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EART FAILURE (HF) 1S A

highly prevalent syndrome

with diverse etiologies that

may be associated with re-
duced or preserved ejection [raction
(EF). The pathophysiology of HF with
reduced EF has been extensively stud-
ied and management strategies are well
defined.! Conversely, while clinical se-
ries, epidemiological surveys, and clini-
cal trials have improved our under-
standing of HF and preserved EF >’
controversy remains on many key ele-
ments of this entity, including its preva-
lence, clinical characteristics, and out-
come.” To this end, the prevalence and
distribution of diastolic dysfunction
among patients with HF and reduced
or preserved EF has not, to the bhest of
our knowledge, been reported. Fur-
ther, previous studies share key limi-
tations, including retrospective de-
sign, inclusion of prevalent cases,
inconsistent asséssment of EF, infre-

Context The heart failure (HF) syndrome is heterogeneous. While it can be defined
by ejection fraction (EF) and diastolic function, data on the characteristics of HF in the
community are scarce, as most studies are retrospective, hospital-based, and rely on
clinically indicated tests. Further, diastolic function is seldom systematically assessed
based on standardized techniques

Objective To prospectively measure EF, diastolic function, and brain natriuretic pep-
tide (BNP) in community residents with HF.

Main Outcome Measures Echocardiographic measures of EF and diastolic func-
tion, measurement of blood levels of BNP, and 6-month mortality.

ipants JOlmsted County residents with incident or preva-

lent HF (inpatients or outpatients) between September 10, 2003, and October 27, 2005, ]

and diastolic function by
echocardiography and measurement of BNP.

Results A total of 556 study participants underwent echocardiography at HF diag-
nosis. Preserved EF (=50%) was present in 308 (55%) and was associated with older
age, female sex, and no history of myocardial infarction (all P<.001). Isolated dia-
stolic dy: i L i i i i %
patients.JFor patients with reduced EF, moderate or severe diastolic dysfunction was

mon than when EF was preserved (odds ratio, 1.67; 95% confidence inter-
val [Cl], 1.11-2.51; P=.01). Both low EF and diastolic dysfunction were indepen
dently related to higher levels of BNP. At 6 months, mortality was 16% for both pre-
served and reduced EF (age- and sex-adjusted hazard ratio, 0.85; 95% Cl, 0.61-1.19
P=.33 for preserved vs reduced EF).

Conclugjons In the community, more than half of patients With HF have pm
Lﬂﬂdo[ated diastolic dysfunction is present in more than 40% of cases. Ejection
fraction and diastolic dysfunction are independently related to higher levels of BNP.
Heart failure with preserved EF is associated with a high mortality rate, comparable to
that of patients with reduced EF.
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duced EF and that of diastolic dysfunc-  dysfunction in the general population of
tion among all patients with HF ina con-  Olmsted County (assessed with a method
temporary community cohort, Further,  similar to the one we used) has previ-
we sought to define key clinical charac-__ously been reported,’ thereby provid-
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County residents presenting with HF at
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Systolic and Diastolic Heart
Failure in the Community
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Olmsted County residents with
incident or prevalent HF (in-
patients or outpatients) between
Sept 10, 2003 and Oct 27, 2005.

A total of 556 participants had
echocardiography at HF Dx.

EF was preserved
(=50%) in 308(55%)
and was reduced In
45%. Patients with
systolic heart
fallure had worse
diastolic function.
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Case Presentation
* /3 yo woman with dyspnea in 2000

* Risk factors: Age, HTN, Lipids

* CXR: PVH, Cardiomegally

°* PFT: Normal

°* Echo: NI EF, Mild MR,RVSP 45 mmHg




Additional tests to diagnose HFpEF?

° Cardiac MRI for LV mass

°* Echo Doppler for filling pressure
°BNP ?

°* Right heart cath?



