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Evolution of Coronary Revascularisation

The Veteran Affairs Cooperative Study [1-4], the Coronary 
Artery Surgery Study [5-8], and the European Cardiac Surgery 
Study [9] were the three invaluable randomised controlled trials 
(RCTs) during 1970s and 80s that established unequivocally 
that coronary artery bypass grafting (CABG) provided superior 
relief of angina and improved survival compared to medical 
treatment, in patients with significant left main stem (LMS), triple 
vessel or double vessel coronary artery disease (CAD) including 
that involving proximal left anterior descending (LAD) artery, 
particularly with depressed left ventricular (LV) function or a 
positive treadmill test, although, historically, CABG revolutionised 
the treatment of coronary artery disease right since its inception 
[6]. 

In the landmark meta-analysis of seven randomised 
controlled trials (RCTs), including the above three, by CABG 
Trialists Collaboration group, reported in 1994 by Yusuf et al. [10] 
in Lancet, CABG provided an absolute risk reduction of 5% at 5 
years and 4% at 10 years, and this extended to patients with good 
left ventricular function.

Percutaneous intervention (PCI), with balloon angioplasty 
(BA) alone, introduced first in 1977 [11], and later with Bare 
Metal Stents (BMSs), developed as the less invasive arm of 
revascularisation in 1980s. EAST, RITA-1, GABI and BARI RCTs, 
compared BA with CABG. EAST (Emory Angioplasty vs. Surgery 
Trial) was a single centre trial (1987-90), comparing 198 patients  

 
who underwent PCI with balloon angioplasty (BA) and 194 CABG  
patients, that showed similar survival at 8 year follow up, except 
in patients with proximal LAD involvement and in diabetics, 
where CABG was significantly better [12]. RITA1 (Randomised 
Intervention Treatment of Angina) was a multicentre trial based 
in the UK, comprising patients with less extensive disease (with 
45% patients having single vessel disease), which showed no 
significant difference in death or MI between BA and CABG [13]. 
GABI (German Angioplasty Bypass Surgery Investigation) was 
an eight-centre trial based in Germany which randomised 359 
patients out of 8981, excluded those with total occlusions and 
LMS stenoses, and, thereafter, not surprisingly, found comparable 
survival and symptom relief at 13 years [14]. BARI (Bypass 
Angioplasty Revascularisation Investigation), in 1988, had 1829 
patients, and found comparable survival at 5 and 10 years with BA 
and CABG, except in diabetics, in whom surgery was better [15].

ARTS (Arterial Revascularisation Therapies Study) [16], 
ERACI II (Coronary Angioplasty with Stenting vs. Coronary bypass 
surgery) [17], MASS II (Medicine, Angioplasty and Surgery Study) 
[18] and SOS (Stent or Surgery) [19] compared PCI with bare 
metal stents (BMSs) with CABG. The first three found no survival 
difference between PCI and CABG. SOS was the only trial which 
met to some extent the rigor of a scientific design. All 998pts that 
were screened were randomised, and the incidence of triple vessel 
disease was 63%. Not surprisingly, SOS trial found significantly 
better survival with CABG compared to PCI with BMSs.
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A pooled analysis of the above four randomised controlled 
trials (RCTs) comparing CABG to PCI with BMSs showed 
significantly reduced major adverse cardiovascular and cerebral 
events (MACCE) with CABG (23% vs. 39%, P=0.001), driven 
mainly by significantly higher reintervention rates with PCIs 
(29% vs. 7.9%) [20].

A meta-analysis of 23 RCTs from 1980 to mid 2000, comparing 
CABG to PCI with either/both BA and BMS, involving 5,019 
patients with mainly single or double vessel disease, showed 
better angina relief with CABG (84% vs 79%, p≤0.001), greater 
re-intervention rates with BA PCI (absolute risk increase of 33% 
at 5 years, p≤0.001) and slightly more frequent procedure-related 
stroke after CABG (1.2% vs 0.6%, p≤0.002) and no difference in 
diabetics [21]. A Cochrane database review of RCTs of BMSs vs 
CABG revealed similar findings [22].

 But that the results of the trials would show that there was 
a survival advantage only in diabetics or people over 65 was 
a self-fulfilling prophecy, because of the way the trials were 
designed [21,23]. Firstly, only 2–9% of the screened population 
was randomised. In RITA, only 1011 out of the screened 17,237 
patients were randomised, in CABRI (Coronary Angioplasty 
versus Bypass Revascularisation Investigation) only 1052 out 
of 42,000, and in AWESOME (Angina with Extremely Serious 
Operative Mortality Evaluation) only 454 out of 22662 [24].

Secondly, the patients randomised had very low incidence of 
triple vessel disease, precisely the group that has the maximum 
advantage from surgery. RITA had 12% patients with triple vessel 
disease, ARTS 32% and GABI 18%. In addition, only SOS trial 
randomised all screened patients (998) and had greater triple 
than double vessel disease (63% and 57%) and, as expected, 
showed significantly diminished survival at 6 years follow up in 
PCI patients.

Also, the majority of patients had normal left ventricular 
function. Only EAST, GABI and BARI had 19, 21 and 23 patients 
with <51% LV function. The rest eight randomised controlled 
trials had either not included any patients with reduced left 
ventricular function or did not mention it [25]. Despite such 
glaring inadequacies and limitations in these trials, the results 
of these trials, with carefully screened and selected groups, were 
then extrapolated to the entire gamut of three vessel and complex 
coronary artery disease, responsible directly for the explosive 
growth of PCI [26].

The results of three meta-analyses flew in the face of not only 
the surgeons’ own real life experience but also the reports from 
nine large registries which showed a constant survival benefit 
and seven-fold reduction in re-intervention rates with CABG [27-
35]. Subsequently and more currently, however, 5 years follow-up 
data on SYNTAX (Synergy between PCI with Taxus and Cardiac 
Surgery) trial showed a clear survival benefit for patients with left 
main stem disease with high SYNTAX score (>33) or with three 
vessel disease and intermediate or high SYNTAX score (>22) with 
CABG [36].

