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Disclosure

I practiced interventional cardiology for 19 years before 
becoming a general cardiologist in 2012
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The Structure of Scientific Revolutions
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The Copernican Revolution

The Copernican Revolution was the paradigm shift from the Ptolemaic model 
of the heavens, which described the cosmos as having Earth stationary at the 
center of the universe, to the heliocentric model with the Sun at the center of 
the Solar System.
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2000-Year Timeline of the Copernican Revolution

1382 years                      144 years
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Major Figures of the Copernican Revolution

Galileo-the "father of 
modern observational 
astronomy” supported 
Copernicus and was 
tried by the Roman 
Inquisition, found "foolish 
and absurd in philosophy, 
and formally heretical ", 
and forced to recant. He 
spent the rest of his life 
under house arrest.

Pope Paul V-
ordered Galileo to 
abandon completely 
the opinion that the 
sun stands still at 
the center of the 
world and the earth 
moves and not to 
teach, or defend it 
in any way.

Copernicus-a 

Renaissance-era 
mathematician and 
astronomer who 
formulated a model of 
the universe that placed 
the Sun rather than the 
Earth at the center of the 
universe.

Isaac Newton-an 
English physicist and 
mathematician. 
Newton’s 3 laws 
published in 
Mathematical 
Principles of Natural 
Philosophy
ended the Copernican 
Revolution
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2012-First Call for of a 
Copernican Revolution in SIHD
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Pre-Science:
Origins of the Epicardial Stenosis-Ischemia-Revascularization Paradigm
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Normal Science 1977-2007
“Clogged Pipe” Paradigm of SIHD

Dilating or bypassing the narrowed arteries will change the 
natural history of the disease by preventing death and heart 
attack while relieving ischemia and angina

• Any inconsistencies are 
solved within the 
context of the dominant 
paradigm

• As long as there is 
consensus within a 
discipline, normal 
science continues
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Model Drift

• Failure of the current paradigm to explain 
observed phenomena-anomalies

• Usually resolved or rationalized

• Studies unfairly designed

• Patients too low risk

• Results misinterpreted

• Results not generalizable to “my” patients

• Results not consistent with “my” (anecdotal) 
experience

• Anomalies are rare

• In some cases, anomalies accumulate to the 
point where normal science becomes difficult 
and weaknesses in the paradigm are exposed
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COURAGE- The First Anomaly
April 12, 2007
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Rationalizing Anomalies Before Social Media
October 16, 2007

(6 Months of Peace)
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Model Drift: 
PCI + OMT vs. OMT in Stable CAD

Mortality

Mitchell JD, Brown DL. JAHA. 2017.

12 RCT’s; N=6589.
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Model Drift: Challenges to the Paradigm: 
PCI + OMT vs. OMT in Stable CAD

MI

Mitchell JD, Brown DL. JAHA 2017.

12 RCT’s; N=7665.
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More Model Drift: 
No High-Risk Subgroups  Benefit from PCI

High-Risk 
Subsets

Worse 
Outcomes 

(Death, MI)

Outcomes 
Improved by 

PCI

Diabetics Yes No

Diabetics with 
high-risk 
anatomy

Yes No

Older patients Yes No

Low LVEF Yes No

More extensive 
CAD

Yes No

3V CAD + low 
LVEF

Yes No

Proximal LAD Yes No

Chronic kidney 
disease

Yes No

Ischemia Yes No
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But PCI Still Works for Angina!

Class I:
Conditions for which there is evidence, 
general agreement, or both that a given 
procedure or treatment is
useful and effective.

Level of Evidence A:
Data derived from 
multiple (unblinded) randomized
clinical trials
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Or Does It?
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Sham-Controlled Trials in Stable Angina
Study Treatment Control N Exercise 

Time
Endpoints

Δ Active-
Placebo

Cobb et al;
NEJM 1959

Internal 
Mammary 
ligation

Sham 17 Pre-post 
difference

1 vs .3 min
42 seconds

Stone et al;
JACC 2002

PTMR Sham 71 Pre-post 
difference

10 vs 7 sec
3 seconds

P=.73

Salem et al;
AJC 2004

PTMR Sham 82 Final 
exercise 

time

620 vs 604
16 seconds

P>.1

Leon et al;
JACC 2005

PTMR Sham 200 Final 
exercise 

time

431 vs 395 sec
36 seconds

Verheye;
NEJM 2015

Coronary 
sinus 

reduction

Sham 104 Pre-post 
difference

59 vs 4 sec
54 seconds

P=.07
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Lancet 2018; 391: 31 - 40

