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Why Is This an Important Question?
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To accomplish this vision, the NIH
Pragmatic Trials Collaboratory plans to:

Create a new infrastructure for
collaborative research with
healthcare systems partners

Generate reliable evidence with
real-world data

Improve the cost-effectiveness and
efficiency of clinical trials

Support the conduct of large-scale,
high-impact, innovative studies
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OUR GOAL: Improve care by ensuring healthcare providers
and patients have the best clinical evidence on which to base
care decisions




Our Role in The Patient Journey
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We Can Communicate the Journey
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ARCH The Seattle Heart Failure Model
Prediction of Survival in Heart Failure

¢ MD.MEH ’

Predicting survival in heart failure: a risk score M 1 Barion. MBAS. P * D S " WMo . On “o Raaw, MO WP

based on 39 372 patients from 30 studies

Stuart }. Pocock™, Cono A, Arii’,John 1.V, McMurray’, Aldo Maggioni’, Lars Keber*,

tain B. Squire’, Karl Swedbarg, Joanna Dobson', Katrina K. Poppe’,

Gillin A, Whalley', and Rob N. Doughty, on behalfof the Meta-Amlysis Global Group Moo o Resu

in Cheonic Heart Failure (MAGGIC) z
" . . . .

Validation and Comparison of Seven Mortality Prediction
ents With Models for Hospitalized Patients With Acute Predictors of clinical outcomes in acute
Decompensated Heart Failure decompensated heart failure: Acute Study of
- Clinical Effectiveness of Nesiritide in

Factors Related to Morbidity and Mortality in
Chronic Heart Failure With Systolic Dysfunction
The HE-ACTION Predictive Risk Score Model D, MPH. Penelope 5 Men S
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e REVeAL-HF Study www.reveal-hf.com

Discrimination Calibration
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Age, Weight, SBP, RDW, BUN, Monocyte #, Lymphocyte %, BUN/Cr ratio,
Troponin, NTproBNP, MCV, ICU admission, Measurement of Arterial pH

J Am Coll Cardiol HF 2021; 9:409-419 Yale scHOOL OF MEDICINE
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REVeAL-HF

REVeAL-HF Study www.reveal-hf.com

Usual care

Age >18 . i
EBNES00pgm. -« Popent el o
IV duretics within 24 hrs
Randomization
]
Alert when provider No Alert
is entering orders

L

v

1 year mortality risk with visual.
Link to study site.

V (pra

Data collected via
. electronic health record

gmatic design)

Based on a P

gnostic Algorithm Developed at Yale in Patients with Heart Failure, Your Patient
Has a 31.9% Risk of All Cause Mortality at 1 Year

1-Year Mortality Risk Profile of YNHH Heart Failure Patients

https://www.reveal-hf.com

© Acknowledge Reason

Risk seems pri Risk seems too high  Risk assessment seems too low  Not sure

HIGH RISK ADVISORY (1 A
@ Your Patient is at High risk of 1 Year Mortality (30-50%)

>5% 5-15% 15-30% | 30-50% :>so%
: S Primary
very low low medium high high
e s and
This Alert is Part of a Randomized Clinical Trial Called REVEAL-HF and Does Not Fire on All secondary
Patients. More Information About the Trial and Contact Inf ion for Principal | 9 Can outcomes
be Found at:

v/ Accept
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50%

40% —

30%

20%

Patients (%)

10%

Primary Clinical Endpoints

p=0.82
38.9% 39.3%

I Alert (n=1590)
Usual Care (n=1534)

p=0.90
— 27.1% 9
0 26.9% ~ 039
u 19.49 20-7%
p=0.72
- 8.4% 8.8%
Composite One-Year 30 Day Inpatient
Outcome Mortality Readmission Mortality

Bedside clinicians may require more prescriptive decision support, as
these results call into question the hypothesis that accurate prognostic
information alone will lead to better clinical decision-making and
improved outcomes in hospitalized patients with heart failure

Tarig Ahmad et al. LBCT AHA 2021
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We Can Ensure Patients Get on the Right Rx
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Patient with symptomatic® HFrEF®

v

Therapy with B-blocker, ARNI and SGLT2 inhibitor

Still symptomatic No
and LVEF <35%

Yes ¢
Add MR antagonist
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Still symptomatic No
and LVEF s35%

Yes |

v v v

Sinus rhythm, Sinus rhythm, eGFR 215 ml/min/1.73 m?,
QRS duration 2130 ms HR 270 bpm SBP 2100 mmHg

e e

The above treatments may be combined if indicated

v

Resistant symptoms

4

Yes | No | ¥
Consider digoxin or H-ISDN No further action required
or LVAD, or heart transplantation Consider reducing diuretic dose
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ORIGINAL INVESTIGATIONS ORIGINAL INVESTIGATIONS

Use of Guideline-Directed ®
Medications for Heart Failure Before o
Cardioverter-Defibrillator Implantation
Titration of Medical Therapy for Heart )
Failure With Reduced Ejection Fraction

Medical Therapy for Heart Failure
With Reduced Ejection Fraction

Gregory A. Roth, MD, MPI," Jeanne E. Poole, MD," Rebecca Zaha, MPH," W hou, MS.* Jonathan Skinner, Pub.

