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Purpose of review

Despite the benefits of surgical coronary revascularization, patients continue to be at risk for ischemic
events in the years that follow coronary artery bypass graft surgery (CABG), mandating the role for
postoperative secondary preventive therapy. The purpose of this review was to present a summary on
the subject of secondary prevention after CABG, including an overview of a recently published scientific
statement, and highlight the newest studies in the field.

Recent findings

Aspirin and statin therapy continue to be the mainstay of secondary prevention after CABG, although
newer antiplatelet and lipid-lowering medicines are being actively studied for their potential benefits.
Other important elements to secondary prevention after CABG include the aggressive management of
hypertension, smoking cessation, and the initiation of cardiac rehabilitation.

Summary

Secondary prevention is an essential component of postoperative care after CABG. Instituting preventive
therapies after surgery optimizes graft patency and helps patients achieve the highest level of physical
health and quality of life following CABG.
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INTRODUCTION

Preventive medicine consists of measures taken for
avoidance of disease [1,2]. Although ‘primary pre-
vention’ aims to avert an illness before it ever occurs,
the goals of ‘secondary prevention’ are to reduce
the impact of a disease that is already in progress.
This is achieved by initiating therapies to halt dis-
ease processes and avoid illness recurrence, as well as
implementing programs to return people to their
original health. Ultimately, secondary prevention
prevents long-term disease-related sequelae [3].

Secondary prevention is an essential component
of the management of patients recovering from
coronary artery bypass graft surgery (CABG), a pro-
cedure that more than 400 000 Americans undergo
each year [4]. CABG is the most complete and
durable treatment of ischemic heart disease and
has been an established therapy for nearly 50 years.
Nevertheless, in the years that follow surgery,
patients who have undergone CABG remain at risk
for subsequent ischemic events, resulting from the
progression of native coronary artery disease (CAD)
and the development of vein graft atherosclerosis.
Therefore, secondary therapies play a key role in the
rs Kluwer Health, Inc. All rights rese
prevention of adverse cardiovascular outcomes.
Postoperative antiplatelet agents and lipid-lowering
therapies continue to be the mainstay of secondary
prevention. Other opportunities that exist to
improve the long-term clinical outcomes after
CABG include the aggressive management of hyper-
tension and diabetes mellitus, smoking cessation,
weight loss, and cardiac rehabilitation. Secondary
preventive therapies help maintain long-term graft
patency and assist patients to obtain the highest
level of physical health and quality of life
following CABG.

Recently, the American Heart Association (AHA)
issued a scientific statement specifically focused on
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KEY POINTS

� Secondary prevention is an essential component of
postoperative care after CABG.

� Aspirin and statins are the mainstay of secondary
prevention following CABG.

� Other important elements of secondary prevention after
CABG include the aggressive management of
hypertension, smoking cessation, and the initiation of
cardiac rehabilitation.

Coronary artery surgery
secondary prevention after CABG. This statement
thoroughly evaluated the evidence for preventive
therapies following surgery and provided updated
recommendations regarding their use [5

&&

]. Since
the writing of this statement, several clinical trials
in the cardiology and cardiac surgery community
have been presented that have important implica-
tions for patients recovering from CABG surgery.
The objective of the current study is to present a
‘primer’ on the subject of secondary prevention after
CABG. Specifically, this will provide an overview of
the recently published post-CABG AHA scientific
statement, summarize some of the newest studies
in the field, and highlight areas that are in need of
further research.
ANTIPLATELET THERAPY

First discovered in 1897, aspirin irreversibly inhibits
platelet cyclooxygenase-1 and decreases thrombox-
ane-A2 production, ultimately preventing platelet
aggregation. In patients with CAD, aspirin is well
known to reduce the risk of stroke, myocardial
infarction (MI), and vascular death [6–7]. Therefore,
all patients undergoing CABG are candidates for
long-term aspirin therapy [8]. Ideally, it should be
initiated before surgery when CAD is first diagnosed
[7,9,10]. Aspirin appears to be well tolerated when
administered prior to surgery [11] and its preoper-
ative use may lead to lower rates of morbidity and
mortality after CABG [12,13]. In the postoperative
period, aspirin helps prevent adverse cardiovascular
events [14] and improves long-term survival [15,16].

Numerous clinical trials, some dating back to
the 1970s, demonstrated that aspirin significantly
improves vein graft patency rates after CABG,
particularly during the first postoperative year
[17–20]. In a meta-analysis of 17 randomized
placebo-controlled trials, aspirin significantly
reduces the odds of graft occlusion by 40% [aspirin
versus placebo odds ratio: 0.60; 95% confidence
interval (CI): 0.51, 0.71; P<0.0001], with low
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(100 mg) to medium (325 mg) daily doses being
the most effective. The ideal time for postoperative
initiation of aspirin appears to be within 6 h after
CABG [21].

Nevertheless, even with routine aspirin-
mediated platelet inhibition, saphenous vein graft
disease continues to be a clinical challenge in the
modern era. Early graft occlusion rates have been
reported as high as 26% in recent clinical trials [22].
This may relate to the phenomenon of ‘aspirin
resistance,’ whereby aspirin is unable to effectively
inhibit platelet function early after CABG, especially
at lower doses [23–26]. As such, several investigators
have evaluated the role of other antiplatelet
agents following surgery, including clopidogrel.
Clopidogrel is a thienopyridine antiplatelet agent
that irreversibly inhibits the platelet P2Y12 ADP
receptor. When exposed to clopidogrel, platelets
are inhibited from aggregating for the remainder
of their 7–10-day lifespan [27,28]. Combining
aspirin therapy with clopidogrel leads to potent
synergistic antithrombotic effects [29] and substan-
tial benefits have been demonstrated with dual
antiplatelet therapy in several CAD and stent trials
[30,31]. In the cardiac surgery literature, however,
the results have been mixed. Two large observatio-
nal studies suggested a clinical benefit associated
with the use of clopidogrel after surgery [32,33]. On
the other hand, a post- hoc analysis from the
Randomized On and Off-Pump Bypass on and
off-pump CABG trial found no improvement in
graft patency among patients treated with received
clopidogrel after surgery [34].

To date, five clinical trials have evaluated the use
of clopidogrel after CABG, presenting mostly nega-
tive results, especially among patients undergoing
on-pump surgery [35–39]. In the clopidogrel after
surgery for coronary artery disease (CASCADE) trial,
the combination of aspirin and clopidogrel did
not significantly reduce the process of saphenous
vein graft intimal hyperplasia 1 year after CABG as
compared with aspirin alone [36]. However, in a
post-hoc analysis, dual antiplatelet therapy was
associated with a slowing in the angiographic pro-
gression of native CAD [40]. Summarizing the data
on more than 25 000 patients published in both
randomized and observational studies, Deo et al.
[41] documented a lower risk of vein graft occlusion
(relative risk: 0.59; 95% CI: 0.43, 0.82; P¼0.02) and
30-day mortality (P<0.0001) with dual antiplatelet
therapy, but at the cost of significantly more major
bleeding events, compared with aspirin alone.
Importantly, this benefit for dual antiplatelet
therapy in terms of reducing vein graft occlusion
was most applicable among patients undergoing off-
pump CABG rather than on-pump surgery [39,41],
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Coronary artery bypass graft surgery secondary prevention Kulik
as off-pump patients have a relative hypercoagu-
lable state and higher levels of postoperative platelet
activity [42,43]. In light of these data, the recent
AHA secondary prevention statement recom-
mended aspirin alone for the majority of patients
after CABG, whereas clopidogrel should be com-
bined with aspirin specifically after off-pump
surgery [5

