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Objectives

Basic Heart Failure Review

Sex Differences Regarding Pathophysiology,
Epidemiology, Treatment, and Prognosis in Heart
Failure

Under-Representation of Women in Heart Failure
Studies

Under-Utilization of Treatment

Selection Bias for Rare Diseases



Heart Failure
Defined

Inability of the Myocardium to
Pump Blood Forward at a
sufficient rate to meet the
metabolic demands of the body

Or, the ability to do so only at

abnormally high cardiac filling
pressures




More

than 5

million
U.S.

Cases

Epidemiology

« Cost over 33 billion annually

* Mortality remains high

« 50% of patients hospitalized for HF have
HFEF




Etiology

HFrEF (more common in men)
2/3 Ischemic Cardiomyopathy

HTN

Myocarditis

Toxin Induced

Cardiac Specific
Generalized Myopathies
Diabetes

Dilated Cardiomyopathies

HFpEF (more common in women)

HTN

Diabetes

Obesity

CAD (25%)

Infiltrative (3)

Hypertrophic Cardiomyopathy
High Output States (4)
Constrictive

|diopathic Cardiac Fibrosis




Three Basic Presentations of HF

Flash or Acute |l ow Cardiac

Output State

Pulmonary
Edema with HTN Accumulation




Flash Pulmonary
Edema

» Rapid Onset of Symptoms and elevated
blood pressure

» No significant Volume Overload

» Volume Redistribution secondary to
Increased Vascular Tone (afterload)
Reduced Venous Compliance (Increased
Preload)
Poor LV Relaxation




Most Commonly chronic
systolic dysfunction
Dyspnea Upon Exertion

Dyspnea
Slowly
Progressive Fluid
Accumulation




Low Cardiac Output State

« Evidence of End Organ Hypoperfusion
Prerenal azotemia
Cool extremities
Poor energy levels

Confusion

Usually require inotropic support/mechanical circulatory support




Diagnostic Criteria

Major Criteria Minor Criteria
PND * Lower extremity edema
JVD * Nocturnal Cough
Crackles * Dyspnea Upon Exertion
Cardiomegaly * Hepatomegaly
Pulmonary edema  Pleural effusions
S3 » Tachycardia
HJR » Decrease in Vital Capacity

Weight Loss with Diuresis (> 4.5 pounds)



Diagnostic Testing

e |aboratories

 Electrocardiography

* Imaging




Most Utilized Labs

* BNP/NT-pro BNP
e Troponin

* Liver enzymes

Sodium Levels (Hypo-natremia)

Creatinine/Blood Urea Nitrogen




BNP/NT-pro BNP

Most Useful Biomarkers in diagnosing HF « HF Range: BNP > 200 pg/mL

Released from the Heart in response to
mechanical stretch and are indicators of

« BNP levels fluctuate based upon
volume overload

Age
Gender
Normal Range: Renal Function (increase BNP)
<100 pg/nL BNP Obesity (Reduces BNP levels)

< 125pg/mL NT-pro BNP



Persistently Elevated
Troponin Levels

 Seeninlschemic and Non-Ischemic HF
patients

» Associated with a worse prognosis




Other Labs

* Hyponatremia, Elevated Liver Enzymes, and Elevated
Creatinine/Blood Urea Nitrogen suggest:

Poor Cardiac Output
Severe Volume Overload

Portend an Unfavorable Prognosis




Electrocardiography

* Used to determine etiology of « QRS width/LBBB
cardiomyopathy/cause of decompensation Helps Identify patients who may
favorably respond to CRT

Q-waves (prior Infarct)
ST-segment changes (ischemia)
Cardiac Arrhythmias




Imaging

* Chest X-ray

* Echocardiogram

« Cardiac MRI




Chest X-ray

Pulmonary Edema

Kerley B Lines

Pleural Effusion

Pulmonary Congestion
Perihilar Fullness

Pulmonary vascular redistribution




Echocardiogram

« Diagnostic Modality of Choice for
diagnosis/characterization of HF

 Assess Systolic and Diastolic Ventricular Dysfunction
« Cardiac Chamber Dynamics
* Pericardial Diseases

