Assessing heart failure in clinical practice
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Definition

* Heart failure is not a single

@ESC, . e s pathological diagnosis, but a clinical
syndrome consisting of cardinal

2021 ESC Guidelines for the diagnosis and symptoms (e,g, breathlessness,

treatment of acute and chronic heart failure ank|e Swe”in ) and fatigue) that are

D e e e e, ACCOMpanied by signs (e.g. elevated
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(HFA) of the ESC crackles, and peripheral oedema).

Authors/Task F Members: Th A. McDonagh* (Chai )} (United I : d | d
Ki‘:\g::n)?:dar:;c:‘let::.? ir(sCha;:";‘:::::on) (Ictal(;;‘,aaariann:l;\p:;::: (Tasl:('Feorce ¢ t IS ue to a Stru Ctu ra a n Or

Coordinator) (Italy), Roy S. Gardner (Task Force Coordinator) (United Kingdom),

Andreas Baumbach (United Kingdom), Michael Bohm (Germany), Haran Burri fu n Ct i O n a I a b n O r m a I ity Of t h e h e a rt

(Switzerland), Javed Butler (United States of America), Jelena Celutkiene ' - ‘
(Lithuania), Ovidiu Chioncel (Romania), John G.F. Cleland (United Kingdom), t h at re S u ItS I n e I eva te d I nt ra Ca rd I a C
Andrew J.S. Coats (United Kingdom), Maria G. Crespo-Leiro (Spain), .

Dimitrios Farmakis (Greece), Martine Gilard (France), Stephane Heymans p re SS u re S a n d/o r I n a d e q u a te

cardiac output at rest and/or during
exercise.



Under-diagnosis of Heart Failure

* non-specific nature of the symptoms and signs

» of patients presenting to hospital with heart failure for the first time, it has been reported that approxi-

mately 40% had presented to their primary care physician in the preceding 5 years and reported at least
one symptom of heart failure?!

* one-in-six persons aged >65 years presenting to primary care with breathlessness on exertion will have
unrecognized heart failure (mainly heart failure with preserved ejection fraction [HFpEF])?

 delays for the additional investigations

1.Bottle A, Kim D, Aylin P, Cowie MR, Majeed A, Hayhoe B. Routes to diagnosis of heart failure: Observational study using linked data in England. Heart. 2018;104:600—605

2.van Riet EES, Hoes AW, Limburg A, Landman MAJ, van der Hoeven H, Rutten FH. Prevalence of unrecognized heart failure in older persons with shortness of breath on exertion. Eur J
Heart Fail. 2014,16:772-777



Waiting time for echo or cardiology visit

patients in primary care with suspected
HF received an echo.’
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‘ ' In Belgium, one study showed 63% of

J

In Finland, a study showed echo was \
only available for 32% of patients

in regional hospitals, but 78% in
university hospitals, and 68% in central

hospitals.'®
J

~

In Germany, a study showed only
17.2% of patients received an echo in

K primary care settings.™

>

HFPN Report 2022
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In Ireland, a study of patients with a
diagnosis of HF in primary care reveals

only 40% received an echo.?
4

A R
In the Netherlands, one study found
' that only 10% of GPs routinely perform

K an echo to support the diagnosis of HF.®

y
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> _4 In Scotland, only 58% of HF patients
‘ are diagnosed with an echo.
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e UNIVERSAL DEFINITION OF HF
HF is a clinical syndrome with current or prior

e Symptoms and/or signs (Table 6) caused by a

structural and/or functional cardiac abnormality
(as determined by EF <50%, abnormal cardiac
chamber enlargement, E/E’ >15, moderate/severe
ventricular hypertrophy or moderate/severe valvu-
lar obstructive or regurgitant lesion)

and corroborated by at least one of the following:

e Elevated natriuretic peptide levels (for values refer to
Table 7)

e Objective evidence of cardiogenic pulmonary or sys-
temic congestion by diagnostic modalities such as imag-
ing (e.g. by chest X-ray or elevated filling pressures
by echocardiography) or haemodynamic measurement
(e.g. right heart catheterization, pulmonary artery
catheter) at rest or with provocation (e.g. exercise).



Diagnosis of HF-highly dependent of clinical settings

* Ambulatory HF

* Acute HF

* In-hospital
* Worsening in ED
* Worsening in ambulatory settings

* Community
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! or if HF strongly suspected
or if NT-proBNP/BNP unavailable

Echo
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1 or if HF strongly suspected
or if NT-proBNP/BNP unavailable
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Preventing heart failure: a position paper of the
Heart Failure Association in collaboration with
the European Association of Preventive

Cardiology
Table 7 Populations attributable risks for developing heart failure in Europe
PAR Schrage et al.'”? Magnussen et al.'”® (2019) Uijl et oL '’ (2019) Pujades-Rodriguez et al."”® (2015) Baena-Diez et al.'”®
(Q020) (2010)
AL Men Women Men Women Men Women All

Hypertension 15.9 13 9 9.2 — 75 — — — — — 50
Diabetes 13 1" 8 45 37 1.6 103 43 23 — — —
Obesity 28 22 30 9.1 57 2 143 75 23 — — 43
Smoking 15.1 12.5 8 8 29 — 8 34 — 79 8.3 —
Cholesterol 3.6 0.5 3 — — — — — — — — —
Low physical activity — — — — 5 53 6 - 6.4 — — —_
History of Mi — 8 2 — — — — — — — — —
History of stroke — 1 1 —_ — — — — — — — —
History of COPD — — — 172 171 161 239 196 138 — — —
History of AF — — — 165 119 114 238 16.1 156 — — —
History of ischemic heart disease — — — — — — — — — — — 18.6

Combined PAR % 75.6 63 59 645 463 439 863 566 404 — — —




Suspected de novo Heart Failure as an
Outpatient
(History, physical exam, ECG)

v
NT-proBNP
|
. v v v
or if HF strongly suspected Rule-out Grey zone Age-adjusted High-risk
or if NT-proBNP/BNP unavailable <125pg/mL Rule-in Rule-in

