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“Change is the law of life. And those who look 
only to the past or present are certain to miss the 

future.”
– John F Kennedy (1917–1963)

Coronary artery disease (CAD) is currently 
the leading cause of death globally, and is 
expected to rise in the near future, despite 
prevalence decline reported in the developed 
part of the world. Globally, the proportion of 
deaths attributed to CAD is expected to grow 
by 2% between 2004 and 2030 [1]. Coronary 
artery bypass graft (CABG) and percutaneous 
coronary interventions (PCIs) are alternative 
revascularization procedures for patients with 
multivessel CAD [2]. The potential for adverse 
factors when the CABG procedure follows PCI 
is an important consideration when choosing 
therapy for patients with CAD.

CABG continues to be one of the most 
commonly performed surgical procedures 
worldwide and certainly the most scrutinized. 
Significant improvements have been made over 
the 40-year long history of surgical treatment of 
CAD, while the root cause and profile of patients 
undergoing cardiac surgery has profoundy 
changed [3,4]. Patients submitted to surgery today 
are older and present with complex comorbidities, 
usually requiring more than an isolated CABG 
procedure. Interventional cardiology – a ‘younger 
brother’ of cardiac surgery – with a history of 
30 years that also underwent significant changes 
and improvements, both from a technological 
and philosophical standpoint (when to perform 

the procedure, how to perform it and what can 
be expected). PCI has evolved from balloon 
angioplasty of a single coronary stenosis to 
multivessel stenting with drug-eluting stents 
(DES) and treatment of chronic total occlusions 
with advanced techniques and devices. Coronary 
stents have evolved from the early concept of 
providing mechanical support and preventing 
vessel recoil to becoming ubiquitous devices, 
and have culminated in the highly sophisticated 
technology of DES [5].

It is evident from the recent clinical trials, 
(Box 1) comparing PCI and CABG in patients with 
multivessel CAD, that CABG offers significant 
advantages over PCI in terms of rate of repeated 
revascularization, major adverse cardiac events 
(MACE) and long-term survival [6–11]. In the 
recent randomized prospective SYNTAX trial, 
comparisons of PCI with CABG in left main  
disease and/or three vessel disease patients 
have been performed. At 3 years, major adverse 
cardiac and cerebrovascular events (death, 
stroke, myocardial infarction [MI], and repeat 
revascularization; CABG 20.2% vs PCI 28.0%; 
p < 0.001), repeat revascularization (10.7 vs 19.7%; 
p < 0.001) and MI (3.6 vs 7.1%; p = 0.002) were 
elevated in the PCI arm [12]. Major adverse cardiac 
and cerebral event rates were not significantly 
different between arms in the left main subgroup 
(22.3 vs 26.8%; p = 0.20), but were higher with 
PCI in the three vessel disease subgroup (18.8 vs 
28.8%; p < 0.001).

However, the number of performed 
procedures shows a dramatic change over time, 

There has been a tremendous growth in percutaneous coronary interventions (PCIs) with stent implantation, 
even in cases where coronary artery bypass grafting (CABG) demonstrates superior long-term results – the 
cases of multivessel coronary disease. With the number of PCIs on the rise, one may expect a growing 
population of patients with prior PCI to be ultimately referred to CABG as a result of long-term PCI failure, 
incomplete revascularization or disease progression. It has been suggested that previous PCI might be 
considered as a risk factor with a negative impact on subsequent CABG procedure. Several large 
observational studies found that multiple previous coronary stenting has a negative effect on the outcome 
of a subsequent surgical revascularization – the higher the stent load the worse the outcome. Nevertheless, 
no definitive conclusion can be made at this point, as this issue is still a matter of significant controversy.
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with CABG declining and reaching steady levels 
only in the most recent years, while the count of 
PCIs is increasing and patient scope expanding. 
Event cases involving complex CAD that, until 
recently, were considered strictly as CABG 
patients, are now referred for percutaneous 
treatment. At the same time, aggressive repeated 
PCI with multiple stent-graft placement has 
become more common in the ‘stent era’ [13]. In 
many industrialized countries, the ratio of PCI to 
CABG now exceeds four to one (Figures 1 & 2) [14].