Decision Making by Teams and not Individuals

Historically, patients were referred for cardiac surgery to 
cardiac surgeons by cardiologists based on their subjective 
opinion regarding what method of revascularisation was more 
beneficial and more effective for the patients. Quite often the 
decision was taken by the same group of cardiologists who would 
perform the percutaneous interventions themselves. There was 
an obvious scope for conflicts of interest to develop. Surgeons 
have complained for a long time the rampant overuse of PCI 
particularly in stable coronary artery disease. Organisation for 
Economic Corporation and Development (OECD) reported 218 
coronary revascularisation procedures per 100,000 population 
across the countries, with PCI proportion of 72% in 2013 [37]. 
Germany has a PCI proportion of 84% with a revascularisation rate 
of 435 per 100,000 [38,39]. Increasingly multidisciplinary teams 
variously comprising clinical and interventional cardiologists and 
cardiac surgeons have undertaken decisions regarding the choice 
of revascularisation with reference to established European 
[40] and American guidelines [41-43] as well as individual 
institutional protocols in stable coronary artery disease and 
NSTEMIs. Apart from addressing the concerns regarding overuse 
of PCI in triple vessel disease and left main coronary disease due 
to anomalies and lack of transparency in the referral systems, 
there is evidence that clinical outcomes are better when multi-
disciplinary teams (MDTs) determine revascularisation strategy 
[44,45]. Interestingly there is also evidence that MDTs may not 
take decisions congruent with the latest guidelines outlining the 
importance of local and institutional protocols [46]. Different 
decisions regarding revascularisation may be taken at different 
points in time by the same team underscoring the fact that both 
PCI and CABG may be equally suitable in a number of different 
scenarios [47]. Participation of health professionals from 
specialities beyond the immediate cardiac surgery or cardiology, 
including anaesthetists, radiologists, transplantation experts and 
heart failure teams diversifies the treatment options available 
[48].

Revascularisation Guidelines

The previous practice guidelines from American College of 
Cardiology (ACC) and American Heart Association (AHA) were 
published before the results of trials comparing PCI with DESs to 
CABG were reported [35,49,50]. Recommendations for chronic 
stable angina remained unchanged in the 2007 update [49] and 
broadly were similar to unstable angina /non-ST elevation MI 
guidelines from 2007 [50]. The one year analysis of the SYNTAX 
trial showed significantly increased risk of re-intervention and 
MACCE and hence reduced survival with PCI as compared to CABG 
in patients with previously untreated three vessel or left main 
coronary artery disease. This was particularly striking in patients 
with SYNTAX scores above 33 [51].

In an effort to provide comprehensive guidance beyond 
the evidence based guidelines which usually were either 
unavailable or only partially available for a wide spectrum 
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of clinical scenarios, an expert panel of 17 members, which 
included 4 cardiac surgeons and 4 interventional cardiologists, 
was constituted while writing groups provided various clinical 
vignettes. The vignettes were scored for appropriateness of 
revascularisation (PCI or CABG) on a scale of 1 to 9. In general, 
PCI was rated as appropriate for acute myocardial injury and for 
most scenarios where there was significant coronary disease with 
ischaemic symptoms despite adequate medical therapy. The risk 
of appropriateness for PCI increased as the extent of myocardium 
at risk increased till the threshold of triple vessel coronary artery 
disease was reached. For patients with triple vessel disease, PCI 
was rated uncertain regardless of the presence of diabetes or left 
ventricular dysfunction. PCI for left main stem disease was rated 
inappropriate. CABG was rated appropriate for triple vessel and 
left main coronary artery disease in all settings. The findings of 
this document were jointly published in the Journal of American 
College of Cardiology and Circulation [52]. Lesion complexity did 
not figure in the scenarios and vignettes, which could severely 
affect the results of PCI. CABG, on the other hand, was seen to 
be unaffected by SYNTAX score, which, in turn, is a surrogate for 
lesion complexity.

5 year Syntax trial, however, subsequently, has clearly shown 
that in patients with triple vessel coronary artery disease treated 
with CABG or PCI using first-generation Paclitaxel-eluting 
stents, CABG should remain the standard of care as it resulted in 
significantly lower rates of death, MI and repeat revascularisation, 
while stroke rates were similar. For patients with low SYNTAX 
scores, PCI is an acceptable revascularisation strategy, although at 
the cost of a significantly higher rates of repeat revascularisation 
[36].

The various recent guidelines on myocardial revascularisation 
by different American Societies include the ACCF/AHA Guidelines 
for CABG Surgery (2011), the ACCF/AHA/ACP/AATS/PCNA/
SCAI/STS guideline for the diagnosis and management of patients 
with stable ischaemic heart disease (2012), the ACC/AHA/AATS/
PCNA/SCAI/STS focussed update (2014) and STS Clinical Practice 
Guidelines on Arterial Conduits (2015) [41-43,53,54]. Only the 
Focussed Update and STS Guidelines published respectively 
in 2014 and 2015 have been published after the 5 year results 
of SYNTAX trial became available in 2013. American trials 
expectedly, therefore, are less cognizant of SYNTAX results. Both 
2011 and 2012 ACCF/AHA guidelines recommended CABG for 
left main coronary artery disease, triple vessel coronary artery 
disease with or without proximal LAD disease, two vessel disease 
with proximal LAD disease, two vessel disease without proximal 
LAD disease with extensive ischaemia and single vessel proximal 
LAD disease. Only when the risk of adverse outcomes after 
surgery was high and procedural complications after PCI low, as 
in ostial or mid-shaft left main stem stenosis or less often with 
distal bifurcation lesion with SYNTAX <33, was PCI recommended 
with class II a or II b and LOE B recommendation.

The EACTS/ESC joint Guidelines on Myocardial 
Revascularisation were published in 2014. The European 

guidelines have a class 1 recommendation for surgery for 
proximal LAD stenosis, left main stenosis and any triple vessel 
coronary disease, with level A or B evidence. PCI is suggested 
as an alternative for patients with one or two-vessel disease 
with proximal LAD stenosis, left main stenosis with a low or 
intermediate SYNTAX score and three-vessel disease with a low 
SYNTAX score. One or two vessel-disease without proximal LAD 
stenosis should have PCI as the primary treatment [40].

Both guidelines emphasise Heart Team approach and multi-
disciplinary decision-making. American Heart Team comprises 
of a surgeon and an interventional cardiologist whilst European 
multi-disciplinary team is in a more conference style, involving 
at least a surgeon, an interventional and non-interventional 
cardiologist and occasionally radiologists, anaesthetists, etc. 

Timing of Revascularisation

All patients with ST elevation myocardial infarction (STEMI) 
should have primary emergency PCI to the coronary artery most 
likely to have caused STEMI [54]. All patients with mechanical 
complications of STEMI including post-infarction ventricular 
septal defect (VSD), acute mitral incompetence due to papillary 
muscle rupture or left or right ventricular rupture with tamponade 
are at considerable risk of dying without an operation and should 
have high risk immediate surgery unless outcomes are deemed 
to be hopeless. A small group of patients with large infarcts and 
small VSDs may benefit from a more watchful and expectant 
approach. Patients with STEMI and critical left main stem stenosis 
not amenable to PCI, or those with continuing ischaemia of large 
myocardial territories not amenable to PCI usually require urgent 
CABG. CABG in patients who are otherwise suitable for primary 
PCI has worse outcomes.

