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Purpose: To ascertain the most appropriate treatment for chronic, stable, coronary artery

disease (CAD) in patients submitted to elective coronary angiography.

Patients and Methods: A total of 814 patients included in the prospective cohort study

were referred for elective coronary angiography and were followed up on average for 6±1.9

years. Main outcomes were all-cause death, cardiovascular death, non-fatal myocardial

infarction (MI) and stroke and late revascularization and their combinations as major adverse

cardiac and cerebral events (MACCE): MACCE-1 included cardiovascular death, nonfatal

MI, and stroke; MACCE-2 was MACCE-1 plus late revascularization. Survival curves and

adjusted Cox proportional hazard models were used to explore the association between the

type of treatment and outcomes.

Results: All-cause death was lower in participants submitted to percutaneous coronary

intervention (PCI) (0.41, 0.16–1.03, P=0.057) compared to medical treatment (MT).

Coronary-artery bypass grafting (CABG) had an overall trend for poorer outcomes: cardio-

vascular death 2.53 (0.42–15.10), combined cardiovascular death, nonfatal MI, and stroke

2.15 (0.73–6.31) and these events plus late revascularization (2.17, 0.86–5.49). The corre-

sponding numbers for PCI were 0.27 (0.05–1.43) for cardiovascular death, 0.77 (0.32–1.84)

for combined cardiovascular death, nonfatal MI, and stroke and 2.35 (1.16–4.77) with the

addition of late revascularization. These trends were not influenced by baseline blood

pressure, left ventricular ejection fraction and previous MI. Patients with diabetes mellitus

had a significantly higher risk of recurrent revascularization when submitted to PCI than

CABG.

Conclusion: Patients with confirmed CAD in elective coronary angiography do not have a

better prognosis when submitted to CABG comparatively to medical treatment. Patients

treated with PCI had a trend for the lower incidence of combined cardiovascular events, at

the expense of additional revascularization procedures. Patients without significant CAD had

a similar prognosis than CAD patients treated with medical therapy.

Keywords: stable coronary artery disease, SYNTAX score, coronary artery bypass grafting,

percutaneous coronary intervention, myocardial revascularization

Introduction
Evidence from clinical trials support the choice of treatment for primary prevention

of coronary artery disease (CAD) and for the management of acute coronary

syndromes. The most appropriate treatment for patients with chronic CAD,
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however, is still uncertain. There is a consensus for the

indication of myocardial revascularization therapies, either

surgical or percutaneous, in patients with limiting symp-

toms despite of drug treatment.1 It remains to be deter-

mined the best treatment for patients with chronic,

stable, CAD.

Several randomized clinical trials have compared dif-

ferent strategies of management of chronic CAD. In most,

however, the comparison was between coronary artery

bypass grafting (CABG) and percutaneous interventions

(PCI), without an arm of patients treated medically.

Overall, in old trials, there was no significant difference

in the mortality rate and incidence of myocardial infarction

in patients treated by CABG or PCI.2–10 In contemporary

trials, with modern stents and enhanced surgical technics,

there was an advantage of CABG over PCI in patients with

complex multivessel disease in the Syntax trial.11 In a

meta-analysis of six randomized trials with patients with

multivessel disease,12 CABG was superior to PCI in the

prevention of long-term mortality, myocardial infarction

and repeat revascularization. In patients with the left main

disease, CABG was superior to PCI in the NOBLE trial.13

Fewer randomized clinical trials investigated the better

management of chronic stable coronary artery disease,

including medical treatment as an option.14–16 CABG

was superior to medical therapy and PCI in the prevention

of myocardial infarction and combined cardiovascular

events in the MASS II trial.14 In the COURAGE trial,15

PCI was not superior to optimal medical therapy alone in

reducing the risk of all-cause death and nonfatal myocar-

dial infarction, independently of the presence of ischemia.-
17 In the BARI-2D,16 restricted to patients with diabetes,

the rates of death and major cardiovascular events were

similar in patients submitted to revascularization by

CABG or PCI compared to patients managed medically.

The absence of superiority of therapies of revasculariza-

tion over medical treatment was demonstrated in a meta-

analysis of patients with chronic CAD and a positive test

for ischemia.18

The performance of medical therapy and strategies of

revascularization was investigated in cohort studies as well,

many with data from registries. These real-world studies

have the advantage of studying all comers and the effec-

tiveness of therapies delivered by professionals with vari-

able training skills. The possibility of indication bias cannot

be fully excluded, however. Only old studies compared

surgery with medical treatment.10–22 These studies are not

anymore valid to identify the best strategy, in the face of the

dramatic evolution of medical and surgical therapies.

