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Functional Evaluation and Exercise Prescription In Cardiac Patients
Background and Key Questions

Background:

* Exercise is a Mainstay Physiological Stressor and VO, is a
Key Measure of CV Health

Questions:
* O, Transport and Utilization Chain: What The Wrong

Pathways in HF?
e Gas Exchange Analysis and Exercise Prescription



Functional Evaluation in Heart Failure
Applications of CPET in Cardiology-2017
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From 9 plots to Score Risk Tables...

European Heart Journal Advance Access published September 5, 2012

European Heart |curnal POSITION STATEMENT

=T Y] doi10.109 3/ eurheartjehs221
SETTEE.

Universal Report

Page 12 of 22 EACPR/AHA Joint Scientific Statement
EACPRIAMHA Joint Scientific Statement
ix 1: Uni CPX porting form (s P all boxes that apply for given ET indication)

Clinical recommendations for cardiopulmonary Ereree ety L Treit L e exremity st

Protocol:

- - - - f - Peak Vo, (mL Caekg ™ emin ") Per cent-predicted peak Vo, (%) VE/Veo, sope

exercise testing data assessment in specific Vo, 1 VT (L Caekg " e peas nen Eov [ ves nio

PerCO; (mmHg) VENVg, at peak ET AQIAVL

- - Resting:

patlent POPUu lations Increase during €T

WEMVVE: PEF (L/min): Pre-ET PostET

©Os puke trajectory®
Writing Committee [ ] Continual rise ET [ ] Early and sustained plateau [ ] Decline

AVo JAW trajectory™
EACPR: Marco Guazzi (co-chair)?, Wolker Adams?, Viviane Conraads?3, L1 Contrus nee troughont BT ] vty and smed pltens [ Decine - - =

i g R (0. pm g 87 (o Y Bp————
Martin Halle?, Alessandro Mezzani®, and Luc Vanhees?® Peak HR. (5.pm) Peak BP (rmenbi) Peak pulse oximetry (%)
. . Percent of age-predicted maximal HR® Maximal workload
AHA: Ross Arena (co-chair)?, Gerald F. Fletcher?, Daniel E. Forman?, HRR 2t 1 min (beats) [] Treademil speedigrade
- - [ Cycler eter VVatts:
Dalane W. Kitzman?, Carl J. Lavie! 12, and Jonathan Myers?? ep—— e pryr—
. [ 1 No arrhythmias/Ectopy/ST segment changes

IDepartment of Medical Scences, Cardiclogy, LRUCICS. San Donatae Hospital, University of Milan, San Donsto Milanese, Paxa Malan, 2, 20097, Milan, haly: ‘Desactment of [ 1 Arrhythmias/Ectopy/ST segment changes: not exercise limiting
Cardiology. University Leipeig —Heart Center Leiprig. Leipeig. Germany: ~ Department of Cardiology. Antwerp University Hospital. Edegem. Belghom: ‘Department of Prevemton amnd [1Ar Ctopy/ST segment changes exercise limiting
Sports Medicine, Ter hnische Uniwersitst Minchen, Munich, Germany: — Beere ise Pathophysiol ogy Laboratory, Candiac Rehabilitation Division. 5. Maugeri Foundaton IROCCS, Scientific Subjective symptoms (check box for primary tarmination critaria)
Instituse of Weruno, Weruno (MMO) . Italy: “Ressarch Centre for Cardiovascudar and Respimtony Fehabilitaton , Depanment of Rehabilitation Sciences, KU Lewwven (University of E[] Angina [ ] Dyspnoea []
Leuwen ). Leuven, Belgiunm: "Dlepartnent of Crtho paedics. and Rehabiflitaton — Dinvision ofPhysical Therapy and Department of Internal Medicine — Division of Cand iobogy.. Ulniversity PO ——

of Meaw Mesdon School of Medicine, Albugquengue, ML USA; SMayo Clinic College of Medicine, Jacksonlle, FL USA: "Divison of Cardiovasoular Medicine, Brighanm and Women's
Haospital Boston, MAL USA: "PDepartment of Medicine Section on Cardiology. WWake Forest School of Medidne, Winston-Salem, MNC. USAc T 'Department of Cardiovasoular

