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Background and aims: Previous studies reported a high prevalence of
concomitant coronary artery disease (CAD) in patients with Type B aortic
dissection (TBAD). However, there is too limited data on the impact of CAD
on prognosis in patients with TBAD. The present study aimed to assess the
short-term and long-term impact of CAD on patients with acute or subacute
TBAD undergoing thoracic endovascular aortic repair (TEVAR).

Methods: We retrospectively evaluated 463 patients with acute or subacute
TBAD undergoing TEVAR from a prospectively maintained database from
2010 to 2017. CAD was defined before TEVAR by coronary angiography.
Multivariable logistic and cox regression analyses were performed to
evaluate the relationship between CAD and the short-term as well as long-
term outcomes.

Results: According to the results of coronary angiography, the 463 patients
were divided into the following two groups: CAD group (N = 148), non-
CAD group (N = 315). In total, 12 (2.6%) in-hospital deaths and 54 (12%) all-
cause deaths following a median follow-up of 48.1 months were recorded.
Multivariable analysis revealed that CAD was an independent predictor of
in-hospital major adverse clinical events (MACE) (odd ratio [OR], 2.33; 95%
confidence interval [Cl], 1.07-5.08; p = 0.033), long-term mortality [hazard
ratio (HR), 2.11, 95% Cl, 1.19-3.74, P = 0.011] and long-term MACE (HR, 1.95,
95% Cl, 1.26-3.02, P = 0.003). To further clarify the relationship between the
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severity of CAD and long-term outcomes, we categorized patients into three
groups: zero-vessel disease, single-vessel disease and multi-vessel disease.
The long-term mortality (9.7 vs. 14.4 vs. 21.2%, P = 0.045), and long-term
MACE (16.8 vs. 22.2 vs. 40.4%, P = 0.001) increased with the number of
identified stenosed coronary vessels. Multivariable analysis indicated that,
multi-vessel disease was independently associated with long-term mortality
(HR, 2.38, 95% Cl, 1.16-4.89, P = 0.018) and long-term MACE (HR, 2.79, 95%
Cl, 1.65-4.73, P = 0.001), compared with zero-vessel disease.

Conclusions:

CAD was associated with short-term and long-term worse

outcomes in patients with acute or subacute TBAD undergoing TEVAR.
Furthermore, the severity of CAD was also associated with worse long-term
prognosis. Therefore, CAD could be considered as a useful independent
predictor for pre-TEVAR risk stratification in patients with TBAD.

coronary artery disease, type B aortic dissection, thoracic endovascular aortic repair,
prognosis, predictor

Introduction

Type B aortic dissection (TBAD) is considered to be
a catastrophic disease with high morbidity and mortality
(1). With the development of endovascular interventional
technology, thoracic endovascular aortic repair (TEVAR)
is considered as valuable strategy for both acute or
subacute TBAD (2). However, both short- and long-term
postoperative complications and mortality remain high,
with an overall mortality of 8.4% in short-term and 25% in
long term follow-up (3). Therefore, an accurate preoperative
assessment is required to determine high-risk patients for
poor prognosis.

Previous clinical studies had reported a variable prevalence
of concomitant coronary artery disease (CAD) ranging
from 5 to 46% in patients with aortic disease (4-6). Some
studies have shown that patients diagnosed with abdominal
aortic aneurysm presented a higher prevalence of CAD,
which accounts for worse prognosis especially higher
perioperative myocardial infarction and mortality in those
undergoing aortic procedure (7). In our previous study,
we found that the prevalence of CAD in patients older
than 50 years with TBAD was relatively high (26.5%) and
coronary angiography (CAG) was a safe method to determine
concomitant CAD in this specific population before TEVAR
(8). However, there is too limited data on the impact of
CAD on prognosis in patients with TBAD, especially in those
undergoing TEVAR.

Therefore, in this study, we aimed to assess the short-term
and long-term impact of CAD on patients with acute or subacute

TBAD undergoing TEVAR.
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Methods

Patient population

2017,
retrospectively performed a study of consecutive patients
diagnosed with acute or subacute TBAD undergoing TEVAR
and coronary angiography in Guangdong Provincial People’s

Between January 2010 and December we

Hospital (Guangdong, China). TBAD was diagnosed based on
contrast-enhanced computed tomography angiography (CTA)
using Stanford classification criteria (2). The exclusion criteria
were as follows: (1) traumatic aortic dissection, (2) previous
aortic surgery, (3) malignant tumor, (4) connective tissue
disease, and (5) incomplete clinical data (Figure 1).This study
was approved by the ethics committee of Guangdong Provincial
People’s Hospital and informed consent was waived due to the
retrospective nature of the analysis.

Diagnosis and management of coronary
artery disease

As we described in our previous study (8), the prevalence of
CAD in patients older than 50 years with TBAD was as high as
26.5% and CAG was a safe method to determine concomitant
CAD. So, CAG was performed routinely in our hospital for
patients older than 50 years with TBAD before TEVAR. If Allen
test indicating a well-functioning ulnar artery, we routinely use
left radial artery as the access for aortography to evaluate the
aortic lesion before TEVAR and guide accurate deployment
of stent graft. So left radial artery was also considered as the
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routine access for CAG. Left ulnar artery, left brachial artery
were used alternatively for patients we could not get left radial
access. Significant stenosis (>50% lumen diameter stenosis) in
major epicardial artery was categorized as CAD. Patients with
CAD were further categorized as single-vessel disease or multi-
vessel disease according to the number of stenosed vessels. The
results of CAG were assessed by two experienced cardiologists.
In case of disagreement, a third cardiologist was advised and the
majority view was adopted (9).