Distinguishing Hypertensive Heart
Disease from HFpEF
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Diastolic Filling
Mitral Inflow

Deceleration time(DT)



Diastolic Function Assessment
Echocardiography

© 2006 Mayo Clinic

woMyocardial Relaxation is the Key for Diastole



Evaluation of Diastolic Function
Mitral Inflow and Annulus Velocity
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PCWP (mm Hg)
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Doppler Evaluation of Filling Pressure
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Case Presentation continued

* 2004
73 yo woman with dyspnea
Risk factors: Age, HTN, Lipids
Comorbidities: No autoimmune
CXR: PVH, Cardiomegally
PFT: Normal
Echo: NI EE

E/e’ =16 RVSP 45 mmHg



Pulmonary Hypertension in Heart Failure
With Preserved Ejection Fraction

A Community-Based Study

Carolyn 5. P. Lam, MBBS,* Véronique L. Roger, MDD}, MPH,* Richard ]. Rodeheffer, MD,*
Barry A. Borlaug, MID,* Feliaity T. Enders, PHD ¥ Margaret M. Redfield, MD*
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Case Presentation — Follow up

2011 back to Mayo

Now 84
Chronic severe dyspnea, AF
Multiple evaluations for dyspnea

2011 Echo — NI EF, RVSP = 64 mmHg,
Ele’ =25



Right and left heart catheterization
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DX: HFpEF



Why is this pt short of breath?

e 70 yo f, NYHA Il
DOE

* BMI 32, JVP 7/, trace
edema, no gallop

Y * Normal ECG & BNP

* Echo:
NI LV size, EF 65%
E/A 1.2, DT 160, E/e’ 9
PASP 37 mmHg

@ MAYO CLINIC



Referred to cath lab for hemodynamic

assessment 40 Watts Exercise

VAN D

160
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PCWP=LVEDP=12 mmHg PCWP & LVEDP>40 mmHg
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Hypertension and Exertional Dyspnea
No Ischemia
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Mean LVDP vs E/E’
Rest and Exercise
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351 r=0.67, P<0.01
30 1 ® Exercise: y=0.46x + 6.61
r=0.59, P<0.01 ° A
25 -
@
E/E' 20 - Ag A ./
A L /A/
A —
=t O AT Sere * °
. OA’e e UL >
10 - c: A*’é‘."AO‘ «® %
5 - A A o
O 1 1 1 1 1 1
0 ) 10 15 20 25 30

Mean LVDP (mm Hg)

Bprgesset al: JACC 47:1891, 2006



Diastolic Function Initiative of 2006

Exercise-limiting Dyspnea
(n= sso)g ¥>P

Ischemia

14%

Elevated filling
pressures

Ischemia 27%

Any abnormality 54%

Other
(n=908)

Ischemia
Pulmonary
hypertension

13%

10%

Elevated filling
pressures

Ischemia 18%

Any abnormality 36%

Pulmonary HTN: RVSP =250 mm Hg with exercise
Elevated filling pressures: E/e’ >13 wite exercise D

ourtesy of R. McCully,




Diastolic Function and Mortality

25 - . . .
Diastolic function

204{ -—= Moderate or severe
dysfunction

S 154 = Mild dysfunction
> Normal
= 10 -
= Log rang P<0.001
o
= S 7
0 ———————————————
0] 1 2 3 4 5
No. at risk Year
Normal 1,277 1,277 1,275 885 404 38
Mild 371 366 361 246 122 8
Modeate or severe 131 129 126 94 39 5
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Study Flow

B ORIGINAL CONTRIBLUTION

4,203 individual randomly
invited to participate

Progression of Left Ventricular Diastolic
Dysfunction and Risk of Heart Failure

Estw; MD. PAD Context i 2,161 excluded (did not participate
: in examination 1

\ 4

Couy ot Pt 2,402 participated in examination 1
(1997-2000)

n Outcome Measures

640 excluded
558 did not return for
examination 2
82 died before examination 2

A\ 4

1,402 returned for examination 2
(2001-2004)

v

1,151 classifiable diastolic function
139 indeterminate diastolic function
112 diastolic dysfunction,

determinate grade

Kane et al: JAMA 2011;306(8):856-863
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Cumulative Incidence of Heart Failure

New heart failure (%)

15 -

=
o
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After Examination 2

Diastolic function

— Progression to or persistent moderate
or severe dysfunction

— Progression to or persistent mild dysfunction
Remained normal or normalized function

P<0.001

0 1 2 3 4 5 6
Years after examination 2
No. at risk
Moderate or severe 160 146 140 136 129 124 114
Mild 239 K] 222 216 208 198 182
Normal/normalized 648 608 600 584 566 537 499
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clinical trials
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Irbesartan in Patients with
Heart Failure and Preserved