Dhiseases |ohn Ochaner Heart and Vasculsr Institute, O chaner Clinseal Sehool, The Universty of (Queen dand School of Medicine, Mew Orleans, Lo, USA: 72 Pannington Biomesdieal o i P EE et oAbl ac bty P, pr i gt 8 e 21 e S pe e VEPY g i vt dgpe
Research Center, Loutsiana State University System, Baton Rouge, LA, LISA; and 1 Divison of Cardiology, WA Palo Alto Health Cane System, Stanford University, Palo Alta, T, UISA, VEMY. AV, change in SR P -
o W o ¢ e = i e HR b B, Elood pressurss HRR, heart raee recoverys ECE, dlecirocardiograms RPE, rating of

percaived axarsion
“Use quaticns proposed by Wasserman,
“Requires addional squipment of azess O response to exercise thraugh non-nvasive rebreathing technique.

VE {Limin HR bealsimin)  VO,HR (mLiba ) ©
€ Pre-Traming Pre-Traming  ©  Pre-Trami  *0z{Limin)
Post-Training @Pre-Training

& Post-Trairing

“Requires O, pulse and AV AW plot and of ET. If; — braked cycle ergometer should be used for testing.
“Use equation (peak HR/220-2ge) - 100,

Post-Traning Fast-Trairing

Color-Coded Score Tables
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1 EACPR/AHA Joint Scientific Statement Page 13 of 22

(13 130 Recove o
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e e and dtagnosd S ..the ultimate goal is to

Primary CPX variables

@ ®

e ) 320,y e = i increase awareness of the value
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@ Past-Traning * Past.Traning Post-Trairit 7 .
e . b - N = of CPET and to increase the
B 120 } [ [
(ischemic cardiomyopathy) a0 15 1280 number of healthcare
male, 56 years p 0

professionals who are able to

ECG

2 months aerobic training o, i |

0 T . . .
ooobE a5 #0250 a5 weeas e @ e Recovery Altered rhythm, ectopic foci, and or ST segment changes during ET pe rfo rm CI I n Ica I Iy m ea n I ngfu I
and/or in recove: not lead to test termination 1445
. .
® ) ® interpretation.

Ve, (Uming 1385

VL) 5 Pedll, Falio Patient reason for test te
@ Pre-Training Pre-Training O Pra-Training ™ Pre-Trairing AT

gy CeskTrainmg 18 PoerTraning 140, TperTraningl - Post-Traning Interpretation 1450

16 H o All variables in green: excellent prognosis in next 1—4 years (=90% event free)
25 14 1395 — Maintain medical management and retest in 4 years.
20 12 © Greater number of CPX and standard ET variables in indicative of pi ively worse prognosis.

1.0 — All CPX variables in red: risk for major adverse event extremely high in next 1-4 years (= 50%).
15 na « Greater number of CPX and standard ET variables in red/yellow/orange indicative of increasing HF disease severity. 1455
10 0E — All CPX variables in red: expect significantly diminished cardiac output, elevated neurohormones, higher potential for secondary PH.
s o 1400 . Greac:;l n:;nb:: of CPX and standard ET variables in red/yellow/orange warrants strong consideration of more aggressive medical management and|

VE [Limin) vz ; . i
o 3 o e, minute joxide ox . exercise oscillatory ventilation; PerCO;, partial pressure of end-tidal carbon dioxide; BP, A_[n 1 H
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“Peak Vo, valid if peak RER is at least 1.00 or test terminated secondary to abnormal haemodynamic or ECG exercise response.
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Applications of NonInvasive Echo Combined Approach in the CPX Lab...

