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and how best to cath: those are the remaining  
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Abstract: Coronary artery disease is the leading cause of death worldwide and it often clinically manifests as stable 
angina. The optimal diagnostic and therapeutic strategy of patients with stable angina may be controversial. Coro-
nary revascularization with percutaneous coronary intervention (PCI) is associated with a reduction in cardiovascu-
lar events in patients with acute coronary syndrome, whereas recent trials have failed to demonstrate the superiority 
of myocardial revascularization over optimal medical therapy in stable angina. The treatment of a patient with stable 
angina is still challenging, as the definition of “stable” and “unstable” is not so clear. Moreover, the benefit of PCI 
in terms of quality of life is evident, and independent from its neutral effect on survival. To date, the best timing of 
coronary angiography and the role of further investigations on myocardial ischemia still need to be defined. On the 
other hand, in spite of the clear benefit on clinical outcome of an early invasive treatment of patients with acute cor-
onary syndrome, elderly are often undertreated, whereas the overtreatment with PCI of stable patients undergoing 
non cardiac surgery might even increase ischemic events due to the premature discontinuation of the antiplatelet 
therapy, without reducing the perioperative risk. 
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Introduction

Coronary artery disease (CAD) is the leading 
cause of mortality in most industrialized coun-
tries [1] and angina represents one of its com-
mon clinical manifestations [2]. The diagnosis 
and the treatment of stable angina is still a 
matter of debate. A direct invasive examination 
should be performed in patients with a high 
pre-test likelihood of CAD, whereas an exercise 
testing should be performed only to patients 
with an intermediate likelihood [3]. On the other 
hand, coronary revascularization seems to 
exert favourable effects on survival in patients 
with extensive CAD and documented moder-
ate-to-severe ischaemia. Recent trials [4-7] 
have shown no significant difference in out-
comes in the treatment of stable angina 
patients with revascularization versus optimal 
medical therapy alone (OMT), whereas a rou-

tine early invasive strategy is associated with a 
more favourable outcome in patients with 
unstable angina and non-ST elevation myocar-
dial infarction (NSTEMI) [8-10]. Of note, the 
majority of patients admitted with a diagnosis 
of acute coronary syndrome involve patients 
older than 65 years of age, who are often under-
treated due to their higher risk of procedural 
complications [11]. On the other hand, in spite 
of the evident limits of PCI and the lack of evi-
dent beneficial effects, PCI is often performed 
without clear indication in patients undergoing 
non-cardiac surgery. The peri-operative man-
agement of the antiplatelet therapy in these 
patients is controversial and is often arbitrary. 
Surgery represents the most frequent cause of 
premature discontinuation of the antiplatelet 
therapy, which is associated with an increased 
risk of stent thrombosis [3, 12-15].
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Stable angina

Patient 1 is a 58 year old man. He is a current 
smoker, on angiotensin-converting-enzyme 
inhibitors therapy for hypertension. He goes out 
for jogging 3 times a week. He met a cardiolo-
gist because in the last 6 weeks he couldn’t run 
without moderate substernal chest pain, which 
tended to disappear at rest. 

The cardiologist planned an ECG stress test on 
Bruce protocol, which revealed a mild ST seg-
ment depression at 150 Watt. Afterwards, an 
exercise stress single photon emission com-
puted tomography (SPECT) was scheduled 3 
months later. In the meanwhile, the patient was 
asked not to practice sport any longer, but no 
specific medication was prescribed. Two 
months later, before the stress SPECT was per-
formed, the patient experienced an acute ST 
segment elevation myocardial infarction 
(STEMI). The urgent coronary angiography 
revealed the occlusion of the proximal segment 
of the right coronary and mild atherosclerosis 
of the left coronary artery. Primary percutane-
ous coronary angioplasty (PCI) was performed 
and the course was uneventful.

Coronary artery disease (CAD) is the leading 
cause of death worldwide, contributing to over 
7.2 million deaths annually [1]. A prompt coro-
nary revascularization with PCI is associated 
with a reduction in cardiovascular events in 
patients with ACS, whereas the optimal treat-
ment strategy of stable CAD, which clinically 
manifests as stable angina, is not well defined 
[9, 10, 16-22]. 

What are exactly the definitions of “stable” and 
“unstable” angina? Despite this fairly classic 
definition, the diagnoses of stable angina and, 
more concerning, the diagnosis of unstable 
angina are often missed. Patient 1 experienced 
the first episode of substernal discomfort 6 
weeks before his outpatient visit. Had he met 
the cardiologist 2 weeks earlier, he would have 
been defined as an “unstable” patient and an 
invasive coronary angiography would have 
been promptly performed. 

Moreover, do we still have “stable” patients? 
Nowadays, it has become rather infrequent to 
visit patients (especially if young) with “stable” 
angina, as we often visit them at the first clini-
cal manifestations of the disease. In such 

cases of recent onset angina, and thereafter, 
“unstable” by definition, a coronary angiogra-
phy should always be performed.

However, even in cases of “stable” angina, the 
guidelines recommend to submit to direct inva-
sive examination patients with a high pre-test 
likelihood of CAD, whereas an exercise testing 
should be performed only to patients with an 
intermediate likelihood [3]. Our patient’s risk 
factors and his typical symptoms of angina con-
ferred him a high pre-test likelihood of CAD, 
which should had led him to direct coronary 
angiography.

Once the diagnosis of CAD is made, how should 
we approach it? Current guidelines for the man-
agement of stable angina emphasize risk factor 
modification, namely smoking cessation, exer-
cise, diabetes mellitus management, lipid low-
ering, antianginal, and antihypertensive thera-
pies [23]. With advancements in medical 
therapies over the last 2 decades, it is unclear 
whether PCI provides a prognostic advantage 
over optimal medical therapy (OMT) in the man-
agement of stable angina patients. Recent tri-
als [18-21] have shown no significant differ-
ence in outcomes in the treatment of stable 
angina patients with revascularization versus 
OMT alone. In the COURAGE trial, patients were 
randomly assigned to undergo PCI and OMT or 
OMT alone [4]. The Authors demonstrated that 
PCI did not reduce the risk of death, myocardial 
infarction (MI), or other major cardiovascular 
events when added to OMT. Of note, of the 
35.539 screened patients, only 2.287 (6.4%) 
participated to the study and 10% of patients in 
both groups were lost to follow-up. Moreover, 
allocation of treatment was made only after 
coronary angiography, thus excluding patients 
at increased risk. Half of patients had minimal 
or no symptoms of angina, 1 out of 4 patients 
had limited ischemia, and left ventricular ejec-
tion fraction (EF) was preserved in both groups. 
Patients were enrolled between 1999 and 
2004, and thereafter drug eluting stents (DES) 
were used only in 2.6% of the PCI group 
patients. Six per cent of the patients in the PCI 
group did not undergo PCI, 14% of the lesions 
were treated only with balloon angioplasty, and 
clinical success was achieved in 89% of 
patients [4]. The definition of peri-procedural 
MI with any increase of CK-MB could have con-
tributed to the increase of MACE, without clear 
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prognostic relevance, thus disadvantaging the 
PCI group [24], whereas cross-over from medi-
cal treatment to subsequent revascularization 
was not considered an adverse event. Thirty 
per cent of patients in OMT group required 
revascularization with PCI or CABG at follow up, 
compared with 19,8% of the PCI group. The lat-
ter might be further reduced if DES had been 
used. Of note, all patients showed high rates of 
adherence to lifestyle modifications as recom-
mended by clinical practice guidelines [23], and 
the mean values of LDL cholesterol at 5 years 
were 76±0.85 for the OMT group and 72±1.21 
for the PCI group [4]. This made the patients in 
the OMT group not fully representative of the 
real world population, for whom we should 
expect a lower rate of lifestyle modifications. By 
contrast, real world PCI treated patients are 
currently receiving a higher standard of care, 
due to the higher use of stents, in particular of 
DES, which might contribute to the reduction of 
MACE at follow-up. 

