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The Three Challenges in Heart Failure
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The Best-Case Scenario (That Patients Expect)




Moneyball as it Applies to Heart Failure
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Limitations of Current Methodologies
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The NYHA Classification System

Clinical Implications of the New York Heart Association Classification

César Caraballo, MD; Nihar R. Desai, MD, MPH; Hillary Mulder, MS; Brooke Alhanti, PhD; F. Perry Wilson, MD, MS; Mona Fiuzat, PharmD;
G. Michael Felker, MD; lleana L. Pina, MD, MPH; Christopher M. O’Connor, MD; Joanne Lindenfeld, MD; James L. Januzzi, MD;
Lawrence S. Cohen, MD; Tarig Ahmad, MD, MPH
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Conclusions—The NYHA system poorly discriminates HF patients across the spectrum of functional impairment. These findings
raise important questions about the need for improved phenotyping of these patients to facilitate risk stratification and response to
interventions. (J Am Heart Assoc. 2019;8:e014240. DOI: 10.1161/JAHA.119.014240.)
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Ejection Fraction as a Predictor of Outcomes

Machine Learning Methods Improve Prognostication, Identify
Clinically Distinct Phenotypes, and Detect Heterogeneity in Response
to Therapy in a Large Cohort of Heart Failure Patients
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. Tarig Ahmad, MD, MPH; Lars H. Lund, MD, PhD; Pooja Rao, MBBS, PhD; Rohit Ghosh, MSc; Prashant Warier, PhD; Benjamin Vaccaro, MD;
2 Ulf Dahlstrom, MD, PhD; Christopher M. O’Connor, MD; G. Michael Felker, MD, MHS; Nihar R. Desai, MD, MPH
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100 200 Conclusions—Machine learning algorithms accurately predicted outcomes in a large data set of HF patients. Cluster analysis
Time (days) identified 4 distinct phenotypes that differed significantly in outcomes and in response to therapeutics. Use of these novel analytic

approaches has the potential to enhance effectiveness of current therapies and transform future HF clinical trials. (/ Am Heart
Assoc. 2018;7:e008081. DOI: 10.1161/JAHA.117.008081.)
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Hemodynamic Profiles vs. Data Driven Prediction

Clinical Implications of Cluster Analysis-
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Conclusions
By clustering patients with similar objective variables, we identified four clinically relevant
phenotypes of ADHF patients, with no discernable relationship to hemodynamic profiles,
but distinct associations with adverse outcomes. Our analysis suggests that ADHF classifi-

Cluster 1 Cluster 2 Cluster 3 Cluster 4 . . ) ) . . . . )
cation using simultaneous considerations of etiology, comorbid conditions, and biomarker

Hemodynamic Profiles of Heart Failure According to Cluster levels may be superior to bedside classifications
, .
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What About Heart Failure “"Risk Scores”?

Factors Related to Morbidity and Mortality in Patients With The Seattle Heart Failure Model

Chronic Heart Failure With Systolic Dysfunction o . . .
The HF-ACTION Predictive Risk Score Model Prediction of Survival in Heart Failure

An Administrative Claims Measure Suitable for Profiling AV‘}{zllit};ltedtl;jS!; Scoge for tll:l-fllsowit.al Mﬁrtaliti in P?ttifnts
. . 1 ear aulure rrom € American ear ssociation
Hospital Performance on the Basis of 30-Day All-Cause Cet With the Cnidelines Program

Readmission Rates Among Patients With Heart Failure

Predictors of clinical outcomes in acute
decompensated heart failure: Acute Study of

based on 39 372 patients from 30 studies Clinical Effectiveness of Nesiritide in
Decompensated Heart Failure outcome models

Predicting survival in heart failure: a risk score
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R%F REVeAL-HF Study: https://www.reveal-hf.com

Risk EValuation and its Impact on ClinicAL Decision Making
and Outcomes in Heart Failure: REVeAL:HF

REVeAL-HF is a pragmatic randomized controlled trial
testing an electronic alert system that informs practitioners
about their heart failure patient’s 1-year predicted mortality

using validated data from the EHR

Our primary hypothesis is that electronic alerting about
prognostic information on heart failure patients will lead to
reductions in hospitalizations and 1-year mortality via improved
use of therapies and appropriate referral to subspecialties
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R%F REVeAL-HF Study: https://www.reveal-hf.com

EHR Data: Validation e
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=21 Study Design and Alert

Study Design of the REVEAL-HF Clinical Trial
www.reveal-hf.com ClinicalTrials.gov Identifier NCT03845660