Patients with non-ST elevation myocardial infarction 
(NSTEMI) or acute coronary syndrome (ACS) should have urgent 
revascularisation within 24 to 72 hours according to European 
guidelines but more realistically within a week. Evidence of 
ongoing ischaemia like chest pain, dynamic ECG changes and 
rising troponin levels should prompt immediate intervention 
[40]. The choice of revascularisation method follows the same 
considerations as in stable coronary artery disease.

Patients with stable coronary artery disease without severe 
symptoms should have a revascularisation procedure within 6 
weeks. Revascularisation should be performed more expeditiously, 
within 2 weeks or so, or even earlier, if symptoms are severe, if 
coronary anatomy is dangerously compromised or if ventricular 
function is significantly depressed.

Stents

Elastic recoil, vessel contracture and neointimal hyperplasia 
are in varying measures responsible for restenosis after balloon 
angioplasty [55-57]. Bare Metal Stents (BMSs) prevent recoil 
and contracture but exacerbate hyperplasia [58-60], while Drug 
Eluting Stents (DESs), which comprise a bare metal backbone 
(platform), a durable polymer and anti-proliferative agents such 
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as Everolimus, Biolimus or Sirolimus, Paclitaxel, Zotarolimus, 
etc counter all three [60]. A meta-analysis of various trials that 
involved 5216 patients found no significant difference in death 
or MI at 4 years between DES (Sirolimus or Paclitaxel eluting) 
or BMS, but re-intervention rates were greatly reduced by both 
DESs (Sirolimus 7.8% vs 23.6%; Paclitaxel 10.1% vs 20%) [61]. A 
meta-analysis of 38 RTs and 18,203 patients with 4 years follow 
up reported similar findings [62]. Initial randomised controlled 
trial that led to FDA approval were limited to solitary, previously 
untreated, less than 3cm long lesions in 2.5-3.75cm arteries. 
But unrestricted off-label use showed similar trend of less re-
interventions even in small vessels, diffuse disease, diabetes, long 
lesions, occlusions, SVGs and primary PCI, mainly from registry 
data [63-75].

Stent thrombosis is a dreaded complication of PCI with death 
rates of 31% [76]. Meta-analysis of 14 randomised trials suggested 
DES led to 4 to 5-fold increase in very late (greater than 1 year) 
thrombosis, but the meta-analysis excluded events after repeat 
revascularisation, known to be required more often in BMSs, and 
so the analysis perhaps ended up slightly biased against DESs 
[77]. A further meta-analysis showed similar rates of definite 
or probable thrombosis at 4 years after PCI with BMSs or DESs 
(Sirolimus 1.5% vs 1.7%; Paclitaxel 1.8% vs. 1.4%) [76]. Two other 
meta-analyses of RCTs comprising 23,284 patients found similar 
rates of thrombosis within 4 years of PCI, but most thromboses 
with BMSs occurred within 1 year and those with DESs during 
2nd, 3rd and 4th years [61,62]. Hypersensitivity reactions to the 
durable polymer component of the first- generation DES produces 
chronic inflammation which complicates endothelial healing and 
promotes stent thrombosis. Stent thrombosis (ST) is classified as 
early (>30 days), late (31 days to 1 year), and very late (>1 year).

The second-generation DES used less bulky struts, 
biocompatible but permanent polymer to reduce inflammation 
and hypersensitivity reactions and newer anti-proliferative 
agents. The third-generation stent technology includes the use 
of bio-absorbable stents, which might in turn be bio-absorbable 
polymer stents where the polymer degrades or stents with bio-
absorbable metallic backbone [54].

A pooled analysis of three RCTs [78-80] by Stefanini et al. [81] 
compared BP-DES (biodegradable polymer), including BP-DES and 
BP-SES, with durable DES including DP-PES (durable polymer) and 
DP-EES with respect to mortality, myocardial infarction (MI), late 
stent thrombosis (ST) and target lesion revascularisation (TLR). It 
was found that compared to DP-DES, BP-DES was associated with 
a statistically significant lower rate of MI (HR 0.59) and ST (HR 
0.22) including in diabetics characterised by lower ST (HR 0.45) 
[82].

The bio-absorbable stents need a shorter mandatory period 
of the use of dual anti-platelet medication after stent deployment 
and hence may be useful in patients who need early non-cardiac 
surgery after PCI.

FFR and iFR

Fractional flow reserve (FFR) utilises a specialised guidewire 
to measure blood pressure within a coronary artery after inducing 
maximum hyperaemia in the vessel with a pharmacological agent 
like Adenosine intravenously or as a high-dose intracoronary 
bolus, mainly to aim at a near-linear correlation between coronary 
arterial pressure and flow [83]. FFR is the ratio of the mean 
pressure distal to stenotic artery and the mean aortic pressure and 
its estimation enables assessment of the functional significance of 
a coronary stenosis incorporating variables like arterial stenosis 
severity, myocardial territory subtended by the relevant vessel, 
myocardial viability and collateral perfusion. There is a clear 
correlation between FFR with non-invasive functional testing as 
confirmed by many published reports [84]. Multiple randomised 
controlled trials confirmed improvement in the sensitivity when 
the cut-off of trans-lesional functional assessment with FFR was 
increased to 0.80 from the initial 0.75, indicating that coronary 
pressure is reduced by 20% [85]. FFR offers a scientific approach 
to physiologic lesion assessment for coronary revascularisation 
in intermediate lesions and severe lesions with 70-90% severity 
with respect to stable angina, non-culprit lesions in unstable 
angina and acute coronary syndromes, and should be used to 
guide interventions. FFR remains underutilised currently with 
only 6.1% intermediate level stenoses being guided by FFR, 
despite long-term data showing its benefits in determining 
whether patients would benefit from revascularisation or medical 
therapy [86].

Instant wave-free ratio (iFR) offers a drug-free and more 
physiological measurement of the severity of stenosis, given 
the documented limitations of hyperaemia and adenosine use, 
without sacrificing accuracy [87,88]. FFR and iFR show no 
difference in predicting myocardial ischaemia when compared 
to 13N-ammonia positron emission tomography [89]. Two 
RCTs, in addition, confirmed the non-inferiority of of iFR-guided 
revascularisation as compared to one guided by FFR [90,91].