Nancy E. Morden, MD, MP

Stephen . Greene, M Gregg C. Foarow, MD.* Adam . Do, MD, M, Puza . Sharms, MBBS,MPH, D, The CHAMP-HF Registry
Muthiah Vaduganathan, MD, MPH,” Nancy M. Albert, PuD, Carol 1. Duffy, DO, C. Larry Hill, Pub,
BACKGROUND Guideline-d| medical therapy (GOWT) for heart failure wit i (HFTER) b5 ’Kn-;n u«ni: : MA L »’w:u Patterson, p,d b, ‘lnhnA qu-n:;. au:_ n:;; ‘Id,unr l:nm.“. D, Stephen 1. Greene, MD," Javed Butler, MD, MPH, MBA," Nancy M. Albert, Pub, Adam D, DeVore, MD, MHS,
redonda, 8. W/ikiamay Bl dcan, - Hemanden, MD, Mit mved Bule; WD MEH, MEX Puza P. Sharma, MBBS, MPH, PuD,” Carol 1. Duffy, DO,” C. Larry Hill, PuD,” Kevin McCague, MA,” Xiaojuan Mi, PuD,

recommended before primary preventian implantable cardioverter-defibiilator (ICD) placement. Adherence to this

1. Hesbert Patterson, PrusuD, John A. Spertus, MD, MPH, Laine Thomas, PuD, Fredonia B. Willisms, EoD,

e g Wi et
Adrian F. Hermandes, MD, MHS. Grega . Fonarow, MD'

OBJECTIVES This stuely examined the use of GOMT (=1 prescription filled for both a renin-angiotensin inhibitor [RA]
and a heart failure-approved beta-blocker [HFBE) within 90 days before primary prevention ICD placement in patients
with HFFEF.

METHODS Data from the Matianal Cardiovascular Data Registry ICD Registry were merged with a 40% random sample
of for recipients of ICD between 2007 and 201 were
examined, anslyzineg GOMT overall ard for each L 5. hospital referral region. We idernified characteristies assoiated with
GOMT and the assocation with 1-year mortality.

RESULTS Among 19,733 patients with HE(EF and peimary prevention ICD, §1.1% filed any GOMT before implantation.
Across haspital referral regions, GOMT was applied in 51% to 71%. The strongest predictors of any GOMT included
absence of chronic renal disesse or nonsustained ventricular tachycarda, low-income prescription benefits subsidy, and

atients wversus those witheut had a lower 1-year
mortality rate after 1CD implantation (11.1% vs. 16.2%), even after adjustenent for comarbidites, Left ventricular ssection
fraction, and functionsl beart failre class

CONCLUSIONS Rates of GDMT for HFEF before primary prevention ICD implantation were low, and failure
to achieve GOMT was associated with significantly decreased 1-year survival. () Am Call Cordiol 2016,671062-9)
© 2016 by the American College of Cardiology Foundatian,

Guitebnes patients with heart election fraction (HFEF) have
medical therspy titrated to target doses derived from cinial trials, a5 tolerated.
contemporary S, practice s unknown.

This study e o
Wontify associated factors and reasons for medation changes.

METHODS Among 2,588 U.S. outpatients with chraric HFEF in the CHAMP-HF (Chango the Management of Patients

with Heart therapy,
(ac i receptor blocker (ARS), angiotensin receptar-nepriysin
ahibitor (ARNI), beta-blocker, and receptor at baseline and at

12-month follow-up.

RESULTS At basaline, 658 (25%), 525 (20%), 267 (11%), and 45 (2%) patients were recasving target doses of MRA,

beta-biocker, ACEVARS, and ARNI theragy, respectively. AL 12 months, proportions of patients with medication intiation

or dose increase were 6% for MRA, 10% for beta-blocker, 73 for ACEI/ARB, and 10% for ARNY; comesponding pro-

portions with discontinuation or dose decrease were 4%, 7%, 11%, and 3%, respectively. Over 12 months, <1% of pa-

tients were smultaneously treated with target doses of ACEI/ARB/ARN, beta-blocker, and MRA, In multiariate analysis,
A medicat i)

dose increase (0.9., previous HE hosptalization, higher blood pressure, lower ejection fraction) and discontinuation o

ABSTRACT

Guidelines strongly with heart failure
be proven outcames, 2 tolerated. The degree to which gaps in
medication use and dosng persist in contemporary outpatient practice s unciear.

his o
In current practice

METHODS The CHAMP- —
United States with chronk NFIEF receiving st lesst 1 oral medication for management of HF. s e chiachosag
by basaline use and dose of inhibitor (AC 1 recoptor blocker (AR),

(ARNI), beta-biocke Patient-
tevel factors associated with medication use were examined

RESULTS Overall, 3,518 patients from 150 primary care and cardiology practices were inclied. Mean age was 66 + 13

years, 29% were female, and mean EF was 29 & 8%. 27%,33%,

ACEV/ARB/ARNI, beta-blocker, and MRA therapy, respactively. When medications were prescribed, few patients were

receiving target doses of ACEI/ARS (17%), ARNI (14%4), and beta-biocker (28%), whereas most patients were receiving
Goses of MRA therapy (77%). Among patients elighble for al classes of medcation, 1% were simultanecusly

s s (6 cmtes 1 bomRahintn P ac s B8 Al o il ol el s
were the most common reasans for f cach therapy, but
from patient preference, heaith team, and xy;uns—hﬂm reasons varied by medication.

receiving target doses of ACE/ARB/ARNI, beta-blocker, and MRA. I atjusted models, older age. lawer blood pressure,
more severe functional class, renal insufficiency, and recent HF hospitalization generally favored lower medication uti
zation or dose. Social and econoeic characteristics were nat independently associated with medication se or ose.

directed medical ther- GDMT use in the ¢ I

al period before impl

he benefit of guideli

apy (GDMT) for heart failure with reduced  cardioverter-defibrillator (ICD) placement for primary CCONCLUSIONS registry,

it racion (LPYED) o el shablished,  prevention of vemticarst arbynmmine 1o, Prafes Sy ¢y i oo o i s s et Al et ptires 12 COMCLUSIONS I ths cantemporay utpaten HFEF regsy gt gaps i s and dveof el

but no study, to our knowledge, has examined sional Stterstions in medical therapy, factars asocit directed medical therapy remain. Multole clinicat factors were meccation use and
! ’ Further Medication titration foc HFEF. Strategies to improve guidsline-directed use of HETEF medications remain urgently needed, and these findings
(t 0 A Col Carid ©2019 by the Cardology may inform targeted approaches to optimize outpatient medal therapy. () Am Col Cardiol 2018,72351-66)

