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Abstract
Background

Subclavian artery stenosis (SAS) is narrowing of the subclavian artery most commonly caused
by atherosclerosis. It serves as a marker for cerebrovascular and myocardial ischemic events.

Methods

A retrospective cohort study was conducted to determine the association of treatment via
combination therapy (antiplatelet drug plus either by-pass surgery or percutaneous
transluminal angioplasty (PTA) with or without stent implantation) versus antiplatelet drug
therapy alone on cardiovascular events and all-cause mortality in Marshfield Clinic patients
diagnosed with symptomatic SAS from January 1, 1995 to December 31, 2009.

Results

Of the total 2153 cases, 100 patients were identified as eligible to be included in the study. Of
these 100 patients that met inclusion criteria, 30 underwent combination therapy while 70 were
managed only with drug treatment. A median length of follow-up was 8.45 years. Adverse
cardiovascular events occurred in 5/30 (17%) of combination therapy patients compared to
28/70 (40%) of antiplatelet drug therapy only patients (p = 0.0355). Accordingly, all-cause
mortality was higher (47%) in the antiplatelet drug therapy only group than the combination
therapy group (13%) [hazard ratio = 3.45, p = 0.0218].

Conclusions

Preliminary findings in this pilot data set suggest that combination therapy (medications plus
either surgical or interventional repair) of subclavian artery stenosis is associated with less
cardiovascular adverse events and higher survival rates. However, prospective randomized
studies with larger number of patients are needed to validate these findings.
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outcome assessment

Introduction

Subclavian artery stenosis (SAS) is a rare cause of extracranial artery disease with an incidence
between 0.6% and 6%. SAS is usually identified in males between 40 and 60 years of age and
typically involves proximal portion of left subclavian artery [1-4]. SAS is most commonly
caused by atherosclerotic occlusive vascular disease, but has also been described in patients
with stenosis caused by fibromuscular dysplasia [5], Takayasu syndrome [2], radiation exposure
[6], post-traumatic compression syndrome [7], and polymyalgia rheumatica [1]. SAS may also
occur in those who have undergone coronary artery bypass surgery with a left internal
mammary artery graft with ensuing angina or myocardial ischemia [8]. Consequences of SAS
include chronic arterial insufficiency leading to vertebra-basilar insufficiency or arm
claudication.

Diagnosis of hemodynamically significant subclavian artery stenosis requires identifying
asymmetrical systolic blood pressure measurements in the upper extremities and
ultrasonographic/angiographic evidence of subclavian stenosis and retrograde flow. The
threshold for upper extremity systolic blood pressure difference (SBPD) for diagnosis of
clinically significant SAS is uncertain. Inter-arm measurements ranging from 10 to 20 mm Hg
have been assessed with varying levels of specificity and sensitivity [4, 9-10]. A recent meta-
analysis reported that an SBPD of 10-15 mm Hg is associated with an increased risk of vascular
disease and cardiovascular mortality [11]. It has been suggested that patients requiring
coronary artery bypass grafting (CABG) with an SBPD of at least 10 mm Hg or evidence of
peripheral vascular disease (PVD) undergo selective arteriography screening at the time of
coronary catheterization [12]. In either case, using this threshold for screening underestimates
the true prevalence of SAS and carries a sensitivity of approximately 65% [10].

Guidelines for performing non-invasive imaging modalities, such as duplex ultrasonography or
computed tomography (CT) or magnetic resonance (MR) angiography of the subclavian artery,
to screen for SAS have not been verified. Some authors recommend routine non-invasive
angiographic screening for SAS prior to CABG [13], even in the absence of signs and symptoms
[14], whereas others recommend selective subclavian angiography only in the presence of
symptoms or physical examination findings [4, 15].

Treatment of subclavian artery stenosis is driven by the presence of symptoms (arm
claudication, dizziness, syncope, dysarthria, diplopia) or cardiac ischemia. Management
typically includes conservative treatments with medications to reduce the risk of cardiovascular
events such as stroke and myocardial infarction and if applicable, invasive therapy including
surgical or interventional procedures. With respect to revascularization and achievement of
anterograde flow in the vertebral, there are various approaches including open
surgery/endarterectomy, extrathoracic bypass, and endovascular stenting. Less invasive
strategies including extrathoracic bypass and percutaneous stenting have largely replaced
traditional open endarterectomy, particularly in patients who are at increased risk for surgery
[16-17].