DEFER, a prospective RCT in 2001 comprising 325 patients at 
14 medical centres, found that patients with single vessel disease 
with angiographic stenosis greater than 50% but FFR greater 
than 0.75 had similar composite MI or death rates irrespective 
of whether PCI was performed or not thus showing no benefit in 
stenting a non-ischaemic lesion [92]. In the FAME study in 2009 
comprising 1005 patients at 20 medical centres, similarly, patients 
with multi-vessel disease treated with PCI were randomised to 
receive either PCI to all angiographically significant lesions or to 
only angiographically significant lesions with FFR less than 0.8. At 
1 year, re-intervention, MI and death rates were less in FFR guided 
arm of the study (13.2% vs 18.3%), and these patients received 
fewer stents. Thus, routine measurement of FFR in patients with 
multi-vessel CAD who underwent PCI with DESs significantly 
reduced MACE at 1 year [85]. The 2012 FAME 2 study, comprising 
888 patients at 28 medical centres with stable CAD and 
haemodynamically significant stenosis found FFR-guided (cut-off 
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0.8) PCI with DES + optimal medical therapy (OMT) vs OMT alone 
decreased the rate of urgent revascularisation. OMT alone resulted 
in excellent outcomes, regardless of the angiographic appearance 
of the stenoses [93,94]. Muller et al. [95] in 2011 studied 730 
patients at one Belgian centre and found medical treatment 
was associated with favourable long-term clinical outcomes in 
angiographically equivocal lesions which were non-ischaemic 
by FFR (cutoff 0.8). The 2013 retrospective Mayo Clinic registry 
of 7358 patients undergoing PCI, except those with STEMI or 
cardiogenic shock, showed FFR-guided management resulted in 
a favourable long-term outcome with decreased MACE [96]. Van 
Belle et al. [97] in a 2014 prospective observational study of 1075 
patients at 20 French centres with angiographically ambiguous 
lesions concluded that FFR during diagnostic angiography is 
safe and associated with reclassification of the revascularisation 
decision in half of the patients [98]. RIPCORD, the prospective 
observational study of 200 patients with stable angina at 10 
centres in the UK found FFR influences identification of arteries 
that have significant stenosis and thus management of coronary 
artery disease (CAD). DANAMI-3-PRIMULTI prospective RCT in 
2015 of 627 patients with STEMI and multi-vessel CAD who had 
undergone primary PCI of an infarct-related artery, at two centres 
in Europe, concluded that FFR-guided complete revascularisation 
during the index admission resulted in lower future events, 
mainly due to reduced need for repeat revascularisation [99]. 
Compare-Acute trial of 885 patients at 24 centres in Europe and 
Asia in 2017 concluded that there was lower MACE mainly due 
to lower revascularisation when revascularisation of non-infarct, 
non-culprit arteries in the acute setting was guided by FFR in 
patients with STEMI and multi-vessel disease who had undergone 
primary PCI of an infarct-related artery [100]. IRIS-FFR 
prospective registry of 5846 patients with at least one coronary 
lesion demonstrated that the risk of MACE was significantly lower 
when percutaneous intervention was undertaken in arteries with 
FFR<0.75 as compared to the deferred lesions and that the risk 
was not significantly different between revascularisation and 
deferred therapy when FFR was >0.76 [101].

Clearly, there is strong clinical trial evidence to suggest that 
FFR<0.8 is abnormal and suggestive of downstream inducible 
ischaemia. A suggested algorithmic approach recommends, with 
respect to stable angina, FFR estimation for all intermediate 
lesions of 50-70% stenosis and severe lesions of 70-90% stenosis 
(a recent consensus statement suggested that 20% of these 70-
90% stenoses are not haemodynamically significant [102] and 
intervention if FFR is less than 0.8 and medical treatment if FFR 
is greater than 0.8. FFR is not recommended in lesions with >90% 
stenosis. In unstable angina/ACS, whilst FFR is not recommended 
in the culprit lesion, in the non-culprit lesion, an FFR<0.8 warrants 
intervention [103].

Surgical Revascularisation

CABG is the most studied and analysed operation in the 
world and although it is performed in older patients with 

greater comorbidities and more complex disease than before, 
the perioperative mortality rates have continued to decline 
and are currently reported to be between 1 to 2% [104-107]. 
These improvements are a direct result of improvements in 
anaesthesia, cardiopulmonary bypass, myocardial preservation, 
conduit choice and treatment, postoperative care and secondary 
prevention [104]. Sixth National Adult Cardiac Surgical Database 
Report 2008 for the SCTS (Society of Cardiothoracic Surgery in 
Great Britain and Ireland) reported 1.79% overall mortality for 
all primary CABG and 0.61% for patients under 56 years [108]. 
In the last two decades, there has been a steady use of off-pump 
coronary artery bypass grafting (OPCAB) and the use of multiple 
arterial bypass conduits.

OPCAB

During conventional CABG with cardiopulmonary bypass, 
exposure of blood to artificial tubing, filters and reservoirs can, in 
a very small number of patients, lead to a systemic inflammatory 
response syndrome, which might, in turn, lead to organ dysfunction 
[109]. In an attempt to avoid this pro-inflammatory syndrome, 
and, more importantly, to avoid the transient global ischaemia 
associated with aortic cross clamping during conventional 
bypass, OPCAB is performed in a beating heart through traditional 
median sternotomy without CPB. Despite evidence of a reduction 
in the release of inflammatory markers [110,111] and markers 
of myocardial injury [112], rates of death, MI and stroke appear 
to be the same in various RCTs [106,113]. A meta-analysis of 37 
RCTs showed no difference in 30 days mortality, MI, stroke, wound 
infection and re-Intervention rates, although there was reduction 
in AF, inotropic support, respiratory infection, ventilation-time 
and ICU and hospital stays [106]. However, another meta-analysis 
that included registry data showed reductions in perioperative 
deaths, MI and stroke [114]. A scientific statement by AHA in 
2005 conceded OPCAB led to less blood loss, less perioperative 
enzyme release, less transient neurological dysfunction (TND) 
and less renal insufficiency than traditional CABG [115], but the 
2009 meta-analysis of 10 RCTs found no significant difference in 
death, stroke, MI or repeat revascularisation [115]. 