» Detailed Structural and Functional Analysis of Valvular Heart
Disease

» Assessment of Congenital Malformations




Cardiac MRI

* Increasingly Utilized in the assessment of new-onset cardiomyopathies
* May characterize structural heart disease
« Help define etiology of cardiac dysfunction
« The presence and pattern of delayed gadolinium enhancement aid in
the diagnosis of specific cardiomyopathies:
Ischemic
Amyloid
Sarcoid
Hypertrophic
Myocarditis




Pathophysiology of HF

* Three Compensatory Pathways:

Sympathetic Nervous System Activation

Renin-Angiotensin-Aldosterone System
Activation

Natriuretic Peptide Production




i< 1. Pathophysiology of heart failure

Reduced cardiac output from heart fallure

Kidney: activation of RAA system

Carotid baroreceptor response =
Lo P due to low renal perfusion

Angioctensinogen

Increased activity of sympathetic
nervous system

Angiocotension |

Angiotensin-
converting enzyme

Heart rate increased and Anglotension 11
positive effects on myocardial
contraction (dnotropy)

Vasoconstriction and
increased BP (ncreased
aftertoad for the heart)

Adrenal gland Piltuitary gland secretes
secretes aldosterone antidiuretic hormone

Sodium and fiuid retention,

myocardial fibrosis Fluid retention

Negative remodelling of the heart and worsening left ventricular function

S s v pathetic compensatory mechanism
G RAA compensatory mechanism
BP = blood pressure; RAA system = renin-angiotensin-aldosterone system



Long Term Effects of Negative
Remodeling

 Transcriptional Reprogramming of Cardiac Myocytes:
Cardiac Myocyte Hypertrophy
Cardiac Myocyte Death
Extracellular Matrix Breakdown
LV Dilatation
Myocardial Fibrosis

Increased Risk of Arrhythmias




Guideline Directed Medical Therapy

Four Classes of Medication
ACEIls/ARBs/ARNIs

B-Blockers

Aldosterone Antagonists

Sodium Glucose Cotransporter 2 Inhibitors

Selected Patient Populations

lvabradine
Hydralazine/Nitrate
Digoxin

Vericiguat

lron Supplementation




Device-Based Therapies

MitraClip

J J J




Angiotensin-Converting Enzyme Inhibitors

MOA/Side-Effects TRIALS Proving Benefit

Blocks the formation of Ang I « ACEIls associated with mortality reduction
of 20-25% at 1 to 5 years

Initiate low doses and gradually up titrate V-HEFT 2
SOLVD
Creaktmme and potassium should be checked in 1-2 CONSENSUS
weeks.
SAVE
Up to 30% increase in Creatinine is common and
should not prompt discontinuation TRACE
AIRE

Side-effects:

® cough, hypotension, hyperkalemia
e renal insufficiency, angioedema, teratogenic




Angiotensin-Receptor Blockers

MQOA/Side Effects

Block the Angiotensin Type | Receptor
Alternative to ACEls

Should be initiated in the same fashion as
ACEls

Side -Effects:
hyperkalemia
hypotension
renal insufficiency

teratogenic

TRIALS Proving Benefit

» ARBS are equivalent to ACEls in HF
mortality reduction

VAL-HEFT
CHARM
VALIANT




Angiotensin Receptor Neprilysin Inhibitors

MOA/Side-Effects TRIALS Proving Benefit

 Shown to reduce HF death and

Compination hospitalizations in NYHA I, lIl, and IV
patients compared to ACEls
PIONEER-HF
Contraindication: PARADIGM-HF

 History of angioedema Sacubitril is a pro—drug

* CrCl < 30mg/dL that inhibits the enzyme
neprilysin

More potent
effect on
blood

pressure




Mandatory for all patients with HF

Beta-Blockers Initiate low dose and up-titrate Q 1-2 weeks until goal
doses are achieved