<50y: 2125pg/mL 22,000pg/mL
50-74y:2 250pg/mL
275y: 2500pg/mL

Consider obesity,
race-based variations,
and treatment
(diuretics, F:ASi, MRA)

Heart Failure Heart Failure Heart Failure Heart Failure
Very Unlikely Not Likely Likely Very High-Risk
Evaluation for a Consider alternative = Treat as appropriate Priority
non-cardiac cause diagnosis Arranae for Echocardiography
advised If clinical suspicion = Echocardiography ~and evaluation by
remains, arrange (s 6weeks) Heart Failure team
echocardiography (<2 weeks)

Practical algorithms for early diagnosis of heart failure and heart stress using NT-proBNP: A
clinical consensus statement from the Heart Failure Association of the ESC . European Journal of
Heart Failure (2023)

- @ESC—



NT-proBNP in asymptomatic
patients with risk factors: heart

stress
@ ESC European Journal of Heart Falure (2023) POSITION PAPER
European Society  doi:10.1002/ejhf.3036
of Cardiology

Practical algorithms for early diagnosis of
heart failure and heart stress using
NT-proBNP: A clinical consensus statement
from the Heart Failure Association of the ESC

Antoni Bayes-Genis'* ', Kieran F. Docherty?, Mark C. Petrie?, James L. Januzzi3,
Christian Mueller?, Lisa Andreson’, Biykem Bozkurt®, Javed Butler’,

Ovidiu Chioncel®, John G.F. Cleland’, Ruxandra Christodorescu’?,

Stefano Del Prato'?, Finn Gustafsson'?, Carolyn S.P. Lam'3, Brenda Moura415,
Rodica Pop-Busui'é, Petar Seferovic'’.18, Maurizio Volterrani!?:20,

Muthiah Vaduganathan?!, Marco Metra??, and Giuseppe Rosano??

Various risk factors, such as HTN, atherosclerotic CV disease,
diabetes, obesity, and others, contribute to an increased
susceptibility to the development of HF.

Screening for

Heart Stress

in Asymptomatic patients with T2D
(or other risk factors for CVD)

v
NT-proBNP
|
M N D
Rule-out Grey zone Age-adjusted
< 50pg/mL Rule-in
<50y: 275pg/mL
50-74y: 2 150pg/mL
275y: 2 300pg/mL
Heart Stress Heart Stress Heart Stress
Very Unlikely Not Likely Likely
Repeat NT-proBNP Repeat NT-proBNP in 6 Arrange Echocardiography
inone year months Assessment by Heart Failure

team if cardiac dysfunction
present




Recommended diagnostic tests in all patients with
suspected chronic heart failure

Recommendations Class® Level®

BNP/NT-proBNP*

12-lead ECG

Transthoracic echocardiography
Chest radiography (X-ray)

Routine blood tests for comorbidities, including
full blood count, urea and electrolytes, thyroid

function, fasting glucose and HbAc, lipids, iron
status (TSAT and ferritin)

L ———— e e S e A



Diagnostic algorithm for heart failure

'
(Fmon e gy | Sy
* Risk factors
« Symptoms and/or signs
* Abnormal ECG

T

v

] NT-proBNP = 125 pg/mL
pag or BNP = 35 pg/mL
YI or if HF strongly suspected
or if NT-proBNP/BNP unavailable
Echocardiography
—@—o Abnormal findings

1
P
B

Heart failure confirmed

Define heart failure phenotype
based on LVEF measurement
. -
<40%  41-49%  =50%
(HFrEF)  (HFmrEF)  (HFpEF)
L I J
v
Heart failure uniikely DRSS sk
commence treatment
4
Consider other diagnoses

@ESC—

* Echocardiography is recommended as the key investigation
for the . assessment of cardiac function. As well as the
determination of the .LVEF, echocardiography also provides
information on other parameters such as chamber size,
eccentric or concentric LVH, regional . wall motion
abnormalities (that may suggest underlying CAD, . Takotsubo
syndrome, or myocarditis), RV function, pulmonary .
hypertension, valvular function, and markers of diastolic .
function

HF with reduced EF (HFrEF):

e HF with LVEF <40%

HF with mildly reduced EF (HFmrEF):

e HF with LVEF 41-49%

HF with preserved EF (HFpEF):

e HF with LVEF 250%

HF with improved EF (HFimpEF):

e HF with a baseline LVEF £40%, a 210 point increase from
baseline LVEF, and a second measurement of LVEF >40%



Where is the best LVEF cut off for HFpEF?
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Re-emergence of heart failure with a normal ejection fraction?



HFpEF Diagnosis ....

8 Heart failure with preserved
ejection fraction

8.1 The background to heart failure with

preserved ejection fraction

This guideline acknowledges the historical changes in nomenclature
and the lack of consensus on the optimal LVEF cut-off to define the
group of patients with HF without overtly reduced EF. The term ‘pre-
served’ was originally proposed in the Candesartan in Heart failure:
Assessment of Reduction in Mortality and morbidity (CHARM)
Programme to refer to patients with an EF (>40%) that was not
clearly ‘reduced’ or completely ‘normal’.>>* While the current guide-
lines have designated patients with an LVEF 41—-49% as HFmrEF, we
recognize that there will be debate about what constitutes ‘mildly
reduced’ EF, what these EF cut-offs should be, and whether they
should be different for men and women."**? The EACVI defines sys-

—_— . —_ ama - - 14

8.3 The diagnosis of heart failure with

preserved ejection fraction

The diagnosis of HFpEF remains challenging. Several diagnostic criteria
have been proposed by societies and in clinical trials.”*° These criteria
vary widely in their sensitivities and specificities for diagnosing HFpEF.
More recently, two score-based algorithms (H,FPEF and HFA-PEFF)
have been proposed to aid the diagnosis.>***' While the generaliz-
ability of the scores has been tested in various trial and observational
cohorts, their diagnostic performance has varied.* ¢’

Both scores assign a substantial proportion of suspected HFpEF
patients as intermediate likelihood, wherein additional diagnostics are
proposed. Thus, depending on which score is used, different patients
will be referred for additional testing or allocated as having HFpEF.
Furthermore, physicians may not have access to all the specialized
tests recommended by the specific diagnostic algorithms. This limits
the broad clinical applicability of the scores and demonstrates the
ongoing diagnostic uncertainty in HFpEF.>¢