ROOBY (Randomised on-pump versus off-pump coronary 
artery bypass surgery) Trial looked at 2203 patients at 18 
centres who were randomised to either on-pump or off-pump 
CABG [116]. There were no significant differences in 30 day 
outcome of death or major morbidity and no major differences 
in neuropsychological outcomes or use of major resources but 
significantly worse graft patency with off-pump CABG (82.6% vs. 
87.8%, P≤0.01) and significantly worse 1 year composite outcome 
with off-pump CABG (9.9% vs. 7.4%, P=0.04) and significantly 
worse complete revascularisation with off-pump CABG (17.8% 
had fewer grafts completed than intended in off-pump group as 
against 11.1%, P≤0.001). The characterising features of the trial 
included the fact that 77.2% of the originally enrolled patients 
(7460 out of 9663) were excluded due to either small diffuse vessel 
disease or failure or refusal to enrol. Secondly, most patients were 
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white males with good ventricular function and triple coronary 
artery disease. 53 surgeons with average off-pump experience of 
120 cases took part in the trial and 16% patients were excluded 
from the trial because of conversion from off-pump to on-pump 
surgery (12.4%) or conversion from on-pump to off-pump surgery 
(3.6%). The main criticism of the trial included the fact that 99% 
were male patients, average age was only 63 years, most patients 
had good left ventricular function and the operations were not 
always done by operators who could be considered experts in off-
pump surgery.

German off-pump coronary artery bypass in elderly study 
(GOPCABE) comprising 2539 patients (69% of eligible), completed 
in July 2011, with primary end points of all come mortality and 
MACCE at one and twelve months found no difference in clinical 
outcomes at 30 days and at 12 months [117].

Danish off-pump on-pump randomisation Study (DOORS) 
of 900 patients demonstrated that both conventional CABG and 
OPCAB are safe procedures that improved the quality of life in 
elderly patients with no major differences in intermediate-term 
outcomes. However, the non-inferiority of OPCAB with the pre-
specified margin could not be proved [118].

The 2011 ACCF/AHA Guidelines for CABG Surgery [41], 
following on from the non-specific equipoise of the earlier trials 
and statements [110-115] and the more definite negative findings 
of the more controversial ROOBY trial published in 2009 [116], 
made no formal recommendations apart from conceding that 
most surgeons considered both approaches to be reasonable in 
most patients and that patients with unstable haemodynamics 
could be more easily managed with conventional CABG and 
those with aortic atherosclerotic disease with off-pump CABG. 
European Guidelines in 2014 [40], however, were more definitive 
in recommending off-pump CABG in patients with atheromatous 
aortic disease and that sub-set of patients at higher risk of 
sustaining neurological injury after CABG.

The CABG Off or On Pump Revascularisation study 
(CORONARY), published in 2016, which randomised 4752 
patients to compare the results of on-pump with off-pump CABG 
found no significant differences between the two groups in the 
rate of death, nonfatal stroke, nonfatal myocardial infarction, or 
the nonfatal new renal failure requiring dialysis or in the rate 
of subsequent revascularisation procedures or quality of life or 
neurocognitive function [119].

Despite the mixed results enumerated above, it is likely 
OPCAB provides some degree of protection for patients with 
atheromatous or calcified aortas. Conventional CABGs are mostly 
preferred in all other patients, in patients requiring emergency 
or urgent surgery and in patients with severe coronary disease 
requiring better exposure [104,105]. Incidence of off-pump 
surgery in different countries is highly variable guided partly 
by economics, long-term follow up data and training. 17% of all 
CABG in the UK are done off-pump [108]. This ratio is a lot higher 

in other countries–in USA about 35-40% and in India around 75-
80%.

In summary, the available incidence seems to suggest that 
OPCABG when performed by appropriately trained surgeons can 
be performed as safely as ONCABG. However, there is accumulating 
evidence that off pump grafts may be inferior both in number and 
quality. Zhang et al. [120] confirmed reduced graft patency in a 
meta-analysis of RCTs. Takagi et al. [121] reported a meta-analysis 
of RCTs and observational studies in over 100,000 patients with 
a worse five year survival amongst off-pump patients. If this is 
confirmed by further studies, off-pump CABG might end up being 
reserved for patients with atheromatous aorta only. 

Multiple Arterial Bypass Grafts

The superiority of left internal mammary artery over 
saphenous vein graft as a conduit to LAD has been presumed since 
1980s, when 10 years patency rates of LIMA were shown to be 
80 to 95% [122-127]. Attempts to replicate these patency rates 
by using other arterial conduits to arteries other than LAD have 
not been equally successful [128]. This arguably has more to do 
with the recipient arteries that subserve a particular myocardial 
territory and the quantum of run-off in the recipient myocardial 
territory than the nature of conduit itself and is governed by 
Poiseuille’s Law:
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where F is Flow rate through a hollow tube, PI-P2 the pressure 
difference across the hollow tube, R the resistance to flow, v: 
viscosity, L: Length of tube and 3.14 the value of the constant pi.

Poiseuille’s law states that the fluid flow through a hollow tube 
is directly proportional to the pressure difference and inversely 
proportional to the resistance. The resistance in turn is directly 
proportional to the length of the tube and viscosity of the fluid 
and inversely proportional to the 4th power of the radius. In other 
words, if the length of the graft, or viscosity of blood is doubled, 
the flow through the graft will be halved. Again, if the pressure 
gradient is doubled, the flow through the graft will be doubled 
and more crucially if the radius of the graft is doubled, the flow 
through the graft increases 16 times, and if the radius is halved, 
the flow drops to 1/16th of the original flow. Because left anterior 
descending artery (LAD) quite often is diseased proximally before 
major branches are given off from it, the total run off beyond the 
proximal disease is huge, significantly larger than in a marginal 
circumflex (Cx) branch or distal right coronary artery or PDA graft. 
Therefore, any graft will stay patent longer on an LAD than on any 
other vessel because of the greater possibility of a better run-off in 
the recipient myocardium, independent of the conduit used. This 
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explains, more than the vessel-wall differences between veins 
and arteries or between arteries from different anatomical sites 
used as conduits, why arterial grafts on other coronary arteries 
are not equally successful. Quite often, in the studies in 1980s 
with the possible exception of that of Lytle, patency of left internal 
mammary artery (LIMA) to LAD was compared to either all vein 
graft patencies or to patencies of saphenous vein grafts (SVGs) 
to arteries other than LAD. Not infrequently, LIMA is smaller in 
diameter than the recipient LAD, and, therefore, the flow tends to 
be limited at the graft-level rather than at the recipient-vessel level, 
as is often the case with other grafts. It stands to reason therefore 
that anastomosing a particularly small LIMA to exceptionally large 
LAD might produce a mismatch resulting in relative ischaemia of 
the recipient myocardial territory and should be avoided.

