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Heart Failure Background

• Heart failure (HF) is a major public health problem resulting in substantial 
morbidity, mortality, and healthcare expenditures in the US and globally

• Despite treatment advances large number of eligible patients are not 
receiving one or more evidence-based, guideline-recommended HF therapies

• Greater therapeutic urgency needed

American Heart Association. 2024 Heart and Stroke Statistical Update. Dallas, Tex: American Heart Association; 2024, Circulation in Press   

Population 
Group Prevalence Incidence Mortality

Hospital 
Discharges Cost

Total population 6,700,000 1,000,000
421,938

(50% at 5 
years)

1,111,500
(3 million 

secondary)

$30.7 
billion



Outcomes for Heart Failure Compared with
the General US Population 

Across various age groups, median survival is substantially greater in the general US population compared with patients 
with HF across the EF spectrum. Data from GWTG-HF linked to CMS and the National Vital Statistics Report 2004.
Shah KS..Fonarow GC. J Am Coll Cardiol. 2017;70(20):2476-2486.

Median Survival Stratified by Age
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				Life Expectancy in US		HFrEF		HFbEF		HFpEF

		65-69		18.7		3.6		3.3		4.0

		70-74		15.1		2.9		2.8		3.4

		75-79		11.9		2.3		2.6		2.6

		80-84		9.1		1.7		1.8		2.2

		85-89		6.8		1.2		1.3		1.5

		≥90		5.0		0.8		1.0		0.9







Evidence-Based HFrEF Therapies
Guideline 

Recommended Therapy

Relative Risk 

Reduction  in

Mortality

Number Needed to 

Treat for Mortality

NNT for Mortality 

(standardized to 36 

months)

Relative Risk Reduction 

in HF Hospitalizations

ACEI/ARB 17% 22 over 42 months 26 31%

ARNI* 16% 36 over 27 months 27 21%

Beta-blocker 34% 28 over 12 months 9 41%

Aldosterone Antagonist 30% 9 over 24 months 6 35%

SGLT2 Inhibitor 17% 43 over 18 months 22 30%

Hydralazine/Nitrate** 43% 25 over 10 months 7 33%

CRT 36% 12 over 24 months 8 52%

ICD 23% 14 over 60 months 23 NA

Updated from Fonarow GC, et al. Am Heart J 2011;161:1024-1030. * Incremental to ACEI/ARB    ** Self Identified African Americans



Mortality Among Patients Diagnosed with HF is High

Survival Rates for People With New Onset HF by Year of Diagnosis

Primary care data in the United Kingdom for 55,959 patients aged 45 years and older with a new diagnosis of HF and 278,679 
age- and sex-matched controls.
1. Taylor CJ et al. BMJ. 2019;364:l223. doi:10.1136/bmj.l223; 2. Yancy CW et al. J Am Coll Cardiol. 2018;71(2):201-230.
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Despite the availability of 
therapies with established 
efficacy in HFrEF, 
morbidity and mortality 
rates remain high2



Reversals in the Decline of Heart Failure 
Mortality in the US, 1999 to 2021

JAMA Cardiol. 2024 Jun 1;9(6):585-589.



Use and Dosing of GDMT for HFrEF in the 
US CHAMP-HF Registry 2016-2018

When medications were prescribed, few 
patients were receiving target doses of 
ACEI/ARB (17%), ARNI (14%), and beta-
blocker (28%). 

Among patients eligible for all classes of 
medication, 1% were simultaneously 
receiving target doses of ACE/ARB/ARNI, 
beta-blocker, and MRA.

ARNI use 13% in eligible patients
MRA use 33% in eligible patients

3,518 patients from 150 primary care and cardiology practices

Most receiving ACEI/ARB and BB

Greene SC, Fonarow, GC. JACC 2018:72(4)351-366



Use of Medical Therapy for HFrEF in the 
US ACC PINNACLE Registry 2013-2017

Information on 6,040,996 HF patient visits, cared for by 8,853 clinicians in 724 US practices

Maddox TM, et al  J Am Coll Cardiol 2020;75:93–112.