Contemporary studies compared CABG with PCI. In the

New York registry,23 CABG was associated with lower

mortality rates, myocardial infarction and repeat revascu-

larization than treatment with drug-eluting stents. In a meta-

analysis of observational cohorts comparing CABG versus

drug-eluting stents (DES)-PCI, including a total of 24,268

patients with multivessel coronary disease, major adverse

cardiac and cerebrovascular events were similar between

the two strategies, but there was an excess of redo revascu-

larization after DES-PCI compared to CABG.24

The evidences herein revised demonstrate that it is still

necessary to investigate the better strategy to deal with

chronic CAD. In the face of the large variability of criteria

for inclusion in clinical trials and in observational studies,

it is worth expanding the investigation to different clinical

scenarios. Within this context, this cohort compared the

effectiveness of medical treatment alone, PCI and CABG

in preventing death and major adverse cardiac or cerebral

events (MACCE) in patients with chronic CAD referred

for diagnostic angiography.

Patients and Methods
Study design: cohort study.

Population
Patients with suspected CAD referred for elective diag-

nostic coronary angiography in a reference tertiary univer-

sity-affiliated hospital from November 2006 to July 2014

were sequentially enrolled in the study. Our Division uses

to perform around 3000 percutaneous diagnostic and ther-

apeutic procedures and about 600 cardiac surgeries per

year. Patients were referred by cardiologists and clinicians

from the public health system and private practices. Data

for this analysis were prospectively collected and included

the clinical indication of the cardiologist and a summary

clinical evaluation done at the cath lab. All patients with

40 years of age or over were enrolled. Patients with acute

coronary syndromes, valvular heart disease, aortic dis-

eases, previous coronary revascularization, class III or IV

heart failure, chronic renal disease (previous medical diag-

nosis or serum creatinine greater than 1.5 mg/dL), history

of cancer, or severe psychiatric illness were excluded.

Baseline Evaluation
The baseline interviews were performed immediately before

the coronary angiography, pertaining to demographic infor-

mation, lifestyle characteristics, education and past medical
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history, using a standardized questionnaire. Demographic

data were gathered by self-report skin color, education by

self-report years of schooling, and age was calculated sub-

tracting birth from the interview date.

Weight was measured (with the subject in light clothing

and barefoot) to the nearest 100 g with a scale (Plenna®,

model TINN 00088 Plenna – S.A., São Paulo, Brazil), and

height was measured maintaining the Frankfort plane, to the

nearest 1 cm. Body mass index was calculated with the

average of three measurements.

Three blood pressure measurements were performed

using a validated automatic device (OMRON-CP705,

Dupont, France). Hypertension was defined as the average

of the last two among three blood pressure measurements

greater than 140/90 mmHg, or the use of blood pressure-

lowering medication.

Blood samples were collected before coronary angiogra-

phy to measure the lipid profile, high-sensitivity C-reactive

protein, creatinine, and glucose. Diabetes mellitus was

defined as a patient's self-report of a physician’s diagnosis

or use of hypoglycemic agents or insulin. Subjects who

reported having smoked at least 100 cigarettes during their

lifetime were identified as former smokers. Current smokers

were those who reported smoking every day or some days at

the time of the interview.

The SYNTAX Score (SXscore) was calculated to evalu-

ate the extent and severity of coronary disease, with higher

scores indicating more severe disease. Angiographic visual

analysis was independently done by two interventional car-

diologists, blinded for clinical variables, for the assessment

of the SXscore, trained using the SXscore tutorial. In case of

disagreement, a third interventionist was consulted and the

final decision was reached by consensus. For each patient,

the score was calculated prospectively by including all cor-

onary lesions producing a ≥ 50% diameter stenosis in vessels

≥1.5 mm in diameter, using the SXscore calculator.

Subsequently, they were categorized as high (>32), inter-

mediate (23–32), low SXscore (<23) and no significant

CAD (reference category).25

Assessment of ten-year risk for a first hard atherosclerotic

cardiovascular disease (ASCVD) event, defined as the first

occurrence of nonfatal myocardial infarction or coronary

heart disease (CHD) death, or fatal or nonfatal stroke, was

calculated according to the Guideline on the Assessment of

Cardiovascular Risk using a calculator available at http://

www.cardiosource.org/scienceand-quality/practice-guide

lines-and-quality-standards/2013-prevention-guideline-

tools.aspx.