Who are these patients?
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\ e Similar clinical congestion/

LVEDD

LA

congestion |

CV deaths
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HFpEF definitions in
EU/US/JAP Guidelines

Table 5 Current heart failure classifications according to left ventricular ejection fraction in contemporary clinical
practice guidelines

HFpEF definitions in RCTs

Table 3 Summary of heart failure inclusion criteria for recent clinical trials - heart failure with preserved ejection

Society HF classification according to LVEF LVEF Additional requirements
ACCFIAHA? o Heart failure with reduced ejection fraction (HFrEF)  <40% Symptoms and signs
L] -
a) HFpEF, borderline 41-49% Symptoms and signs
b) HFpEF, improved >40% Symptoms and signs
gsct  Heart failure with reduced ejection fraction (HFrEF) <40% Symptoms and signs
o Heart failure with mid-range ejection fraction 40-49% Symptoms and signs, elevated levels of natriuretic
(HFmrEF) peptides and at least one additional criterion of

refevant structural heart disease (LVH or LAE) or

diastolic dysfunction
Symptoms and signs, elevated levels of natriuretic
peptides and at least one additional criterion of

» Heart failure with preserved ejection fraction (HFpEF)  >50%

relevant structural heart disease (LVH or LAE) or
wmrﬁnn
JCSIHFS* o Heart fallure with reduced ejection fraction (HFrEF)  <40%
¢ Heart failure with mid-range ejection fraction 40% to <50%
(HFmrER)
. i rv nf H >50% )
o Heart fallure with preserved ejection fraction, >40%
improved (HFpEF improved) or heart failure with
recovered ejection fraction (HFrecEF)

fraction
Trial Age, NYHA class  LVEF Natriuretic peptides HF hospitalization
TOPCAT Age >50 years LVEF >45% BNP >100 pg/mlL Within previous 12 months,
NYHA -1V or NT-proBNP >360 pgiml with management of HF as a
major component
PARAGON-HF’ Age >50 years LVEF >245% and LAE If NSR, NT-proBNP >200 pg/mL Within previous 9 months
NYHA lI-IV LVH If AF: >600 pg/mL
or if no previous hospitalization
and
If NSR: NT-proBNP >300 pg/mlL
If AF: NT-proBNP >900 pg/mL
EMPEROR-Preserved®  Age >18years LVEF >40% (no prior NT-proBNP >300pg/mL in NSR  Within 12months OR
NYHA -1V (at history of LYEF or >900 pg/mL in AF evidence of structural
least 3 months) <40%) changes (LAE or Increased
LVM) on echo
DELIVER?? Age >40 years (LVEF >40% and Elevated natriuretic peptides Medical history HF 26 weeks
NYHA -1V evidence of structural before enrolment with at
heart disease (i.e. least intermittent need for
LAE or LVH) diuretic treatment

Lower NPs levels in HFpEF

Lower wall stress
Constrictive pericarditis

Obesity/Insulin resistance (high rate of NP clearence in obese )

Stage of disease



HFpEF Diagnosis

* Clinical diagnosis of HF and LVEF >50% not attributable
to an underlying cause such as an infiltrative
cardiomyopathy, hypertrophic cardiomyopathy, valvular
disease, pericardial disease, or high-output HF.



HFpEF mimics

Diagnostic Clues and Recommended Testing for HFpEF Mimics

HFpEF Mimic

Clinical Clues

Diagnostic Testing

Cardiac amyloidosis

Hypertrophic cardiomyopathy

Cardiac sarcoidosis

Increased LV wall thickness

Musculoskeletal issues (carpal tunnel syndrome, lumbar
spinal stenosis)

Neuropathy (sensory or autonomic)

Unexplained LV hypertrophy
LV outflow tract obstruction
Family history

Extracardiac disease (pulmonary, ocular, dermatologic)
High-degree atrioventricular block (especially if age <60 y)
Ventricular arrhythmias

Monoclonal protein screen (serum/urine immunofixation
electrophoresis and serum free light chains)

Technetium pyrophosphate scan (interpreted in the context of a
negative monoclonal protein screen)

Endomyocardial biopsy if monoclonal protein screen is positive

CMR if diagnosis is uncertain based on echocardiogram

CMR
FDG-PET scan
Tissue biopsy (cardiac or extracardiac)

Hemochromatosis

Fabry disease

High-output HF

Family history or history of frequent blood transfusions
Diabetes
Erectile dysfunction

Angiokeratomas
Sensory neuropathy
Proteinuria

X-linked inheritance

Echocardiogram with 4-chamber enlargement and/or
increased LV outflow tract VTI

Ferritin and transferrin
HFE genetic testing
CMR with T2* imaging

Serum alpha-galactosidase level (in men)
GLA genetic testing
Biopsy of affected tissue

Investigate and treat underlying cause: anemia, arteriovenous
malformations, cirrhosis, fistulas, thiamine deficiency

Myocarditis Antecedent viral infection CMR
Elevated troponin in the absence of coronary artery disease  Endomyocardial biopsy
Heart block and/or ventricular arrhythmias

Pericardial disease Prior cardiac surgery, chest radiation, or pericarditis CMR

Right-sided HF symptoms

Right and left heart catheterization to demonstrate discordance
in LV/RV pressure tracings during inspiration




Objective evidence of cardiac structural, functional and serological abnormalities
consistent with the presence of left ventricular diastolic dysfunction

Parameter®
LV mass index
Relative wall thickness

LA volume index®

E/e’ ratio at rest®

NT-proBNP
BNP

PA systolic pressure
TR velocity at rest®

Threshold
>95 g/m? (Female), >115 g/m?* (Male)
>0.42

>34 mL/m? (SR)

>9

>125 (SR) or
>365 (AF) pg/mL
>35 (SR) or
>105 (AF) pg/mL
>35 mmHg

>2.8 m/s

Comments

Although the presence of concentric LV remodelling or hypertrophy is
supportive, the absence of LV hypertrophy does not exclude the diagno-
sis of HFpEF

In the absence of AF or valve disease, LA enlargement reflects chronically

elevated LV filling pressure (in the presence of AF, the threshold is
>40 mL/m?)