Instrumental
Cllnlcal foIIow up

k
gillh 4+ % 4 =1 :l
e B e
e - e T, et e
S e -
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HFrEF — HFpEF Valvular heart 3 Coronary Artery Others
\ disease Sy Disease (HCM, congenital...)

ﬂ —

Rest Echo Rest Echo =\ Slirgoméztrﬁ/ Rest Echo
MRI MRI | Nrelss f‘i MRI
Pulmonary Pulmonary Sl:rce(seerEIi‘fl Pulmonary
hemodynamics Hemodyamics : :
y : Angio CT hemodynamics

Exermse Gas Exchange +Echo

| Anglography X)) l

Medical Surgery PCI I\/Iedical Surgery Medical

\> post Surgery



THE PRESENT AND FUTURE

STATE-OF-THE-ART REVIEW

e

Cardiopulmonary Exercise Testing
What Is its Value?

CrossMark

Marco Guazzi, MD, PuD,” Francesco Bandera, MD, PuD,? Cemal Ozemek, PuD,” David Systrom, MD,>¢
Ross Arena, PuD"

HFrEF with severe systo-diastolic dysfunction
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e <120
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Cardiopulmonary Imaging
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CPET imaging is a quite recent and valuable testing
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modality, which is receiving attention for its potential
to combine exercise physiological data with noninva-

PG= i Pe= PG: i --10.0
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S| AVO/ AWR Fiattening EXERCISE - ECHOCARDIOGRAPHY MR
. . . . & = LV morphology and systolic function _,| AGLS <z:/a
sive recordings of cardiac function by measures of e EDY, ESV, mass T
- - CPET : , AERO >10-13 mm?
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to exercise, whose clinical implications appear com-
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plementary to and synergistic with the information

obtained with iCPET (86,87). A typical example of this
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Determinants of Effort Intolerance in

Patients With Heart Failure

Combined Echocardiography and
Cardiopulmonary Stress Protocol

Jason Shimiaie, MD,* Jack Sherez, BSc,* Galit Aviram, MD, Ricki Megidish, BSc,* Sami Viskin, MD,*
Amir Halkin, MD,* Meirav Inghbir, MD,* Nahum Nesher, MD,{ Simon Biner, MD,* Gad Keren, MD,* Yan Topilsky, MD*

®

roes kark

JACCT HEART FAILURE

£ 2015 BY THE AMERICAN COQLLEGE QF

FPUBLISHED BY ELSEWIER

HC

L=

ARDIQLOGY FOUNDATION

Measurement Baseline Unloaded Effort Anaerobic Threshold Maximal Effort P Value for Each Within Group Between Time-Group
Group Groups Interaction
Stroke volume, ml
Normal 77.3+£10.0 92.1+15.0t 105 £ 16t 98.6 £ 13.0 <0.0001
HFpEF 78.8+17.0 91 £ 20* 94.5+24.0 86.7 + 19,0* 0.007 <0.0001 0.006 0.0001
HFrEF 67.1+20.0 67.5+ 18.0 74.7 £ 27.0 70.7£31.0 0.12
Cardiac output, |/min
Normal 6.2+1.1 8.0+1.8% 12.6 £ 2.6t 14.5 + 2.9* <0.0001
HFpEF 6.0+15 7.7+2.0t 9.4 +3.5% 9.61+4.2 0.007 <0.0001 0.0001 <0.0001
HFrEF 49+1.5 58+1.3 70128 82144 0.10
Vo,, I/min
Normal 0.36+0.09 0t” ~ -7 Toooo T R ~.0001
HFpEF 0.37 £ 0.08 0c AVO2 diff estimation by CO estim and VO2 0001 <0.0001 0.003 <0.0001
HFrEF 0.34 i 0.09 0.5U L V.o V.07 L V.0 1.0 L VU.IOU! \U.OOO].
Mitral regurgitation, ml
Normal 0.1+0.3 1.2+24 0.4 1.2+28 0.50
HFpEF 42+4.1 8.6 +3.4%* 3.8 %6 3.7%5.9 0.04 0.05 <0.0001 0.01
HFrEF 8.6+135 24.0 + 27.0%* 21.3+22.0 23.9+22.8 0.05
Avo,diff, I/l
Normal 0.06 £ 0.01 0.07 £0.11t 0.10 £ 0.02t 0.13 £ 0.03t <0.0001
HFpEF 0.06 £ 0.02 0.07 £ 0.02 0.10 £ 0.03t 0.13+0.05t <0.0001 <0.0001 0.06 0.80
HFrEF 0.08 £ 0.03 0.09 £ 0.02* 0.12 £ 0.02* 0.14 £ 0.01* 0.02

