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AbstrAct
Evidence-based medicine (EBM) provides clinicians with 
beneficial information. Nonetheless, study findings are 
often arbitrary, speculative or provisional. The current 
state of misleading evidence exists in all applications, 
including those for guideline recommendations. 
We conductedan appraisal of the American College 
of Cardiologyand European Society of Cardiology 
Guidelines for revascularisation of complex coronary 
anatomy to determine the veracity of the evidence 
that recommendations were based on. Study-specific 
critical appraisals were conducted by the authors on 
the 5-year Synergy between percutaneous coronary 
intervention with Taxus and cardiac surgery (SYNTAX) 
and future revascularisation evaluation in patients with 
diabetes mellitus: optimal management of multivessel 
disease (FREEDOM) Trials. Each appraisal was performed 
according the standard EBM practices. A thorough design 
and analytic critique was performed for each study 
and the results presented and explained. The guideline 
recommendations were reviewed in terms of the veracity 
of the evidence cited. The relative difference in major 
adverse cardiac and cerebrovascular event (MAACE) 
rates between coronary artery bypass grafting (CABG) 
and percutaneous coronary intervention (PCI) are not 
the 30% level reported by the SYNTAX Trial but closer to 
11% difference when study limitations are factored in. 
Similarly, the 30% effect size in MAACE rates between 
procedures from the FREEDOM Trial is closer to a non-
significant 5% relative difference when limitations 
are adjusted for. Based on the actual findings of each 
study, outcomes from procedures by CABG or PCI for 
multivessel revascularisation are similar and contradict 
the conclusions of the study authors as well as the 
recommendations. These recommendations fail to inform 
current clinical practice.

INTRODUCTION
The standard for clinical practice has 
traditionally been derived from guideline 
recommendations and these standards are 
reinforced through medical board certifica-
tion and qualification examinations. More 
recently, medical administrators and poli-
cy-makers have turned to guideline recom-
mendations to advocate particular institu-
tional policies.1–3 An assumption regarding 
guidelines has persisted that best practices 

are based on the best evidence and this 
evidence informs the recommendations in a 
rigorous and robust manner.2 3 This assump-
tion, however, is false and has serious impli-
cations for patient safety and/or well-being.

Evidence-based medicine (EBM) does 
provide the clinician with beneficial informa-
tion. Nonetheless, study findings are often 
arbitrary, speculative or provisional.4–6 The 
current state of misleading evidence exists in 
all applications, including those applied for 
guideline recommendations.4 5 7

We undertook an examination of the Amer-
ican College of Cardiology/American Heart 
Association (ACC/AHA) and European 
Society of Cardiology (ESC) Guidelines for a 
specific cardiology practice, revascularisation 
of complex coronary anatomy, to determine 
the veracity of the evidence that the recom-
mendations were based on. This review 
examines the evidence on complex, coronary 
disease treatment cited by the guidelines with 
a critical eye.

MeThODs
The 2014 ACC/AHA Guidelines on revascu-
larisation recommend selection of coronary 
arterial bypass grafting (CABG) over percu-
taneous coronary intervention (PCI) for 
patients with complex and multivessel acute 
coronary syndrome.8 The recommendation 
of CABG as the preferred intervention is 
made in three of six situations where patients 
have multivessel disease. These include 
specifically patients with:

 ► three-vessel coronary artery disease 
(CAD) with intermediate to high CAD 
burden (multiple diffuse lesions, pres-
ence of chronic total occlusion (CTO) or 
high SYNTAX Score),

 ► isolated left main stenosis,
 ► left main stenosis and additional CAD 

with low CAD burden (one-vessel to 
two-vessel additional involvement and low 
SYNTAX Score).
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PCI is ranked as a class IIa or class III/level B for all three 
of the above situations while CABG is ranked as a class I/
level A or B in all three.8 The 2014 ESC guidelines make 
similar recommendations for patients with multivessel 
disease and intermediate to high CAD burden based on 
SYNTAX Score risk.9 These classifications suggest that 
CABG is a preferred intervention for these patients based 
on evidence defined in broad terms of the presence and 
number of studies available (table 1). Because research is 
not static and evidence is not absolute, a closer look at the 
recommendations cited evidence is warranted.

evidence
The ACC and ESC Guideline rankings are based on the 
study findings from two major randomised controlled 
trials (RCTs): (1) the 5-year SYNTAX Trial and (2) the 
FREEDOM Trial.10–12 Other studies cited by the guide-
lines (Cardia, BARI, ARTS, MASS) pre-date the advance-
ment of newer stents and/or are small and underpow-
ered.