relationship between prior PCI  
& subsequent CABG
As a result of widespread use of PCI, a greater 
number of patients are referred to CABG after 
having prior PCI [15]. Two recent studies found 
that 6–13% of the patients with implanted bare-
metal stents (BMS) undergo CABG within 1 year 
after PCI, and 13–26% within 10 years [16,17].
The risk of any repeat revascularization has been 
lowered with the introduction of DES. Abbott 
et al. report the 1-year rate of target-vessel 
revascularization as 5.0% in DES and 9.2% 
in BMS patients (p < 0.001), with lower risk of 
any repeat revascularization (PCI or CABG) in 
DES patients (adjusted hazard ratio [HR]: 0.38, 
95% CI: 0.25–0.60; p < 0.001) [18]. However, 
with the number of PCIs on the rise, one may 
expect an increase in the number of patients with 
prior PCI to be ultimately referred to CABG 

as a result of long-term PCI failure, incomplete 
revascularization or disease progression, as has 
been confirmed by the study of Barakate et al. 
[19]. As Chocron et al. noticed, the initial choice 
of PCI as a primary revascularization procedure 
is reinforced by the perception that patients can 
safely be referred to surgery after PCI. However, 
the data regarding CABG outcomes in patients 
who develop recurrent angina after initial PCI 
are sparse [15]. Whether there is a relationship 
between increased perioperative risk during 
CABG and previous PCI is debatable, and the 
extent of previous stenting procedures has, so far, 
not been well studied as a prognostic factor of 
CABG [20]. Nevertheless, the number of studies 
exploring the influence of previous PCI on the 
outcome of subsequent CABG is growing. 

One of the first studies that examined the 
inf luence of previous PCI on the outcome 
of subsequent CABG was the study from 
Thielmann et al. [20]. Although retrospective 
in nature, the study included 3275 consecutive 
patients who underwent first-time isolated 
CABG. The patients were divided into three 
groups depending on their previous status (group 
1: no previous PCI; group 2: single previous 
PCI; and group 3: multiple previous PCIs). The 
authors concluded that in patients with a history 
of multiple PCI sessions, perioperative risk for 
in-hospital mortality (odds ratio [OR]: 3.01, 
95% CI: 1.51–5.98; p < 0.0017) and MACEs 
(OR: 2.31, 95% CI: 1.45–3.67; p < 0.0004) 
during subsequent elective CABG is increased. 
The study found a relationship between the stent 
load (placement of multiple, usually overlapping 
stents) and the outcomes of subsequent surgery.

A study from 2008 by Chocron et al., also 
explored the effect of pre-PCI influence on 
CABG outcome [15]. For this purpose, the 
patients were retrieved from the IMAGINE 
study [21]. A total of 2489 patients were analyzed 
in this randomized, multicenter international 
trial. The primary end point was the time to 
first occurrence of one or more of the following: 
cardiovascular death or resuscitated cardiac 
arrest, nonfatal MI, coronary revascularization, 
unstable angina requiring hospitalization, 
documented angina not requiring hospital-
ization, stroke or congestive heart failure 
requiring hospitalization. The authors found a 
significant increase in the primary end point in 
the PCI group (HR: 1.53, 95% CI: 1.17–1.98; 
p = 0.0016). The authors also concluded that 
the patients with left ventricular ejection 
fraction ≥40% and a history of PCI prior to 
surgery had a worse outcome post-CABG 

Box 1. studies comparing percutaneous 
coronary intervention with coronary 
artery bypass grafting for multivessel 
coronary artery disease.

Percutaneous coronary intervention alone 
vs coronary artery bypass graft
 � BARI
 � CABRI
 � RITA
 � EAST
 � GABI
 � ERACI

Percutaneous coronary intervention with 
stenting vs coronary artery bypass graft
 � ARTS
 � SoS
 � ERACI II
 � AWESOME

Percutaneous coronary intervention with 
drug-eluting stenting vs coronary artery 
bypass graft
 � ARTS II
 � CARDIA
 � SYNTAX
 � FREEDOM
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than those with no prior PCI. Although low 
left ventricular ejection fraction is traditionally 
regarded as an independent risk factor for heart 
surgery, limiting the population of patients 
with prior PCI to those with ejection fraction 
≥40% who are at risk of subsequent CABG 
appears strange. 

A group from Canada investigated the impact 
of prior PCI on in-hospital mortality after 
CABG [22]. A total of 6032 patients formed 
the final study group, of whom 919 (15.2%) 
patients had a prior PCI. Rates of in-hospital 
mortality after CABG were higher in the prior-
PCI group (3.6 vs 2.3%; p = 0.02). Using 
multivariate techniques after propensity score 
matching, prior PCI emerged as an independent 
predictor of postoperative in-hospital mortality 
(3.6 vs 1.7%; p = 0.01). The conclusion drawn 
by authors is that patients who undergo CABG 
procedure after previously having had PCI tend 
to have reduced comorbidity and diminshed 
CAD; however, they also have more advanced 
symptoms and carry greater urgency.