«,> 2018 by the Amarcn Callos o Cardilogy Fouation.
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So Far, Things Have Not Looked
Good
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\ h PROMPT-HF

PRagmatic Trial Of Messaging to Providers about

Treatment of Heart Failure

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

«Age>18
Patient seen in outpatient « LVEF< 40%
cardiology or internal medicine clinic

« Not on Quadruple Therapy

v
Randomization (provider)
|
A 4 ¥

LVEF, GFR, HR, K+ Alert

Current GDMT when provider ﬂl:‘ﬁ!:::
GDMT Order Set is entering orders

J

v

( Data collected via electronic health record (pragmatic design) )

3

PRIMARY OUTCOMES
Increase in number of prescribed GDMT at 30 days

SECONDARY OUTCOMES
Rates of 30-day re-hospitalization, % increase in each class of GDMT, doses of GDMT,
prescriptions filled (Sure Scripts), total cost of care, 1-yr all cause mortality

Yale scHOOL OF MEDICINE
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ﬁg PROMPT-HF PRagmatic Trial Of Messaging to Providers about

Treatment of Heart Failure

(@ Optimize medications for your patient with HFfEF
Your patient meets the criteria for having heart failure with reduced Ejection Fraction (HFrEF). Relevant values are listed below:

BP 150/90 10/19/2020

Heart Rate 120 10/19/2020

LVEF 35% 8/16/2020

Potassium 58 813172020

eGFR 35 81312020

Serum Creatinine 1.00 812912019
Current Heart Failure Therapies:

Beta Blocker: None

Current ACE/ARB/ARNI Therapy
ACE Inhibitor and Calcium Channel Blocker Combinations

1) amLODIPine-benazepril (LOTREL) 5-10 mg per capsule

MRA: None
SGLT2i: None

In order to impi the care of patients with HFfEF, we have included an evidence based medical therapy order set below. For
full treatment guidelines, click here

The guideline-recon ded treatment for heart failure in this alert IS NOT a substitute for clinicsl judgment and indradual-
patient-centered decision making. There are clinical reasons why these recommendations may not apply (o your patient

Open SmantSet Do Not Open Maximizing Medical Therapies for HFrEF Preview

Acknowledge Reason
1 will adjust medications Med changes not clinically indicated  Defer for other reason (specify)

v Accept

¥ Orders

Therapies for HFrEF &
Goal-Directed Medical Therapy for HFEF

¥ ACE/ARB/ARNI
w Sacubitril-Valsartan (Entresto)

FDA-approved to reduce the nisk of cardiovascular death and hospitalization for patients with
chronic heant falure[NYHA II-1V) and reduced ejection fraction

[ sacubiani-valsartan (ENTRESTO)
w Uisinopril (Zestril)

FDA-approved to treat heart failure with reduced ¢jection, hypertension, ST-elevation
myocardial infarction

[ ksinopel (PRINIVILZESTRILY
w enalapril (Vasotec)
FDA-approved to treat hypertension, symptomatic heart failure.
] enalapnil (VASOTEC)
w Losartan (Cozaar)
FDA-approved to treat hypertension, diabetic proteinunic chronic kidney discase
[Jiesartan (COZAAR)
 valsartan (Diovan)
FDA-approved to treat hypertension, heart failure.
[ vatsartan (DIOVAN)

w Beta-Blockers
w Carvedilol (Coreg)

FDA-approved to treat hypertension, heart failure with reduced cjection fraction, left
. following my dial infarction m clinacally stable patients

[ carvedioL (COREG)
w» metoprolol succinate (Toprol-XL)
FDA-approved to treat angina, heant faslure with reduced ejection fraction, hypertension,

myocardial infarction
(] metopeotol succinate (TOPROL-XL)

w Minerals

icoid Receptor

w eplerenone (Inspra)
FDA-approved to treat hypertension, heart failure after myocardial infarction
[ eplerencne (NSPRA)

w spitonolactone (Aldactone)

FDA-approved to treat ascites due to curhosss, heart falure with reduced ¢jection fraction,
hyp . primary hy

[l spironolactone (ALDACTONE)

wSGLT2
w Dapaglifiozin
FDA-approved to treat type 2 disbetes mellitus, heart faslure with reduced ejection fraction
] dapagificzin (FARXIGA)
v Empaglifiozin
FDA-approved to treat type 2 diabetes mellitus
(] empagifiozin UARDIANCE)

Lama Ghazi et al. AHJ 2021; 9:409-419

Yale scHOOL OF MEDICINE
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 PRagmatic Trial Of Messaging to Providers about

Treatment of Heart Failure

GDMT at Baseline
(time alert fired)

GDMT 30 days
after alert fired

0 = " (1]
1 1
2 2
3 3
4

Evidence-based Evidence-based Outcome present

Scenario| medications at medications 30 days | (increase evidence-
randomization post-randomization | based medications)

1 ACEi + beta blocker | ARB + beta blocker No

2 ARB + MRA ARB + SGLT2i No

: ACEi + SGLT2i

2 acH + beta blocker 1es

4 ACEi + MRA ARNi No

5 | ARB+MRA +sGLT2i | ARB+ MRA +SGLT2i Yes

+ beta blocker
6 ACEi ARNi No

Lama Ghazi et al. AH] 2021; 9:409-419

Yale scHOOL OF MEDICINE



H‘ PROMPT-HE PRagmatic Trial Of Messaging to Providers about
h Treatment of Heart Failure
of / N ‘ J \ SR
\ ‘
YaZlN, (N
¢ " "New London
Old Saybrook
‘ﬂ ,_//' Patient Enroliment
7 "-Fairfield 1310
o Norwalk Reference Line — — —
), @ Stamford , € 1000
Gl;eenvf/ich Hospitals @ ‘%
-2 Clinics @ .g'
E 500
£
2
04/01 05/25 07/18  09/10 10/14

Date (2021)