&&

].
Less is known regarding the postoperative

role of the newer P2Y12 inhibitors, prasugrel and
ticagrelor, which have a more rapid onset of action
and more consistent and pronounced platelet
inhibition than clopidogrel [44–46]. Prasugrel was
found to be superior to clopidogrel for patients with
acute coronary syndrome (ACS) in the Trial to Assess
Improvement in Therapeutic Outcomes by Optimiz-
ing Platelet Inhibition with Prasugrel -Thrombolysis
in Myocardial Infarction 38 study [44], and in a
post-hoc analysis of the patients who subsequently
underwent CABG, prasugrel was associated with a
lower rate of death after surgery, albeit with a greater
amount of blood loss [47]. In the Platelet Inhibition
and Patient Outcomes (PLATO) study, ticagrelor also
significantly improved outcomes for patients with
ACS as compared with clopidogrel [45]. In a sub-
sequent post-hoc analysis of the 1261 patients who
thereafter underwent CABG, ticagrelor led to a
significant reduction in cardiovascular mortality
(4.1 versus 7.9%, ticagrelor versus clopidogrel,
P<0.01), and no significant difference in CABG-
related major bleeding [46]. Most recently, in
Prevention of Cardiovascular Events in Patients
With Prior Heart Attack Using Ticagrelor Compared
to Placebo on a Background of Aspirin-Thrombolysis
in Myocardial Infarction 54, a long-term prevention
study, patients with CAD and a previous MI had a
significantly lower risk of adverse cardiovascular
outcomes when they received ticagrelor and aspirin
as compared with aspirin alone, although the risks
of major bleeding were slightly higher [48].

With the growing interest in the newer P2Y12
receptor inhibitors and the mixed results seen with
clopidogrel after CABG [41], several trials have been
initiated in the cardiac surgery community to inves-
tigate the role of ticagrelor and prasugrel after
CABG. Approximately 1 year ago, we launched
the Ticagrelor Antiplatelet Therapy to Reduce Graft
Events and Thrombosis (TARGET) trial (Clinical-
Trials.gov Identifier: NCT02053909) to evaluate
the potential benefits of ticagrelor 90 mg twice daily
as compared with aspirin 81 mg twice daily, on
1 and 2-year graft patency after CABG. Other studies
are exploring the impact of combining aspirin with
ticagrelor to reduce postoperative graft occlusion
rates [The Effect Of Ticagrelor On Saphenous Vein
Graft Patency In Patients Undergoing Coronary
0268-4705 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
Artery Bypass Grafting Surgery, ClinicalTrials.gov
Identifier: NCT02352402; Efficacy of Different
Antiplatelet Therapy Strategy After Coronary Artery
Bypass Graft Surgery, ClinicalTrials.gov Identifier:
NCT02201771], and ticagrelor’s role in reducing
postoperative clinical events [Ticagrelor With
Aspirin for Prevention of Vascular Events in Patients
Undergoing CABG, ClinicalTrials.gov Identifier:
NCT01755520]. Finally, a Veteran Affairs study
is currently examining the combination of prasugrel
and aspirin versus aspirin alone on the prevalence of
graft thrombus 1 year after CABG (ClinicalTrials.gov
Identifier: NCT01560780).
LIPID MANAGEMENT

Extensive evidence exists supporting the use of
statins to treat hyperlipidemia and reduce adverse
cardiovascular events in patients with CAD, particu-
larly for patients who have had CABG [49–52].
Statins have been shown to reduce the progression
of native artery atherosclerosis, improve long-term
survival, and reduce the risks of adverse cardiovas-
cular events across a wide range of cholesterol
levels [49,53–55]. Whereas elevated cholesterol
levels are associated with faster progression of
saphenous vein graft disease after CABG [56,57],
statin treatment inhibits its development by
reducing neointimal formation and smooth muscle
proliferation [51,58–61].

The post-CABG Trial was the first major study
to evaluate the role of statins after surgical
revascularization. A total of 1351 patients who
had previously undergone CABG 1–11 years earlier
were randomized to receive lovastatin 40–80 mg
daily or lovastatin 2.5–5 mg daily. Over the course
of the study, patients who received the higher
lovastatin doses achieved a reduction in low-density
lipoprotein (LDL) levels to less than 100 mg/dl. This
was associated with a lower incidence of new vein
graft occlusions 4 years later, as well as a lower
number of grafts with atherosclerosis progression
[51]. Moreover, long-term follow-up demonstrated
that higher lovastatin treatment led to a significant
reduction in the need for repeat revascularization
and new adverse cardiovascular events [62].

Thereafter, a number of surgical observational
studies confirmed the importance of postoperative
LDL reduction with statins [63–66]. In a cohort
study of 7503 patients, statin treatment within
1 month of CABG was independently associated
with a reduction in the risk of all-cause mortality
and major adverse cardiovascular events late after
surgery [50]. Several studies also demonstrated that
statin treatment significantly reduces the risk of
atrial fibrillation after CABG, both in the
rved. www.co-cardiology.com 637



Coronary artery surgery
perioperative period and long term after surgery
[67,68]. This has been attributed to the nonlipid
‘pleiotropic’ properties of statins, leading to
improvements in endothelial function and inhi-
bition of inflammatory responses [69,70].

Recent attention in the cardiology community
has turned toward the use of high-intensity statin
therapy to achieve even further LDL reduction to
70 mg/dl or less [49,55,71]. Several studies, includ-
ing the Treating to New Targets (TNT) trial [72],
demonstrated significantly improved outcomes for
CAD patients treated with high-dose statin therapy
(i.e., atorvastatin or simvastatin 80 mg daily) as
compared with usual medium or lower statin doses,
findings that were subsequently confirmed in
multiple meta-analyses [49,55,71]. Furthermore, in
a subgroup analysis from the TNT trial that focused
on patients who had CABG in the past (on average
4 years earlier), atorvastatin 80 mg was associated
with a significantly lower risk for adverse cardio-
vascular events and a lower need for repeat
revascularization during follow-up, as compared
with patients who were randomized to atorvastatin
10 mg [73]. Given the data favoring more intensive
statin treatment, the recent AHA guidelines and the
CABG secondary prevention scientific statement
recommended high-intensity statin therapy for
the majority of patients who have previously under-
gone surgical revascularization [5

&&

,55].
Notwithstanding the new recommendations,

it remains unclear whether high-intensity statins
early after CABG will improve graft patency, and
little experience has accrued with their use in the
perioperative period. One observational study noted
a reduction in the incidence of cardiovascular events
among patients who received high-dose statin
therapy prior to surgery [74]. However, two recent
randomized controlled trials raised doubts regard-
ing the perioperative benefits of high-dose statin
therapy. No improvements were noted with high-
dose statins in terms of reducing the risk of peri-
operative atrial fibrillation, myocardial damage, or
kidney injury early after CABG [75

&

,76
&

]. On the
subject of graft function, Hata et al. [77] noted
yellow plaque and thrombus using intracoronary
angioscopy in the vein grafts of patients with high
LDL levels (>100 mg/dl) 1 year after surgery,
whereas it was absent for those with low LDL levels
(<80 mg/dl), suggesting that aggressive lipid-lower-
ing therapy after CABG may prevent the develop-
ment of saphenous vein graft disease. In a post-hoc
analysis of the CASCADE trial, 1-year graft patency
was significantly better for patients with LDL levels
less than 100 mg/dl compared with those with LDL
levels more than 100 mg/dl (P¼0.03), but there was
no further improvement in graft patency when LDL
638 www.co-cardiology.com
levels were reduced to less than 70 mg/dl [58]. Soon,
the Aggressive Cholesterol Therapy to Inhibit Vein
Graft Events (ACTIVE) trial will be complete, which
is evaluating the impact of high-dose atorvastatin
on 1-year graft patency after CABG, as compared
with conventional medium-dose atorvastatin
(ClinicalTrials.gov NCT01528709).