The most recent multicenter study on the 
subject from Mannacio et al. investigated 
the impact of previous PCI on postoperative 
outcome and 5-year survival after subsequent 
CABG [23]. A total of 7855 consecutive 
patients from four cardiac surgical centers were 
enrolled, 1021 (13%) of them with a history of 

previous PCI. The authors identified history 
of previous PCI to be significantly associated 
with an increased hospital mortality (OR: 2.8, 
95% CI: 1.4–4.8; p = 0.003) and MACE 
(OR: 2.1, 95% CI: 1.2–3.6; p < 0.0001). 
Survival at 3 and 5 years was lower in patients 
with previous PCI compared with the non-PCI 
patients (97.4 ± 0.01% vs 96.5 ± 0.02% and 
94.2 ± 0.03% vs 92.1 ± 0.05%; log-rank test: 
p = 0.03).

What has been suggested by Thielmann et al. 
in 2006, is also supported by three more recent 
publications [20]. Sakaguchi et al. investigated the 
impact of repeated PCIs on long-term survival after 
subsequent CABG [13]. Although the number of 
patients in this study was small (894 patients), the 
study was able to conclude that the repeated PCI 
treatment introduces additional risks and affects 
long-term prognosis for patients who required 
subsequent CABG. The final confirmation of 
the significant impact of multiple previous PCIs 
on the outcome of following CABG came from 
Massoudy et al. in their multicenter analysis 
[24]. This comprehensive study summarized 
data collected from 29,928 consecutive patients 
who underwent isolated first-time CABG. A 
total of 10.3% of patients had one prior PCI, 
and 3.7% of patients had two or more previous 
interventions. The results showed that a history 
of two or more previous PCIs was significantly 
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Figure 1. The ratio of percutaneous coronary intervention to coronary artery bypass 
grafting procedures in different countries across europe. 
CABG: Coronary artery bypass grafting; PCI: Percutaneous coronary intervention. 
Data provided by [51,101,102].
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associated with in-hospital mortality (OR: 1.9, 
95% CI: 1.3–2.7; p = 0.0016) and MACEs 
(OR: 1.5, 95% CI: 1.2–1.9; p = 0.0019). Eifert et al. 
investigated the mid-term influence of previous 
PCI in patients submitted for subsequent CABG 
procedures [25]. The outcomes of 200 patients 
(group A: 100 patients with prior PCI; and 
group B: 100 patients who underwent primary 
CABG) were compared in this observational 
study. Significant differences between the groups 
were established for the following parameters 
(group A vs group B): administration of 
vasoactive inotropes (adrenaline; p = 0.006 and 
noradrenaline; p = 0.023), level of creatine kinase 
or troponin I (p = 0.002; p < 0.001), postoperative 
resuscitation (p = 0.029), intra-aortic balloon 
pump (p = 0.003), and 30-day mortality (9% in 
group A vs 1% in group B; p = 0.018). The authors 
conclude that morbidity, mortality and reoperation 
rate during mid-term were significantly higher in 
patients with prior PCI.

Most recently, a research group in Brazil 
had conducted a study aimed to evaluate risk 
factors for CABG in patients who have had 
prior PCI treatments [26]. In this study, a total 
of 1099 consecutive patients who underwent 
CABG were included, 14.6% of them with a 
history of previous PCI. The authors found that 
the previous PCI group presented with signs 
of unstable angina more often (16.1 vs 9.9%; 
p = 0.019). Using multivariate logistic regression 
analysis, previous PCI emerged as an independent 
predictor of postoperative in-hospital mortality 
(OR: 1.94, 95% CI: 1.02–3.68; p = 0.044). After 
computed propensity score matching based on 
preoperative risk factors, in-hospital mortality 
remained higher among patients with previous 
PCI (OR: 3.46, 95% CI: 1.10–10.93; p = 0.034).

Nevertheless, there are several studies in 
which no correlation between previous PCI and 
subsequent CABG has been found. One of them 
is the study by Yap et al. in which the authors 
analyzed a pool of patients submitted to first-
time isolated CABG procedures from June 2001 
to May 2008 [27]. A total of 13,184 patients were 
enrolled in the study (1457 patients had history 
of previous PCI). The results showed that there 
was no difference in unadjusted in-hospital 
mortality (1.65 vs 1.55%; p = 0.78) or MACEs 
(3.0 vs 3.0%; p = 0.99) between patients with 
and without prior PCI. After adjustment, 
prior PCI was not a predictor of in-hospital 
(OR: 1.22, 95% CI: 0.76–2.0; p = 0.41) or mid-
term mortality at 6-year follow-up (HR: 0.94, 
95% CI: 0.75–1.18; p = 0.62). The results from 
different studies are obviously conflicting and 
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Figure 2. kaplan–Meier analysis (mean follow-up 58 ± 43 months) for three 
distinctive events. (A) Survival curve, (B) freedom from cardiac death and 
(C) freedom from cardiac event. Each curve compares the event of interest 
between three groups of patients (1: no prior PCI; 2: single PCI; and 
3: multiple PCIs). 
PCI: Percutaneous coronary intervention.  
Data taken with permission from [13].
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probably reflect discrepancies between study 
methodologies. Therefore, it is apparent that a 
prior PCI treatment increases the surgical risk in 
a subsequent CABG procedure. A multicentric 
large-scale prospective study is required to 
determine the real impact of prior PCI on 
subsequent CABG and to guide therapeutic 
strategy. When considering prior PCI as a 
potential risk factor, one should not omit the 
risks embedded in coronary surgery per se 
(mortality rate <2%, risk of stroke, renal failure, 
infection and arrhythmias among others).