Sensitivity 78%, specificity 59% for the presence of HFpEF by invasive
exercise testing, although reported accuracy has varied. A higher cut-off
of 13 had lower sensitivity (46%) but higher specificity (86%).”"*>**"*

Up to 20% of patients with invasively proven HFpEF have NPs below

diagnostic thresholds, particularly in the presence of obesity

Sensitivity 54%, specificity 85% for the presence of HFpEF by invasive

- . 9,261
exercise testmgzs 28
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Diastolic dysfunction and mortality in 436 360
men and women: the National Echo Database
Australia (NEDA)
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Alms To examine the characteristics/prognostic impact of diastolic dysfunction (DD) according to 2016 American
Society of Echocardiography (ASE) and European Society of Cardiovascular Imaging (ESCVI) guidelines, and Individ-
ual parameters of DD.

Mathods Data were derived from a large multicentre mortality-linked echocardiographic registry comprising 436 360 adults

and results with =1 diastolic function measurement linked to 100597 deaths during 2.2 million person-years follow-up. ASE/

European Association of Cardiovascular imaging (EACVI) algorithms could be applied in 392009 (89.8%) cases;
comprising 11.4% of cases with ‘reduced’ left ventricular gection fraction (LVEF < 50%) and B8.6% with ‘preserved
LVEF (250%). Diastolic function was indeterminate in 21.5% and 62.2% of ‘preserved’ and ‘reduced’ LVEF cases, re-
spectively. Among preserved LVEF cases, the risk of adusted 5-year cardiovascular-related mortality was elevated
in both DD [odds ratio (OR) 1.31, 95% confidence interval (Cl) 1.22-1.42; P<0.001] and indeterminate status
cases (OR 1.11, 95% CI 1.04-1.18; P<0.001) vs. no DD. Among impaired LVEF cases, the equivalent risk of
cardiovascular-refated mortality was 151 (95% €1 1.15-198, P<0,001) for increased filling pressure vs. 1.25 (95%
C1 096-1.64, P=0.06) for indeterminate status. Mitral E velocity, septal e' velocity, Ex¢' ratio, and LAVI all corre-
lated with mortality. On adjusted basis, pivot-points of increased risk for cardiovascular-related mortality occurred
at 90 em/'s for E wave velocity, 9 cm/s for septal ¢ velocity, an Ex’ ratio of 9, and an LAV of 32 mbm’.

Conclusion ASE/EACVi-classified DD is correlated with increased mortality. However, many cases remain ‘indeterminate’.
Importantly, when analysed individually, mitral E velocity, septal ¢’ velocity, Ex' ratio, and LAVI revealed clear pivot-
points of increased risk of cardiovascular-related mortality,

NEDA v 2.0 Registry (1% January 2020)

1,077,145 investigations in 631,824 individuals from 23 centres Australia-wide
332,307 men (aged 60.1+16.9 years) and 299,517 women (aged 61.1+18.3 years)

(29/5/1985 to 21/5//2019)

Excluded 445,321 repeat echo studies
(range 2-53 with 372,347 having <5 repeat investigations)

631,824 individuals aged 2 18 years
Selected for LAST recorded echocardiogram

Excluded 195,464 individuals (30.9%) with no Diastolic
function measurements on last recorded echocardiogram

224,671 Men (aged 61.3+17.2 years) and 211,689 Women (aged 61.8+18.4 years)
with =1 diastolic function measurement
Median 1,579 (IQR 847-2,631) days of FU

44,351 cases (10.2%) All 436,360 cases with
excluded 21 diastolic measurement
with no measured LVEF

ASE/EACVI Algorithm Diastolic Parameters
LVEF=50% LVEF<50%
N=347,408 (88.6%) N=44,601 (11.4%)
Mean LVEF 65.4%8.1% Mean LVEF 37.6%9.6% I Measured LVEF I
N=45,399 (13.1%) N=1,964 (4.4%) excluded 3 N=392,009 {89.8%), Mean 62.2:12.1% ]
excluded due to insufficient due to insufficient di /i
diastolic measurements measurements I E wave velocity I
N=436,360 (100%), Mean 80.8+26.7cm/s
Normal Diastolic Normal Filling
Function Pressure I E:A ratio I
N=209,396 (69.3%) N=2,026 (4.8%) N=376,453 (86.3%), Mean 1.15:0.68

1,751 (IQR 995-2,793) days of FU | 11,629 (1QR 930-2,844) days of FU
: Septal e’ velocity I
FTE Siirecsatl m",,‘ N=237,816 (54.5%), Mean 8.13.0cm/s
Diastolic Function Ev’ ratio
N=27,637 (9.2%) N=14,049 (33 0%) b 2 I
1,175 (IQR 559-2,079) days of FU| | 822 (1QR 267-1,649) days of FU e L s

LA volume index
Indeterminate Diastolic Indeterminate filling I N=170,614 (39.1%), Mean 41.7429.5mi/m?
Function pressure
N=64,976 (21.5%) N=26,562 (62.2%) eRVSP (assuming RAP=5)
1,433 (IQR 740-2,484) days of FU§ 111,110 (IQR 420-2,069) days of FU N=264,717 (60.7%), Mean 36.8+11.3mmHg
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Diagnostic Accuracy of Tissue Doppler Index E/e for Evaluating Left
Ventricular Filling Pressure and Diastolic Dysfunction/Heart Failure
With Preserved Ejection Fraction: A Systematic Review and Meta-

Analysis
Qieg F. Shastioy, ND, PhD; Chon G Schiros, PhD; Inmacuiata Aban, POD; Thomas S Denney, ¥, PAD; Himaraby Gupta, MD, FACT

The poor-to-mediocre correlation of E/e’ to LVFP

Diagnostic accuracy of E/e recommended by the American

Society of Echocardiography to identify

normal left ventricular filling pressure (LVFP).
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24 studies reporting E/e’ and invasive LVFP
in preserved EF

