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Treatment strategies for
HFpEF in 2022

2022 ACC/AHA guidelines: HFpEF

Heidenreich P, et al. Circulation 2022

COR LOE Recommendation

I C-LD Hypertension should be controlled according to guidelines

I B-NR Diuretics for relief of symptoms, volume overload

IIa B-R SGLT2 inhibitors to reduce HF hospitalizations

IIa C-EO Management of AF according to published guidelines

IIb B-R Spironolactone to reduce HF hospitalization

IIb B-R ARBs to reduce HF hospitalization

Iib B-R ARNIs to reduce HF hospitalization

III B-R PDE5i and nitrates are ineffective for QOL, physical activity

Summary:
• Treat SBP,   

goal < 130
• Decongest with 

SGLT2i and use 
MRA if GFR>30 
and K+<5.0

• ARNI in LVEF 
<55-60%

• PDE5 inhibitors 
and nitrates  
don’t work

COR = class of recommendation; LOE = level of evidence
LD = limited data; EO = expert opinion; NR = non-randomized trial; R = randomized trial
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HFpEF treatment algorithm (1)
Volume overload?

Rx comorbidities

Yes No

Adapted from 
Redfield MM. NEJM 2016

Diuretics
Use MRA and

SGLT2i!

HFpEF treatment algorithm (2)
Volume overload?

Diuretics
Use MRA and

SGLT2i!

Rx comorbidities

Yes No

HF education
HFpEF Program!

Exercise training

Adapted from 
Redfield MM. NEJM 2016

Sacubitril/valsartan
EF<55-60%, 
congested 
phenotype
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HFpEF treatment algorithm (2)
Volume overload?

Rx comorbidities

Yes No

HF education
HFpEF Program!

Exercise training

Adapted from 
Redfield MM. NEJM 2016

Persistent symptoms 
and/or HF hospitalization?

Sacubitril/valsartan
EF<55-60%, 
congested 
phenotype

• Refer to HF program (ideally HFpEF program)
• Reevaluate for “zebras” (atypical etiologies, e.g. 

cardiac amyloidosis), worsening comorbidities
• Implantable hemodynamic-guided management
• ***ENROLL IN A CLINICAL TRIAL***

Diuretics
Use MRA and

SGLT2i!

TOPCAT
Pitt B, et al. NEJM 2014

CHAMPION-HFpEF
Adamson P, et al. Circ HF 2014

P<0.0001 

CONTROL 

TREATMENT 

CardioMEMS:
Incidence rate 
ratio = 0.50 
(95% CI 0.35-0.7)
P<0.0001

Spironolactone:
HR = 0.83 
(95% CI 0.69-0.99) 
P=0.04

Step #1:  Congestion,  HF hospitalization
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PARAGON‐HF: Primary results
Recurrent event analysis of total HF hospitalizations and CV death
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Total HF hospitalizations and CV death

Valsartan (n = 2389)
1009 events, 14.6 per 100 pt-years

Sacubitril/valsartan (n = 2407)
894 events, 12.8 per 100 pt-years

Rate ratio 0.87 (95% CI 0.75, 1.01)
p = 0.059

Solomon SD, et al. 
NEJM 2019

PARAGON-HF:
• Sac/val vs. 

valsartan
• LVEF>45%
• ↑NTproBNP
• LAE or LVH
• Sac/val run-

in period

PARAGON‐HF: Pre‐specified subgroup analysis

Solomon SD, et al. NEJM 2019
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EMPEROR‐Preserved (SGLT2 inhibitor)

Anker S, et al. NEJM 2021Months since randomization
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• N=5988
• Empagliflozin vs. 

placebo
• HF with LVEF > 

40%
• (n=4005 [67%] with 

LVEF ≥ 50%)
• Primary outcome 

driven by HF 
hospitalizations

• Only +1.32-point 
improvement in 
KCCQ vs. placebo 
at 52 weeks

Absolute risk 
reduction: only ~3%

~14% rate of CV death 
or HF hospitalization 

despite SGLT2i

Anker S, et al. NEJM 2021

Does SGLT2i lower HF hospitalization in 
patients with higher LVEF (>60%)?

