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Advanced heart failure (HF) accounts for almost 15% of 
patients with HF, and it has been defined as “the presence 
of progressive and/or persistent severe symptoms despite 
optimal guideline-directed management regardless of left 
ventricular ejection fraction (LVEF).”1,2 Although patients with 
advanced HF are thought to usually present with severely 
reduced LVEF, it should be noted that the definition of 
advanced HF does not require low LVEF. Indeed, more than 
half of patients with advanced HF have LVEF above 40%, 
with all-cause mortality similar to those with LVEF below 
40%.2 Identifying patients with advanced HF is important in 
order to refer them to proper management, including heart 
transplantation, mechanical circulatory support, or palliative 
care. But when should we suspect advanced HF when the 
LVEF is preserved? 

First, let’s look at the current definition criteria for 
advanced HF (Table 1). Beyond LVEF below 30%, severe 
cardiac dysfunction includes severe congenital or valve 
disease or arrhythmogenic right ventricular cardiomyopathy. 
But these conditions have been excluded from HFpEF 
definitions in clinical trials and they are not mechanistically 
generally considered heart failure with preserved ejection 
fraction (HFpEF).3-5 Advanced HFpEF requires the 
presence of severe diastolic dysfunction or left ventricular 
(LV) structural abnormalities accompanied by elevated 
natriuretic peptides. 

Diastolic dysfunction is assessed by mitral flow velocities, 
mitral annular e’ velocity, E/e’ ratio, peak tricuspid 
regurgitation jet velocity, and maximum left atrial volume 
index. Although the American Society of Echocardiography 
and the European Association of Cardiovascular Imaging 
guidelines provide grading criteria for diastolic dysfunction 
(grades I to III), there is no consensus on how severe diastolic 
dysfunction should be specifically defined to fulfill the criteria 
for advanced HFpEF.6 In a recent epidemiological study of 
advanced HF in Olmsted County, United States, Dunlay et 
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al defined severe diastolic dysfunction in patients with HF 
with mildly reduced ejection fraction or HFpEF as diastolic 
dysfunction grade 2 or greater. They also used other criteria 
that suggested elevated filling pressures, such as E/e’ ratio 
above 9, to indicate severe diastolic dysfunction, but this 
was because diastolic dysfunction grading was missing in 
the administrative data.2 

The definition of advanced HF also requires that diastolic 
dysfunction be accompanied by elevated natriuretic 
peptides, but it should be kept in mind that patients with 
advanced HFpEF display lower natriuretic peptide blood 
levels compared to patients with advanced heart failure 
with reduced ejection fraction (HFrEF).2 Furthermore, 
comorbidities are more common in patients with HFpEF, 
and they can contribute to their functional impairment and 
worsen quality of life, which makes the diagnosis of advanced 
HFpEF more challenging.2 

For the diagnosis of advanced HFpEF, severe symptoms, 
repeated hospitalizations for HF, and/or severe impairment 
in functional capacity should persist, despite optimal medical 
treatment. Differently from HFrEF, therapeutic options for 
HFpEF are limited. Guideline-based recommendations for 
treatment of HFpEF include treatment of cardiovascular and 
non-cardiovascular comorbidities, such as treating myocardial 
ischemia, reducing blood pressure in hypertension, and 
controlling heart rate in atrial fibrillation.7 The guidelines 
also recommend using diuretics to alleviate congestion, as 
well as screening and treating specific etiologies, such as 
cardiac amyloidosis. An angiotensin-converting enzyme 
inhibitor/angiotensin-receptor blocker/sacubitril-valsartan, 
a mineralocorticoid receptor antagonist, and a beta-blocker 
are not required for HFpEF, but they can be considered if 
tolerated for patients with LVEF below normal (i.e. HFmrEF) 
following results from sub-analysis of trials.8-12 In addition, 
after the results of the first positive outcome-driven trial in 
HFpEF, empagliflozin should be considered as part of optimal 
treatment in HFpEF.5 Patients with advanced HFpEF are those 
who remain severely symptomatic despite optimal clinical 
treatment, and they should be considered for advanced 
therapies.

