI significantly decreased from 111.49±25.65 to 
100.36±22.91 g/m2 (P<0.001) among 55 patients who underwent successful revascularization treatment for 
MAS, while no significant difference (P=0.635) was observed among patients treated with medicine alone.
Conclusions: TA-induced MAS is a potential independent risk factor for increased LVMI, and 
revascularization therapy for MAS is effective in reversing structural changes in the heart.
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Introduction

Takayasu arteritis (TA) is a rare, idiopathic systemic 
vasculitis that mainly involves the aorta and its main 
branches, leading to multiple structural abnormalities such 
as wall thickening, fibrosis, stenosis, and even occlusion (1). 
TA-induced stenosis of the distal thoracic and/or abdominal 
aorta can induce mid-aortic-syndrome (MAS) (2), a clinical 
syndrome usually manifesting as upper-limb hypertension 
and lower-limb hypotension. TA is an extremely rare cause 
of secondary MAS; however, it is still noteworthy because 
almost all reported cases had concurrent organ damage (2,3). 
The mortality in TA was reported to be nearly 10%, and 
the 10-year complication-free rate is no more than 50%. 
Heart failure is considered the key cause of mortality among 
TA patients (4). Several sporadic cases of severe heart failure 
were reported in patients with TA-induced MAS, which is a 
rare but potential life-threatening condition (3,5,6).

Our center has reported five pediatric patients with TA-
induced MAS, manifesting as acute heart failure (3). Among 
those five, two patients died from cardiac shock and three 
patients recovered after treatment (3). However, except for 
those extremely severe cases, information about the general 
effects of TA-induced MAS on cardiac structure and function 
is still unavailable. Changes in heart structure commonly 
occur earlier than cardiac dysfunction, mainly presenting as 
ventricular wall thickening and dilation of the chambers. Left 
ventricular mass index (LVMI), as a sensitive index reflecting 
changes in cardiac structure, is thought to be associated with 
greater probability of progressing to cardiac dysfunction and 
higher prevalence of cardiovascular disease (7,8). Therefore, 
we put forward the theory that TA-related MAS may induce 
structural abnormalities before the occurrence of detectable 
cardiac dysfunction, which may be reversed by effective 
treatments. This retrospective study summarizes clinical 
findings from 100 typical patients with TA-related MAS 
and compares those findings to a control group of 357 TA 
patients without MAS, to elucidate the influence of TA-
related MAS on cardiac structure and function. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-20-7508).

Methods

Patients 

Consecutive adult patients diagnosed with TA, who were 
admitted to Fuwai Hospital from January 1, 2011 to 

January 1 2018, were identified. TA was diagnosed based 
on the American College of Rheumatology’s revised criteria 
(1990) (9). Diagnostic criteria for MAS were as follows: 
(I) segmental and/or focal narrowing >50% of the normal 
diameter, or occlusive lesion of the distal thoracic and/
or abdominal aorta identified by at least one imaging 
examination; (II) supine arm-leg blood pressure gradient 
>20 mmHg (2,10). Patients younger than 18 years old 
at admission were excluded. All TA patients meeting the 
inclusion criteria of MAS were enrolled in the MAS group, 
whereas those without MAS were included in the non-MAS 
group.

This study was approved by the Ethics Committee 
of Fuwai Hospital (2020-1321), and complied with the 
Declaration of Helsinki (as revised in 2013) (World 
Medical Assembly) and its amendments. Informed consent 
was waived because our research retrospectively used de-
identified data. Patients or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans 
of our research. 

Data collection and imaging tests 

Information about demographic characteristics, clinical 
manifestations and imaging were retrospectively collected 
by two trained researchers. Hypertension was defined as 
a mean value of systolic blood pressure >140 mmHg and/
or diastolic blood pressure >90 mmHg, evaluated in both 
upper limbs on at least two office readings. The reading 
of higher value was recorded among patients without 
involvement of the subclavian artery, whereas the reading 
from the normal side was used for patients with unilateral 
subclavian artery involvement. When both sides of the 
subclavian artery were involved, central blood pressure, 
directly measured from the root of the ascending aorta 
during angiography, was acquired (in 51 patients); blood 
pressure measurements were unavailable for patients who 
did not undergo angiography. Mean arterial pressure = 1/3 
× systolic blood pressure + 2/3 × diastolic blood pressure. 