In the absence of contraindications, essentially
all patients undergoing CABG are candidates for
long-term statin therapy, which should ideally be
a high-intensity regimen such as atorvastatin 80 mg
or rosuvastatin 20–40 mg [5

&&

,55]. Ezetimibe may
also be considered, especially for patients who can-
not tolerate high-dose statins, as it recently was
shown to improve cardiovascular outcomes when
added to simvastatin 40 mg for ACS patients in the
IMProved Reduction of Outcomes: Vytorin Efficacy
International Trial trial [78]. With regard to other
lipid markers, observational studies have suggested
an increased risk among patients with low high-
density lipoprotein levels [79–83] or high triglycer-
ide levels [79,81,84–90] after CABG. However, there
is little data to support the use of niacin [91–94],
fenofibrates [95–97], or gemfibrozil [82] following
surgery, unless patients cannot tolerate statins
[5

&&

,55,98]. Encouraging data continues to accumu-
late regarding the use of proprotein convertase
subtilisin/kexin type 9 inhibitors [99,100], but to
date, limited clinical information is available to
recommend their use after CABG.
HYPERTENSION MANAGEMENT

Hypertension is a common condition prior to CABG,
occurring in as many as 80% of patients [101]. The
preoperative antihypertensive regimen for patients
undergoing CABG can be quite varied, but in general,
includes a b-blocker and an angiotensin-converting
enzyme (ACE) inhibitor [102–103]. Despite the
routine use of these medications, however, blood
pressure (BP) control before and after CABG remains
suboptimal [104]. For patients with CAD and those
recovering from CABG, controversy exists regarding
the ideal BP goals. Years ago, the AHA guidelines
recommended a BP goal of less than 130/80 mmHg
for patients with CAD [105], although more recent
guideline statements proposed less aggressive BP
target ranges of less than 140/85 [106] or less than
140/90 [107–108]. In the 2015 CABG secondary pre-
vention scientific statement, a BP target of less than
140/85 wasadvisedafter surgery [5

&&

], butadmittedly,
no clinical trials have ever specifically assessed BP
targets following CABG and their impact on clinical
outcomes. Nevertheless, a BP goal of less than 140/85
seems broadly applicable to all patients who have
undergone CABG, as these targets have been shown
Volume 31 � Number 6 � November 2016
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in several trials tobewell toleratedandto improve the
clinical outcomes of patients with a history of hyper-
tension, diabetes, and multiple cardiovascular risk
factors [109–111].

Most recently, the results of the Systolic Blood
Pressure Intervention (SPRINT) trial have become
available. In this study, 9361 patients 50 years and
older who had hypertension and increased cardio-
vascular risk (but not diabetes) were randomized to
intensive BP reduction with a target SBP less than
120 mmHg or standard SBP reduction less than
140 mmHg. The SPRINT trial was stopped early, after
a follow-up of only 3 years, because of a significantly
lower rate of cardiovascular events in the intensive
treatment group (hazard ratio: 0.75, 95% CI: 0.64,
0.89; P<0.001), as well as a significantly lower rate of
all-cause mortality (P<0.003). Some adverse events
(hypotension, syncope, and renal dysfunction)
occurred at a higher rate in the intensive treatment
group, but the rate of bradycardic events and inju-
rious falls was similar [112

&&

]. Ultimately, it is diffi-
cult to extrapolate the results of SPRINT to the CABG
population, as most patients undergoing CABG
have numerous comorbidities, and many medical
conditions were key exclusion criteria for the trial,
such as a history of diabetes, previous stroke, heart
failure, and chronic kidney disease. With the
important benefits noted, however, the results from
the SPRINT trial may lead to a modification in BP
targets discussed in upcoming guideline statements.

In the post-CABG patient with hypertension,
the choice of antihypertensive agents and the order
of their introduction have not been methodically
studied. Two major therapy groups, b-blockers and
ACE inhibitors, are routinely given for their estab-
lished cardioprotective features [102,103]. Although
atrial fibrillation continues to occur at a high rate
after CABG [113], b-blocker therapy remains a key
preventive therapy [114]. A meta-analysis of con-
temporary clinical trials illustrated a 50% reduction
in the risk of postoperative atrial fibrillation
with prophylactic b-blocker therapy [115]. As such,
b-blockers should be administered as soon as
possible after CABG, in those patients without con-
traindications, to reduce the risk of atrial fibrillation
[114,115] and to improve the outcomes of those
patients with heart failure and left ventricular
(LV) dysfunction [116]. Of note, only one random-
ized trial has ever evaluated the long-term use of
metoprolol following CABG, and no clinical benefit
was noted at 2 years, as compared with placebo
[117,118]. Because of important side-effects associ-
ated with their prolonged use and their lower effi-
cacy compared with other antihypertensive
regimens (i.e., diuretics) [116], b-blockers should
not be administered long term to all patients after
0268-4705 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
CABG. Instead, their use should be guided by the
presence of other cardiovascular conditions (such
as a history of previous MI, heart failure, and LV
dysfunction).

ACE inhibitors should also be considered for
CABG patients with a recent MI, LV dysfunction,
diabetes mellitus, and chronic kidney disease. How-
ever, in the absence of these clinical conditions,
the routine administration of ACE inhibitors after
CABG may lead to more harm than benefit. In the
Ischemia Management with Accupril post-bypass
Graft via Inhibition of the coNverting Enzyme trial,
2253 stable CABG patients (without LV dysfunction,
insulin-dependent diabetes, or renal dysfunction)
were randomized to quinapril 40 mg daily or
placebo within 7 days after surgery. Quinapril did
not improve clinical outcomes over the 3-year
follow-up of patients, and in fact led to a significant
increase in cardiovascular complications and
adverse events (such as hypotension) in the first
3 months after CABG [119].