The rational of advanced therapies in HFpEF relies upon 
our knowledge on the pathophysiology of the disease and 
underlying mechanisms of symptom development. HFpEF 
is characterized by increased LV and left atrial (LA) stiffness, 
which results in high LA pressure and pulmonary capillary 
wedge pressure, particularly during exercise. Patients with 
HFpEF tend to have exercise intolerance in early stages and 
to develop congestive signs/symptoms with the progression 
of the disease.13 
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The management of congestion can be challenging in 
patients with advanced HFpEF. Treatment options are similar 
to those in HFrEF, namely, high doses of loop diuretics, 
concomitant use of thiazides, continuous intravenous 
infusion of diuretics, ultrafiltration, and peritoneal dialysis. 
Nevertheless, caution is advised since patients with HFpEF are 
sensitive to volume shifts due to high arterial and ventricular 
stiffness. They are more susceptible to intravascular volume 
depletion and may not tolerate “aggressive” decongestive 
therapies, such as intermittent high doses of loop diuretics 
and dialysis with high ultrafiltration rates. Alternatively, a 
combination of diuretics, continuous intravenous infusion, 
and low ultrafiltration rates may be better tolerated.1 

Heart transplantation (HT) is the gold standard therapy 
for treating advanced HF, but most patients with HFpEF may 
not be suitable for HT due to older age and comorbidities. 
Many patients with advanced HFpEF referred for HT 
have a specific etiology for HF, such as hypertrophic 
cardiomyopathy (HCM), restrictive cardiomyopathy (RCM) 
or infiltrative cardiomyopathies.12 These patients have 
faced more difficulties to receive HT compared to those 
with HFrEF. Due to preserved LVEF and narrow LV cavity, 
patients with HFpEF are not usually treated with inotropes 
or left ventricular assist devices (LVAD). They usually stay 
longer on the waiting list for HT, as they are not categorized 
in priority status for HT, which is the condition in which 
most patients undergo HT in Brazil. Recently, changes in 
the prioritization rules have helped mitigate this problem 
in some regions, such as the 2020 update to Transplant 
System allocation criteria in the state of Sao Paulo, where 
intravenous diuretics dependence for patients with HCM 
or RCM was included as a #3 condition in the priority 
criteria, equivalent to inotrope dependence.14 

Although LVAD have shown to improve morbidity and 
mortality in patients with HFrEF, their use remains limited 

in patients with HFpEF. Due to small LV cavity and severe 
diastolic dysfunction, technical issues have occurred with 
LVAD in HFpEF.13 The use of Heartmate II, a continuous 
flow axial LVAD, was reported in 8 patients with advanced 
HCM and RCM, showing the occurrence of suck-down 
events of the LA.15  Simulation studies have been performed 
with LVAD in patients with HFpEF, and they appeared 
to result in beneficial hemodynamic effects, but these 
studies suggest avoiding a strategy with constant speed. 
Instead, they recommend using low pump speed at rest 
to prevent a suction event and high pump speed during 
exercise to prevent ineffective unloading.16 Because of 
these technical issues, which are related to anatomical and 
pathophysiological features of patients with HFpEF, the use 
of LVAD is still limited in this population.

Left atrial assist devices (LAAD) have also been proposed. 
LAAD can be implanted in mitral position pumping blood 
from the LA to the LV. Another LAAD (PulseVAD) pumps 
from the LA to the descending aorta.13 Although they are 
mechanistically interesting, clinical trials are needed to 
evaluate their roles in HFpEF.

The pathophysiology of advanced HFpEF also includes 
left atrium myopathy, and interatrial shunt devices (IASD) 
have been specifically developed to relieve symptoms by 
reducing LA pressure. A bare metal self-expanded device 
creating an 8-mm shunt, proven to be the optimal size to 
reduce LA pressure without overloading the right heart, was 
tested in a small randomized clinical trial, Reduced Elevated 
Left Atrial Pressure in Patients with HF (REDUCED-LAP-HF 
I).17 In 43 patients with LVEF > 40% and New York Heart 
Association functional class III/IV, the REDUCED-LAP-HF I 
trial showed a significant reduction in pulmonary capillary 
wedge pressure during exercise with IASD compared with 
the sham control group. This strategy is currently being tested 
in a larger multi-center randomized study, the REDUCED-

Table 1 – Updated Heart Failure Association-European Society of Cardiology criteria for defining advanced heart failure

All the following criteria despite optimal guideline-directed treatment:
1. Severe and persistent symptoms of HF (NYHA III [advanced] or IV)
2. Severe cardiac dysfunction defined by either: 
- LVEF ≤ 30%
- Isolated RV failure (e.g. ARVC)
- Non-operable severe valve abnormalities or congenital abnormalities
- Persistently high BNP or NT-proBNP values and data of severe diastolic dysfunction or LV structural abnormalities according to the European Society of 
Cardiology definition of HFpEF or HFmrEF.
3. Episodes of pulmonary or systemic congestion requiring high-dose intravenous diuretics (or diuretic combinations) or episodes of low output requiring 
inotropes or vasoactive drugs or malignant arrhytmias causing > 1 unplanned visit or hospitalization in the last 12 months. 
4. Severe impairment of exercise capacity with inability to exercise or low 6MWTD (< 300 m) or pVO2 (< 12 to 14 mL/kg/min), estimated to be of cardiac 
origin.