The effect of coronary stenting on 
the native coronary artery
The classical standpoint of the interventional 
cardiologists: “subsequent CABG may be 
successfully performed in any patient with a 
history of previous PCI,” is now being seriously 
challenged. It is of utmost importance to select 
patients who may be candidates for PCI, but in 
whom PCI will not provide successful long-term 
results and who will, eventually, require surgery 
as a definitive revascularization option. The 
interactions between coronary stents (including 
the procedure of stent implantation) and 
coronary arteries are numerous, all of which 
may, to a certain extent, explain the unfavorable 
outcome of subsequent CABG (Ta Ble 1) . 
Presumably, the presence of a stent might itself 
induce deleterious consequences inside the 
coronary artery. Every PCI procedure initiates a 
cascade of inflammatory reactions [5,28,29], which, 
together with promoted endothelial hyperplasia, 
may lead to early or late stent failure (complete or 
partial stent occlusion resulting from restenosis, 
thrombosis or any other cause). Coronary stents 
have been shown to induce an initial acute 
inflammatory cell response within 0–3 days, 
as well as a chronic inf lammatory reaction 
after 2–4 weeks [5]. This proinf lammatory 
state, coupled with the presence of denuded 
coronary endothelium, activates cytokines and 

the complement system, subsequently leading 
to accumulation of platelets and neutrophils, 
causing microvascular thrombotic obstruction 
and/or distal microembolization [20,30]. The late 
post-stenting structural changes, originally found 
in the coronary artery segment covered with stent, 
may spread beyond the stenting site and affect 
the distal coronary artery section, the target 
area of a subsequent bypass graft anastomosis 
[24]. The exact mechanism of how these remote 
structural changes occur is still a matter of 
debate, but it is most likely related to an increased 
circulating level of proinflammatory cytokines 
resulting in persistent low-grade inflammation 
associated with endothelial dysfunction and 
reduced vasomotor function distal to the lesion 
[5]. Endothelial dysfunction is connected to 
decreased availability of vasculoprotective agents 
such as nitric oxide, prostacyclin and antioxidant 
systems. It has been shown that plasma levels of 
nitric oxide in post-PCI patients (3–6 months 
after PCI) are significantly reduced [31]. It has 
also been suggested that the stent deployment 
leads to a synergistic interaction between the 
stent and the atherosclerotic plaque, potentiating 
the inflammatory reaction already taking place 
in the coronary arterial wall. 

Another important concern is the effect 
of active drugs released from DES and their 
interaction with the arterial wall (Figure 3). 
Although primarily aimed at preventing vascular 
smooth muscle cell proliferation and migration, 
these drugs also impair re-endothelialization 
and induce tissue factor expression, resulting 
in a prothrombogenic environment [32]. 
DES, but not BMS, are associated with 
acetylcholine- or exercise-induced paradoxical 
coronary vasoconstriction of the adjacent 
vessel segments [33,34]. Despite the manifesting 
antiproliferative effect of sirolimus (rapamycin), 
resulting in reduction of the endothelial growth 
and intrastent restenosis, the inf lammatory 
response seems to be aggravated at the stent 

Table 1. Possible mechanisms of negative effects of previous coronary stenting on subsequent coronary artery 
bypass grafting.

effect Possible mechanisms

In-stent thrombosis More often seen when ≥1 stent used, long stented segments of coronary artery, drug-eluting stents, 
bifurcation lesion stenting

Incomplete revascularization Due to poor run-of, full metal jacket, unsuitable distal part of native coronary artery (small diameter or 
diffuse distal coronary disease)

Multiple percutaneous coronary 
interventions

Impaired native blood flow through collaterals, multiple mini-myocardial infarctions, multiple 
mini-embolic events in coronary circulation causing lowering of the left ventricular ejection fraction

Loss of time Delay of definitive revascularization procedure (coronary artery bypass grafting which causes 
progression of coronary artery disease)

Local and remote stent effects Inflammatory process, endothelial dysfunction, increased proliferative activity, biohumoral response
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extremities (edge effect), producing an 
exacerbation of the inflammatory response [35].