EMPEROR‐Preserved (SGLT2 inhibitor)
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PRESERVED‐HF (SGLT2‐inhibitor)
• N=324
• Dapagliflozin vs. 

placebo
• HF with LVEF ≥ 

45%
• +5.8-point 

improvement in 
KCCQ vs. placebo

A KCCQ score of 69 is still not great…
(equivalent to NYHA class III symptoms)

Nassif M…Kosiborod M. Nature Medicine 2021

PRESERVED‐HF (SGLT2‐inhibitor)
• N=324
• Dapagliflozin vs. 

placebo
• HF with LVEF ≥ 

45%
• +5.8-point 

improvement in 
KCCQ vs. placebo

Nassif M…Kosiborod M. Nature Medicine 2021
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Nassif M…Kosiborod M. Nature Medicine 2021

• N=324
• Dapagliflozin vs. 

placebo
• HF with LVEF ≥ 

45%
• +5.8-point 

improvement in 
KCCQ vs. placebo

• +20.1-meter 
improvement in 
6MWT distance vs. 
placebo

A 6MWT distance of 262 meters 
is still very poor (normal 450+ meters)

PRESERVED‐HF (SGLT2‐inhibitor)

Nassif M…Kosiborod M. Nature Medicine 2021

PRESERVED‐HF (SGLT2‐inhibitor)
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CHIEF‐HF (SGLT2‐inhibitor)

Spetrus J, et al. Nature Medicine 2022

• N=476
• Pragmatic trial, no 

in-person visits
• Canagliflozin vs. 

placebo
• HF, any EF
• 59% HFpEF
• Median age = 65
• 14% AAs
• 72% non-diabetic
• +4.3-point greater 

improvement in 
KCCQ vs. placebo 
at 12 weeks

Benefit across the spectrum of LVEF

← Placebo Better Canagliflozin Better →

All Subjects

Strata
HFpEF
HFrEF

LS Mean Diff.
(95% CI)

4.3 (0.8, 7.8)

4.5 (-0.3, 9.4)
4.0 (-1.0, 9.0)

LS Mean Diff. (95% CI)

-10 -5 0 5 10 15 20

Step #2: Diet, exercise training

Kitzman D, et al. JAMA 2016

AT = aerobic exercise training, CR = caloric restriction
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Step #2: Diet, exercise training

Mueller S, et al. JAMA 2021

• SECRET trial
 Kitzman JAMA 2016
 N=100
 Mean peak VO2 ~ 14.5 

ml/min/kg
• OptimEx-Clin trial
 Mueller JAMA 2021
 N=180
 Mean peak VO2 ~ 18.8 

ml/min/kg

in-person telehealth

P=0.01 
vs. control

P=0.001 
vs. control

Step #3: Phenotype‐guided approach

Shah SJ. JACC 2013

HFpEF

Type 1:
EXERCISE-
INDUCED

LA PRESSURE

Type 2:
VOLUME 

OVERLOAD

Type 3:
PULMONARY HTN,

RV FAILURE

ENVIRONMENT, DIET COMORBIDITIES GENETIC SUSCEPTIBILITY

VULNERABLE HEART,
VULNERABLE PATIENT
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Phenotype‐guided approach to HFpEF

Invasive 
exercise 

hemodynamics

Resting 
PCWP <15 mmHg

Suspected
HFpEF

Resting 
PCWP ≥15 mmHg

Peak exercise 
PCWP <25 mmHg
and PCWP/CO <2

Peak exercise 
PCWP ≥25 mmHg
or PCWP/CO >2

HFpEF
ruled out⇢

Type 1 HFpEF:
Exercise-induced
LA hypertension

⇢

NO

YES

Type 2 HFpEF:
Resting LA hypertension
± volume overload

⇢

Type 3 HFpEF:
Pulmonary vascular dz
Right heart failure

⇢

Any of these criteria*
• Rest or exercise 

RAP/PCWP >0.8
• Rest PVR >3 WU
• Rest DPG >7 mmHg
• Ex. PVR >1.8 WU
• TAPSE <14 mm
• RV FAC <30%
• RV FWS <20%
• >2+ TR
• Hepatic congestion

*Hypothetical criteria, needs to be validated

Precision therapeutics
for HFpEF
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Shah SJ. Eur Heart J 2022
Anjan V… Shah SJ. Am J Cardiol 2012; Wang TJ. NEJM 2012

Seidelmann SB, et al. JAHA 2017; Obokata M, et al. Circulation 2017 

Chronic 
BNP
deficiency

Obesity

Genetic

Lack of 
wall stress

Insulin 
resistance

↑Androgens

African
ancestry

Hypertension
Fluid retention
↑Adiposity

HFpEF
(with less
intrinsic 

myocardial 
involvement)

Excessive 
chest wall fat

Pericardial, 
epicardial fat

Obese, BNP‐deficient HFpEF

BNP < 100 pg/ml in 
30% of HFpEF 
patients with 
confirmed ↑PCWP

Obese HFpEF phenotype: weight loss Rx
Effect of dramatic weight loss (pharmacological)
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Nov
2017

40
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• 68-year-old woman 
with HFpEF, NYHA 
class III treated with a 
GLP1-RA in June 2017