The comparison between PCI and OMT in 
patients with stable CAD was made also in a 
recent metanalysis, which was conducted on 
12 randomized trials [7]. No significant differ-
ence emerged in outcomes of all-cause mortal-
ity, cardiovascular death, nonfatal MI, or need 
for symptom-driven subsequent revasculariza-
tion with PCI when compared with OMT alone. 
However, the point estimate for all-cause mor-
tality and cardiac death favored PCI and was 
most prominent in trials with longer duration of 
follow up. Of note, PCI was associated with a 
greater freedom from angina in the overall anal-
ysis and at all studied time points [7]. However, 
some limitations of this metanalysis are evi-
dent. Angioplasty without stenting was per-
formed in the majority of included trials, as the 
first patients were enrolled in 1987. Moreover, 
in the vast majority of stented patients BMS 
were used and the use of DES was reported in 
a very low percentage of patients only in the 
COURAGE and BARI 2 trials [4, 6]. It is therefore 
unknown whether these results can be extrapo-
lated to contemporary cohorts of patients. The 
COURAGE and MASS-2 notably included a high 
proportion of patients with triple vessel CAD, 
where surgical revascularization options should 
also have been considered [4, 25]. Obviously, 
no trial was blinded, the analysis of symptom-
driven revascularization and freedom from 
angina outcomes was subjective and, subse-
quently, prone to reporting bias by providers 

and participants, respectively. Moreover, there 
was notably significant statistical heterogeneity 
among trials included in this analysis at all time 
points. The older MASS-1 and ACME trials were 
outliers showing greater proportion of early 
repeat PCI or CABG required in the PCI group, 
possibly due to less experience and more com-
plications during this era [26-28]. Finally, there 
existed no standard definition for stable CAD, 
as the trials had varying angiographic defini-
tions for significant coronary stenosis and only 
a minority clearly described a requirement for 
clinical symptoms of angina. 

What is the principal goal of revascularization 
in stable CAD? Even if it does not seem to 
reduce mortality, it confers the relief of isch-
aemia, improves quality of life and exercise 
capacity, reduces the amount of anti-angina 
drugs, and ultimately improves prognosis on 
top of the beneficial effect of medical treat-
ment [24]. Symptomatic and asymptomatic 
ischaemia are of prognostic importance in 
patients with CAD particularly when occurring 
at low workload [29, 30]. Compared with medi-
cal therapy, revascularization has been consis-
tently shown to more effectively relieve angina, 
relieve myocardial ischemia, reduce the use of 
anti-angina drugs, improve exercise capacity 
and quality of life [31, 32]. In the RITA-2 and 
COURAGE studies angina frequency and quality 
of life were assessed systematically [33]. PCI 
relieved angina and improved self-assessed 
health status to a greater degree than medical 
therapy alone up to 24 months. This benefit 
from PCI was greatest among patients with 
severe and frequent angina, and one-third of 
patients in the medical therapy group subse-
quently underwent PCI for symptom relief dur-
ing follow-up. 

However, in cases of intermediate stenosis at 
coronary angiography, the ESC guidelines for 
revascularization recommend a functional 
assessment, non-invasive or invasive [3]. Even 
experienced interventional cardiologists might 
not predict accurately the significance of most 
intermediate stenoses on the basis of visual 
assessment or quantitative coronary angiogra-
phy [34, 35]. The FAME 1 trial demonstrated 
that in patients with multivessel CAD, routine 
measurement of fractional flow reserve (FFR) 
during PCI, as compared with the standard 
strategy of PCI guided by angiography, signifi-
cantly reduced the rate of the primary compos-
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Table 1. Baseline clinical and angiographic characteristics in the COURAGE, FAME, and FAME 2 trials 
patients
Trial Courage FAME FAME 2
Enrolled/screened patients (%) 6.4 52.7 NA
DES (%) 2.6 96.9 100*

Angina status CCS 0-2 (%) PCI group: 78, OMT 
group: 80; P=NS

angiography group: 56.5, 
FFR group: 59.3; P=NS

PCI group: 75.8, OMT 
group: 77.6; P=NS

Triple vessel CAD (%) PCI group: 30, OMT 
group: 31; P=NS

Overall patients 23 PCI group: 8.9, OMT group: 
7.7; P=NS

MACE definition All cause death, MI Death, MI, repeat revas-
cularization

Death, MI, urgent revascu-
larization

Overall MACE (%) PCI group: 19, OMT 
group: 18.5; P=NS

angiography group: 18.3, 
FFR group: 13.2; P=0.02

PCI group: 12.7, OMT 
group: 4.3; P<0.001

Death (%) PCI group: 7.6, OMT 
group: 8.3; P=NS

angiography group: 3, 
FFR group: 1.8; P=NS

PCI group: 0.2, OMT group: 
0.7; P=NS

Periprocedural MI (%) PCI group: 3.0, OMT 
group: 0.7

angiography group: 3.2, 
FFR group: 2.3; P NS

NA

Revascularization (%) PCI group: 21.1, OMT 
group: 32.6; P<0.001

angiography group: 9.5 
FFR group: 6.5; P=0.08

PCI group: 3.1, OMT group: 
19.5; P<0.001

*second generation DES. CAD=coronary artery disease; CCS=Canadian Cardiovascular Society; DES=drug eluting stent; 
FFR=fractional flow reserve; MACE=major adverse cardiac events; MI=myocardial infarction; OMT=optimal medical therapy; 
PCI=percutaneous coronary intervention; NA= not applicable.

ite end point of death, MI, and repeat revascu-
larization at 1 year [35]. The combined rate of 
death and MI was also significantly reduced. Of 
note, only half of the screened patients were 
enrolled in the trial and the majority of patients 
at the time of enrolment were asymptomatic or 
had only mild angina. Moreover, the lower inci-
dence of the composite primary end-point of 
death, MI, and repeat vascularization in the 
OMT patients compared with PCI patients was 
mainly due to a lower incidence of MI and 
repeat revascularization, the latter probably 
influenced by the investigators. Of note, it is not 
clear how repeat revascularization was driven 
and only first generation of DES were used. 
Moreover, the 1-year rate of death or MI was 
surprisingly high, being 11.1% in the angiogra-
phy group and 7.3% in the FFR group, similar to 
those emerged in acute coronary syndromes 
trials, like TRITON-TIMI 38 and PLATO [36, 37]. 