In those patients who remain above the BP
goal, despite a suitably titrated regimen including
a b-blocker, and if appropriate an ACE inhibitor,
then a calcium channel blocker or a diuretic can be
considered as a next therapy choice. A long-acting
dihydropyridine calcium channel blocker can effec-
tively reduce BP and prevent graft spasm (radial
artery conduit), and also may offer an antianginal
effect. Diuretic therapy can be used in the CABG
patient with hypertension, either for volume
removal if the patient is edematous or to further
reduce BP when given together with an ACE inhibi-
tor or a b-blocker [120]. Selection of a diuretic class
depends on the level of renal function, with thia-
zide-type drugs generally reserved for patients with a
glomerular filtration rate more than 30 ml/min, and
loop diuretics for patients with lower glomerular
filtration rate values and the need for a diuretic of
greater potency [121].
CARDIAC REHABILITATION

In addition to those discussed above, there are several
other key principles of secondary prevention after
CABG, including the management of concurrent
medical conditions (such as obesity, diabetes melli-
tus, and metabolic syndrome) and the importance of
smoking cessation, as detailed in the 2015 AHA sci-
entific statement [5

&&

]. One approach available to
help achieve many of these prevention goals is car-
diac rehabilitation. Cardiac rehabilitation has been
shown to improve a wide range of health factors,
including medication adherence, risk factor manage-
ment, functional capacity, and psychosocial well-
being [122]. Focused weight loss in the cardiac
rved. www.co-cardiology.com 639
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rehabilitation setting has been shown to improve the
clinical outcomes of patients with CAD [123]. More-
over, cardiac rehabilitation can provide a supportive
environment for patients who are struggling to quit
smoking and achieve permanent abstinence. Impor-
tantly, smoking cessation has the greatest impact on
reducing long-term mortality after CABG, more so
than any other intervention or treatment [124].

Outpatient cardiac rehabilitation is a medically
supervised, exercise-based program that is designed
for patients with recent cardiovascular events
to optimize overall health status and minimize
the risks for future adverse outcomes [125–133].
The core components of contemporary cardiac
rehabilitation programs include baseline patient
assessments, nutritional counseling, risk factor
management (lipids, BP, weight, diabetes mellitus,
and smoking), psychosocial interventions, and
physical activity with counseling and exercise train-
ing [122]. In the largest meta-analysis on the subject,
cardiac rehabilitation was associated with a 26% risk
reduction in the rate of cardiovascular mortality and
a 20% risk reduction in overall mortality [129].
Moreover, a strong, inverse dose–response relation-
ship has been observed between the number of
cardiac rehabilitation sessions attended and long-
term rates of MI and death [134]. Based on this
compelling evidence, cardiac rehabilitation has
been strongly recommended for patients with sev-
eral different cardiovascular diseases [135], especi-
ally those recovering from recent CABG [125,136].
The benefits of cardiac rehabilitation, such as
improved survival, have been reported for all types
of CAD patients, including younger and older
patients, as well as men and women [125–133].

Unfortunately, despite the wealth of evidence
and the presence of insurance coverage, cardiac
rehabilitation utilization patterns remain poor
nationwide [122,137–140]. In a recent analysis of
Medicare claims data, only 31% of CABG patients
received a session of cardiac rehabilitation, and
there was considerable geographic heterogeneity
in cardiac rehabilitation utilization patterns [140].
One of the key barriers to cardiac rehabilitation
utilization appears to be the cardiac rehabilitation
referral process [135]. Even among hospitals using
the AHA’s Get with the Guidelines program, only
56% of eligible patients are referred to cardiac reha-
bilitation [139]. Clearly, improving referral patterns
to cardiac rehabilitation programs is a key area in
need of greater attention going forward [135,138].
CONCLUSION

Secondary prevention is an essential component to
postoperative care after CABG, as patients remain at
640 www.co-cardiology.com
risk for future cardiovascular events despite success-
ful revascularization. Aspirin and statin therapy
continue to be the mainstay of secondary preven-
tion, although newer antiplatelet and lipid-lowering
medicines are being actively studied for their poten-
tial benefits. Other important elements of secondary
prevention after CABG include the aggressive man-
agement of hypertension, smoking cessation, and
the initiation of cardiac rehabilitation. Instituting
these therapies after surgery optimizes graft patency
and helps patients achieve the highest level of
physical health and quality of life following CABG.

Acknowledgements

None.

Financial support and sponsorship

None.

Conflicts of interest

There are no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Leavell HR. The physician’s role in preventive medicine and public health.
Postgrad Med 1953; 13:287–291.

2. Goldston SE. Primary prevention. Historical perspectives and a blueprint for
action. Am Psychol 1986; 41:453–460.

3. Patterson C, Chambers LW. Preventive healthcare. Lancet 1995;
345:1611–1615.

4. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics:
2014 update: a report from the American Heart Association. Circulation
2014; 129:e28–e292.

5.
&&

Kulik A, Ruel M, Jneid H, et al. Secondary prevention after coronary artery
bypass graft surgery: a scientific statement from the American Heart Asso-
ciation. Circulation 2015; 131:927–964.

In this recently published American Heart Association scientific statement, the
evidence for preventive therapies following CABG was thoroughly evaluated and
updated recommendations regarding their use were provided.

6. Fuster V, Dyken ML, Vokonas PS, Hennekens C. Aspirin as a therapeutic
agent in cardiovascular disease. Special writing group. Circulation 1993;
87:659–675.

7. Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of rando-
mised trials of antiplatelet therapy for prevention of death, myocardial
infarction, and stroke in high risk patients. BMJ 2002; 324:71–86.

8. Kulik A, Chan V, Ruel M. Antiplatelet therapy and coronary artery bypass graft
surgery: perioperative safety and efficacy. Expert Opin Drug Saf 2009;
8:169–182.

9. Jneid H, Anderson JL, Wright RS, et al. 2012 ACCF/AHA focused update of
the guideline for the management of patients with unstable angina/non-ST-
elevation myocardial infarction (updating the 2007 guideline and replacing
the 2011 focused update): a report of the American College of Cardiology
Foundation/American Heart Association Task Force on practice guidelines.
Circulation 2012; 126:875–910.

10. O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for
the management of ST-elevation myocardial infarction: a report of the
American College of Cardiology Foundation/American Heart Association
Task Force on practice guidelines. Circulation 2013; 127:e362–e425.

11. Myles PS, Smith JA, Forbes A, et al. Stopping vs. continuing aspirin before
coronary artery surgery. N Engl J Med 2016; 374:728–737.

12. Dacey LJ, Munoz JJ, Johnson ER, et al. Effect of preoperative aspirin use on
mortality in coronary artery bypass grafting patients. Ann Thorac Surg 2000;
70:1986–1990.

13. Bybee KA, Powell BD, Valeti U, et al. Preoperative aspirin therapy is
associated with improved postoperative outcomes in patients undergoing
coronary artery bypass grafting. Circulation 2005; 112 (9 Suppl):I286–I292.
Volume 31 � Number 6 � November 2016



Coronary artery bypass graft surgery secondary prevention Kulik
14. Mangano DT. Aspirin and mortality from coronary bypass surgery. N Engl J
Med 2002; 347:1309–1317.

15. Johnson WD, Kayser KL, Hartz AJ, Saedi SF. Aspirin use and survival after
coronary bypass surgery. Am Heart J 1992; 123:603–608.

16. Farooq V, Serruys PW, Bourantas C, et al. Incidence and multivariable
correlates of long-term mortality in patients treated with surgical or percu-
taneous revascularization in the synergy between percutaneous coronary
intervention with taxus and cardiac surgery (SYNTAX) trial. Eur Heart J 2012;
33:3105–3113.

17. Chesebro JH, Clements IP, Fuster V, et al. A platelet-inhibitor-drug trial in
coronary-artery bypass operations: benefit of perioperative dipyridamole and
aspirin therapy on early postoperative vein-graft patency. N Engl J Med 1982;
307:73–78.