SYNTAX
The findings of the SYNTAX Trial require closer scrutiny. 
The study conclusions state that CABG should remain 

the standard of care for patients with complex lesions 
(high or intermediate SYNTAX Scores).10 They base this 
conclusion on the findings from the randomised arm of 
the 5-year SYNTAX Trial which demonstrated that after 
a 5-year follow-up, MACCE occurred in 26.9% of patients 
in the CABG group and 37.3% of patients in the PCI 
group. This 27.9% relative difference was highly signif-
icant (P<0.0001). There is no doubt that the data used 
in the analysis showed a significant difference in rates 
(figure 1A). The question is whether and to what extent 
the data represent precise and reproducible results.

The investigators enrolled and randomised a total of 
1800 patients into the trial. Of these, 60 patients (3.3%) 
were lost to follow-up by the first year. A total of 124 (6.9%) 
were lost to follow-up before the 5-year survival analysis. 
More importantly, we see a differential in the dropout 
rate with the CABG group losing significantly more 
patients after randomisation than the PCI group (10.3% 
vs 3.5%). It is possible that none of these patients had 
events, but given the reported overall event rate of 32%, 
it is not likely. It is also possible that the group with the 
higher dropout had more events. This we do not know. 
Therefore, the appropriate intention-to-treat (ITT) 

Table 1 ACCF/AHA/SCAI PCI guideline evidence definitions by class and level of recommendations9 10

Class I Class IIa Class IIb Class III

Level A

  ACC Sufficient evidence from 
multiple randomised trials or 
meta-analyses

Some conflicting evidence 
from multiple randomised 
trials or meta-analyses

Greater conflicting evidence 
from multiple randomised 
trials or meta-analyses

Sufficient evidence from 
multiple randomised trials or 
meta-analyses

  ESC Evidence/general agreement 
of efficacy
Data from multiple 
randomised trials or meta-
analyses

Weight of evidence/opinion in 
favour of efficacy
Data from multiple 
randomised trials or meta-
analyses

Efficacy less well established 
by evidence/opinion
Data from multiple 
randomised trials or meta-
analyses

Evidence/agreement of 
non-efficacy or possible 
harm Data from multiple 
randomised trials or meta-
analyses

Level B

  ACC Evidence from single 
randomised trial or non-
randomised studies

Some conflicting evidence 
from a single randomised 
trial or non-randomised 
studies

Greater conflicting evidence 
from a single randomised 
trial or non-randomised 
studies

Evidence from a single 
randomised trial or non-
randomised studies

  ESC Evidence/general agreement 
of efficacy
Data from single randomised 
trial or large non-randomised 
studies

Weight of evidence/opinion in 
favour of efficacy
Data from single randomised 
trial or large non-randomised 
studies

Efficacy less well established 
by evidence/opinion
Data from single randomised 
trial or large non-randomised 
studies

Evidence/agreement of non-
efficacy or possible harm
Data from single randomised 
trial or large non-randomised 
studies

Level C

  ACC Only expert opinion, case 
studies or SOC

Only diverging expert 
opinion, case studies or SOC

Only diverging expert 
opinion, case studies or SOC

Only expert opinion, case 
studies or SOC

  ESC Evidence/general agreement 
of efficacy
Consensus of experts and/or 
non-randomised studies

Weight of evidence/opinion in 
favour of efficacy
Consensus of experts and/or 
non-randomised studies

Efficacy less well established 
by evidence/opinion
Consensus of experts and/or 
non-randomised studies

Evidence/agreement of non-
efficacy or possible harm
Consensus of experts and/or 
non-randomised studies

  Recommendation Is recommended/indicated Can be useful/effective/
beneficial or indicated

May be considered/
reasonable

No Benefit/not recommended 
or potentially harmful

ACC (American College of Cardiology), ESC (European Society of Cardiology); PCI (percutaneous coronary intervention); SOC (standard of 
care).
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analysis is to transpose those data as events for their 
respective groups.5 6 This would add an additional 92 
events to the CABG group and an additional 32 events 
to the PCI group. The revised MACCE rates (figure 1B) 
would be 35.5% in the CABG group compared with 
40.0% in the PCI group (RRD=0.88; 95% CI 0.80 to 1.0; 
P=0.05). Thus, the revised relative difference is 11.2% not the 
almost 30% difference presented in the paper.

