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Traditionally, patients with heart failure (HF) are divided according to ejection fraction (EF) threshold more or <50%. In 2016, the ESC guidelines introduced a new subgroup of HF patients including those subjects with EF ranging between 40 and 49% called heart failure with midrange EF (HFmrEF). This group is poorly represented in clinical trials, and it includes both patients with previous HFrEF having a good response to therapy and subjects with initial preserved EF appearance in which systolic function has been impaired. The categorization according to EF has recently been questioned because this variable is not really a representative of the myocardial contractile function and it could vary in relation to different hemodynamic conditions. Therefore, EF could significantly change over a short-term period and its measurement depends on the scan time course. Finally, although EF is widely recognized and measured worldwide, it has significant interobserver variability even in the most accredited echo laboratories. These assumptions imply that the same patient evaluated in different periods or by different physicians could be classified as HFmrEF or HFpEF. Thus, the two HF subtypes probably subtend different responses to the underlying pathophysiological mechanisms. Similarly, the adaptation to hemodynamic stimuli and to metabolic alterations could be different for different HF stages and periods. In this review, we analyze similarities and dissimilarities and we hypothesize that clinical and morphological characteristics of the two syndromes are not so discordant.
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INTRODUCTION

Despite the last ESC guidelines introducing a new category for heart failure (HF) classification including those patients with mild ejection fraction (EF) reduction ranging from 40 to 49%, this subtype is still underdetermined and poorly represented in most clinical trials (1). Current gaps arise from the recent introduction of this HF class and the indeterminate profile between heart failure with preserved ejection fraction (HFpEF) and heart failure with reduced ejection fraction (HFrEF) that probably account for different phenotypes. Indeed, the ESC classification is an attempt to identify specific biological and pathophysiological mechanisms in subjects with clinical manifestations typical for HF, increased natriuretic peptides, and moderate structural cardiac dysfunction (2). Perhaps, HFmrEF is a mixed model related to the intermediate clinical profile between HFpEF and HFrEF, encompassing patients with phenotypic and clinical characteristics typical for both reduced and preserved EF (3). Indeed, few studies analyzing HFmrEF subtypes demonstrated some discrepancies in terms of comorbidity and etiology (4). However, the simple categorization based only on EF keeps some weaknesses related to the intrinsic limitation of EF, its change over a time period, and the natural history of HF. Therefore, EF measurement depends on several intrinsic variables such as preload and afterload, heart rate, stable or unstable condition, myocardial contractile forces, and presence of valve disease (5). Of note, both American and recent Australian HF guidelines preferred to maintain the traditional classification of HFpEF and HFrEF based on EF cutoff of 50%, so as not to create a misunderstanding and overlap in HF nomenclature (6, 7). Thus, the attempt to classify HF population based on simple EF categorization is probably inappropriate, and the identification of a unique profile for HFmrEF is a pending issue (8). Classification of HF patients into the whole spectrum of different phenotypes within EF assessment remains a challenge for future research.



CLINICAL CHARACTERISTICS OF HFmrEF

HFmrEF is an heterogeneous group poorly characterized in terms of baseline characteristics, clinical presentation, and outcome (4). Most of the data came from subanalysis investigating the features of patients with HFpEF and borderline EF or from HFrEF trials analyzing patients with recovered systolic function (9, 10). In order to bypass this gap, recent studies have focused on the HFmrEF distribution and risk profile investigation; unfortunately, most of them are single center with unrepresentative sample size and with incomplete standardized diagnostic criteria based only on EF cutoff. Clinical characteristics, cardiovascular (CV) risk profile, extracardiac comorbidities, and echocardiographic features are often neglected, leading to a further confusion in HFmrEF recognition and some discrepancies between studies. Of note, most of the data can be extrapolated by larger clinical trials with a relevant follow-up period including this category. The CHARM preserved study that included patients with EF >40% showed that most patients with mildly reduced EF were females with intermediate mean age values and hypertension prevalence between HFrEF and HFpEF (11). Therefore, HFmrEF has a similar prevalence to coronary artery disease (CAD) and atrial fibrillation (AF) compared with HFrEF, whereas creatinine values and NYHA class distribution were intermediate between HFrEF and HFpEF. Despite different clinical characteristics, the study revealed a reduced trend of HF-related hospitalization and death for CV causes with respect to HFrEF.

