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Guidelines?
Not much guidance



ESC focuses on anatomy

Recommendations for management of CAD in patients
with VHD.

Recommendations Class® Level® Assessing the clinical value of systematic
PCl in TAVI patients with significant associated CAD is the objective

pcicationsjlony e canT minsVasCl MR Gon of ongoing RCTs. Patients with severe symptomatic aortic stenosis

PCl should be considered in patients with a pri- and diffuse CAD unsuitable for revascularization should receive opti-
mary indication to undergo TAVI and coronary lla c  malmedical therapy and undergo SAVR or TAVlaccording to individ-
artery diameter stenosis >70% in proximal ual characteristics.

segments.
®Stenosis >50% can be considered for left maiq stenosis.

FFR <0.8 is a useful cut-off indicating the neethfor an intervention in patients
with mitral or tricuspid diseases, but has not been
stenosis.

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

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



ACC/AHA allows %DS, FFR, iFR

Invasive functional assessment of
coronary lesions in TAVI candidates by using fractional
flow reserve or instantaneous wave-free ratio is safe
and feasible (13-15). Instantaneous wave-free ratio may
be particularly attractive because it does not require
the administration of a vasodilator and is less influ-
enced by the effect of the stenotic aortic valve,
although randomized clinical trials validating the util-
ity of both are ongoing.

2. There are no RCTs to inform clinical practice on the

benefits and timing of PCI in patients undergoing TAVI.
COR LOE RECOMMENDATIONS

1. In patients undergoing TAVI, 1) contrast-enhanced coronary CT angiography (in patients with a low

1 C-E0 pretest probability for CAD) or 2) an invasive coronary angiogram is recommended to assess coronary
anatomy and guide revascularization.
2. In patients undergoing TAVI with significant left main or proximal CAD with or without angina, revas-
2a EtD cularization by PCl before TAVI is reasonable (1,2).
3. In patients with significant AS and significant CAD (luminal reduction >70% diameter, fractional flow
2a C-LD

reserve <0.8, instantaneous wave-free ratio <0.89) consisting of complex bifurcation left main and/or
multivessel CAD with a SYNTAX (Synergy Between Percutaneous Coronary Intervention With Taxus and
Cardiac Surgery) score >33, SAVR and CABG are reasonable and preferred over TAVI and PCI (3,4).

Otto CM, JACC. 2021 Feb 2;77(4):e25-e197. (Pages el41-e143 with emphasis)



RCT completed or in progress

OMT

1. ACTIVATION n=235
2. COMPLETE TAVR NOTION-3
n=4000 n=452

€}64E)554 FAITAVI 'iF:F:F{

n=320



RCT of %DS vs OMT: ACTIVATION
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S 10 - * 1 month: 50% vs 24%
(=]
Absolute difference -2.5% (upper Cl 8.5%; P =0.067) e 1 year: 9% vs 4%
01 0
0 3 6 9 12 0 3 6 9 12 13
Follow-up time from TAVR date (months) Time since randomization (months)
No. at risk: No. at risk:
==PCl 119 92 80 73 56 =—PCl 19 65 58 56 52 39
==No PCl 116 78 69 65 50 =—=NoPCl 116 72 66 64 63 30
TABLE 1 Baseline Characteristics of the Patient Cohorts TABLE 2 Angiographic and Procedural Characteristics
PCI (n = 119) No PCI (n = 116) PCl (n = 19) No PCI (n = 116)
Angina grade (CCS class) Coronary artery disease
0 81 (68.1) 79 (69.3) Left anterior descending artery >70% 73 (61.3) 69 (60.5)
| 14 (11.8) 18 (15.8) Circumﬂex artery >70% 42 (35.3) 38 (33.3)
r 23(19.3) 16 (14.0) Right cnfrunary artery >70% 47 (39.5) 59 (51.8)
1 1(0.8) 1(0.9) Left main stem coronary artery >70% 3(2.5) 6 (5.3)
PCI undertaken 116 (97.5) -
v 000 0 (0.0) Number of patients 116 (97.5)
Number of lesions 194
Lesion length, mm 174 £+ 6.6
Number of treated lesions 1(0-2)
Number of stents 1(0-4)
Pre-PCl stenosis, % 80.3 +15.2
Post-PCl stenosis, % 22+72

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



RCT of %DS vs OMT: COMPLETE TAVR

w) U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies « About Studies ¥ Submit Studies ~ Resources v About Site v PRS Login

Home >  Search Results >  Study Record Detail

Staged Complete Revascularization for Coronary Artery Disease vs Medical Management Alone in Patients With AS Undergoing
Transcatheter Aortic Valve Replacement (COMPLETE TAVR)