As recommended by guidelines, all patients diagnosed with
CAD received optimal medication treatments, which included
B-blockers,
inhibitors/angiotensin  1II

antiplatelet drugs, statins, and angiotensin-

converting  enzyme receptor
blockers (10). For patients with TBAD and chronic coronary
syndrome (CCS), elective coronary revascularization including
percutaneous coronary intervention (PCI) and coronary artery
bypass grafting (CABG) was performed after TEVAR according
to the assessment of stress myocardial perfusion imaging
(MPI) or invasive fractional flow reserve (FFR). For patients
with TBAD combined with acute coronary syndrome (ACS),
different treatment strategies were adopted according to the risk
stratification of ACS. For patients with ST-segment elevation
myocardial infarction (STEMI) or very high-risk ACS, TEVAR
and PCI were performed simultaneously. Patients with non-very
high-risk ACS adopted a strategy of TEVAR first, followed by

elective coronary revascularization.

Thoracic endovascular aortic repair
procedure

As recommended by latest guidelines, all patients with
TBAD received optimal medication treatments (2, 11). For
patients with complicated TBAD, TEVAR was recommended
according to latest guidelines (2, 12, 13). For uncomplicated
TBAD patients, the indication for TEVAR included the following
aspects: (1) primary entry tear diameter more than 10 mm, (2)
aortic diameter more than 40 mm, (3) false lumen diameter
more than 22 mm, and (4) a patent or partial thrombosed false
lumen (14, 15).

The details of the TEVAR procedure in our center have
been previously described (14, 16). In brief, the procedures were
performed by a multidisciplinary team including interventional
cardiologists, cardiothoracic surgeons, anesthetists as well as
intensivists. Stent-grafts with the diameter oversized by 5-10%
were placed via femoral artery access to cover the primary
entry tear. For patients with proximal landing zones 1 and 2
or an aberrant right subclavian artery, aortic arch bypass or
chimney stent was a supplement to TEVAR, after comprehensive
consideration of the patient’s aortic anatomy and willingness.
The final decision on TEVAR was a consensus reached with the
full informed consent of the patients and family.
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Patients with TBAD undergoing TEVAR
and coronary angiography (N=625)
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Previous aortic surgery(N=6)
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Connective tissue disease(N=7)
Incomplete clinical data(N=49)

With adequate data for analysis (N=463)

FIGURE 1

Flow chart demonstrating the inclusion of patients in the study.
TBAD, type B aortic dissection; TEVAR, thoracic endovascular
aortic repair.

Follow-up and data collection

All patients survived in hospital underwent CTA and clinical
follow-up at 3, 6, and 12 months and annually thereafter. The
information of survival, medication, symptoms, imaging
characteristics as well as other relevant conditions were
obtained by telephone interviews or outpatient clinic interviews
at corresponding intervals. Demographics, comorbidities,
medical history, imaging characteristics, laboratory findings
as well as follow-up details were recorded retrospectively
on an electronic standardized form and analyzed by two
researchers independently.

Blood samples were collected from all patients after
admission and measured in our hospital’s Laboratory
Department through established measuring procedures

(ISO 9000 Quality Management and Assurance Standards).

Definition

TBAD that occurred within 14 days of the onset of
symptoms was defined as Acute TBAD and TBAD with an
elapsed time between 15 and 90 days was defined as subacute
TBAD (2). Complicated TBAD was considered with the
presence of recurrent or persistent pain, early aortic expansion,
uncontrolled hypertension despite full optimal medication
treatments, organ malperfusion, and signs of aortic rupture
including increasing periaortic, hemothorax, and mediastinal
hematoma (2).
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Outcomes were reported according to the TBAD reporting
standards (13). The primary outcomes of interest were in-
hospital mortality and long-term all-cause mortality. And in-
hospital major adverse clinical events (MACE) as well as long-
term MACE were considered as the secondary outcomes. In-
hospital MACE included death, stroke, limb ischemia, visceral
ischemia, spinal cord ischemia, and re-intervention. Long-
term MACE included all-cause death, acute coronary syndrome
(ACS), stroke and re-intervention.

Besides, we also evaluated complications related to coronary
procedure including puncture site complications, device-related
artery injury, sustained arrhythmias, contrast allergy and
coronary complications.

Statistical analysis

The missing data were interpolated using the mean value in
the study as the proportion of missing data for analysis was not
>5%. Continuous variables are reported as mean =+ standard
deviation values or median and interquartile range values.
Continuous data was compared using Student’s ¢-test of normal
distribution or the Mann-Whitney U-test for non-normal
distribution. Categorical variables are expressed as percentages
and compared using Chi-squared analysis or Fisher’s exact
test. In order to identify the independent predictors of short-
term and long-term outcomes, univariate and multivariate
logistic and Cox regression analyses were performed. Generally,
variables with P-value < 0.1 in the univariate analysis or those
(P-value > 0.1) thought to be clinically important were include
in the multivariate analysis using a forward stepwise approach.
Survival curves were estimated through the Kaplan-Meier (KM)
method. A two-tailed P-value < 0.05 was considered significant
statistically. All statistical analyses were carried out by using the
SPSS 23.0 software (IBM SPSS 23 Inc).

Results

Baseline characteristics

A total of 463 acute or subacute TBAD patients undergoing
TEVAR were analyzed, including 272 (58.7%) complicated
TBAD. The mean age of the total study population was 59.81 +
8.75 years, and 394 (85.1%) were male. According to coronary
angiography, the prevalence of CAD was 32.0% (148/463),
including 93 (62.8%) patients with single-vessel disease and 55
(37.2%) patients with multi-vessel disease. For patients with
CAD, 1 patient received TEVAR and PCI simultaneously, 21
patients received PCI after TEVAR and 1 patient received CABG
after TEVAR.