Computed tomography angiography and/or magnetic 
resonance imaging were used as screening methods when 
clinical clues indicated an aortic narrowing (11). These 
images were independently evaluated by two experienced 
cardiologists in a blinded manner. We categorized the 
TA patients into five classifications based on Hata and 
Numano’s criteria (12). 

Transthoracic echocardiography was conducted in all 
subjects using the commercially available Philips IE33 

https://dx.doi.org/10.21037/atm-20-7508
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system (Philips Medical Systems, Eindhoven, Netherlands). 
Measures of ascending aorta diameter, left atrial diameter, 
interventricular septal end-diastolic thickness (IVST), left 
ventricular posterior wall end-diastolic thickness (LPWT), 
left ventricular end-diastolic dimension (LVDd) and left 
ventricular ejection fraction were extracted. Body surface 
area = 0.0061× body height (cm) + 0.0128 × body weight (kg) 
– 0.1529 (m2). Left ventricular mass = 0.8 × 1.04 × [(IVST + 
LPWT + LVDd)3 – LVDd3] + 0.6 g. LVMI = left ventricular 
mass /body surface area (g/m2). 

The estimated glomerular filtration rate was calculated 
using the Chronic Kidney Disease Epidemiology 
Collaboration equation (2009) (13). Body mass index was 
calculated with weight (kg)/height2 (m2). Heart failure was 
diagnosed if a patient was classified as New York Heart 
Association functional class II–IV (14).

Treatment 

Medication therapy was the basic treatment for all TA 
patients to maintain erythrocyte sedimentation rate and 
C-reactive protein at a normal range, mainly including 
prednisone and immunosuppressive agents. The indications 
for revascularization were an aortic diameter reduction 
of more than 70%, accompanied by hypertension, lower-
limb claudication and/or left ventricular dysfunction. 
Aortography was performed by the same experienced 
physician in our center when revascularization treatment 
was being considered. The first-line treatment was 
percutaneous transluminal angioplasty; those who were not 
suitable for percutaneous transluminal angioplasty were 
treated with a surgical operation. 

Follow-up and outcomes 

Patients were asked to visit the clinic at 1, 3, 6 and  
12 months after the discharge and every year thereafter. 
Data acquired from the last follow-up were analyzed to 
evaluate the effect of revascularization therapy on blood 
pressure, heart and renal. Clinical outcomes, including 
vascular complications and all-cause death, were also 
investigated during follow-up. Vascular complications were 
defined as new-onset of more than one of the following 
events: myocardial infarction, heart failure, stroke and end-
stage renal failure. The follow-up period was counted from 
the date of discharge to the date of latest follow-up. 

Data analysis

Data were analyzed using Statistical Package for the 
Sciences software (Version 23.1, IBM Corp., Armonk, NY, 
USA). Homogeneity of variance was examined with the 
Levene test (two-sided P>0.05). Continuous variables were 
expressed as mean ± standard deviation, and categorical 
variables were expressed as numbers and percentages. 
Continuous independent variables were compared with 
independent t-tests. Paired t-tests were used to compare 
continuous variables between baseline and the latest follow-
up in the same patient. Categorical variables were compared 
with a chi-square test or Fisher exact test. 

Multivariate linear analysis was conducted to investigate 
the correlation of MAS and LVMI. Bivariate correlation 
between the LVMI and independent variables was judged 
by Pearson or Kendall’s tau-b correlation coefficient. 
Dichotomous variables were recoded as “0” and “1” when 
tested. For example, we recoded sex into “1” for male 
and “0” for female. In multivariate linear analysis, we 
included the independent parameters with P<0.10 in the 
bivariate correlation analysis as covariates of MAS. Items 
that correlate with cardiac hypertrophic remodeling in our 
clinical experience and previous studies were also included 
as covariates. The stepwise forward selection method was 
used in the multivariate linear analysis. The entering and 
removal levels were 0.05 and 0.10, respectively. Two-sided 
P<0.05 was considered statistically significant.

