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Guidelines?
Not much guidance



ESC focuses on anatomy

Vahanian A, EHJ. 2021 Aug 28:ehab395. (Table from section 3.6.1 and text from section 5.5 with emphasis)

Has >70%DS been
“validated in patients
with aortic stenosis”?



ACC/AHA allows %DS, FFR, iFR

Otto CM, JACC. 2021 Feb 2;77(4):e25-e197. (Pages e141-e143 with emphasis)



RCT completed or in progress

%DS FFR

OMT
1. ACTIVATION n=235
2. COMPLETE TAVR

n=4000

NOTION-3
n=452

FAITAVI
n=320



RCT of %DS vs OMT: ACTIVATION

Patterson T, JACC Cardiovasc Interv. 2021 Sep 27;14(18):1965-1974. (Central Illustration and parts of Tables 1 and 2 with annotations) 

DAPT
• TAVR: 63% vs 31%
• 1 month: 50% vs 24%
• 1 year: 9% vs 4%



RCT of %DS vs OMT: COMPLETE TAVR

URL https://clinicaltrials.gov/ct2/show/NCT04634240, accessed February 12, 2022.

• N = 4000 subjects
• starting soon
• endpoint: 3.5 year CV death, MI, PCI, UA/HF
• randomized 1:1 after TAVI

medical therapy
PCI for >70%DS in ≥2.5mm vessel



RCT of %DS vs OMT: COMPLETE TAVR

URL https://clinicaltrials.gov/ct2/show/NCT04634240, accessed February 12, 2022.

• N = 4000 subjects
• starting soon
• endpoint: 3.5 year CV death, MI, PCI, UA/HF
• randomized 1:1 after TAVI

medical therapy
PCI for >70%DS in ≥2.5mm vessel



RCT of FFR vs OMT: NOTION-3

URL https://clinicaltrials.gov/ct2/show/NCT03058627, accessed February 12, 2022.

• N=452 subjects
• started Sept 2017
• endpoint: 1-year death, MI, urgent PCI
• randomized 1:1

TAVI as per current guidelines
standard TAVI + PCI if >90%DS or FFR<0.8



RCT of FFR vs %DS: FAITAVI

URL https://clinicaltrials.gov/ct2/show/NCT03360591, accessed February 12, 2022.

• N=320 subjects
• started Nov 2017
• endpoint: 1-year death, MI, CVA, TVR, bleed
• randomized 1:1 to TAVI plus

PCI if ≥50%DS in ≥2.5mm vessel
PCI if FFR≤0.80 before or after TAVI



Observational: FFR better than %DS

Lunardi M, J Am Heart Assoc. 2019 Nov 19;8(22):e012618. (Figure 1 plus results)

• N=216 patients, 326 lesions
• Single center, observational
• Average FFR 0.87
• 78% of FFR were >0.80
• Less treatment with FFR

(0.6 vs 1.5 lesions, p<0.001)
• Fewer type 4a and cardiac death with FFR



Bigger is worse
LVH and AS



Aortic stenosis -> LV hypertrophy

Figures 46-20 (left) and 46-18A (right) from Bers DM and Borlaug BA, Chapter 46 “Mechanisms of Cardiac Contraction and Relaxation”
in Braunwald's Heart Disease: A Textbook of Cardiovascular Medicine, 12th edition (2022), pages 889-912.

(Laplace law)Major determinants of O2 demand



How does LVH affect bed?

Coronary pressure (mmHg)
0 20 40 60 80 100=Pa

A
b

so
lu

te
 f

lo
w

 (
m

L/
m

in
)

0

200

150

100

50

hyperemia

Pijls NH, Circulation. 1993 Apr;87(4):1354-67. (Figure 5)

change
slope

change
offset



Duncker DJ. Circ Res. 1993 Mar;72(3):579-87. (Figures 1 [right panel with annotations] and 3)

LVH reduces peak flow

n=11 dogs
(normal)

n=19 dogs
(AS 20-25mmHg)

amount of rotation
relates to degree of LVH

line rotates clockwise
(less flow for same pressure)



Duncker DJ. Circ Res. 1993 Mar;72(3):579-87. (Figures 1 [right panel with annotations] and 2)

Backpressure affected by LVedp

coronary backpressure
relates to LV filling pressure

n=11 dogs
(normal)

n=19 dogs
(AS 20-25mmHg)

line shifts rightwards
(higher backpressure)



Effect of LVH regression
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More LVH regression = better!

Chau KH, JACC. 2020 May 19;75(19):2446-2458. (Figure 1A-C and Figure 2A+C)



Before vs after
Why does FFR change?



Is FFR stable before/after TAVI?