Ejection Fraction

Barry M. Massie, MD, Peter E. Carson, MD,
John J. McMurray, MD, Michael Komajda, MD,
Robert McKelvie, MD, Michael R. Zile, MD,
Susan Anderson, MS, Mark Donovan, PhD,
Erik Iverson, MS, Christoph Staiger, MD,
and Agata Ptaszynska, MD, for the -

I-PRESERVE Investigators |

i3 ’ L O
dation Glasgow Cardiovascular Research
Centre, University of Glasgow, Glasgow,
United Kingdomn {J.J.M.); Université Paris 6

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Irbesartan in Patients with Heart Failure
and Preserved Ejection Fraction

Barry M. Massie, M.D., Peter E. Carson, M.D., John J. McMurray, M.D.,
Michel Komajda, M.D., Robert McKelvie, M.D., Michael R. Zile, M.D.,
Susan Anderson, M.S., Mark Donovan, Ph.D., Erik lverson, M.S.,
Christoph Staiger, M.D., and Agata Ptaszynska, M.D.,
for the I-PRESERVE Investigators*

ABSTRACT

BACKGROUND

Approximately 50% of patients with heart failure have a left ventricular ejection
fraction of at least 45%, but no therapies have been shown to improve the outcome
of these patients. Therefore, we studied the effects of irbesartan in patients with
this syndrome.

METHODS
We enrolled 4128 patients who were at least 60 years of age and had New York Heart

of at least 45%

Conclusions = Irbesartan did not i

le angina, ar-

Improve the outcomes of patients [«

with HF and a preserved LVEF.

cardiovascular

*Committee members and investigators
in the Irbesartan in Heart Failure with
Preserved Ejection Fraction Study (I-
PRESERVE) are listed in the Supplemen-
tary Appendix, available with the full text
of this article at www.nejm.org.

N En g I \] M ed 2008; This article (10.1056/NEJMoa0805450) was

published at www.nejm.org on November

359:2456-67

N Engl ) Med 2008;359:2456-67.
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DHUTTITE d THCID TUTIOW-Up O 3.3 THULICTS, UIC PLITary OUtCOIIC ¢ curred in 742
patients in the irbesartan group and 763 in the placebo group. Primary event rates
in the irbesartan and placebo groups were 100.4 and 105.4 per 1000 patient-years,
respectively (hazard ratio, 0.95; 95% confidence interval [CI], 0.86 to 1.05; P=0.35).
Overall rates of death were 52.6 and 52.3 per 1000 patient-years, respectively (haz-
ard ratio, 1.00; 95% CI, 0.88 to 1.14; P=0.98). Rates of hospitalization for cardic-
vascular causes that contributed to the primary outcome were 70.6 and 74.3 per
1000 patient-years, respectively (hazard ratio, 0.95; 95% CI, 0.85 to 1.08; P=0.44).
There were no significant differences in the other prespecified outcomes.

CONCLUSIONS

Irbesartan did not improve the outcomes of patients with heart failure and a pre-
served left ventricular ejection fraction. (ClinicalTrials.gov number, NCT00095238.)




Kaplan-Meier Curves for Primary Outcome

40 -
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30 -
Irbesartan
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Cl of primary outcome (%)
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\[oR Months since randomization

2,067 1,929 1,812 1,730 1,640 1,569 1,513 1,291 1,088 816 497
—_— 2061 1,921 1,808 1,715 1,618 1,539 1,466 1,246 1,051 776 446

Masstevet al: NEJM 359:2456, 2008 cP1343345:2




ARTICLES

nature

medicine

4 prevents and reverses cardiac hypertrophy

Chronic inhibition of cyclic GMP phosphodiesterase 5A

Eiki Takimoto"?, Hunter C Champion'?, Manxiang Li"%, Diego Belardi!, Shuxun Ren?, E Rene Rodriguez?,
Djahida Bedja*, Kathleen L Gabrielson?, Yibin \\';mgl & David A Kass'