The 463 patients were divided into the following two groups:
CAD group (N = 148), non-CAD group (N = 315).The baseline
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characteristics of the two groups are described in Table 1. In
the CAD group, patients had older age (61.28 £ 8.51 vs.
59.13 £ 8.79, P = 0.014), higher percentage of stroke history
(7.4 vs. 3.2%, P = 0.040) and chronic kidney disease (CKD)
history (10.8 vs. 5.7%, P = 0.050) as well as higher preoperative
creatinine level (120.99 + 106.79 vs. 104.20 = 62.16, P = 0.035).
Regarding medications at admission, in the CAD group, more
antiplatelet drugs (52.7 vs. 26%, P = 0.001) and statins (61.2
vs. 42.5%, P = 0.001) were used. There was no difference in the
gender, hypertension, diabetes mellitus, hyperlipidemia, anemia,
smoke, complicated TBAD, acute TBAD, TEVAR with aortic
arch bypass, TEVAR with chimney stent and maximum aortic
diameter between the two groups.

Short-term outcomes

The short-term outcomes are shown in Table 2. In total,
12 (2.6%) in-hospital deaths were recorded, including 9 aortic-
related deaths and 1 cardiovascular-related death. There was
no difference of in-hospital mortality between the two groups
(4.1 vs. 1.9%, P = 0.211). During the hospitalization period,
10 patients (2.2%) experienced stroke, 8 patients (1.7%)
experienced spinal cord ischemia, 14 patients (3.0%) had limb
ischemia, 1 patient (0.2%) had visceral ischemia and 4 patients
(0.9%) underwent re-intervention. Of note, the rate of in-
hospital MACE was significantly higher in the CAD group than
that in the non-CAD group (11.5 vs. 6%, P = 0.041).

Multivariable logistic analysis demonstrated that CAD was
an independent predictor of in-hospital MACE (odd ratio [OR],
2.33; 95% confidence interval [CI], 1.07-5.08; p = 0.033). Other
independent predictors for in-hospital MACE were age, TEVAR
with aortic arch bypass and stroke history (Table 3).

There was no significant difference of complications related
to coronary procedure between CAD group and non-CAD
group (5.4 vs. 4.1%, P = 0.538). In the CAD group, 5 patients
(3.4%) experienced puncture site complications, 2 patients
(1.4%) experienced contrast allergy and 1 patient (0.7%) had
coronary spam. In the non-CAD group, 7 patients (2.2%)
experienced puncture site complications and 6 patients (1.9%)
experienced contrast allergy.

Long-term outcomes

The long-term outcomes are displayed in Table 2. The mean
follow-up period was 48.1 months (interquartile range, 27.2-
73.5 months) with a follow-up rate of 92.5%. During the follow-
up period, 54 (12%) all-cause deaths were recorded, including
12 aortic-related deaths and 9 cardiovascular-related deaths.
Besides, 7 patients (1.6%) suffered acute coronary syndrome, 23
patients (5.1%) suffered stroke and 25 patients (5.5%) needed
re-intervention (Table 2). Kaplan-Meier curves indicated that
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TABLE 1 Baseline demographics of patients with and without CAD.

CAD Non-CAD P

(N = 148) (N =315)
Age (years) 61.28 £ 8.51 59.13 £8.79 0.014
Male 132 (89.2) 262 (83.2) 0.090
Hypertension 133 (89.9) 268 (85.1) 0.159
Diabetes 28 (18.9) 41 (13) 0.096
Stroke 11(7.4) 10 (3.2) 0.040
CKD 16 (10.8) 18 (5.7) 0.050
Hyperlipidemia 45 (30.4) 73(23.2) 0.096
Anemia 71 (48.6) 156 (49.8) 0.809
Smoke 72 (48.6) 156 (49.5) 0.861
Complicated TBAD 89 (60.1) 183 (58.1) 0.678
Acute TBAD 91 (61.5) 184 (58.4) 0.530
Maximum aortic diameter 40.3 +8.34 39.68 £ 8.99 0.478
(mm)
TEVAR with aortic arch 21 (14.2) 64 (20.3) 0.112
bypass
TEVAR with chimney stent 21(14.2) 65 (20.6) 0.096
WBC (10°/L) 10.63 £ 3.69 10.27 £ 3.40 0.308
PLT (x10°/L) 223 £99.52 215+93.24 0.394
Hemoglobin (g/L) 127.98 £16.79 127.34 £17.78 0.716
D-Dimer (jg/ml) 3.79 £5.08 3.99+12.24 0.850
ALT (U/L) 28.54 + 44.16 26.83 £ 28.85 0.619
AST (U/L) 30.21 £ 41.66 26.09 £+ 17.28 0.261
ALB (g/L) 32.74 £ 4.40 3290 £5.11 0.751
Creatinine (umol/l) 120.99 + 106.79 104.20 £ 62.16 0.035
Cholesterol (mmol/l) 4.38 £ 1.06 441 £2.02 0.859
Triglyceride (mmol/l) 1.47 £0.78 2.35+8.44 0.568
LDL-C (mmol/l) 2.58 £0.84 2.62£0.75 0.632
LVEDD (mm) 47.94 4+ 5.29 47.65 £+ 5.31 0.614
LVESD (mm) 30.77 £5.34 29.98 £ 4.94 0.154
LVEF (%) 63.83 £ 6.99 65.14 £ 7.14 0.081
Medications at admission
Antiplatelet drugs 78 (52.7) 82 (26) 0.001
ACEIL 28 (18.9) 58 (18.4) 0.896
ARB 84 (56.8) 155 (49.2) 0.129
CCB 113 (76.4) 245 (77.8) 0.732
Beta-blockers 140 (94.6) 296 (94.0) 0.789
Statins 90 (61.2) 133 (42.5) 0.001