Criteria for Treatment Allocation
The interventional cardiology staff assessed the coronary

angiograms. Patients without coronary artery stenosis

above 50% of the vessel diameter were not considered for

surgical or percutaneous treatment. The attending physi-

cians received the interpretation of the angiograms and

were consulted regarding the therapeutic decision when

significant CAD was present. Severe disease with multi-

vessel involvement was usually discussed by the heart team,

composed by the attending physician, the interventional

cardiologist and the cardiovascular surgeon. The final allo-

cation of these patients to the therapeutic alternatives was

done according to the heart team’s decision or let to the

discretion of attending physician. Scores of coronary lesion

severity, including the Syntax score, were not routinely used

in the clinical scenario.

Outcome Definitions
The clinical endpoints were all-cause and cardiovascular

death, myocardial infarction, stroke, heart failure, late

revascularization and combinations of these outcomes as

major adverse cardiac and cerebral events: MACCE-1 was

defined by cardiovascular death, nonfatal myocardial

infarction, and stroke; MACCE-2 was MACCE-1 plus late

revascularization.

Deaths were classified according to the ARIC

(Atherosclerosis Risk in Communities Study) protocol.26

Myocardial infarction and revascularization followed by

death in the same hospitalization were adjudicated as cardi-

ovascular death. Sudden death was defined as cardiovascular

death, unless obvious non-cardiac causes could be identified.

Heart failure (HF) was defined by history and medical

records. Cases of incident heart failure were those that

required hospitalization.

Myocardial infarction (MI) was diagnosed by an increase

of cardiac biomarkers, in the presence of symptoms or electro-

cardiogram (ECG) abnormalities suggestive of ischemia.26

Patients that were treated for MI in other hospitals had the

diagnosis defined on the basis of the discharge report. Stroke

was diagnosed by computed tomography (CT) scanning and

compatible clinical findings, besides a review of medical

records. Late revascularization was considered either by PCI

or CABG. Percutaneous and surgical revascularizations based

on diagnostic angiography findings, performed until 3 months

after the angiography, were defined as index procedures and

not considered outcomes. Interventions performed during fol-

low-up, non-directly related to the diagnostic angiography,
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were defined as late revascularizations and included in the

MACCE-2 outcome.

Follow-Up Participants
The follow-up of patients combined different strategies:

telephone interviews, registered letters, medical records,

death certificates, and interviews with next-of-keen in

some cases.

Death certificates were obtained at the State Health

Department or hospital records. Verbal autopsies with

next-of keen were done, including information on hospi-

talizations, physician visits, coronary artery disease symp-

toms, other diseases and treatments, circumstances

surrounding the death, and the use of emergency medical

services.

All data were evaluated by at least two authors inde-

pendently, with control of quality on data entry to verify

amplitude and consistency. For quality control of the

team’s performance, 20% of the protocols were randomly

selected to be reviewed by the main investigator.

The methodology of this study was based on the

STROBE guidelines (Strengthening the Reporting of

Observational Studies in Epidemiology).

Statistical Analysis
The sample size calculation was performed in the PEPI

program (Programs for Epidemiologists) version 4.0. The

estimate was based on studies by Hueb et al,14 maintaining

statistical power of 80% and a significance of 5%, with a

minimum difference in the incidence of the composite end-

point consisting of death or cardiovascular death, myocardial

infarction and refractory angina with revascularization of

12% among the treatment groups. Thus, a minimum of 366

subjects with CAD was estimated, with an additional 20% to

account for potential losses (total of 440 participants).

Quantitative variables were described by mean and

standard deviation, in cases of symmetrical distribution,

or median and interquartile range, in case of asymmetric

distribution, and qualitative parameters through absolute

and relative frequencies. Both groups were compared

using Analysis of Variance (ANOVA) and the Scheffé

test (symmetrical distribution), or the Kruskal–Wallis test

followed by the Dunn’s test (asymmetrical distribution), in

case of quantitative variables, and the Pearson’s chi-

squared test or the Fisher’s exact test for qualitative vari-

ables (rates and proportions).

Crude and adjusted incidence of all-cause mortality,

cardiovascular mortality, MI, stroke, revascularization,

MACCE-1 and MACCE-2 according to the treatment

group were computed.

The association between treatments and outcomes was

explored in Cox proportional hazard models and described

by Kaplan-Meier survival curves.

