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Overview

• Updated guidelines for treatment of HFrEF
and HFpEF

• Myocarditis after Covid
• Myocarditis after Covid vaccination
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• Myocarditis after Covid vaccination
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references
• 2013 ACCF/AHA Guideline on Management of 

Heart Failure
• 2016 ACC/AHA/HFSA Focused Update on New 

Pharmacological Therapy for Heart Failure
• 2017 ACC/AHA/HFSA Focused Update on 

Heart Failure
• **2022 AHA/ACC/HFSA Guideline for the 

Management of Heart Failure**
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HF subtypes

• New universal definition 2021
– HFpEF ≥ 50% (preserved)
– HFmrEF 41-49% (mildly reduced)
– HFrEF ≤ 40% (reduced)
– HFimpEF (improved) baseline ≤ 40% w 10pt 

improvement to > 40%

Bozkurt JCF 2021, 2022 Guidelines Circuation
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HFpEF specific etiologies

• Transthyretin (TTR) cardiac amyloidosis
– Wild-type (senile) or mutant/variant TTR
– Diagnosed with TcPYP scan, CMR, biopsy
– Treatable with TTR stabilizers, silencers

Maurer NEJM 2018
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Goals of care in HFpEF

• Control hypertension
• Avoid/prevent atrial fibrillation
• Avoid uncontrolled rate in AF
• Identify cause of anemia and treat
• Manage congestion with loop diuretics

– Careful to avoid volume overload in patients with 
CKD
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New RCT data to support 
additional therapies in HFpEF:
all are therapies used in HFrEF

Will review after discussing HFrEF therapies
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HF with reduced EF

• multiple disease-modifying therapies
• guideline-directed medical therapy (GDMT)
• titrated to target dose or limiting side effect
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AHA stages
A at risk for HF (e.g. HTN, post-MI)
B asymptomatic (pre-HF)
C symptomatic (symptomatic HF)
D severe symptoms (severe HF)
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NYHA symptom classes

• NYHA I: no limitation
• NYHA II: comfortable at rest but ordinary 

physical activity causes symptoms
• NYHA III: comfortable at rest but less than 

ordinary physical activity causes symptoms
• NYHA IV: symptoms at rest and with trivial 

activity: brushing teeth, dressing 
• Crude classification with subjectivity and 

variable reproducibility but used in HF trials
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loop diuretics to control 
congestion

• furosemide 20-80 mg QD up to 160 mg BID
• torsemide up to 80 mg BID (better absorption)
• bumetanide up to 4 mg BID (better 

absorption)
• 1 bumetanide = 20 torsemide = 40 furosemide
• when on max dose loop, metolazone at 1.25 

or 2.5, generally not more than 1-2x/week
– Frequent K, Cr checks and supplementation
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sacubitril/valsartan
• Combines neprilysin inhibitor with ARB
• marketed as Entresto, “sac-val”

– 24mg sacubitril – 26 mg valsartan “50”
– 49mg sacubitril – 51 mg valsartan “100”
– 97mg sacubitril – 103 mg valsartan “200”

• start lowest dose for 
– lisinopril <=10 mg/d, valsartan <= 80 BID
– eGFR < 30 or moderate hepatic impairment

• otherwise medium dose
• double dose p. 2-4 wks, check K, Cr
• Avoid ARNI in pts with ACEi-angioedema
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sGLT2 inhibitors
• Sodium-glucose co-transporter-2

– reduces proximal tubular resorption resulting in 
glycosuria

• Empagliflozin surprisingly shown to lower CV events 
(mostly HF) in diabetics Empa-Reg (NEJM 2015)

• Dapagliflozin neutral on overall MACE in patients 
with T2D, but lowered HF hospitalization (NEJM 
2018)

• Begged question of whether effect only in T2D & 
only prevention
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DAPA-HF

• McMurray NEJM 2019
• 4,744 patients with HFrEF on GDMT w/ or w/o 

T2D
• 66yo
• 23% female
• 67% NYHA II & 32% NYHA 3
• 42% T2D
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DAPA-HF results @ median 18.2 mos

• 26% reduction in worsened HF
– ARR 4.9%, NNT = 21

• 17% reduction in mortality 
– ARR 2.3%, NNT = 43

• No excess AEs in dapagliflozin
– Slightly lower rate of renal AE w/dapa

• Major hypoglycemia rare
• Now FDA approved in US

McMurray NEJM 2019
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EMPEROR-Reduced

• Empagliflozin vs placebo in treated HFrEF (EF 
≤ 40%)