Lama Ghazi et al. AH] 2021; 9:409-419 Yale SCHOOL OF MEDICINE



Primary Clinical Endpoint: Additional GDMT Class

RR: 1.41 (1.03, 1.93); P=0.03| Number Need to Alert = 14

P=0.03 No Alert (% increase from baseline)

w
o
|

25.7 - Alert (% increase from baseline)

Patients (%)
S

—
o

All GDMT BB ACE-I/ARB/ARNI MRA SGLT2i

Yale sCHOOL OF MEDICINE M] PROMPT-HF



Secondary Clinical Endpoint: +GDMT Class/1Dose

RR: 1.39 (1.08, 1.79); P=0.01 I Number Need to Alert= 10

P=0.01
40 36.2
No Alert (% increase from baseline)
30 |— . Alert (% increase from baseline)
< 26.2
o
3
€ 20— P=0.12
2 P<0.001 16.2
E ' 13.3 P=0.38
11.53 P=0.15 10.07
10 — .
0

All GDMT BB ACE-I/ARB/ARNI MRA SGLT2i

Yale sCHOOL OF MEDICINE lﬁl PROMPT-HF



Sun, Apr 3, 8:38 PM

Congrats on PROMPT-HF-- great
study. Still a bit humbling that in
the intervention arm >70% of
patients didn't have GDMT

change--- what's your next
intervention get to the other 70%?

Expand Create
Current New
Processes Paradigms

Yale SCHOOL OF MEDICINE

i PROMPT-HE



Expensive,
uman Capital-
ntensive
nterventions
ave Not
elped in Heart
ailure

JAMA | Originalinvestigation
Effect of a Hospital and Postdischarge Quality Improvement Intervention
on Clinical Outcomes and Quality of Care for Patients With Heart Failure
With Reduced Ejection Fraction

The CONNECT-HF Randomized Clinical Trial

nt-Centered Transitional Care Services
:comes in Patients Hospitalized for Heart Failure
tandomized Clinical Trial

9 American Medica




We Are Key to Transplant and LVAD

Total

Al Valid
e Certificates | Certificates

General Internal

Medidne 311,313 208,657

Adolescent

Medicine(1) 58 4

Adult Congenital

Heart Disease 455 454

Advanced Heart

Fallure /Transplant | 1,218 1212

Cardiology

Cardiovascular ]

Chov 35504 | 28,824

Clinical Cardiac

Electrophysiology g Aol

Critical Care

P 17,103 12,217

Endocrinlogy

Diabetes and 9,543 7,681

Metabolism

Gastroenterology 19,242 16,003

Geriatric

et 10,468 4,784

Hematology 12,138 9,226

Hospice and

Palliative 4,752 4,365

Medicine(1)

Infectious Disease 11,246 9,156

Interventional

ol 9,143 6,600

Medical Oncology 18,169 14,723

Nephrolagy 13,619 11,363

Pulmonary Disease | 19,312 15,792

Rheumatalogy 7,769 6239

Sleep Medicine() 4,223 3,478

Sports Medicine(!) 374 257

Transplant

e 753 649

Yale scHOOL OF MEDICINE



Upper Limit of Heart Transplants?
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What About LVADs?

150 -
p < 0.001 for trends over time

Number of Devices

2
100 1
=
[1+] 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
n- Implant Year
.‘6 [Pump Group @ CFLVAD axial & CFLVAD hybrid @ CFLVAD maglev |
@
E
2 50 -

0 L] L) L] L] T L] T L] L]

WY P& @ RS FE TP EEEFE

Month/Year of Listing

-@- Listed with LVAD -~ LVAD Placed After Listing

Mullan, C.W. et al. J Am Coll Cardiol HF. 2021;9(6):420-9.
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We Can Guide Research

Effects of Liraglutide on Clinical Stability Among Patients
‘ T [ With Advanced Heart Failure and Reduced Ejection Fraction
A Randomized Clinical Trial

o " anices [l
Effect of Natriuretic Peptide-Guided Therapy

on Hospitalization or Cardiovascular Mortality in High-Risk
Patients With Heart Failure and Reduced Ejection Fraction
A Randomized Clinical Trial

X Ultrafiltration in Decompensated Heart
Isosorbide Mononitrate in Heart Failure Failius:ich Cardlosenal Sydoiné
with Preserved Ejection Fraction

Reduction of dietary sodium to less than 100 mmol inheart 3@ % ®
failure (SODIUM-HF): an international, open-label,

. e mah randomised, controlled trial

= . . .

o
o

Effect of Oral Iron Repletion on Exercise Capacity
in Patients With Heart Failure With Reduced

S T

Low-Dose Dopamine or Low-Dose Nesiritide Effect of a Strategy of Comprehensive Vasodilation vs Usual Care Efficacy and Safety of Spironolactone in Acute Heart Failure
on Mortality and Heart Failure Rehospitalization Among Patients The ATHENA-HF Randomized Clinical Trial

With Acute Heart Failure

rt Failure Patients The ROSE Acute Heart Failure Randomized Trial The GALACTIC Randomized Clinical Tria .

on for Hyperuricemic Heart Failure Patients . p

(EXACT-HF) Study

Ejection Fraction and Iron Deficiency Efects of Xanthine Oxidase nhibition in Hyperuricemic In Acute Heart Failure With Renal Dysfunction
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Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christopk >hn M. Lachir

vid Fitchett, M.D., Erich Bluhmki, Pk

Dipl. B

Michaela
0dd Erik Johanser

ABSTRACT

BACKGROUND
The effects of empagliflozin, an inhibitor of sodium-glucose cotransporter 2, in
addition to standard care, on cardiovascular morbidity and mortality in patients
with type 2 diabetes at high cardiovascular risk are not known.

METHODS
We randomly assigned patients to receive 10 mg or 25 mg of empagliflozin or
placebo once daily. The primary composite outcome was death from cardiovascu-
lar causes, nonfatal myocardial infarction, or nonfatal stroke, as analyzed in the
pooled empagliflozin group versus the placebo group. The key secondary compos-
ite outcome was the primary outcome plus hospitalization for unstable angina.