Unadjusted survival curves and models adjusting for

confounding variables were computed. Model 1 included

sociodemographic variables; model 2 included the variables

from model 1 plus clinical variables; model 3 added the

angiographic evaluation (SXscore). Models were run in

stratified analyses for clinical baseline conditions: MI, dia-

betes mellitus (DM) and categories of systolic blood pres-

sure (SBP). The variables included in the models were those

traditionally associated with the incidence of cardiovascular

outcomes and those that achieved P value greater or equal

0.2 in the crude analysis. The level of significance was 5%

and data were analyzed with SPSS (Statistical Package for

the Social Sciences) version 21.0.

Ethical Aspects
The study protocol was approved by the Ethics Committee

of the Hospital de Clínicas de Porto Alegre, registered under

no. 13–0171, which is accredited by the Office for Human

Research Protections as an Institutional Review Board. This

study was conducted in accordance with the Declaration of

Helsinki. All participants provided informed consent.

Results
Baseline Characteristics and Angiographic

Data
The study flowchart is presented in Figure 1. From 1028

patients electively submitted to diagnostic coronary angio-

graphy, 814 were included in the cohort and were followed

up on average for 6 ± 1.9 years (median 5.7 years). Vital

status follow-up was 100%. For non-fatal outcomes, 93.4%

of patients had detailed information collected.

Table 1 shows the baseline clinical and angiographic

characteristics according to therapeutic strategy and the

cohort without CAD. As expected, patients with CAD

had a higher prevalence of risk factors than patients with-

out CAD, for example, diabetes mellitus, hypertension and

smoking. The 10-year ASCVD risk was also higher in

patients with CAD and heart failure more prevalent. The

complaints of chest pain and dyspnea, however, were more

frequent among participants without CAD.

Among patients with CAD, those submitted to surgical

revascularization presented a higher prevalence of heart
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failure and lower ejection fraction when compared to

patients submitted to percutaneous revascularization.

Patients undergoing medical treatment only pre-

sented lower SXscores than the other groups. The

CABG group presented significantly higher SXscores.

When SXscore was stratified into categories, medical

treatment only and PCI groups showed more patients in

the low category and the CABG group showed a higher

prevalence in intermediate and high categories.

Incidence of Major Cardiovascular Events
Table 2 shows the clinical outcomes in patients with and

without CAD. All-cause death was significantly more fre-

quent in patients subjected to medical therapy and to

Figure 1 Study flowchart. PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CAD, coronary artery disease; MACCE, major adverse cardiac

and cerebral events, as defined in Methods section.
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CABG. Cardiovascular death was higher in patients sub-

mitted to CABG than other groups. The incidence ofMI and

MACCE-2 was higher in patients subjected to myocardial

revascularization procedures than in patients without CAD.

Late revascularizations, surgical or percutaneous, were

more frequent in patients initially submitted to PCI. Heart

failure and MACCE-1 were more frequent in patients sub-

mitted to CBAG. Patients without CAD had, in general, a

better prognosis than patients with CAD treated by any

method.

Figure 2 shows the event-free survival curves for all-

cause death, cardiovascular death, MACCE-1 and

MACCE-2. All-cause death (Panel A), cardiovascular

death (Panel B) and MACCE-1 (panel C) were not different

by treatment strategies. Panel D shows that the incidence of

MACCE-2 (with the inclusion of late revascularization)

was significantly higher in participants submitted to PCI

than in those submitted to clinical treatment.

The risks of death and major cardiovascular events

according to the treatment group, considering medical ther-

apy as reference are shown in Table 3. Deaths by any cause

were less frequent in patients submitted to PCI, being mar-

ginally significant in the full model. CABG showed a quali-

tatively similar but not significant association with all-cause

Table 1 Baseline Clinical and Angiographic Characteristics

Baseline Characteristics# MTAlone (n=124) PCI (n=251) CABG (n=79) Without CAD (n=360) P value