In such circumstances, surgeons are faced 
with a necessity to create anastomosis at the 
very distal part of the vessel which may be 
significantly deteriorated by remote stent effects 
(poor run-off). In fact, the reason why CABG 
offers a survival advantage for multivessel and 
left main-stem CAD is because bypass grafts are 
placed in the mid-coronary vessel – where CABG 
not only protects the entire zones of vulnerable 
proximal myocardium against ‘culprit’ lesion 
but also offers prophylaxis against new lesions 
in diffusely diseased endothelium [14]. Although, 
rarely seen these days, ‘full metal jacket’ (over-
stenting of almost a complete coronary artery 
that is diffusely diseased) [36] allows creation of 
the bypass anastomosis at the very distal part 
of the coronary artery which may not offer 
adequate run-off, resulting in low patency rate. 
More importantly, an increasing number of 
patients with a full-metal jacket diseased left 
anterior descending artery (LAD) are being 
referred for CABG, creating a challenging 
problem to the cardiac surgeon, precluding 
complete revascularization in some patients, 
while rendering others inoperable [37]. With the 
recent refinements in percutaneous techniques, 
aggressive repeated PCI with overlapping stent 
placement has become more common, affecting 
up to 30% of patients and has resulted in an 
increase in the number of high-risk ‘stent-loaded’ 
patients who are referred to cardiac surgeons [38]. 
Coronary side-branch obstruction or occlusion 
resulting from multiple and overlapping stents 
may lead to compromised collateral flow causing 
focal infarctions [39]. It has been estimated that, 

on average, 5% of the total left ventricular mass 
may undergo irreversible myocardial injury due 
to focal infarctions related to stent implantation 
[40]. As a result of this, the patient’s risk profile 
may change, converting him/her to a higher 
risk patient subgroup that could lead to a higher 
mortality rate in CABG patients with a history 
of previous PCIs [24].

surgical dilemma: what to do with 
patients with prior PCI?
A significant number of patients presenting with 
ST-elevation myocardial infarction (STEMI) 
will undergo primary PCI as a standard 
treatment strategy [41,42]. According to the 
guidelines, only the infarction-causing artery 
should be revascularized in these settings and 
the patient should be evaluated for suitability 
for further percutaneous treatment or referral to 
cardiac surgery as a definitive revascularization 
option. Consequently, a considerable number 
of patients are referred to cardiac surgery 
having had a previously implanted coronary 
stent in a STEMI setting, which is now patent 
and functional, requiring antiplatelet therapy. 
Preoperative use of antiplatelet drugs such 
as aspirin and clopidogrel may cause excess 
bleeding and perioperative discontinuation of 
these medications may cause in-stent thrombosis 
and adversely influence the outcome.

One of the more common scenarios that 
present a challenge for cardiac surgeons when 
evaluating therapy options includes: the diffuse 
triple vessel disease patient with ongoing STEMI 
caused by occlusion of the LAD, subsequently 
treated with stent deployment in the LAD 
(infarction artery), but where lesions are still 
present in the remainder of the vessels. The main 
issue is what to do with the LAD, keeping in 
mind two things: first, there is a functional stent 
in the proximal segment of the LAD with diffuse 
coronary disease; and second, knowing that the 
left internal mammary artery (LIMA)-to-LAD 
is superior to any other kind of revascularization 
approach. There is no easy answer. One would 
have to compromise between the long-term 
success and possible early graft failure due to 
competitive f low (although the mammary 
artery poses an intrinsic mechanism of flow 
auto-regulation which would probably end up 
in a ‘string-sign’ pattern), and leaving the LAD, 
sacrificing the long-term success with probable 
repeated PCIs which, as previously described, 
raises the risk of subsequent CABG procedures. 
In other words, the coronary artery that was 
previously treated by PCI will be left untouched 

Figure 3. effects of coronary stenting on 
arterial wall histology. Crosswise histological 
section of the anterior descending coronary 
artery postimplantation of stent demonstrating 
(A) intimal hyalinosis and (B) the muscle of the 
wall of the vessel. 
Data taken with permission from [52].



www.futuremedicine.com 39future science group

Does prior coronary stenting compromise future coronary surgery?  perspective

in the subsequent CABG, exposing the patient 
to risks of subsequent restenosis [13].

Careful decision-making in the setting of 
multivessel STEMI is mandatory, implying an 
individualized treatment approach. Treatment 
strategies vary widely from an aggressive 
approach, which treats all significant lesions 
in the acute phase of primary PCI, to a 
conservative approach, with primary PCI of 
only the infarct-related artery and subsequent 
medical therapy (unless recurrent ischemia 
occurs) (Box 2) [43,44]. In some patients with 
severely affected coronary arteries (more than 
one critical stenosis >90% that would require 
multiple stent deployment covering long 
coronary artery segments), emergency surgical 
revascularization may prove to be the best 
option, avoiding the initial coronary stenting. 
Another, potentially appealing option is to 
perform hybrid revascularization in a STEMI 
setting, attaching LIMA to LAD and deploying 
DES in other arteries.