18. Chesebro JH, Fuster V, Elveback LR, et al. Effect of dipyridamole and aspirin
on late vein-graft patency after coronary bypass operations. N Engl J Med
1984; 310:209–214.

19. Goldman S, Copeland J, Moritz T, et al. Improvement in early saphenous vein
graft patency after coronary artery bypass surgery with antiplatelet therapy:
results of a Veterans Administration Cooperative Study. Circulation 1988;
77:1324–1332.

20. Goldman S, Copeland J, Moritz T, et al. Saphenous vein graft patency 1 year
after coronary artery bypass surgery and effects of antiplatelet therapy.
Results of a Veterans Administration Cooperative Study. Circulation
1989; 80:1190–1197.

21. Fremes SE, Levinton C, Naylor CD, et al. Optimal antithrombotic therapy
following aortocoronary bypass: a meta-analysis. Eur J Cardiothorac Surg
1993; 7:169–180.

22. Alexander JH, Hafley G, Harrington RA, et al. Efficacy and safety of edifo-
ligide, an E2F transcription factor decoy, for prevention of vein graft failure
following coronary artery bypass graft surgery: PREVENT IV: a randomized
controlled trial. JAMA 2005; 294:2446–2454.

23. Buchanan MR, Brister SJ. Individual variation in the effects of ASA on platelet
function: Implications for the use of ASA clinically. Can J Cardiol 1995;
11:221–227.

24. Zimmermann N, Kienzle P, Weber AA, et al. Aspirin resistance after coronary
artery bypass grafting. J Thorac Cardiovasc Surg 2001; 121:982–984.

25. Yilmaz MB, Balbay Y, Caldir V, et al. Late saphenous vein graft occlusion in
patients with coronary bypass: possible role of aspirin resistance. Thromb
Res 2005; 115:25–29.

26. Bednar F, Tencer T, Plasil P, et al. Evaluation of aspirin’s effect on platelet
function early after coronary artery bypass grafting. J Cardiothorac Vasc
Anesth 2012; 26:575–580.

27. Hollopeter G, Jantzen HM, Vincent D, et al. Identification of the platelet ADP
receptor targeted by antithrombotic drugs. Nature 2001; 409:202–207.

28. Quinn MJ, Fitzgerald DJ. Ticlopidine and clopidogrel. Circulation 1999;
100:1667–1672.

29. Cadroy Y, Bossavy JP, Thalamas C, et al. Early potent antithrombotic effect
with combined aspirin and a loading dose of clopidogrel on experimental
arterial thrombogenesis in humans. Circulation 2000; 101:2823–2828.

30. Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to aspirin
in patients with acute coronary syndromes without ST-segment elevation. N
Engl J Med 2001; 345:494–502.

31. Steinhubl SR, Berger PB, Mann JT 3rd, et al. Early and sustained dual oral
antiplatelet therapy following percutaneous coronary intervention: a rando-
mized controlled trial. JAMA 2002; 288:2411–2420.

32. Kim DH, Daskalakis C, Silvestry SC, et al. Aspirin and clopidogrel use in the
early postoperative period following on-pump and off-pump coronary artery
bypass grafting. J Thorac Cardiovasc Surg 2009; 138:1377–1384.

33. Sorensen R, Abildstrom SZ, Hansen PR, et al. Efficacy of postoperative
clopidogrel treatment in patients revascularized with coronary artery bypass
grafting after myocardial infarction. J Am Coll Cardiol 2011; 57:1202–1209.

34. Ebrahimi R, Bakaeen FG, Uberoi A, et al. Effect of clopidogrel use post
coronary artery bypass surgery on graft patency. Ann Thorac Surg 2014;
97:15–21.

35. Gao C, Ren C, Li D, Li L. Clopidogrel and aspirin versus clopidogrel alone on
graft patency after coronary artery bypass grafting. Ann Thorac Surg 2009;
88:59–62.

36. Kulik A, Le May MR, Voisine P, et al. Aspirin plus clopidogrel versus aspirin
alone after coronary artery bypass grafting: The clopidogrel after surgery for
coronary artery disease (CASCADE) trial. Circulation 2010; 122:2680–
2687.

37. Sun JC, Teoh KH, Lamy A, et al. Randomized trial of aspirin and clopidogrel
versus aspirin alone for the prevention of coronary artery bypass graft
occlusion: the preoperative aspirin and postoperative antiplatelets in cor-
onary artery bypass grafting study. Am Heart J 2010; 160:1178–1184.

38. Gao G, Zheng Z, Pi Y, et al. Aspirin plus clopidogrel therapy increases early
venous graft patency after coronary artery bypass surgery a single-center,
randomized, controlled trial. J Am Coll Cardiol 2010; 56:1639–1643.

39. Mannacio VA, Di Tommaso L, Antignan A, et al. Aspirin plus clopidogrel for
optimal platelet inhibition following off-pump coronary artery bypass sur-
gery: results from the CRYSSA (prevention of Coronary arteRY bypaSS
occlusion After off-pump procedures) randomised study. Heart 2012;
98:1710–1715.
0268-4705 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
40. Une D, Al-Atassi T, Kulik A, et al. Impact of clopidogrel plus aspirin versus
aspirin alone on the progression of native coronary artery disease after
bypass surgery: analysis from the Clopidogrel After Surgery for Coronary
Artery DiseasE (CASCADE) randomized trial. Circulation 2014; 130 (11
Suppl 1):S12–S18.

41. Deo SV, Dunlay SM, Shah IK, et al. Dual antiplatelet therapy after coronary
artery bypass grafting: is there any benefit? A systematic review and meta-
analysis. J Card Surg 2013; 28:109–116.

42. Kurlansky PA. Is there a hypercoagulable state after off-pump coronary artery
bypass surgery? What do we know and what can we do? J Thorac
Cardiovasc Surg 2003; 126:7–10.

43. Bednar F, Osmancik P, Vanek T, et al. Platelet activity and aspirin efficacy
after off-pump compared with on-pump coronary artery bypass surgery:
results from the prospective randomized trial PRAGUE 11-Coronary Artery
Bypass and Reactivity of Thrombocytes (CABARET). J Thorac Cardiovasc
Surg 2008; 136:1054–1060.

44. Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus clopidogrel in
patients with acute coronary syndromes. N Engl J Med 2007; 357:2001–
2015.

45. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in
patients with acute coronary syndromes. N Engl J Med 2009; 361:1045–
1057.

46. Held C, Asenblad N, Bassand JP, et al. Ticagrelor versus clopidogrel in
patients with acute coronary syndromes undergoing coronary artery bypass
surgery: results from the PLATO (Platelet Inhibition and Patient Outcomes)
trial. J Am Coll Cardiol 2011; 57:672–684.

47. Smith PK, Goodnough LT, Levy JH, et al. Mortality benefit with prasugrel in
the TRITON-TIMI 38 coronary artery bypass grafting cohort: risk-adjusted
retrospective data analysis. J Am Coll Cardiol 2012; 60:388–396.

48. Bonaca MP, Bhatt DL, Cohen M, et al. Long-term use of ticagrelor in patients
with prior myocardial infarction. N Engl J Med 2015; 372:1791–1800.

49. Baigent C, Blackwell L, Emberson J, et al. Efficacy and safety of more
intensive lowering of LDL cholesterol: a meta-analysis of data from
170 000 participants in 26 randomised trials. Lancet 2010; 376:1670–
1681.