The restrospective analysis of the DIG trial demonstrated that HFmrEF resembled patients with HFrEF in terms of similar mean age, sex, and ischemic etiology (12). In the TOPCAT trial involving patients with mean EF above 45%, mean age and female prevalence were higher in those with mildly reduced EF, hypertension was higher in HFmrEF, whereas other comorbidities such as chronic kidney disease (CKD), CAD, AF, and diabetes were similar between groups (13). Interestingly, a Korean registry revealed different prevalence rates of AF that tend to increase according to EF values with different occurrences in reduced (29%), midrange (40%), and preserved (45%). Additionally, AF has a negative prognostic impact only in HFpEF (14).

The ESC observational registry confirmed that patients affected by HFmrEF resembled the HFpEF group in some features including age, female prevalence, and hypertension. However, CAD prevalence was more similar to the HFrEF group. Mortality rate at 1 year significantly differed between HFpEF and HFmrEF (6.3 vs. 7.6%, respectively) (15). A validated analysis using MAGGIC score including a wide range of cardiac and extracardiac and demographic characteristics demonstrated that an increased burden of extracardiac diseases in those with higher EF with a significant prevalence of lung diseases increased body mass index and diabetes (16). Accordingly, a Japanese registry confirmed an intermediate profile of HFmrEF patients supposing that the current condition may be a transitional status between HFpEF and HFrEF (17). In a recent Swedish registry analysis comparing three common comorbidities such as AF diabetes and CKD, HFmrEF revealed an intermediate prevalence of CKD and AF, whereas diabetes was similarly expressed in all HF groups (18). Finally, the combined analysis of PARADIGM and PARAGON confirmed an intermediate range regarding age, female sex, body mass, natriuretic peptides, and hypertension, whereas history of myocardial infarction resembled HFrEF (19).

Current findings are related to chronic HF conditions, but acute patients presenting with HFmrEF are less extensively investigated: in the ALARM HF trial that stratified patients for EF tertiles, majority of the patients were male with consistent prevalence of older age more than 75 years, obesity, hypertension, and dyslipidemia; with intermediate prevalence of CAD; and lower prevalence of CKD with respect to HFrEF. No differences were observed in terms of anemia, lung diseases, vascular diseases, and liver disease (20). The main causes of hospitalization were acute coronary syndrome (ACS) in 38.6%, arrhythmias in 25.8%, and valvular disease in 15.4%. Clinical presentation differed between HFmrEF and HFrEF in terms of less peripheral edema, jugular vein distention, and prevalence of cold extremities. Current findings considerably differ from those observed in the DIG in which HFmrEF had less prevalence of orthopnea and additional cardiac sound compared with HFrEF (12). Conversely, exertional dyspnea, dyspnea at rest, and peripheral edema were similar in both HFrEF and HFmrEF (Table 1).


Table 1. Clinical trials describing prevalent risk factors, comorbidities, and causes of HFmrEF.
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Aside from clinical characteristics and presentation, a few discrepancies are related to the outcome and mode of death of this group: although some studies reported a similar mortality rate independently of EF, some authors revealed an intermediate clinical profile and risk between HFpEF and HFrEF, and there is a general agreement in considering the outcome of HFmrEF much more similar to HFpEF (21, 22). Despite that CV events are considerably more in HFrEF, prognosis in those with HFmrEF is more strictly related to non-CV events and this tends to balance the overall mortality rate (23).



LABORATORY PROFILE OF HFmrEF

The division of HF across the EF spectrum comprises different biochemical and neurohormonal profiles that help to explain the neutral effects of interventional trials testing neurohormonal antagonism in HFpEF. N-terminal pro-B-type natriuretic peptide (NT-proBNP), plasma renin activity (PRA), aldosterone, and norepinephrine are increased in a substantial proportion of patients with HFpEF and HFmrEF with the same levels between the above groups and with lower levels when compared with HFrEF. Vergaro et al. demonstrate that 10% of HFpEF patients had elevated PRA, aldosterone, and norepinephrine vs. 8% in HFmrEF and 21% in HFrEF. The prognosis of HF patients seems to correlate with the number of neurohormones elevated, and different degrees of neurohormonal activation are evident across the whole EF spectrum, suggesting a positive effect of renin–angiotensin–aldosterone system inhibitors (RAASi) and adrenergic antagonists in patients with a significant increase of the aforementioned biomarkers (24). A specific biomarker analysis from the Swedish Heart Failure Registry revealed similar NT-proBNP levels in HFmrEF and HFpEF, but significantly lower to HFrEF. However, body mass index (BMI), CKD, diabetes, hypertension, and heart rate significantly influence NT-proBNP levels. Nevertheless, NT-proBNP shows a greater prognostic in HFmrEF and may be a useful tool for diagnosis and stratification of CV risk (25).