Perhaps the worst case scenario is when 
confronted with a diffusely diseased LAD 
with multiple overlapping stents covering 
all of its length. The challenge is then to 
achieve complete revascularization without 
compromising long-term results. Several authors 
have successfully demonstrated an alternative 
surgical approach for resolving this challenging 

scenario [45]. Forced surgical extraction of 
one or more coronary stents is mandatory in 
order to create a portion of artery amenable to 
revascularization. This is usually accomplished 
using a technique similar to open coronary 
endarterectomy after which an on-lay vein or 
LIMA patch is sewn. The denuded endothelium 
after stent extraction could, however, enhance 
myofibrocyte proliferation, and act as a scaffold 
for new thrombus formation, thus the use of 
clopidogrel and aspirin in this case may help to 
decrease the risk of graft failure [37].

The influence of implanted stents (especially 
DES) on the arterial and vein conduits, if any, 
remains unknown. A study by Gaudino et al. 
had found that 5 years after CABG, patients 
with previous PCI had a lower saphenous vein 
graft patency rate (45 vs 7.5%; p < 0.001) and 
a higher incidence of recurrent ischemia and 
recatheterization [46]. It has been reported that 
the graft occlusion rate of CABG is superior to 
the restenosis rate of PCI [13]. The conclusion 
can be drawn that the prognosis of the 
coronary artery, once treated with PCI and left 
untouched at subsequent CABG, is worse off 
than a coronary artery that was not treated with 
PCI and was bypassed in subsequent CABG.

Having established that prior PCI is a de facto 
risk factor for subsequent CABG procedures, one 
may want to look at patient profiles that might 

Box 2. The reasons for and against multivessel percutaneous coronary intervention in sT-elevation myocardial 
infarction patients†.

Reasons supporting multivessel PCI
 � Plaque instability may not be limited to the culprit lesion, but may involve larger areas of the coronary tree (systemic endothelial 

dysfunction and higher platelet activity in acute coronary syndromes)
 � Complete coronary revascularization is known to be associated with better long-term prognosis
 � Patient preference: patients may feel more comfortable when going home ‘after complete repair’. Our experience repeatedly showed 

that when we recommend medical therapy to patients with multivessel disease after successful primary PCI of the infarct-related artery, 
some patients seek second opinion in other cardiac centers and undergo a second PCI there

Reasons against acute multivessel PCI 
 � The acute phase of STEMI is a highly unstable condition (hemodynamic instability, heart failure, arrhythmias, resuscitation and patient 

stress, among others) and is certainly not an ideal situation in which to perform PCI of a stable stenosis that might be intervened, 
although it may be safer to delay this action until after the patient is stabilized

 � The acute phase of STEMI is an extremely prothrombotic and inflammatory milieu, which contributes to the potentially higher risk of 
additional PCI

 � Some degree of diffuse coronary spasm (either due to endothelial dysfunction or due to catecholamine use) is frequently present in the 
acute phase of STEMI, which may lead to possible overestimation of stenosis severity in noninfarct arteries

 � The decision to perform noninfarct artery PCI in the acute phase of STEMI is usually not supported by the objective evidence for 
myocardial ischemia in regions supplied by this noninfarct artery. It is thus the classical ‘oculostenotic’ indication and not evidence-based 
indication for PCI

 � Multivessel PCI increases the contrast overload and further increases the (already high) risk of contrast-induced nephropathy
 � Any potential PCI complications in the noninfarct artery may lead to catastrophic consequences (double myocardial jeopardy) including 

periprocedural death
 � The limited ability to discuss with patients and their families the relative risks and benefits of treating the noninfarct-related lesion vs 

continued medical therapy or surgical options
†Summarized by Kornowski [43]. 
PCI: Percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction.
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be linked with this unfavorable relationship. 
The results from several studies are summarized 
in TaBle 2. Obviously, many risk factors (patient 
related, procedure related, drug related, coronary 
artery anatomy and pathology) may influence 
the success or failure of specific procedures, thus 
emphasizing the need for adequate patient selection 
according to corresponding procedure type.