ACEI or ARB Beta Blocker

Use of ARNI <10%  Use of MRA <25%



Globally HFrEF Patients are 
Not Receiving Optimal GDMT

REPORT-HF: Prospective study of patients hospitalized for acute HFrEF across 44 
countries 

37% of patients at discharge and 34% at 6 months were on three medication classes 
(ACEI/ARB/ARNI, beta-blocker, MRA)1

Rates of patients receiving GDMT were lower in lower- and middle-income countries vs high-
income countries (19 vs. 41% at discharge; 15 vs. 37% at 6 months)1,2

REPORT-HF: an observational, prospective, global cohort study (n=18,553) with patients prospectively enrolled across 358 sites from 44 countries on six continents aiming to assess 
international variations in clinical practice patterns and outcomes for patients with acute heart failure. The first patient was enrolled in July 23, 2014, and last patient March 2017.
References: 1. Tromp J et al. Eur Heart J 2022; 43: 2224-2234. 2. Tromp J et al. Lancet Glob Health 2020; 8: e411-e422.



Reasons for Underutilization of Evidence-Based Therapies
• Gaps in knowledge and awareness
• Lack of systems
• Therapeutic inertia and insufficient urgency
• RCTs study patient populations perceived as too narrow in scope
• Uncertainty regarding “effectiveness”
• Concerns about side effects
• Questions regarding: drug/device safety
• Bias (age, sex, race/ethnicity, socioeconomic)
• Concerns about access, costs, and value
• Misalignment in financial incentives

Fonarow, GC et al. Circulation. 2010;122:585–596



Longitudinal Use/Dosing of GDMT for HFrEF: CHAMP HF Registry
Therapeutic Inertia

Most patients with HFrEF, 
despite the absence of 
documented contraindications 
or intolerance, had no 
improvement in the use or 
dosing of GDMT during or after 
each and every visit that 
occurred during 12 months of 
outpatient follow-up

2588 patients from 150 primary care and cardiology practices



Greene SJ, Butler J, Fonarow GC. Contextualizing risk among patients with heart failure. JAMA. 2021 doi:10.1001/jama.2021.20739 

“The current generalized 
lack of therapeutic urgency 
translates to an unfortunate 
cycle whereby clinical risk is 
underappreciated, 
medication changes are 
deferred, time is lavished, 
and patients die or require 
hospitalizations without 
receiving therapies proven to 
prevent these events”



JACC Heart Fail. 2023 Apr;11(4):425-436



What is the Effect of Adding One 
GDMT to Another in HFrEF?

• Subtractive 1 + 1 = 0.5
• Redundant 1 + 1 = 1.0
• Partially Additive 1 + 1 = 1.5
• Fully Additive 1 + 1 = 2.0
• Synergistic 1 + 1 = 2.5

Greene, Butler, Fonarow. JAMA Cardiology 2021 doi:10.1001/jamacardio.2021.0496.



Cumulative Impact of Evidence-Based
Heart Failure with Reduced EF Medical Therapies

Cumulative risk reduction if all evidence-based medical therapies are used: 
Relative risk reduction 74.0%, Absolute risk reduction: 25.9%,  NNT = 3.9

Relative-risk 2 yr Mortality
None - - 35%
ACEI or ARB 23% 27%
Beta Blocker 35% 18%
Aldosterone Ant 30% 13%
ARNI (replacing ACEI/ARB) 16% 10.9%
SGLT2 inhibitor 17% 9.1%

Updated from Fonarow GC, et al. Am Heart J 2011;161:1024-1030 and Lancet 2008;372:1195-1196.



Sequencing of GDMT: Serial Strategy

ACEI  starting dose titration titration titration

Dx                            2-4 weeks                2-4 more weeks           2-4 more weeks  

BB  starting dose titration titration titration

2-4 more weeks     2-4 more weeks       2-4 more weeks         2-4 more weeks  

MRA starting dose titration titration

2-4 more weeks     2-4 more weeks       2-4 more weeks  

ANRI starting dose titration titration

2-4 more weeks     2-4 more weeks       2-4 more weeks  

SGLT2i  starting dose

28-56 weeks till 
GDMT fully 
implemented

Bhatt, AS et al. JACC HF 2023:15-18



GDMT: Simultaneous/Rapid Sequence Strategy

Greene, Butler, Fonarow. JAMA Cardiology 2021 doi:10.1001/jamacardio.2021.0496.