Values are mean + SD, or n (%). *p< 0.01, Tp <0.001

AVo,Diff = arterial-venous oxygen content difference; EDV = end-diastolic volume; other abbreviations as in Table 1




Determinants of the O, Transport and Utilization Chain Framed on the Fick
Principle

Heart Failure

Exercise Intolerance
Dyspnea and Fatigue

Organ limiting steps in O, uptake
[convection (delivery), release, diffusion and use]

VO, =C.0.x C (a-v) O,

Pulmonary Hematological Vascular Mitochondrial
Ventilation S\ Hb concentration Vasoregulation Krebbs cycle-
Alveolar gas diffusion HR Mediators of release Capillary network ATP generation
d'ﬁlm'palrei:l Ozl Impaired O, delivery Impaired O, delivery and Delayed/insufficient O, Impaired O, utilization
fusion (alveolar) release diffusion (extraction)
\ ) |
| Y

Guazzi, M. et al. J Am Coll Cardiol. 2017;70(13):161 Low Pcap O, High PvO,



http://circ.ahajournals.org/content/vol113/issue2/images/large/20FF1.jpeg
http://circ.ahajournals.org/content/vol113/issue2/images/large/20FF1.jpeg

Fick Principle: Determinants

Delivery or convection

VO, =C.0. x c

1 2 times

2. 5 times

Mixed
Venous

Ventllatlon HYPOXIA  ANEMIA

Gas diffusion
Perfusion



Cardiac Output (L/min)
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Cardiac Output and O, Extraction at Maximum Exe.
in Normal Individuals stringeret als Appl Physiol 1997.83:631-43.
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Cardiac Output and O, Extraction at Peak Exe. in HFrEF

—o— Normals - Present Study {"3’02 peak = 3.91 + 0.68 L/min)
—o— Normals - Sullivan Study (VO , Peak = 2.41 £ 0.61L/min)
—a&— CHF - Sullivan Study {\?oz peak = 1.06 x 0.36 L/min)

—e—— CHF Class A - Weber Study
—e— CHF Class B - Weber Study
—+— CHF Class C - Weber Study
—x=— CHF Class D - Weber Study

—— 1.0

7.
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Cardiac Output (L/min)
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Partitioning C (a-v) O, Contribution to VO, Increase in Severe HFrEF

To define the C(a-v)O, phenotypes (high vs low) by estimating extraction
from the CO/VO,ratio

(J 104 HFrEF patients (mean age 64111y, male %, ischemic etiology 68%, mean LVEF 34+9%)
d Population divided by CO/VO, median value
L Group A (<0.49) vs Group B (>0.49)

=
=]

CO (L/min)
() 20

Group A rest
Group B, rest
Group A peak

o 0 « @

Group B, peak
—V 02, peak

]

—%V0O2, mean

WO, rest

Mdean Hb {gdLi‘l: Gﬂ:up Al34=19; Group B 13:1=1 6 p~—ns

] 0 s 10 1s 20 25
In preparation C(a-¥)02 (mL/100mL)




Functional and Echocardiographic Characteristics According to the
Extent of C (a-v) O, Extent