It has been demonstrated that the potential 
benefit of revascularization is correlated with 
the presence and extent of myocardial isch-
emia [38-40]. In the myocardial perfusion sub-
study of COURAGE, PCI compared with OMT 
showed a greater absolute reduction in myocar-
dial ischemia and more patients exhibited a rel-
evant reduction in ischaemia, particularly 
among those with moderate to severe isch-
aemia [40]. Again, there was a graded relation-

ship between reduction of ischaemia and sub-
sequent risk of death or MI with improved 
event-free survival in patients with significant 
reduction of ischemia [40]. The FAME 2 study 
demonstrated that in patients with stable CAD 
and functionally significant stenoses, FFR-
guided PCI plus the best available medical ther-
apy, as compared with the best available medi-
cal therapy alone, decreased the need for 
urgent revascularization [41]. Table 1 shows 
the clinical and angiographic characteristics of 
the patients enrolled in the COURAGE, FAME, 
and FAME 2 trials.

The National Heart, Lung, and Blood Institute is 
sponsoring The International Study of 
Comparative Health Effectiveness with Medical 
and Invasive Approaches (ISCHEMIA) trial to 
find the best management strategy for patients 
with stable ischemic heart disease and moder-
ate to severe ischemia [42]. The trial will com-
pare angiography and revascularization plus 
OMT with the conservative strategy of OMT only 
and is designed to answer questions raised by 
the seminal COURAGE and BARI 2D trials, which 
found no mortality benefit for revascularization 
over OMT in patients with stable ischemic heart 
disease [42].

In the FAME-2 trial, in patients without isch-
emia, the outcome appeared to be favorable 
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with the best available medical therapy alone 
[41]. But, on the other hand, according to the 
ESC guidelines on myocardial revasculariza-
tion, revascularization should be anatomically-
driven and 50% lesion of proximal left anterior 
descending artery or left main have a class I 
recommendation of revascularization in patient 
with stable angina or silent ischemia [7]. So, 
how should we cope with these apparent con-
tradictory indications? Might a recent onset 
angina be considered as a clear marker of isch-
emia? In patients with recent onset (even if > 4 
weeks), typical angina and a single “intermedi-
ate” lesion, do we really need to further investi-
gate the severity of the stenosis? Angina is a 
marker of ischemia itself, and, even though a 
PCI probably might not condition long term 
prognosis if the lesion, the patient will experi-
ence a clinical benefit in terms of quality of life. 
Moreover, in cases of (quite) recent onset of 
angina, an haemodynamic assessment of the 
coronary stenosis may not be conclusive, 
whereas the evaluation of the plaque morpho-
logic features might provide more relevant 
information. 

Elderly patients

Patient 2 is an old woman, aged 85 years old, 
who lives alone and has no relevant comorbidi-
ties. In the last 2 months, she refers worsening, 
typical, substernal chest pain which wakes her 
up every night. The symptoms are also associ-
ated with mild exertion during the day. Since 
the first manifestations of angina, she has 
been visited by 3 cardiologists, who have pre-
scribed her statins, aspirin and nitrates. No 
beta-blocker was prescribed due to significant 
bradycardia. At first, she experienced some 
relief of the symptoms, but in the last 2 weeks 
the symptoms worsened and the patient was 
visited by 2 more cardiologists who titrated 
nitrates at the maximum dosage. No benefit 
was obtained, though, the patient could not 
sleep any more at night, and angina was asso-
ciated with any level of physical activity. Finally, 
she underwent coronary angiography which 
revealed 99% proximal left anterior descending 
artery lesion with an ulcerate plaque, no other 
lesion was found. PCI with the implantation of a 
BMS was performed and the patient was dis-
charged on day 2. After 1 month she was com-
pletely asymptomatic, slept every night, and did 
a 30 minute walk every day.

Most of the admissions for acute coronary syn-
dromes involve patients older than 65 years of 
age, and increased age has been identified as 
an important risk factor for death or recurrent 
MI [11]. In the RITA trial, age was the strongest 
predictor of death or MI, with more than a dou-
bling of risk for every 10 years of age over 60 
years [43]. Physicians caring for these patients 
are faced with immediate decisions about sub-
stantially different management strategies that 
may significantly affect short- and long-term 
outcome. It has been widely demonstrated that 
routine early invasive management yields supe-
rior outcomes in a broad population of patients 
with unstable angina and NSTEMI [8-10]. 
However, because elderly persons are at great-
er risk for complications with catheterization 
and revascularization procedures, the benefit 
of such a strategy in this subgroup remains 
uncertain. Moreover, elderly persons have tra-
ditionally been underrepresented in clinical tri-
als of acute coronary syndromes [11, 44]. In 
current clinical practice, older patients with 
acute coronary syndromes are less likely to 
undergo invasive procedures than are younger 
patients [45-49]. The subgroup analysis of the 
TACTICS TIMI 18 trial demonstrated that, com-
pared with younger patients, elderly patients 
with unstable angina and NSTEMI had a mark-
edly increased rate of adverse ischemic out-
comes and a routine early invasive strategy 
reduced death or nonfatal MI among elderly 
patients [11]. This strategy had greater abso-
lute benefit for reduction of death or nonfatal 
MI in older patients than in younger patients, 
and both the absolute and relative benefits 
increase with increasing age. Of note, the early 
invasive strategy significantly increased major 
bleeding among patients older than 75 years of 
age, who showed an absolute increase of 10.1 
percentage points in major bleeding with early 
invasive therapy. The high rate of bleeding 
might be explained by the use of glycoprotein 
IIb/IIIa inhibitors and underlines the need of a 
drug dosage reduction for elderly people, not 
adequately represented in randomized clinical 
trials.

Also the analysis of the FIR (FRISC II- ICTUS-
RITA 3) trials shows that the long-term benefit 
of the routine invasive strategy over the selec-
tive invasive strategy was evident for patients 
aged 65-74 years (HR 0.72, 95% CI 0.58 to 
0.90) and those aged ≥75 years (HR 0.71, 95% 
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CI 0.55 to 0.91), but not in those aged <65 
years (HR 1.11, 95% CI 0.90 to 1.38) [50]. 

In the Elderly ACS trial, patients with an initially 
conservative treatment experienced signifi-
cantly more ischemic events during index 
admission, although these were mostly epi-
sodes of recurrent ischemia prompting urgent 
angiography [51]. Within 1 year, a 20% differ-
ence in the rates of the primary endpoint 
between the early aggressive and the initially 
conservative cohorts was observed. This differ-
ence was not statistically significant in the 
present trial, which was powered for a 40% dif-
ference in the primary endpoint rate. However, 
patients with elevated troponin levels on admis-
sion randomized to an early aggressive 
approach had a significant 57% reduction of 
the primary endpoint rate. Of note, the rate of 
dual antiplatelet therapy with aspirin and clopi-
dogrel at discharge was significantly higher in 
the initially conservative group and this might 
have contributed to the reduction of adverse 
events in this group.

Our patient had a fortunate and uneventful out-
come, but had to wait 2 months for an invasive 
approach in a setting of acute coronary syn-
drome. In the meanwhile, a dramatic event like 
a large anterior STEMI might have occurred, 
with the need of an emergent PCI and a less 
favourable outcome.

Coronary angiography and non cardiac sur-
gery

Patient 3 is a 55 year old man who had been 
submitted to elective PCI with DES on circum-
flex artery 2 years earlier. His medication were 
aspirin 100 mg, atenolol 100 mg, simvastatin 
20 mg. The patient was completely asymptom-
atic and played tennis 2-3 times a week. He 
underwent regular cardiologic follow-up. Due to 
hematuria, the patient was referred to abdomi-
nal scan which revealed a 2 cm mass in his 
bladder. An endoscopic bladder resection was 
scheduled. In the preoperative cardiac evalua-
tion, an ECG stress test was suggested. The 
test showed a mild ST segment depression at 
175 watt, while the patient was completely 
asymptomatic. A preoperative coronary angiog-
raphy was then performed, which showed a 
70% stenosis in the mid RCA. The patient 
underwent a new PCI with BMS implantation 
and the surgical intervention was postponed of 
6 weeks.

