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QUESTIONS
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Question 1
For patients hospitalized with acute heart failure on GDMT (beta 
blocker, ACEi/ARNi, SGLT2i, MRA) with an increased creatinine on 
admission, it is best to practice to
A. Stop all GDMT (beta blocker, ACEi/ARNi, SGLT2i, MRA) until outpatient cardiology 

visit

B. Continue only the beta blocker until outpatient cardiology follow up, stop 
ACEi/ARNi, SGLT2i, MRA

C. Prior to discharge restart all GDMT (beta blocker ACEi, SGLT2i, MRA, ARNi) when 
the patient is stable

 
D. Restart the beta blocker and MRA when the patient is stable prior to discharge
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Question 2
With a new diagnosis of HFrEF or acute HFrEF exacerbation, the 
goal timeline to be on GDMT quadruple therapy (beta blocker, 
ARNi/ACEi, SGLT2i, MRA) is

A. Within 4 to 6 weeks

B. Within six months

C. Within one year

D. No clear timeline, it depends on the patient’s ability to tolerate each 
medication as they are added
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Implementation Science

“Know-Do
Gap”

Randomize and 
Evaluate

Identify Care 
Gaps

Incorporate into 
Standard of Care

“…the scientific study of methods and strategies that facilitate the uptake of 
evidence-based practice and research into regular use by practitioners and 

policymakers."

Implementation Science. University of Washington. 



The Case for Implementation Research in Heart Failure

The stakes are high!!

Risk is increasingly modifiable & successful implementation interventions may be transferrable 
to adjacent diseases. 

Incomplete implementation limits population level risk reductions.



The Case for Implementation Research in Heart Failure

Greene SJ et. al. J. Am Coll Cardio. 2023. Vaduganathan, MV, et. al. Lancet. 2020.   
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How are we doing? 

VIDEOVIDEO

Savarese G et al. JACC-HF. 2023.
Green SJ et al. JACC-HF. 2019.

<5% of patients are on optimal guideline 
recommended HF therapy
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Bhatt AS, Slade JJ et al. JACC-HF. 2023

Implementation Science in Cardiometabolic Care



Implementation Science Frameworks

Providers Systems

Patients

Stronger Intervention
Less Scalability

Weaker Intervention
Greater Scalability

AmbulatoryHospitalized



REVEAL-HF: Risk Based Audit & Feedback

Ahmad T et. al. JAMA Cardiology. 2022



PROMPT-HF/AHF: Best Practice Alerts

PROMPT-HF: Outpatient PROMPT-AHF: Hospitalized

Ghazi L et. al. J. Am. Coll. Cardiol. 2022; Ghazi L et. al. Eur Heart J. 2023 



BETTER-CARE-HF: Targeted MRA Alerts

1O Outcome: MRA Rx 2O Outcome: BB/RASi Rx

Mukhopadhyay A et. al. J. Am. Coll. Cardiol. 2023.



STRONG-HF: Protocolized Care

180 hHF
or ACM 
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HF Therapy

Mebazza A et. al. Lancet. 2022.



STRONG-HF: Protocolized Care

High intensity care

Usual care

Mebazza A et. al. Lancet. 2022.

Time to First Heart Failure Hospitalization or Death



Finding Middle Ground in Implementation Science

Highly Scalable 
Modest Effect Size; ?Alert Fatigue

EHR-Based Clinical Decision Support

Resource Intensive
Large Effect Size

Protocolized care

Ghazi et. al. J Am Coll Cardiol. 2022. 
Mebazza et. al. Lancet. 2022.
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Hospitalization = Opportunity for GDMT Optimization

• Targets high-risk patients in a well-resourced setting
• Addresses potential reasons for poor outpatient GDMT 

optimization (time, reinforcement, education)
• Allows for frequent hemodynamic and symptom monitoring
• Can include patients hospitalized for and with HFrEF
• Potential for virtual nudging strategies to allow for
      scale across integrated health systems. 



IMPLEMENT-HF: Virtual Care Teams

Number Needed to Intervene: ~5 Encounters
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Usual Care Virtual Care Team Strategy

P=0.001 P=0.001 P=0.002

Bhatt AS, Varshney AS et. al. J Am Coll Cardiol. 2023. 