Results

Characteristics of subjects

From 1 January, 2011 to 1 January, 2018, a total of 457 
adult patients were diagnosed with TA, including 100 
(21.9%) with MAS (MAS group) and 357 (78.1%) without 
MAS (non-MAS group). Basic clinical characteristics of 
the MAS and non-MAS groups are summarized in Table 1. 
Compared with the non-MAS group, both hypertension 
(70.0% MAS vs. 56.0% non-MAS; P=0.012) and resistant 
hypertension (23.0% vs. 13.4%; P=0.020), as well as the 
mean values of systolic blood pressure (155.81±29.12 vs. 
150.24±22.90 mmHg; P=0.045) and mean arterial pressure 
(105.76±16.39 vs. 101.76±16.24 mmHg; P=0.031) were 
significantly higher in the MAS group. In the MAS group, 
type V (67/100, 67.0%) was the most common type of TA, 
followed by type I (17/100, 17.0%). In the non-MAS group, 
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Table 1 Medical records of the patients in the MAS group and NMAS group at baseline

Characteristics MAS group (n=100) NMAS group (n=357) P value

Age, years 39.12±12.54 39.35±11.72 0.864

Male (%) 17 (17.0) 52 (14.6) 0.548

Disease duration, years 9.43±6.93 9.22±7.35 0.797

Body mass index, kg/m2 23.29±3.87 22.92±3.31 0.350

Body surface area, m2 1.59±0.16 1.61±0.16 0.212

Systolic blood pressure, mmHg 155.81±29.12 150.24±22.90 0.045

Diastolic blood pressure, mmHg 80.74±15.35 77.53±16.79 0.086

Mean arterial pressure, mmHg 105.76±16.39 101.76±16.24 0.031

Smoking (%) 9 (9.0) 26 (7.3) 0.568

Hypertension (%) 70 (70.0) 200 (56.0) 0.012

Resistant hypertension (%) 23 (23.0) 48 (13.4) 0.020

Dyslipidemia (%) 28 (28.0) 96 (26.9) 0.825

Diabetes mellitus (%) 6 (6.0) 15 (4.2) 0.448

Total cholesterol, mmol/L 4.30±1.0 4.42±1.11 0.326

LDLC, mmol/L 2.58±0.93 2.57±0.88 0.889

Triglyceride, mmol/L 1.28±0.53 1.33±0.78 0.456

HbA1c 5.63±0.76 5.56±0.73 0.401

Creatine, μmol/L 74.83±20.50 70.14±18.39 0.029

ESR, mm/h 16.09±16.51 17.16±19.35 0.616

hsCRP, mg/L 3.93±4.42 4.11±4.28 0.706

Type* (%)

I 0 (0.0) 117 (32.8) <0.001

IIa 0 (0.0) 20 (5.6) 0.016

IIb 4 (4.0) 21 (5.9) 0.464

III 12 (12.0) 52 (14.6) 0.513

IV 17 (17.0) 31 (8.7) 0.017

V 67 (67.0) 116 (32.5) <0.001

C 16 (16.0) 56 (15.7) 0.939

P 16 (16.0) 69 (19.3) 0.450

Values are the mean ± standard deviation, or number (%). *Takayasu arteritis cases were classified based on Hata and Numano’s criteria: 
type I: involvement of the aortic arch and its primary branches; type IIa: involvement of the ascending aorta, aortic arch and its branches; 
type IIb: involvement of ascending aorta, aortic arch with its branches, and thoracic descending aorta; type III: involvement of thoracic 
descending aorta, abdominal aorta; type IV: involvement of the abdominal aorta; type V: type IIa combined with type IV; C: involvement 
of coronary artery; P: involvement of pulmonary artery. eGFR, estimated glomerular filtration rate; ESR: erythrocyte sedimentation rate; 
HbA1c, glycosylated hemoglobin; hsCRP, high sensitivity C reactive protein; LDLC, low density lipoprotein cholesterol; MAS, mid-aortic 
syndrome; NMAS, non-mid-aortic syndrome.
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Table 2 Evaluation of organ damage in the MAS group and NMAS group