Sustained cardiac pressure overload induces hypertrophy and pathological remodeling, frequently Ieadlng to heart failure.
Genetically engineered hypershmulahon of guanosme 3°,5% cycllc monophosphate cGMP th t th

b
3 suppresses chamber and myocyte hypertrophy, and improves /n vivo heart functlon in mice exposed to chronic pressure overload
mduced by transverse aomc constriction. Sildenafil also reverses pre D 0
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cGMP dependent proteln k|nase with inhibition of PDESA. PDE5A inhibition deactivates mumple hypertrophy signaling pathways
triggered by pressure load (the calcineurin/NFAT, phosphomosntlde 3 klnase (PI3K)/Akt and ERK1/2 S|gnallng pathways) But it
does not suppres C e e e -

nature
medicine Feb 2005

Chronic inhibition of cyclic
GMP phosphodiesterase 5A
prevents and reverses
cardiac hypertrophy

Eiki Takimoto et al

these pathwaysl PDES5A inhibition may provide a new treatment strategy for cardiac hypertrophy and remodeling P D E5 Q i n h i b i ti O n y p r Vi d e
1earts expose | sure overload, cellu lar  function. PI is expressed in the myocardium an

new treatment strategy for

s cardiac hypertrophy and

hamber, cellular and molecular remodeling

art also ani ) t RESULTS
an inhil al wdels PDESA inhibition blunts hypertrophy remodellng and fibro
ith enha ¢GMP syn ng f 1etic uf We subjected adult C57Bl/6 mice to constriction of the tran

loa

Ty |

sup

and

)5 NATURE MEDICINE

remodeling.

Oral phosphodlesterase -5A (PDE5A) Inhibitor (sildenafil)
‘Isuppresses chamber and myocyte hypertrophy, and improves
-{in vivo heart function in mice exposed to chronic pressure
‘loverload induced by transverse aortic constriction, Sildenafil
also reverses pre-established hypertrophy induced by pressure
load while restoring chamber function to normal.

CP1278032-8




PhosphodiesteRasE-5
Inhibition to Improve CLinical

Status And EXercise Capacity
In Diastolic Heart Failure

RELAX

In Progress

NIH Heart Failure Clinical
Research Network



Before and after
treatment of HF
Diuretic and ARB

6 days apart

E velocity 100 to 45
@MAYOCLINIC



Does this patient with “HF symptoms” and
EF>50% have HF?
Elevated PASP?
Doppler DD consistent with symptoms?
_A enlargement?
LVH or Concentric Remodeling?
Elevated BNP?
Response to diuretics?
CXR and Physical Exam cw HF

AR N N X

The more items checked, the 1 the probability,
but no single parameter necessary or sufficient.

If DX uncertain, Assessment with Exercise
@MAYOCLINIC
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get through with it.”

Charles H. Mayo, MD
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Thanks for listening !
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ESC Guidelines

Guidelines for the diagnosis and treatment of chronic
heart failure: executive summary (update 2005)

The Task Force for the Diagnosis and Treatment of
Chronic Heart Failure of the European Society of Cardiology

Authors/Task Force Members: Karl Swedberg, Chairperson,*

Goteborg (Sweden) Writing Committee: John Cleland, Hull (UK), Henry Dargie,
Glasgow (UK), Helmut Drexler, Hannover (Germany), Ferenc Follath, Zurich
(Switzerland), Michel Komajda, Paris (France), Luigi Tavazzi, Pavia (ltaly),
Otto A. Smiseth, Oslo (Norway).

Other Contributors: Antonello Gavazzi, Bergamo (ltaly), Axel Haverich, Hann-
over (Germany), Arno Hoes, Utrecht (The Netherlands),

Tiny Jaarsma, Gronigen (The Netherlands), Jerzy Korewicki, Warsaw (Poland),
Samuel Lévy, Marseille (France), Cecilia Linde, Stockholm (Sweden),
José-Luis Lopez-Sendon, Madrid (Spain), Markku S. Nieminen, Helsinki
(Finland), Luc Pierard, Liege (Belgium), Willem J. Remme,
Rhoon (The Netherlands)

Cromeka the pamep .
! . | Swedberg, al : eart fhe ) s
e G Cha"permiy Ka‘;epmmem o M:d‘::;en' zfo:sible methods for the diagn
* eS| 2 versity, o Lo . ¥ ‘
: p:l = Gmew%\at)gma' e failure in ! inical practice
University Hosp' 4
. SK; 3434078; fax: +46 31 25893
s: karl

European Heart J
#526:1445, 2005

.swedberg@h)Lgu.se Permisgons'
diology 2005. AUl rights reserved. For
jety of Cardio

© The European 50!



"Once you start studying
medicine you never
get through with it.”