Prior PCI as a risk factor in risk 
assessment models
With the growing evidence that previous PCI 
adversely influences the outcome of subsequent 
CABG, we may expect that prior PCI emerges as 
a risk factor in new outcome prediction and risk 
stratification models in cardiac surgery. So far, 
only the Society of Thoracic Surgeons risk model 
incorporates prior PCI performed within the 6 h 
before the surgery as an independent predictor 
[47]. The paper from Bonaros et al., evaluated the 
success of common risk stratification models in 
cardiac surgery in predicting the perioperative 
outcome of CABG in patients with previous 
PCI [48]. Statistical discrimination for a 30-day 
mortaility rate was better in the non-PCI group 
(area under the curve: 0.875 vs 0.552 in the 
PCI group). Logistic EuroSCORE predicted 
30-day mortality in the non-PCI group 
(95% CI: 0.806–0.934; p = 0.0004), but not in 
the PCI group (95% CI: 0.301–0.765; p = 0.8). 
The authors concluded that the EuroSCORE 
and the Society of Thoracic Surgeons model were 
inaccurate in predicting perioperative mortality 

after CABG in patients with a history of elective 
PCI; there is a need for modification of the 
risk model in order to improve risk assessment 
for surgical candidates with prior PCI. By 
implementing ‘prior PCI’ as an additional risk 
factor to the risk stratification model, the patients 
and their families would be given more objective 
information about the severity of the disease 
and the risk the specific surgical intervention 
carries, especially in light of current knowledge 
of stent-to-surgery interaction.

Hybrid care
The role of cardiac surgery as a support in cases 
of failed PCI or rescue procedures has become 
more evident than ever. Although, apparently 
running in parallel tracks, the two disciplines 
will intersect on cases of patients who in the 
past have received coronary stents, and, due 
to progression of the CAD, require surgical 
revascularization; and vice versa (the patients 
who were submitted to the CABG procedure 
and later on require deployment of the coronary 
stent to one of the grafts). However, the field 
that will, in the future, bring cooperation and 
integration between cardiologists and cardiac 
surgeons, will be hybrid revascularization 
(Figure 4). Hybrid revascularization combines 
the best of both approaches: surgical (internal 
mammary artery on the LAD artery outperforms 
any other revascularization approach by far) and 
interventional (minimally invasive approach, 
DES deployment). Essentially, stents are 

Table 2. The published studies that report on patient profiles that might be linked to an increased risk of 
coronary artery bypass grafting after prior percutaneous coronary intervention.

study (year) Main results ref.

Barakate et al. 
(2003)

There was a higher incidence of unstable angina among previous PTCA patients (70 vs 52%; p < 0.05). 
Furthermore, the authors reported that a greater number of patients in this group had NYHA class IV 
symptoms, despite previous intervention

[19]

Hassan et al. (2005) Patients with prior PCI were at lower risk in comparison with patients undergoing de novo CABG in terms of 
age, history of recent MI, ventricular dysfunction and coronary disease burden. By contrast, they were more 
likely to have Canadian Cardiovascular Society class IV symptoms and to arrive at the operating table with 
urgent status. In other words, patients with a previous history of PCI are likely to present with the symptoms 
related to unstable angina and some form of acute coronary syndrome

[22]

Thielmann et al. 
(2006)

Multiple stenting per se and the presence of previous MI influence the outcome of the following CABG with 
no specific difference in patient profile pattern. The proportion of patients with Canadian Cardiovascular 
Society class III–IV symptoms is virtually the same among the groups (no previous PCI – 11%, single previous 
PCI – 13%, multiple previous PCIs – 13%; p = 0.4), while the incidence of previous MI shows a significant 
difference (no previous PCI – 34%, single previous PCI – 36%, multiple previous PCIs – 47%; p < 0.0001)

[20]

Massoudy et al. 
(2009)

There are significant differences among different patient populations (in terms of prior PCI) regarding: 
peripheral vascular disease (highest in ≥2 PCIs group; p < 0.0001), chronic obstructive pulmonary disease 
(highest in ≥2 PCIs group; p =0.0019), hypertension (highest in ≥2 PCIs group; p < 0.0001), chronic 
smoking (highest in ≥2 PCIs group; p < 0.0001), hyperlipidemia (highest in ≥2 PCIs group; p < 0.0001), 
previous MI (highest in 1 PCI group; p < 0.0001)

[24]

CABG: Coronary artery bypass grafting; MI: Myocardial infarction; NYHA: New York Heart Association; PCI: Percutaneous coronary intervention; PTCA: Percutaneous 
transluminal coronary angioplasty.
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substitutes for saphenous vein grafts for non-
LAD lesions, thus making it possible to execute 
LIMA-to-LAD bypass using a less invasive, less 
traumatic approach [49]. The long-term effects 
of DES use on vascular healing and remodeling 
remain unknown and this is what may be 
considered as a ‘weak-link’ in the final outcome 
of this hybrid procedure. With the amount of 
evidence we currently have, no one can predict 
what kind of interaction may arise between the 
native coronary artery, stents and arterial/vein 
conduits. So far, one thing is certain – stenting 
for multivessel disease may result in increased 
morbidity and mortality after later CABG – and 
for this reason our own surgical colleagues may 
wish to curb their enthusiasm for hybrid CABG 
procedures that subject patients to multivessel 
stenting so that they can perform a minimally 
invasive LIMA-to-LAD anastomosis [50].