Age (years) 61.9 ± 10.2b 60.8 ± 9.4ab 61.7 ± 8.4b 58.1 ± 10.3a <0.001

Male 69 (55.6) 173 (68.9)* 54 (68.4)* 165 (45.8)** <0.001

Race white 87 (70.2) 176 (70.1) 61 (77.2) 269 (74.7) 0.424

Years at school 5 (3–8)ab 5 (4–9)b 6 (4–10)ab 5(3–8)a 0.001

BMI (kg/m2) 28.9 ± 5.2ab 28.1 ± 4.3ab 27.4 ± 4.2a 29.3 ± 5.6b 0.002

SBP (mmHg) 141.9 ± 23.5ab 141.1 ± 23.9ab 144.8 ± 20.6b 137.9 ± 21.1a 0.036

DBP (mmHg) 79.7 ± 11.9 81.5 ± 12.9 83.2 ± 11.6 80.5 ± 11.6 0.154

Diabetes mellitus 42 (33.9) 71 (28.3) 31 (39.2)* 81 (22.5)** 0.006

Hypertension 114 (91.9) 236 (94)* 76 (96.2)* 293 (81.4)** <0.001

Previous myocardial infarction 45 (36.3)** 127 (50.6) 51 (64.6)* – <0.001

LVEF (%) 62.6 ± 14.1ab 63.2 ± 14.7b 58.3 ± 15.9a 67.5 ± 10.7c <0.001

HF 19 (15.3) 40 (15.9) 17 (21.5)* 27 (7.5)** 0.001

Glucose (mg/dL) 103.4 ± 33.1a 106.5 ± 27.8ab 114.7 ± 45.9b 103.0 ± 27.4a 0.016

Total Cholesterol (mg/dL) 170.4 ± 47.3 170.6 ± 45.3 176.6 ± 51.8 172.0 ± 40.0 0.734

HDL-C (mg/dL) 41.4 ± 11.1ab 39.7 ± 9.9a 40.7 ± 10.1a 44.5 ± 11.4b <0.001

Triglycerides (mg/dL) 119.5 (87.0–173.8) 125 (90.0–169.0) 122 (91–176) 115 (81–158.0) 0.238

Creatinine (mg/dL) 0.69 ± 0.21 0.71 ± 0.21 0.72 ± 0.22 0.66 ± 0.24 0.105

hs-CRP (mg/dL) 2.5 (0.8–5.8) 2.8 (0.9–7.0) 2.1 (0.8–5.0) 2.2 (0.8–5.1) 0.127

Smoking 85 (68.5) 168 (66.9)* 44 (55.7) 207 (57.5)** 0.026

Current smoking 16 (12.9) 40 (15.9) 3 (3.8)** 51 (14.2) 0.050

Chest Pain 29 (23.4) 44 (17.5)** 15.0 (19) 139 (38.6)* <0.001

Dyspnea 44 (35.5) 68 (27.1)** 26 (32.9) 167 (46.4)* <0.001

10-year ASCVD risk 16.7 (8.2–24.2)b 15.6 (9.1–23.4)b 19.6 (11.2–28.1)b 10.9 (5.8–11.7)a <0.001

SXscore*** 4.3 (0–11)a 8(5–13)b 21.5 (13–26.5)c - <0.001

Low SXscore 117 (94.4)* 235 (93.6)* 49 (62)** - <0.001

Intermediate SXscore 5 (4)** 15 (6)** 21 (28.6)* -

High SXscore 2 (1.6) 1 (0.4)** 9 (11.4)* -

Indication of coronary angiography

Suggestive symptoms of CAD 100 (80.6)** 209 (83.3)** 72 (91.1) 338 (93.9)* <0.001

With a positive noninvasive test 50 (40.3) 86 (34.3)** 38 (48.1) 160 (44.4) 0.043

Other complaints 11 (8.9) 16 (6.4) 8 (10.1) 32 (8.9) 0.616

Notes: *Statistically significant positive association by adjusted residuals test to 5% of significance. **Statistically significant negative association by adjusted residuals test to

5% of significance. a.b.cEqual letters do not differ by the Scheffé’s or Dunn’s Test at 5% significance. ***Low SXscore < 23; Intermediate SXscore = 23–32; High SXscore > 32.
#Variables were described by mean ± SD, median (P25-P75) or as number (percentage).

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; HDL-C,

high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; DBP, diastolic blood pressure; HF, heart failure; LVFE, left ventricular fraction ejection; MT,

medical-therapy; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; SXscore, SYNTAX score.
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deaths in the full model. PCIwas also associated with a lower

incidence of cardiovascular (CV) deaths, while the estimates

for CABGwere all in the risk side in the three models, but the

estimates were not statistically significant. The associations

with myocardial infarction, stroke and heart failure were not

significant for PCI and CABG, while late revascularization

was significantly higher in the PCI group. PCI had a trend

towards benefit for the combined incidence of cardiovascular

outcomes (MACCE-1), but showed a higher incidence of

these events when taking into account late revascularization.

Surgery did not protect against the incidence of major cardi-

ovascular events combined (MACCE-1) or associated with

late revascularization (MACCE-2).