Using both internal mammary arteries (BIMAs) in multivessel 
disease has been evaluated in multiple observational studies 
[129,130] and a few meta-analyses suggest dual IMAs lead to 
better survival than single IMA and SVG [131-133]. However, not 
all studies have found these benefits [134]. Five year data from 
Randomised Trial of Bilateral versus Single Internal-Thoracic-
Artery Grafts (ART), published in 2016, showed no significant 
difference in clinical outcomes between the two groups although 
sternal wound complications were higher in the bilateral-graft 
group [135]. RIMA harvest adds another half hour to the operation 
and the previous claims of increased risk of mediastinal infections 
increasing by 2.5 to 5 fold [136], although not fully proven by 5 
year data from the ART trial, have not been silenced either, despite 
more frequent skeletonised technique of IMA harvest.

Radial artery (RA) is a good conduit, and although it is slightly 
more prone to spasm during harvest, it should generally be 
anastomosed to a relatively severely diseased artery [104,105]. 
One RCT and several observational studies provide no conclusive 
proof that they are, in short term or intermediate term better than 
vein grafts [137]. Studies with follow-up beyond 10 years might 
clarify the situation better regarding RAs. A 12-year observational 
study shows 12- year survival was better with 2 or more arterial 
grafts than with 1 arterial and the rest vein grafts [138]. The 
2011ACCF/AHA guidelines [41], the 2014 ESC/EACTSGuidelines 
[42], and the STS Practice Guidelines [53] concede that RA 
patency may be higher than the vein grafts but only if it is grafted 
to a vessel with greater than 70% stenosis on the left side and 
90% on the right side [41]. RAs are also shown to fail not just by 
occlusion but also by being non-functional whilst staying patent 
[139]. Pharmacological dilatation seems to be required more 
frequently both intraoperatively and perioperatively with radial 
arteries.

Saphenous vein grafts remain the work-horse grafts of 
coronary artery surgery. Except when saphenous vein is 
involved with varicosity or thrombosis, it has the advantage of 
revascularising entire heart due to its length, something that 
multiarterial grafting often fails to do completely. By virtue of its 
better diameter compared to arterial grafts, vein grafts provide 

immediate high flows not limited at the graft level but only 
possibly limited at the recipient myocardial level, which remains 
the yardstick by which all coronary grafts need to be measured. A 
basic principle of coronary artery bypass grafting remains the fact 
that all bypass grafts should carry more blood in them than can run 
off in the recipient myocardial coronary system (luxurious blood 
flow) so that blood flow in the recipient myocardial coronary 
system is never ever limited at the graft level. We have seen from 
Poiseuille’s Law previously that reductions in radius of the graft by 
half will reduce blood flow 16 times. This applies to both venous 
and arterial grafts, but because of their anatomic properties, it has 
special application to small diameter internal mammary arteries 
and small diameter radial arteries, which might be occasionally be 
flow-limited at the graft level owing to their size rather than at the 
recipient myocardial level, although blood flow in small IMAs and 
radial arteries is shown to increase over a period of time.

There are a number of observational studies of total arterial 
OPCAB with excellent short term and intermediate term results, 
but their superiority has not been proven by randomized studies 
[140-145]. There is a relative paucity of data on total arterial 
revascularisation with respect to incremental benefit as compared 
to LIMA/SVG, LIMA/RA/SVG and BIMA/SVG, with some reports 
being encouraging but none persuasive enough to warrant a 
change in practice informed by hard data [146-153]. 

PCI with DESs vs. CABG in Multi-Vessel Disease

Comparative data of outcomes between CABG and PCI 
with Drug Eluting Stents (DESs) comprises mainly several 
observational studies which generally show similar rates of death, 
MI and stroke, but more frequent repeat revascularisation after 
PCI [154-162]. New York registry data [155] and that by Javaid 
[156], however, suggest better survival with CABG. Hannan [154] 
found survival benefit with CABG when EF was low and Park 
[158] found no benefit. 

SYNTAX trial [163] was the first large randomised prospective 
controlled trial of PCI with DESs vs CABG in severe coronary artery 
diseae (CAD). This screened 4337 patients with triple vessel or 
left main stem disease, out of which 3075 were eligible and 1262 
ineligible. Out of these, 1800 were suitable for PCI or CABG (1077 
only for CABG and 198 only for PCI and these were entered into 
nested registries). The study failed to meet its primary end point. 
At 12 months, the primary outcome of MACCE occurred more 
frequently after PCI than after CABG (17.8% vs. 12.4%: P≤0.002), 
driven mainly by higher rates of revascularisation after PCI (13.5% 
vs. 5.9%). The rates of death and MI were similar, but stroke 
occurred more often after CABG, with half the strokes occurring 
3 months after surgery (2.2% vs. 0.6%; P=0.003). The rates of 
symptomatic graft occlusion after CABG and stent thrombosis 
after PCI were both 3%.

Subsequently, 5 year results of SYNTAX trial, as reported by 
Mohr et al. [164], looked at these 1800 patients randomly assigned 
to CABG or PCI. Both MI and repeat revascularisation rates were 
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significantly higher in the PCI group (9.7% vs 3.8% and 25.9% vs 
13.9% respectively). This drove the Kaplan-Meier estimates of 
MACCE to 37.3% in PCI and 26.9% in CABG (p<0.0001) at 5 years. 
Whilst there was no significant difference in MACCE between 
two groups when SYNTAX scores were less than 22, in patients 
with intermediate (23-32) and high (>33) SYNTAX scores, MACCE 
was significantly increased with PCI as compared to CABG (36% 
vs 25.8% with intermediate SYNTAX scores and 44% vs 26.8% 
with high SYNTAX scores). There was no significant difference in 
the all-cause death and stroke between PCI and CABG (13.9% vs 
11.4% and 2.4% vs 3.7% respectively) [36].

5 year results of SYNTAX trial thus clearly established that 
CABG should remain the standard of care for patients with CAD 
with high or intermediate scores. For patients with single (LAD), 
double or multiple vessel disease with low SYNTAX scores or left 
main coronary disease with low or intermediate SYNTAX scores, 
PCI is an acceptable alternative. It is, therefore, useful to discuss 
all patients with multi-vessel coronary disease, particularly those 
with low and intermediate SYNTAX scores in a multi-disciplinary 
meeting or by a Heart Team comprising at least a surgeon and 
both interventional and non-interventional cardiologists to reach 
consensus [154].