Variables MAS group (n=100) NMAS group (n=357) P value

Heart

AAD, mm 3.79±3.61 32.48±3.52 0.001

LAD, mm 35.16±5.06 33.32±4.94 0.001

LVDD, mm 47.75±4.02 46.41±3.22 0.001

LVST, mm 10.53±1.50 10.15±1.57 0.029

DPWT, mm 10.21±1.42 9.66±1.37 <0.001

LVMI, g/m2 113.78±26.82 100.74±23.66 <0.001

Mild to severe MR (%) 9 (9.0) 14 (3.9) 0.040

Mild to severe AR (%) 26 (26.0) 53 (14.8) 0.003

LVEF, % 62.21±11.14 63.92±7.05 0.062

HF (%) 27 (27.0) 71 (19.9) 0.126

CA involvement (%) 16 (16.0) 56 (15.7) 0.939

MI (%) 3 (3.0) 16 (4.5) 0.777

Renal

Creatine, μmol/L 74.83±20.50 70.14±18.39 0.029

eGFR, mL/min/1.73 m2 89.93±18.89 96.16±21.60 0.009

RAS (%) 57 (57.0) 156 (43.7) 0.018

Kidney shrinkage (%) 12 (12.0) 21 (5.9) 0.038

Nervous system (%)

Ischemic stroke 12 (12.0) 25 (7.0) 0.105

Hemorrhagic stroke 0 (0.0) 2 (0.6) 0.453

Hypertensive retinopathy 31 (31.0) 99 (27.7) 0.522

Values are the mean ± standard deviation or number (%). AAD, ascending aorta diameter; AR, aortic regurgitation; CA, coronary artery; 
DPWT, diastolic posterior wall thickness; eGFR, estimated glomerular filtration rate; HF, heart failure; IVST, interventricular septum 
thickness; LAD, left atrial diameter; LVDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVMI, left 
ventricular mass index; MAS, mid-aortic syndrome; MI, myocardial infarction; MR, mitral regurgitation; NMAS, non-mid-aortic syndrome; 
RAS: renal artery stenosis.

the most frequent types were type I (117/357, 32.8%) and 
type V (116/357, 32.5%). 

Organ damage 

Heart, renal, nervous system and fundus changes in the MAS 
and non-MAS groups are compared in Table 2. In the MAS 
group, the ascending aorta diameter, left atrial diameter, 
LVDd, IVST and LVMI were larger than those in the 
non-MAS group. The prevalence of mild-to-severe mitral 
regurgitation and aortic regurgitation were also higher in the 

MAS group. As for renal function, the mean level of estimated 
glomerular filtration rate was significantly lower, and the 
prevalence of renal artery stenosis and kidney shrinkage were 
higher in the MAS group than the non-MAS group.

Potential risk factors inducing cardiac structure damage

Table 3 shows the bivariate correlations between the LVMI 
and the independent variables. Judged by Pearson or 
Kendall’s tau-b correlation coefficients, indexes with P<0.1 
were included as the covariates of MAS in the stepwise 
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Table 3 Variables tested for inclusion in the multivariate linear regression analysis for the LVMI