• By Dec 2018, off of all 
diuretics and anti-
hypertensive Rx, 
NYHA class I 
symptoms
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Myocardial‐predominant HFpEF

Cardiac cause of 
LV filling pressures,

HFpEF phenotype

Extracardiac cause of 
LV filling pressures, 
HFpEF phenotype

Renal failure,
liver failure,

morbid obesity

Infiltrative 
cardiomyopathy

MOST PATIENTS
Shah SJ. JASE 2019

Myocardial‐predominant HFpEF

Cardiac cause of 
LV filling pressures,

HFpEF phenotype
ABNORMAL

STRAIN
Extracardiac cause of 
LV filling pressures, 
HFpEF phenotype

Renal failure,
liver failure,

morbid obesity

Infiltrative 
cardiomyopathy

Shah SJ. JASE 2019
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Myocardial‐predominant HFpEF

THERAPEUTIC RESPONSIVENESS
TO CARDIAC-SPECIFIC MEDICATIONS

Cardiac cause of 
LV filling pressures,

HFpEF phenotype
ABNORMAL

STRAIN

Shah SJ. JASE 2019

Phenotyping HFpEF: beyond EF
Argulian F, et al. 

Circ Res 2018Heart failure

Preserved LVEF

HFpEF with reduced 
longitudinal strain

HFpEF with preserved 
longitudinal strain

• Contractile dysfunction
• Myocardial fibrosis
• Infiltrative cardiomyopathy
• Microvascular dysfunction
• Maladaptive hypertrophy

• Primary LA dysfunction
• Vascular stiffening
• Abnormal V-A coupling
• Extra-cardiac volume overload
• RV dysfunction
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Treatment of “myocardial” HFpEF
• Potential ARNI responders: PARAGON subgroup analyses
 LVEF < 55‐60%
 Recent hospitalized for HF within the last 6 months
 Already treated with MRA (congested phenotype)
 May work better in women compared to men
 Avoid in pts with low BP, combined post‐ and pre‐capillary pulmonary 

hypertension, amyloid, restrictive CM, constriction

• MRAs: TOPCAT subgroup analysis: LVEF on lower end of normal
• Myosin inhibition: in patients with HCM + obstruction

Solomon SD, et al. NEJM 2019; Solomon SD, et al. Circulation 2020
Vaduganathan M, et al. JACC 2020; Jering K, et al. JACC Heart Fail 2021

McMurray JJV, et al. Circulation 2020; Solomon SD, et al. Eur Heart J 2016; Olivotto I, et al. Lancet 2020

Comorbidity‐inflammation in HFpEF

Shah SJ… Paulus W. Circulation 2016; Shah SJ, et al. Eur Heart J 2018

• 75% of HFpEF
patients have 
coronary 
microvascular 
dysfunction 
(CMD)

• Treatment still 
to be defined… 
consider testing 
for at treating 
symptomatic 
CMD

29

30



6/7/2022

16

PH‐HFpEF phenotypes

Huston J and Shah SJ. 
Circ Res 2022

Pulmonary vasodilators 
don’t work!

Diuresis, consider 
PAH therapies

LA myopathy HFpEF phenotype

EXERCISE INTOLERANCE

ADVERSE OUTCOMES

ABNORMAL LA MECHANICS 

LV diastolic 
dysfunction 

LA  
fibrosis 

Atrial 
fibrillation 

Atrial 
myopathy 

CONDUIT 

BOOSTER 

RESERVOIR 

Chronic  
LA pressure and 
volume overload 

 
Pulmonary 

venous 
congestion 

 
Pulmonary 

vasoconstriction 
 

RV afterload 
 

RV failure 

Reduced atrial 
emptying 

 
Decreased LV 

filling 
 

Decreased 
cardiac output 

 
Decreased peak 

VO2 

Freed B, Shah SJ
Circ CV Imaging 2018

• LA dysfunction 
out of 
proportion to LV 
dysfunction

• Can occur in 
absence of AF

• Prevent and 
treat AF early

• If persistent AF 
present, goal HR 
80s to maintain 
adequate CO
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Take home points
• After diagnosis, decongest (if needed) with SGLT2i and 
MRA, followed by treatment of comorbidities

• Weight loss and exercise training are beneficial
• Frequently hospitalized? Consider implantable PA monitor
• Despite the success of SGLT2i, Rx of HFpEF far from ideal
• Most HFrEF drugs have not worked for HFpEF overall, but 
likely benefit HFmrEF and HFpEF with LVEF < 55‐60% 
(consider neprilysin inhibition)

• In development: Phenotype‐based, targeted treatment

thank you 

Shah Lab – Northwestern University

sanjiv.shah@northwestern.edu  http://www.hfpef.org  Twitter: @HFpEF
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