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Revasc or not revasc




Highlights

« Why to revascularize?

» Physiological targets for revascularization
* |s viability the way to improve prognosis ?
» Or what do we know about viability?



What are the goals of revasc ?

» Symptomatic (eg angina, HF symptoms)

- Prognostic (survival, HF hospitalisations,...)

Risk — benefit




Successful revascularization

v’ Coronary anatomy
v'LVEF

vIschemia
v'Viability

v’ Comorbidity
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Physiological targets of revasc

Dyfunctional, but viable

ICM consists of a puzzle of pathophysiological states
that relate to perfusion contraction matching and mismatching
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What the guidelines say?

2018 ESC/EACTS Guidelines on myocardial
revascularization

The Task Force on myocardial revascularization of the European
Society of Cardiology (ESC) and European Association for
Cardio-Thoracic Surgery (EACTS)

In patients with one- or two-vessel dis-
Developed with the special contribution of the European ease, PCl should be considered as an
Association for Percutaneous Cardiovascular Interventions (EAPCI) alternative to CABG when complete

revasculanzation can be achieved.

Recommendations on revascularizations in patients In patients with three-vessel disease, PCI
with chronic heart failure and systolic left ventricular dfioidd be considdrad lissed an wha svalis
dysfunctlon (e'ecmn fraction 535%) ation by the Heart Team of the patient’s

coronary anatomy, the expected com-

Recommendations Class® | Level® pleteness of revascularization, diabetes

status, and comorbidities,

In patients with severe LV systolic dysfunc- i anetryimectamy during CABG should

tion and coronary artery disease suitable for be considered in patients with NYHA class

intervention, myocardial revascularization is AV, large LV aneurysm, large thrombus
recommended.®'#%° formation, or if the aneurysm is the origin of
arrhythmias.

CABG is recommended as the first revas-
Surgical ventricular restoration during

; . : CABG may be considered in selected
with multivessel disease and acceptable Satents theaved in Gentss with

cularization strategy choice in patients

k_68.81.248.255 252-254,256257

surgical ris expertise.




ESC Guidelines: for Revascularisation & for Heart Failure

Heart Failure 2021

CABG should be considered as the first-choice
revascularization strategy, in patients suitable for
surgery, especially if they have diabetes and for

those with multivessel disease, 381587588590

Coronary revascularization should be considered
to relieve persistent symptoms of angina (or an
angina-equivalent) in patients with HFrEF, CCS,
and coronary anatomy suitable for revasculariza-
tion, despite OMT including anti-anginal drugs.

In LVAD candidates needing coronary revascula-
rization, CABG should be avoided, if possible.
Coronary revascularization may be considered
to improve outcomes in patients with HFrEF,
CCS, and coronary anatomy suitable for revas-
cularization, after careful evaluation of the indi-
vidual risk to benefit ratio, including coronary
anatomy (i.e. proximal stenosis >90% of large
vessels, stenosis of left main or proximal LAD),
comorbidities, life expectancy, and patient's
perspectives.

PCl may be considered as an alternative to
CABG, based on Heart Team evaluation, consid-
ering coronary anatomy, comorbidities, and sur-
gical risk.
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Revascularisation 2018 ciass

In patients with severe LV systolic dysfunc-
tion and coronary artery disease suitable for
intervention, myocardial revascularizationg

recommended [81, 250]. ‘

§€ N patients
Se and acceptable
B1, 248, 255].

CABG is recommended 3
cularization strategy
with multivessg

with one- or two-vessel dis-
ase, PCl should be considered as an alter-

R lla
native to CABG when complete
revascularization can be achieved.

In patients with three-vessel disease, PCl
should be considered based on the evalu-
ation by the Heart Team of the patient's lla
coronary anatomy, the expected com-
pleteness of revascularization, diabetes
status, and comorbidities.

i andlor general agreement hould be
2 given treatment of procedure i
Banalicial, usedd, effective. lass 111/
us for- la

Conflcting avdence andor a divergence of opinion abour the ustfulness/ gin of
efficacy of the given treatment or procedure.