Quadruple Foundational Guideline Directed Medical Therapy from Day 1

Hospitalized or outpatient
Day 1 Day 7-14 Day 14-28 Day 21-42

ARNI

BB

MRA

SGLT2i

Low starting doses
Prioritize beta-
blocker titration

Benefits of each Rx demonstrated within 30 days of initiation
Cumulative benefits within 30 days (>75% relative risk reduction)

…

Titrate,
as tolerated

…

…

(Titrate,
as tolerated)

Titrate,
as tolerated

Titrate,
as tolerated

…

Titrate,
as tolerated

Titrate,
as tolerated

…

…

Beyond

Focus on complete set of GDMT 
being implemented

• Maintenance / further 
optimization of foundational 
therapies

• Consideration of EP device 
therapies/TEER

• Consideration of add-on 
therapies or advanced 
therapies, if refractory

• Manage comorbidities



Benefits of Simultaneous or Rapid Initiation of ARNi, BB, 
MRA, and SGLT2i for HFrEF Are Multifaceted

ARNi, angiotensin receptor-neprilysin inhibitor; BB, beta-blocker; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; LVEF, left 
ventricular ejection fraction; 
MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium-glucose cotransporter-2 inhibitor.
1. Khariton Y, et al. JACC Heart Fail. 2019;7:933-941. 2. Desai AS, et al. JAMA. 2019. doi:10.1001/jama.2019.12843. 3. Morrow DA, et al. 
Circulation. 2019;139:2285-2288. 
4. Bhatt AS, et al. Eur J Heart Fail. 2020;22:313-314.

Rapid improvement in health status 
(within 1 to 8 weeks)1,*

Rapid reduction in HF hospitalizations 
(within 2 to 4 weeks)*

Rapid reduction in mortality 
(within 2 to 4 weeks)*

Rapid reduction in HF rehospitalizations
(within 2 to 4 weeks)3

Rapid improvement in LVEF 
(within 12 weeks)2

Improved use, adherence, persistence, 
overcoming inertia4,*

Benefits of Initiating ARNi+BB+MRA+SGLT2i as First-line Treatment for HFrEF
Versus Drawn-out Historical Sequencing



STRONG-HF Study Design

HF therapy: combining ACEi/ARB/ARNi & BB & MRA

Usual 
care

Randomise
1:1; n = 1800

Hospital
discharge

High 
intensity 

care

Main inclusion 
criteria

• AHF pt ready to 
be discharged

• No or sub-optimal 
dose of HF therapies

• Pre-DC 
NT-proBNP
>1500 pg/ml 

Introduction 
of Half 
optimal 
doses of

HF therapy
90-
day 

follow
-up

Full optimal 
doses of

HF therapy

Week 6
Safety

Full optimal 
doses of

HF therapy

Week 3
Safety

Up-titration 
to Full 

optimal 
doses of

HF therapy

Week 2
Safety

Primary
endpoint

180-day 
HF readmission 

or all-cause
mortality

ACEi, angiotensin converting enzyme inhibitors; AHF, acute heart failure; ARB, angiotensin receptor blockers; BB, beta blockers; HF, heart failure; MRA, mineralcorticoid receptor antagonists; NT-proBNP, N-terminal pro B-type natriuretic peptide

Week 1
Safety

Half 
optimal 
doses of

HF therapy

Safety = clinical exam & biology (NT-proBNP, K, Creat, hemoglobin)

Follow-up and therapy 
adjustments per physicians 

usual practice

Study terminated 23d Sept 2022 by DSMB (n=1069 pt)
- larger than expected difference in primary endpoint
- unethical to keep patients in usual care

For patients randomly assigned to the high-intensity care group, Rx followed an 
algorithm combining optimization of oral HF therapies and frequent visits, 
including NT-proBNP measures, to assess congestion. 
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Oral HF Therapies Prescribed in High Intensity vs Usual Care

ACE/ARBs/ARNI BB MRA
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≥ Full optimal dose
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High Intensity Care
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Full Optimal Dose of HF Therapy