In addition, the study definition for myocardial infarc-
tion (MI) differed for each treatment group based on an 
arbitrary cut-off. The measure for a PCI-related MI was a 
creatine kinase-myocardial band (CK-MB) of 5 IU/L and 
for the CABG-related MI it was a CK-MB of 10 IU/L.13–15 
Since enzymes can rise with no presentation of symptoms 
and since the majority of MACCE events in the PCI group 
were due to myocardial infarctions, a more accurate 
representation of MACCE composite should be based 
on EKG findings or patient-important outcomes such as 
symptoms.14 The conclusion that CABG and PCI should 
have different rankings because of differences in an 
equally weighted combined outcome misrepresents the 
legitimacy of the conclusion that CABG is superior to PCI 
in terms of MACCE. Furthermore, CK-MB test has been 
largely replaced by troponin t and troponin i, markers 
that are more specific to cardiac tissue.13

Although the study authors calculated an ITT analysis, 
they did so transposing the lost data as non-events. For 
this study population, that is highly unlikely and doing 
the analysis by only adding those patients into the denom-
inator rather than both the numerator and denominator 
makes the findings misleading. The study authors also 
emphasised a non-ITT (per-protocol) analysis rather 
than an ITT (per assignment) analysis. A per-assign-
ment ITT calculation results in a reversal of outcomes 
(figure 1C)—not significant but enlightening regarding 
the veracity of the study’s conclusions. The per-protocol 
analysis conceals what the findings would be if none of the 
patients had been lost. That is because the lost patients 
destroy the similarity of the groups as the study proceeds. 
This is particularly important where there is a differen-
tial in lost outcomes from the groups. The per-protocol 
finding cannot provide an accurate comparison, simply 

because the groups are no longer similar. Once the rando-
misation is destroyed, the findings can be misleading.

FREEDOM
The FREEDOM Trial is also widely cited in the guideline 
references.11 12 Authors proclaimed that this study would 
provide the ‘definitive’ answer to the controversy of the 
preferred revascularisation procedure for multivessel 
disease among diabetics. The study showed that the 
outcomes were significantly lower among patients 
randomised to CABG (18.7%) than patients randomised 
to PCI (26.6%) (figure 2A). A closer look at how these 
rates were derived is warranted. A total of 1900 patients 
(953 in the PCI group and 947 in the CABG group) 
were enrolled and randomised. However, for the 5-year 
outcome rates, the denominator was 752 for PCI and 781 
for CABG. These numbers are not the group totals but 
rather the number of patients remaining at risk at the 
end of the study. The number of events and the number 
remaining at risk are independent of each other. A basic 
tenant of a rate is that the subjects in the numerator 
are included in the denominator. The percentage the 
authors report are not rates, they are ratios and are very 
misleading. Calculating the events among the number 
randomised in each group results in a relative difference 
of 26% that is less significant than reported (figure 2B).

We would have more confidence in these recalculated 
rates if the study included all subjects in the denominator 
and accounted for outcomes on all subjects. They do not 
include the 214 (11.3%) patients lost to follow-up for 
whom we have no outcome data. This study also expe-
rienced a significant differential in attrition by group. 
The CABG group had twice the patients lost to follow-up 
(14.9%) as the PCI group did (7.7%). Revising the 
comparison by adding in the lost patients as events and 
calculating it with an ITT analysis (attributing events to 
the group of original assignment), we get a very different 
picture for the 5-year outcome (figure 2C). The relative 
5% difference is not significant (P=0.42). This finding is 
in line with the 2-year composite outcomes in which the 
study authors observed no difference in outcome rates 

Figure 1 SYNTAX 5-Year Trial outcomes by procedure and 
analysis.

Figure 2 FREEDOM Trial results comparing ITT 
analyses. CABG, coronary arterial bypass graft surgery; ITT, 
intention-to-treat; PCI, percutaneous coronary intervention.
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(13.0% vs 11.9%, P=0.51). The 5-year finding is significantly 
biased by the differential attrition rate.