Should be contidered

Waight of svidenceicpinion & in

favour of usefubessiefficacy. ng CABG

nts

Usefulnessiefficacy is less well
establihed by evidancelopinion

©ESC 2018




at rO ge n . C I\/l yO Ca rd | a | Prognostic value of coronary revascularisation-

related myocardial injury: a cardiac magnetic
resonance imaging study

[ ]
n fa rCt I O ’] K Rahimi,' A P Banning,” A S H Cheng,” T J Pegg,” T D Karamitses," K M Channon,?

(CABG / PCI - just a controlled myocardial infarction?) " " oo s

100 1
* How Common? ol —

© 32% ¥ T
* Does it matter? g’ 025 - s

* Three-fold increase in adverse events ; 5] e, IRl

0 1 2 30 4 50
Follow-up duration (months)
Conclusions: Myocardial injury during PCI or CABG,
identified by DE-CMR, adversely affects clinical outcome.
This suggests the benefits from revascularisation could
partially be offset by new myocardial injury caused by the
intervention itself.

Heart 2009;95:1937-1943. doi:10.1136/hrt.2009.173302



Improvement of Prognosis - STICH

107 Yazard ratio, 0.81 (95% Cl, 0.66-1.00)
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Years since Randomization .
. No. at Risk No. at Risk
No. at Risk Medical therapy 602 532 487 435 312 154 80 Medical therapy 602 387 315 260 158 65 28
Medical therapy 602 532 487 435 312 154 80 CABG 610 532 486 459 340 174 91 CABG 610 431 375 334 221 100 43
CABG 610 532 486 459 340 174 91

Revascularization by CABG is superior to optimal medical therapy

Velazquez et al, NEJM 2011;364:1607-1616



Improvement of Prognosis - STICHES

A Death from Any Cause (Primary Outcome) B Death from Cardiovascular Causes
100+ . 100+
90- Hazard ratio, 0.84 (95% Cl, 0.73—-0.97) 50 Hazard ratio, 0.79 (95% cl, 0.66—0.93)
- P=0.02 by log-rank test | P=0.006 by log-rank test
Medical therapy 804
3 70+ e o —= 70
-~ 60 G 3 & Medical thera
o 50— — « rn
£ 4 C Death from Any Cause or Cardiovascular Hospitalization
] o CABG
@ 100
90- Hazard ratio, 0.72 (95% Cl, 0.64-0.82) Medical therapy
P<0.001 by log-rank test
80
—_ 704 CABG
é— T T T T T T 1
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Years ¢ = 50 since Randomization
No. at Risk § 40+
CABG 610 532 487 460 432 20- 2 392 356 312 286 205 103 42
10
o I I I I I I I I I |
0 1 2 3 4 5 6 7 8 9 10
Years since Randomization
No. at Risk
Medical therapy 602 385 314 259 219 185 152 123 98 57 19
CABG 610 431 376 334 293 259 218 184 166 106 43

Velazquez et al. NEJM 2016;374:1511-1520



STICH: Myocardial Viability Sub-study

Kaplan—Meier Analysis of the Probability of Death, According to Myocardial

Viability Status Patients with viable myocardium had lower overall rates of
death than those without viable myocardium

1.0

Hazard ratio, 0.64 (95% Cl, 0.48-0.86)
0.99 P=0.003
0.8

-

s n =y

However, after adjustment for other significant baseline prognostic variables in a
multivariable model, the prespecified viability status was no longer significantly
associated with the rate of death (P=0.21)

Prob4
o
w
1

With viability

| I I

0 1 2 3 4 5 6

-

Years since Randomization

No. at Risk
Without viability 114 99 85 80 63 36 16
With viability 487 432 409 371 294 188 102

Bonow RO et al. N Engl J Med 2011;364:1617-
1625.