The PROTECT trial analyzes several biomarkers of cardiac stretch and inflammation in acute HF setting. The network analysis demonstrates that inflammation is the main reason of interactions between biomarkers in HFpEF [e.g., galectin-3 (Gal-3) or C-reactive protein (CRP)], whereas in HFrEF, biomarker interactions are mostly related to cardiac stretch [e.g., NT-proBNP or high-sensitivity troponin (hs-TnT)]. Patients with acute HFmrEF show an intermediate profile between those of HFrEF and HFpEF. A small proportion of patients enrolled in the HFmrEF group are considered with “recovered LVEF,” and interestingly, NT-proBNP, Gal-3, and hs-TnT are lower than in patients with persistent EF reduction, suggesting a different biomarker profile in this phenotype. However, in both HFpEF and HFmrEF, inflammatory markers at admission are both predictive for all-cause mortality and rehospitalization (26). Similarly, the Singapore Heart Failure Outcomes and Phenotypes (SHOP) study show intermediate values of hs-TnT with significant increased values compared with HFpEF (27).

The study with better laboratory and biological profile investigation is currently the HOMAGE trial; unfortunately, the laboratory analysis is limited to patients with a high risk of HF occurrence, history of CAD, and evidence of borderline EF dysfunction above 45%, but without specific signs and symptoms suggestive of HF (28). Patients with EF below the normal range experienced raised plasma B-type natriuretic peptides (BNP) and fibrosis biomarkers, whereas an increased level of inflammatory and collagen markers has been recruited in those with significant cardiac hypertrophy. Spironolactone significantly reduced natriuretic peptides, biomarkers of collagen, and inflammation (29).

Another study reported the bioprofile and the bioprognostication of several biomarkers of neurohormonal activation, extracellular matrix, inflammation, oxidative stress, and myocardial injury in patients with HFmrEF. Cystatin-C levels were significantly lower in patients with HFmrEF when compared with patients with HFpEF. The results of soluble suppression of tumorigenicity (sST2) levels, a member of the interleukin family, in HFmrEF patients are controversial which may be due to confounding factors such as race, HF congestion status, population enrolled, and disease time course. However, sST2 levels correlate with advanced NYHA class, pulmonary arterial systolic pressure, hs-CRP, cTnT, NT-proBNP, and the high frequency of diuretics use. Conversely, Gal-3 seems to be lower in HFmrEF than in HFpEF, showing the highest prognostic capability in the latter group (30).

In a selective group of patients with type 2 diabetes mellitus and HFpEF or HFmrEF, C-terminal propeptide of procollagen type I (PICP) and N-terminal propeptide of procollagen type III (PIIINP) are significantly increased in patients with HFmrEF compared with those with HFpEF. Glucometabolic impairment stimulated fibroblast proliferation and activated transcription and secretion of extracellular matrix proteins. The changes found in both markers of fibrosis may suggest a shift in balance toward type I collagen synthesis in HFmrEF compared with HFpEF in diabetic patients (31). Finally, we could assume that analyzing the various biomarker profiles in all HF population does not take into account the several mechanisms that are shared across the entire EF range. Some processes are more relevant at the extremities (HFrEF myocyte death vs. HFpEF inflammation or fibrosis), and in this spectrum, HFmrEF represents a continuum without a predominant underlying pathophysiology (32, 33). In this era in which a new precision phenotype is emerging in patients with HF, knowledge of different pathophysiologic pathways and of the laboratory profile of each patient may contribute to therapeutic decision and prognostic stratification (Table 2).