PCI with DESs vs CABG in LMS

A review of 10 year results of RCTs by CABG Trialists 
collaboration in 1994 had already shown clear survival advantage 
of CABG over medical therapy in patients with ≥50% LMS stenosis 
[10]. In Insights from the SYNTAX run-in phase, published in Eur 
J Cardiothor Surg, Kappatein et al. [165] found 215 patients in 
North America and 26% patients in Europe with LMS were treated 
with PCI. Taggart & Mack [166] summarised results of 7 groups 
comprising PCI with DESs in 599 patients: In hospital and 11 
month mortality was 2.4% and 11% respectively, immediate and 
repeat revascularisation 2% and 13% and peri-procedural MI 6%. 
Others have reported better results [166,167] particularly when 
distal bifurcations or trifurcations are not involved [168,169]. To 
date there has been 1 RCT comparing PCI with DESs in LMS disease 
[170]. In one year sub-group analysis of LMS patients in SYNTAX 
trial, more frequent repeat revascularisations were required after 
DESs (2% vs 7%, P=0.02), but more frequent strokes were seen 
after CABG (0.3% vs. 2.7%, P=0.01) [52]. This increased stroke risk 
was not seen, interestingly, at five year follow-up of the SYNTAX 
trial [36]. Even though CABG is the standard treatment for LMS 
disease, PCI in non-distal, non-bifurcating or non-trifurcating 
lesions may achieve at least comparable results at 1 year. 5 year 
results of SYNTAX trial, as reported by Mohr, suggested that for 
patients with left main stem stenosis, CABG remains the standard 
of care but for those with low or intermediate SYNTAX scores, PCI 
is an acceptable alternative [36].

Predicting Procedural Risk and Risk from Comorbidities

Risk models are widely employed for prediction of outcomes 
after cardiac surgery in general and coronary artery surgery 

in particular. In addition to their use in assessing the relative 
impact of specific risk factors on mortality, risk models are useful 
for patient counselling, selection of treatment streams, quality 
improvement programmes, audit, and comparison of results 
across institutions and surgeons. The first risk model was the 
Parsonnet score which was based on retrospective analysis of 
data obtained during 1980s. Risk modelling in cardiac surgery 
and coronary revascularisation in particular has since been driven 
by advances in techniques and interventional technology. At 
least 19 risk-stratification models are known that predict risk in 
cardiac surgery. They vary in the region and the number of centres 
they are used and hence the number of patients they cover, the 
number of risk variables, year of publication and the years of 
data collection. These include Amphiascore, Cabdeal, Cleveland 
Clinic, Additive EuroSCORE, logistic EuroSCORE, French score, 
Magovern, NYS, NNE, Ontario, Parsonnet, modified Parsonnet, 
Pons, STS risk calculator, Toronto, Toronto modified, Tremblay, 
Tuman and UK national score. At one end of the spectrum, Cabdeal 
model from Finland used data collected in 1990-91, published its 
results in 1996, was used in 386 patients, in only one centre and 
had 7 variables. STS risk calculator, on the other hand, was based 
in the USA, gathered data from 2002-2006, published it in 2007 
and is used in 819 centres and covers 774881 patients and has 49 
variables [171]. Euroscore for CABG to predict mortality identified 
the following factors, with different weightage: higher age, female 
sex, chronic pulmonary disease, extra cardiac arteriopathy, 
neurological dysfunction, serum creatinine ≥200micromol/l, 
previous cardiac surgery, active endocarditis, critical preoperative 
state, unstable angina with requirement for intravenous nitrates, 
reduced left ventricular function, recent MI, PA systolic pressures 
≥60mms Hg, emergency surgery, major cardiac procedure other 
than or in addition to CABG, thoracic aorta surgery and surgery 
for post infarct VSD [172]. The weightage of the variables differs 
in the simple additive EuroSCORE and the later logistic version. 
The weights or scores are added to give an approximate percent-
predicted mortality. The simple additive EuroSCORE is well-
established and well-validated model of risk prediction and has 
served as a valuable tool of quality control across patient groups. 
However, in high risk patients, the simple additive EuroSCORE 
underestimates risk, particularly when certain combinations of 
risk factors coexist. Although logistic EuroSCORE produces more 
accurate risk prediction, particularly for the higher risk patients, 
the weightage to various variables and the calculation itself is 
complex [173].

The various risk scores currently in use for predicting risk 
following coronary artery surgery, including EuroSCORE 1 and 
2, STS score and ACEF score, achieve a degree of reliability in 
predicting short-term mortality but there are very few predictive 
scoring systems for long-term and even intermediate-term 
outcomes. A predictive tool that could identify the superior 
revascularisation method, the SYNTAX SCORE was set up as part 
of SYNTAX STUDY [174]. This characterises a patient’s coronary 
artery disease (CAD) with respect to the number of lesions, their 
location and functional impact and complexity. In patients with 
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a SYNTAX score of 33 or greater, MACCE (major cardiac and 
cerebrovascular events) was twice as high after PCI (23.4%) vs 
CABG (10.9%) at 1 year. In the analysis of SYNTAX trial at 5 years, 
whilst there was no significant difference in MACCE between two 
groups when SYNTAX scores were less than 22, in patients with 
intermediate (23-32) and high (>33) SYNTAX scores, MACCE was 
significantly increased with PCI as compared to CABG (36% vs 
25.8% with intermediate SYNTAX scores and 44% vs 26.8% with 
high SYNTAX scores). Although there was no significant difference 
in the all-cause death and stroke between PCI and CABG at 5 years 
(13.9% vs 11.4% and 2.4% vs 3.7% respectively) [40], SYNTAX 
score has increasingly been identified to have a longer-term risk-
predictive value.

All afore-mentioned risk scores have not been applied 
concurrently, and they do not always help estimate the risk benefit 
ratio. Because high procedural risk will be present in patients 
who will derive maximum benefit, like LV dysfunction, they do 
not determine the relative merits of one approach over the other 
because many risk factors are shared. However, SYNTAX score 
(≥33) identifies patients whose MACCE will be significantly higher 
after PCI than CABG. Patients with one or the other comorbidity 
tend to do better with one procedure or the other [175-188].

The risk profile with PCI has different risk spectrum although 
there are overlapping variables with CABG. The following 
eight variables were significantly correlated with procedural 
complications during PCI: cardiogenic shock, congestive heart 
failure class 3 or higher, LMS disease, multi-vessel disease, urgent 
or emergent procedure, thrombus, severe renal disease, older age 
[189].

There is increasing evidence that previous PCI in patients 
with triple vessel coronary disease is an additional risk factor for 
reduced survival following CABG, particularly in diabetics [190]. 
This is on account of a number of reasons: 

a)	 Prior PCI is a proxy-marker for a more aggressive form 
of coronary disease. 

b)	 Stenting prevents protective collateralisation and results 
in a more acute presentation.

c)	 Stenting produces peri-procedural myocardial injury, 
local vascular inflammation as well as formation of platelet 
microaggregates and microvascular plugging from plaque 
debris and embolisation in the distal vessel [191]. 

d)	 Graft anastomoses need to be done further distally into 
small diameter vessels with poorer run offs. 

e)	 Drug eluting stents reduce restenosis at the high cost 
of late in-stent thrombosis with its attendant high mortality, 
particularly when associated with not taking anti platelet 
therapy as during postoperative period [105].

f)	 Patients with PCI require anti platelet agents which 
increase bleeding during surgery which increases mortality.