Values are given as number (percentage) or mean £ SD. ACEI, angiotensin-converting
enzyme inhibitors; ALB, albumin; ALT, alanine aminotransferase; ARB, angiotensin
receptor blockers; AST, aspartate aminotransferase; CKD, chronic kidney disease; CCB,
calcium channel blockers; LDL-C, low density lipoprotein cholesterol; LVEDD, left
ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension;
LVEE left ventricular ejection fraction; TBAD, type B aortic dissection; TEVAR, thoracic
endovascular aortic repair; WBC, white blood cell. Bold value means P < 0.05.

the cumulative long-term mortality was significantly higher in
the CAD group than that in the non-CAD group (P = 0.048)
(Figure 2A). Similarly, significantly higher rate of cumulative
long-term MACE was observed in the CAD group (P = 0.008)
(Figure 3A).

Multivariable Cox regression analysis demonstrated that
CAD was associated with long-term mortality independently
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TABLE 2 Short- and long-term outcomes of patients with and without
CAD.

Outcomes CAD Non-CAD ?
(N=148)  (N=315)

In-hospital MACE 17 (11.5) 19 (6.0) 0.041
In-hospital death 6(4.1) 6(1.9) 0.211
Aortic-related death 5(3.4) 4(1.3) 0.153
Cardiovascular-related 1(0.7) 0(0) 0.320
death

Stroke 7 (4.7) 3(1.0) 0.014
Spinal cord ischemia 2(1.4) 6(2.0) 0.999
Limb ischemia 5(3.4) 9(2.9) 0.925
Visceral ischemia 0(0) 1(0.3) 0.999
Re-intervention 1(0.7) 3(1.0) 0.999
Long-term MACE 41 (28.9) 52 (16.8) 0.003
Follow-up death 24 (16.8) 30(9.7) 0.029
Aortic-related death 3(2.1) 9(2.9) 0.561
Cardiovascular-related 6(4.2) 3(1.0) 0.031
death

ACS 5(3.5) 2(0.6) 0.034
Stroke 12 (8.5) 11 (3.6) 0.028
Re-intervention 10 (7.0) 15 (4.9) 0.346

ACS, acute coronary syndrome; CAD, coronary artery disease; MACE, major adverse
clinical events. Bold value means P < 0.05.

TABLE 3 Multivariable logistic regression analyses for in-hospital
MACEs.

Clinical variables OR (95%CI) p

CAD 2.33(1.07-5.08) 0.033
Age 1.05 (1.01-1.11) 0.042
TEVAR with aortic arch bypass 4.56 (1.89-10.98) 0.001
Stroke History 6.02 (1.89-19.38) 0.003

Covariates for the multivariable model include age, gender, hypertension, diabetes
mellitus, hyperlipidemia, coronary artery disease, stroke, chronic kidney disease, anemia,
smoke, complicated TBAD, acute TBAD, TEVAR with aortic arch bypass, TEVAR with
chimney stent, maximum aortic diameter, left ventricular ejection fraction, antiplatelet
drugs and statins. Variables with a p-value <0.1 in univariable analysis or those (p >
0.1) thought to be clinically important were entered in the multivariable models. CI,
confidence interval; OR, odds ratio; CAD, coronary artery disease; TBAD, type B aortic
dissection; TEVAR, thoracic endovascular aortic repair.

[hazard ratio (HR), 2.11, 95% CI, 1.19-3.74, P = 0.011].
Other independent predictors for long-term mortality included
acute TBAD and CKD (Table 4). Similarly, multivariable Cox
regression analysis indicated that CAD was associated with long-
term MACE independently (HR, 1.96, 95% CI, 1.27-3.03, P
= 0.002). Other independent predictors for long-term MACE
included age, stroke, acute TBAD and TEVAR with aortic arch
bypass (Table 4).

To further clarify the relationship between the severity of
CAD and long-term outcomes, we categorized patients into
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FIGURE 2
Kaplan-Meier curve for cumulative survival rates of long-term
mortality. (A) Classified by TBAD patients with and without CAD.
(B) Classified by the number of identified stenosed coronary
vessels.

three groups according to the number of identified stenosed
coronary vessels: zero-vessel disease, single-vessel disease and
multi-vessel disease. The incidence of long-term mortality (9.7
vs. 14.4 vs. 21.2%, P = 0.045), and long-term MACE (16.8
vs. 22.2 vs. 40.4%, P = 0.001) increased with the number
of identified stenosed coronary vessels (Figure4). Kaplan—
Meier curves indicated that the cumulative long-term mortality
(Figure 2B) and long-term MACE (Figure 3B) among the three
groups were significantly different (P < 0.001). Multivariable
Cox regression analysis indicated that, multi-vessel disease was
independently associated with long-term mortality (HR, 2.38,
95% CI, 1.16-4.89, P = 0.018) and long-term MACE (HR,
2.79, 95% CI, 1.65-4.73, P = 0.001), compared with zero-vessel
disease (Supplementary Table 1).