RESULTS
A total of 7020 patients were treated (median observation time, 3.1 years). The
primary outcome occurred in 490 of 4687 patients (10.5%) in the pooled empa-
gliflozin group and in 282 of 2333 patients (12.1%) in the placebo group (hazard
ratio in the empagliflozin group, 0.86; 95.02% confidence interval, 0.74 to 0.99;
P=0.04 for superiority). There were no significant between-group differences in
the rates of myocardial infarction or stroke, but in the empagliflozin group there
were significantly lower rates of death from cardiovascular causes (3.7%, vs. 5.9%
in the placebo group; 38% relative risk reduction), hospitalization for heart failure
(2.7% and 4.1%, respectively; 35% relative risk reduction), and death from any
cause (5.7% and 8.3%, respectively; 32% relative risk reduction). There was no
significant between-group difference in the key secondary outcome (P=0.08 for
superiority). Among patients receiving empagliflozin, there was an increased rate
of genital infection but no increase in other adverse events.

CONCLUSIONS
Patients with type 2 diabetes at high risk for cardiovascular events who received
empagliflozin, as compared with placebo, had a lower rate of the primary com-
posite cardiovascular outcome and of death from any cause when the study drug
was added to standard care. (Funded by Bochringer Ingelheim and Eli Lilly;
EMPA-REG OUTCOME ClinicalTrials.gov number, NCT01131676.)
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Yet, No One Saw SGLT2i Coming
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We Need to Revisit Our Basic Assumptions

Figure 1.
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Table 1.

Table 1. Normal and Abnormal Intracardiac Pressures.*

Axta NowsaL Conormons. SPECIFIC PATTVRNS
Testeo  PRessure ™ WiicK
RanGe INCREASED
(Mu Ha)

RA 0-8 RV failuee; PE; TI: giant V wave
COPD; tricuspid- (“ventricularized"
valve abnormali- wave form);
ity; pericardial tamponade: “diastolic
tamponade. plateau,” with para-

doxical inspiratory

b -
Rl A -~

g o

= a

Q N

@ 1=}

= o rise.

# 1§ s PA 15.30  Syswlic MI: retrograde V
STuaF 1 resistance: PE; wave;
Pulmonary o a COPD; VSD: wide pulse
ortery @ & 1 flow: VSD; pressure;
z > Diastolic: tamponade: narrow
[=) z 1 resistance: PE; pulse pressure;
- 3 COPD; COPD: marked respi-
€ o All causes of 1 ratory fluctuation.
PCP.

o | ] PCP  5-12t LV failure MI: giant V wave;
~F mitral valve discase diastolic
ey S tamponade " with para-
c L 4 LV compliance: doxical inspiratory
= - hypertrophy. rise;

@ o infarction. COPD: marked respi-
> a

ratory fluctuation.

*RA denotes right atrium, PA pulmonary artery, RV right veatricle, PE pulmonary
embolism, T1 tricuspid insufficiency, M1 mitral insufficicncy, COPD chronic obstructive
pulmonary disease. VSD ventricular septal defect, LV left ventricle, & PCP pulmonary-
capillary pressure.

+Aithough clinical signs of pulmonary congestion begin at approximately 18 mm H,
the generally accepted upper limit of normal is 12 mm Hg.

Normal and Abnormal Intracardiac Pressures.*

Yale scHOOL OF MEDICINE



We Need to Revisit Our Basic Assumptions

e G=

Currently used descriptors of heart failure—New York Heart Association functional
class, left ventricular ejection fraction, and invasive hemodynamics—served important
roles when they were first introduced: they allowed for a small degree of granularity in

the phenotyping of heart failure when none existed. However, we have come a long
way in our understanding of heart failure, and the continued supremacy of these
descriptors is now hindering our ability to develop and apply targeted therapies for
this syndrome. Unless we update the categorization of heart failure to reflect reality
more appropriately, we will remain hamstrung in our efforts to tailor interventions for
distinct patient groups, and highly effective therapies will be cast aside because they
were tested on too heterogeneous a population.

J Am CO” Card|0| HF. 2021 JUI, 9 (7) 528_529 Yale scHOOL OF MEDICINE



Generating Practice-Based Evidence

CARDIOVASCULAR PERSPECTIVE

Reimagining Evidence Generation for Heart
Failure and the Role of Integrated Health Care
Systems

Tarig Ahmad®, MD, MPH; Nihar R. Desai®, MD, MPH

HFrEF HFpEF oF T, Inexpensive
| HFEF S arEr National Registries Live EHR-based Registry Automated
m at Integrated Health Adaptable
e o Care Systemns
Y Allows Feedback
Publications Allows Interventions
Discard as
ALEEY
: : Cross-Sectional and Registry Embedded
Practice Insights Longitudinal Examinations Pragmatic Trials
_ Expensive . »
Results Labor Intensive Interventions Aimed at Practice Insights
B N Cross Sectional Quality Improvement
« Inefficient and Expensive Clinical Trials Not Adaptable \\__/
« Huge variability in Risks and Benefits
 Lack of Significant Feedback Does not allow Interventions
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We Have Been Here Before (ACS)
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L; | defibrillator demonstrated gssoc;ation
a develoned in early-onset
& 400- e 1972 (MirowF;ki) 2002 MI described
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Nabel EG, Braunwald E. N Engl J Med 2012;366:54-63.
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What Causes a Heart Attack?