Diagnostic accuracy of E/e recommended by the
American Society of Echocardiography to identify
elevated left ventricular filling pressure (LVFP).
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What we measure?

|

Relaxation

(e’ IVRT, SR)
Mean LAP

LVmin LVEDP

Pre A

B Rapid Filling s LV

WLASystole =LA LV pressure ——_J/ ~~----

LA ‘

Stiffness
(LA volume LA strain)

elastic recoil (DT.E/e’)
(rotation, e’)



The application of different HFpEF Functional and Morphologic

definitions captures distinct groups Heterogeneity in HFpEF RCTs
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5%-45% of patients with any classification 10%-80% of patients with high PCWP

had normal PCWP are not included in a classification
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Circulation: Heart Failure

ORIGINAL ARTICLE

Pulmonary Capillary Wedge Pressure
Patterns During Exercise Predict Exercise
Capacity and Incident Heart Failure

BACKGROUND: Singte measurements of left ventricular filling pressure
at rest lack sensitivity for identifying hearn fallure with preserved ejection
fracthon (HFREF) in patients with dyspnea on exertion. We hypotheszed
that exercse hemodynamic measurements (e, changes in pulmonary
caplillary wedge prassure [PCWP| mdexed to cardiac output [CO]) may
more sensitively differentiate HFpEF and non-HFpEF disease states, reflect
aerobic capaoty, and forecast heart falure outcomes in indwiduals with
rormal PCWP at rest

METHODS AND RESULTS: We studied 175 patients referred for
cardiopulmonary exercise testing with hemodynamic monitoring: controls
(n=33), HFpEF with resting PCWP215 mm Hg (n=32), and patients with
dyspnea on exertion with normal cesting PCWP and left ventricular
gjection fraction (COE-nlrW; n=110}. Across 1835 paired PCWP-CO
measurements throughout exercise, we used regression technigues to
define normative bounds of “PCWP/CO slope” in controls and tested

the association of PCWP/CO slope with exercise capacity and composite
cardiac outcomes (defined as cardiac death, inadent resting PCWP
elevation, or heart failure hospitalization) in the DOE-ni'W group. Relative
1o controis (PCWP/CO slope, 1.2+0.4 mm Ha/L/min), patients with HFpEF
had a PCWP/CO siope of 3 421.9 mmHo/A/min. We used a theeshold (2
SD above the mean in controls) of 2 mmHg/L/min to define abnormal.
PCWP/CO siope >2 in DOE-nir'W patients was common (n=45/110) and
wans associated with reduced peak Vo, (P<0.001) and adverse cardiac
outcomes after adjustment for age, sex, and body mass index (hazard
rato, 3.47, P=0.03) at a median 5 3-year follow-up

CONCLUSIONS: Elevated PCWP/CO slope dunng exercise (>2 mmHg/L/
min) s comman in POE-nkW and pradicts exercise capacity and heart
fadure outcomes. These findings suggest that current definitions of HFpEF
based on single measures during rest are insufficient and that assessment
of exercise PCWP/CO slope may refine early HFpEF diagnosis

Aaron S. Eisman, BS*

Ravi V. Shah, MD*

Bshnu P Dhakal, MD

Paul P. Pappagianopoulos,
MEed

Luke Wooster, BS

Cole Balley, BA

Thomas F. Cunningham,
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Kathryn M. Hardin, BS

Aaron L. Baggish, MD

Jennifer E. Ho, MD

Rajeev Mathotra, MD

Gregory D. Lewis, MD

PCWP vs Cardiac Output
Stratified by Referral Population

o Controls (slope = 1.2, n=33) ¢
0 HFpEF (slope = 3.4, n=32)

10 20 30 40 50
|

PCWP (mmHg)

0
L

0 5 10 15 20
Cardiac Output (L/min)

The hashed line represents a PCWP/CO slope of 2.0, which
nearly perfectly discriminates the 2 groups.




Patient with dyspnea
and/or edema

Assess for HF mimics

Assess likelihood
based on the
H,FPEF score

Assess for a
noncardiac source

Apply Universal
Definition of HF




HFpEF Diagnhostic Scores

Circuiat
ORIGINAL RESEARCH ARTICLE Qo

A Simple, Evidence-Based Approach to
Help Guide Diagnosis of Heart Failure With
Preserved Ejection Fraction

Editorial. sew p 871 Yogesh V. Rnddy MO
Rickey £ Cartes, PO
BACKGROUND: Dhagnows of hoart failurm with perservod guection Masarv Obokata, MD, PhD

rachon (HFEF; 1 chalerging i ouvolemic patients with dyspnea. and Margaret M. Redtield, MO
1 endince-based criteria ore avaiiable Wi sought b develop and then Ranry A Baslseg. MD
vahdate ponrvasve dagrastic critena that coukd be used % estimate the

Clinical Variable | Values

F Atrial Fibrilation ‘Paroxysmai or Persistent
uimonary Doppler Echocardiographic estimated
P PM Pulmonary Artery Systolic Pressure > 35
mmHg
E Eo [t
F Doppler Echocardiographic E/e’ > 9

Filling Pressure
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HIA CONSENSUS

@ESC Europess juurnet of Hesrs Fature (2030) 22391 212
RECOMMENDATION

Buropean Secufy  gor 20 2000 1 743
of Carrsatogy

How to diagnose heart failure with preserved
ejection fraction: the HFA-PEFF diagnostic
algorithm: a consensus recommendation
from the Heart Failure Association (HFA)

of the European Society of Cardiology (ESC)
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2-4 points: Diastolic Stress Test or Invasive Haemodynamic Measurements
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Phenotyping in HFpEF and management consideration

@ E SC European Journal of Heart Fallure (2023)
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Patient phenotype profiling in heart failure
with preserved ejection fraction to guide
therapeutic decision making. A scientific
statement of the Heart Failure Association
and the European Heart Rhythm Association
of the European Society of Cardiology, and the

European Society of Hypertension
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CONSENSUS STATEMENT