Variables

Group A Group B p value
(n=52) (n=52)
Rest Peak Rest Peak Rest Peak

CPET
VO, L/min 0.26%0.1 0.96%0.3 0.29+0.1 0.99+0.3 .03 ns
Peak VO,, 11.8%4 12.61£3.1 ns
ml O,*Kg1*min!
C(a—v)Oz, mL/100mL 913 1945 7%1 1213 .000 .000
VE/VCO,, slope 3611 31+7 .01

ECHO
LVEDVi, ml/m? 101+33 91+23 .09
MR ERO, mm? 22+10 33+13 16+9 25+12 .02 .003
E/e’ 2815 22+11 .02
CO, I/min 3.1+0.8 5.1+1.8 4.4+1.2 8.1+2.3 .000 .000




“Good Extractor”
(peak exercise CO/NVO,<0.49)

CO, L/min:
Rest 2.9; Peak 3.72

VO,: L/min
Rest 0.27; Peak 0.65

C(a-v)O, mL/100 mL Rest 9; Peak 17

|ng Slope IV: WE § %CO2 (200
E0 -

44

a0 4

20

]
T 1
0.0 1.0 2.0
WCOZ CSMTHY

Impaired ventilatory efficiency

“Bad Extractor”
(peak exercise CO/VO, 20.49)

CO, L/min:
Rest 3.3; Peak 5.2

VO,: L/min
Rest 0.19 ; Peak 0.61

C(a-v)O, mL/100 mL Rest 6; Peak 12

S/E Slope IV VE FWCo2 (20)
E -

28.9

40 4

-

20 +

-
-""-'
o } } } |
a0 0.5 1.0
WOOZ  TESMTH

Preserved ventilatory efficiency



Effects of Exe. Central Blood Flow Distribution on Fick Principle in HFrEF

To define the role of mitral regurgitation on C(a-v)O, CO and related functional phenotype

(1110 HFrEF patients (mean age 6511y, male %, ischemic etiology 64%, mean LVEF
32+8%) divided by severe MR

33 Controls LV N
“ Papillary \ III"',II
.r ﬂiE:l::s::ent II'! I‘\

| Tethered
Chordae '.I |

F-I!lalstri-l:ta::l
Leaflet

Closure Annular

dilation

In preparation



CO (L/min)

peak VO, CONTROLS
1.33+0.6 L/min
10 :
7
9 L7
//
e peak VO, no MR
8 s 1.03 £ 0.32 L/min
7
//
7 g -20%
4
// - g
_ o rest VO, , PR
6 40% 74008 mL/min /’ _-c
-~
e - | MR
5 o __-->
I S A _
4 _ -7 peak VO,
rest VO, T 0.82 £+ 0.26 mL/min
3 0.27 + 0.06 mL/min
2 rest VO,
0.28 + 0.09 mL/min
+20%
1
2 7 12 22

C (a-v)O, (mL/100mL)



Functional and Echocardiographic Characteristics

According to MR

Variables Group A Group B p value
(n=24) (n=80)
Rest Peak Rest Peak Rest Peak
CPET
Peak VO,, ml O,*Kg1*min! 11.0+4 13.3+3 .01
C(a-v)O, mL/100mL 8%3 19+4 7.5%1 1414 .000 .000
VE/VCO,, slope 37+10 31+6 .01
ECHO
LVEDVi, ml/m? 111430 89122 .07
E/e’ 28%15 22111 .02
CO, I/min 3.5+0.8 5.1+1.8 3.8%1.2 7.0%2.3 .000 .000




Good Extractor Bad Extractor

Severe mitral insufficiency (ERO=37 mm?) Mild mitral insufficiency (ERO=11 mm?)
and LV dilatation (LVEDVi= 117 ml/m?) and LV dilatation (LVEDVi= 86 ml/m?)