Vital Signs and Symptoms of HF

Parameter Adjusted 
Treatment Effect 
(95% CI)

P-value

Weight, kg -1.36 (-1.91, 0.80)* <0.0001
Respiratory Rate, 
breaths/min

-0.4 (-0.7, -0.1)* 0.0028

Peripheral edema, 
grade

1.30 (1.17, 1.44) † 0.0002

Jugular venous 
pressure, cm

1.13 (1.05, 1.21) † 0.015

NYHA, class 1.36 (1.22, 1.53)† <0.0001
NT-proBNP, pg/mL* 0.77 (0.67, 0.89)‡ 0.0003

Parameter Adjusted Treatment 
Effect (95% CI)

P-value

Heart rate, bpm -5.8 (-7.3, -4.3)* <0.0001

Systolic blood 
pressure, mmHg

-5.4 (-7.2, -3.5)* <0.0001

Potassium, 
mmol/L

0.15 (0.09, 0.21)* <0.0001

eGFR, 
mL/min/1.73m2

-0.35 (-2.22, 1.52)* 0.71

Improvement in hemodynamics, 
Day 90

Improvement in the parameters of 
congestion at Day 90

CI, confidence interval; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart Association

*  Least squares mean difference (95% CI) based on an ANCOVA model with fixed terms for treatment, LVEF (<=40/>40), geographical region, and baseline value
† Mann-Whitney odds stratified by LVEF (<=40/>40), geographical region, and baseline value; p-value from van Elteren’s test. A Mann-Whitney odds value of >1.0 favors high-intensity care.
‡ Treatment effect represents the ratio of the adjusted geometric mean ratios in the two treatment groups adjusted for the specific covariates. Adjusted geometric mean ratio within each treatment group 
is the ratio of the post-baseline value over the baseline value from an ANCOVA model with fixed terms for treatment, LVEF<=40/>40, region and baseline log-transformed NT-proBNP value. 



Secondary endpoints:
Change from Baseline to Day 90 in EQ-5D VAS

High Intensity Usual Care Treatment effect P value
10.7 (0.9) 7.2 (0.9) 3.5 (1.7 to 5.2) < 0.0001

Primary endpoint:
180-Day Readmission for HF or All-Cause Death

High intensity care

Usual care

180-Day All-Cause Death

High intensity care

Usual care

Risk Ratio 0.66 [95% CI 0.50–0.86]



Greene SJ and Fonarow GC. European Journal of Heart Failure (2021) 23, 1343–1345



Cumulative Clinical Benefits of GDMT for HFrEF

Brownell NK, Ziaeian B, Fonarow GC.Card Fail Rev. 2021 Nov 26;7:e18. doi: 10.15420/cfr.2021.18.



In-Hospital Initiation of GDMT vs Post-Discharge 
Initiation at Clinician Discretion

In-Hospital Initiation

More likely to be treated

More likely to tolerate

More likely to fill Rx

More likely to adhere

More likely to persist

More likely to feel better

More likely to be home

More likely to survive

Go Slow = Rarely Initiate 



Strategies to Help Facilitate GDMT Initiation

1. Greene SJ, et al. JAMA Cardiol. 2021. doi:10.1001/jamacardio.2021.0496. 2. Fonarow GC. Circ J. 2011;75:1783-1790. 3. Allen LA, et al. Circulation. 
2021;143:427-437. 4. Balakumaran K, et al. Int J Cardiol Heart Vasc. 2019;22:1-5. 5. Thibodeau JT, et al. Circulation. 2020;142:1507-1509. 6. Kao DP, et al. 
JACC Heart Fail. 2020;8:223-233.

Start all 4 
classes of 

medication at 
diagnosis1

Performance 
improvement 

systems 
(GWTG-HF, 

IMPROVE-HF)2

GDMT clinics4

Multidisciplinary 
heart failure 

disease 
management 

programs3

Navigators or 
pharmacists to 
guide GDMT3

In-hospital 
initiation for 
hospitalized 

patients1

Telehealth 
GDMT 

optimization 
program5

Digital health 
tools and apps 

focused on 
GDMT6

Patient 
activation 
program 

(EPIC-HF)3



28 randomized clinical trials were 
included with an aggregate sample
size of 19,840 patients. 