Patients should be euvolemic before initiating

Fatigue is common, but improves over time

Caution in patient with underlying bradycardia or
conduction system disease

Use B-selective agents in patients at risk for
bronchospasm




Beta-Blockers Studied in Clinical Trials

Metoprolol Succinate (Beta-

Carvedilol Selective)
 All-cause and cardiovascular mortality were ~ * All cause mortality was reduced by 34% at
reduced by 25-48% 1 year in NYHA lI-lll HF patients
COPERNICUS MERIT-HF

CAPRICORN




Beta-Blockers Studied in
Clinical Trials

 Bisoprolol
Supported by clinical data from CIBIS | and CIBIS I




Recommended in all patients with NYHA [I-IV

HF

Aldosterone

Antagonists . . . .
Recommended in patients with LV dysfunction

post-Ml

Should be used in addition to ACEls, ARB, or
ARNIs

In the myocardium, aldosterone leads to
fibrosis and progressive pathologic
remodeling




Spironolactone 30% Reduction in I\/Iortality

36% Decrease in

Hospitalization in patients
with NYHA llI-IV tailure

® RALES
e EPHESUS



Eplerenone

» Decrease in mortality and hospitalization in NYHA class |l
patients

EMPHASIS-HF




69

Aldosterone Antagonists CAVEATS

« Avoid in patients with a baseline Cr:

Avoid in patients with a

baseline potassium >/= 5.0
mEqg/L

« Women > 2.0mg/dL

Monitor electrolytes 2-3 days . Men > 2.5 mg/dL
after titration, then 1 week
later. Check Q 3 months




Inhibit reabsorption of
glucose in the proximal

tubules, thereby;
leading to glucosuria
and osmotic diuresis

SGLT-2 Inhibitors

Beneficial in HF, CKD,
and DM-2

e Should NOT be used in DM-1

* Hypoglycemia is not a concern in non-
diabetics because SGLT-2 Inhibitors do not
interfere with endogenous insulin/incretin
pathways

* Hypoglycemia is a concern in diabetics
prescribed sulfonylureas/insulin




Improved Outcomes in
NYHA class II-IV HF
patients with or without
diabetes

The primary endpoint
of worsening HF or
cardiovascular death
was decreased by 26%

e DAPA-HF
 EMPA-REG

Dapagliflozin




Empagliflozin

* The primary endpoint of worsening HF or cardiovascular
death was decreased

EMPEROR-REDUCED




Ilvabradine

* Indicated to reduce the risk of hospitalization « MOA:

in patients with symptomatic chronic heart Blocks the HCN channels that carries the I(f)
failure. current, thereby; lowering heart rate

EF </=35%

Sinus Rhythm Risk of developing Atrial Fibrillation

Resting heart rate>/= 70 bpm

Maximally tolerated doses of beta- Contraindicated:
blocker, or beta-blockers are Acute, Decompensated HF
contraindicated Hypotension, SSS

SA Block, 314 Degree AV block
Significant Bradycardia, Hepatic

Impairment



Hydralazine/Nitrate

« Can be Used as an alternative to ACEI/ARB therapy in
patient’s intolerant of these medications or as an add-on in
African American patients

* Decrease in HF Mortality and Hospitalizations

V-HEFT |
V-HEFT I
A-HEFT




o ®
Digoxin
+ Cardiac Glycoside that inhibits the Na-K  Toxicity seen at serum levels > 2ng/mL
exchange ion, leading to increased

intracellular calcium and enhanced
contractility

* Hypokalemia and Hypomagnesemia can
lower digoxin threshold levels

» Digoxin Adverse Reactions

Confusion

« Best effects when digoxin levels < Tng/mL Visual Disturbances

Gl Symptoms
* DIG Trial: decrease hospitalization, but did Cardiac Arrhythmias
NOT alter mortality Atrial Tach with AV Block
A. Fib

Bi-directional V. Tach



Oral Guanylate Cyclase
Stimulator

Reduced the
incidence of death or
hospitalization from
HF in NYHA Class II-IV
patients

Vericiguat
e VICTORIA TRIAL




Iron Supplementation

+ AFFIRM-HF

In stabilized patients with iron deficiency and with a recent
ADHF hospitalization, iron repletion reduced the risk for

future hospitalizations.