Charles H. Mayo, MD

Thanks for Listening !

oh.Jae@ mayo.edu
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Hypertension Different Effects of
Different Effects of Antihypertensive Therapig A n t | h y p e I’t ensilve Th er ap IeS
Losartan or Atenolol on Ultrasound and Bigq
Markers of Myocardial Fibrosis B as ed on L 0S artan or Aten 0] I O I
Results of a Randomized Trial 1 1

Michele M: Ciulla, MD, PhD; Roberta Paliotti, MD, PhD; Arturo Esposito, Ml O n U I t r aS O u n d an d B_ I O C h e m I C_al
ey - Markers of Myocardial Fibrosis
Background—In hypertensive left \cnlrilculzlr hypertrophy (LVH), myocardial texture is altg M I C h el e M . Ci u I | a, M D, Ph D’ et al

increase in fibrosis, but there is insufficient clinical evidence whether antihypertensive theray

induce regression of myocardial fibrosis.
Methods and Results—We compared the effects of an angiotensin II receptor antagonist with a B-blocker on myocardial
collagen volume

il We compared the effects of an angiotensin Il receptor

analysis was cond

= antagonist with a B-blocker on myocardial collagen

color scale and s:

awadt volume in 219 hypertensive patients with

(from 109.0 to 11

Conclusions—In hyj
not. The differéne

~—f echocardiographically documented LVH.

Key Words: hypertension m myocardium m'collagen m angiotensin

el Conclusions—In hypertensive patients

fibrosis.! Both postmortem? *

studies have shown that along

s with LVH, losartan decreases

with normotensive controls.
Endomyocardial biopsies fof

Received January 145 2004; revis|

[]
myocardial collagen content
numbers of patients, for obvio| | I l O ‘ ar I a ‘ O a el I ‘ O I l el I
sive ultrasound and biocher ,
collagen content have been y
From Istituto di Medieina Cardio
IRCCS, Milan, Itdly (M.M.C., R.P. . . - .
al, Gé Sweden (B.D.); Department of Internal Medicine, UAE University, Al Ain, United Arab Emirates (M.G.N.); Merck and Co Inc,
nd Istituto Au gico Italiano, IRCCS, Milan, Italy (A.Z.).

¢ REGAAL study
" Alberto Zanchetti, Centro Interuniversitario di Fisiologia Clinica e Ipertensione, Via F. Sforza, 35, 20122 Milano, Italy. E-mail
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Case Example
ear old man presents with dyspnea
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/0-Year-Old Man
with Dyspnea and
LVEF 65 %
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Exercise Hemodynamics Enhance Diagnosis of Early Heart
Failure With Preserved Ejection Fraction

Barry A. Borlaug, MD; Rick A. Nishimura, MD; Paul Sorajja, MD;
Carolyn S.P. Lam, MBBS; Margaret M. Redfield, !

Background—When advanced, heart failure with preserved ejection fraction (HFpEF) is readily apparent. Howe
diagnosis of earlier disease be challenging be > exertional dyspnea is not specific for heart failure, and
rload m

norma] brain natriuretic pepti
mm Hu and pu]mnnm, apillary \ndm. pressure [F )
aving HFpEF
higher

sting pulmonary 'n : 'mal li cise-induc tion in
P("\\r P in HFpEF was confirmed by greater incre as associated with l‘r]untc--:l
s in heart rate, systemic vasodilation, and 7 hy
ratients with HFpEF and was related principally to
th . i WP and pu]mun Ty a
mm H

s are related to heart failure.
better targeting of interventions to treat and prevent HFpE.F prog

Key Words: heart failure m exercise m hemodynamics m diastole m di

58% of pts with normal exam, echo, BNP
& resting hemos have HF by exercise
WMAYOCLINIC



Heart Fallure and Preserved or Reduced
Ejection Fraction
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%%@QINQI al: NEJM 355:251, 2006
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Diastolic Function

Abnormal Pseudo- Restriction Restriction
Normal relaxation normalization (reversible) (irreversible)

T U AL A
Tt i

Mean LAP N- 1 11 111 ()
TAU normal | ) t 1 t 1
Grade I [l 1] 1\
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Diastolic Heart Failure — Abnormalities
in Active Relaxation and Passive Stiffness
of the Left Ventricle

Michael R. Zile, M.D., Catalin F. Baicu, Ph.D., and William H. Gaasch, M.D.