The hope for the
damaged
myocardium lies in
the direction of
securing a supply of
blood through
friendly neighboring
vessels so as to
restore so far as
possible its
functional integrity.
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CLINICAL FEATURES OF SUDDEN OB-
STRUCTION OF THE CORONARY
ARTERIES
JAMES I UERRICK, M.D.
CilcAGe

Obstruction of a coronnry arlery or of any of ils
relies T Tong been regarded as  serions acei-
ver! events contributed toward the prevalence
of the wvu hat t ondition was almost always sud-
denly fatal,  Parr tings on enging peetoris and
its relation {0 coronary dise Jenner’s observations
on the same eamdition contering about Jolm Tlunter’s
"Thorenldsen’s (ragie denth in the theater in Copen-

en with the finding of a plogeed coronary, sharply
acted abfention lo the velation between the coronary
and sudden death.  In_ Goernumy Colmheim supported
the views of Hyrtl and Henle as to lack of considerable
anastonmosis, and as Jate as 1881 lent the influence of
[ that the coronary arteries were
53 his Leipsic necropsy experionee, as well a8
experiments an dogs, foreod him o conelude that the
sidden oeclusion of one of {hese vessels ar of one of the
Inrger brarehes, such s the rmmus descendens of the left
meant death within o few minutes. Others
il the sme w.

No ane ot all familiar with the clinical, pathologic
ar experimental fenluves of cardine disease can question
The influence of sule-
rosis of these vessels in the way of producing snemic
p! is und fibrosia of the myoenrdium, with such pos-
sible resulis as amenrysim, ropture or dilatation of the
hwart, is well known  So alsa is the relation of ihe

rics to mauy enses of anginn pectoris, and to
cardine disturbances rathe clussed ns chronie
myoeardilis, caridine iv e, 1t must be
witled, also, that the wpmnlum of the descending
bruneh of the left coronary as the artery of swdden
denth is not undeserved.

Rui there are rensons for belioving that even large
iranehes of the covonary arteries may be oecluded —at
imes acntely oeehudod—withont resuiting death, at least

i dentl in the immediale future, Even the main
ui times be obstructed and the patient. live,
It it fhe ohject of this paper to prosent a few facts
along this line, and particularly to deseribe some of the
linieal nanifestations of sudden yeb not immediately
futul cnses of coronary obstruction.

RBefore presc Ling “the clinieal features of coronnry
obstruiction, it way be well to consider certain facis
that go to prove that audﬂ\-n obstruetion iz not neces-
sarily fatal. Such proaf is afforded by a study of the
anatomy of the normul s well s of the dummd heart,
Ly animal experiment and by bedside experience,

curo

‘The coronarics are not so strictly end-nrteri
annstomoscs, ax Calnlieim
' enrefnl dissections, by inj

from nnothor, by skingraphs of injo
arteries and by divect inspection of hearts made b
Incent by special methods, there is proof of an anat
anastomosis {hat is by no menns negligible, 4
Jumin and Merkel'sf beautiful stereoscopie m;‘

show the” renarkably rich blood-supply of the
stonmoses between veszels of mn
able size. The possibility of injection of op
artery from the other is admitled even |
deny tha h injection proves more than
non-functioning anastomosis, A

ingg hearts of young persons, showed nal
moses in the subepicardinl tissue, He feel
and_Spaltoholz* have nearly clonved up the questio
to the relation between the heart muscle and diseas
the coranary artery from the anatomic s
irsch that in dogs the anastomosing v
funetionally competent, and Spalteholz says tF
man the vessels are noarly the same s in dogs,
in anastonoses n in those of consid
The Iatter investigator, by a method of
{reatment of the heart g0 as to make the muscle {1
purent, shows to the naked eye that there are am
moses of considerable size.

Among others who are on record as believing
there are non-negligible annstomoses may be menti.
Haller, Huchard, Orth, Michnelis, Langer, Leg
All vecognize, however, tlnt there are i
, and also that though the )
annstomoscs, these are not necessar:
ihnt an ariery whicl anatomically is not a tery
artery may yet be snch functionally.

But there is proof not only of anafomic eonnec
between the twe coronaries, but that in certain instm
ot leuel, such connection ctional value. 1ix)
nts on lower animals and the clinieal e
we of the corenaries with antopsy

=

il
this,
Much of the

arlier experimental work an {he ®
aninmls, obstrueting the coronary arferies by ligat
clamps or artifieial emboli, gave’ promptly fatal re
Among those who worked along ihis line and rea
these conclusions mny be montioned lrichson (18
o von Bezold, munelson (1880)
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T
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The
Discovery

of Heparin

THE THROMBOPLASTIC ACTION OF CEPHALIN
JAY McLEAN
From the Physiological Laboratory of the Johns Hopkins University
Received for publication, June 15, 1916

In 1912 Howell (1) reported the results of a study of the thrombo-
plastic action of the tissues in which he showed that the active sub-
stance is a phosphatid having the general properties of cephalin. The
effect of solutions of this phosphatid upon coagulation is very striking
and it has been shown that lecithin prepared according to the customary
methods is lacking in this property. The identification of the phos-
phatid rested mainly on its insolubility in cold aleohol and its slight
solubility in hot alcohol and the possibility was recognized that the
thromboplastic action might be due to some adherent impurity rather
than to the phosphatid itself. At the suggestion of Dr. Howell I
have undertaken a re-examination of this subject to determine if pos-
sible whether the thromboplastic effect may be attributed to an im-
purity, or is a property of the cephalin itself, and also to determine in
how far a similar property is exhibited by other related phosphatids.
The phosphatids which have been examined in regard to their throm-
boplastic action are cephalin, lecithin, sphingomyelin, ecuorin and hepar-
phosphatid.