Table 2. Biomarker characteristics and differences existing between HFmrEF and HFpEF.
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LIMITATIONS RELATED TO EF ASSESSMENT

The EF threshold constitutes the hallmark variable for HF subtype identification and categorization. Notably, EF offers some advantages related to immediate comprehension, short scan time, and feasibility—not requiring specific expertise (34, 35). Therefore, EF can be calculated easily by using echocardiographic application, and it can be assessed visually even without a specific background. Moreover, EF provides the basis for structural and functional phenotype classification, and it is universally accepted in clinical practice and in study research (36). Beyond these features, EF assessment and related HF classification has demonstrated several gaps due to mechanistic, methodological, and hemodynamic pitfalls that do not really describe the true contractile ventricular function and pressure–volume relationship status (37).

EF is sensitive to sudden changes in preload and afterload forces, and sudden elevation in systemic blood pressure or vascular stiffness could impair the measurement. Conversely, a reduction in preload, causing a decrease in the atrioventricular blood afflux, makes the LV emptying more efficacious by a reduction of parietal strain forces (5, 38). In the presence of a valve defect, EF may be over- or underestimated: in case of significant mitral regurgitation, EF will be augmented because of the reduced workload during cardiac contraction. Otherwise, during aortic stenosis, an increase of afterload occurs along with a delay in outflow time peak and consequent EF reduction (39). Other factors such as intrinsic myocyte forces, distension capacity, cronotropic incompetence, ventriculo-arterial coupling, and pressure–volume curve adaptation during exercise are all potential confounders for EF estimation (40). Chronic heart rate increase or decrease could underestimate or overestimate the values, respectively. Similarly, sympathetic activity or vagal stimulation and other systemic conditions such as anemia, thyroid dysfunction, and endocrine and metabolic alterations are all features that could potentially influence EF assessment. Behind these features, the HFmrEF subtype can be derived from patients with a previous and more severe EF reduction having a good response to therapy as well as from subjects with initial preserved EF experiencing initial systolic dysfunction (41). All these concerns highlight the need for a more comprehensive approach including environmental, social, genetic, and metabolomic factors in order to better characterize this syndrome. Therefore, patients' history, associated risk factors, comorbidities, body size conformation, and response to therapy should be taken into account beyond the simple EF calculation (42). The real challenge is to concretize and combine several epidemiological, biohumoral, mechanistic, and cardiac functional data across a spectrum of different phenotypes in which each subject has a specific HF onset, development, and pathophysiological pathways (43). Indeed, the population included in the HFmrEF category is extremely variable, encompassing patients with different disease triggers, demographic characteristics, associated diseases, and mortality risks (Figure 1).
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FIGURE 1. The spectrum of patients with HF ranging from severe ejection fraction reduction to preserved function, according to baseline phenotype, disease time course, response to therapy, and loading conditions.


EF is usually measured by echocardiography; unfortunately, the interobserver variability even in accredited echo laboratories ranges from 5 to 18% with broader limits for less experienced physicians (44). Thus, the current ESC cutoff distinguishing HFpEF (for patients with EF >50%) from midrange EF (for patients with EF between 40 and 49%) makes this classification hard to distinguish, and it could reveal significant misclassification depending on the laboratory site and the physician's experience and skills. Finally, EF is erroneously considered a measurement of systolic function, but it is just an estimation of radial function. EF is not a reliable measurement of longitudinal and torsional contraction although the whole systolic function results from all three variables. This reflects the different course and geometrical alignment of myocardial fibers that are not homogeneous inside the myocardial wall and in the different cardiac sites varying from basal to apical segments (45, 46). Accordingly, several studies that included patients with preserved EF showed significant longitudinal global function impairment, despite an apparently normal systolic function (47, 48). These difficulties represent a challenge for future investigation and could be overcome with the extensional use of cardiac magnetic resonance and 3D echo by the construction of a specific software algorithm.

Although it is not strictly related to the real forward flow, EF is erroneously considered as an indicator for LV remodeling. Indeed, an enlargement of diastolic dimension works as a compensatory factor in order to maintain an adequate stroke volume even during the occurrence of dilated systolic volume (46, 49). Conversely, in case of concentric remodeling, the stroke volume may be maintained although end diastolic volume is within the normal range and the ratio to systolic volume has altered. Notably, EF is inversely related to systolic volume but poorly related to stroke volume; thus, it is a mirror of systolic dysfunction in eccentric remodeling, whereas in concentric remodeling, it does not reflect effective contractile decline (50, 51) (Figure 2). For all these reasons, EF cannot be considered the only one reference of systolic function and may be contextualized into different cardiac remodeling, loading conditions, filling pressure, and hemodynamic status.
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FIGURE 2. Main weakness in ejection fraction calculation that does not comprise several features revealing the real systolic function of the left ventricle.