Patient profiling in HFpEF and
consequent therapeutic considerations

Ferric carboxymaltose

Iron
Deficiency Beta-blockers
Ca-channel blockers
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LAMA/LABA
Beta-blockers
(R1-selective)

Ischaemic
Heart
Disease

Dapaglifiozin

Empagliflozin

Semaglutide . Atrial Dronedarone
Tirzepatide Obesity + diuretics Fibrillaton | PVI
(if congestion)
ACEi/ARB/ARNi GLP1-RA
Indapamide Arterial Metformin
Nebivolol Hypertension Finerenone (if CKD is al
MRAs

Ca-channel blockers
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2021 HF Guidelines: AHF Definition

Acute HF (AHF) refers to rapid or gradual onset of symptoms and/or signs of HF, severe enough for the
patient to seek urgent medical attention, leading to an unplanned hospital admission or an emergency
department visit. Patients with AHF require urgent evaluation with subsequent initiation or
intensification of treatment, including /V therapies or procedures. Clinical severity and in-hospital
trajectory are determined by the complex interplay between precipitants, the underlying cardiac
substrate, and the patient’s comorbidities.

2005

2008

2012

2016

Acute heart failure is defined as the
rapid onset of symptoms and signs
secondary to abnormal cardiac
function. It may occur with or
without previous cardiac disease.
The cardiac dysfunction can be
related to systolic or diastolic
dysfunction, to abnormalities in
cardiac rhythm, or to preload and
afterload mismatch. It is often life
threatening and requires urgent
treatment.

AHF can present itself as acute de
novo (new onset of acute heart
failure in a patient without
previouslvy known cardiac

Acute heart failure (AHF) is
defined as a rapid onset or
change in the signs and symptoms
of HF, resulting in the need for
urgent therapy. AHF may be
either new HF or worsening of
pre-existing chronic HF. Patients
may present as a medical
emergency such as acute
pulmonary oedema. The cardiac
dysfunction may be related to
ischaemia, abnormalities in
cardiac rhythm, valvular
dysfunction, pericardial disease,
increased filling pressures or
elevated systemic resistance.

Acute heart failure (AHF) is the term
used to describe the rapid onset of, or
change in, symptoms and signs of HF.
It is a life- threatening condition that
requires immediate medical attention
and usually leads to urgent admission
to hospital. In most cases, AHF arises
as a result of deterioration in patients
with a previous diagnosis of HF (either
HF-REF or HF-PEF), and all of the
aspects of chronic management
described in these guidelines apply
fully to these patients. AHF may also
be the first presentation of HF (‘de
novo’ AHF).

AHF refers to rapid onset or
worsening of symptoms and/or
signs of HF. It is a life-threatening
medical condition requiring urgent
evaluation and treatment, typically
leading to urgent hospital
admission. AHF may present as a
first occurrence (de novo) or, more
frequently, as a consequence of
acute decompensation of chronic
HF, and may be caused by primary
cardiac dysfunction or precipitated
by extrinsic factors, often in patients
with chronic HF.
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All-cause Mortality,

Worsening HF is associated with a high subsequent risk of death, irrespective of treatment as
an inpatient, outpatient, or in the emergency department (ED)

@ ESC Europons il of Mears Tadare 071 20, 123130 RESEARCH ARTICLE
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Heart failure in the outpatient versus inpatient
setting: findings from the BIOSTAT-CHF study
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Definition of WHF

 deterioration of HF signs and symptoms after a period of stability that requires
escalation of therapy

stability

* the requirement for a chronic HF diagnosis, excluding patients with dg/novo or
recently diagnosed HF.

* Irrespective of venue of care: ED, ambulatory, hospitalization

* Hospitalization for HF is a sentinel event that signals worse prognosis but also
provides key opportunities to redirect the disease trajectory



Baseline risk ——— Residual risk —> Worsening risk —> — Advancedrisk —» —» —» —»

NYHA Il or IV

Low cardiac reserve
Poor exercise capacity
Frequent readmissions
Organ dysfunction

Suboptimal GDMTs Optimal GDMTs Intolerance to GDMTs

D. IV diuretics
/IV inotropes
MCS, HTX
Palliative care

B-C Optimize GDMTs B-C optimize diuretic regimen

Consider class Il therapies:
GCs activators, U

oM
Digoxin,
Ivabradine

Consider class Il interventions:
TMVI and TTVi
CCMs;
Neuromodulation
OSA

Treat comorbidities

Closer Follow up

Exercise capacity

Cardiac Reserve

Organ failure



AHF Diagnosis

Physical examination has a SR ——"
of HF caused by a

sensitivity of only 62% (95% Cl 61— ctructural ana/ar

functional cardiac

64%) and a specificity of 68% (95%  abnormality

CI 67_69%) fOI’ d d IagnOSIS Of AH F and corroborated by atEIeast one of the following
\ 4

Elevated natriuretic
peptide levels

>

or

|
Objective evidence of

cardiogenic pulmonary or |
systemic congestion |

-

Figure 1 Universal definition of heart failure (HF).



AHF Diagnosis

‘- Symptoms and/or signs \
of HF caused by a
structural and/or
functional cardiac

\ abnormality -

and corroborated by atEIeast one of the following

\ 4
s R

Elevated natriuretic
peptide levels

- W,

or

\

Objective evidence of
cardiogenic pulmonary or
systemic congestion

A

@Fsc— Figure 1 Universal definition of heart failure (HF).



Causes of lower
NPs levels

Obesity, or increased BMI
Flash pulmonary edema
Pericardial diseases*

*In certain patients with
pericardial

disease and effusion natriuretic
peptides may be lower and rise
after pericardiocenthesis.