The risks for MACCE-2 were significantly higher for

patients treated by PCI than CABG in patients with dia-

betes (but both significantly higher than in patients treated

medically) (Figure 3). There was no significant interaction

with left ventricular ejection fraction (LVEF), SBP and

previous MI. For other outcomes (all-cause death, cardio-

vascular death, myocardial infarction, stroke, heart failure

and MACCE-1), there was no interaction between those

conditions and the association with PCI and CABG.

Discussion
This real-world cohort study investigated clinical out-

comes of patients submitted to diagnostic coronary angio-

graphy and referred to medical therapy, PCI or CABG. All

comers were meticulously evaluated at baseline and fol-

lowed on average for 6 ± 1.9 years. After adjusting for

potential confounding variables, patients submitted to PCI

had a lower all-cause mortality rate than patients treated

medically. A non-significant trend for lower cardiovascu-

lar mortality was observed in patients treated by PCI. The

benefit in the prevention of all-cause mortality occurred at

the expense of repeated revascularization procedures.

Patients treated surgically had more severe disease and

comorbid conditions than patients treated medically or

percutaneously. Even after adjusting for baseline charac-

teristics, patients submitted to CABG did not have a better

prognosis than patients treated medically. On the contrary,

patients treated surgically had higher cardiovascular mor-

tality combined with the incidence of major cardiovascular

events. These results were not influenced by the presence

of diabetes mellitus, blood pressure levels, left ventricular

ejection fraction and previous MI. The incidence of non-

fatal cardiovascular events was not associated with either

revascularization modality. Patients without CAD had an

overall better prognosis than their counterparts with CAD,

despite more frequent complaints of dyspnea and chest

pain at the baseline evaluation.

The higher risk for cardiovascular mortality associated

with major non-fatal CV events in patients submitted to

CABG may have resulted from residual confounding, ie,

the absence of control for confounding variables not avail-

able in the database. Nonetheless, most clinical and angio-

graphic differences between patients treated medically or

surgically were included in the models. Strictly, it is unlikely

that the worse outcomes with surgery would turn to protec-

tion with the adjustment of unknown confounders. The inter-

pretation that CABG was not able to diminish the worse

baseline prognosis of patients in comparison with those

treated medically is valid. In fact, our findings are in accor-

dance with the results of the classical Coronary Artery

Surgery Studies (CASS),27 Veterans Administration

Cooperative Study28 and European Coronary Surgery

Study,29 which did not demonstrate the superiority of surgery

over medical treatment in the main cohorts. The beneficial

effects in patients with multiarterial disease (or left main

Table 2 Major Clinical Outcomes According to the Treatment of the Patients

Type of Event# MTAlone (n=124) PCI (n=251) CABG (n=79) Without CAD (n=360) P value

All-cause death 24 (19.4)* 25 (10) 16 (20.3)* 41 (11.4) 0.012

Cardiovascular death 11 (8.9) 13 (5.2) 13 (16.5)* 29 (8.1) 0.016

Myocardial infarction 13 (10.5) 28 (11.2)* 15 (19)* 2 (0.6)** <0.001

Stroke 4 (3.2) 7 (2.8) 6 (7.6) 16 (4.4) 0.268

Heart failure 19 (15.3) 40 (15.9) 17 (21.5)* 27 (7.5)** 0.001

Late Revascularization 18 (14.5) 66 (26.3)* 9 (11.4) 3 (0.8)** <0.001

MACCE-1 24 (19.4) 39 (15.5) 24 (30.4)* 41 (11.4)** <0.001

MACCE-2 30 (24.2) 82 (32.7)* 30 (38)* 42 (11.7)** <0.001

Notes: *Statistically significant positive association by adjusted residuals test to 5% of significance. **Statistically significant negative association by adjusted residuals test to

5% of significance. #Variables were described as number (percentage).

Abbreviations: MACCE, major adverse cardiac and cerebral events; MACCE-1, composite of cardiovascular death, myocardial infarction and stroke; MACCE 2, all

components of MACCE-1 plus late revascularization; MT, medical-therapy.
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disease), particularly in patients with heart failure, could not

be explored in our cohort, because of the small sample and

relatively good health status of our patients.