Did PCI really reduce the perioperative risk of 
this patient? The ACC/AHA guidelines on non 
cardiac surgery state that PCI before noncardi-
ac surgery is of no value in preventing periop-
erative cardiac events, except in those patients 
in whom PCI is independently indicated for an 
acute coronary syndrome [52]. Patients under-
going low-risk surgery (class I) and patients with 
functional capacity greater than or equal to 4 
METs without symptoms (class IIa) are recom-
mended to proceed to planned surgery [52]. 
Noninvasive testing might be considered only if 
it will change management for patients with 
poor (less than 4 METs) or unknown functional 
capacity and 3 or more clinical risk factors [52]. 
Our patient is undergoing undeferrable, low risk 
surgery, and has a functional capacity greater 
than 4 METs without symptoms. In highly func-
tional asymptomatic patients, management will 
rarely be changed based on the results of any 
further cardiovascular testing. According to 
ACC/AHA guidelines, it is therefore appropriate 
to proceed with the planned surgery [52]. 

The balance of the evidence to date suggests 
that routine preoperative coronary revascular-
ization in patients with stable Class I, II or III 
angina will not alter perioperative risk, unless 
cardiac catheterization reveals high-risk surgi-
cal anatomy [52]. Even in patients with unsta-
ble coronary syndromes depending on the 
results of the coronary angiography and the 
risk of delaying surgery, it may be appropriate 
to proceed to the planned surgery with maximal 
medical therapy. Of note, previous studies on 
prophylactic revascularization before non car-
diac surgery are often small and not conclusive 
[53-55]. 

If prophylactic revascularization has been not 
demonstrated to reduce perioperative events, 
on the other hand noncardiac surgery in a 
patient who has undergone a prior PCI presents 
special challenges, particularly with regard to 
the management of the antiplatelet agents. 
The management of antiplatelet therapy in 
patients with coronary stents undergoing sur-
gery is a growing clinical problem and often rep-
resents a matter of debate between cardiolo-
gists and surgeons. It has been estimated that 
about 4-8% of patients undergoing coronary 
stenting need to undergo surgery within the 
next year [56-62]. Surgery represents one of 
the most common reasons for premature anti-
platelet therapy discontinuation, which is asso-
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ciated with a significant increase in mortality 
and major adverse cardiac events, in particular 
stent thrombosis [63, 64, 12-14]. In addition, 
surgery confers an additional risk of periopera-
tive cardiac ischemic events, being high in 
these patients because of the pro-inflammato-
ry and pro-thrombotic effects of surgery [65-
67]. Practice guidelines recommend that elec-
tive noncardiac surgery be delayed until surgery 
can be performed safely using antiplatelet 
therapy with aspirin alone [52]. Delaying sur-
gery for at least 2 to 4 weeks after balloon 
angioplasty to allow for healing of the vessel 
injury at the balloon treatment site is supported 
by the study by Brilakis et al [68]. In case of PCI 
with stent implantation, current international 
guidelines recommend to postpone non-urgent 
surgery for at least 6 weeks after bare metal 
stent implantation and for 6-12 months after 
DES implantation [52]. Previous studies showed 
an increased risk of adverse cardiac events 
when noncardiac surgery was performed short-
ly after stent implantation [56, 59, 69-71]. 
Specifically, urgent-to-emergent procedures, 
which are likely to necessitate noncardiac sur-
gery soon after PCI, are associated with an 
almost 4-fold increased risk of mortality [72]. A 
recent study by Wijeysundera and Colleagues 
suggests that elective noncardiac surgery can 
be performed reasonably safely in carefully 
selected patients once at least 6 months have 
elapsed since DES implantation [73]. There 
may also be an optimal time window for per-
forming surgery within the year after bare-met-
al stent implantation, namely from 46 to 180 
days after PCI. Although the presence of this 
optimal window is not certain, this window is 
biologically plausible. It represents the period 
when re-endothelialization is largely complete 
after bare-metal stent implantation but when 
in-stent restenosis has yet to completely mani-
fest itself [74, 75]. Conversely, once >1 year 
has elapsed since either bare-metal stent or 
DES implantation, physicians can be reassured 
that the associated perioperative cardiac risk 
has reached a plateau, with risks similar to that 
of individuals with remote histories of previous 
PCI (ie, 2 to 10 years before surgery) [73]. 

How should we manage the antiplatelet therapy 
in patients recently implanted with coronary 
stent and undergoing undeferrable surgery? 
Current international guidelines provide little 
support with regard to managing antiplatelet 

therapy in the perioperative phase in case of 
urgent operations and/or high hemorrhagic risk 
[46]. Furthermore, ischemic and hemorrhagic 
risk is not defined in detail on the basis of clini-
cal and procedural characteristics. Finally, 
guidelines shared with cardiologists and sur-
geons are lacking.

A consensus document on the management of 
antiplatelet therapy in the perioperative period 
in patients with coronary stents undergoing 
surgery has been recently published [76]. 
Cardiologists and surgeons contributed equally 
to its creation. An ischemic risk stratification 
has been provided on the basis of clinical and 
procedural data. All surgical interventions have 
been defined on the basis of the hemorrhagic 
risk. A consensus on the most appropriate anti-
platelet regimen in the perioperative phase has 
been reached on the basis of the ischemic and 
hemorrhagic risk. Dual antiplatelet therapy 
should not be withdrawn for surgery at low 
bleeding risk, whereas aspirin should be contin-
ued perioperatively in the majority of surgical 
operations. In the event of interventions at high 
risk for both bleeding and ischemic events, 
when oral antiplatelet therapy withdrawal is 
required, perioperative treatment with short-
acting intravenous glycoprotein IIb/IIIa inhibi-
tors (tirofiban or eptifibatide) should be consid-
ered [76].

Conclusions

Coronary angiography should be performed in 
patients with stable angina especially if it is of 
relatively recent onset. PCI should be consid-
ered as a valuable adjunct rather than an alter-
native to medical therapy. Of note, the benefits 
of revascularization are associated with a low 
peri-procedural risk and therefore justify their 
implementation for symptomatic as well as 
prognostic reasons. As with most other thera-
peutic interventions in medicine, the relief of 
symptoms remains a noble task of physicians 
caring for patients with stable CAD, particularly 
in today’s executive society where only few 
would opt to accept angina symptoms imped-
ing their otherwise active life style.

Address correspondence to：Dr. Roberta Rossini, 
USC Cardiologia, Dipartimento Cardiovascolare, 
Ospedale Papa Giovanni XXIII, 24127 Bergamo Italy. 
Tel: 00390352673446; Fax: 0039035400491; 
E-mail: roberta_rossini@yahoo.it

mailto:roberta_rossini@yahoo.it


Coronary artery disease

34 Am J Cardiovasc Dis 2013;3(1):27-38

RITA 3 randomised trial. Randomized Interven-
tion Trial of unstable Angina. Lancet 2002; 
360: 743-751.