Sponsor: ClinicalTrials.gov Identifier: NCT04634240

University of British Columbia
Recruitment Status @ : Not yet recruiting

'"f"Drm:t'\?V" p:"L'J'd,ed b,‘t' (R:""f:_":'g"’l Pa:y): First Posted @ : November 18, 2020
avt 00d, Lniversily of British L-olimbia Last Update Posted @ : November 18, 2020

* N =4000 subjects
* starting soon
* endpoint: 3.5 year CV death, Ml, PCIl, UA/HF
* randomized 1:1 gfter TAVI
v'medical therapy
v'PCl for >70%DS in >2.5mm vessel

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




RCT of %DS vs OMT: COMPLETE TAVR

Exclusion Criteria:

o PCI already performed within 90 days or during elective transfemoral TAVR

e Planned revascularization of coronary artery lesion(s)

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



RCT of FFR vs OMT: NOTION-3

m) U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies ~ About Studies ~ Submit Studies v Resources ~ About Site v PRS Login

Home >  Search Results >  Study Record Detalil

Revascularization in Patients Undergoing Transcatheter Aortic Valve Implantation (NOTION-3)

Sponsor: ClinicalTrials.gov Identifier: NCT03058627
Thomas Engstrom

Collaborators: Recruitment Status @ : Recruiting
Rigshospitalet, Denmark First Posted @ : February 23, 2017
Aarhus University Hospital Last Update Posted @ : February 10, 2022

Aalborg University Hospital o N p— 4 5 2 S u bj e Ct S See Contacts and Locations

Odense University Hospital

carlneka Unvrsty Hospa  started Sept 2017

Haukeland University Hospital

Helsinki University Central Hospital [ J endpoint: 1_year death’ Ml’ urgent PCI

Tampere University Hospital
Oulu University Hospital

Turku University Hospital ¢ ra n d O m i Ze d 1 : 1

Sahlgrenska University Hospital, Sweden

Pauls Stradins Clinical University Hospital /TAV I a S p e r C u r re nt g u i d e I i n e S

Information provided by (Responsible Party):

momas engsirom,Figmospiae e ¥ standard TAVI + PCI if >90%DS or FFR<0.8

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



RCT of FFR vs %DS: FAITAVI

m) U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies v About Studies v Submit Studies ¥ Resources ~ About Site v PRS Login

Home >  Search Results >  Study Record Detail

Functional Assessment In TAVI: FAITAVI (FAITAVI)

Sponsor: ClinicalTrials.gov Identifier: NCT03360591

Universita di Verona
Recruitment Status @ : Recruiting
First Posted € : December 4, 2017

et 12320 subjects it s O: o . 207
e started Nov 2017
* endpoint: 1-year death, Ml, CVA, TVR, bleed
* randomized 1:1 to TAVI plus
v'PCl if >50%DS in >2.5mm vessel
v'PClI if FFR<0.80 before or after TAVI

Information provided by (Responsible Party):

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



Observational: FFR better than %DS

1,0 t - FFR-guided 92.6%
_1ﬂ
————————n
—
l_,‘_l
=216 pati 326 lesi
0,8- N= patients, esions Angio-guided 82%

* Single center, observational
"'« Average FFR 0.87 Log-rank: 4.4
* 78% of FFR were >0.80 o.value: 0.035
e Less treatment with FFR
(0.6 vs 1.5 lesions, p<0.001)
Fewer type 4a and cardiac death with FFR

MACCE-free survival, %

>
o
S —

1 1 I I 1 1
0 100 200 300 400 500 600 700

Number at risk Time, days
FFR-guided 94 85 74 66 62 61 60 59
Angio-guided 122 99 97 93 83 80 73 70

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



Bigger Is worse
LVH and AS



Aortic stenosis -> LV hypertrophy
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2 (Wall thickness)
Major determinants of O, demand (Laplace law)

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, 12t edition (2022), pages 889-912.
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How does LVH affect bed?

hyperemia
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L\VH reduces peak flow
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Duncker DJ. Circ Res. 1993 Mar;72(3):579-87. (Figures 1 [right panel with annotations] and 3)



Coronary Flow (mi/min/g)

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



Effect of LVH regression
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More LVH regression = better!

Absolute Change in LV % Change in LV
li:nn;::lg:::;( Mass Index from Baseline Mass Index from Baseline
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;3 60 4 Q2: Adj: HR (95% Cl): 0.84 (0.61-1.15), p = 0.27 g 60 4 Q2: Ad]: HR (95% Cl): 0.87 (0.57-1.33), p = 0.53
= 50 Q3: Adj_ HR (95% Cl): 0.59 (0.42-0.83), p f 0.003 5 504 Q3: Adj_ HR (95% Cl): 0.47 (0.29-0.77), p =_0.002
= Q4: Adj HR (95% Cl): 0.61 (0.43-0.86), p = 0.005 1 Q4: Adj HR (95% CI): 0.49 (0.30-0.79), p = 0.004
[-1] ]
7 30 27.7% §°07 22.0%
[ 15.2%
10 - 10 - 10.6%
0 T T T T T T T T T T 0 T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 0 6 12 18 24 30 36 42 48 54 60
Time (Months) Time (Months)
Number at risk: Number at risk:

Q1 358 358 356 338 326 272 250 160 149 128 63
Q2 359 359 357 346 328 257 231 121 114 99 54
Q3 359 359 358 337 317 217 194 102 89 75 41
Q4 358 358 358 345 317 213 185 97 83 71 41

Chau KH, JACC. 2020 May 19;75(19):2446-2458. (Figure 1A-C and Figure 2A+C)
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Q1 358 358 356 338 326 272 260 160 149 128
Q2 359 359 357 346 328 257 231 121 114 99
Q3 359 359 358 337 317 217 194 102 89 75
Q4 358 358 358 345 317 213 185 97 83 71



Before vs after
Why does FFR change?



Is FFR stable before/after TAVI?
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Pesarini G, Circ Cardiovasc Interv. 2016;9:e004088. (Figure 1 with



Is FFR stable before/after TAVI?

e 133 |esions from 54 patients
* FFR

v’ before 0.89 = 0.10

v after 0.89 &= 0.13

v p=0.73 for pairs

FFR (ratio)

0.6 |

05 ¢

04 |

03 *
pre-TAVI post-TAVI

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



Is FFR stable before/after TAVI?

e 133 |esions from 54 patients
* FFR
v’ before 0.89 = 0.10
v  after 0.89 = 0.13
v p=0.73 for pairs
* interaction between A and FFR=0.8
v FFR>0.8 the A=+0.01

FFR (ratio)

0.6 pE— v FFR<0.8 the A=-0.05
| "« 8lesions crossed FFR=0.80
0.5 1 i i “ "
* 3 lesions switched “grey zone
| v/ 0.83 to 0.75 (LAD)
0,4 v 0.82t00.74 (LAD)

v 0.81to 0.72 (RCA)

03 ° ~
pre-TAVI post-TAVI

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



How do stenosis and bed interact?
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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
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But a mild lesion does not change!
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Generally hyperemia improves

Author

Citation

Nemes

Hildick-Smith
Carpeggiani

Rajappan
Camugila
Vendrik

Wiegerinck

Ahmad
Stoller

Nemes

Hildick-Smith
Carpeggiani

Rajappan
Camugila
Vendrik

Wiegerinck

Stoller

Stundl
Vendrik
Ahmad
Stoller
Sabbah
Pesarini

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)

Herz 2002;27:780

JACC 2000,36:1889

J CV Med 2008;9:893
Circulation 2003;107:3170
JACC 2014,;63:1808

JAHA 2020;9:e015133

Circ CV Int 2015,8:e002443
JACC CV Int 2018;11:2019
Eurointervention 2018;14:166

Herz 2002;27:780

JACC 2000,36:1889

J CV Med 2008;9:893
Circulation 2003;107:3170
JACC 2014,;63:1808

JAHA 2020;9:e015133

Circ CV Int 2015,8:e002443
Eurolintervention 2018;14:166

Clin Res Cardiol 2019;Epub
JAHA 2020;9:e015133

JACC CV Int 2018;11:2019
Eurolntervention 2018;14:166
Circ CV Interv 2022;15:e011331
Circ CV Int 2016;9:e004088

21
27
8
22
8
13
27
30
40

21
27
8
22
8
13
27
40

13
13

red
blue

117
71
1.68
2.17
34
26.36
44.5
33.44
0.44

1.96
1.76
1.68
2.02
1.53
1.28
1.9
1.9

0.77
0.85
0.87
0.90
0.84
0.89

91.5
108
1.46
2.27
29 NS 39
30.78 <0.001 40.20
51.1 0.027
40.33 0.004
0.48 0.53
Coronary flow reserve (CFR)
2.37
2.61
1.58
2.28
1.58 0.41 2.18
1.65 <0.001 1.94
2.1 0.113
2.0 0.72
Fractional flow reserve (FFR)
0.76
0.79 <0.001 0.71
0.85 0.0008
0.93 0.0021
0.86
0.89 0.73