P 13

R L hey Clnk. Surlington, Wi (WHC )

1o met the diagnostic eriteria for definite dia-  aed the Divsien of Cirdisaseudsr Veds
npe 1

i
d-d

wvas longer in the group with diastolic heart failure than in
e vs, 35210 msec, P=0.01), The disstolic pressure-volume
ol up and to the left in the patients with diastolic heare failure as com-

CONCLUSIONS

Patients with heart failure and a normal ejection fraction have significant abnormalities
in active relaxation and passive stiffness. In these patients, the pathophysiological cause
of elevated diastolic pressures and heart failure is abnormal diastolic function.

Zile et al: NEJM
%5@’:"1958’ 2004 v o wins i 9 1 HAVO CLINIC LERARY cr une 5. 2006

_,fq




69 year old man with dyspnea for 5
months

3
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LV and LA Pressure at Rest and Treadmill Exercise
Healthy vs Heart Failure

Standing Exercise CHF Standing CHF Exercise
= ‘ o / PLv
:IE: 40 - PLv PLv é 40 — Py PLa
S = /

PLa PLa : PLa
0 \/-L_J \7/ 0-
. 500 msec . 500 msec
200 150
&) O
; :
§ 0 - g 0 -
—E' DV/DT DV/DT —E' DV/DT DV/DT
-200 - -150 -
Healthy Heart Heart Failure

(g Mo cumic Cheng and Little et al: Circ Res 72:795, 1993



Dynamic Diastology
Filling Pressure (E/e") with Exercise

E e’ E/e’
Normal

Abnormal

LV filling pressure (E/e’) does not increase much
with exercise in normal heart, but increases in
soxSymptomatic patients with diastolic dysfunction.



Exercise-limitior)\g Dyspnea

Ischemia 32% Ischemia 17%

Any abnormality 63% Any abnormality 33%




Distinguishing Hypertensive Heart
Disease from HFpEF

1.0-
p<0.01
*vs line of no
0.81 information:
> Tvs PASP
> 0.6
0
o 0.41 — E/e' ratio*t
N ; — |eft atrial volume index*t
0.2 — Relative wall thickness*?
' — |eft ventricular mass index'
; -= Line of no information
0.0

00 02 04 06 08 1.0
1-Specificity

@MAYOCLINIC Lam C et al, JACC, 2009



EXPERT CONSENSUS DOCUMENT

ACCF/AHA 2009 Expert Consensus Document on

Pulmonary Hypertension

A Report of the American College of logy Foundation Task Force on

Expert Consensus Documents ang ican Heart Assoclation

“In the absence of other potential
etiologies of PH, an RVSP > 40 mmHg
generally warrants further evaluation in
the patient with unexplained dyspnea.”

@ MAYO CLINIC



Diagnosis, Assessment, and Treatment of Non-Pulmonary

Arterial Hypertension Pulmonary Hypertension

Symptoms
HF Dx unclear
Echo Doppler
EF<40% or
Valve Disease

Exclude Other . Exclude Other Il
Causes of PH Causes of PH

Report from the 4" World Symposium on PH: Working
@ Group on Non-PAH pulmonary hypertension, JACC, 2009
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Pulmonary Hypertension in Heart Failure
With Preserved Ejection Fraction

A Community-Based Study

Carolyn 5. P. Lam, MBBS* Véronique L. Roger, MDD, MPH,* Richard . Rodeheffer, MD,*

Barry A. Borlaug, MID,* Feliaity T. Enders, PHD ¥ Margaret M. Redfield, MD*

2% 8%  83%
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RV size and function in HFpEF
Mohammed S et al, AHA, 2011

RV enlargement RV systolic dysfunction

*T *T
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Control HTN HFpEF Control HTN HFpEF

gyracamc  *<0.05 vs control; 1<0.05 vs HTN



Hemodynamic Definitions

PVH Mixed

PAH due to
PASP (mmHgQ) > 35 HFpEF 39
MPAP (mmHg) > 25 | EEEREIEVAIN b 5

= 3-5 WU
MPCWP (mmHg)

PVR (WU)
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TLVFP with stress only in early HFpEF

1N
o
—

pP<0.0001 *t
o
L 30
S xt
£ t
n 20
=
O
O 10
1 T t
0

Baseline Feet Up 1 min Peak 1 min
Exercise ExerciseRecovery

—— HFpEF
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ESC algorithm, BNP and E/e’ are inadequate for
early stage HFpEF