Studies were broadly categorized 
as interdisciplinary interventions
(n = 15), clinician education (n = 
5), electronic health record 
initiatives (n = 6), or patient
education (n = 2).





Use and Titration of GDMT for HFrEF: 
Therapeutic Inertia from Discharge to 12 Months

CONNECT-HF 

From time of hospital 
discharge to 12 

months of outpatient 
follow-up among 161 

participating sites:

Median change in use 
and dosing of GDMT in 

absence of 
contraindications or 

intolerance was 
ZERO







Electronic Health Record Nudges for GDMT Initiation: PROMPT-HF







Performance Improvement Systems to Facilitate GDMT Initiation

167 practices, 34,810 heart failure patients enrolled
Fonarow GC, et al. Circulation. 2010;122:585-596.

642  Participating Hospitals and 883,000 HF patient hospitalizations

GWTG-HF: Hospital Setting IMPROVE-HF: Outpatient Setting





Each 10% improvement in 
ACC/AHA heart failure guideline 
recommended composite care 

was associated with a 13% lower 
odds of 24-month mortality 

(adjusted OR 0.87; 95% CI, 0.84 
to 0.90; P<0.0001)

Fonarow GC, et al. Circulation. 2011;123:1601-1610.

Improved Adherence to HF Guidelines Translates to 
Improved Clinical Outcomes in Real World Patients

ACC/AHA Guideline 
Directed Therapy for 

Heart Failure Improves 
Outcomes

Fonarow GC  et al  J Am Heart Assoc 2012;1:16-26



In this review summarizing interventions aimed at optimization
of GDMT in clinical practice: 

Initiatives that used interdisciplinary teams, largely comprised of nurses and 
pharmacists, most consistently led to improvements in GDMT 

Clinician education, electronic health record initiative, or patient education 
interventions results in no or modest improvements in GDMT

Additional large, randomized studies are necessary to better understand other types 
of interventions, as well as their long-term efficacy and sustainability

JAMA Cardiol. 2024;9(4):397-404. doi:10.1001/jamacardio.2023.5627

Interventions for Optimization of Guideline-Directed Medical Therapy
A Systematic Review



Challenges to Implement a Heart Failure 
Performance Improvement System

• This will not work in my practice or hospital
• The physicians will not agree to this
• We cannot get a consensus
• The managed care organization will not pay for it
• Patients do not want to be on a lot of medications
• There is not enough time
• It will cost too much
• It may not be safe to start β-blocker medications in heart failure patients
• CRT and ICD don’t work
• This will benefit the competition
• The administration will not pay for it
• What about the liability?
• It will take too much time
• All my patients are too complex for this
• The patients should all be followed by someone else
• It is too hard to get things through the practice committee
• The physicians do not like cookbook medicine
• We do not have anyone to do this



Bradley. JAMA. 2001;285:2604-2611.

Key Elements to Quality Improvement:
Why Do Some Programs Succeed?

• Access to current and accurate data on 
treatment and outcomes

• Have stated goals

• Administrative support

• Support among clinicians

• Use of care maps and pathways

• Use of data to provide feedback





“Applying the relative risk reductions
in clinical trials, complete implementation
of quadruple therapy by time of discharge
was projected to yield absolute 

risk reductions in 12-month mortality 
of 10.4% (number-needed-to-treat 
[NNT]=10)  compared with ACEI/ARB and 
beta-blocker, and 24.8% (NNT=4) compared 
with no GDMT.”