Despite having been established as standard 
treatments for CAD, the question of which 
technology is superior in the long term remains 
largely unanswered. Developments are so rapid 
that before long-term outcomes can be assessed, 
a new technology would likely replace the most 
recent one. Thus, meaningful head to head 
comparisons can only be made for short- to 
mid-term outcomes. For this reason, current 
guidelines recommend the establishment of a 
Heart team – an instance comprised of, at least, 
an interventional cardiologist and a heart surgeon, 
organized in order to assess and recommend the 
best revascularization strategy. 

Conclusion
There has been an exponential growth in PCIs 
with stent implantation even in cases where 
CABG demonstrates superior long-term results 
(the cases of multivessel coronary disease). The 
influence of previous PCI on CABG has been 
observed by cardiac surgeons in daily practice. It 
has been suggested that previous PCI might be 
considered as a risk factor with a negative impact 
on subsequent CABG procedure. Although data 
from different observational studies found a 
significant correlation between the outcome 
of the surgery and the presence of coronary 
stent, no definitive conclusion can be made and 
this is still considered as controversial. Both 
cardiologists and cardiac surgeons should make 
every effort to know more about CABG and PCI 
mutually as this may improve patient selection in 
terms of adequate revascularization procedure. 
Collaborative decision-making in all but clear-
cut cases is imperative. Another alternative is to 
create unified training programs for the care of 

patients with heart disease that will incorporate 
all aspects of cardiac disease management 
including diagnosis, interventional radiology, 
interventional cardiology, electrophysiology and 
cardiac surgery.

Future perspective
The premise that CABG surgery can be safely 
performed in patients with prior coronary 
stenting may not hold true. Further large-
scale studies are urgently needed to address the 
problem of prior PCI influence on subsequent 
CABG as the number of these patients 
exponentially grows. It is certain, however, that 
the number of patients submitted to PCI will 
continue to rise, resulting in reduced caseload 
for cardiac surgeons. Eventually, surgeons will 
become less experienced and unprepared to deal 
with patients with severe forms of CAD, not 
amenable to percutaneous treatment. In order 
to optimize the resources and to maximize the 
results, a new training (hybrid cardiovascular 
care) should be established.
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executive summary

Relationship between prior percutaneous coronary intervention & subsequent coronary artery bypass grafting
 � In patients with multivessel coronary artery disease, coronary artery bypass grafting (CABG) offers significant advantages over 

percutaneous coronary intervention (PCI) in terms of rate of repeat revascularization, major adverse cardiac events and long-term 
survival.

 � A growing number of patients are referred to CABG after having prior PCI, approximately 6–13% of patients with implanted bare-metal 
stents undergo CABG within 1 year after PCI, and 13–26% within 10 years.

 � Subsequent CABG may be needed as a result of PCI failure after an extended time, an incomplete revascularization or disease 
progression.

The effect of coronary stenting on native coronary artery
 � The presence of a stent might itself induce deleterious consequences inside the coronary artery.
 � Every PCI procedure initiates a cascade of inflammatory reactions which, together with promoted endothelial hyperplasia, may lead to 

early or late stent failure. 
 � Altered vasomotor reactivity after stent implantation occurs due to decreased levels of nitric oxide.
 � Coronary stenting may lead to microvascular thrombotic obstruction or distal microembolization caused by accumulation of platelets 

and neutrophils.
 � Compromised collateral flow that causes focal infractions may result from coronary side-branch obstruction, or an occlusion from 

multiple, overlapping stents.

Surgical dilemma: what to do with patients with prior PCI
 � There is a relationship between the stent load and the outcome of subsequent surgery.
 � A history of two or more previous PCIs is significantly associated with in-hospital mortality and major adverse cardiac events.
 � Different surgical options are available: to create anastomosis in the distal segment (results may be compromised by poor run-off), to 

create sequential bypass or to perform forced extraction of the coronary stent.

Prior PCI as a risk factor in risk assessment models
 � Prior PCI should be incorporated in outcome prediction and risk stratification models in cardiac surgery.

Hybrid care
 � Close collaboration between cardiologists and cardiac surgeons is mandated when performing hybrid revascularization procedures.
 � The Heart team is a group of healthcare professionals assembled to assess the medical condition of the specific patient and make 

recommendations on revascularization strategy.

Conclusion
 � Both cardiologists and cardiac surgeons should make every effort to know more about CABG and PCI mutually as this may improve 

patient selection in terms of adequate revascularization procedure.
 � Collaborative decision-making in all but clear-cut cases is imperative.
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