[9] The Fragmin and Fast Revascularization Dur-
ing Instability in Coronary Artery Disease 
(FRISC) Investigators. Invasive compared with 
non-invasive treatment in unstable coronary-
artery disease: FRISC-II prospective ran-
domised multicentre study. Lancet 1999; 354: 
708.

[10] Cannon CP, Weintraub WS, Demopoulos LA, 
Vicari R, Frey MJ, Lakkis N, Neumann FJ, Rob-
ertson DH, DeLucca PT, DiBattiste PM, Gibson 
CM, Braunwald E. TACTICS (Treat Angina with 
Aggrastat and Determine Cost of Therapy with 
an Invasive or Conservative Strategy) Throm-
bolysis in Myocardial Infarction 18 Investiga-
tors. Comparison of early invasive and conser-
vative strategies in patients with unstable 
coronary syndromes treated with the glycopro-
tein IIb/IIIa inhibitor tirofiban. N Engl J Med 
2001; 344: 1879-1887.

[11] Bach RG, Cannon CP, Weintraub WS, DiBat-
tiste PM, Demopoulos LA, Anderson HV, De-
Lucca PT, Mahoney EM, Murphy SA, Braunwald 
E. The effect of routine, early invasive manage-
ment on outcome for elderly patients with non-
ST-segment elevation acute coronary syn-
dromes. Ann Intern Med 2004; 141: 186-95.

[12] McFadden EP, Stabile E, Regar E, Cheneau E, 
Ong AT, Kinnaird T, Suddath WO, Weissman NJ, 
Torguson R, Kent KM, Pichard AD, Satler LF, 
Waksman R, Serruys PW. Late thrombosis in 
drug-eluting coronary stents after discontinua-
tion of antiplatelet therapy. Lancet 2004; 364: 
1519-21.

[13] Iakovou I, Schmidt T, Bonizzoni E, Ge L, San-
giorgi GM, Stankovic G, Airoldi F, Chieffo A, 
Montorfano M, Carlino M, Michev I, Corvaja N, 
Briguori C, Gerckens U, Grube E, Colombo A. 
Incidence, predictors, and outcome of throm-
bosis after successful implantation of drug-
eluting stents. JAMA 2005; 293: 2126- 30.

[14] Spertus JA, Kettelkamp R, Vance C, Decker C, 
Jones PG, Rumsfeld JS, Messenger JC, Khanal 
S, Peterson ED, Bach RG, Krumholz HM, Co-
hen DJ. Prevalence, predictors, and outcomes 
of premature discontinuation of thienopyridine 
therapy after drug-eluting stent placement: re-
sults from the PREMIER registry. Circulation 
2006; 113: 2803-9.

[15] van Werkum JW, Heestermans AA, Zomer AC, 
Kelder JC, Suttorp MJ, Rensing BJ, Koolen JJ, 
Brueren BR, Dambrink JH, Hautvast RW, Ver-
heugt FW, ten Berg JM. Predictors of coronary 
stent thrombosis: the Dutch Stent Thrombosis 
Registry. J Am Coll Cardiol 2009; 53: 1399- 
409.

References

[1] The World Health Organization The top ten 
causes of death fact sheet. 2004. Available at: 
http://www.who.int/mediacentre/factsheets/
fs310/en/index.html. Accessed February 2, 
2012.

[2] Abrams J. Clinical practice. Chronic stable an-
gina. N Engl J Med 2005; 352: 2524-2533.

[3] Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, 
Folliguet T, Garg S, Huber K, James S, Knuuti J, 
Lopez-Sendon J, Marco J, Menicanti L, Ostojic 
M, Piepoli MF, Pirlet C, Pomar JL, Reifart N, 
Ribichini FL, Schalij MJ, Sergeant P, Serruys 
PW, Silber S, Sousa Uva M, Taggart D. Task 
Force on Myocardial Revascularization of the 
European Society of Cardiology (ESC) and the 
European Association for Cardio-Thoracic Sur-
gery (EACTS); European Association for Percu-
taneous Cardiovascular Interventions (EAPCI). 
Guidelines on myocardial revascularization. 
Eur Heart J 2010; 31: 2501-55.

[4] Boden WE, O’Rourke RA, Teo KK, Hartigan PM, 
Maron DJ, Kostuk WJ, Knudtson M, Dada M, 
Casperson P, Harris CL, Chaitman BR, Shaw L, 
Gosselin G, Nawaz S, Title LM, Gau G, Blaus-
tein AS, Booth DC, Bates ER, Spertus JA, Ber-
man DS, Mancini GB, Weintraub WS. COUR-
AGE Trial Research Group. Optimal medical 
therapy with or without PCI for stable coronary 
disease. N Engl J Med 2007; 356: 1503-1516.

[5] The BARI 2D Study Group. A randomized trial 
of therapies for type 2 diabetes and coronary 
artery disease. N Engl J Med 2009; 360: 
2503-2515. 

[6] Dagenais GR, Lu J, Faxon DP, Kent K, Lago RM, 
Lezama C, Hueb W, Weiss M, Slater J, Frye RL. 
Bypass Angioplasty Revascularization Investi-
gation 2 Diabetes (BARI 2D) Study Group. Ef-
fects of optimal medical treatment with or 
without coronary revascularization on angina 
and subsequent revascularizations in patients 
with type 2 diabetes mellitus and stable isch-
emic heart disease. Circulation 2011; 123: 
1492-1500.

[7] Pursnani S, Korley F, Gopaul R, Kanade P, 
Chandra N, Shaw RE, Bangalore S. Percutane-
ous coronary intervention versus optimal med-
ical therapy in stable coronary artery disease: 
a systematic review and meta-analysis of ran-
domized clinical trials. Circ Cardiovasc Interv 
2012; 5: 476-90.

[8] Fox KA, Poole-Wilson PA, Henderson RA, Clay-
ton TC, Chamberlain DA, Shaw TR, Wheatley 
DJ, Pocock SJ. Randomized Intervention Trial 
of unstable Angina Investigators. Intervention-
al versus conservative treatment for patients 
with unstable angina or non-ST-elevation myo-
cardial infarction: the British Heart Foundation 

http://www.who.int/mediacentre/factsheets/fs310/en/index.html
http://www.who.int/mediacentre/factsheets/fs310/en/index.html


Coronary artery disease

35 Am J Cardiovasc Dis 2013;3(1):27-38

ment of stable angina pectoris: executive sum-
mary: The Task Force on the Management of 
Stable Angina Pectoris of the European Society 
of Cardiology. Eur Heart J 2006; 27: 1341-81. 

[24] Simoons ML, Windecker S. Controversies in 
cardiovascular medicine: Chronic stable coro-
nary artery disease: drugs vs. revasculariza-
tion. Eur Heart J 2010; 31: 530-41.

[25] Hueb W, Soares PR, Gersh BJ, César LA, Luz 
PL, Puig LB, Martinez EM, Oliveira SA, Ramires 
JA. The medicine, angioplasty, or surgery study 
(MASS-II): a randomized, controlled clinical tri-
al of three therapeutic strategies for multives-
sel coronary artery disease: one-year results. J 
Am Coll Cardiol 2004; 43: 1743-1751.