Pesarini G, Circ Cardiovasc Interv. 2016;9:e004088. (Figure 1 with annotations)

FFRbefore 0.86

FFRbefore 0.97

FFRbefore 0.76

FFRafter 0.77

FFRafter 0.89

FFRafter 0.57

LAD

LCx

RCA



Is FFR stable before/after TAVI?

Pesarini G, Circ Cardiovasc Interv. 2016;9:e004088. (Figure 2, overall)

• 133 lesions from 54 patients
• FFR

before 0.89 ± 0.10
 after 0.89 ± 0.13
p=0.73 for pairs



Is FFR stable before/after TAVI?

Pesarini G, Circ Cardiovasc Interv. 2016;9:e004088. (Figure 2, overall, with annotations)

• 133 lesions from 54 patients
• FFR

before 0.89 ± 0.10
 after 0.89 ± 0.13
p=0.73 for pairs

• interaction between ∆ and FFR=0.8
 FFR>0.8 the ∆=+0.01
 FFR<0.8 the ∆=-0.05

• 8 lesions crossed FFR=0.80
• 3 lesions switched “grey zone”

 0.83 to 0.75 (LAD)
 0.82 to 0.74 (LAD)
 0.81 to 0.72 (RCA)

0.82

0.81
0.74

0.72



How do stenosis and bed interact?

Kirkeeide RL, JACC. 1986 Jan;7(1):103-13. (Figure 2 with annotations)



Coronary/valvular coupling for FFR/AS
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Immediately after TAVI
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Longer-term after TAVI

Coronary pressure (mmHg)
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But a mild lesion does not change!
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Generally hyperemia improves
Author Citation N Baseline Immediate p-value Long-term p-value Time Treatment Method

Hyperemic perfusion (cc/min/g) or Doppler velocity (cm/sec) or mean transit time (sec)

Nemes Herz 2002;27:780 21 117 91.5 <0.05 15 months SAVR echo Doppler (diastolic)

Hildick-Smith JACC 2000;36:1889 27 71 108 <0.01 6 months SAVR echo Doppler (diastolic)

Carpeggiani J CV Med 2008;9:893 8 1.68 1.46 NS 12 months SAVR PET

Rajappan Circulation 2003;107:3170 22 2.17 2.27 0.61 12 months SAVR PET

Camugila JACC 2014;63:1808 8 34 29 NS 39 NS 12 months TAVI wire Doppler

Vendrik JAHA 2020;9:e015133 13 26.36 30.78 <0.001 40.20 <0.001 6 months TAVI wire Doppler

Wiegerinck Circ CV Int 2015;8:e002443 27 44.5 51.1 0.027 TAVI wire Doppler

Ahmad JACC CV Int 2018;11:2019 30 33.44 40.33 0.004 TAVI wire Doppler

Stoller EuroIntervention 2018;14:166 40 0.44 0.48 0.53 TAVI wire thermo

Coronary flow reserve (CFR)

Nemes Herz 2002;27:780 21 1.96 2.37 <0.05 15 months SAVR echo Doppler (diastolic)

Hildick-Smith JACC 2000;36:1889 27 1.76 2.61 <0.01 6 months SAVR echo Doppler (diastolic)

Carpeggiani J CV Med 2008;9:893 8 1.68 1.58 NS 12 months SAVR PET

Rajappan Circulation 2003;107:3170 22 2.02 2.28 0.17 12 months SAVR PET

Camugila JACC 2014;63:1808 8 1.53 1.58 0.41 2.18 <0.01 12 months TAVI wire Doppler

Vendrik JAHA 2020;9:e015133 13 1.28 1.65 <0.001 1.94 <0.001 6 months TAVI wire Doppler

Wiegerinck Circ CV Int 2015;8:e002443 27 1.9 2.1 0.113 TAVI wire Doppler

Stoller EuroIntervention 2018;14:166 40 1.9 2.0 0.72 TAVI wire thermo

Fractional flow reserve (FFR)

Stundl Clin Res Cardiol 2019;Epub 13 0.77 0.76 0.11 2 months TAVI

Vendrik JAHA 2020;9:e015133 13 0.85 0.79 <0.001 0.71 <0.001 6 months TAVI

Ahmad JACC CV Int 2018;11:2019 30 0.87 0.85 0.0008 TAVI

Stoller EuroIntervention 2018;14:166 40 0.90 0.93 0.0021 TAVI

Sabbah Circ CV Interv 2022;15:e011331 50 0.84 0.86 0.72 6 months TAVI

Pesarini Circ CV Int 2016;9:e004088 133 0.89 0.89 0.73 TAVI

N = 392 vessels
12 papers, 22 years

red = hyperemia increases
blue = hyperemia decreases

updated table from Zelis JM, J Am Heart Assoc. 2020 Mar 3;9(5):e04905.