50. Kulik A, Brookhart MA, Levin R, et al. Impact of statin use on outcomes after
coronary artery bypass graft surgery. Circulation 2008; 118:1785–1792.

51. Post Coronary Artery Bypass Graft Trial Investigators. The effect of aggres-
sive lowering of low-density lipoprotein cholesterol levels and low-dose
anticoagulation on obstructive changes in saphenous-vein coronary-artery
bypass grafts. N Engl J Med 1997; 336:153–162.

52. Thielmann M, Neuhauser M, Marr A, et al. Lipid-lowering effect of preopera-
tive statin therapy on postoperative major adverse cardiac events after
coronary artery bypass surgery. J Thorac Cardiovasc Surg 2007;
134:1143–1149.

53. Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of cholesterol-
lowering treatment: prospective meta-analysis of data from 90 056 partici-
pants in 14 randomised trials of statins. Lancet 2005; 366:1267–1278.

54. Rossouw JE. Lipid-lowering interventions in angiographic trials. Am J Cardiol
1995; 76:86C–92C.

55. Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guideline on
the treatment of blood cholesterol to reduce atherosclerotic cardiovascular
risk in adults: a report of the American College of Cardiology/American Heart
Association Task Force on practice guidelines. Circulation 2014; 129 (25
Suppl 2):S1–S45.

56. Daida H, Yokoi H, Miyano H, et al. Relation of saphenous vein graft
obstruction to serum cholesterol levels. J Am Coll Cardiol 1995;
25:193–197.

57. Campeau L, Enjalbert M, Lesperance J, et al. The relation of risk factors to the
development of atherosclerosis in saphenous-vein bypass grafts and the
progression of disease in the native circulation. A study 10 years after
aortocoronary bypass surgery. N Engl J Med 1984; 311:1329–1332.

58. Kulik A, Voisine P, Mathieu P, et al. Statin therapy and saphenous vein graft
disease after coronary bypass surgery: analysis from the CASCADE rando-
mized trial. Ann Thorac Surg 2011; 92:1284–1290.

59. Yang Z, Kozai T, van der Loo B, et al. HMG-CoA reductase inhibition
improves endothelial cell function and inhibits smooth muscle cell prolif-
eration in human saphenous veins. J Am Coll Cardiol 2000; 36:1691–
1697.

60. Indolfi C, Cioppa A, Stabile E, et al. Effects of hydroxymethylglutaryl coen-
zyme A reductase inhibitor simvastatin on smooth muscle cell proliferation in
vitro and neointimal formation in vivo after vascular injury. J Am Coll Cardiol
2000; 35:214–221.

61. Porter KE, Naik J, Turner NA, et al. Simvastatin inhibits human saphenous vein
neointima formation via inhibition of smooth muscle cell proliferation and
migration. J Vasc Surg 2002; 36:150–157.

62. Knatterud GL, Rosenberg Y, Campeau L, et al. Long-term effects on clinical
outcomes of aggressive lowering of low-density lipoprotein cholesterol levels
and low-dose anticoagulation in the post coronary artery bypass graft trial.
Post CABG investigators. Circulation 2000; 102:157–165.

63. Christenson JT. Preoperative lipid-control with simvastatin reduces the risk of
postoperative thrombocytosis and thrombotic complications following
CABG. Eur J Cardiothorac Surg 1999; 15:394–399.
rved. www.co-cardiology.com 641



Coronary artery surgery
64. Christenson JT. Preoperative lipid control with simvastatin protects coronary
artery bypass grafts from obstructive graft disease. Am J Cardiol 2001;
88:896–899.

65. Aihara K, Miyauchi K, Kasai T, et al. Long-term efficacy of pravastatin therapy
in diabetic patients undergoing complete coronary revascularization. J Ather-
oscler Thromb 2010; 17:350–355.

66. Gan HL, Zhang JQ, Bo P, et al. Statins decrease adverse outcomes in
coronary artery bypass for extensive coronary artery disease as well as left
main coronary stenosis. Cardiovasc Ther 2010; 28:70–79.

67. Patti G, Chello M, Candura D, et al. Randomized trial of atorvastatin for
reduction of postoperative atrial fibrillation in patients undergoing cardiac
surgery: results of the ARMYDA-3 (Atorvastatin for Reduction of Myocardial
Dysrhythmia after Cardiac Surgery) study. Circulation 2006; 114:1455–
1461.

68. Kulik A, Singh JP, Levin R, et al. Association between statin use and the
incidence of atrial fibrillation following hospitalization for coronary artery
disease. Am J Cardiol 2010; 105:1655–1660.

69. Davignon J. Beneficial cardiovascular pleiotropic effects of statins. Circula-
tion 2004; 109 (23 Suppl 1):III39–III43.

70. Chello M, Patti G, Candura D, et al. Effects of atorvastatin on systemic
inflammatory response after coronary bypass surgery. Crit Care Med 2006;
34:660–667.

71. Cannon CP, Steinberg BA, Murphy SA, et al. Meta-analysis of cardiovascular
outcomes trials comparing intensive versus moderate statin therapy. J Am
Coll Cardiol 2006; 48:438–445.

72. LaRosa JC, Grundy SM, Waters DD, et al. Intensive lipid lowering with
atorvastatin in patients with stable coronary disease. N Engl J Med 2005;
352:1425–1435.

73. Shah SJ, Waters DD, Barter P, et al. Intensive lipid-lowering with atorvastatin
for secondary prevention in patients after coronary artery bypass surgery. J
Am Coll Cardiol 2008; 51:1938–1943.

74. Ouattara A, Benhaoua H, Le Manach Y, et al. Perioperative statin therapy is
associated with a significant and dose-dependent reduction of adverse
cardiovascular outcomes after coronary artery bypass graft surgery. J Car-
diothorac Vasc Anesth 2009; 23:633–638.

75.
&

Zheng Z, Jayaram R, Jiang L, et al. Perioperative rosuvastatin in cardiac
surgery. N Engl J Med 2016; 374:1744–1753.

The recent randomized trial found that perioperative rosuvastatin did not lower the
incidence of atrial fibrillation after CABG.
76.
&

Billings TT 4th, Hendricks PA, Schildcrout JS, et al. High-dose perioperative
atorvastatin and acute kidney injury following cardiac surgery: a randomized
clinical trial. JAMA 2016; 315:877–888.

In this trial, high-dose atorvastatin did not significantly lower the risk of acute kidney
injury after cardiac surgery.
77. Hata M, Takayama T, Sezai A, et al. Efficacy of aggressive lipid controlling

therapy for preventing saphenous vein graft disease. Ann Thorac Surg 2009;
88:1440–1444.

78. Cannon CP, Blazing MA, Giugliano RP, et al. Ezetimibe added to statin
therapy after acute coronary syndromes. N Engl J Med 2015; 372:2387–
2397.

79. Sabik JF 3rd, Blackstone EH, Gillinov AM, et al. Occurrence and risk factors
for reintervention after coronary artery bypass grafting. Circulation 2006; 114
(1 Suppl):I454–I460.

80. Foody JM, Ferdinand FD, Pearce GL, et al. HDL cholesterol level predicts
survival in men after coronary artery bypass graft surgery: 20-year experience
from the Cleveland clinic foundation. Circulation 2000; 102 (19 Suppl
3):III90–III94.