THE METHOD OF TESTING THROMBOPLASTIC ACTIVITY

To determine thromboplastic activity a method was employed which
has been in use in this laboratory for some time in connection with other
researches on coagulation. The method rests upon the fact that in
fresh serum the amount of actual or effective thrombin is small, but
the amount of ineffective thrombin is relatively large. This metathrom-
bin may be converted to active thrombin by Morawitz’s (2) method
of adding alkali with subsequent neutralization. But it can also be
activated to effective thrombin by the addition of thromboplastic
extracts, especially solutions of cephalin, provided the serum is per-
fectly fresh. As the serum stands the activating effect of the cephalin
becomes less marked and finally disappears entirely after a certain

250



Discovery of

Streptokinase
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THE FIBRINOLYTIC ACTIVITY OF HEMOLYTIC
STREPTOCOCCI

WILLIAM 8. TILLETT
Department of Bacteriology, New York University College of Medicine

Received for publication October 11, 1938
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The fibrinolytic activity of hemolytic streptococei is a term
used to designate the capacity of broth cultures of Streptococcus
hemolyticus of the beta type to transform the solid clot of normal
human blood into a liquid state. The rapid dissolution of
human fibrin by hemolytic streptococei is dependent upon the
presence in cultures of an extracellular enzymic substance which
is excreted by the living organisms. Reports in the literature
evidence the fact that the phenomenon has special characteristics
of bacteriological and immunological interest.

The fact that the reaction involves a special kind of bacterial
product acting upon a special kind of tissue substrate illustrates
the particular qualities of streptococeal fibrinolysis. The process

161
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1 saline my b given by hypodermoclysi.

i ::::: route). After acute phase is ovw{ r;n{:.*e:';.“'
:_r:”‘d ad 14b. Iced drinks should not be used.
- Se Pain It is essential that pain be con=
srolled. The following measures may be enploved:
< Verphine sulfate 15 mgm (X) q. 2 h, as
ceaded, or st more frequent intorvals if required, In many
atients it may cause vamiting and if so, other measures -y
»e more valuable.

Pantopon 20 mgm. (M) q. 2 h. may Do used
{nstead of morohine; it 1s less apt to cause vomiting,

Inhalation of 100% oxygen for 1/2-1 hr.
periods st 1-2 hr. intervals will often rolisve pain which
{s otherwise Intmotable,

Aninophyllin 0.24 gram (I.V,) will oc-
casionally give relief from pain which cannot be ctherwise
controlled.

G. Congostive Falilure Pationts should
be exanined frequently for evidence of congestive failure
(i.e. pulmonary congestion, palpadle liver, peripheral

edema).

Digitelis in usual doses should de given
if evidence of congestive failure s moderate. (The in-
dloations should be somewhat stronger than in the usual case
of hoart disease.)

Armte PRI Lanare Sie wniont A
sent dcture when the patient enters . .
the lu-‘.g measures such as morphine, digitalis, phletotemy
and tourniquets, may te e=ployed as needed.
.

TREATMENT OF ACUTE MYOCARDIAL INFARCTION

Dofinite rules for management of pal
ncute myocardial infarction cannot be set down. |
must be studied,"weighed”and treated individually

ring are merely suggestions.
1. Rest Complete mental and physic

|s sasential, Patisnt to be moved as little as p
for nursing care and examination. Confine patie
bed rest for 4-5 weoks, then allow up gradually
onal week before discharge.

2. Danger List All patients in who
sis of myocardial Infarction is suspected should
on the Danger List.

3. Diet During the first 10 days
800 caloric low residue diet. Thereafter House
ction Diet as indicated by weight of patients f
'ed by nursing staff during first 10-14 days

4, Fluids During the first few
¢ fluid should Be supplied to replenis!
g or vomiting; usually 1500-2500 0.

« If patiant unabls to reta .

Treatment of AMI 1940s




Coronary atherosclerosis is a progressive process; at any stage,
factors, as yet unknown, may precipitate either sudden death or
patterns of myocardial ischemia or necrosis.” AHA 1962

Progressive

News from the
American Heart Association

44 Bast 23rd Street, New York 10, New York
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Volume 303 OCTOBER 16, 1980 Number 16

PREVALENCE OF TOTAL CORONARY OCCLUSION DURING THE EARLY HOURS OF
TRANSMURAL MYOCARDIAL INFARCTION

Magcus A DeWooo, M.D., Juue Srores, C.R.N.A., Roperr Norske, M.D., Lowews T. Mouses, M.D.,
Romert Burrouchs, M.D., MichakL S. GoLpen, M.D., anp Ilm-v T. Lano, M.D.

Abstract To define the prevalence of total coronary
ocelusion in the hours after transmural myocardial in-
farction, we used coronary arteriography to study the
degree of coronary obstruction in 322 patients admit-
ted within 24 hours of infarction, Total coronary ac-
clusion was observed in 110 of 126 patients (87 per
cent) who were avaluated within four hours of the
onset of symptoms; this proportion decreased sig-
nificantly, 1o 37 of 57 (65 per cent), when patients
were studied 12 to 24 hours after the onset of symp-
toms. Among 59 patients with angiographic fea-
tures of coronary thrombosis, the thrombus was

THE extent of coranary-artery veclusion durin
the first few hours of transmural myocardial i
farction is poorly understood. Traditionally, reluc-
tance to subject patients to carly coronary arteriog-
raphy has been based on the belief that injection of
contrast material into diseased coronary circulation
might further injure the ischemic myocardium. Mare-
over, patients with acute myocardial infarction fre-
quently have unpredictable disorders in cardiac
rhythm,

Accordingly, most of our knowledge of the lesions
associated with transmural infarction has been de-
rived from autopsy studies, These studies, though
helpful, involve a highly selected sample of the popu-
lation. In additian, the autopsies may have been per-
formed in patients who died suddenly (less than six
hours after the onset of symptoms) or in tho

Marpholagic confirmation of infarction is rarely
possible within six hours of the onser of symp-
toms 23+ The meaning of pathological findings ob-
served days to weeks after infarction may be obscured
by release of coronary spasm, antemortem maml-
ization of the thrombus, or p

retrieved by Fogarty catheter in 52 (88 per cent)
but was absent in seven (12 per cent false positive).
Amang an additional 20 patients without angiograph-
ic features of thrombosis, a thrombus was dis-
covered in five (25 per cent false negative). Thus,
total coronary occlusion is frequent during the
early hours of transmural infarction and decreases
in frequency during the initial 24 hours, suggesting
that coronary spasm or thrombus formation with
subsequent recanalization or both may ba important
in the evolution of infarction. (N Engl J Med. 1880;
303:897-902)

sis and thrombus retraction from the arterial wall 47
The absence of physiologic diastole and the low fow
state associated with the failing circulation could both
contribute to the formation of a thrombus. Important
differences in the methods used to examine the coro-
nary arteries have generated conflicting data."! The
variability in both the methods used and the popula-
tions studied in autopsy series is reflected in the
reported incidence of thrombesis associated with
transmural infarction; this rate has ranged from 21
per cent’ to 93 per cent.t

The frequency of total coranary occlusion in pi-
tients hospitalized during the early hours after trans-
mural myocardial infarction remains unknown. Our
goal has been to define the prevalence of total car-
anary occlusion in this group.