STICH: Myocardial Viability Sub-study

A Without Myocardial Viability B With Myocardial Viability
1.0+ 1.0
0.9+ 0.9+
" 0.8+ 0.8+
@ 0.7 , S 0.74
g o Medical therapy (33 deaths) a of
% -
2z 054 2 05-
S 0.4 £ 0.4+ Medical therapy (95 deaths)
e 03 e 03-
& 0.2 = 0.2
. CABG (25 deaths) : CABG (83 deaths)
0.1+ 0.1+
00 1 1l 1 T 1 1 oo T 1 1 1 1] 1
0 1 2 3 B 5 6 0 1 2 3 - 5 6
Years since Randomization Years since Randomization
No. at Risk No. at Risk
Medical therapy 60 51 44 39 29 14 4 Medica! therapy 243 219 206 179 146 94 51
CABG 54 48 4] 41 34 22 12 CABG 244 213 203 192 148 94 51
C
P Value for
Subgroup No. Deaths Hazard Ratio (95% Cl) Interaction
Without viability 114 58 : 0.70 (0.41-1.18) 0.53
With viability 487 178 — . 0.86 (0.64-1.16)
I T T T T L 1
0.25 0.50 1.0 2.0
CABG Medical
Better Therapy
Better

Bonow RO et al. N Engl J Med 2011;364:1617-

1625.




STICH
viability tests

SPECT

Dobutamine
Stress-
echocardiography
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Revasc for Ischemic ventricular dysfunction

IVED

(REVIVED trial )

Primary
Endpoint

100-
PCl: 129 events (in 37.2% of patients)
90— Optimal medical therapy: 134 events (in 38.0% of patients)
80
S Hazard ratio, 0.99 (95% Cl, 0.78-1.27)
g 70 P=0.96
S 60 ; .
- Optimal medical therapy .
= S0 0 et
o
2 40- PCI
S
3 304
- 3
O 20-
10+
o | I I I I 1 1 | |
0 1 2 3 4 5 6 7 8
Years since Randomization
No. at Risk
PCI 347 295 262 179 130 80 32 14 3
Optimal medical therapy 353 299 276 191 142 82 33 10 1

Perera et al. N Engl J Med. 2022;387:1351-1360

129 Events (37.2%)
134 Events (38.0%)

Hazard Ratio 0.99
95% C10.78 - 1.27
p=0.96



REVIVED : RCT on PCIl versus OMT in CHF

Components of primary endpoint REVIVE
o e Ly | PSSR Pel |
60+ OMT | e 60- OMT

50 4

40

30 4

All-cause death (%)
B

20' .......

Hospitaksation for heart failure (%)

104

o- HR 0.90; 95% C1 0.75 - 1.26 o HR0.97; 95% C1 0.66 - 1.43
L4 T ™ T ' 4 T T T L 4 Y Y v Y 4 . v T T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

Time from randomisation (years) Tima from randomisation (years)
Numbar ot sk Numbar ol risk

PCI 347 317 287 198 143 a7 37 14 3 PCI 347 205 262 179 130 80 32 14 3
OMT 353 316 201 204 155 93 36 " 2 OMT 353 209 276 1O 142 82 33 10 1

Perera et al. N Engl J Med. 2022;387:1351-1360



REV/IVED Arrhythmia-Reduction
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1.03 (95% C1 0.82 to 1.30) OMT : 142 EVENTS (40.2%)
p=0.80 0-
| 1 I I 1 1 I 1 1
Adjusted hazard ratio 0 1 2 3 4 5 6 7 8
1.02 (95% Cl1 0.81 to 1.29) Time since randomisation (years)
p=0.84 Number at risk
© PCl 346 305 269 176 124 74 27 8 3
REVIVED OMT 353 299 266 177 134 79 29 8 0

Perera et al. Circulation 2023;epub



Upcoming RCTs — STICH-3

The Canadian CABG or PCl in Patients with Ischemic Cardiomyopathy Trial (STICH3C):