Percutaneous transluminal angioplasty (PTA) with stenting is considered the treatment of
choice [18], although a recent Cochrane review suggests that there is no direct evidence that
angioplasty with stent placement provides an advantage over angioplasty alone [19]. PTA has
been consistently shown to have favorable outcomes and short- and long-term vessel patency
[3], particularly in patients with symptomatic disease [18]. Complications, such as restenosis
and poor outcomes, arise primarily in patients with multiple stent placements, low stent
diameter, and lower SBPD [20]. A 50% failure rate has been reported with endovascular
intervention in patients with occlusion/stenosis [21].
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Several studies have assessed the association between SAS and other vascular disorders and
cardiovascular risk factors [9, 12, 22], but none to date has examined the role that noninvasive
combined invasive intervention for SAS may play in predicting the cardiovascular risk and
mortality in the future. Therefore, this study sought to assess the incidence of cardiovascular
events and all-cause mortality in symptomatic SAS patients that underwent combination
therapy (drug plus invasive intervention including PTA with/without stent placement or bypass
surgery) versus drug therapy only. We hypothesized that patients with symptomatic SAS who
did not receive an invasive intervention were at increased risk for mortality and major
cardiovascular events compared to those who underwent both noninvasive (i.e., medications
only) and invasive intervention.

Materials And Methods

The work has been carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving humans; Uniform Requirements
for manuscripts submitted to Biomedical journals.

The study population

A retrospective cohort study of patients seen within the Marshfield Clinic Health System,
Marshfield, WI was conducted from January 1, 1995 to December 31, 2009. Following
institutional review board approval with a waiver of informed consent, patients were initially
identified through an electronic query of the Marshfield Clinic electronic medical record system
using International Classification of Disease, Version 9 (ICD9) codes 447.1 (stricture of artery)
and 435.2 (subclavian artery syndrome). Patients included in this study were at least 18 years of
age and diagnosed clinically and radiographically as having symptomatic SAS. Demographic
and clinical data collected for all subjects included gender, race, body mass index, smoking
history, hypertension, dyslipidemia, and comorbid conditions defined using the Charlson
comorbidity index [23].

Definition of terms

Subclavian artery stenosis was defined as occlusion in the first part of the subclavian artery
causing stenosis which was diagnosed through either: asymmetric blood pressure detected in
the upper extremities (interarm SBPD of at least 15 mm Hg), doppler ultrasonographic or
angiographic evidence of >60% subclavian stenosis, or 100% occlusion, or symptoms
compatible with SAS. Patients with SAS were then divided into two groups based on the
presence or absence of symptoms. Patients who met the case definition of SAS but did not have
any symptoms were defined as asymptomatic SAS. Symptomatic SAS was defined as patients
who met the case definition described above with any of the following symptoms: arm
claudication (reproducible upper extremity pain upon exertion), arm weakness or fatigue, arm
rest pain; clinical stigmata of vertebra-basilar insufficiency (vertigo, ataxia or balance
disturbances, amaurosis fugax); or leg claudication (reproducible lower extremity pain upon
exertion in a patient with previous axillary-femoral graft).

Study variables

Differences in the occurrence of cardiovascular events, including acute myocardial infarction,
ischemic stroke, coronary arterial occlusion, and all-cause mortality were evaluated in patients
who underwent an invasive intervention (PTA with or without stent or bypass surgery [axillo-
axillary, carotid subclavian, or subclavian-axillary bypass]) plus antiplatelet drug therapy versus
antiplatelet drug therapy alone. Antiplatelet agents were administrated at the time of
referenced diagnosis.

Outcome variables were manually extracted and included the occurrence of cardiovascular
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events (i.e., PVD, carotid artery disease, recurrent angina, acute coronary syndrome, transient
ischemic attack, and stroke) assessed at years one through five and six or more from the
referenced date of diagnosis.