In addition to the above, extra-cardiac organ dysfunction due to HF (e.g. cardiac cachexia, liver, or kidney dysfunction) or type 2 pulmonary hypertension 
may be present, but are not required.

Criteria 1 and 4 can be met in patients who have cardiac dysfunction (as described in criterion number 2), but who also have substantial limitation due 
to other conditions (for instance, severe pulmonary disease, non-cardiac cirrhosis, or renal disease with mixed etiology). These patients still have limited 
quality of life and survival due to advanced disease and warrant the same intensity of evaluation as patients in whom the only disease is cardiac, but the 
therapeutic options for these patients are usually more limited. 

ARVC: arrhythmogenic right ventricular cardiomyopathy; BNP: B-type natriuretic peptide; HFmrEF: heart failure with mid-range ejection fraction; HFpEF: 
heart failure with preserved ejection fraction; LV: left ventricular; LVEF: left ventricular ejection fraction; NT-proBNP: N-terminal pro b-type natriuretic 
peptide; NYHA: New York Heart Association; pVO2: peak exercise oxygen consumption; RV: right ventricular; 6MWTD: 6-minute walk test distance. 
Source: Advanced heart failure: a position statement of the Heart Failure Association of the European Society of Cardiology.1
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LAP-HF II. Two other promising IASD, namely, the V-WAVE18 
and the Atrial Flow Regulator,19 are also being evaluated in 
large randomized clinical trials. 

Treatment of advanced HFpEF is evolving and the first 
step in its management is to recognize this condition. From 
the practical point of view, the proposed acronym “I NEED 
HELP” remains useful to identify potential patients with 
advanced HFpEF, but we suggest a few modifications and 
observations that are detailed in Table 2.12
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Table 2 – Warning signs of advanced HFpEF

Acronym Advanced HF alert Comment for HFpEF

I Intravenous inotrope dependence Unusual in HFpEF

N Persistent NYHA III/IV; persistent elevation in natriuretic peptides Natriuretic peptides are less elevated in HFpEF

E End-organ dysfunction Particularly renal dysfunction

E Elevated filling pressures; severe diastolic dysfunction Replacing the original LVEF below 20%

D Defibrillator shocks (recurring appropriate shock)
Less common, unless there is a specific etiology (e.g. 
HCM)

H
Recurring HF hospitalizations and emergency department visits in the last 
12 months

E Persistent edema, refractory to escalating diuretics Diuretic management can be difficult 

L Low systolic blood pressure, persistently below 90 mmHg Augmented BP sensitivity to volume shifts 

P Progressive intolerance to optimized medical therapy
Fewer drug options, but most can be considered if LVEF 
is below normal

BP: blood pressure; HCM: hypertrophic cardiomyopathy; HFpEF: heart failure with preserved ejection fraction; LVEF: left ventricular ejection fraction; 
NYHA: New York Heart Association.

1. 	 Crespo-Leiro MG, Metra M, Lund LH, Milicic D, Costanzo MR, Filippatos 
G, et al. Advanced Heart Failure: A Position Statement of the Heart 
Failure Association of the European Society of Cardiology. Eur J Heart Fail. 
2018;20(11):1505-35. doi: 10.1002/ejhf.1236.

2. 	 Dunlay SM, Roger VL, Killian JM, Weston SA, Schulte PJ, Subramaniam AV, et 
al. Advanced Heart Failure Epidemiology and Outcomes: A Population-Based 
Study. JACC Heart Fail. 2021;9(10):722-32. doi: 10.1016/j.jchf.2021.05.009.

3. 	 Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, et al. 
Spironolactone for Heart Failure with Preserved Ejection Fraction. N Engl J 
Med. 2014;370(15):1383-92. doi: 10.1056/NEJMoa1313731.

4. 	 Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, et al. 
Angiotensin-Neprilysin Inhibition in Heart Failure with Preserved Ejection Fraction. 
N Engl J Med. 2019;381(17):1609-20. doi: 10.1056/NEJMoa1908655.

5. 	 Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Böhm M, et al. 
Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N Engl J 
Med. 2021;385(16):1451-61. doi: 10.1056/NEJMoa2107038. 

6. 	 Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, Edvardsen 
T, et al. Recommendations for the Evaluation of Left Ventricular Diastolic 
Function by Echocardiography: An Update from the American Society 

of Echocardiography and the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr. 2016;29(4):277-314. doi: 10.1016/j.
echo.2016.01.011.

7. 	 McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, 
et al. 2021 ESC Guidelines for the Diagnosis and Treatment of Acute and 
Chronic Heart Failure. Eur Heart J. 2021;42(36):3599-726. doi: 10.1093/
eurheartj/ehab368. 