Rationale and Study Protocol

@

iLVSD growing epidemic

_‘ STICH3C
Sample Size: 754 patients

Primary
Outcome

Composite of
death from
any cause,

spontaneous
or heart

Eligibility Criteria

* Multivessel/Left main CAD

* LVEF <40%

: + Heart Team considers appropriate and
~~~~~~~~~ 2 amenable to non-emergency
revascularization by PCl and CABG

MI, urgent RR,
failure

rondomizodc:ir:z«to
best manage patients with

iLVSD and multivessel/left
main disease

Part of international
consortium of

harmonized trials

STICH-3.0 International Trial Consortium (STICH-3)

Fremes et al. Circulation: Cardiovascular Interventions. 2023.

Fremes et al. Circ Interv 2023;16:e012527




@ oo Differing Definitions of Viability

0L Y OF
TARTAOLOGY *

Clinical update

Taxonomy of segmental myocardial systolic
dysfunction

Adam K. McDiarmid’, Pierpaolo Pellicori?, John G. Cleland?, and Sven Plein'*

Rest Low dose stress High dose stress
Normal

Ischaemia

REVIVED — STICH

Hibernation

Sub-endocardial
infarction

Transmural
infarction

BRI}
1)




Coronary revascularization for patients with heart failure and coronary artery disease:

a systematic review and meta-analysis of randomized trials

W / \ / Findings: \
All-cause mortality

5 RCTs
1\1\ 2,842 patients
L
=

Mean age (range): 60 to

70 years; 85 % men Riasias  Conlicd

PubMed. Ovid Ev/Tot.  Ev/Tot.  Weight HR (95% C1)
Bedeang Canke i Intervention STICHES 2016 359610 398/602 62.1% = 0.84(0.73:0.97)
Registerof HEART 2011 26/69 2569 3.1% —te—  1.17(0.62:2.22
Controlled Trials E . '\;:edlcal ISCHEMIA 2020 19214 21184 33% et 0.84(0.45:1.57)
(CENTRAL) - therapy COURAGE 2015 73210 69/184 12.3% —er 0.89(0.64:1.23)
REVIVED 2022 110347 115353 19.1% 0.98(0.76:1.27)
VS
U U}

RE Model for All Studies: Q = 1.85. df = 4. p = 0.763: I = 0.0% gi 0.88(0.79:0.99)

\
|
ﬂ .~ Revascularization k% 030 100 3.00

g X pCl CABG

S Favours Inv HR Favours Con-==--—>

From 1% January - i
N2001 tt)o 253; , k I Medical Test for Heterogeneity NOT significant
\ ovember / therapy
For patients with chronic HF and CAD enrolled in RCTs, the effect of coronary revascularization on all-cause mortality

-
was, on average, modest (hazard ratio 0.88) and not robust (upper 95% ClI close to 1.00).
o

@ ESC Buropess prernd of taart faliew (2003

Caropan Socmty dot 10 1000/ 1901
of Carmadony




Panel A: All-cause mortality

Invasive  Control

Ev/Tol. EvJ/Tol. Weight HR (95% CI)
STICHES 2016 359/610 398/602 62.1% ras 0.84(0.73;0.97)
HEART 2011 26/69  25/69  3.1% ——  117(0.62;2.22)
ISCHEMIA 2020 19/214 21/184 3.3% -ty 0.84(0.45;1.57)
COURAGE 2015 73/210 69/184 12.3% et 0.89(0.64;1.23)
REVIVED 2022 110/347 115/353 19.1% et 0.98(0.76;1.27)

RE Model for All Studies: Q = 1.85, df =4, p = 0.763; I’ = 0.0% Q‘: . 0.88(0.79:0.99)

030 100 3.00
e Favours Inv HR Favours Con------- >

Panel B: Cardiovascular mortality

Invasive Control

x months, but with
aggressive treatment we can heip make
that seem much longer.”

Ev/Tol. EvJ/Tol. Welght HR (95% CI)
STICHES 2016 247/610 297/602 75.1% = 0.79(0.67;0.93)
ISCHEMIA 2020 14214 19184  41%  —e— 0.69(0.34;1.39)
REVIVED 2022 76/347 88/353  20.8% —_— 0.88(0.65;1.20)