Statistical analysis

The percentages of the following variables were compared between the combination therapy
group (n = 30) and drug therapy only group (n = 70) using Chi-square test or Fisher’s Exact test
when appropriate: demographics (gender, dyslipidemia, hypertension, race, smoking status,
subclavian artery bruit, peripheral pulses) and outcomes (PVD, carotid artery disease, acute
coronary syndrome, recurrent angina, stroke, transient ischemic attack, subclavian steal, and
any cardiovascular event). In addition, the medians of the following variables were compared
between the above-mentioned two groups using nonparametric Wilcoxon Rank Sums Test:
Charlson score, body mass index, diastolic and systolic blood pressures, total cholesterol, high-
density lipoprotein, and triglycerides. Kaplan-Meier survival curves were plotted to compare
the difference between the two treatment groups; statistical significance of Hazard Ratio (HR)
for treatment allocation was tested using the Cox proportional hazard regression model by
adjusting age, gender and Charlson score. A p-value of less than 0.05 was considered
statistically significant. All data analyses were carried out using a commercially available
statistical software package, SAS (version 9.4).

Results

Of 2153 initial cases of SAS identified electronically, a total of 165 patients were manually
adjudicated as having SAS (Figure ). One of the major causes for exclusion (n = 1771) was

the lack of SAS diagnosis, since electronic query using the aforementioned ICD9 code also
identified vascular occlusion/stenosis involving other vessels, such as carotid artery stenosis or
renal artery stenosis. Of the 165 patients, 65 were asymptomatic and excluded from further
analysis. The remaining 100 symptomatic SAS cases were divided based on which intervention
they received. Invasive interventions were performed in 30 of 100 symptomatic SAS patients.
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Potential Cases Pulled

Total: 2153
No SAS Noted Duplicates
Total: (-1771) Total: (-22)
Other Causes Insuff. Documentation
Total: (-71) Total (-48)
v
Remaining Potential Cases:
241
Total SAS Cases Subclavian Steal Cases
Total: 165 Total: 76
Asymptomatic Symptomatic
Total: 65 Total: 100
Drug therapy Combination
only therapy
Total 70 Total 30

FIGURE 1: Flow diagram of search results.

Patients were electronically screened by ICD9 code and manually verified as shown among the
patient records in Marshfield between January 1, 1995 and December 31, 2009.

SAS: Subclavian artery stenosis.

In the combination therapy group (n = 30), 19 patients had PTA with stent placement (n = 3 for
right PTA/stent and n = 16 for left PTA/stent) while 11 patients had bypass surgery (n = 1 for
subclavian-axillary bypass, n = 2 for axillo-axillary bypass, and n = 8 for carotid-subclavian
bypass). In the non-invasive intervention group (i.e., drug treatment only), patients were
treated with antiplatelet agents (e.g., aspirin (81-325 mg), clopidogrel). A median length of
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Variable

Gender

Female

Male

Age

Race

White

Other

Not documented
Smoking Status
Current

Past/never

Not documented
Dyslipidemia
Hypertension
Physical Findings
Bruit

Palpable peripheral pulses
Comorbidities

Charlson score

BMI (kg/m?)

DBP (mm Hg)

SBP (mm Hg)

follow-up was 8.45 years. Demographic factors and comorbidities were largely similar between

the combination therapy and drug therapy groups, with a few notable exceptions (Table 7).

Drug therapy only

Total

70

70

70

70

70

70

67

65

70

53

61

61
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n (%) or
median (range)

42 (60.0%)
28 (40.0%)

70.6 (42.4-90)

60 (85.7%)
1(1.4%)

9 (12.9%)

20 (28.6%)
49 (70.0%)
1(1.4%)

50 (71.4%)

48 (68.6%)

50 (74.6%)

28 (43.1%)

1.0 (0.0-4.0)

27.6 (19.0—
45.9)

70.0 (42.0—
96.0)

130.0 (66.0—
186.0)

Combination therapy

Total

30

30

30

30

30

23

25

30

25

28

28

n (%) or
median
(range)

20 (66.7%)
10 (33.3%)

62.1 (40.8-90)

28 (93.3%)
1(3.3%)

1(3.3%)

15 (50.0%)
14 (46.7%)
1(3.3%)

18 (60.0%)

19 (63.3%)

16 (69.6%)

22 (88.0%)

0.0 (0.0-4.0)

27.1 (19.7-
36.7)

71.0 (58.0—
96.0)