[26] Hueb WA, Soares PR, Almeida De Oliveira S, 
Ariê S, Cardoso RH, Wajsbrot DB, Cesar LA, Ja-
tene AD, Ramires JA. Five-year follow-op of the 
medicine, angioplasty, or surgery study 
(MASS): A prospective, randomized trial of 
medical therapy, balloon angioplasty, or by-
pass surgery for single proximal left anterior 
descending coronary artery stenosis. Circula-
tion 1999; 100 Suppl 19: II107-II113.

[27] Parisi AF, Folland ED, Hartigan P. A comparison 
of angioplasty with medical therapy in the 
treatment of single-vessel coronary artery dis-
ease. Veterans Affairs ACME Investigators. N 
Engl J Med 1992; 326: 10-16.

[28] Hartigan PM, Giacomini JC, Folland ED, Parisi 
AF. Two- to three- year follow-up of patients 
with single-vessel coronary artery disease ran-
domized to PTCA or medical therapy (results of 
a VA cooperative study). Veterans Affairs Coop-
erative Studies Program ACME Investigators. 
Angioplasty Compared to Medicine. Am J Car-
diol 1998; 82: 1445-1450.

[29] Cohn PF, Fox KM, Daly C. Silent myocardial 
ischemia. Circulation 2003; 108: 1263-1277.

[30] Sajadieh A, Nielsen OW, Rasmussen V, Hein 
HO, Hansen JF. Prevalence and prognostic sig-
nificance of daily-life silent myocardial isch-
aemia in middle-aged and elderly subjects 
with no apparent heart disease. Eur Heart J 
2005; 26: 1402-1409.

[31] Bucher HC, Hengstler P, Schindler C, Guyatt 
GH. Percutaneous transluminal coronary an-
gioplasty versus medical treatment for non-
acute coronary heart disease: meta-analysis of 
randomised controlled trials. BMJ 2000; 321: 
73-77.

[32] Mukherjee D, Moliterno DJ. Effectiveness of 
PCI for non-acute coronary artery disease. Lan-
cet 2009; 373: 870-872.

[33] Weintraub WS, Spertus JA, Kolm P, Maron DJ, 
Zhang Z, Jurkovitz C, Zhang W, Hartigan PM, 
Lewis C, Veledar E, Bowen J, Dunbar SB, Dea-
ton C, Kaufman S, O‘Rourke RA, Goeree R, Bar-
nett PG, Teo KK, Boden WE; COURAGE Trial 

[16] Bonnefoy E, Lapostolle F, Leizorovicz A, Steg G, 
McFadden EP, Dubien PY, Cattan S, Boullenger 
E, Machecourt J, Lacroute JM, Cassagnes J, 
Dissait F, Touboul P. Comparison of Angioplasty 
and PrehospitalThromboysis in Acute Myocar-
dial Infarction study group. Primary angioplas-
ty versus prehospital fibrinolysis in acute myo-
cardial infarction: a randomised study. Lancet 
2002; 360: 825-829.

[17] Zijlstra F, deBoer MJ, Hoorntje JC, Reiffers S, 
Reiber JH, Suryapranata H. A comparison of 
immediate coronary angioplasty with intrave-
nous streptokinase in acute myocardial infarc-
tion. N Engl J Med 1993; 328: 680-684.

[18] Grines CL, Browne KF, Marco J, Rothbaum D, 
Stone GW, O’Keefe J, Overlie P, Donohue B, 
Chelliah N, Timmis GC. A comparison of imme-
diate angioplasty with thrombolytic therapy for 
acute myocardial infarction. The Primary An-
gioplasty in Myocardial Infarction Study Group. 
N Engl J Med 1993; 328: 673-679.

[19] Gibbons RJ, Holmes DR, Reeder GS, Bailey KR, 
Hopfenspirger MR, Gersh BJ. Immediate angio-
plasty compared with the administration of a 
thrombolytic agent followed by conservative 
treatment for myocardial infarction. The Mayo 
Coronary Care Unit and Catheterization Labo-
ratory Groups. N Engl J Med 1993; 328: 685-
691.

[20] García E, Elízaga J, Pérez-Castellano N, Serra-
no JA, Soriano J, Abeytua M, Botas J, Rubio R, 
López de Sá E, López-Sendón JL, Delcán JL. 
Primary angioplasty versus systemic throm-
bolysis in anterior myocardial infarction. J Am 
Coll Cardiol 1999; 33: 605-611.

[21] The Global Use of Strategies to Open Occluded 
Coronary Arteries in Acute Coronary Syn-
dromes (GUSTO IIb) Angioplasty Substudy In-
vestigators. A clinical trial comparing primary 
coronary angioplasty with tis- sue plasminogen 
activator for acute myocardial infarction. N 
Engl J Med 1997; 336: 1621-1628.

[22] Le May MR, Labinaz M, Davies RF, Marquis JF, 
Laramée LA, O’Brien ER, Williams WL, Bean-
lands RS, Nichol G, Higginson LA. Stenting ver-
sus thrombolysis in acute myocardial infarc-
tion trial (STAT). J Am Coll Cardiol 2001; 37: 
985-991.

[23] Fox K, Garcia MA, Ardissino D, Buszman P, 
Camici PG, Crea F, Daly C, De Backer G, Hjem-
dahl P, Lopez-Sendon J, Marco J, Morais J, Pep-
per J, Sechtem U, Simoons M, Thygesen K, 
Priori SG, Blanc JJ, Budaj A, Camm J, Dean V, 
Deckers J, Dickstein K, Lekakis J, McGregor K, 
Metra M, Morais J, Osterspey A, Tamargo J, 
Zamorano JL. Task Force on the Management 
of Stable Angina Pectoris of the European Soci-
ety of Cardiology; ESC Committee for Practice 
Guidelines (CPG). Guidelines on the manage-



Coronary artery disease

36 Am J Cardiovasc Dis 2013;3(1):27-38

tion (COURAGE) trial nuclear substudy. 
Circulation 2008; 117: 1283-91.

[41] De Bruyne B, Pijls NH, Kalesan B, Barbato E, 
Tonino PA, Piroth Z, Jagic N, Möbius-Winkler S, 
Rioufol G, Witt N, Kala P, MacCarthy P, Eng-
ström T, Oldroyd KG, Mavromatis K, Mano-
haran G, Verlee P, Frobert O, Curzen N, John-
son JB, Jüni P, Fearon WF. FAME 2 Trial 
Investigators. Fractional flow reserve-guided 
PCI versus medical therapy in stable coronary 
disease. N Engl J Med 2012; 367: 991-1001. 

[42] International Study of Comparative Health Ef-
fectiveness With Medical and Invasive Ap-
proaches (ISCHEMIA). ClinicalTrials.gov Identi-
fier: NCT01471522.

[43] Fox KA, Poole-Wilson PA, Henderson RA, Clay-
ton TC, Chamberlain DA, Shaw TR, Wheatley 
DJ, Pocock SJ. Interventional versus conserva-
tive treatment for patients with unstable angi-
na or non-ST-elevation myocardial infarction: 
the British Heart Foundation RITA 3 ran-
domised trial. Randomized Intervention Trial of 
unstable Angina. Lancet 2002; 360: 743-51.

[44] Lee PY, Alexander KP, Hammill BG, Pasquali 
SK, Peterson ED. Representation of elderly 
persons and women in published randomized 
trials of acute coronary syndromes. JAMA 
2001; 286: 708-13.