RE Model for All Studies: Q= 0.55, df =2, p=0.758; I’ =0.0% 0 0.80(0.70;0.93)

MR GRS T g |
030 1.00 3.00
<=esema-Favours Inv HR Favours Con------->

NB: trials could not be blinded.

* This may influence endpoints requiring adjudication.

Panel C: Hospitalization for heart failure or all-cause mortality

Invasive Control

Ev/Tol. Ewv/Tol. Weight HR (95% CI)
STICHES 2016 404/610 450/602 62.3% vl 0.81(0.71;0.93)
ISCHEMIA 2020 25214 27184  7.8% e 0.88(0.51;1.52)
REVIVED 2022 129/347 134/353  30.0% - 0.99(0.77;1.27)

RE Model for All Studies: Q = 1.92, df =2, p=0.382; I’ =23.7% . 0.87(0.74;1.01)

030 1.00 3.00
<-------Favours Inv HR Favours Con------->

Panel D: Hospitalization for heart failure

Invasive Control
Ev/Tot Ev/Tet. Weight HR (93% CI)
STICHES 2016 157/610 201/602 61.1% -] 0.71(0.57:0.89)
ISCHEMIA 2020 8214 9184  68%  ——e——  091(035239)
0.97(0.66:1.43)

REVIVED 2022 51/347  54/353 32.1% Pt

RE Model for All Studies: Q = 1.97, df =2, p = 0.374; I = 25.6% gi 0.80(0.62:1.03)
030 100 300

<seewee-Favours Inv HR Favours Cof-eveees >



STICH Trial

Some improvement in quality of life
No improvement in symptoms other than angina

No improvement in exercise capacity
No improvement in left ventricular function

85

80

75

704

65+

KCCQ Overall Summary Score

55
P<0.001 P<0.001 P=0.006 P=0.037
30 T T T T
0 4 1 )] %
Months




STICHES: NEJM

Subgroup No. of Patients Hazard Ratio (95% Cl) Interaction
All patients 1212 et 0.84 (0.73-0.97)
1
=60 yr 589 - 0.91 (0.75-1.10)
<60 yr 623 —— 0.75 (0.60-0.93)
. ° { ) :
No adjustment for multiple ‘looks - : 050
Male 1064 b 0.85 (0.73-0.99)
Female 148 } —] 0.73 (0.46-1.16)
R Biathe Eomiimi o Bk Race or ethnic group - 0.02
S 1;; g mappOntcomeg Hispanic, Latino, or nonwhite 421 — E 0.67 (0.52-0.86)
g0 Hazard ratio, 0.84 (95% €1, 0.73-0.97) White 791 - 0.95 (0.80-1.12)
P=0.02 by log-rank test Region or country A 0.28
i e iy Poland 319 —— 1.01 (0.77-1.33)
£ ™ United States 120 F———— 0.85 (0.55-1.31)
g S0 _— TaAE Canada 123 { ] 0.77 (0.48-1.22)
& 50 Western Europe 112 f—ro——| 1.08 (0.68-1.69)
g A0 Other 538 —: 0.72 (0.57-0.89)
w304 CCS angina class ' 0.52
20 No angina or | 629 F——i: 0.80 (0.65-0.97)
10 11, 11, or IV 583 ——y 0.88 (0.72-1.09)
N N—— No. of diseased vessels with =75% stenosis E 0.04
o 1 2 3 4 S5 6 7 8 9 10 1 0,1,0r2 769 pi 0.93 (0.77-1.11)
1
Years since Randomization 3 442 [—o— ' 0.68 (0.54-0.86)
No. at Risk LM =50% or PLAD =75% stenosis E 0.81
Medical therapy 602 532 487 435 404 357 315 274 248 164 82 37 No 373 F—— 0.81 (0.62-1.05)
CABG 610 532 487 460 432 392 356 312 286 205 103 42 Yes 838 f——] 0.85 (0.71-1.00)
~ o itral itati ' 34
Small benefit: for 100 CABG - Wiieal seguirgtiation - o
. . - None or trace 435 ] 0.92 (0.71-1.17)
4 peri-operative deaths Mild (<2+) 554 —— 0.74 (0.60-0.92)
° After 10 years, CABG will have made no Moderate or severe (3+ or 4+) 220 ] 0.94 (0.68-1.29)
1 1 1 I 1
difference to the outcome of 90 patients 05 050 L0 - 40

CABG Better Medical Therapy Better



STICH: N Ej IVI 2011 Age: (median) 60 yrs

Probability of Death from Any Cause

Women: 12%
White: 67%
Loop Diu: 66%

19 Hazard ratio, 0.86 (95% C1,0.72-1.04) . 3%