Determinants of mPAP in HFrEF

pump load
o = Q) x @ -
RV Function [
- Mitral
Complllance <: el

In the systemic circulation, downstream Va_scular tone
hydraulic pressure (in the right atrium)

| . ’ . . and
contributes little (<5%) to systemic arterial
pressure. In the lung, downstream pressure remodehng
(ie, LAP) is a much more important contributor
to mean PAP (=50%), and this proportion can

become even greater in HF reS|Stlve pu Isatl Ie

Increased LV
filling pressure
1 stiffness



Mitral Regurgitation Induces PH and RV Dysfunction

1. MR (primary or secondary) in both
HFrEF and HFpEF is prognostically Rest
relevant 12 especially when detected
during exercise 34

2. Exercise-induced MR triggers PH and 20
portends a severe outcome watt
significance especially when RV
dysfunction/failure coexists>~’

LV
////7P pillary T\\\\
1: Tumminello G et al 2: Guazzi M et al Circulation 2012;  ¢//"  oupiecament | |
3: Lancellotti P et al. Circulation 2003;108:1713-1717; 4: | ‘A\‘/ E'n‘ﬂm'i'im.m |
Lancellotti P Eur Heart J 2005;26:1528-1532; 5: \\\\ ‘ “\‘\ e J
Kusunose K Circ Cardiovasc Imaging. 2013;6:167-76. 7: \;:—../? ‘\::'-\?'{\‘/'L (‘ﬂ:jion

o
Bandera F et al Eur J Cardiov Imag 2016 . .\ N

PASP: 50 mmHg PASP: 85 mmHg



Right Ventricular Contractile Reserve and Pulmonary Circulation
Uncoupling During Exercise Challenge in Heart Failure:
Pathophysiology and Clinical Phenotypes sacc Hr 2016; 4(8):625-35

97 HFrEF pts undergoing Echo stress test and CPX

(TAPSE > 16 mm) n= 60
Average TAPSE: 21 mm

Peak Exe

|
(TAPSE < 16 mm) n=37
Average TAPSE= 13 mm

Median TAPSE at peak exe 15.5 mm
| |

Group B Group C
(TAPSE > 15.5 mm) (TAPSE < 15.5 mm)
n=19 n=18

-

,
-’ ’
- B




Right Ventricular Contractile Reserve and Pulmonary Circulation
Uncoupling During Exercise Challenge in Heart Failure:
Pathophysiology and Clinical Phenotypes

« 97 HFrEF pts undergoing Echo stress test and CPX, divided according
to TAPSE > 16 mm Group A or < 16 mmHg at rest with recovery
(Group B) or not during exercise (Group C)

Results- RV to PC Coupling

PASP (mmHg)

80 -

70

60 -

50

40 -

30 -

20

y=13,721x + 4,5659
R?=0,9953

y=6,2162x + 16,495
R?=0,9975

PASP (mmHg)
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70
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y=5,7934x+ 9,679
R2=0,9995 40 -
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T w 20
7 8

Cardiac Output (ml/min)

60 -

y =72,5x - 896,5
R2=0,7758

y = 4,4426x - 26,23
RZ=1

y=5,5x - 82,833
R?=0,9973

8 13 18 23 28

TAPSE (mm)

Group A € GroupB
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tapraid4/zh4-ahea/zh4-ahea/zh402113/zh40917d13z | xppws | s=5 [ avar13 | @11 | MS: H-00157-2013 | Ini: 11/jvam | |

Am J Physiol Heart Circ Physiel 305 HOOOD—HOMM), 2013,
First published Awngust 30, 200 3; doi: 10,1 152/ phcart (157 201 3.