RED-HF
The treatment of anemia with erythropoietin-stimulating

agents is NOT supported.




ICDs

« MADIT-I, MADIT-II
Established the survival benefit of ICDs in patients with

ischemic HF

SCD-HEFT
Established a similar benefit for ICDs in patients with

ischemic and non-ischemic CM with EF </=
35%




ICD Indications

Structural Heart Disease with Spontaneous

Non-ischemic CM with
VT EF</= 35% and NYHA

Class Il or Il

Unexplained Syncope with inducible VT at

EP Study

. . Patients with LV Dysfunction
Survivors of Cardiac Arrest due to Unstable due to prior MI, 40 days

Sustained VT after exclusion of any post-Ml, and EF < 30% with

. NYHA Class |
reversible cause

Ischemic CM patients EF</= 35% and :
NYHA Class Il or Il NSVT due to prior MI, EF <

40%, and sustained VT or
inducible VF at EP Study




CRT

Is designed to resynchronize
ventricular contraction and improve
cardiac function in patients with HF

and dyssynchronous

electromechanical activation of the
LV

Marked decrease in mortality

associated with biventricular pacing

/

\

COMPANION

CARE-HF

MADIT-CRT



CRT

Recommended Considered
. EF</=35%, LBBB, QRS 130-149ms

e« EF </=35%, QRS >/= 150ms, and non-
LBBB QRS Morphology

* EF </=35% in NYHA llI-IV in atrial
fibrillation, and have QRS >/= 130ms,
provided a strategy to ensure biventricular
capture is in place




MitraClip

Percutaneous transcatheter mitral valve repair using
the MitraClip device was shown to decrease the
primary endpoint of HF hospitalizations in patients
with moderate-to-severe secondary mitral

regurgitation in the COAPT TRIAL.

All Cause Mortality was also improved.




Women and Cardiovascular Health

» Heart Failure affects over 2.6 million women ¢ Some of the sex specific considerations are
and 3.4 million men in the U.S. driven by the cellular effects of sex-
hormones on the:

Renin-Angiotensin Aldosterone System

e There are known sex differences in Vascular Aging

epidemiology, management, response to ,
_ LV Remodeling
treatment, and outcomes across a wide

spectrum of cardiomyopathies Endothelial Response to Injury




Sex differences in the epidemiology and treatment of HFrEF

HFrEF
Epidemiology




HFrEF Medical Therapy

« Not all HF medications benefit women and « PARADIGM-HF Trial
men equally Compared ARNI to ACEI in HFrEF pts.
Mortality and HF hospitalization among

taking ARNI dri b
« ACEIs have been shown to be beneficial since wornen taking Swas driven by a

the late 1980s (CONSENSUS Trial), however;
the benefits in women are unclear because

too few women participated in this landmark Limitation: Because of the choice of
trial. control (ACEl instead of Valsartan),

reduction in HF hospitalizations.

it remained unclear if the benefit was
due to the sacubitril-valsartan combination
or Valsartan Alone



Sex Hormones
May Be
Responsible for
Observed
Differences in
HFrEF Medical
Therapies

Estrogen




Newer Therapies

SHIFT TRIAL DAPA-HF

« SGLT-2Is demonstrated trends toward
reduction in the combined end point of HF
hospitalizations, intravenous outpatient
therapy for HF, or cardiovascular death

lvabradine reduced
combined end point of Limitation: Women were

cardiovascular death and under-represented in this
HF in women and had trial .. .
B A Iy e Limitation: Women were under-

represented in this trial




Sex Differences in the Utilization, Outcomes, and

Adverse Events in ICDs

« Based on many studies, eligible women are * In the National Cardiovascular Data Registry
less likely than men to have an ICD placed that included Medicare patients with an ICD

* Meta-analysis of 5 primary prevention trials,
showed no survival benefit for women with an

ICD

for primary prevention, women were more
likely than men to have 30-Day and 90-Day
adverse events such as bleeding and
mechanical complications

DEFINITE
SCD-HEFT
DINAMIT
MUSTT
MADIT-II




Sex Differences in the Utilization and Outcomes
in CRT

* Eligible Women are less likely than men to « Women are more likely than men to benefit
receive CRT from CRT as it relates to Ventricular
Remodeling.
« MASCOT

Women compared to Men experienced

greater reduction in LV End-Diastolic

Dimension

» Meta-analysis (REVERSE, MADIT-CRT, RAFT)
Women when compared to Men had more
Narrow QRS Duration



Mitraclip

« COAPT Trial
Treatment with the MitraClip reduced HF hospitalization
compared with GDMT alone, the effect was LESS in women

when compared to men.