— Exercise PASP*
— Leg Raise PCWP*
— Resting PASP*
— E/e’ Ratio*

— BNP

@ MAYO CLINIC



Mayo Clinic
Locations
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Study Flow

B ORIGINAL CONTRIBLUTION

4,203 individual randomly
invited to participate

Progression of Left Ventricular Diastolic
Dysfunction and Risk of Heart Failure

Estw; MD. PAD Context i 2,161 excluded (did not participate
: in examination 1

\ 4

Couy ot Pt 2,402 participated in examination 1
(1997-2000)

n Outcome Measures

640 excluded
558 did not return for
examination 2
82 died before examination 2

A\ 4

1,402 returned for examination 2
(2001-2004)

v

1,151 classifiable diastolic function
139 indeterminate diastolic function
112 diastolic dysfunction,

determinate grade

Kane et al: JAMA 2011;306(8):856-863
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Cumulative Incidence of Heart Failure

New heart failure (%)

15 -

=
o
1

ol
1

After Examination 2

Diastolic function

— Progression to or persistent moderate
or severe dysfunction

— Progression to or persistent mild dysfunction
Remained normal or normalized function

P<0.001

0 1 2 3 4 5 6
Years after examination 2
No. at risk
Moderate or severe 160 146 140 136 129 124 114
Mild 239 K] 222 216 208 198 182
Normal/normalized 648 608 600 584 566 537 499

@ MAYO CLINIC

Kane et al: JAMA 2011;306(8):856-863



\/

Serial Doppler Echocardiography and Tissue
Doppler Imaging in the Detection of Elevated
Directly Measured Left Atrial Pressure in
Ambulant Subjects With Chronic Heart Failure

CONCLUSIONS Single and serial tasurements of mitral inflow and mirral annulas TDY
Efe') can rellably detect misod directly measured LAP in ambulant subjocts with componsated chepnic heart

Guided Home Self-Thera 2 Severe Heant Fature Paricots HOMEOSTASIS:
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Intrapatient Correlation of E/é
with Simultaneous LAP

A B
P=0.002 60 - P=0.005
60 A r=0.57 r=0.46
o > o o2
3 . g " phs
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Ritzema et al: JACC: Cardiovasc Imaging 2011;4(9):927-934
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ROC Curves for the Prediction of LAP
>15 mm Hg Using Echo Doppler Indexes

1.0 f
1.0 - I_|_|—|-‘
0.8 -
0.8 A
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> S 0.6
0.6 A =
- . -
(%).4 | % 0.4 -
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00 02 04 06 08 1.0 00 02 04 06 08 1.0
1-specificity 1-specificity
— E/é average (cutpoint >14, AUC 0.94) — E/A (cutpoint >1, AUC 0.76)
— E/é medical (cutpoint >15, AUC 0.93) — PV/Adur-Adur (cutpoint >25, AUC 0.83)
E/é lateral (cutpoint >12, AUC 0.9) E velocity (cutpoint >60, AUC 0.78)

Ritzema et al: JACC: Cardiovasc Imaging 2011;4(9):927-934
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Mean LAP vs Categorical E/e Medial
Ratio (15 and >15) for All Studies (n=48)
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Ritzema et al: JACC: Cardiovasc Imaging 2011;4(9):927-934
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Concordant Temporal Changes in Left
Atrial Pressure (mm Hg) and E/é Medial Ratio in
12 Subjects with 2 or More Echocardiogram Studies
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Why is BNP lower (or NI) in HFpEF?
Transient 1 in Atrial Pressure (Early HFpEF)

Obesity (| production; 1 clearance)

@ MAYO CLINIC



Why is BNP lower (or NI) in HFpEF?
Transient 1 in Atrial Pressure (Early HFpEF)
Obesity (| production; 1 clearance)

* Wall stress — BNP production

* Wall stress = P * radius/wall thickness
Normal HFpEF SHF




Wall Stress (~ (P*r)/h) — Production
Stretch— Release

BNP End Diastolic Pressure

P <0.001
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IwanagayY et al. JACC. 2006; 47:742-8.