81. Domanski MJ, Borkowf CB, Campeau L, et al. Prognostic factors for
atherosclerosis progression in saphenous vein grafts: the postcoronary
artery bypass graft (post-CABG) trial. Post-CABG trial investigators. J Am
Coll Cardiol 2000; 36:1877–1883.

82. Frick MH, Syvanne M, Nieminen MS, et al. Prevention of the angiographic
progression of coronary and vein-graft atherosclerosis by gemfibrozil after
coronary bypass surgery in men with low levels of HDL cholesterol. Lopid
Coronary Angiography Trial (LOCAT) Study Group. Circulation 1997;
96:2137–2143.

83. Jerzewski K, Ruel M, Voisine P, et al. Does high-density lipoprotein influence
the development of saphenous vein graft disease after coronary bypass
surgery? Exploratory analysis from the CASCADE trial. J Cardiothorac Surg
2013; 8:172.

84. Sprecher DL, Pearce GL, Cosgrove DM, et al. Relation of serum triglyceride
levels to survival after coronary artery bypass grafting. Am J Cardiol 2000;
86:285–288.

85. Allard C, Ruscito O, Goulet C. The influence of serum triglycerides on the fate
of aorto-coronary vein grafts. Can Med Assoc J 1972; 107:213–216.

86. Yli-Mayry S, Huikuri HV. Clinical and angiographic prediction of myocardial
infarction and recurrence of severe angina during a five-year follow-up after
coronary artery bypass grafting. Am J Cardiol 1993; 72:1371–1375.

87. Voors AA, van Brussel BL, Kelder JC, Plokker HW. Usefulness of hyper-
triglyceridemia in predicting myocardial infarction late after coronary artery
bypass operation. Am J Cardiol 1997; 79:1350–1354.

88. Linden T, Bondjers G, Karlsson T, Wiklund O. Serum triglycerides and HDL
cholesterol: major predictors of long-term survival after coronary surgery. Eur
Heart J 1994; 15:747–752.
642 www.co-cardiology.com
89. Mennander A, Angervuori T, Huhtala H, et al. Positive family history of
coronary atherosclerosis and serum triglycerides may predict repeated
coronary artery bypass surgery. Scand Cardiovasc J 2005; 39:225–228.

90. Fox MH, Gruchow HW, Barboriak JJ, et al. Risk factors among patients
undergoing repeat aorta-coronary bypass procedures. J Thorac Cardiovasc
Surg 1987; 93:56–61.

91. Taylor AJ, Lee HJ, Sullenberger LE. The effect of 24 months of combination
statin and extended-release niacin on carotid intima-media thickness: AR-
BITER 3. Curr Med Res Opin 2006; 22:2243–2250.

92. Taylor AJ, Villines TC, Stanek EJ, et al. Extended-release niacin or ezetimibe
and carotid intima-media thickness. N Engl J Med 2009; 361:2113–2122.

93. Boden WE, Probstfield JL, Anderson T, et al. Niacin in patients with low HDL
cholesterol levels receiving intensive statin therapy. N Engl J Med 2011;
365:2255–2267.

94. HPS2-THRIVE randomized placebo-controlled trial in 25 673 high-risk
patients of ER niacin/laropiprant: trial design, pre-specified muscle and liver
outcomes, and reasons for stopping study treatment. Eur Heart J 2013;
34:1279–1291.

95. Effect of fenofibrate on progression of coronary-artery disease in type 2
diabetes: the Diabetes Atherosclerosis Intervention Study, a randomised
study. Lancet 2001; 357:905–910.

96. Ginsberg HN, Elam MB, Lovato LC, et al. Effects of combination lipid therapy
in type 2 diabetes mellitus. N Engl J Med 2010; 362:1563–1574.

97. Keech A, Simes RJ, Barter P, et al. Effects of long-term fenofibrate therapy on
cardiovascular events in 9795 people with type 2 diabetes mellitus (the field
study): randomised controlled trial. Lancet 2005; 366:1849–1861.

98. Grundy SM, Cleeman JI, Merz CN, et al. Implications of recent clinical trials
for the National Cholesterol Education Program Adult Treatment Panel III
guidelines. Circulation 2004; 110:227–239.

99. Sabatine MS, Giugliano RP, Wiviott SD, et al. Efficacy and safety of
evolocumab in reducing lipids and cardiovascular events. N Engl J Med
2015; 372:1500–1509.

100. Robinson JG, Farnier M, Krempf M, et al. Efficacy and safety of alirocumab in
reducing lipids and cardiovascular events. N Engl J Med 2015; 372:1489–
1499.

101. Mehta RH, Bhatt DL, Steg PG, et al. Modifiable risk factors control and its
relationship with 1 year outcomes after coronary artery bypass surgery:
insights from the REACH registry. Eur Heart J 2008; 29:3052–3060.

102. Chan AY, McAlister FA, Norris CM, et al. Effect of beta-blocker use on
outcomes after discharge in patients who underwent cardiac surgery. J
Thorac Cardiovasc Surg 2010; 140:182–187.

103. Yusuf S, Sleight P, Pogue J, et al. Effects of an angiotensin-converting-
enzyme inhibitor, ramipril, on cardiovascular events in high-risk patients. The
Heart Outcomes Prevention Evaluation study investigators. N Engl J Med
2000; 342:145–153.

104. Boatman DM, Saeed B, Varghese I, et al. Prior coronary artery bypass graft
surgery patients undergoing diagnostic coronary angiography have multiple
uncontrolled coronary artery disease risk factors and high risk for cardio-
vascular events. Heart Vessels 2009; 24:241–246.

105. Rosendorff C, Black HR, Cannon CP, et al. Treatment of hypertension in the
prevention and management of ischemic heart disease: a scientific statement
from the American Heart Association Council for High Blood Pressure
Research and the Councils on Clinical Cardiology and Epidemiology and
Prevention. Circulation 2007; 115:2761–2788.

106. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC guidelines for the
management of arterial hypertension: the Task Force for the Management of
Arterial Hypertension of the European Society of Hypertension (ESH) and of
the European Society of Cardiology (ESC). Eur Heart J 2013; 34:2159–
2219.

107. James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for the
management of high blood pressure in adults: report from the panel members
appointed to the Eighth Joint National Committee (JNC 8). JAMA 2014;
311:507–520.

108. Go AS, Bauman MA, Coleman King SM, et al. An effective approach to high
blood pressure control: a science advisory from the American Heart Asso-
ciation, the American College of Cardiology, and the Centers for Disease
Control and Prevention. Hypertension 2014; 63:878–885.

109. Liu L, Zhang Y, Liu G, et al. The Felodipine Event Reduction (FEVER) Study: a
randomized long-term placebo-controlled trial in Chinese hypertensive pa-
tients. J Hypertens 2005; 23:2157–2172.

110. Hansson L, Zanchetti A, Carruthers SG, et al. Effects of intensive blood-
pressure lowering and low-dose aspirin in patients with hypertension:
principal results of the Hypertension Optimal Treatment (HOT) randomised
trial. HOT study group. Lancet 1998; 351:1755–1762.

111. Tight blood pressure control and risk of macrovascular and microvascular
complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes
Study Group. BMJ 1998; 317:703–713.

112.
&&

Wright JT Jr, Williamson JD, Whelton PK, et al. A randomized trial of intensive
versus standard blood-pressure control. N Engl J Med 2015; 373:2103–
2116.