8. 	 Solomon SD, Vaduganathan M, L Claggett B, Packer M, Zile M, 
Swedberg K, et al. Sacubitril/Valsartan Across the Spectrum of Ejection 
Fraction in Heart Failure. Circulation. 2020;141(5):352-61. doi: 10.1161/
CIRCULATIONAHA.119.044586.

9. 	 Solomon SD, Claggett B, Lewis EF, Desai A, Anand I, Sweitzer NK, et al. Influence 
of Ejection Fraction on Outcomes and Efficacy of Spironolactone in Patients with 
Heart Failure with Preserved Ejection Fraction. Eur Heart J. 2016;37(5):455-62. 
doi: 10.1093/eurheartj/ehv464.

10. 	 Cleland JGF, Bunting KV, Flather MD, Altman DG, Holmes J, Coats AJS, et al. 
Beta-blockers for Heart Failure with reduced, Mid-range, and Preserved Ejection 
Fraction: An Individual Patient-level Analysis of Double-blind Randomized Trials. 
Eur Heart J. 2018;39(1):26-35. doi: 10.1093/eurheartj/ehx564.

References



ABC Heart Fail Cardiomyop. 2022; 2(2):214-217 217

Fernandes-Silva & Marcondes-Braga
Advanced HFpEF

Research Letter

This is an open-access article distributed under the terms of the Creative Commons Attribution License

11. 	 Lund LH, Claggett B, Liu J, Lam CS, Jhund PS, Rosano GM, et al. Heart Failure 
with Mid-range Ejection Fraction in CHARM: Characteristics, Outcomes 
and Effect of Candesartan Across the Entire Ejection Fraction Spectrum. Eur 
J Heart Fail. 2018;20(8):1230-9. doi: 10.1002/ejhf.1149.

12. 	 Marcondes-Braga FG, Moura LAZ, Issa VS, Vieira JL, Rohde LE, Simões MV, 
et al. Emerging Topics Update of the Brazilian Heart Failure Guideline - 2021. 
Arq Bras Cardiol. 2021;116(6):1174-212. doi: 10.36660/abc.20210367.

13. 	 Miyagi C, Miyamoto T, Karimov JH, Starling RC, Fukamachi K. Device-based 
Treatment Options for Heart Failure with Preserved Ejection Fraction. Heart 
Fail Rev. 2021;26(4):749-62. doi: 10.1007/s10741-020-10067-5.

14. 	 São Paulo. Secretaria do Estado. Notas Técnicas [Internet]. São Paulo: 
Secretária de Estado da Saúde; c2022 [cited 2022 Mar 28]. Available 
from: http://saude.sp.gov.br/ses/perfil/gestor/assistencia-farmaceutica/
notas-tecnicas.

15. 	 Topilsky Y, Pereira NL, Shah DK, Boilson B, Schirger JA, Kushwaha SS, et 
al. Left Ventricular Assist Device Therapy in Patients with Restrictive and 
Hypertrophic Cardiomyopathy. Circ Heart Fail. 2011;4(3):266-75. doi: 
10.1161/CIRCHEARTFAILURE.110.959288.

16. 	 Moscato F, Wirrmann C, Granegger M, Eskandary F, Zimpfer D, Schima 
H. Use of Continuous Flow Ventricular Assist Devices in Patients with 
Heart Failure and a Normal Ejection Fraction: A Computer-simulation 
Study. J Thorac Cardiovasc Surg. 2013;145(5):1352-8. doi: 10.1016/j.
jtcvs.2012.06.057.

17. 	 Feldman T, Mauri L, Kahwash R, Litwin S, Ricciardi MJ, van der Harst P, et al. 
Transcatheter Interatrial Shunt Device for the Treatment of Heart Failure With 
Preserved Ejection Fraction (REDUCE LAP-HF I [Reduce Elevated Left Atrial 
Pressure in Patients With Heart Failure]): A Phase 2, Randomized, Sham-
Controlled Trial. Circulation. 2018 Jan 23;137(4):364-75. doi: 10.1161/
CIRCULATIONAHA.117.032094.

18. 	 Rodés-Cabau J, Bernier M, Amat-Santos IJ, Gal TB, Nombela-Franco L, 
Del Blanco BG, et al. Interatrial Shunting for Heart Failure: Early and Late 
Results from the First-in-Human Experience with the V-Wave System. JACC 
Cardiovasc Interv. 2018;11(22):2300-10. doi: 10.1016/j.jcin.2018.07.001.

19. 	 Rajeshkumar R, Pavithran S, Sivakumar K, Vettukattil JJ. Atrial Septostomy 
with a Predefined Diameter Using a Novel Occlutech Atrial Flow Regulator 
Improves Symptoms and Cardiac Index in Patients with Severe Pulmonary 
Arterial Hypertension. Catheter Cardiovasc Interv. 2017;90(7):1145-53. 
doi: 10.1002/ccd.27233.