0.94 P=0.12 '

0.8+

0.7

1 All-Cause Mortality
0.6 within 30 days of CABG: 4%

Medical therapy

Years since Randomization

CABG

A
109 Hazard ratio, 0.81 (95% Cl, 0.66-1.00)
0.94 P«0.05
£ 0.8+
g3 CV Death
£3 . .
3% o (trial not blinded)
s —§ 0.5+
g € 0.44 Medical therapy
5.2
2B o034
° S CABG
a 0.2+
0.1
0‘0 l ! ' ! 1 1
0 1 2 3 4 5 6
Years since Randomization
No. at Risk
Medical therapy 602 532 487 435 312 154 80
CABG 610 532 486 459 340 174 91
B
n 109 Hazird ratio, 0.74 (95% CI, 0.64-0.85)
@ 094 p<olool . ... .
3 ws] # initial CABG included
>, un Lo
z8 ‘.,,; 0.7 " Medical therapy
ESS I
g=Y o064
> -
= S = I
S0 0.5+ I
A8 o4d 1
w83 1
=¥ T 034 ,'
=09
3 0 ol Death or CV Hosp.
[ 0.1
a
0‘0 T T T T T 1 1
0 1 2 3 4 5 6
Years since Randomization
No. at Risk
Medical therapy 602 387 315 260 158 65 28

610 431 375 334 221 100 43



STICHES

You must live a long time to benefit from CABG.

Patients with HFrEF aged >55 years might not.

All-cause Mortality

0.5 -

0.25 -

0.125 -

Hazard Ratio (95% ClI)

0.0625 -

Benefit below the line

95% CI

0.0313

P-interaction =0.062

30 40 50

T

60

1 T

70 80

Baseline Age in Years

90

All-cause Mortality

Hazard Ratio (95% CI)

00428

Interaction
#values0 062

7
Baseline Age in Years

Cardiovascular Mortality

Hazard Ratio (95% CI)

All-cause Mortality or Cardi lar Hospitalizati
.

Baseline Age in Years

Hazard Ratio (95% CI)
[




A Death from Any Cause

Percentage of Patients

100+

904

504

0
p—
:[‘-4/"
{ + T T
0 1 4 8
Years since Randomization
No. at Risk
Medical therapy alone 103 27 250 204 184 161 139 127 a3
CABG plus medical therapy 298 261 244 19 138 111
B Death from Any Cause, According to Myocardial Viability Status
100+ Without Viable Myocardium 100+ With Viable Myocardium
90+ 50
80 804
2 70+ 704
c
R
| 604 ical th
<] 60; 4
S 504
3
g 04
2
g
g 30
o
20
10
0 T T
2 3
Years since Randomization Years since Randomization
No. at Risk
Medical therapy alone 51 44 35 13§ 1 ) 1 3 219 206 179 165 155 137 117 106 79 48
CABG plus medical therapy § 41 4l 3 S 23 22 17 i1 244 213 203 193 179 161 146 128 116 94 58

STICHES: Myocardial Viability Sub-study

Paired LVEF

Percentage of Patients

Viability - LVEFA\ ~2% at 4 months (with or without CABG)
No viability — LVEF V 1% at 4 months (with or without CABG)

The CHRISTMAS Study
(Hibernation and/or Reversible Ischaemia)

Placebo (n=) 25 33 31 22 20 27
Carvedilol(n=) 9 33 28 34 13 22

P=0.009 for Linear Trend

(2]

4 |

o N

-
v
- |

~

.2 ] . R
Affected Segments | 0 1 | | 4

®Placebo | -0.12 -0.182 1.129 15  -0.8 ' 0.93
[ Carvedilol | -0.33 2.06 2.43 2,647 | 4.62 6.55

:14-21

N Engl ) Med 2019;381:739-48.
DOI: 10.1056/NEJM0al807365



Conclusions

* No good evidence that revascularization {aratemieal}-of chronic ‘stable’ coronary
artery disease improves outcome whether or not

* LVEF is Reduced
* Myocardial viability / ischaemia
* Diagnosis of Heart Failure

* Most patients with heart failure
* Are aged >70 years
* Patients with heart failure are at high risk — bad things happen to them

Future
Maybe - Functional revascularization
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