[45] Stone PH, Thompson B, Anderson HV, Kronen-
berg MW, Gibson RS, Rogers WJ, Diver DJ, 
Théroux P, Warnica JW, Nasmith JB, Kells C, 
Kleiman N, McCabe CH, Schactman M, Knat-
terud GL, Braunwald E. Influence of race, sex, 
and age on management of unstable angina 
and non-Q-wave myocardial infarction: The 
TIMI III registry. JAMA 1996; 275: 1104-12. 

[46] Giugliano RP, Camargo CA Jr, Lloyd-Jones DM, 
Zagrodsky JD, Alexis JD, Eagle KA, Fuster V, 
O‘Donnell CJ. Elderly patients receive less ag-
gressive medical and invasive management of 
unstable angina: potential impact of practice 
guidelines. Arch Intern Med 1998; 158: 1113-
20. 

[47] Hasdai D, Holmes DR Jr, Criger DA, Topol EJ, 
Califf RM, Harrington RA. Age and outcome af-
ter acute coronary syndromes without persis-
tent ST-segment elevation. Am Heart J 2000; 
139: 858-66. 

[48] Bhatt DL, Greenbaum A, Roe MT, Harrington 
RA, Li Y, Smith S. An early invasive approach to 
acute coronary syndromes in CRUSADE: a dis-
sociation between clinical guidelines and cur-
rent practice [Abstract]. Circulation 2002; 106 
Suppl: II-494.

[49] Yusuf S, Flather M, Pogue J, Hunt D, Varigos J, 
Piegas L, Avezum A, Anderson J, Keltai M, Bu-
daj A, Fox K, Ceremuzynski L. Variations be-
tween countries in invasive cardiac procedures 
and outcomes in patients with suspected un-

Research Group, Mancini GB. Effect of PCI on 
quality of life in patients with stable coronary 
disease. N Engl J Med 2008; 359: 677-687.

[34] Botman KJ, Pijls NH, Bech JW, Aarnoudse W, 
Peels K, van Straten B, Penn O, Michels HR, 
Bonnier H, Koolen JJ. Percutaneous coronary 
intervention or bypass surgery in multivessel 
disease? A tailored approach based on coro-
nary pressure measurement. Catheter Cardio-
vasc Interv 2004; 63: 184-191.

[35] Tonino PA, De Bruyne B, Pijls NH, Siebert U, 
Ikeno F, van‘ t Veer M, Klauss V, Manoharan G, 
Engstrøm T, Oldroyd KG, Ver Lee PN, MacCar-
thy PA, Fearon WF. Fractional flow reserve ver-
sus angiography for guiding percutaneous cor-
onary intervention. N Engl J Med 2009; 360: 
213-224.

[36] Wiviott SD, Braunwald E, McCabe CH, Montale-
scot G, Ruzyllo W, Gottlieb S, Neumann FJ, Ar-
dissino D, De Servi S, Murphy SA, Riesmeyer J, 
Weerakkody G, Gibson CM, Antman EM. TRI-
TON-TIMI 38 Investigators. Prasugrel versus 
clopidogrel in patients with acute coronary syn-
dromes. N Engl J Med 2007; 357: 2001-15.

[37] Wallentin L, Becker RC, Budaj A, Cannon CP, 
Emanuelsson H, Held C, Horrow J, Husted S, 
James S, Katus H, Mahaffey KW, Scirica BM, 
Skene A, Steg PG, Storey RF, Harrington RA; 
PLATO Investigators, Freij A, Thorsén M. PLATO 
Investigators. Ticagrelor versus clopidogrel in 
patients with acute coronary syndromes. N 
Engl J Med 2009; 361: 1045-57.

[38] Hachamovitch R, Hayes SW, Friedman JD, Co-
hen I, Berman DS. Comparison of the short-
term survival benefit associated with revascu-
larization compared with medical therapy in 
patients with no prior coronary artery disease 
undergoing stress myocardial perfusion single 
photon emission computed tomography. Circu-
lation 2003; 107: 2900-7.

[39] Pijls NH, van Schaardenburgh P, Manoharan G, 
Boersma E, Bech JW, van‘t Veer M, Bär F, Hoo-
rntje J, Koolen J, Wijns W, de Bruyne B. Percu-
taneous coronary intervention of functionally 
non-significant stenosis: 5-year follow-up of 
the DEFER Study. J Am Coll Cardiol 2007; 49: 
2105-11.

[40] Shaw LJ, Berman DS, Maron DJ, Mancini GB, 
Hayes SW, Hartigan PM, Weintraub WS, 
O‘Rourke RA, Dada M, Spertus JA, Chaitman 
BR, Friedman J, Slomka P, Heller GV, Germano 
G, Gosselin G, Berger P, Kostuk WJ, Schwartz 
RG, Knudtson M, Veledar E, Bates ER, McCal-
lister B, Teo KK, Boden WE. Optimal medical 
therapy with or without percutaneous coronary 
intervention to reduce ischemic burden: re-
sults from the Clinical Outcomes Utilizing Re-
vascularization and Aggressive Drug Evalua-

ClinicalTrials.gov


Coronary artery disease

37 Am J Cardiovasc Dis 2013;3(1):27-38

outcome study. Br J Anaesth 2006; 96: 686-
93.

[57] Berger PB, Kleiman NS, Pencina MJ, Hsieh 
WH, Steinhubl SR, Jeremias A, Sonel A, Browne 
K, Barseness G, Cohen DJ. EVENT Investiga-
tors. Frequency of major noncardiac surgery 
and subsequent adverse events in the year af-
ter drug-eluting stent placement: results from 
the EVENT (Evaluation of Drug-Eluting Stents 
and Ischemic Events) Registry. JACC Cardio-
vasc Interv 2010; 3: 920-7.

[58] To AC, Armstrong G, Zeng I, Webster MW. Non-
cardiac surgery and bleeding after percutane-
ous coronary intervention. Circ Cardiovasc In-
terv 2009; 2: 213-21.

[59] Cruden NL, Harding SA, Flapan AD, Graham C, 
Wild SH, Slack R, Pell JP, Newby DE. Scottish 
Coronary Revascularisation Register Steering 
Committee. Previous coronary stent implanta-
tion and cardiac events in patients undergoing 
noncardiac surgery. Circ Cardiovasc Interv 
2010; 3: 236-42.

[60] Anwaruddin S, Askari AT, Saudye H, Batizy L, 
Houghtaling PL, Alamoudi M, Militello M, Mu-
hammad K, Kapadia S, Ellis SG. Characteriza-
tion of post-operative risk associated with prior 
drug-eluting stent use. JACC Cardiovasc Interv 
2009; 2: 542-9.

[61] Brilakis ES, Cohen DJ, Kleiman NS, Pencina M, 
Nassif D, Saucedo J, Piana RN, Banerjee S, 
Keyes MJ, Yen CH, Berger PB. Incidence and 
clinical outcome of minor surgery in the year 
after drug-eluting stent implantation: results 
from the Evaluation of Drug-Eluting Stents and 
Ischemic Events Registry. Am Heart J 2011; 
161: 360-6.

[62] Savonitto S, Caracciolo M, Cattaneo M, De 
Servi S. Management of patients with recently 
implanted coronary stents on dual antiplatelet 
therapy who need to undergo major surgery. J 
Thromb Haemost 2011; 9: 2133-42.