To further analyse the relationship between symptoms
associated with CAD and the long-term outcomes, we
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categorized patients into three groups: non-CAD, asymptomatic
CAD and symptomatic CAD. Kaplan-Meier curves indicated
that the cuamulative long-term mortality was significantly higher
in the symptomatic CAD group than that in the asymptomatic
CAD group and non-CAD group (P = 0.030). Patients with
asymptomatic CAD and symptomatic CAD were at a higher risk
for long-term MACE than patients without CAD (P = 0.015)
(Figure 5).

Subgroup analyses
To further clarify the effect of CAD on the prognosis of
different temporal types of TBAD, we stratified the patients

by phase of disease (acute vs. subacute). In the acute TBAD
subgroup, multivariable regression analyses revealed that CAD
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TABLE 4 Multivariable cox regression analyses for long-term mortality
and MACE.

Clinical variables HR (95%CI) P

Multivariable analyses for long-term mortality

CAD 2.11(1.19-3.74) 0.011
Acute TBAD 0.47 (0.27-0.83) 0.009
CKD 2.38 (1.05-5.41) 0.039
Multivariable analyses for long-term MACE

CAD 1.96 (1.27-3.03) 0.002
Age 1.03 (1.01-1.06) 0.021
Stroke 3.20 (1.45-7.06) 0.004
Acute TBAD 0.53 (0.34-0.82) 0.002
EVAR with aortic arch bypass 1.77 (1.06-2.96) 0.028

Covariates for the multivariable model include age, gender, hypertension, diabetes
mellitus, hyperlipidemia, coronary artery disease, stroke, chronic kidney disease, anemia,
smoke, complicated TBAD, acute TBAD, TEVAR with aortic arch bypass, TEVAR with
chimney stent, maximum aortic diameter, left ventricular ejection fraction. Variables with
a p-value <0.1 in univariable analysis or those (p > 0.1) thought to be clinically important
were entered in the multivariable models. CI, confidence interval; HR, hazard ratio; CAD,
coronary artery disease; CKD, chronic kidney disease; TBAD, type B aortic dissection;
TEVAR, thoracic endovascular aortic repair.

remained independently associated with in-hospital MACE
(OR, 3.84; 95% CI, 1.43-10.33; P = 0.008) and long-term
MACE (HR, 197, 95% CI, 1.01-3.86, P = 0.049). In the
subacute TBAD subgroup, multivariable regression analyses
revealed that CAD remained independently associated with
long-term MACE (HR, 1.85, 95% CI, 1.02-3.48, P = 0.048)
(Supplementary Table 2).

Discussion

In the present study, we explored the short-term and long-
term impact of CAD on patients with acute or subacute TBAD
undergoing TEVAR. We found that CAD was associated with
short-term and long-term worse outcomes in patients with
acute or subacute TBAD undergoing TEVAR. Furthermore,
the long-term mortality and long-term MACE increased with
the number of identified stenosed coronary vessels. The
cumulative long-term mortality was significantly higher in
the symptomatic CAD group than that in the asymptomatic
CAD group and non-CAD group. Subgroup analyses indicated
that CAD remained independently associated with long-term
MACE in both acute and subacute TBAD subgroup. Therefore,
CAD could be considered as a useful independent predictor
for pre-TEVAR risk stratification in patients with acute or
subacute TBAD.

Previous study indicated that atherosclerosis is a principal
cause of aortic aneurysm and concomitant CAD. CAD is
associated with higher perioperative risk and worse prognosis,
which demands accurate diagnosis in an attempt to predict
the prognosis and draw out treatment strategy comprehensively
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(4, 17-19). Although some studies have indicated that
AD arise through pathogenic mechanisms that differ from
those responsible for atherosclerosis (5, 20), reports from
International Registry of Acute Aortic Dissections (IRAD)
investigators (21, 22) have indicated that the prevalence of
atherosclerosis and hypertension was significantly high in
TBAD. AD and CAD also share some risk factors such as
hypertension, male gender, smoke and so on. However, there
is too limited data on the impact of CAD on prognosis in
patients with TBAD, especially in those undergoing TEVAR.
To the best of our knowledge, this is the first study to
evaluate the short-term and long-term prognosis of patients with
TBAD undergoing TEVAR according to presence or absence of
concomitant CAD.

Registry studies reported a high prevalence of atherosclerotic
disease in patients with aortic disease, including CAD and
peripheral artery disease (4). Previous studies indicated that the
incidence of CAD in patients with abdominal aortic dissection
was 46-71% (5). Naoki Hashiyamas study found that TBAD
was significantly more frequently associated with coronary
artery atherosclerosis than type A aortic dissection (20). In
our previous study, we found that the prevalence of CAD in
patients older than 50 years with TBAD was 26.5%. Similarly,
in the present study, the prevalence of CAD in patients with
TBAD undergoing TEVAR was as high as 32%. This could be
explained by the higher exposure to risk factors for CAD in our
study population. AD and CAD share some risk factors such as
hypertension and male gender (23). In this study, the incidence
of hypertension was as high as 86.6% and the proportion of male
was up to 85.1%. Apart from this, the high proportion of smoke
(49.2%) and high average age (59.81 = 8.75 years) in our study
also increased the likelihood of concomitant CAD in patients
with TBAD.

In the present study, CAD was significantly associated
with increased risk of in-hospital MACE in patients with
TBAD undergoing TEVAR, which was driven primarily by
stroke and limb ischemia. The stroke rate (2.2%) and limb
ischemia rate (3.0%) in our study were comparable with that
reported in previous studies (24-27). Furthermore, our study
indicated that TBAD patients with CAD significantly had higher
rates of CKD and stroke history as well as higher average
age than patients without CAD. These cardiovascular risk
factors may reflect the poor pre-operative status and increase
overall risk in the perioperative period and long-term follow-up
(28, 29).