137.0 (102.0—
180.0)

p-value

0.5291¢

0.1493P

0.23472

0.0395¢

0.2616°

0.6097¢

0.6358°

0.00012

0.2334P

0.7529P

0.9269°

0.3312P
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Cholesterol (mg/dl)

HDL (mg/dl)

Triglycerides (mg/dI)
Symptoms
Arm claudication
Vertigo/dizzy
Arm/hand pain
Syncope
Amaurosis fugax
Headache
Ataxia, unsteadiness

Other

Location of SAS Right
Left

64 192.0 (75.0—

304.0)

46.0 (23.0—
6 6.0 (23.0

89.0)

143.0 (59.0—
63

325.0)

70 18(25.7%)
70 14 (20.0%)
70 21(30.0%)
70 4(5.7%)
70 8(11.4%)
70 6(8.6%)
70 6(8.6%)
70 25(35.7%)

70 29(41.4%)
70  56(80.0%)

27

26

30

30

30

30

30

30

30

30

30

30

199.0 (111.0—
330.0)

41.0 (26.0—
100.0)

136.0 (46.0—
660.0)

14 (46.7%)
5 (16.7%)
8 (26.7%)
2 (6.7%)
1(3.3%)

2 (6.7%)
1(3.3%)
13 (43.3%)

11(36.7%)
22(73.3%)

0.9689°

0.7256°

0.9749b

0.0396°
0.6970°
0.7364°
1.00002
0.2717°
1.00002
0.67112
0.4719¢

0.82412
0.59882

SAS: Subclavian artery stenosis; BMI: Body mass index; DBP: Diastolic blood pressure; SBP: Systolic blood pressure;

HDL: High-density lipoprotein. Significant p-values are italicized. @ p-value derived from Fisher's Exact test. g p-value

derived from Wilcoxon Rank Sums test. © p-value derived from Chi-square test.

TABLE 1: Demographic and clinical characteristics by treatment group for 100
patients with symptomatic subclavian artery stenosis (SAS).

Table 7 shows that invasive intervention was more likely to be performed in the patients with
current smoking status (50% at combination therapy group vs. 29% at drug therapy only group,
p = 0.0395), the patients with palpable peripheral pulses (88% at combination therapy group vs.
43% at drug therapy only group, p = 0.0001), and the patients with arm claudication symptom
(47% at combination therapy group vs. 26% at drug therapy only group, p = 0.0396). There was
no statistically significant difference in treatment assignment in younger patients (median age
of 62.1 at combination therapy group vs. 70.6 at drug therapy only group, p = 0.1493). Patients
with symptomatic SAS who did not receive PTA or surgical intervention were more likely to
experience a cardiovascular event (40% vs. 17%, p = 0.0355) and death (hazard ratio = 3.45, p =

0.0218) compared to those who did undergo an invasive intervention (Table 2, Figure 2). In

addition, PTA application was associated with the lower mortality rate (10.5% for PTA vs 47.1%

for drug therapy only; p < 0.05).
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Variable

CE

Yes
No

Overall survival
Death

Censored hazard ratio (95%
cne

CE categoriesd

Peripheral vascular disease
Carotid artery disease
Acute coronary syndrome
Recurrent angina

Transient ischemic attack

Stroke

Drug therapy only; Total (70), n

(%)

28 (40.0%)

42 (60.0%)

33 (47.1%)

37 (52.9%) 3.45 (1.198, 9.941)

6 (8.6%)
12 (17.1%)
5 (7.1%)
5 (7.1%)
6 (8.6%)

1(1.4%)

Combination therapy; Total (30), n
(%)

5 (16.7%)

25 (83.3%)

4 (13.3%)

26 (86.7%)

3 (10.0%)
1(3.3%)
0 (0%)
1(3.3%)
0 (0%)

1(3.3%)

p-value

0.03552

0.0218

0.99992

0.1012°

0.31842

0.66542

0.17442

0.51212

SAS: Subclavian artery stenosis; CE: Cardiovascular event. Significant p-values are italicized. @ p-value derived from

Fisher's Exact test. P p-value and ® Hazard ratio (95%Cl) derived from Cox proportional hazards model adjusted for age,

gender and Charlson score. d Cardiovascular Events (Some patients belonged to more than one category).