History
Signs/symptoms reflecting
congestion/hypoperfusion

ruleout _ Cut-off  rulein
<100pg/ml BNP >400pg/ml
>450pg/ml;<50 years
<300pg/ml  NT-proBNP  >900pg/ml; 50-75 years
>1800pg/ml; >75 years
|
<120pg/ml  MR-proANP  >120pg/ml
Exclude AHF Continue
(NPV 94-98%) +— > AHF workup
NP grey zone

|

Exclude AHF «— Ancillary testing —» Confirm AHF diagnosis

Chest-X ray, Lung l
ultrasound, Echo
Clinical profiles:
ADHF, Acute pulmonary edema,
Right-sided HF, Cardiogenic shock

Causes of elevated NPs levels

other than primary diagnosis of HF
Cardiovascular causes

Acute coronary syndrome, myocardial infarction
Pulmonary embolism

Myocarditis

Hypertrophic cardiomyopathy

Valvular heart disease

Congenital heart disease

Atrial or ventricular arrhythmias

Heart contusion, cardiac infiltration or malignancy
Cardioversion, ICD shock

Pericardial disease

Invasive or surgical procedures involving the heart
Pulmonary hypertension, right ventricular failure
Infiltrative cardiomyopathies

Non-cardiovascular causes

Advanced age
Kidney disease

Sepsis , cytokine syndrome
Ischemic or hemorrhagic stroke
Pulmonary disease (pneumonia, COPD)

Liver disease
Severe anemia
Severe metabolic and hormone abnormalities

(e.g. thyrotoxicosis, diabetic ketoacidosis)



Radiographic pulmonary congestion
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International Journal of Cardiology
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Mid-term prognastic impact of residual pulmonary congestion assessed
by radiographic scoring in patients admitted for worsening heart faiture
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Interplay between admission and prior to discharge CSI

s LOW CSI (A) / Low CSI (D)
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s High CSI (A)/ Low CSI (D)
we= High CSI (A)/ High CSI (D)

Log Rank = 10.8 P=0.013
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LUS Admission LUS Disch
Gargan ¢ ol Confiovasculor IMrasound (2015) 1240
DO 0 11867512047 01500334
CARDIOVASCULAR
ULTRASOUND

RESEARCH Open Access

Persistent pulmonary congestion before @
discharge predicts rehospitalization in heart
failure: a lung ultrasound study

| FEEIOR R
100p= ‘ B-lines < 15
: T i
8 chest zones s ¥ i
* The visualization of >3 B-lines in two or t & e -B-Iines>15
. . 3
more intercostal spaces bilaterally should be o
considered diagnostic for pulmonary I
oedema; s 2
w
e 0 e o 0 _ (0) T T T T 1 1
* sensitivity of 94% (95% CI 81-98%) and 0 T SR U RN O Y, 5
specificity of 92% (95% Cl 84—96%). Subjcts a 1 Time (days)
~—B-lines 15 60 60 60 60 59 59 59
=« =B-lines >15 40 35 33 K} 30 27 27

Martindale, J. L. et al. Diagnosing acute heart failure in the emergency department:
a systematic review and meta-analysis. Acad. Emerg. Med. 23, 223-242 (2016)



2021 HF Guidelines: AHF Definition

Acute HF (AHF) refers to rapid or gradual onset of symptoms and/or signs of HF, severe enough for the patient to seek urgent medical
attention, leading to an unplanned hospital admission or an emergency department visit. Patients with AHF require urgent evaluation with

subsequent initiation or intensification of treatment, including /V therapies or procedures. Clinical severity and in-hospital

trajectory are determined by the complex interplay between precipitants, the underlying cardiac
substrate, and the patient’s comorbidities.

Precipitants

CV substrate Non CV comorbidities
* Individual progression

. * Interfere with Cardiac Substrate
L dYSfunCtlon * Interfere with therapies

rEF, mrEF,pEF » Modulate the outcomes
RV dysfunction o All cause mortality

baseline RV dysfunction ,\,li’ g Ao

PHT s e

« Effort capacity

TR-

* Represent target 1o therapy



AHF Diagnosis Initial management of AHF

Diagnostic workup of AHF
Initial management

\ @Eesc—

Clinical presentations:

In-hospital

ADHF,APO, RHF,CS




AHF: large diversity of precipitants

These conditions have specific management pathways and triage dispositions
should be treated before congestion/hypoperfusion algorithm

acute Coronary syndrome
Hypertension emergency
Arrhythmia

Mechanical cause*
Pulmonary embolism
Infections

Tamponade

Immediate phase
(initial 60—120 min)

- =P IN

Large anterior Ml PM rupture PV thrombosis Acute PE Tamponade




\_

Pathophysiology Prognostic assessment

HF Classifications

|

to inform about

Disposition decisions Therapeutic decisions

/

Epidemiology
Quantifiable events

Research

Quantifiable events

Economics
Quantifiable Cost




MM RAP
PRAP <«

Concordant congestion

™1 PCWP

Right-sided congestion

Acute RVF

Peripheral oedema
JVD

Hepatomegaly

HIR

No hypoperfusion

ADHF

Orthopnoea
Tachypnoea
Rales

S3

MPCWP

Left-sided congestion

APO

APO clinical criteria*

Respiratory distress Respiratory failure

«  RR>25/min .« Sp02 <90%,

« Useofaccessory ° ABG:Pa02<60mmHg,
© PaCO2 > 45 mmHg

*  Pa02/FiO2 < 300 mmHg

muscles

Diagnostic confirmation of APO (at least two criteria)*’:

Clear signs of pulmonary congestion on chest X ray or CT scan
>3 B-Lines in two chest zones on each hemithorax on LUS
Signs of elevated filling pressures on echo (E/E’ > 15)
BNP > 400pg/ml or N-ProBNP > 900pg/ml
(or 1800pg/ml in > 75 years)

Elevated pulmonary capillary pressure on catheterization
Increased total lung water on pulse contour and

thermodilution analysis system

Hypoperfusion

CS



T

Trajectories: HF long term trajectories T- Trajectories
Baseline risk Residual risk Worsening risk Advanced risk lon g term Tra je ctories

* e NoVo
—\} W W SVCHF "

de novo HF Worsening chronic HF Advanced HF Advanced HF

Acute life threatening aetiologies- CHAMPIT

. A-acute Aetiologies requiring specific treatment (CHAMPIT)
other potential triggers