Overall, our findings are in agreement with MASS II,14

COURAGE15 and the BARI-2D16 trials. In BARI-2D, a

strategy of revascularization associated with medical-ther-

apy was not better than medical-therapy alone to reduce

death or major cardiovascular events. Similarly, in the

COURAGE trial, PCI did not reduce the risk of death or

MI, even in patients with diabetes. Furthermore, the inci-

dence of long-term events with medical-therapy was simi-

lar to that of PCI, as was also observed in 5 and 10-year

follow-up results of the MASS II trial. Also, many studies

did not show that the combination of percutaneous and

medical treatment reduces major cardiovascular endpoints

compared to the medical treatment alone.15,30,31 Even

when adjusted for possible confounders, the risk of late

revascularization remains high for patients submitted to

PCI compared to medical treatment, meaning that PCI is

an important risk factor for this outcome.32–34 Recently,

analyses of patients with baseline ischemia were pub-

lished, with no advantage of percutaneous treatment over

medical treatment.17,18 Subgroup analysis in patients with

ischemia from the COURAGE trial18 and a meta-analysis

with four additional studies18 demonstrated that revascu-

larization was ineffective in preventing events in patients

with asymptomatic or mildly symptomatic CAD. The

ongoing ISCHEMIA clinical trial35 intends to answer this

Figure 2 Event-free survival curves for all-cause death, cardiovascular death, MACCE-1, and MACCE-2 adjusted for age, sex, school degree, BMI, DM, hypertension, chest

pain, HDL-C, creatinine, hs-CRP, smoking, HF, LVEF, MI before the index procedure and SXscore. CABG, coronary-artery bypass grafting; MT, medical-therapy; PCI,

percutaneous coronary intervention. Abbreviations as in Table 1.
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question definitively. The first randomized trial with

a control sham procedure failed to demonstrate the effec-

tiveness of PCI to control symptoms and to increase exer-

cise time.36

There are many clinical trials comparing the effective-

ness of PCI and CABG.12,13,16,24,25,37–49 Our study was

not primarily designed to investigate this question and

lacks statistical power for direct comparisons. The trend

for beneficial effects of PCI over all-cause and cardiovas-

cular mortality, in comparison with no beneficial effects of

surgery, was unexpected. Although the higher probability

of death of patients subjected to surgical treatment, there

was no significant difference among the groups during the

follow-up period, similarly to the results of the 5-year

follow-up of the SYNTAX trial40 and of a meta-analysis

of randomized trials,12 except for cardiovascular death.

Results of the 5-year follow-up of the SYNTAX trial40

and the NOBLE trial13 showed that surgical treatment

presented significantly less MACCE than percutaneous

treatment, in patients with more complex coronary artery

disease, similar to the present study. Also, in meta-ana-

lyses of observational studies24 and randomized clinical

trials,38,39,45 comparing surgical to percutaneous treatment,

long-term mortality and clinical outcomes were similar for

patients with multivessel CAD, except for late revascular-

ization. The present cohort showed that, in the real world,

percutaneous treatment is associated with a four-fold

increased risk of repeat revascularization when compared

Table 3 Cox Regression Analysis to Evaluate the Effect of the Treatment on the Outcomes After Diagnostic Coronary Angiography