In-Hospital Adverse Events (CEC Adjudicated)

Virtual Care Team Strategy 
n=107

Usual Care
n=145 P-Value

Any Adverse Event 23 (21.5%) 40 (27.6%) 0.30
Hypotension 12 (11.2%) 24 (16.6%) 0.28
Hyperkalemia 8 (7.5 %) 18 (12.4%) 0.22
Acute kidney injury 5 (4.7%) 3 (2.1%) 0.29
Bradycardia 0 (0.0 %) 0 (0.0 %) --
In Hospital Death 1 (0.9 %) 2 (1.4 %) --

Bhatt et. al. J Am Coll Cardiol. 2023. 



Hospital Length of Stay

6 (IQR 3 to 10) days 
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Bhatt et. al. J Am Coll Cardiol. 2023. 



Hospital Length of Stay

6 (IQR 3 to 11) days 
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Bhatt et. al. J Am Coll Cardiol. 2023. 



PACT-HF: Multifaceted Transitional Care 

Nurse-Driven Education

Structured Discharge Summary

Timely Physician Follow-up

Nurse Home Visits

Heart Function Clinic Referral

Time to First Composite Readmission, Emergency Department 
Visit, or Death

Van Spall HCG et. al. JAMA. 2019. 



CONNECT-HF: Multifaceted Transitional Care 

HF Expert Delivered Education

Site-Level Gap Analysis

Ongoing Site-Level 
Audit & Feedback

Time to First Heart Failure Hospitalization or Death

DeVore AD et. al. JAMA. 2021. 



EPIC-HF: Patient Directed Activation

Allen LA  et. al. Circulation. 2021. 



Implementation Science in HF: A Look Toward the 
Future

Providers Systems

Patients

Stronger Intervention
Less Scalability

Weaker Intervention
Greater Scalability

AmbulatoryHospitalized



Implementation Science in HF: A Look Toward the 
Future

Providers Systems

Patients

Stronger Intervention
Less Scalability

Weaker Intervention
Greater Scalability

AmbulatoryHospitalized

REVEAL-HF

REVEAL-HF

REVEAL-HFPROMPT-HF
PROMPT-AHF

PROMPT-AHF
PROMPT-HF

PROMPT-(A)HF

BETTER CARE-HF

BETTER CARE-
HF

BETTER CARE-
HF

STRONG-HF

STRONG-HF

IMPLEMENT-HF

IMPLEMENT-HF

STRONG-HF

IMPLEMENT-HF

EPIC-HF

EPIC-HF

EPIC-HF

CONNECT-HF

PACT-HF CONNECT-HF
CONNECT-HF

PACT-HF

PACT-HF



Precision Implementation Science?
Stronger Intervention

Less Scalability

Weaker Intervention
Greater Scalability

REVEAL-HF
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Expansion Across the CKM Spectrum
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A: New Loop Diuretic Initiations Among Baseline Non-Users

Patients with CKD Face Increased Clinical 
Risks

↑ CV mortality 
↑ All-Cause mortality
↑ Kidney Events

Chatur S et al; JACC(2024)



Comorbid Intersection of HF and CKD

HF

↑ CV Events
↑ Progression of 

kidney disease
↑Mortality CKD

↑ clinical risk and ↑ rates of premature drug discontinuation



Prescription of HF GDMT at Discharge By 
eGFR 

Patel, R.B et al; JACC(2021)

• Graded decrease in 
prescription rates for 
all components of HF 
GDMT across lower 
eGFR categories



SGLT2i Exhibits Broad Safety and Efficacy 
Across  Spectrum of Kidney Function

DAPA-HF DELIVER

Dapagliflozin safe and effective to eGFR 30 Dapagliflozin safe and effective to eGFR 25

Jhund P, et al. Circulation(2020)
McCausland P, et al. JAMA Cardiol(2022)



ARNI Exhibits Consistent Safety and 
Efficacy Irrespective of Baseline CKD

Damman, K et al; JACC-HF(2018)



sMRA: Balance of Safety and Efficacy 
Across eGFR

Beldhuis I et al; JACC-HF(2019)