Another concern is that the prominence of the 
SYNTAX Score in the recommendations. This is a score 
that was designed during the SYNTAX Trial and these 
arbitrary categories showed a correlation with general risk 
outcomes.10 However, its use in general practice requires 
validation (ie, confirmation) in a large independent 
dataset such as an all-inclusive, clinical registry which has 
not been conducted. The FREEDOM Trial conducted 
a subgroup analyses with the SYNTAX Score categories. 
This would not be the large clinical registry necessary to 
test the validity of the index, yet it is a dataset indepen-
dent of the SYNTAX trial.11 Using the cut-offs as created 
(<22, 23–32, >33), we see that the tool fails to predict 
outcomes in terms of a primary composite. There was no 
association between type of procedure and outcomes for 
the low and high categories and close to a null effect for 
the intermediate category. At least among diabetics, either the 
SYNTAX Score is arbitrary or the finding as to a CABG benefit 
is inaccurate.

DIsCUssION
There is growing awareness of a systematic problem with 
the accuracy of reported research, particularly with, but 
not limited to, RCTs.16 17 Because RCTs are held up as the 
gold standard of clinical practice change, it is important 
that clinicians understand whether study findings and 
the guideline recommendations they inform are valid. 
Threats to the validity of a study are more widespread 
than previously appreciated and require a critical eye by 
the clinician. Scientific journals have fallen short of being 
the arbiter of trustworthy research for the clinician, and 
guideline recommendations are not immune to research 
finding duplicity.18

The evidence cited for the guideline recommendations 
is seriously flawed. Limitations include the differential 
drop out, differential outcome definitions, the lack of a 
complete ITT analysis and the lack of rigour in the calcu-
lations on outcomes.

It highlights a widespread problem with the current 
review process, specifically the lack of expert critical 
appraisal on study findings, which leads to specious 
conclusions. Published research that appears elaborate 
puts forth findings that have not been thoroughly vetted. 
Instead, an article’s conclusion is substituting for the 
study’s findings because few understand how to do the 
deep dive into what the study data actually shows. Guide-
line committees are not immune to this problem. Recom-
mendations are limited to the extent that the study is 
flawed. Clinically usable evidence requires a definition 
on the quality of the study (ie, strength of design, preci-
sion of data and reproducibility of findings) rather than 
a study’s type or quantity.

We presented an example of a typical clinical decision 
in cardiology (surgery vs PCI) for which the answer has 
been distorted by study publications and perpetrated by 

the guidelines. The SYNTAX Trial emphasised findings 
that differed significantly from the ITT analysis and did 
not account for all patients and the FREEDOM Trial 
presented a non-reproducible rate calculation. These 
findings have yet to be validated but are discoverable by 
reviewing the supplemental papers and visiting the  Clin-
icalTrials. gov website. Studies do exist utilising the RCT 
design to address the clinical question (class I) and there 
is more than one RCT on the clinical question (level A).

However, they do not meet the spirit of evidence based 
on rigorous scientific findings that are clinically rele-
vant and reproducible. These trials have fundamental 
and serious flaws with findings that are imprecise and 
uncertain. This critique demonstrates how the purported 
evidence for the superiority of CABG is weak when exam-
ined closely. Combining several flawed studies together 
does not strengthen the conclusion. Furthermore, when 
taking patient individuality and patient values into consid-
eration, a recommended procedure may not be the more 
beneficial option.15 19

BaRBeR-DOBIes eBM pRINCIples-IN-pRaCTICe
There are general rules that are helpful for making deci-
sions about changing practice or accepting recommen-
dations based on evidence. Several rules-of-thumb can 
help apply a critical eye to the evidence. For example, 
complete follow-up of trial patients is ideal but not real-
istic and yet lost patients and missing data can completely 
sway the finding in a direction that does not reflect 
reality. A 5/20 rule can be used to determine whether the 
finding is sufficient for the conclusions.7 8 A study missing 
≥20% of patient outcome data can significantly change 
the finding and invalidate the conclusions. Losing partic-
ipants during the conduct of a trial skews results in unpre-
dictable ways. The study can be rejected on this alone. A loss 
of 5% or less of the data will not impact the findings and 
the critique should continue. A loss of data between 5% 
and 20% is a grey zone that may or may not impact the 
finding and a recalculation is in order. Our critique of the 
FREEDOM Trial demonstrates a significant shift in the 
finding based on missing data that was within this grey 
zone (11.3%). The busy clinician could restrict the rule 
to a 5/10 cut-off and would not likely miss real evidence 
capable of changing practice.