Patient hospitalized for O e
Acute Heart Failure within YNHS HIGH RISK ADVISORY (1) A
F——————————————————— 1 @ Your Patient is at High risk of 1 Year Mortality (30-50%)
; Age ® 18 years : Based on a P tic Algorithm Developed at Yale in Patients with Heart Failure, Your Patient
3 ased on a Prognostic Algorithm Developed at Yale in Patien eart Failure, Your Patien
: NT-proBNF>300pgil. 1 Has a 31.9% Risk of All Cause Mortality at 1 Year
H IV diuretics 24 hrs |
| P —— { _________ 4
1-Year Mortality Risk Profile of YNHH Heart Failure Patients
Randomization
| -15% -30% 30-50% ' >50%
|
l l very low low medium high very high Io)
Alert when provider logs in No alert
to place orders Usual care This Alert is Part of a Randomized Clinical Trial Called REVEAL-HF and Does Not Fire on All
Patients. More Information About the Trial and Contact Information for Principal Investigators Can
| be Found at:
______________ * https://www.reveal-hf.com
1 o
: G}-yeﬁr msrtal_lty ”.s';( : Data collected via the electronic
i SLaRIIESMOWING L | health record (pragmatic design)
I Link to trial website ! prag 9 O Acknowledge Reason
e 4 * Risk assessment seems appropriate  Risk assessment seems too high  Risk assessment seems too low  Not sure
PRIMARY OUTCOMES
All-cause mortality and all-cause hospitalization (composite)
) 'a
SECONDARY OUTCOMES : o o

Length of stay, rates of 30-day readmission,
use of heart failure therapies, referral to palliative care, referral
to EP for ICD, LVAD, heart transplant
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State of Recruitment and Preliminary Findings
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Patients with Heart Failure and Reduced Ejection Fraction

Guideline Directed Medical Therapy Saves Lives

Estimating lifetime benefits of comprehensive
disease-modifying pharmacological therapies in patients
with heart failure with reduced ejection fraction:

a comparative analysis of three randomised controlled trials

Muthiah Vaduganathan, Brian L Claggett, Pardeep S Jhund, Jenathan W Cunningham, Jode Pedro Ferreira, Faiez Zannad, Milton Packer,
Gregg C Fonarow, John ] V McMurray, Scott D Solomon

Background Three drug classes (mineralocorticoid receptor antagonists [MRAs], angiotensin receptor—neprilysin
inhibitors [ARNIs], and sodium/glucose cotransporter 2 [SGLT2] inhibitors) reduce mortality in patients with heart
failure with reduced ejection fraction (HFrEF) beyond conventional therapy consisting of angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) and 3 blockers. Each class was previously studied
with different background therapies and the expected treatment benefits with their combined use are not known.
Here, we used data from three previously reported randomised controlled trials to estimate lifetime gains in event-free
survival and overall survival with comprehensive therapy versus conventional therapy in patients with chronic HFrEF.

Findings The hazard ratio (HR) for the imputed aggregate treatment effects of comprehensive disease-modifying
therapy versus conventional therapy on the primary endpoint of cardiovascular death or hospital admission for heart
failure was 0-38 (95% CI 0-30-0-47). HRs were also favourable for cardiovascular death alone (HR 0-50 [95% CI
0-37-0-67]), hospital admission for heart failure alone (0-32[0-24-0-43]), and all-cause mortality (0-53 [0-40-0-70]).
Treatment with comprehensive disease-modifying pharmacological therapy was estimated to afford 2.7 additional
years (for an 80-year-old) to 8-3 additional years (for a 55-year-old) free from cardiovascular death or first hospital
admission for heart failure and 1-4 additional years (for an 80-year-old) to 6-3 additional years (for a 55-year-old) of
survival compared with conventional therapy.
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Quadruple Therapy Is the New Standard
of Care for HFrEF

Tariqg Ahmad, MD, MPH, Nihar R. Desai, MD, MPH

34%|  |35% 32%

20%T

30% 1

/o Decrease in All-Cause Mortality

ANO/ =i

“Now comes the hard part. How we do get these therapies to patients who would benefit?
With current approaches, our success has been dismal. In the era of “triple
therapy,” <1% of eligible patients are receiving appropriate medications at the
right dose. However, reimbursement for care of heart failure is increasingly focusing
on value, and health care systems will soon be held more accountable for adverse
outcomes in this patient population. With the pressure to increase value, getting patients
on the best available medical therapy will take on a new kind of urgency.”
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Care within the Yale Health System is Generalizable
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Demographics
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Demographics
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The Live Yale Heart Failure Dashboard
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The COVID-19 Example: A Learning Health Care System
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COVID-19 infections and outcomes in a live
registry of heart failure patients across an
integrated health care system
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Haven, CT, United States of America, 2 Center for Outcomes Research & Evaluation (CORE), Yale New
Haven Hospital, New Haven, CT, United States of America, 3 Department of Internal Medicine, Yale School
of Medicine, New Haven, CT, United States of America, 4 Yale University School of Medicine, New Haven,
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United States of America, 6 Department of Internal Medicine, Section of Infectious Diseases, Yale School of
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Abstract