Sex differences in the pathophysiology and treatment of HFpEF

Sex Differences in
HFpEF




Sex Interactions in Medical Therapy HFpEF

PARAGON-HF

The effect was
driven by reduction
in HF
hospitalization

ARNIs showed a
reduction in the
primary outcome in
women, but not in
men.

rather than
mortality and was
significant in
women

TOPCAT

Evaluated sex differences in outcomes and
responses to spironolactone in patients with
HFpEF
No sex differences in the primary
outcome of a composite of mortality,
aborted cardiac arrest, or HF
hospitalization.

Significant reduction in all-cause
mortality associated with spironolactone

in women but notin men




Sex Interactions in Medical
Therapy HFpEF

« EMPEROR-PRESERVED Trial
In a sub-group analysis, women receiving Empagliflozin
10mg vs placebo, reduced the combined risk of

cardiovascular death or hospitalization.




Specific Cardiomyopathies

Peripartum Cardiomyopathy
Hypertrophic Cardiomyopathy
Takotsubo Cardiomyopathy
Cardiac Amyloidosis

Cardiac Sarcoidosis




Peripartum
Cardiomyopathy




Hypertrophic Cardiomyopathy Sex Differences

ls a genetic cardiomyopathy with a
prevalence that is estimated
between 1:500 and 1:200

Slight male predominance (55-

65%) globally and in the U.S.

In the Mayo Clinic study, there were
no sex differences in the rate of ICD
implantation, myectomy, or alcohol
septal ablation

« Women are typically older and more
symptomatic at first evaluation

Women are more likely to have obstructive
physiology
Greater Mortality in Women

The diagnostic criterion of LV wall
thickness of at least 15mm for HCM does
not account for body surface area which
may be why disease severity is
underestimated in women




Takotsubo Cardiomyopathy Sex Differences

* Emotional stress predominant trigger in

Transient and usually reversible
form of CM typically instigated by women
physical or emotional stress

* Physical Stress predominant trigger in men

Strong female predominance
(female to male ratio of 9:1)

« Male sex is a predictor of adverse events

including cardiovascular death, heart

Hypotheses include estrogen failure, and ventricular arrhythmias
deficiency and a heightened

autonomic nervous system leading

to increased sympathetic
stimulation




Cardiac Amyloidosis Sex Differences

Two most
Light Chain common types:
Amyloidosis arises Light Chain
from secretion and Amyloidosis (AL)
overproduction of and Transthyretin
immunoglobin (ATTR-CM)
light chains

An infiltrative myocardial
disease caused by the
deposition of misfolded
amyloid fibrils within the
heart muscle

« ATTR-CM is an increasingly recognized CM
with sex differences in presentation and
natural history

« 80-90% of patients with ATTR amyloid are
men

e Characteristics of women with ATTR

amyloid at presentation include higher

LVEF, lower Posterior wall thickness, lower
interventricular septal thickness, and were
less likely to have an abnormal EKG




Cardiac Sarcoidosis Sex Differences

More Common in Black Women

Effects Residents of Northern
Latitudes More Commonly

Prevalence has increased partly
because of new imaging modalities
for diagnosis

Women constituted a smaller
proportion of ICD implants and
endomyocardial biopsies than men

* Atrial arrhythmias are high in women, while
ventricular arrhythmias are higher in men

» Higher in hospital mortality in women
when compared to men




Conclusions

Women and Men have different phenotypes
of HF with unique risk factors, epidemiology,
prognosis, and response to interventions

Women continue to be undertreated with

guideline-directed medical therapy and
device therapy

We need increased representation of
women in HF clinical trials
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