Another useful rule is to examine the 95% CIs 
surrounding the difference (mean) or comparison (rate) 
statistic.6 A CI that includes 0 for a mean difference (eg, 
−5---−0---+5) or includes 1 for a rate difference (eg, 0.7---1--
-2.0) is not a significant finding. The width of a 95% CI is 
also important. If the 95% CI is narrow (eg, 2.5 to 3.5) the 
study finding is indicating more precision to that statistic 
and we can be more confident that the finding, say 3.0, 
is close to the 3.0. However, if the 95% CI is wide (eg, 
1.0 to 12.0) then a 3.0 ratio is very imprecise. Imprecision 
equates with greater uncertainty and is rarely reproduc-
ible. Uncertainty in study data cannot represent certainty in 
practice and the study can be rejected. Evidence that is highly 
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imprecise should not be applied to changing practice or 
following recommendations.

A more difficult concept to apply but important none-
theless is the ITT method. In a RCT, endpoints are 
attributed (ie, applied) to one group or the other to 
calculate and compare their rates. Depending on which 
group the endpoint is applied could change the rates 
and thereby shift the finding one way or the other. The 
only appropriate method to compare group outcomes 
is with ITT.7 20 Outcomes are attributed to the group 
that the patient was initially assigned to ‘at randomisa-
tion’. Other methods of calculation (such as a per-pro-
tocol analysis) shift outcomes away from their originally 
assigned group and thus destroy the similarity of the 
groups. Group similarity is the major strength of the RCT 
and without it, there is uncertainty in the true reason for 
group differences in outcomes. Study conclusions not based 
on ITT analysis can be rejected. The non-ITT findings are 
not reproducible and should not be applied to decisions 
about changing practice.

Furthermore, the importance of careful scrutiny for 
combined outcomes cannot be overemphasised for clin-
ical trials. Trial endpoints are often combined such as 
death, myocardial infarction and repeat revascularisa-
tion, which have differing clinical weights. One may be 
benign and temporary while another is malignant and 
permanent. Yet the study weights the items equally. Such 
benefit-risk assessments rely on data that represent a 
group experience, not the effect of the drug on individual 
patients. There are also other endpoints not included in 
the index analysis of SYNTAX that are of similar impact 
to the patient, including rehospitalisation and postproce-
dure atrial fibrillation, which further dilutes the use of its 
findings. Thus, clinical uncertainty is increased because 
of the widely varying weight when based on meaningful 
outcomes for patients.

When clinicians are not able to complete the most 
cursory evidence review, they can turn to a professional 
systematic review by EBM experts. A systematic approach 
that examines existing evidence judges its rigour and 
utility and puts the varying evidence together to provide 
an overall measure of effectiveness is necessary. Clini-
cians should look for such ‘systematic reviews’ (not to 
be confused with meta-analysis) that include individual 
study critiques and an overall assessment of reproduc-
ibility, generalisability and applicability to current prac-
tice. Systematic reviews may also have limitations or flaws. 
However, a systematic review that is performed expertly 
and transparently may provide the clinician with the 
closest understanding of best practice that we can get.20

WhaT Is NeeDeD
Guidelines should not only cite the evidence used for 
the recommendation but also the critical appraisals 
performed and make them available as a supplement to 
the guidelines. Critical appraisals need to be performed 
in a systematic, standardised, non-biased manner, similar 

to the Grading of Recommendations Assessment, Devel-
opment and Evaluation reporting process.21 22 Guideline 
committee endorsements of the evidence will strongly 
affect clinical practice.21 There is an expanding number 
of recommendations based on inconclusive evidence and 
citing evidence without publishing their appraisals seems 
to be merely a gratuitous advertisement for each study.23

Future clinicians need to be versed in critical appraisal 
of published research. A more rigorous training for a 
prerequisite critical appraisal course is needed in medical 
schools.

In our current world of healthcare transformation, 
payment reform may soon be linked to guideline recom-
mendations. Flawed clinical trial findings could be held 
out as recommendations which will become quality 
metrics and then inserted into policy24. Following inaccu-
rate guidelines will thus lead to compromised care.

CONClUsION
Based on the actual findings of current trials, outcomes 
from procedures by CABG or PCI for multivessel revas-
cularisation are similar and contradict the conclusions of 
the study authors as well as the recommended guidelines. 
These recommendations fail to inform current clinical 
practice.
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