Eligibility and Projected Benefits of Rapid Initiation of 
Quadruple Medical Therapy for Newly Diagnosed Heart Failure

Green S, Fonarow GC. J Am Coll Cardiol HF. Mar 25, 2024. Epublished DOI: 10.1016/j.jchf.2024.03.001

https://www.jacc.org/journal/heart-failure


AHA’s IMPLEMENT-HF
Focus on Quadruple GDMT



Dixit, NM, Fonarow GC Circulation HF 2023
DOI: 10.1161/CIRCHEARTFAILURE.123.011218

“An intensive GDMT 
optimization program for 
patients hospitalized with 
HFrEF would be cost-
effective and result in 
substantial gains in clinical 
outcomes, especially with 
the use of optimal quadruple 
GDMT”



Compared to ACEI/ARB+BB: 
Comprehensive Rx including 

ARNI+BB+MRA+SGLT2i
HR 0.38 CV Death/HF Hospitalization

HR 0.50 CV Death
HR 0.32 HF Hospitalization

HR 0.53 Mortality

Lancet 2020; 396: 121–28

Survival free from All Cause Mortality

Extend Your HFrEF
Patient’s Life by 6.3 Years

Compared to ACEI/ARB + BB:
1. Switch to ARNI
2. Start MRA
3. Start SGLT2i 



Change in Mortality in the Past 20 Years in Chronic Heart 
Failure Clinical Trials vs Clinical Practice

Time 
Frame

# of
Trials

NYHA 
Class

Cardiac 
HR

Non-
Cardiac 

HR

Total 
Mortality 

HR

1991-
1995

13 2.4 33.1 0.82 10.3

1996-
2000

15 2.6 20.7 1.27 7.2

2001-
2005

23 2.4 14.2 0.99 5.1

2006-
2010

18 2.5 9.9 1.04 3.8

Outcomes in Community Practice

Over the past 20 years, overall mortality rates for 
HF patients have decreased by 63%, while cardiac 
mortality in HF trials has decreased by almost 70%

Bryg RJ et al. J Card Fail 2011;116:s91

No. at Risk

1987–1991 819 525 424 336 274 220

1992–1996 857 594 481 395 331 273

1997–2001 748 520 447 319 210 114
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1997–2001

Patient with Reduced Ejection Fraction

P = 0.005

Owan TE, et al. N Engl J Med. 2006;355:251-259.

Outcome of Placebo Arms of Randomized 
Controlled HFrEF Clinical Trials



Cumulative Impact of Evidence-Based
HFrEF Medical Therapies on All Cause Mortality

Cumulative risk reduction in mortality if all evidence-based medical therapies are used: 
Relative risk reduction 72.9%, Absolute risk reduction: 25.5%,  NNT = 4

Relative Risk 2 Year Mortality
None - - 35.0%
ARNI (vs imputed placebo) 28% 25.2%
Beta Blocker 35% 16.4%
Aldosterone Ant 30% 11.5%
SGLT2 inhibitor 17% 9.5%

Updated from Fonarow GC, et al. Am Heart J 2011;161:1024-1030 and Lancet 2008;372:1195-1196.



Potential Impact of Optimal Implementation of 
Evidence-Based HFrEF Therapies on Mortality

Updated from Fonarow GC, et al. Am Heart J 2011;161:1024-1030. and JAMA Cardiology 2016;1(6)714-717 and JAMA Cardiology 2020;5(8)948-951

Guideline Recommended 

Therapy

HF Patient Population 

Eligible for Treatment, n*

Current HF 

Population Eligible 

and Untreated, n (%)

Potential Lives Saved 

per Year

Potential Lives Saved 

per Year

(Sensitivity Range*)

ARNI (replacing ACEI/ARB) 2,287,296 2,287,296 (100) 28,484 (18,230-41,017)

Beta-blocker 2,512,560 361,809 (14.4) 12,922 (6616-22,329)

Aldosterone Antagonist 603,014 385,326 (63.9) 21,407 (10,960-36,991)

SGLT2 Inhibitor 2,132,800 2,132,800 (100) 34,125 (21,840-49,140)

Total - - 96,938 (57,646-149,477)



• The benefits of HFrEF medications are additive/incremental 

• The optimal approach is to utilize each medication shown to reduce mortality 
in combination, so long as not contraindicated/not tolerated, and start all 
without delay 

• A serial or selective approach leads to delays and HF hospitalizations / 
deaths which could have been prevented with earlier use of GDMT

• ARNI+BB+MRA+ SGLT2i each provide high economic and clinical value

• Implementation of GDMT needs to improve in all clinical settings

• Need for further implementation science innovation and testing

HFrEF GDMT Implementation
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