Consent

All patients undergoing revascularisation should have written 
informed consent unless patient is unstable or unable to consent 
as in cardiogenic shock or STEMI. In general, the previous practice 
of diagnostic coronary angiography proceed angioplasty should 
be frowned upon except when primary PCI is undertaken in 
STEMI or cardiogenic shock. This is to afford sufficient time to 
the patients for processing the information given to them and to 
reflect on the various therapeutic options available to them.

There is evidence to suggest that many patients undergoing 
both CABG and PCI have poor understanding of their disease, its 
management and of complications of any intervention, making 
true informed consent a difficult process, despite the desire of 
patients to be informed of all risks. PCI patients were found to 
be particularly optimistic regarding need for intervention over 
time, and therefore this issue needs specific attention during 
consent process. Medical staff too sometimes show an insufficient 
knowledge of the concepts of material risk and medical negligence, 
requiring improved efforts at not just patient education but also 
improved awareness on the part of both junior doctors and 
specialists [192].

Cardiac risk stratification models, not without their 
limitations as discussed earlier, should be central to not just guide 
medical decision-making but particularly to informed consent. 
It is good practice to inform patients about risks of intervention 
not just as determined by various risk-stratification models in 
use but also the risks of intervention as they are present in the 
particular institution and with the particular interventionists or 
surgeons, particularly if significantly different from the national 
average. It is reasonable for patients to expect that the surgeon or 
interventionist who will perform the major portion of the surgery 
or intervention will be personally involved in the consent process 
[193,194].

Conclusion

A.	 CABG is the gold standard for revascularisation for all 
patients with complex coronary artery disease, particularly 
triple vessel, left main stem and proximal LAD disease. 

B.	 Patients with focal single or double vessel disease 
involving arteries other than LAD, or mid or distal LAD disease 
should undergo PCI, unless myocardial ischaemia extends to 
large myocardial territories. 

C.	 In patients with less complex triple vessel disease, as 
suggested by SYNTAX score <22, PCI after Heart Team or MDT 
discussion is an option, particularly if surgical risk is high. In 
patients with ostial and/or mid-shaft left main coronary artery 
stenosis, PCI is an alternative option, particularly if surgical 
risk is high. Patients with left main coronary artery stenosis 
involving distal bifurcation with or without single, double and 
even less complex triple vessel disease, with SYNTAX score 
<32, particularly when associated with high surgical risk, can 
undergo PCI after MDT or Heart Team discussion.
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D.	 Patients with risk factors that materially increase the 
risk of death and major morbidity from CABG, like severe 
dementia, severe uncorrectable neurological disease or 
conditions that increase the stroke risk, severe pulmonary 
disease and severe renal insufficiency, do not do well after 
CABG and consideration ought to be given to PCI.

E.	 Patients with history of diabetes, history of bleeding 
diathesis or GI bleeding, contraindications to dual-antiplatelet 
use, poor follow-up access, and those unwilling to accept the 
risk of repeat revascularisation, should undergo CABG.

F.	 Patients needing concomitant valvular and aortic 
surgery, with left ventricular dysfunction, and with coronary 
disease associated with chronic occlusions and bifurcation 
lesions and high SYNTAX scores should undergo CABG.

G.	 Decisions regarding choice of revascularisation, in 
chronic stable angina and ACS/NSTEMI, unless obvious, as 
in single or double vessel coronary disease not involving 
LAD (PCI) or complex coronary artery disease with high 
SYNTAX scores (>33), as in triple vessel disease or distal 
bifurcation left main stem disease with single, double or triple 
vessel disease (CABG), should be deferred to a Heart team 
or multidisciplinary team comprising at least a surgeon, an 
interventional and a non-interventional cardiologist. 

H.	 There is good clinical trial-based evidence that FFR-
guided revascularisation improves long-term outcomes. In 
chronic stable coronary artery disease, there should be FFR 
estimation for all intermediate lesions of 50-70% stenosis and 
severe lesions of 70-90% stenosis; PCI should be undertaken 
if FFR is less than 0.8 and medical treatment continued if FFR 
is greater than 0.8. FFR is not recommended in lesions with 
>90% stenosis. In unstable angina/ACS, whilst FFR is not 
recommended in the culprit lesion, in the non-culprit lesion, 
an FFR <0.8 warrants revascularisation. 

I.	 All patients with acute STEMI should have primary 
emergency PCI to the coronary artery most likely to have caused 
STEMI. All patients with mechanical complications of STEMI 
including post-infarction VSD, acute mitral incompetence due 
to papillary muscle rupture or left or right ventricular rupture 
with tamponade are at considerable risk of dying without 
an operation and should have high risk immediate surgery 
unless outcomes are deemed to be hopeless. Patients with 
STEMI and critical left main stem stenosis not amenable to 
PCI, or those with continuing ischaemia of large myocardial 
territories not amenable to PCI usually require urgent CABG. 
CABG in patients who are otherwise suitable for primary PCI 
has worse outcomes. 

J.	 Patients with NSTEMI OR ACS should have urgent 
revascularisation within 24 to 72 hours ideally but more 
realistically within a week. Evidence of ongoing ischaemia like 
chest pain, dynamic ECG changes and rising troponin levels 
should prompt immediate intervention.

K.	 Patients with stable coronary artery disease without 
severe symptoms should have a revascularisation procedure 
within 6 weeks. Revascularisation should be performed 
more expeditiously, within 2 weeks or so, if symptoms are 
severe, if coronary anatomy is dangerously compromised or if 
ventricular function is significantly depressed. 

L.	 Off-pump surgery has excellent results in the hands of 
surgeons and institutions that routinely perform off-pump 
surgery. However, there is increasing evidence that the 
number and quality of grafts and, therefore, the long-term 
outcomes may be inferior to on-pump CABG. In patients with 
calcified ascending aorta, on the other hand, off-pump surgery 
can be life-saving.

M.	 There is no incontrovertible evidence to suggest that 
arterial grafts other than LIMA to LAD improve long-term 
survival. This may have more to do with the individual 
coronary artery run-off and the myocardial segments each 
coronary artery subtends rather than purely to the nature of 
conduit. Run-off in a graft and therefore its long-term patency 
largely depends on the run-off in the recipient myocardium.
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