In our study, patients with CAD significantly had higher
rates of CKD than without CAD (10.8 vs. 5.7%, P = 0.050).
This could be explained by that CAD and CKD share a
number of risk factors such as advanced age, male gender,
hypertension, and smoking. In previous reports, the incidence of
CKD in patients with acute AD was 8.5-10% (30). In a German
registry study, the prevalence of CKD was higher among
non-survivors in patients with TBAD (23.9 vs. 20% of survivors,
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P =0.039). Pre-existing CKD was also an independent predictor
of mortality in Hoogmoeds study, but not in the IRAD
report (31). In the present study, apart from CAD, CKD was
independently associated with long-term mortality. There are
no data to support a difference in the treatment of TBAD
based on the presence of CKD. Early intervention may be a
preferred treatment to reduce the duration of ischemia of the
visceral organs and kidneys, which is often the only option
that offers a reasonable chance of survival for patients with
acute TBAD.

Moreover, we have further analyzed the complications
related to the coronary procedure and found that there was
no significant difference of complications related to coronary
procedure between CAD group and non-CAD group. Our
results showed satisfactory safety profile of CAG in patients
undergoing TEVAR. CAG through radial or brachial artery
access theoretically should not produce negative impact on the
dissected descending aorta because the diagnostic device has
no contact with this pathological segment. This was confirmed
by our findings which showed no extension of dissection
related to CAG. As far as the additional time is concerned,
CAG could be completed within 10 min using single diagnostic
catheter through the same pathway established for aortography
before TEVAR.

To further clarify the relationship between the severity of
CAD and long-term outcomes, our study results showed that
the risk of long-term mortality as well as long-term MACE
in TBAD patients increased with the number of identified
stenosed coronary vessels. Compared to those with zero-vessel
disease or single-vessel disease, patients with multi-vessel disease
indicated advanced systemic atherosclerosis and subsequent
poor prognosis, which was associated with an increased risk of
adverse cardiovascular events including myocardial infarction,
coronary revascularization, stroke, and/or cardiac death (32).
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The association between multi-vessel disease and poor prognosis
in TBAD patients was found to be independent of traditional
risk factors, suggesting a potential benefit for pre-TEVAR risk
stratification and management decisions.

There were several limitations in this study. Firstly, our
study had selection bias as a single-center retrospective study.
Secondly, the study population was patients with acute or
subacute TBAD undergoing TEVAR, therefore, our conclusions
might not be applicable to patients with TBAD receiving
conservative treatment. Thirdly, the impact of perioperative
or postoperative therapy for CAD (such as conservative
treatment or coronary revascularization) on the clinical
outcomes of patients with TBAD were not validated in
our study.

In conclusion, the present study identified an association
between CAD and short-term and long-term worse outcomes
in patients with acute or subacute TBAD undergoing TEVAR.
Furthermore, our study also suggested that the severity of
CAD was associated with worse long-term prognosis in patients
with TBAD undergoing TEVAR. Therefore, CAD could be
considered as a useful independent predictor for pre-TEVAR
risk stratification in patients with TBAD, especially those with
multi-vessel disease or symptomatic CAD.

Data availability statement

The of this
article will be made available by the authors, without

raw data supporting the conclusions

undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by the Ethics Committee of Guangdong
Written
for vparticipation was not required for this study in

Provincial People’s Hospital. informed consent

accordance with the national legislation and the institutional
requirements.

References

1. Nienaber CA, Clough RE, Sakalihasan N, Suzuki T, Gibbs R, Mussa F, et al.
Aortic dissection. Nat Rev Dis Primers. (2016) 2:16053. doi: 10.1038/nrdp.2016.53

2. Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD, Eggebrecht H,
et al. 2014 ESC Guidelines on the diagnosis and treatment of aortic diseases:
document covering acute and chronic aortic diseases of the thoracic and abdominal
aorta of the adult. The task force for the diagnosis and treatment of aortic
diseases of the European society of cardiology (ESC). Eur Heart J. (2014) 35:2873—
926. doi: 10.1093/eurheartj/ehu281

3. Evangelista A, Isselbacher EM, Bossone E, Gleason TG, Eusanio MD, Sechtem
U, et al. Insights from the international registry of acute aortic dissection: a 20-
year experience of collaborative clinical research. Circulation. (2018) 137:1846-
60. doi: 10.1161/CIRCULATIONAHA.117.031264

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2022.1041706

Author contributions

JL and YZ: research idea and study design. WLi, SL, WLin,
and WX: data collection and analysis. WLi, SL, XH, YL, and
WH: statistical analysis. WLi and SL: manuscript preparation.
All authors: critical revision of manuscript.

Funding

This work was supported by High-level Hospital
Construction Project (DFJH201807), Guangdong Provincial
Clinical Research  Center
(2020B1111170011), National Nature Science Foundation
of China (82070478), and Guangdong Provincial Peoples
Hospital Clinical Research Fund (Y012018085).

for Cardiovascular disease

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.1041706/full#supplementary-material

4. Lee OH, Ko YG, Ahn CM, Shin DH, Kim JS, Kim BK, et al. Peripheral
artery disease is associated with poor clinical outcome in patients with abdominal
aortic aneurysm after endovascular aneurysm repair. Int ] Cardiol. (2018) 268:208-
13. doi: 10.1016/j.ijcard.2018.03.109

5. Kojima S, Suwa S, Fujiwara Y, Inoue K, Mineda Y, Ohta H, et al. [Incidence
and severity of coronary artery disease in patients with acute aortic dissection:
comparison with abdominal aortic aneurysm and arteriosclerosis obliterans]. J
Cardiol. (2001) 37:165-71.