with Adjustment for Confounding Factors

Outcome Modelsa PCI* CABG*

HR (95% IC) P value HR (95% CI) P value

All-cause death 1 0.49 (0.28–0.87) 0.014 1.15 (0.61–2.17) 0.676

2 0.41 (0.16–1.05) 0.062 0.88 (0.28–2.74) 0.828

3 0.41 (0.16–1.03) 0.057 0.72 (0.20–2.64) 0.622

Cardiovascular death 1 0.61 (0.27–1.36) 0.226 2.21 (0.98–4.98) 0.056

2 0.26 (0.05–1.41) 0.120 2.28 (0.49–10.59) 0.293

3 0.27 (0.05–1.43) 0.123 2.53 (0.42–15.10) 0.309

Myocardial infarction 1 1.10 (0.57–2.14) 0.772 1.94 (0.92–4.10) 0.082

2 1.12 (0.38–3.29) 0.835 2.07 (0.66–6.47) 0.211

3 1.12 (0.38–3.29) 0.839 1.66 (0.45–6.10) 0.447

Stroke 1 0.91 (0.26–3.12) 0.879 2.53 (0.71–9.03) 0.154

2 0.67 (0.06–7.18) 0.670 8.67 (0.91–82.98) 0.061

3 0.69 (0.06–7.54) 0.760 9.97 (0.57–174.58) 0.115

Heart failure 1 1.10 (0.63–1.92) 0.740 1.71 (0.87–3.34) 0.119

2 1.31 (0.52–3.28) 0.566 1.99 (0.78–5.08) 0.152

3 1.34 (0.53–3.39) 0.542 1.66 (0.61–4.53) 0.328

Late revascularization 1 1.78 (1.05–3.03) 0.034 0.85 (0.38–1.90) 0.689

2 4.15 (1.67–10.29) 0.002 2.08 (0.63–6.88) 0.230

3 3.63 (1.46–9.04) 0.006 1.24 (0.34–4.55) 0.750

MACCE-1 1 0.82 (0.49–1.37) 0.448 1.78 (1.01–3.14) 0.048

2 0.80 (0.34–1.89) 0.603 2.57 (1.05–6.30) 0.039

3 0.77 (0.32–1.84) 0.562 2.15 (0.73–6.31) 0.165

MACCE-2 1 1.31 (0.86–1.99) 0.216 1.82 (1.09–3.02) 0.021

2 2.56 (1.27–5.17) 0.009 3.28 (1.45–7.41) 0.004

3 2.35 (1.16–4.77) 0.018 2.17 (0.86–5.49) 0.100

Notes: *Medical treatment as reference treatment. aModel 1: adjusted for age, sex, and school degree; Model 2: adjusted for age, sex, school degree, BMI, DM,

hypertension, chest pain, HDL-C, creatinine, hs-CRP, smoking, HF, LV ejection fraction and MI before the index procedure; and Model 3: adjusted for age, sex, school

degree, BMI, DM, hypertension, chest pain, HDL-C, creatinine, hs-CRP, smoking, HF, LVEF, MI before the index procedure and SXscore.

Abbreviations: MACCE, major adverse cardiac and cerebral events; MACCE-1, composite of cardiovascular death, myocardial infarction and stroke; MACCE-2, outcomes

of MACCE-1 plus late revascularization. Abbreviations as in Table 1.
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to medical therapy alone. Similar results were seen in a

meta-analysis of observational studies of 24,268 patients

with multivessel CAD treated with surgery or drug-eluting

stents, in which the frequency of repeat revascularization

was also roughly 4-fold higher after DES implantation.24

The possibility of residual confounding cannot be fully

discarded in our study, and the disease severity can be

the underlying reason for the indirect superiority of PCI

over CABG. Patients submitted to surgical revasculariza-

tion had more extensive CAD, as expressed by the higher

SYNTAX scores of this group.

Our study has limitations that deserve mention. The non-

randomized design precludes to fully controlling for con-

founding factors. Even with adjustment for most risk factors

and severity of coronary disease, the possibility of residual

confounding cannot be ruled out. On the other hand, the

proposal of the study was to assess the beneficial effects of

treatments in the real world. Our sample size of patients

submitted to CABG was small. In the face of the higher

incidence of combined cardiovascular morbidity and death

in patients submitted to surgery, it is unlikely that this risk

would be reversed in a study with a larger sample size. And

finally, our study was performed at a single center.

Conclusions
Patients with newly diagnosed CAD by elective coronary

angiography did not have a better prognosis when submitted

to CABG comparatively to medical treatment. Patients treated

with PCI had a trend for the lower incidence of all-cause death

and lower risk of MACCE-2, but at the expense of additional

revascularization procedures. Patients without significant

CAD had a similar prognosis than CAD patients treated with

medical therapy. Unless new findings from randomized clin-

ical trials show the superiority of surgical or percutaneous

therapies, patients with chronic, stable, coronary artery disease

should be preferentially managed with medical therapy.

Abbreviations
ASCVD, atherosclerotic cardiovascular disease; BMI,

body mass index; CABG, coronary artery bypass grafting;

Figure 3 Hazard ratio for MACCE-2 in participants stratified by diabetes mellitus, myocardial infarction, categories of systolic blood pressure, and left ventricular ejection

fraction. *Adjusted for model 3 as. Table 3. **Normal for male ≥ 52% and for female ≥ 54%. Abbreviations as in Table 1.
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CAD, coronary artery disease; CHD, coronary heart dis-

ease; CV, cardiovascular; DBP, diastolic blood pressure;

DES, drug-eluting stents; DM, diabetes mellitus; ECG,

electrocardiogram; HDL-C, high-density lipoprotein cho-

lesterol; HF, heart failure; hs-CRP, high-sensitivity C-reac-

tive protein; LVEF, left ventricular ejection fraction;

MACCE, major adverse cardiac or cerebral events; MI,

myocardial infarction; MT, medical-therapy; PCI, percuta-

neous coronary intervention; SBP, systolic blood pressure;

SXscore, SYNTAX score; SYNTAX, SYNergy between

percutaneous coronary intervention with TAXus® and

Cardiac Surgery Study.
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