Clinical profiles C-Clinical profiles: ADHF, APO, RHF,CS
[ADHF ] (LAPo ) ((RHF ) (Cs ) congestion
Congestion (right vs left)/Hypoperfusion hypoperfusion
congestion and hypoperfusion
Individual pump failure phenotype I-Individual pump failure phenotypes
L vs R vs biV; concordant vs discordant L vs R vs biV
Initial Therapies T-Therapies

initial Therapies
in-hospital Trajectories

Continuous [Initialimproving ] [Refractory ] [Downward course with J

improving then worsening symptoms continuous worsening
improving
Escalation of therapies improving then worsening
improving Not improving refractory symptoms
| 1 continuous worsening
[ Optimization of GDMTs ] [ Advanced HF therapies ] escalation Therapies

optimal/suboptimal/intolerant (HTX, LVAD, Palliative care)
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(end stage/refractory/terminal/advanced)

13. Mechanical circulatory support
and heart transplantation

13.1 Mechanical circulatory support

For patients with et Svone of atute HF who cannot be stabs
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than meare defintive therapy may be planned Pasents with Chronic
refractocy HF despite modical thorapy G be wested with 2 per
manent enplantable left ventricular ssant device (LVAD) Tato 111
Ints the curree indcasuing for the wae & mechanical drodatory a8
st devces”"

13.1.1 Mechanical circulatory support in acute heart
Faibare

To murnge patents with AHF or cordiogena shock (INTERMACS
lowed 1) shortterm mecharscd wpport yydemy, ncuding percu-
Hnecus Cirdiac wppen devices, entrcorperesl ife support
(ECLS) and extrasorparesl membearw axygengion (ECMO | may
b wsemd 40 duppe et patienss with left o Brventricular fallurw umil
cardiac and othes organ Noction have recosered. Typpically the
use of thase dovices 5 redricted 10 3 fow dayy 1o woeks The Srvival

Altr Veno-areis] ECMO {SAVE) scoes con help to predct survival

Table 130 Terms describing various indications for
mechanical circulatory support
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10 Advanced heart failure

10.1 Epidemiology, diagnosis, and prognosis

Many patients with HF progress into a phase of advanced HF, characterized by
persistent symptoms despite maximal therapy.*'-83 The prevalence of advanced HF
is increasing due to the growing number of patients with HF, ageing of the population,
and better treatment and survival of HF. Prognosis remains poor, with a 1-year
mortality ranging from 25% -75%.384-366

The updated HFA-ESC 2018 criteria for the definition of advanced HF are reported in
Table 13.%2 A severely reduced LVEF is common but not required for a diagnosis of
advanced HF as it may develop in patients with HFpEF as well. In addition to the

reported criteria, extra-cardiac organ dysfunction due to HF (e.g., cardiac cachexia,



2021 criteria for defining Advanced Heart Failure
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Advanced heart failure: a position statement
of the Heart Failure Association of the
European Society of Cardiology
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All the following criteria must be present despite OMT:
1. Severe and persistent symptoms of heart failure [NYHA class Il (advanced) or IV].

2. Severe cardiac dysfunction defined by (at least one of the following):
e LVEF (<£30%)
e |solated RV failure (e.g., ARVC)
e Non-operable severe valve abnormalities
e Congenital abnormalities
e Persistently high (or increasing) BNP or NT-proBNP values and severe diastolic
dysfunction or LV structural abnormalities (according to the definitions of HFpEF)

3. Episodes of pulmonary or systemic congestion requiring high-dose i.v. diuretics (or diuretic
combinations) or episodes of low output requiring inotropes or vasoactive drugs or malignant
arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months.

4. Severe impairment of exercise capacity with inability to exercise or low 6MWT (<300m) or
pVO, <12 mL/kg/min or<50% predicted value, estimated to be of cardiac origin.



Sub optimal GDMTs Optimal GDMTs Refractory or intolerance to GDMTs
NYHA Ill or IV

Low cardiac reserve

Poor exercise capacity
Frequent readmissions
Multiple organ dysfunction

B-C Optimize GDMTs B'C

Optimize diuretic regimen
Consider class Il therapies:
GCs activators,
oM
Digoxin,
Ivabradine
Consider class Il interventions:
TMVIand TTVi
CCMs; D. [Vdiuretics
Neuromodulation IV inotropes
OSA MCS, HTX
Palliative care

Exercise capacity

Cardiac Reserve

Multiple organ failure H




2021 criteria for defining Advanced Heart Failure

@_ESC > Wi [ ESC GUIDELINES

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Developed by the Task Force for the diagnosis and treatment of
acute and chronic heart failure of the European Society of
Cardiology (ESC)

With the special contribution of the Heart Failure Association
(HFA) of the ESC

Authors/Task Force Members: Theresa A. McDonagh® (Chairperson) (United
Kingdom), Marco Metra @ * (Chairperson) (ltaly), Marianna Adamo (Task Force
Coordinator) (Italy), Roy S. Gardner (Task Force Coordinator) (United Kingdom),
Andreas Baumbach (United Kingdom), Michael Bohm (Germany), Haran Burri
(Switzerland), Javed Butler (United States of America), Jelena Celutkiene
(Lithuania), Ovidiu Chioncel (Romania), John G.F. Cleland (United Kingdom),
Andrew J.S. Coats (United Kingdom), Maria G. Crespo-Leiro (Spain),

Dimitrios Farmakis (Greece), Martine Gilard (France), Stephane Heymans
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All the following criteria must be present despite OMT:
1. Severe and persistent symptoms of heart failure [NYHA class Il (advanced) or IV].

2. Severe cardiac dysfunction defined by (at least one of the following):
o LVEF (<30%)
e |solated RV failure (e.g., ARVC)
* Non-operable severe valve abnormalities
e Congenital abnormalities
e Persistently high (or increasing) BNP or NT-proBNP values and severe diastolic
dysfunction or LV structural abnormalities (according to the definitions of HFpEF)

3. Episodes of pulmonary or systemic congestion requiring high-dose i.v. diuretics (or diuretic
combinations) or episodes of low output requiring inotropes or vasoactive drugs or malignant
arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months.

4. Severe impairment of exercise capacity with inability to exercise or low 6MWT (<300m) or

| Is the patient’s prognosis on tolerated medical therapy poor
enough that advanced therapies should be considered?
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