Background

Patients with comorbid conditions have a higher risk of mortality with SARS-CoV-2 (COVID-
19) infection, but the impact on heart failure patients living near a disease hotspot is
unknown. Therefore, we sought to characterize the prevalence and outcomes of COVID-19
in a live registry of heart failure patients across an integrated health care system in
Connecticut.

Methods

In this retrospective analysis, the Yale Heart Failure Registry (NCT04237701) that includes
26,703 patients with heart failure across a 6-hospital integrated health care system in Con-
necticut was queried on April 16th, 2020 for all patients tested for COVID-19. Sociodemo-
graphic and geospatial data as well as, clinical management, respiratory failure, and patient
mortality were obtained via the real-time registry. Data on COVID-19 specific care was
extracted by retrospective chart review.

Results

COVID-19 testing was performed on 900 symptomatic patients, comprising 3.4% of the
Yale Heart Failure Registry (N = 26,703). Overall, 206 (23%) were COVID- 19+. As com-
pared to COVID-19-, these patients were more likely to be older, black, have hypertension,
coronary artery disease, and were less likely to be on renin angiotensin blockers (P<0.05,
all). COVID-19- patients tended to be more diffusely spread across the state whereas
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Allows for a Live Look at Heart Failure (e.g. COVID)
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Treatment of HFrEF Across YNHH

All Patients with HFrEF All Patients with HFrEF on Triple Rx

4481 546
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Our Registry Mirrors National Data
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N PROMPT-HF PROMPT-HF https://www.theprompttrials.org

PRagmatic Trial Of Messaging to Providers about Treatment
of Heart Failure (PROMPT-HF)

PROMPT-HF will be two parallel pragmatic randomized controlled trials
(outpatient and inpatient) that will test the impact of an electronic alert
system that informs practitioners about evidence-based therapies for their
patients with heart failure and reduced ejection fraction and facilitates
prescription of these therapies

Our primary hypothesis is that electronic alerting about evidence-
based medications in HFrEF will lead to an increase in the use of
appropriate pharmacotherapies
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(N PRagmatic Trial Of Messaging to Providers about
PROMPT-HF Treatment of Heart Failure

¥ Orders

Therapies for HFrEF &
Goal-Directed Medical Therapy for HFfEF

= ACE/ARB/ARNI
medications.
® W‘ for your p'm with HFrEF  Sacubitril-Valsartan (Entresto)
. et . o o — . " FDA-approved to reduce the risk of cardiovascular death and hospitalization for patients with
Your patient meets the criteria for having heart failure with reduced Ejection Fraction (HFrEF). Relevant values are listed below chronic heart failure[NYHA 11V and reduced ejection fraction
[ sacubitril-valsartan (ENTRESTO)
BP 15090 10/19/2020
Heart Rate 120 10/19/2020 - sinoprl sty
FDA-approved to treat heart failure with reduced ejection, hypertension, $T-elevation
LVEE e 20 myocardial infarction
35 “ 5&2 ﬂ [ lisinopril (PRINIVIL.ZESTRIL)
Potassium 58 813172020
eGFR 35 8312020 w enalapril (Vasotec)
Serum Creatinine 1.00 82912019 FDA-approved to treat hypertension, sy heart failure
[] enalapril (VASOTEC)

 Losartan (Cozaar)

FDA-approved to treat hypertension, diabetic proteinunic chronic kidney disease

Beta Blocker: None [] losartan (COZAAR)

 valsartan (Diovan)

FDA-approved to treat hypertension, heart failure.