_ . _ _ . . « 293 HF patients (247
Tricuspid annular plane systolic excursion and pulmonary arterial systolic HFrEF: 46 HFpEF)
/

pressure relationship in heart failure: an index of right ventricular contractile

*Echocardiographic evaluation

of RV function, PH, LV
M. Guazzi,! F. Bandera.! G. Pelissero.! 5. Castelvecchio.! L. Menicanti,? S. Ghio.? P. L. Temporelli,*

and R. Arena® function and biomarkers
'Heart Failure Unit, Department of Cardiology. University of Milano, Istituto Di Ricovero e Cura a Caratiere Scientifico

(IRCCS) Policlinico San Donate, Milano, Italy; *Department of Cardiosurgery, IRCCS Paliclinico San Donato, Milana, Tialy;

*Department af Cardiology, Fondazione IRCCS Policlinico San Matteo, University Hospital, Pavia, Italy; *Fondazione

“Salvatore Maugeri,” IRCCS, Veruno, ltaly; and “Department of Physical Therapy, College of Applied Health Sciences,

University of [llinois Chicago, Chicago, [llinois
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Right Ventricular Contractile Reserve and Pulmonary Circulation
Uncoupling During Exercise Challenge in Heart Failure:
Pathophysiology and Clinical Phenotypes

Results- RV Contractile Reserve (TAPSE vs PASP relationship at rest and peak exe)
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Right Ventricular Contractile Reserve and Pulmonary Circulation
Uncoupling During Exercise Challenge in Heart Failure:
Pathophysiology and Clinical Phenotype

Clinical Characteristics

Group A (n=60)

Group B (n=19)

Group C (n=18)

Age,y
BMI
Female gender, %

BNP, pg/dl

62+10
264
16
1879 £1804

658
264
28
2978 +1812

64+13
274
35
2463 +1251

LV Cardiac Data

*:Group B and C vs Group A

Group A (n=60)

Group B (n=19)

Group C (n=18)

Rest Peak Rest Peak Rest Peak Rest Peak
LV ejection fraction, % 3348 37+10 34+9 37+14 32+11 35+10 ns ns
LV end diastolic vol. indexed, ml/m? 90+23 95+28 113+47 ns
LV mass indexed, g/m? 126430 121422 154437 .0017
Left atrial volume indexed, ml/m? 47+18 52424 80+35 .0005
E/e’ 22+11 25+16 38+13 .001
Cardiac output, I*min-! 4.0+£1.2 7.24+2.6 3.3+0.8 6.5+1.8 2.9+1.0 4.4+1.9 .0004 .0002
Severe MR, % 16 21 56




Right Ventricular Contractile Reserve and Pulmonary Circulation
Uncoupling During Exercise Challenge in Heart Failure:
Pathophysiology and Clinical Phenotypes

CPET Data

HF (n=97) Group A (n=60) Group B (n=19) Group C (n=18) P Value
Maximal work, W 65+ 25 69 + 26 68 +21 46 + 18t 0.0029
Peak VO,, ml/kg/min 13.0+3.7 13.5+3.5 14.1+4.2 10.2 + 2.3t 0.008+
Predicted peak VO,, % 53 + 15 55+14 55+14 43 +13% 0.0082t
Peak RER 117 +0.12 1.17+0.14 1.17+0.14 1.19+0.12 0.88
Peak O, pulse, ml/beat 9.0+2.7 9.3+2.38 10.0+ 2.7 7.4 +2.0% 0.0068
VE/VCO, slope 34 +10 31+7 35+10 42 +12¢% 0.0001t
End-tidal CO,, mmHg 33+6 35+5 33+6 28 + 4% 0.0001
Exercise Oscillatory Ventilation 44 40 42 61 0.28*
Circulatory power, mmHg - ml O, - 1,886 + 672 2,144 + 627 1,734 + 508 1,182 + 366 0.0001t
kg - min?
Ventilatory power, mmHg 4.8+1.5 53+1.3 47+1.6 35+1.2¢% <0.0001

Values are mean + SD or %. *Chi-square test. TKruskal-Wallis test. ¥p < 0.025, group B versus group C.

BP= blood pressure; EOV= exercise oscillatory ventilation; HF= heart failure; RER= respiratory exchange ratio; VCO2= carbon dioxide output; VE= minute ventilation; VO2 = oxygen uptake.