<0.05
<0.01
NS
0.61
NS
<0.001

<0.05
<0.01
NS
0.17
<0.01
<0.001

0.11
<0.001

0.72

N =392 vessels
12 papers, 22 years
= hyperemia increases
= hyperemia decreases

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

15 months
6 months
12 months
12 months
12 months
6 months

15 months
6 months
12 months
12 months
12 months
6 months

2 months
6 months

6 months

SAVR
SAVR
SAVR
SAVR
TAVI
TAVI
TAVI
TAVI
TAVI

SAVR
SAVR
SAVR
SAVR
TAVI
TAVI
TAVI
TAVI

TAVI
TAVI
TAVI
TAVI
TAVI
TAVI

echo Doppler (diastolic)
echo Doppler (diastolic)
PET

PET

wire Doppler

wire Doppler

wire Doppler

wire Doppler

wire thermo

echo Doppler (diastolic)
echo Doppler (diastolic)
PET

PET

wire Doppler

wire Doppler

wire Doppler

wire thermo



Generally resting does not change

Treatment Method

Author Citation N Baseline Immediate p-value Long-term p-value Time

Resting perfusion (cc/min/g) or Doppler velocity (cm/sec)
Nemes Herz 2002,27:780 21 62.2 40.1 <0.01 15 months
Hildick-Smith JACC 2000;36:1889 27 43 41 NS 6 months
Carpeggiani J CV Med 2008;9:893 8 1.01 0.92 >0.05 12 months
Rajappan Circulation 2003;107:3170 22 1.08 1.01 0.27 12 months
Camugila JACC 2014,;63:1808 8 22 20 NS 18 NS 12 months
Vendrik JAHA 2020,9:e015133 13 19.98 19.70 NS 21.44 0.397 6 months
Ahmad JACC CV Int 2018;11:2019 30 22.13 24.84 0.1
Wiegerinck  Circ CV Int 2015,8:e002443 27 24.4 25.5 0.401

Instantaneous wave-free ratio (iFR)

Vendrik JAHA 2020;9:e015133 13 0.82 0.83 NS 0.83 0.735 6 months
Ahmad JACC CV Int 2018;11:2019 30 0.88 0.88 0.94
Sabbah Circ CV Interv 2022;15:e011331 50 0.88 0.92 0.003 6 months
Scarsini Eurointervention 2018;13:1512 145 0.89 0.89 0.66

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.

SAVR
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TAVI
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TAVI
TAVI
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wire Doppler

RFR



Remodeling in COMIC-AS

Coroventis X . . Coroventis X .
. A M =1 * observational
0,86 _ Ak | TR 0,82 (NCT04420325)
=l = 500 =
Medarate i |/ * n=80 after TAVI
S lesion mid- [ ¥ . * LN © Nn=60 at 6 months
TS s s ST T xa R :B:»BCF1R8 LAD o S P e RR%‘ 3 :3.5(:22
Before TAVR ' k) - = 6 Months after TAVR e s e SPECT
LV Mass: 126.3 g/m? HR LV Mass: 106.7 g/m? 0 91
’ * FFR, IMR, RFR

LVEDP: 24 mmHg LVEDP: 16 mmHg

before TAVI 6 months later
* FFRO0.86 * FFRO0.82
* LV mass126g/m? * LV mass 107 g/m?
* LVedp 24mmHg  LVedp 16mmHg

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



Which tool?

Choose your adventure



Two lessons for FFR vs NHPR

FFR vs SPECT IFR vs SPECT NHPR vs FFR

Sensitivity

1.00 1.00 Diagnostic value of NHPRs vs FFR
0.90 0.90
0.80 0.80 - E
0.70 0.70 - g
] N 4

0.60 2 0.60- g

h—1 | £
0.50 E 0.50 8 40l

- [

E o
.4 -
0.40 £ 0.40 1 |
0.30 0.30 -
0.20 0.20 . ]

Accuracy Sensitivity Specificity
0.10 0.10
Em Pd/Pa mm iFR s DPR mEm dPR

0.00 0.00

S = sy 67 IesionsfromCAST-FFR

I-Specificity . AUC>0.97 to predict iFR
e cutoff FFR=0.83  * cutoff iFR=0.82 similar to predict FFR

* AUCO0.93 * AUCO0.84

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 19:51553-8389(22)00011-2. (Figure 5)



QFR and FFR;?

Pre-TAVI QFR Post-TAVI FFR V/M post SAVR/TAVR

‘.
QFR: 0.83

Lesion 3 User
0.01
10 mm
1.4 mm
31%
0.84
Optimal 1 42 0

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 PCIl have similar benefits in AS?

Myocardial infarction

60 pooled FFR trials 60 p = 0006 *
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Cormervate 10 * Proportional odds model of improvement between arms in freedom from patient-reported angina
left (pooled FFR trials) = Zimmermann FM, Eur Heart J. 2019 Jan 7;40(2):180-186. (Figure S2, subpanel Ml with )

left (ISCHEMIA) = Maron DJ, NEJM. 2020 Apr 9;382(15):1395-1407. (Figure S8, subpanel non-procedural Ml)
right (ORBITA) = Al-Lamee R, Circulation. 2018 Oct 23;138(17):1780-1792. (Figure 4 with annotations)



RCT completed or in progress

OMT

1. ACTIVATION n=235
2. COMPLETE TAVR NOTION-3
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