Variables Correlation coefficient (95% CI)& P value

Age, years 0.007 (−0.094 to 0.105) 0.893

Male 0.084 (0.006 to 0.163) 0.028#

Disease duration, years 0.094 (−0.002 to 0.194) 0.056#

Body mass index, kg/m2 −0.103 (−0.198 to −0.010) 0.037#

Mean arterial pressure, mmHg 0.180 (0.088 to 0.259) <0.001#

Smoking 0.052 (−0.02 to 0.040) 0.170

Total cholesterol, mmol/L −0.025 (−0.114 to 0.069) 0.612

Triglyceride, mmol/L 0.018 (−0.060 to 0.112) 0.720

LDLC, mmol/L −0.013 (−0.107 to 0.072) 0.798

HbA1c −0.077 (−0.146 to −0.013) 0.117

ESR, mm/h 0.135 (0.036 to 0.230) 0.006#

hsCRP, mg/L 0.153 (0.054 to 0.254) 0.002#

eGFR, mL/min/1.73 m2 −0.165 (−0.261 to −0.076) 0.001#

Mid-aortic syndrome 0.158 (0.080 to 0.233) <0.001#

Heart 

LVEF, % −0.139 (−0.246 to −0.030) 0.005#

Mild to severe MR 0.094 (0.028 to 0.156) 0.014#

Mild to severe AR 0.142 (0.072 to 0.218) <0.001#

CA involvement −0.008 (−0.079 to 0.058) 0.831

MI 0.051 (−0.015 to 0.113) 0.183

*Values are the mean ± standard deviation or number (%). & Bivariate correlations between two continuous variables were judged with 

Pearson correlation coefficient, and those between one continuous variable and one dichotomous variable were judged with Kendall’s 

tau−b correlation coefficient. #The variables with a P value were included in the multivariate linear analysis. LVMI, left ventricular mass 

index; AR, aortic regurgitation; CA, coronary artery; CI, confidence interval; eGFR, estimated glomerular filtration rate; ESR, erythrocyte 

sedimentation rate; HbA1c, hemoglobin A1c; hsCRP, high sensitivity C reactive protein; LDLC, low density lipoprotein cholesterol; LVEF, 

left ventricular ejection fraction; MI, myocardial infarction; MR, mitral regurgitation.

forward selection method of multivariate linear analysis. 
Table 4 shows the relationships between the MAS and the 
LVMI. In unadjusted analyses, the MAS was significantly 
associated with greater LVMI (β=12.60; 95% CI: 7.09–
18.11; P<0.001). In multivariate analyses accounting for age 
and sex (β=12.89; 95% CI: 7.49–18.30; P<0.001), as well 
as in the model selected by the stepwise forward method 
in multivariate linear analysis, adjusted for mild-to-severe 
aortic regurgitation, body mass index, estimated glomerular 
filtration rate, left ventricular ejection fraction, erythrocyte 
sedimentation rate and high sensitivity C reactive protein 
(β=9.91; 95% CI: 4.57 to 15.25; P<0.001), MAS was again 
found to be significantly associated with higher LVMI. 

Treatment and follow-up of patients with TA-induced 
MAS

All patients in the MAS group were treated with 
prednisone, starting with a daily dose of 0.5 mg/kg 
for 1 month and tapering to a maintenance dosage of  
5–10 mg/day, to suppress inflammatory reactions. 
Antihypertensive medicines were adjusted to keep blood 
pressure <140/90 mmHg among patients with hypertension. 
A total of 63 patients with MAS >70% underwent 
aortography during their hospitalization. Fifty-five of them 
underwent successful aortic stenting. Guide wire failed 
to progress through the occlusive aortic lesion during 
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Table 4 Association between mid-aortic syndrome and left ventricular mass index (LVMI) among patients with Takayasu arteritis 

Model* Variables β (95% CI) P value Adj.R2

1 No adjustment 12.60 (7.09 to 18.11) <0.001 0.045

2 Demographic factors 12.89 (7.49 to 18.30) <0.001 0.051

3 Selected by stepwise forward method 9.91 (4.57 to 15.25) <0.001 0.145

*Model 1, unadjusted; model 2, adjusted for demographic characteristics including age and sex; model 3, the best model selected by 
the stepwise forward method, adjusted for mild-to-severe aortic regurgitation, body mass index, estimated glomerular filtration rate, left 
ventricular ejection fraction, erythrocyte sedimentation rate ESR and high sensitivity C reactive protein. CI, confidence interval; Adj.R2, 

adjusted R2.