In the SPRINT Trial, patients who were randomized to intensive BP reduction
(target SBP less than 120 mmHg) had a significantly lower rate of cardiovascular
events and a significantly lower rate of all-cause mortality compared with patients
who were treated with standard SBP reduction (less than 140 mmHg).
Volume 31 � Number 6 � November 2016



Coronary artery bypass graft surgery secondary prevention Kulik
113. Ad N, Barnett SD, Haan CK, et al. Does preoperative atrial fibrillation increase
the risk for mortality and morbidity after coronary artery bypass grafting?
J Thorac Cardiovasc Surg 2009; 137:901–906.

114. Crystal E, Garfinkle MS, Connolly SS, et al. Interventions for preventing
postoperative atrial fibrillation in patients undergoing heart surgery.
Cochrane Database Syst Rev 2004; 18:CD003611.

115. Khan MF, Wendel CS, Movahed MR. Prevention of post-coronary artery
bypass grafting (CABG) atrial fibrillation: efficacy of prophylactic beta-
blockers in the modern era: a meta-analysis of latest randomized controlled
trials. Ann Noninvasive Electrocardiol 2013; 18:58–68.

116. Bangalore S, Messerli FH, Kostis JB, Pepine CJ. Cardiovascular protection
using beta-blockers: a critical review of the evidence. J Am Coll Cardiol
2007; 50:563–572.

117. Sjoland H, Caidahl K, Lurje L, et al. Metoprolol treatment for two years after
coronary bypass grafting: effects on exercise capacity and signs of myo-
cardial ischaemia. Br Heart J 1995; 74:235–241.

118. Effect of metoprolol on death and cardiac events during a 2-year period after
coronary artery bypass grafting. The MACB study group. Eur Heart J 1995;
16:1825–1832.

119. Rouleau JL, Warnica WJ, Baillot R, et al. Effects of angiotensin-converting
enzyme inhibition in low-risk patients early after coronary artery bypass
surgery. Circulation 2008; 117:24–31.

120. Sica DA. Rationale for fixed-dose combinations in the treatment of hyperten-
sion: the cycle repeats. Drugs 2002; 62:443–462.

121. Sica DA. Diuretic use in renal disease. Nat Rev Nephrol 2012; 8:100–109.
122. Balady GJ, Williams MA, Ades PA, et al. Core components of cardiac

rehabilitation/secondary prevention programs: 2007 update: a scientific state-
ment from the American Heart Association Exercise, Cardiac Rehabilitation,
and Prevention Committee, the Council on Clinical Cardiology; the Councils on
Cardiovascular Nursing, Epidemiology and Prevention, and Nutrition, Physical
Activity, and Metabolism; and the American Association of Cardiovascular and
Pulmonary Rehabilitation. Circulation 2007; 115:2675–2682.

123. Sierra-Johnson J, Wright SR, Lopez-Jimenez F, Allison TG. Relation of body
mass index to fatal and nonfatal cardiovascular events after cardiac rehabi-
litation. Am J Cardiol 2005; 96:211–214.

124. van Domburg RT, Meeter K, van Berkel DF, et al. Smoking cessation reduces
mortality after coronary artery bypass surgery: a 20-year follow-up study. J Am
Coll Cardiol 2000; 36:878–883.

125. Hansen D, Dendale P, Leenders M, et al. Reduction of cardiovascular event
rate: different effects of cardiac rehabilitation in CABG and PCI patients.
Acta Cardiol 2009; 64:639–644.

126. Hedback B, Perk J, Hornblad M, Ohlsson U. Cardiac rehabilitation after
coronary artery bypass surgery: 10-year results on mortality, morbidity and
readmissions to hospital. J Cardiovasc Risk 2001; 8:153–158.

127. Suaya JA, Stason WB, Ades PA, et al. Cardiac rehabilitation and survival in
older coronary patients. J Am Coll Cardiol 2009; 54:25–33.

128. Jolliffe JA, Rees K, Taylor RS, et al. Exercise-based rehabilitation for coronary
heart disease. Cochrane Database Syst Rev 2001; CD001800.
0268-4705 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
129. Taylor RS, Brown A, Ebrahim S, et al. Exercise-based rehabilitation for
patients with coronary heart disease: systematic review and meta-analysis
of randomized controlled trials. Am J Med 2004; 116:682–692.

130. Ades PA. Cardiac rehabilitation and secondary prevention of coronary heart
disease. N Engl J Med 2001; 345:892–902.

131. Leon AS, Franklin BA, Costa F, et al. Cardiac rehabilitation and secondary
prevention of coronary heart disease: An American Heart Association scien-
tific statement from the Council on Clinical Cardiology (Subcommittee on
Exercise, Cardiac Rehabilitation, and Prevention) and the Council on Nutri-
tion, Physical Activity, and Metabolism (Subcommittee on Physical Activity),
in collaboration with the American Association of Cardiovascular and Pul-
monary Rehabilitation. Circulation 2005; 111:369–376.

132. Pluss CE, Billing E, Held C, et al. Long-term effects of an expanded cardiac
rehabilitation programme after myocardial infarction or coronary artery by-
pass surgery: a five-year follow-up of a randomized controlled study. Clin
Rehabil 2011; 25:79–87.

133. Sethi PS, Nance J, Johnson D, et al. A comprehensive cardiac rehabilitation
program in post-CABG patients: a rationale and critical pathway. Crit Pathw
Cardiol 2003; 2:20–33.

134. Hammill BG, Curtis LH, Schulman KA, Whellan DJ. Relationship between
cardiac rehabilitation and long-term risks of death and myocardial
infarction among elderly Medicare beneficiaries. Circulation 2010;
121:63–70.

135. Thomas RJ, King M, Lui K, et al. AACVPR/ACCF/AHA 2010 update:
performance measures on cardiac rehabilitation for referral to cardiac re-
habilitation/secondary prevention services: a report of the American Asso-
ciation of Cardiovascular and Pulmonary Rehabilitation and the American
College of Cardiology Foundation/American Heart Association Task Force
on Performance Measures (Writing Committee to Develop Clinical Perfor-
mance Measures for Cardiac Rehabilitation). Circulation 2010; 122:1342–
1350.

136. Hillis LD, Smith PK, Anderson JL, et al. 2011 ACCF/AHA Guideline for
Coronary Artery Bypass Graft Surgery: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on practice
guidelines. Circulation 2011; 124:e652–e735.

137. Martin BJ, Hauer T, Arena R, et al. Cardiac rehabilitation attendance and
outcomes in coronary artery disease patients. Circulation 2012; 126:677–
687.

138. Cortes O, Arthur HM. Determinants of referral to cardiac rehabilitation
programs in patients with coronary artery disease: a systematic review.
Am Heart J 2006; 151:249–256.

139. Brown TM, Hernandez AF, Bittner V, et al. Predictors of cardiac rehabilitation
referral in coronary artery disease patients: findings from the American Heart
Association’s Get With The Guidelines Program. J Am Coll Cardiol 2009;
54:515–521.

140. Suaya JA, Shepard DS, Normand SL, et al. Use of cardiac rehabilitation by
Medicare beneficiaries after myocardial infarction or coronary bypass sur-
gery. Circulation 2007; 116:1653–1662.
rved. www.co-cardiology.com 643


