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Pyramid of diagnostic accuracy

> 100% = gold standard

50% = coin flip

Concept from Pijls NH, ETP 2014 course, based on slide 26 of his April 24 lecture



Angiogram <70% accuracy
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Park SJ, JACC Cardiovasc Interv. 2012 Oct;5(10):1029-36 (Figure 1A)
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1,066 lesions with QCA
Compared to FFR<0.8
*52%DS threshold

— 66% accuracy
— 0.66 AUC



Pyramid of diagnostic accuracy
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Resting physiology = 80% accuracy

100% | = FFR with adenosine
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RESOLVE = Jeremias A, JACC. 2014 Apr 8;63(13):1253-61
ADVISE 2 = Escaned J, JACC Cardiovasc Interv. 2015 May;8(6):824-33 and 834-6
VERIFY 2 = Watkins S, late-breaking clinical trial at SCAIl in Las Vegas, May 30, 2014
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Pyramid of diagnostic accuracy

> 100% = gold standard

80% = rest physiology
(Pd/Pa or iFR)

65% = angiogram alone

Sones, 1958

50% = coin flip



Clinical importance of hyperemia
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Composite of slides presented by Pijls NH, TCT lecture on September 14, 2014



Clinical importance of hyperemia
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Pyramid of diagnostic accuracy

— — — — > 100% = gold standard
W 95+% = FFR

hyperemia

........... - 80% = rest physiology

(Pd/Pa or iFR)
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Vasodilators in human physiology

contrast medium (1974, Gould kL, Am J Cardiology)
dipyridamole (1978, Gould KL, Am J cardiology)
coronary occlusion (1984, marcus ML, NEIM)
papaverine (1986, wilson RF, Circulation)
adenosine (1990, wilson RF, Circulation)

ATP (2003, pe Bruyne B, Circulation)

nitroprusside (2004, kern my, Circulation)
nicorandil (2006, kangic, intJ cardiology)

regadenoson (2011, Nair PK, JACCInterventions)



Hypothesis

* Contrast FFR provides superior agreement with FFR
than resting metrics (rest Pd/Pa or iFR)

* Primary endpoint: diagnostic accuracy vs FFR<0.8

e Secondary endpoints: AUC by ROC, repeatability



Pyramid of diagnostic accuracy

— — — — > 100% = gold standard
C— 95+% = FFR

>» Where does contrast fit?

................... 80% = rest physiology
(Pd/Pa or iFR)

.................................................. 65% = angiogram alone

50% = coin flip



Methods

* /63 subjects (prospective) with 1 lesion/patient
— Any lesion fulfilling a clinical indication for FFR

* Hyperemic drugs
— IC contrast: medium and volume per local practice
— IC adenosine: recommended dose 100-200 ug
— |V adenosine: standard infusion rate (140 ng/kg/min)

e Cutoffs for comparison with FFR
— iFR<0.90 (DEFINE-FLAIR), Pd/Pa<0.92 (RESOLVE)



CONTRAST: participating centers
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Protocol

iFR and |C contrast IC adenosine start IV restart IV pull-back
rest Pd/Pa (1) (2) (2) adenosine (1) adenosine (2) to check

| l l L
] I Y Y

start of |Ccontrast  ICadenosine iFR and stop IV stop IV
recording (1) (1) rest Pd/Pa (2) adenosine (1)  adenosine (2)
— AN _J
Y Y
Every step =1 minute Every step =2 minutes

* Tracings blinded and their parts sent to core lab



Results: Baseline characteristics

* Age 6610 years, 72% male
* 10% with renal insufficiency (eGFR<60)

* Average 8 £2 mL of IC contrast, 8 different agents:
— ijomeron (29%) — iohexol (14%)
— jodixanol (25%) — joversol (9%)
— ijopromide (9%)
* Exclusions by core lab

— 10% of pressure tracings
— 14% of ECG tracings



Results: Lesion physiology
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Results: Lesion physiology

9.4% with Pd/Pa<0.8 0.92
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Results: Diagnhostic accuracy
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Results: Diagnhostic accuracy

100%:-

80%- R = 0.879* IFR =79.6% accuracy

Pd/Pa = 0.874 Pd/Pa = 78.4% accuracy
=» no difference (p=0.89)

60%

40%-

True positives (%)

20%
* = same AUC (p=0.28)

0%

0% 20% 40% 60% 80% 100%

False positives (%)

e AUC =area under ROC curve (DeLong comparison)
e Accuracy uses FFR<0.8 (McNemar comparison)



True positives (%)

100% contrast = 0.929*

80%-

60%

Results: Diagnhostic accuracy

contrast = 85.5% accuracy

IFR = 79.6% accuracy

Pd/Pa = 78.4% accuracy
=» superior accuracy (p<0.001)

iIFR =0.879
Pd/Pa =0.874

* = larger AUC (p<0.001)

0% 20% 40% 60% 80% 100%

False positives (%)

Optimal binary cutoff for contrast FFR <0.83
(accuracy >84% for 0.83-0.85)



Limitations
* Contrast hyperemia too short for pull-back tracings

— Applies to IC adenosine too
— Can perform serial IC bolus measurements

* No data collected on contrast-induced nephropathy
— Average dose 8 mL of IC contrast for single vessel
— Used to document pressure wire position anyway

— Clinical impact negligible

e Further details for manuscript

— Contrast medium and volume dose/response



Conclusions

e Contrast FFR is superior to rest Pd/Pa and iFR for
predicting FFR (using binary or hybrid approach)

* iFR and rest Pd/Pa provide equivalent diagnostic
accuracy

* FFR with strong hyperemia (adenosine) remains the
reference standard for diagnostic certainty (even
contrast FFR only reached =85% accuracy)



Pyramid of diagnostic accuracy

— — — — > 100% = gold standard
C— 95+% = FFR

>» Contrast =85%
................... 80% = rest physiology
(Pd/Pa or iFR)

.................................................. 65% = angiogram alone

50% = coin flip



Clinical impact

 Contrast FFR was <0.8 in =30% of cohort, thus
confirming functional significance “for free”

* |In healthcare systems in which adenosine is
prohibitively expensive or in the rare cases when
adenosine is contraindicated, contrast FFR:

— Is easy, inexpensive, and safe
— Displays excellent test/retest stability

— Does not depend on a specific software platform

(available on all pressure-wire systems) or ECG gating (core lab
excluded 14% of ECG tracings)