TABLE 2: Primary outcomes by treatment group for 100 patients (70 no intervention
vs 30 intervention) with symptomatic subclavian artery stenosis (SAS). Combination
therapy refers to by-pass surgery or percutaneous transluminal angioplasty (PTA)

with or without stent implantation plus drug therapy versus drug therapy only.
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1.0 f——pzz--mmmmmm e ;

0.9
08
07

0.6

Hazard ratio, 3.45(95%Cl, 1.20-9.94)

05 pb=0.0218

0.4

Survival Probability

0.3
0.2
0.1

0.0 :
0 2 4 6 8 10 12 14 16 18 20

Follow-up in years

treatment = ---------- Combination therapy Drug therapy only

FIGURE 2: Kaplan-Meier survival curves for symptomatic
subclavian artery stenosis (SAS) patients according to their
intervention status drug therapy only (n = 70) versus
combination therapy (n = 30) group.

The difference in cardiovascular event rate could not be attributed to a specific type of event
and was only evident when all events were considered cumulatively due to small sample size.
Table 3 depicts the use of aspirin and/or clopidogrel among symptomatic SAS patients by the
status of intervention.
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Drug therapy only Combination therapy
Variable n (%) n (%) p-value?
Aspirin 1.000
Yes 22 (31.4%) 9 (30.0%)
No 48 (68.6%) 21 (70.0%)
Clopidogrel 0.0053
Yes 62 (88.6%) 19 (63.3%)
No 8 (11.4%) 11 (36.7%)

Significant p-values are italicized. @ p-values derived from Fisher’s Exact test.

TABLE 3: Use of aspirin and/or clopidogrel by treatment group for 100 patients with
symptomatic subclavian artery stenosis (SAS).

The use of clopidogrel was statistically significantly higher in the drug therapy only group
(89%) compared with combination therapy group (63%, p = 0.0053). Of note, all the patients
with symptomatic SAS in both groups were on a statin (since this is a retrospective study, no
certain data for duration could be obtained from the records). Restenosis occurred in 4/19
(21%) patients with symptomatic SAS in the intervention group who underwent PTA with stent
placement within five years of intervention, a rate similar to that identified in other studies [24-
26]. The median duration for restenosis (n = 4) was noted to be 45 months in our study (Table

4).
Patient Side Number of stents Stent restenosis duration Medications
1 R 1 6 mo ASA + Clopidogrel
2 R 1 24 mo ASA + Clopidogrel
3 L 1 60 mo ASA + Clopidogrel
4 L 1 42 mo ASA + Clopidogrel

Median duration: 45 mo

R: Right; L: Left; mo: Months; ASA: Acetylsalicylic acid.

TABLE 4: Characteristics of subclavian artery stenosis (SAS) patients with restenosis.

Discussion
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To our knowledge, this is the first study to explore the clinical outcomes between endovascular
and surgical intervention combined with antiplatelet medical therapy with antiplatelet
treatment alone. Our results showed that combination therapy was associated with a lower risk
of adverse cardiovascular events and longer survival rates.

SAS is an occlusive vascular disease most commonly caused by atherosclerosis. Most patients
with SAS are asymptomatic [3]. However, when stenosis of the subclavian or innominate artery
is significant enough to cause gradient-driven reversal of normal flow with symptoms referable
to the vertebra-basilar, coronary systems, and/or the upper extremities treatment should be
considered. Numerous recent studies have established the association of SAS with the presence
of subclinical atherosclerotic disease [10-12], thus highlighting the potential role for the
presence of SAS to be used as a marker for identifying patients at high risk of developing future
cardiovascular events.

PTA has become the intervention of choice in patients with symptomatic SAS, although
pharmacotherapy alone is also commonly employed. PTA with stenting has been shown to have
a high procedural success rate and is efficacious in alleviating symptoms with a cumulative
patency rate of 89% at 40 months [25]. Given the association of SAS with atherosclerosis and
the availability of a successful treatment modality for symptomatic SAS, this study explored the
implications of SAS intervention on cardiovascular events and all-cause mortality.