ORBITA-The Newest Anomaly
November 2, 2017

Principle Hypothesis: PCI increases exercise time more than a sham procedure
Sample size calculation: To detect an increase in exercise time of 30 seconds with 
80% power and a SD of 75 seconds requires 200 randomized patients
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ORBITA Results Summarized

• Stent compared to sham 
• No significant improvement in:

• Exercise time (with 2 different statistical methods)

• Time to 1 mm ST depression

• Peak oxygen uptake

• SAQ physical limitation (with 2 different statistical methods)

• SAQ angina frequency (with 2 different statistical methods)

• SAQ angina stability

• SAQ quality of life (with 2 different statistical methods)

• EQ-5D-5L QoL (with 2 different statistical methods)

• Duke treadmill score

• CCS angina grade (with 2 different statistical methods)

• Significant improvement in:

• Peak stress wall motion index score (with 2 different statistical 
methods)

• Freedom from angina at 4 weeks (49.5 vs. 31.5%)
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Rationalizing Anomalies in the Era of SoMe
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Published Critiques
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Summary of Published Critiques of 

ORBITA

• Patients too fit

• Sample size too small

• Angina too mild

• Wrong primary endpoint

• FFR normal in 29% of patients

• Follow-up too short

• Single-vessel disease not relevant to 
current interventional practice

• Wrong Paradigm?
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“Patients Are Too Fit if They Can Go 8:20 on the 
Bruce Protocol”

• Modified Bruce Protocol used- 6 minutes of low 
level warm-up

• 8 minutes≈2 minutes on Bruce protocol
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“Sample Size Too Small”
Or Too Large?
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“Angina Too Mild”

Baseline Angina Severity in Four Landmark RCTs
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“Wrong Primary Endpoint”

• Treadmill exercise time was chosen to 
replicate FDA and EMA requirements for 
anti-anginal medications and too duplicate 
methods used in all other sham-controlled 
trials of angina treatments.
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“FFR > 0.8 in 29% of Patients”

Global Use of FFR to Guide PCI

94% of ORBITA patients had at least one test that was positive for ischemia
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“Follow-up Not Long Enough”
Angina Relief Over Time in COURAGE
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“Single-Vessel PCI Not Relevant to 
Contemporary Practice”

Elective PCI in the United States
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Model Crisis

• If the paradigm proves chronically unable 
to account for anomalies, the model 
enters a crisis period.

• Irreconcilable Anomalies-

• In RCTs, PCI does not reduce death or MI in 
any identifiable subset of patients with stable 
CAD beyond what is achieved by OMT

• PCI improves coronary artery blood flow but 
appears to be no more effective than OMT and 
a sham PCI at eliminating angina
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The Attack on Facts
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• “Based on these data, all cardiology 
guidelines should be revised to 
downgrade the recommendation 
for PCI in patients with angina 
despite use of medical therapy.”

• “Healthcare providers should focus 
their attention on treating patients 
with stable coronary artery disease 
with optimal medical therapy…and 
on improving lifestyle choices…”



Department of Medicine
Division of Cardiovascular Medicine

Major Figures of the SIHD Revolution

?
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Summary

• Scientific revolutions are slow and resisted by an 
establishment that benefits from the status quo

• Those that benefit from the prevailing paradigm never 
seek scientific proof to verify it but they attack those 
that do

• Paradigm shift is made more difficult by the 
amplification of anti-science voices by social media

• There will not be a single Isaac Newton who, with one 
publication, puts the final nail in the coffin of the 
prevailing SIHD paradigm.

• There will need to be many Newtons working 
simultaneously to add more anomalies to the existing 
SIHD paradigm as well as to provide new data to 
support an alternative paradigm
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The arc of the scientific universe is long, but 
it bends slowly toward truth

With apologies to Dr. Martin Luther King, Jr and President Barack Obama
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Thank You