Table 5 Comparison of blood pressure, and cardiac structure and function between baseline and follow-up

Variables
Medicine with revascularization (n=55) Medicine (n=30)

Baseline Follow-up P value Baseline Follow-up P value

Blood pressure

SBP, mmHg 157.56±25.7 137.78±14.63 <0.001 151.00±31.06 139.97±17.89 0.001

DBP, mmHg 82.25±17.94 74.29±11.42 <0.001 77.50±12.23 73.50±8.62 0.008

MAP, mmHg 107.36±16.96 95.45±10.39 <0.001 102.00±15.44 95.49±8.62 0.001

Heart

AAD, mm 33.26±3.11 31.26±4.32 <0.001 33.90±3.87 33.83±3.81 0.794

LAD, mm 34.49±5.05 33.82±4.50 0.058 35.87±5.12 36.06±4.90 0.501

LVDD, mm 47.13±3.09 46.53±2.92 0.014 48.27±5.12 47.87±5.43 0.369

LVST, mm 10.39±1.55 9.80±1.31 <0.001 10.57±1.33 10.53±1.29 0.725

DPWT, mm 10.22±1.40 9.7±1.33 <0.001 10.09±1.43 10.15±1.36 0.423

LVMI, g/m2 111.49±25.65 100.36±22.91 <0.001 113.54±26.84 112.44±27.99 0.635

LVEF, % 62.32±11.62 63.04±8.70 0.218 62.44±8.65 61.63±9.33 0.058

Renal

Creatine, μmol/L 75.06±20.50 72.16±17.85 0.001 73.93±19.62 74.47±20.70 0.327

eGFR, mL/min/1.73 m2 90.45±20.04 93.61±18.57 0.002 89.20±18.69 88.88±19.12 0.714

Values are the mean ± standard deviation. AAD, ascending aorta diameter; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; IVST, interventricular septum thickness; LAD, left atrial diameter; LVDD, left ventricular end diastolic diameter; LVEF, left 
ventricular ejection fraction; LVMI, left ventricular mass index; MAP, mean arterial pressure; SBP, systolic blood pressure.

aortography in two patients. Both of them were successfully 
treated with extra-anatomic bypass surgery. Among the 
six patients who were not treated with revascularization 
therapy, there were five patients with aortic stenosis less 
than 70%, and one patient with an abdominal aortic 
aneurysm near the stenotic lesion, so interventional therapy 
was refused because of surgical risk. Finally, 43 patients 
received medicine treatment only, including 36 patients 
with CT-identified aorta stenosis less than 70%, 4 patients 

with contraindications for surgery, and 3 patients who 
refused the operation because of the risk of the operation.

Table 5 shows the comparisons of blood pressure, heart 
structure and function, and renal function between baseline 
and the latest follow-up among those patients treated with 
both medicine and revascularization, and those patients 
treated with medicine only. Clinical follow-up information 
was acquired for 55 of the 57 patients treated with both 
medicine and revascularization (53 patients underwent 
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aortic stenting and 2 patients underwent surgery), and 30 
of the 43 patients treated with only medicine, with follow-
up periods of 4.40±1.84 years (range from 1.17 to 8.17) and 
3.40±1.74 years (range from 1.00 to 6.67), respectively. In 
patients treated with both medicine and revascularization, 
there were significant decreases in systolic blood pressure, 
diastolic blood pressure and mean arterial pressure, as well 
as the ascending aorta diameter, left atrial diameter, LVDd, 
LVST, DPWT, LVMI and plasma creatine, and increases 
in estimated glomerular filtration rate observed at the latest 
follow-up visit, compared with baseline. However, there 
were only significant decreases in blood pressure levels at 
the latest follow-up among patients treated with medicine 
alone, with no statistical differences identified for the heart 
and renal indices. 