The majority of studies evaluating surgical procedures or PTA in patients with SAS have shown
favorable vessel patency rates extending beyond 10 years [24, 27-28]. PTA with or without
stenting is currently considered the treatment of choice for patients with SAS [18], but whether
stenting alters procedural efficacy is currently unknown [19]. Angioplasty of the subclavian
artery has been shown consistently to have favorable outcomes and favorable short and long-
term patency results particularly in patients with stenosis [3], and is recommended especially
in symptomatic patients [18]. The development of endovascular therapy has fundamentally
changed the management of subclavian steal syndrome patients. It should be noted that a 50%
failure rate with endovascular intervention has been reported in patients with occlusion
compared to those with stenosis [21]. Factors that are more likely to lead to restenosis and
poorer outcome include implantation of more than one stent, low stent diameter, and systolic
blood pressure differences in the upper extremities (after the stent placement) [20]. While
questions regarding treatment efficacy are important, studies often fail to report on patient
outcomes in those who did not undergo invasive intervention or received drug therapy alone,
which also represents an unresolved or unanswered clinical question.

In the present study, only 30% of patients with symptomatic SAS underwent surgical or PTA
intervention. The study revealed that comorbid conditions could not be accounted for receiving
an invasive intervention as there was no difference identified between the groups based on
disease severity, while current smoking status, palpable peripheral pulses, and arm claudication
symptom may be accounted for receiving an invasive intervention. Little information is
available regarding physician judgment regarding perceived versus actual risk in patients
deemed to be at high risk for an interventional procedure. Patients with both prohibitive
surgical risk and/or unfavorable anatomy for percutaneous treatment may prevent them from
receiving invasive procedures. Studies in patients undergoing cardiothoracic surgery, carotid
endarterectomy, and arterial surgery have shown that using indices of frailty may be useful in
assessing post-operative risk and mortality [29]. Further studies should explore these
perceptions and preferences from the patient and physician perspectives with respect to SAS to
better understand treatment options.

Although there is no similar trial, the combination of drug therapy with invasive interventions
from our study has shown some promising results. Medical therapy with antiplatelet therapy is
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currently recommended, regardless the degree of “steal” in SAS patients. Patients benefit from
aggressive medical therapy primarily targeting reducing the risk for subclavian arterial
atherosclerosis. One possibility is antiplatelet therapy is associated with improved graft
patency [30], which may further reduce cardiovascular event after invasive interventions in the
combination therapy group.

One of the major strengths of our study was that patients were identified in a clinical setting
and not from a referral population, were racially homogenous and all had symptomatic disease.
However, there are several limitations of this study. First, this is a retrospective study and
hence is prone to bias and incomplete information, such as the reason why certain patients
received combination therapy vs. drug therapy only. Second, the sample size is small, although
one should note that this is a relatively rare disease, and we have chosen only patients with
symptomatic SAS, which makes it even more difficult to have large numbers. Other limitations
include predominant Caucasian patient population residing in the rural area where the study
was carried out. Also, physician characteristics such as years of medical practice, number of
different physicians performing these procedures and procedural performance are other factors
that may have influenced outcomes. Data was not available regarding these variables to draw
any conclusions and should be evaluated in future studies.

Conclusions

Preliminary findings in our relatively small data cohort of patients suggest that invasive
intervention of subclavian artery stenosis combined with drug therapy is associated with less
cardiovascular adverse events and higher survival rates. However, further prospective
randomized studies with larger number of patients are needed to validate these findings.

In the population examined here, drug combined with either PTA or surgical management of
symptomatic SAS was associated with a significant reduction in major adverse cardiovascular
outcomes and improved all-cause mortality. In addition, PTA application was associated with
lower mortality. It is very possible that the combination therapy group could receive more
clinical care and education to teach them to modify their lifestyles. To our knowledge, this is
the first study to establish such findings in relation to the decision for invasive interventional
treatment of symptomatic SAS. In the context of the limitations described above, there are
several points of interest. First, interventions with PTA or surgery should be strongly
considered in all symptomatic SAS patients, barring any patient contraindication, given the
association with improved cardiovascular morbidities and overall survival. Second, these
findings warrant further investigation in the form of a prospective randomized clinical trial
with a larger sample size to better understand patient, physician, and environmental factors
that influence medical decision making as there is strong evidence of a beneficial risk/benefit
short- and long-term profile in patients undergoing intervention associated with improved
cardiovascular morbidity and all-cause mortality.
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