Generally resting does not change
Author Citation N Baseline Immediate p-value Long-term p-value Time Treatment Method

Resting perfusion (cc/min/g) or Doppler velocity (cm/sec)

Nemes Herz 2002;27:780 21 62.2 40.1 <0.01 15 months SAVR echo Doppler (diastolic)

Hildick-Smith JACC 2000;36:1889 27 43 41 NS 6 months SAVR echo Doppler (diastolic)

Carpeggiani J CV Med 2008;9:893 8 1.01 0.92 >0.05 12 months SAVR PET

Rajappan Circulation 2003;107:3170 22 1.08 1.01 0.27 12 months SAVR PET

Camugila JACC 2014;63:1808 8 22 20 NS 18 NS 12 months TAVI wire Doppler

Vendrik JAHA 2020;9:e015133 13 19.98 19.70 NS 21.44 0.397 6 months TAVI wire Doppler

Ahmad JACC CV Int 2018;11:2019 30 22.13 24.84 0.1 TAVI wire Doppler

Wiegerinck Circ CV Int 2015;8:e002443 27 24.4 25.5 0.401 TAVI wire Doppler

Instantaneous wave-free ratio (iFR)

Vendrik JAHA 2020;9:e015133 13 0.82 0.83 NS 0.83 0.735 6 months TAVI

Ahmad JACC CV Int 2018;11:2019 30 0.88 0.88 0.94 TAVI

Sabbah Circ CV Interv 2022;15:e011331 50 0.88 0.92 0.003 6 months TAVI RFR

Scarsini EuroIntervention 2018;13:1512 145 0.89 0.89 0.66 TAVI

N = 351 vessels
10 papers, 22 years

red = resting increases
blue = resting decreases

updated table from Zelis JM, J Am Heart Assoc. 2020 Mar 3;9(5):e04905.



Remodeling in COMIC-AS

Minten L, AJP Heart Circ Physiol. 2021 Dec 1;321(6):H1106-H1116. (Figure 5)

• observational
(NCT04420325)

• n=100 severe AS
• n=80 after TAVI
• n=60 at 6 months
• SPECT
• FFR, IMR, RFR

before TAVI
• FFR 0.86
• LV mass 126 g/m2

• LVedp 24mmHg

6 months later
• FFR 0.82
• LV mass 107 g/m2

• LVedp 16mmHg



Which tool?
Choose your adventure



Two lessons for FFR vs NHPR

left = Yamanaka F, JACC Cardiovasc Interv. 2018 Oct 22;11(20):2032-2040. (Online Figure 2A and Figure 5A)
right = Comella A, Cardiovasc Revasc Med. 2022 Jan 19:S1553-8389(22)00011-2. (Figure 5)

iFR vs SPECT

• cutoff iFR=0.82
• AUC 0.84

FFR vs SPECT

• cutoff FFR=0.83
• AUC 0.93

NHPR vs FFR

• 67 lesions from CAST-FFR
• AUC>0.97 to predict iFR
• similar to predict FFR



QFR and FFRCT?

left = Sejr-Hansen M, Catheter Cardiovasc Interv. 2022 Jan 1;99(1):68-73. (Figure 1)
right = Michiels V, Int J Cardiovasc Imaging. 2021 Sep 8. doi: 10.1007/s10554-021-02401-1. Online ahead of print. (Figure 1)



Does PCI have similar benefits in AS?

left (pooled FFR trials) = Zimmermann FM, Eur Heart J. 2019 Jan 7;40(2):180-186. (Figure S2, subpanel MI with inset labeled and muted)
left (ISCHEMIA) = Maron DJ, NEJM. 2020 Apr 9;382(15):1395-1407. (Figure S8, subpanel non-procedural MI)
right (ORBITA) = Al-Lamee R, Circulation. 2018 Oct 23;138(17):1780-1792. (Figure 4 with annotations)

periprocedural

ISCHEMIA
5179 subjects

10.0% vs 7.1% at 5 years
0.67 (95%CI 0.53-0.83)

NNT = 34 patients

pooled FFR trials
2400 subjects

13.4% vs 8.5% at 5 years
0.59 (95%CI 0.42-0.83)

NNT = 20 patients

ORBITA
freedom from angina

50% vs 32% (PCI vs OMT)
OR 2.47, p=0.006



RCT completed or in progress

%DS FFR

OMT
1. ACTIVATION n=235
2. COMPLETE TAVR

n=4000

NOTION-3
n=452

FAITAVI
n=320