• 25% reduction in CV death/HF hospitalizations 
at median 16 months f/u

• Blunted rate of decline in eGFR
• Increased rate of uncomplicated urogenital 

infection
• Now FDA approved

Packer NEJM 2020
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ivabradine

• If = funny channel, pacemaker current
• funny channel blocker
• causes sinus rate slowing directly, with 

modest AV blocking effect
• (as opposed to beta blockers, antagonizing 

the adrenergic system)
• motivated by epidemiology suggesting 

increasing mortality with increasing heart rate
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SHIFT trial

• chronic HFrEF (EF < 35%)
• sinus rhythm, heart rate > 70 bpm
• on neurohormonal blockade, max tolerated 

doses
• randomized to ivabradine vs placebo planned 

2yr f/u
• primary outcome: CV death + HF admission

Swedberg Lancet 2010
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SHIFT results

Swedberg Lancet 2010
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SHIFT adverse events

Swedberg Lancet 2010
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Vericiguat in HFrEF

• Victoria trial, Armstrong NEJM 2020
• Addition of soluble guanylate cyclase activator 

to GDMT
• CV death/HF hosp lower at 10.8 mos

– 10% reduction, ARR 3%, NNT = 33

• More hypotension, slightly more syncope
• FDA approved Jan 2021
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HFmrEF



MGH IntMed | Newton-Cheh | 2022 | 32

HF with recovered EF

• Open-label, randomized pilot
• 51 patients w/DCM with EF < 40% in whom 

– EF rose to >50% with ACEi/ARB/BB/MRA
– NTproBNP < 250 ng/L

• Randomized to
– 6 month structured withdrawal of HF meds
– 6 months continued HF meds, followed by 

structured withdrawal

Halliday et al TRED-HF study Lancet 2019
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HFrecEF: withdrawal protocol

Halliday et al Lancet 2019Halliday et al TRED-HF study Lancet 2019
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HFrecEF: DCM recurrence at 6 mos

• Composite primary outcome at 6 mos:
– EF falls >10% pts to < 50%
– LVEDV incr >10% to > ULN
– NTproBNP doubling to > 400 ng/L
– Symptomatic heart failure

Halliday et al TRED-HF study Lancet 2019
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HFrecEF: baseline

• Median 4.9 yrs since DCM diagnosis
• 2.0 yrs since EF > 50%
• Most ACEi/ARB/BB
• 47% MRA
• 12% loop diuretic
• Non-ischemic: 35 idiopathic, 7 familial, 9 

pregnancy/alcohol/doxorubicin/thyroid

Halliday et al TRED-HF study Lancet 2019
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HFrecEF: results
• 11/25 (44%) in WD grp relapsed w/in 6 mos

after withdrawal, 0/26 in continuation group
• 25/26 in continuation group crossed over to WD 

after 6 mos (1 had AF, 0 had HF)
• 9/25 (36%) relapsed after cross-over to WD
• Overall 20/50 (40%) of those withdrawn from 

GDMT relapsed within 6 months
• 13 relapses w/in 4 mos of start, all w/in 2 mos

of last medication discontinuation

Halliday et al TRED-HF study Lancet 2019
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HFrecEF: DON’T STOP THE MEDS

• Wean loop diuretics guided by weight, LE 
edema, dyspnea, potassium, possibly 
NTproBNP

• Continue maximum tolerated dose of BB and 
ACEi/ARB/ARNI

• Probably continue MRA indefinitely but 
monitor potassium, creatinine

• No data re SGLT2i
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HFpEF
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• Updated guidelines for treatment of HFrEF
and HFpEF

• Myocarditis after Covid
• Myocarditis after Covid vaccination
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Myocarditis & Acute Covid

• Rates of troponin elevation >99%ile in 5-25% of 
hospitalized patients with Covid

• Prognostically, increased risk of arrhythmia, 
mechanical ventilation, mortality

• Unclear mechanisms
• ACS, PE, supply-demand mismatch can underlie
• Some patients with isolated, significant troponin 

elevations appear to have myocarditis
• Mechanisms unclear
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What do we know from pathology 
studies?