6. Hye RJ, Inui TS, Anthony FE Kiley ML, Chang RW, Rehring TF
et al. multiregional registry experience using an electronic medical record to
optimize data capture for longitudinal outcomes in endovascular abdominal aortic
aneurysm repair. J Vasc Surg. (2015) 61:1160-6. doi: 10.1016/j.jvs.2014.12.055

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1041706
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1041706/full#supplementary-material
https://doi.org/10.1038/nrdp.2016.53
https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1161/CIRCULATIONAHA.117.031264
https://doi.org/10.1016/j.ijcard.2018.03.109
https://doi.org/10.1016/j.jvs.2014.12.055
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Li et al.

7. Huber TS, Wang JG, Derrow AE, Dame DA, Ozaki CK, Zelenock GB, et al.
Experience in the United States with intact abdominal aortic aneurysm repair. J
Vasc Surg. (2001) 33:304-11. doi: 10.1067/mva.2001.112703

8. Peng—Cheng H, Jian-Fang L, Fan Y, Wen-Hui H, Yuan L, Ning T,
et al. Prevalence of concomitant coronary artery disease and role of coronary
angiography in Stanford type B aortic dissection patients. J Sun Yat-Sen Univ.
(2014) 1:80-6.

9.Li W, Luo S, Luo J, Liu Y, Huang W, Chen J. Association between abdominal
aortic plaque and coronary artery disease. Clin Interv Aging. (2016) 11:683-
8. doi: 10.2147/CIA.S104425

10. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C,
et al. 2019 ESC guidelines for the diagnosis and management of chronic coronary
syndromes. Eur Heart ]. (2020) 41:407-77. doi: 10.1093/eurheartj/ehz425

11. MacGillivray TE, Gleason TG, Patel H]J, Aldea GS, Bavaria JE, Beaver TM,
et al. The society of thoracic surgeons/American association for thoracic surgery
clinical practice guidelines on the management of type B aortic dissection. ] Thorac
Cardiovasc Surg. (2022) 163:1231-49. doi: 10.1016/j.jtcvs.2021.11.091

12. Riambau V, Bockler D, Brunkwall J, Cao P, Chiesa R, Coppi G, et al.
Editor’s choice: management of descending thoracic aorta diseases: clinical practice
guidelines of the European society for vascular surgery (ESVS). Eur ] Vasc Endovasc
Surg. (2017) 53:4-52. doi: 10.1016/j.€jvs.2016.06.005

13. Lombardi JV, Hughes GC, Appoo JJ, Bavaria JE, Beck AW, Cambria RP,
et al. Society for vascular surgery (SVS) and society of thoracic surgeons (STS)
reporting standards for type B aortic dissections. Ann Thorac Surg. (2020) 109:959—-
81. doi: 10.1016/j.athoracsur.2019.10.005

14. Xie E, Yang F Liu Y, Xue L, Fan R, Xie N, et al. Timing and outcome
of endovascular repair for uncomplicated type B aortic dissection. Eur J Vasc
Endovasc Surg. (2021) 61:788-97. doi: 10.1016/j.¢jvs.2021.02.026

15. Tadros RO, Tang G, Barnes HJ, Mousavi I, Kovacic JC, Faries P, et al.
Optimal treatment of uncomplicated type B aortic dissection: JACC review topic
of the week. ] Am Coll Cardiol. (2019) 74:1494-504. doi: 10.1016/j.jacc.2019.
07.063

16. Ding H, Liu Y, Xie N, Fan R, Luo S, Huang W, et al. Outcomes of chimney
technique for preservation of the left subclavian artery in type B aortic dissection.
Eur J Vasc Endovasc Surg. (2019) 57:374-81. doi: 10.1016/j.€jvs.2018.09.005

17. Hernesniemi JA, Vanni V, Hakala T. The prevalence of abdominal aortic
aneurysm is consistently high among patients with coronary artery disease. ] Vasc
Surg. (2015) 62:232-40. doi: 10.1016/j.jvs.2015.02.037

18. Durieux R, Van Damme H, Labropoulos N, Yazici A, Legrand V, Albert
A, et al. High prevalence of abdominal aortic aneurysm in patients with
three-vessel coronary artery disease. Eur ] Vasc Endovasc Surg. (2014) 47:273-
8. doi: 10.1016/j.€jvs.2013.12.011

19. Watanabe K, Watanabe T, Otaki Y, Kato S, Tamura H, Nishiyama
S, et al. Impact of pre-operative coronary artery disease on the clinical
outcomes of patients with aortic aneurysms. Heart Vessels. (2021) 36:308-
14. doi: 10.1007/s00380-020-01700-2

20. Hashiyama N, Goda M, Uchida K, Isomatsu Y, Suzuki S, Mo M,
et al. Stanford type B aortic dissection is more frequently associated with
coronary artery atherosclerosis than type A. ] Cardiothorac Surg. (2018)
13:80. doi: 10.1186/s13019-018-0765-y

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2022.1041706

21. Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S, Evangelista A, et al.
Presentation, diagnosis, and outcomes of acute aortic dissection: 17-year trends
from the international registry of acute aortic dissection. ] Am Coll Cardiol. (2015)
66:350-8. doi: 10.1016/j.jacc.2015.05.029

22.Tsai TT, Trimarchi S, Nienaber CA. Acute aortic dissection: perspectives from
the international registry of acute aortic dissection (IRAD). Eur ] Vasc Endovasc
Surg. (2009) 37:149-59. doi: 10.1016/j.ejvs.2008.11.032