Additional evaluation should include:

MRI for LV mass calculation
Doppler Echo Diastolic Function
BNP

Right heart cath

O 0O W >

Does this patient have HFpEF?
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Right and left heart catheterization
Coronaries normal
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LVSP = 140
RAM =17

PA = 85/25 (47)
PCWP = 22
CO =5.531/m
PVR = 8.5 wu



Right and left heart catheterization

LVSP = 104 utropiiiaal
PA = 47/12 (28) ’g )
PCWP = 19 é — Pa
CO=6.49lm ¢ UWW
PVR = 1.39 wu RNV

Time (seconds)



Evolution of PVH to PAH
“Post-Capilliary” to “Mixed”

Pulmonary Venous HTN

\

Reactive PAH
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“Exercise induced PH” in Earlier HFpEF

A
40
8 80 1 - 80
E 301 p<0.0001
S £ 60 + 60
i S
o 204 £
= 40
5 2 y
ol P
10 0
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O 1 1 1 1 1 O O
Baseline FeetUp 1 min Peak 1 min Rest Exeruse Rest xerC|se
Exercise Exercise Recovery

? Exc Echo with
Exc RVSP

e e Borlaug et al. Circ HF, 2010



Does this patient with “HF symptoms” and
EF>50% have HF?

Elevated PASP?
Doppler DD consistent with symptoms?
_A enlargement?
_VH or Concentric Remodeling?
Elevated BNP?
Sx correlate with onset Atrial Fib?
Response to diuretics?
CXR and Physical Exam cw HF

o] e O o [ [ S [ ]

The more boxes checked, the 1 the probability but no single
parameter necessary or sufficient.

If DX uncertain, Invasive Assessment + Exercise



PhosphodiesteRasE-5 Inhibition to

Improve CLinical Status And EXercise
Capacity in Diastolic Heart Failure

RELAX

NIH Heart Failure Clinical
Research Network






Hemodynamic Definitions

PVH Mixed

PAH due to
PASP (mmHgQ) > 35 HFpEF 39
MPAP (mmHg) > 25 | EEEREIEVAIN b 5

= 3-5 WU
MPCWP (mmHg)

PVR (WU)
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Right and left heart catheterization

Baseline Nitroprusside 4
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Evaluation of Diastolic Function

Normal Ab Relax Pseudo Restrictive
Grade 1 Grade 2 Grade 3
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Sohn et al: JACC, 1997
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Heart Failure is

“ A complex clinical syndrome
that can result from any
structural or functional cardiac
disorder that Iimpairs the ability of
the ventricle to fill with (diastolic)
or eject blood (systolic) ”

ESC guidelines for heart failure
European Heart Journal 2005



Normal diastolic function allows adequate
filling of the heart without excessive increase In
diastolic filling pressure at rest and with stress

Y I
@ MAYO CLINIC CP1176108-9



Secular Trends in Prevalence of
Heart Fallure with Preserved LVEF

Patients with
preserved EF (%)

70 7 r=0.92
P<0.001
60' ’/;
T O
50 - _ozse=--
PSS
40 - ——”I,’f”
/f,’
30 {1
20 . : : :
1986 1990 1994 1998 2002

Owan et al: NEJM 355:251, 2006
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Do all patients with HFpEF have LVH?

A \[e]
* Numerous observational studies

*On average: LV mass e > LV
massn>LV Mmass,,imal

°* Only = 40-50% pts fulfill echo
criteria for LVH (LV mass)



Case Presentation

2000

/3 yo woman with g¢fspnea, AF
Risk factors: AggZ HTN, Lipids

CXR: PVH, Cgrdiomegally

PFT: Nor
Echo: F, RVSP 45 mmHg
Cath:“NI Coronaries, Mild MR
Dx = Deconditioning, Age




“Exercise induced PH” in Earlier HFpEF

A
40
8 80 1 - 80
E 301 p<0.0001
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Baseline FeetUp 1 min Peak 1 min Rest Exeruse Rest xerC|se
Exercise Exercise Recovery

? Exc Echo with
Exc RVSP

e e Borlaug et al. Circ HF, 2010



Reduced Exercise Capacity
Women <5 METs, Men <7 METS (n=128)

Ischemia 5%

A
127574 ﬁ Ischemia 32%
6.3% Elevated LVFP 45%
7%
% el Pulmonary HTN 36%
i
%

Any abnormality 75%
Elevated LVEP y K

19,574

None 25%
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