*:Group B and C vs Group A peak



. 80 1.5+ 1.5
The 9-plot 1.5 .
: peak VO,: 8 ml/min/kg ool . =
Analysis - L3 A Z 1o 'z 3 o g
— ® . o0 %40— .é:..'"':...:‘-:'i‘ = b zo. o..‘!.‘ -
c ~ ® . o ; g o o ~ [ & ] -
£ 107 R S PR SR L Soolp TANBHAR Lo 2
=~ o 201 .: Se o® > oo H ° o [ )
Ramp protocol —E' oo o % ¢ 11 SEE: . "‘; 3 H ;3!
(8 watt/min) = o o °g o 4 "
C‘)\' oo ® e oi LR 80 100 200 200
Max workload: 45 watt S 05708 « ° *°ge '3 ® oo .
o o © ° 4 ° Time (sec)
.l'u ° Sse °s ' 100
Symptom-limited test e ‘:- ° . 60 s, oo
terminated because of ° c S MR ié 80
DYSPNEA and Significant = oo o 5 o
. ~ & K i <
RV-PA UNCOUPLING 0 00 10 20 30 .= 40 &9’:'.3 ¢ % } 60 %
LLI SP% 8 .. * - I
Work = r‘{;.--:" $%%S ’3’
20<| 20A . ° "'.:.‘ o0
CI T T 1 ‘ : T T O
0.0 0.4 0.8 1.2 3 VE/VCO,: slope: 39 100 200 300
<
VO, (L/min) 9] , , , Time (sec)
0.0 04 0.8 1.2
1001 ros VCO, (L/min)
0.4
—~ 90 . o = —
% 804 = bl o "; 3 =
& - s° o2 T o
:QE: o —o.‘o . ? o o g =20 n_quO
X ° ° ° 0.1
o %o ° ) N .
AN N VAA
008 S0 100 1%0 200 2% v 8% 100 200 300
Time (sec) VE (L/min) Time (sec)

Guazzi M et al JACC 2017 in press



Group B

Rest

Peak

Rest

Rest TAPSE 13 mm
Peak TAPSE 18 mm

Rest PASP 30 mmHg =
Peak PASP 50 mmHg ERO 9 mm?

Peak VO, 15.3 mL/Kg/min; VE/VCO, Slope 32; EOV no

ERO 13 mm?

Group C

Rest

Peak

Rest TAPSE 12 mm
Peak TAPSE 13 mm

Rest PASP 66 mmHg 2
Peak PASP 78 mmHg ERO 41 mm?

Peak VO, 8.2 mL/Kg/min; VE/VCO, Slope 42; EOV yes

ERO 51 mm?




Exercise Training in Heart Failure

Training Intensity (% of VO2 max or max HR)

Type of training (endurance, resistance, combined)

Methods of training (continuous or steady state, intermittent, interval)
Training modality (concentric vs eccentric)

Training target (systemic vs regional training, e.g. respiratory training)

Training control (supervised/non supervised)

N o U s W N

. Training location (hospital based, outpatient, home based)

I . . . . . .
' Moderate intensity endurance training has been proven prognostic benefits
. = reduced hospitalization rate!, mortality?3

10’ Connor CM et al, JAMA 2009;301:1439-1450

2 Keteyan SJ et al JACC 2012,60:1899-1905
3 Piepoli MF et al BMJ 2004,328:189



Conclusions and Outlook

 “CPET imaging” seems now an evolving step to better
phenotyping advanced HFrEF.

* Mitral regurgitation is a sort of “central redistributor” of O,
delivery whose mechanistic implications on exercise are of novel
interest for either extraction (exhaustion at maximum), RV to PC
uncoupuling (increased load) and exercise ventilation inefficiency

* RV pump failure comes up as an early and quite underestimated
mechanical cause of impaired performance and exhaustion.

* ET training in HF: the evidence is just for continuous, moderate
intensity, supervised modalities