23. Fihn SD, Blankenship JC, Alexander KP, Bittl JA, Byrne JG, Fletcher BJ, et al.
2014 ACC/AHA/AATS/PCNA/SCAI/STS focused update of the guideline for the
diagnosis and management of patients with stable ischemic heart disease: a report
of the American college of cardiology/American heart association task force on
practice guidelines, and the American association for thoracic surgery, preventive
cardiovascular nurses association, society for cardiovascular angiography and
interventions, and society of thoracic surgeons. ] Thorac Cardiovasc Surg. (2015)
149:e5-€23. doi: 10.1016/j.jacc.2014.07.017

24. Su S, Liu J, Chen L, Xie E, Geng Q, Zeng H, et al. Systemic immune-
inflammation index predicted the clinical outcome in patients with type-B aortic
dissection undergoing thoracic endovascular repair. Eur J Clin Invest. (2022)
52:13692. doi: 10.1111/eci.13692

25. Xie E, Yang F, Luo S, Liu Y, Xue L, Huang W, et al. Association between
preoperative monocyte to high-density lipoprotein ratio on in-hospital and long-
term mortality in patients undergoing endovascular repair for acute type B aortic
dissection. Front Cardiovasc Med. (2021) 8:775471. doi: 10.3389/fcvm.2021.775471

26. Reutersberg B, Gleason T, Desai N, Ehrlich M, Evangelista A, Braverman A,
et al. Neurological event rates and associated risk factors in acute type B aortic
dissections treated by thoracic aortic endovascular repair. ] Thorac Cardiovasc Surg.
(2022) 22:131-3. doi: 10.1016/].jtcvs.2022.02.007

27. Luo S, Zhu Y, Xie E, Ding H, Yang E Chen L, et al. Influence of sex on
outcomes after thoracic endovascular repair for type B aortic dissection. Angiology.
(2021) 72:556-64. doi: 10.1177/0003319720987956

28. Aboyans V, Ricco JB, Bartelink M, Bjorck M, Brodmann M, Cohnert T, et al.
2017 ESC guidelines on the diagnosis and treatment of peripheral arterial diseases,
in collaboration with the European society for vascular surgery (ESVS). Rev Esp
Cardiol. (2018) 71:111. doi: 10.1016/j.rec.2017.12.014

29. D’Agostino RS, Vasan RS, Pencina MJ, Wolf PA, Cobain
M, Massaro JM, et al. General cardiovascular risk profile for use
in primary care: the Framingham heart study. Circulation. (2008)

117:743-53. doi: 10.1161/CIRCULATIONAHA.107.699579

30. Hoogmoed RC, Patel HJ, Kim KM, Williams DM, Deeb GM, Yang B. Acute
kidney injury in acute type B aortic dissection: outcomes over 20 years. Ann Thorac
Surg. (2019) 107:486-92. doi: 10.1016/j.athoracsur.2018.07.054

31. Sarafidis P, Martens S, Saratzis A, Kadian-Dodov D, Murray PT, Shanahan
CM, et al. Diseases of the aorta and kidney disease: conclusions from a
kidney disease: improving global outcomes (KDIGO) controversies conference.
Cardiovasc Res. (2022) 118:2582-95. doi: 10.1093/cvr/cvab287

32. Ibanez B, James S, Agewall S, Antunes M]J, Bucciarelli-Ducci C, Bueno H,
et al. 2017 ESC guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation: the task force for the management
of acute myocardial infarction in patients presenting with ST-segment elevation
of the European society of cardiology (ESC). Eur Heart J. (2018) 39:119-
77. doi: 10.1093/eurheartj/ehx393

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1041706
https://doi.org/10.1067/mva.2001.112703
https://doi.org/10.2147/CIA.S104425
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1016/j.jtcvs.2021.11.091
https://doi.org/10.1016/j.ejvs.2016.06.005
https://doi.org/10.1016/j.athoracsur.2019.10.005
https://doi.org/10.1016/j.ejvs.2021.02.026
https://doi.org/10.1016/j.jacc.2019.07.063
https://doi.org/10.1016/j.ejvs.2018.09.005
https://doi.org/10.1016/j.jvs.2015.02.037
https://doi.org/10.1016/j.ejvs.2013.12.011
https://doi.org/10.1007/s00380-020-01700-2
https://doi.org/10.1186/s13019-018-0765-y
https://doi.org/10.1016/j.jacc.2015.05.029
https://doi.org/10.1016/j.ejvs.2008.11.032
https://doi.org/10.1016/j.jacc.2014.07.017
https://doi.org/10.1111/eci.13692
https://doi.org/10.3389/fcvm.2021.775471
https://doi.org/10.1016/j.jtcvs.2022.02.007
https://doi.org/10.1177/0003319720987956
https://doi.org/10.1016/j.rec.2017.12.014
https://doi.org/10.1161/CIRCULATIONAHA.107.699579
https://doi.org/10.1016/j.athoracsur.2018.07.054
https://doi.org/10.1093/cvr/cvab287
https://doi.org/10.1093/eurheartj/ehx393
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	Coronary artery disease as an independent predictor of short-term and long-term outcomes in patients with type-B aortic dissection undergoing thoracic endovascular repair
	Introduction
	Methods
	Patient population
	Diagnosis and management of coronary artery disease
	Thoracic endovascular aortic repair procedure
	Follow-up and data collection
	Definition
	Statistical analysis

	Results
	Baseline characteristics
	Short-term outcomes
	Long-term outcomes
	Subgroup analyses

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