Current ACE/ARB/ARNI Therapy
ACE Inhibitor and Calcium Channel Blocker Combinations
) amLODIPine-benazepril (LOTREL) 5-10 mg per capsule ey
w Carvedilol (Coreg)

[ valsartan (DIOVAN)

FDA-approved to treat hypertension, heart failure with reduced ejection fraction, left

MRA: None ventricular dysfunction following myocardial infarction in clinically stable patients
. [] carvediloL (COREG)
SGLT2i: None + metoprolol succinate (Toprol-XL)
In order to improve the care of patients with HFTEF, we have included an evidence based medical therapy order set below. For T AppC oD o S, Ho Sk it eten secto et Pt

full treatment guidelines, click here

The guideline-recommended treatment for heart failure in this alert IS NOT a substitute for clinical judgment and individual-
patient-centered decision making. There are clinical reasons why these recommendations may not apply to your pabent

| metoprolol succinate (TOPROL-XL)

- locorticoid P r

~ eplerenone (Inspra)

FDA-approved to treat hypertension, heart failure after myocardial infarction

Open SmartSet Do Not Open Maximizing Medical Therapies for HFrEF Preview D] eplerenone aNSPRA)

 spironalactone (Aldactone)

Acknowledge Reason FDA-approved to treat ascites due to cirrhosis, heart failure with reduced ejection fraction,
hy ion, primary hy d
| will adjust medicati Med changes not clinically indicated  Defer for other reason (specify) [ spironolactone (ALDACTONE)
~SGLT2
w Dapaglifiozin
+ Accept FDA-approved to treat type 2 diabetes mellitus, heart failure with reduced ejection fraction

[] dapaglifiozin (FARXIGA)

w Empaglifiozin
FDA-approved to treat type 2 diabetes mellitus

[[] empagliflozin (JARDIANCE)
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t PRagmatic Trial Of Messaging to Providers about
\ h PROMPT-HF Treatment of Heart Failure

Study Design of the PROMPT-HF (Outpatient)
Clinical Trial (N=1310)

Patient seen in outpatient cardiology

Study Design of the PROMPT-HF (Inpatient)
Clinical Trial (N=1012)

Patient hospitalized for

or internal medicine clinic Heart Failure
e N e i | o R B e S S S e D Pt e D i |
! Age > 18 ! I Age>18 I
I I I LVEF < 40% |
0,
! LVEF< 40% ! : NT-proBNP > 500pg/mL :
| Not on complete GDMT | | IV diuretics 24 hrs I

Randomization (Provider) Randomization (Patient)

I I

'

Alert when provider is
entering orders

'

No alert
Usual care

| LVEF,GFR HR K+ |
! Current GDMT |
! GDMT Order Set |

'

Data collected via the electronic
health record (pragmatic design)

'

PRIMARY OUTCOMES

Increase in number of prescribed GDMT at 30 days

SECONDARY OUTCOMES

Rates of 30-day re-hospitalization, % increase in each class

=3

i h PROMPT-HF

of GDMT, doses of GDMT, prescriptions filled (Sure
| Scripts), total cost of care, 1-yr all cause mortality

'

Alert when provider is
entering orders

'

No alert
Usual care

| LVEF,GFR HR K+ |
! Current GDMT |
I 1
1 I

'

Data collected via the electronic
health record (pragmatic design)

'

PRIMARY OUTCOMES

Proportion of patients with T in GDMT at discharge

SECONDARY OUTCOMES

Rates of 30-day re-hospitalization, % increase in each class

GDMT Order Set
A PROMPT-HE

of GDMT, prescriptions filled, 1-yr all cause mortality
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Stage D Heart Failure Has a Dire Prognosis

100
-l'.‘ Without an LVAD or Heart
\. Transplantation, Patients with End
807 1} Stage Heart Failure Have a Dire
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Heart Transplantation at Yale

Original Investigation | Cardiology

Evaluation of Case Volumes of a Heart Transplant Program and Short-term
Outcomes After Changes in the United Network for Organ Sharing Donor Heart
Allocation System 60 +46% +374%

Makoto Mori, MD; Lynn Wilson, RN; Ayyaz Ali, MD, PhD; Tariq Ahmad, MD, MPH; Muhammad Anwer, MD; Daniel Jacoby, MD; Arnar Geirsson, MD; 50 +68%
Harlan M. Krumholz, MD, SM

(]
£
CONCLUSIONS AND RELEVANCE This study suggests that strategic changes in donor heart and —§ 10
recipient selection may significantly increase the number of heart transplants while maintaining 'g' 30 +19%
short-term outcomes comparable with more conservative patient selection. Such an approach may g 56 -10% ‘
augment the allocation of currently unused donor hearts. = R
10 il .
50 = Worse I
5 G- Hartford Tufts Brigham & Mass. Yale
= o Women's General
g 1.0 18
B oos- m2014 2015 w2016 w2017 2018
B 02 — Better
| | | | | |
1 3 10 30 100 300
Program Volume
Transplants Performed 01/01/2017 - 06/30/2019
o CTYN O Other Programs
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Academic Medical Centers Should be Leading Implementation
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