• Consistent efficacy 
across eGFR categories: 
Pinteraction=0.13

• Increased absolute risk 
of permanent drug 
discontinuation in lower 
eGFR categories 
Pinteraction=0.003



Risk Predication in CKD
2024 Clinical Practice Guidelines
• Strongly recommends the use of 

externally validated risk 
stratification tools for clinical 
decision making

• ↓ eGFR and ↑ UACR predict adverse

+
eGFR

UACR

risk

Both eGFR and UACR represent different axes of CKD risk and are 
independently and incrementally prognostic 



Treatment Effects Across KDIGO Risk 
Categories

Sacubitril/Valsartan: PARADIGM-HF Empagliflozin: EMPEROR Program

Chatur S et al; JACC(2024) Butler J et al; JACC(2023)



Initiation of HF GDMT According to Baseline 
CKD Status

Mullens W et al; EJHF(2022)



Adapted from Vardeny, O; HFSA 2023



ARNI and SGLT2i Attenuate eGFR Decline

Mullens W et al; EJHF(2022)



MRA Does not Modify Long-Term eGFR 
Trajectory

Vaduganathan M et al; EJHF(2021)



Variable Renal Responses to Established and 
Newer HF Therapies: Early “eGFR Dip”

RAS/Neprilysin 
Inhibition

SGLT2 Inhibition

P.Dalanaye. Expert Opinion on Pharmacotherapy (2019)

Expert consensus statements 
suggest that moderate decline in 

eGFR of up to 15-20% may be 
expected on treatment initiation



Early eGFR ‘dip’ on Treatment Initiation: 
SGLT2i
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DAPA-HF DELIVER

Consistent treatment effects across a wide range of post-initiation  eGFR declines 

NOT adversely prognostic

Adamson C et al Circ(2021)
McCausland F et al JAMA Cardiol (2023)



Early eGFR ‘dip’ on Treatment Initiation: 
ARNI

Consistent treatment effects across wide range of post initiation eGFR declines 
Chatur S et al; JACC(2022)



Patients with More Advanced CKD?

Trial eGFR Threshold
ml/min/1.73m2

DAPA-HF <30

DELIVER <25

PARADIGM-HF <30

PARAGON-HF <25

EMPHASIS <30

RALES <30



Current US FDA/Expert Consensus Guidance

US FDA Labelling
• Does not recommend initiation 

of dapagliflozin in patients with 
eGFR<25; however, can be 
continued to reduce CV and 
kidney risk.

• Sacubitril/valsartan contraindicated in 
patients with baseline eGFR< 30 and 
should be discontinued if eGFR falls 
below 30

ARNISGLT2i

US FDA Labelling
• Does NOT identify threshold renal 

function precluding initiation or 
continuation of sacubitril/valsartan

• Dose reduction of sacubitril/valsartan 
with eGFR< 30 mL/min/1.73 m2 

• SGLT2i contraindicated in patients with 
baseline eGFR< 20

sMRA
US FDA Labelling
• Does not recommend initiation 

of dapagliflozin in patients with 
eGFR<30

• MRA contraindicated in patients with 
baseline eGFR< 30. Halve dose and 
monitor if eGFR drops to <30; 
discontinue immediately if eGFR drops to 
<20



Benefit-to-Risk Ratio May Favor Continuation of 
Therapy with eGFR Decline < Threshold for Trial 

Inclusion

Chatur S et al; JACC(2023) Chatur S et al; JACC-HF(2024) Matsumoto S et al; JACC(2024)



Ongoing Clinical Trials Will Help To Fill The 
Knowledge Gap in Advanced CKD 

• RENAL LIFECYCLE Trial

• SDHF

Further Randomized evidence is required to better understand the safety and 
efficacy of components of HF GDMT in patients with HF and advanced CKD

• ESARHD-HF

• The Effect of Sacubitril/Valsartan on CV 
Events in Maintenance Dialysis Patients: 
A Prospective Cohort Study 

SGLT2i ARNI



Q & A
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