• Halushka & Vander Heide, Cardiovasc 
Pathology 2020

• Post-mortem autopsy
• Literature review
• 22 reports, 2-80 patients (med 10.5)
• 277 patients total (7 papers total 165)
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Halushka, Vander Heide CV Path 2020
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Detailed histopathology from 
hearts in Covid-19 is limited

• CD68+ infiltrates > CD4/CD8 in autopsies 
(mostly pulmonary deaths)

• SARS-CoV-2 by ISH in macrophages, some 
endothelial cells, small #s of myocytes

• Of 41 MGH deceased pts, 4 met criteria for 
myocarditis (Bearse et al)
– 3 lymphocytic
– 1 hypersensitivity

Fox CV Path ‘21; Bearse Modern Path ‘21
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MIS-C / MIS-A
• Multisystem illness syndrome in children
• High fever, high CRP/cytokines, vasodilatory > 

cardiogenic shock
• Cardiac (80%), GI (90%) involvement typical
• Often occurs 2-6 weeks after presumed exposure
• Commonly Ab+, NP Ag-, NP PCR+/-
• 50+% require ICU
• Treatment IVIG, steroids + others
• Occurs in adults, rarely 

– Morris et al, MMWR ‘20, MIS-A case series
– Belay et al, CID ’21

• Treatment guidance MIS-C Henderson Arthritis & 
Rheumatology ’21

• Pathophysiology unclear, hypothesized due to 
superantigen regions of spike and antigenemia due 
to altered gut permeability

Levy JAMA ‘21, Patel JAMA ‘21, Feldstein JAMA ‘21, Holm Acta Paed ’21, Yonker JCI ‘21
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Vaccine protection against MIS-C

• 33 adolescents (12-18yo) detected through 41 
PICUs or national reporting in France

• 91% (95%CI: 79-96%) VE against MIS-C at least 
1 dose (mostly Pfizer)

• Among 31 adolescents
– 0 fully vaccinated
– 7 s/p 1st dose only, median 25d post-vax 

(implying infection c. vax date)
– 26 unvaccinated

Olson MMWR ‘21
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Vaccine protection against MIS-C

• 102 hospitalized cases 12-18yo at 24 US pediatric 
hospitals 7/1-12/9/2021 (Delta epoch)

• Matched on site, age grp, hosp’n date to 181 
controls (either Covid-like sxs but PCR neg or other
hospitalized patient)

• 28d post-Pfizer #2 or unvaccinated (excluded only 1 
dose)

• 5/102 (4.9%) cases vaxed vs 65/181 (36%) controls
• VE 91% (95%CI: 78-97%)

Zambrano MMWR ‘21
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• Updated guidelines for treatment of HFrEF
and HFpEF

• Myocarditis after Covid
• Myocarditis after Covid vaccination
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CDC case definitions

Bozkurt Circ ’21 from CDC ACIP mtg 6.23.21
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2022 VAERS update

• 1626 myocarditis all ages (only 8 >40yo)
• Med age 21, 82% male

Oster JAMA 2022
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7-day counts per million

Oster JAMA 2022
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Symptoms & outcomes

Oster JAMA 2022
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North American VAM series (n = 139)

• 26 pediatric AMCs in US & Canada
• Confirmed or probable myocarditis in 12-21yo 

w/in 30d of vaccine
• Retrospective, no standardized 

diagnostics/care
• 139 individuals, 140 episodes

Truong Circulation ‘21
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Demographics

Truong Circulation ‘21



MGH IntMed | Newton-Cheh | 2022 | 56Truong Circulation ‘21



MGH IntMed | Newton-Cheh | 2022 | 57

Laboratory values

Truong Circulation ‘21
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ECG/imaging

Truong Circulation ‘21
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Therapies administered per local 
preference

Truong Circulation ‘21
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Patone et al, England

• 21m AstraZeneca, 17m Pfizer, 1m Moderna, 
3m SARS-CoV-2 PCR positive

• England 12/1/20-8/24/21
• Immunization, hospitalization and PCR test 

databases combined
• Self-controlled case series method uses case-

only analysis of pre-/post-exposure periods 
(reducing confounding)

Patone Nat Med ‘21
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Myocarditis risk in England
Incidence rate ratio 1-7d post 1-28d post

Pfizer 1 1.5 1.3

Moderna 1 8.4 3.0

Pfizer 2 1.8 1.3

Moderna 2 23 9.8

PCR SARS-CoV-2 + 21 9.8

Patone Nat Med ‘21



MGH IntMed | Newton-Cheh | 2022 | 62Patone Nat Med ‘21

IRR for myocarditis
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Excess events 1-28d per million

Patone Nat Med ‘21
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If one ignores the benefits in preventing Covid-
19 illness generally, incl Post-Acute Sequelae of 

Covid (PASC) or reducing transmission to the 
vulnerable, vaccination w/mRNA x2 doses 

reduces myocarditis risk, at times of high SARS-
CoV-2 community transmission
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Thanks