METHODS

Patient Population

Berween March 1971 and December 1975, we evalumted 322 pa-
ients by selective eoronary arteriography and sensriculography
iiin 24 howrs ofomset ofsymprams of rammura myocaredal o
h

Depirmest of edine, Sced Hear 100 Do

maz Memarial Research Fund and by
eaconess Research Foundativas.
escaied n part st the Ametican Federation for Clinical Research,
Washingion, D.C., May 7, 1979,

ain, persistent
e o e o S g eemio s prqmtd 0Q
waves of at least 0.04 second by standard 12ead electracards
eaphy, are elevations in cardiac enzyme (ital creatine kinase ac.
tivity). (The MB fraction of creatine kinase was not avaitable 1o us
il the end of 197.) This population represents 322 of the 1210
patients (26.6 per cent) who were admitied with early 1eansmural
myocardial infarction during the study period. Twemy of the 322
patients were pider than 5 years; the average age in th

536 years (range, 4 1o 73 years). Two hundred fifty-right (80.1

D Total Occlusion

* P< 0.05
* % P< 0.0l

s

PER CENT

No. pts. studied

126 82 o X of each interval

0-4 4-6 6-12 12-24
TIME INTERVAL (HRS)
AFTER ONSET OF SYMPTOMS

Figure 3. Right-Anterior Oblique Projection of the Left
Coronary System in a Patient Judged Negative for
Thrombosis.

Ninety per cent obstruction is noted at the point indicated by
the arrow. The thrombus was retrieved at surgery and was
situated both distal and proximal to the area of stenosis.

Heart Attacks:
Acute Thrombosis
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EFFECTIVENESS OF INTRAVENOUS
THROMBOLYTIC TREATMENT IN ACUTE
MYOCARDIAL INFARCTION

GRUPPO ITALIANO PER LO STUDIO DELLA STREPTOCHINASI
NELL’INFARTO MIOCARDICO (GISSI)*

In an unblinded trial of intravenous
streptokinase (SK) in early acute myocardial
infarction, 11 806 patients in one hundred and seventy-six
coronary care units were enrolled over 17 months. Patients
admitted within 12 h after the onset of symptoms and with no
contraindications to SK were randomised to receive SK in
addition to usual treatment and complete data were obtained
in11 712. At 21 days overall hospital mortality was 10+ 7% in
SK recipients versus 13% in controls, an 18% reduction
(p=0-0002, relative risk 0-81). The extent of the beneficial
effect appears to be a function of time from onset of pain to SK
infusion (relative risks 0-74, 0-80, 0-87, and 1-19 for the
0-3, 3-6, 6—9, and 9-12 h subgroups). SK seems to be a safe
drug for routine administration in acute myocardial
infarction.

Summary

Introduction

THE trial of the Italian Group for the Study of
Streptokinase in Myocardial Infarction (Gruppo Italiano per
lo Studio della Streptochinasi nell’Infarto Miocardico,
GISSI) was planned in autumn, 1983. At that time there wasa
growing consensus on the effectiveness of intracoronary

*Steering committee.—F. ROVELLI (charman), C. DE VITA, G. A.
FERUGLIO, A. LOTTO, A. SELVINI, G. TOGNONJ.

Coordination and data monitoring.—M. L. FARINA, A. FORESTI, M. G.
FRANZOSI, F. MAURI (investigators); S. PAMPALLONA (biostatistician).

Ethics committee.—P. ARMITAGE, A. BERIA DI ARGENTINE, R. BOERI, S.
GARATTINI, P. MANTEGAZZA, A. MENOTTI, R. PETO, E. POLLI, M.
VERSTRAETE, A. ZANCHETTI. §

Scientific advisory board.—Cardiology: C. BELLI, G. BINAGHI, M. BOSSI,
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streptokinase (SK) in reopening occluded coronary vessels in
around 50-60% of treated patients;' and analysis of pooled
data suggested that intravenous SK, given in various

schedules, could reduce overall mortality in patients treated
within 24 h from onset of pain.? The clinically relevant
challenge was therefore to test in a formal prospective trial
whether effective and safe thrombolysis could be achieved
with intravenous SK under routine conditions in the majority
of patients—in contrast to intracoronary thrombolysis which
is practicable only in small numbers of cases.

The participation of the majority of the coronary care units
(CCUs) grouped in the National Society of Hospital
Cardiologists (Associazione Nazionale Medici Cardiologi
Ospedalieri, ANMCO) was sought, to ensure recruitment
over an acceptable length of time of the large sample needed
to test reliably three key issues: Does intravenous SK infusion
produce a clinically relevant benefit irl terms of reduction of
in-hospital and one-year mortality? Is the effect, if any,
dependent on the interval from onset of pain to SK treatment?
Are the risks associated with the treatment acceptable?

Patients and Methods

The study was planned as a controlled multicentre unblinded trial
with central randomisation. Fig 1 summarises the major steps. The
only variable distinguishing the treatment group (SK) from the

Admission to CCU

Screening for eligibility
Reject log No
Yes

Pretreatment measurements
Telephone coordinating centre
Randomisation

SK 1 500 000 U
in 100 ml iv/60 min

~

Routine treatment

No thrombolytic
treatment

6-month follow-up examination

12-month status
Fig 1—GISSI protocol.
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