Long-term clinical outcomes in the MAS group and the 
NMAS group

Table 6 shows comparison of long-term clinical outcomes 
between the MAS group and the NMAS group. Follow-up 
data was acquired for 88 of 100 patients in the MAS group 
and 323 of 357 patients in the NMAS group, with follow-
up periods of 4.02±1.83 years (range from 1.00 to 8.17) 
and 4.25±1.29 years (range from 0.75 to 9.25), respectively 
(P=0.276). No difference was found in the incidence of the 
vascular complications (20.5% vs. 15.5%; P=0.266) and all-
cause death (8.0% vs. 5.6%; P=0.407) between the MAS 
group and the NMAS group. In the MAS group, causes of 
death were heart failure in 5, acute myocardial infarction 
in 1, and sudden cardiac death in 1 patient. Among those 
who had NMAS, causes of death included heart failure in 
9, acute myocardial infarction in 3, ischemic stroke in 3, 

hemorrhagic stroke in 1, sudden cardiac death in 2 patients.

Discussion

In this research, we first reported a cohort of adult TA 
patients with MAS, and further analyzed the organ 
damage, the relationship between MAS and the LVMI, the 
therapeutic effect of revascularization of MAS on blood 
pressure, heart and renal function and long-term clinical 
outcomes. The most-notable conclusions from this study 
are as follows: (I) more than one-fifth of TA patients had 
MAS; (II) patients with TA-induced MAS showed more 
changes in cardiac structure and severely damaged renal 
function; (III) TA-induced MAS was an independent risk 
factor inducing increased LVMI; (IV) revascularization 
therapy for MAS was effective in controlling blood pressure, 
reversing structural changes in the heart and improving 
renal function. 

MAS can be caused by congenita l  or  acquired  
etiologies (15). Previously, congenital disease was considered 
to be the main etiology of MAS (16,17). Among adults, 
only small cohorts of patients with MAS induced by TA 
have been reported, mostly to investigate revascularization 
in MAS (18,19). MAS typically features stenotic lesions on 
the distal thoracic and/or abdominal aorta, causing elevated 
blood pressure ahead of the lesion, and hypotension and 
ischemia beyond the lesion. In this research, we found that 
21% (100/475) of TA patients had concurrent MAS, which 
has not been reported previously, and 70% of patients with 
TA-induced MAS had hypertension. Patients with MAS 
had significantly higher blood pressure than those without 
MAS did. Among TA patients, common mechanisms of 
hypertension include renal artery stenosis, stenosis of the 
thoracic descending aorta and abdominal aorta, and severe 
aortic regurgitation (20). That is consistent with the fact 
that all of the patients in our MAS group had coexisting 
stenotic lesions on the distal thoracic descending aorta and/
or abdominal aorta, along with elevated prevalence of renal 
artery stenosis and aortic regurgitation. In this research, 
the most common type of TA was type V (n=183, 40.0%) 
among the total cohort, and 36.6% of type-V patients 
had MAS. TA-induced MAS mostly occurred among 
TA patients with type V or type IV, both classifications 
involving the distal thoracic and/or abdominal aorta. 

Organ damage is not rare among patients with TA 
(1,3,21). Congestive heart failure, as the end-stage of heart 
damage, indicates poor prognoses, including CVD, and 
even death (7). Prevalence of heart failure was reported 

Table 6 Long-term clinical outcomes between the MAS group and 
the NMAS group

Variables
MAS group 
(n=88)

NMAS group 
(n=323)