[63] Rossini R, Capodanno D, Lettieri C, Musumeci 
G, Nijaradze T, Romano M, Lortkipanidze N, 
Cicorella N, Biondi Zoccai G, Sirbu V, Izzo A, 
Guagliumi G, Valsecchi O, Gavazzi A, Angiolillo 
DJ. Prevalence, predictors, and long-term prog-
nosis of premature discontinuation of oral an-
tiplatelet therapy after drug eluting stent im-
plantation. Am J Cardiol 2011; 107: 186-94.

[64] Ferreira-González I, Marsal JR, Ribera A, Per-
manyer-Miralda G, García-Del Blanco B, Martí 
G, Cascant P, Martín-Yuste V, Brugaletta S, Sa-
baté M, Alfonso F, Capote ML, De La Torre JM, 
Ruíz-Lera M, Sanmiguel D, Cárdenas M, Pujol 
B, Baz JA, Iñiguez A, Trillo R, González-Béjar O, 
Casanova J, Sánchez-Gila J, García-Dorado D. 
Background, incidence, and predictors of anti-
platelet therapy discontinuation during the 

stable angina or myocardial infarction without 
initial ST elevation. OASIS (Organisation to As-
sess Strategies for Ischaemic Syndromes) Reg-
istry In- vestigators. Lancet 1998; 352: 507-
14. 

[50] Damman P, Clayton T, Wallentin L, Lagerqvist 
B, Fox KA, Hirsch A, Windhausen F, Swahn E, 
Pocock SJ, Tijssen JG, de Winter RJ. Effects of 
age on long-term outcomes after a routine in-
vasive or selective invasive strategy in patients 
presenting with non-ST segment elevation 
acute coronary syndromes: a collaborative 
analysis of individual data from the FRISC II-
ICTUS-RITA-3 (FIR) trials. Heart 2012; 98: 207-
13.

[51] Savonitto S, Cavallini C, Petronio AS, Murena E, 
Antonicelli R, Sacco A, Steffenino G, Bonechi F, 
Mossuti E, Manari A, Tolaro S, Toso A, Daniotti 
A, Piscione F, Morici N, Cesana BM, Jori MC, De 
Servi S. Italian Elderly ACS Trial Investigators. 
Early aggressive versus initially conservative 
treatment in elderly patients with non-ST-seg-
ment elevation acute coronary syndrome: a 
randomized controlled trial. JACC Cardiovasc 
Interv 2012; 5: 906-16.

[52] Fleisher LA, Beckman JA, Brown KA, Calkins H, 
Chaikof EL, Fleischmann KE, Freeman WK, 
Froehlich JB, Kasper EK, Kersten JR, Riegel B, 
Robb JF. 2009 ACCF/AHA focused update on 
perioperative beta blockade incorporated into 
the ACC/AHA 2007 guidelines on perioperative 
cardiovascular evaluation and care for noncar-
diac surgery. American College of Cardiology 
Foundation/American Heart Association Task 
Force on Practice Guidelines; American Soci-
ety of Echocardiography; American Society of 
Nuclear Cardiology; Heart Rhythm Society; So-
ciety of Cardiovascular Anesthesiologists; Soci-
ety for Cardiovascular Angiography and Inter-
ventions; Society for Vascular Medicine; 
Society for Vascular Surgery. J Am CollCardiol 
2009; 54: e13-e118.

[53] Allen JR, Helling TS, Hartzler GO. Operative pro-
cedures not involving the heart after percuta-
neous transluminal coronary angioplasty. Surg 
Gynecol Obstet 1991; 173: 285-8.

[54] Posner KL, Van Norman GA, Chan V. Adverse 
cardiac outcomes after noncardiac surgery in 
patients with prior percutaneous transluminal 
coronary angioplasty. Anesth Analg 1999; 89: 
553-60.

[55] Massie MT, Rohrer MJ, Leppo JA, Cutler BS. Is 
coronary angiography necessary for vascular 
surgery patients who have positive results of 
dipyridamole thallium scans? J Vasc Surg 
1997; 25: 975-82.

[56] Vicenzi MN, Meislitzer T, Heitzinger B, Halaj M, 
Fleisher LA, Metzler H. Coronary artery stent-
ing and non-cardiac surgery - a prospective 



Coronary artery disease

38 Am J Cardiovasc Dis 2013;3(1):27-38

[72] POISE Study Group. Effects of extended-re-
lease metoprolol succinate in patients under-
going non-cardiac surgery (POISE trial): a ran-
domised controlled trial. Lancet 2008; 371: 
1839-1847.

[73] Wijeysundera DN, Wijeysundera HC, Yun L, 
Wąsowicz M, Beattie WS, Velianou JL, Ko DT. 
Risk of elective major noncardiac surgery after 
coronary stent insertion: a population-based 
study. Circulation 2012; 126: 1355-62

[74] Ueda Y, Nanto S, Komamura K, Kodama K. 
Neointimal coverage of stents in human coro-
nary arteries observed by angioscopy. J Am 
Coll Cardiol 1994; 23: 341-346.

[75] Weintraub WS. The pathophysiology and bur-
den of restenosis. Am J Cardiol 2007; 100: 3K-
9K.

[76] Rossini R, Bramucci E, Castiglioni B, De Servi 
S, Lettieri C, Lettino M, Musumeci G, Visconti 
LO, Piccaluga E, Savonitto S, Trabattoni D, Buf-
foli F, Angiolillo DJ, Bovenzi F, Cremonesi A, 
Scherillo M, Guagliumi G. [Coronary stenting 
and surgery: perioperative management of an-
tiplatelet therapy in patients undergoing sur-
gery after coronary stent implantation]. G Ital-
Cardiol (Rome) 2012; 13: 528-51.

first year after drug-eluting stent implantation. 
Circulation 2010; 122: 1017-25.

[65] Priebe HJ. Triggers of perioperative myocardial 
ischaemia and infarction. Br J Anaesth 2004; 
93: 9-20.

[66] Dahl OE. Mechanisms of hypercoagulability. 
Thromb Haemost 1999; 82: 902-6. 

[67] Levy JH, Tanaka KA. Inflammatory response to 
cardiopulmonary bypass. Ann Thorac Surg 
2003; 75: S715-S720.

[68] Brilakis ES, Orford JL, Fasseas P, Wilson SH, 
Melby S, Lennon RJ, Berger PB. Outcome of 
patients undergoing balloon angioplasty in the 
two months prior to noncardiac surgery. Am J 
Cardiol 2005; 96: 512-4.

[69] Kałuza GL, Joseph J, Lee JR, Raizner ME, 
Raizner AE. Catastrophic outcomes of noncar-
diac surgery soon after coronary stenting. J Am 
Coll Cardiol 2000; 35: 1288-1294.

[70] Nuttall GA, Brown MJ, Stombaugh JW, Michon 
PB, Hathaway MF, Lindeen KC, Hanson AC, 
Schroeder DR, Oliver WC, Holmes DR, Rihal 
CS. Time and cardiac risk of surgery after bare-
metal stent percutaneous coronary interven-
tion. Anesthesiology 2008; 109: 588 -595.

[71] Wilson SH, Fasseas P, Orford JL, Lennon RJ, 
Horlocker T, Charnoff NE, Melby S, Berger PB. 
Clinical outcome of patients undergoing non-
cardiac surgery in the two months following 
coronary stenting. J Am Coll Cardiol 2003; 42: 
234-240.