P value

Vascular complications 18 (20.5%) 50 (15.5%) 0.266

Myocardial infarction 2 (2.3%) 8 (2.5%) 0.779

Heart failure 7 (8.0%) 11 (3.4%) 0.065

Ischemic stroke 7 (8.0%) 25 (7.7%) 0.947

Hemorrhagic stroke 0 (0%) 1 (0.03%) 0.485

End-stage renal failure 2 (2.3%) 5 (1.5%) 0.999

All-cause death 7 (8.0%) 18 (5.6%) 0.407
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to range from 2.5% to 26.7% in different TA cohorts 
(4,22,23), which is consistent with 21.4% (98/457) in our 
cohort. Traditional causes of heart failure in TA patients 
include elevated afterload, due to aortic regurgitation and 
hypertension. Myocarditis, accelerated atherosclerosis and 
pulmonary hypertension are also reportedly factors (24,25). 
In this research, the proportion of patients with aortic 
regurgitation and hypertension, as well as blood pressure 
level, were higher in the MAS group than the non-MAS 
group. However, the rate of coexisting heart failure showed 
no significant difference between the MAS and non-MAS 
groups, perhaps because of the relatively short follow-
up period. Despite this, we observed more-severe cardiac 
structural changes in the MAS group, especially in terms 
of higher LVMI. The LVMI, a sensitive index reflecting 
left ventricular hypertrophy, indicates hypertension-
related target organ damage, with elevated risk for adverse 
cardiovascular outcomes (26). Increased LVMI is a 
compensatory mechanism in response to over-afterload of 
the left ventricle. In this research, we first found that MAS 
was an independent risk factor for elevated LVMI. There 
are several potential mechanisms. First, MAS-induced 
hypertension and AR will further increase the elevated 
afterload on the left ventricle. Second, renal ischemia, 
related to renal artery stenosis and/or severe aortic stenosis 
before the ostia of the renal artery, may stimulate secretion 
of renin and activate the renin-angiotensin-aldosterone 
system. Activation of the renin-angiotensin-aldosterone 
system may induce hypertrophy and hyperplasia in cardiac 
myocytes, and lead to perivascular and interstitial fibrosis, 
as well as stimulating extracellular collagen synthesis and 
interfering with collagen degradation (27,28). Third, 
estimated glomerular filtration rate was significantly lower 
in the MAS group than in the non-MAS group, which may 
be associated with renal ischemia and hypertension-related 
renal damage. Renal dysfunction may also induce cardiac 
hypertrophy, left ventricle fibrosis, enlargement of myocytes 
and cardiac fibrosis (29). 

A previous study showed that stenting was effective in 
controlling blood pressure and improving heart function 
in patients with TA-induced MAS (18). They also found a 
trend to reduction of the interventricular septum thickness 
with stenting, decreasing from 10.5±2.5 to 9.7±1.9 mm 
(P=0.07). Kim et al. observed that the LVMI was reduced 
from 164.2±65.8 to 111.9±35.0 g/m2 among 7 patients 
with TA-induced MAS after extra-anatomic bypass 
surgery; however, this improvement was not statistically 

significant (P=0.116) because of the extremely small sample  
size (19). In the present research, we observed significantly 
reduced LVMI among those who underwent successful 
revascularization therapy, which indicates reversion of the 
hypertrophic cardiac remodeling. That may provide benefits, 
from reduced blood pressure level and improvement of 
renal function, which were also observed in this research. 
Although we observed no difference in the incidence of the 
vascular complications and all cause death between the MAS 
group and the NMAS group, that may because of short 
follow-up period in the present research. Considering the 
recognized association between elevated LVMI and CVD, 
timely revascularization treatment of patients with TA-
induced MAS may reduce the risk of CVD.

The main limitation of this research was that the 
retrospective and single-center design of the study 
inevitably induces selection bias. Furthermore, the 
retrospective nature made it impossible to determine a 
causal link between MAS and the elevated LVMI. However, 
the significant decrease in LVMI during long-term follow-
up among TA-induced MAS patients who underwent 
successful revascularization treatment indicates that MAS 
may be a risk factor inducing elevated LVMI. 

Conclusions

MAS is common in TA patients, involving more than 
one-fifth of them in our cohort. MAS was associated with 
elevated blood pressure, cardiac hypertrophic remodeling 
and renal damage among TA patients. TA-induced MAS 
may be an independent risk factor for increased LVMI. 
Revascularization therapy in patients with MAS was 
effective in reversing hypertrophic structural changes in 
the heart, controlling blood pressure, and improving renal 
function. 
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