CONCLUSIONS

HFmrEF represents a mixed model between HFpEF and HFrEF. Demographic, structural, and laboratory data resembled HFpEF, whereas the CAD prevalence and the response to management are likely associated with HFrEF. Because of distinct phenotype, HFmrEF might be differentiated from other HF subgroups, but it deserves further research investigating cardiac and extracardiac diseases influencing its appearance. Therefore, the simple HFmrEF categorization based only on EF cutoff appears misleading, and it should be contextualized with other variables comprising both CV risk factors and detailed cardiac morphological assessment.



AUTHOR CONTRIBUTIONS

All authors participated in the manuscript draft review and design. The author warrants that his/her contribution is original and that he/she has full power to make this grant. The author signs for and accepts responsibility for releasing this material on behalf of any and all co-authors. The copyright transfer covers the exclusive right and license to reproduce, publish, distribute, and archive the article in all forms and media of expression now known or developed in the future, including reprints, translations, photographic reproductions, microform, electronic form (offline, online), or any other reproductions of similar nature. On Behalf of all authors AP.



REFERENCES

 1. Hsu JJ, Ziaeian B, Fonarow GC. Heart failure with mid-range (Borderline) ejection fraction: clinical implications and future directions. JACC Heart Fail. (2017) 5:763–71. doi: 10.1016/j.jchf.2017.06.013

 2. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: the task force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC)Developed with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J. (2016) 37:2129–200. doi: 10.1093/eurheartj/ehw128

 3. Delepaul B, Robin G, Delmas C, Moine T, Blanc A, Fournier P, et al. Who are patients classified within the new terminology of heart failure from the 2016 ESC guidelines? ESC Heart Fail. (2017) 4:99–104. doi: 10.1002/ehf2.12131

 4. Branca L, Sbolli M, Metra M, Fudim M. Heart failure with mid-range ejection fraction: pro and cons of the new classification of Heart Failure by European Society of Cardiology guidelines. ESC Heart Fail. (2020) 7:381–99. doi: 10.1002/ehf2.12586

 5. Bristow MR, Kao DP, Breathett KK, Altman NL, Gorcsan J III, Gill EA, et al. Structural and functional phenotyping of the failing heart: is the left ventricular ejection fraction obsolete? JACC Heart Fail. (2017) 5:772–81. doi: 10.1016/j.jchf.2017.09.009

 6. NHFA CSANZ Heart Failure Guidelines Working Group, Atherton JJ, Sindone A, De Pasquale CG, Driscoll A, MacDonald PS, et al. National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand: guidelines for the prevention, detection, and management of heart failure in Australia 2018. Heart Lung Circ. (2018) 27:1123–08. doi: 10.1016/j.hlc.2018.06.1042

 7. Jessup M, Marwick TH, Ponikowski P, Voors AA, Yancy CW. 2016 ESC and ACC/AHA/HFSA heart failure guideline update - what is new and why is it important? Nat Rev Cardiol. (2016) 13:623–8. doi: 10.1038/nrcardio.2016.134

 8. van der Meer P, Gaggin HK, Dec GW. ACC/AHA versus ESC guidelines on heart failure: JACC guideline comparison. J Am Coll Cardiol. (2019) 73:2756–68. doi: 10.1016/j.jacc.2019.03.478

 9. Rastogi A, Novak E, Platts AE, Mann DL. Epidemiology, pathophysiology and clinical outcomes for heart failure patients with a mid-range ejection fraction. Eur J Heart Fail. (2017) 19:1597–605. doi: 10.1002/ejhf.879

 10. Kapoor JR, Kapoor R, Ju C, Heidenreich PA, Eapen ZJ, Hernandez AF, et al. Precipitating clinical factors, heart failure characterization, and outcomes in patients hospitalized with heart failure with reduced, borderline, and preserved ejection fraction. JACC Heart Fail. (2016) 4:464–72. doi: 10.1016/j.jchf.2016.02.017

 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) 20:1230–9. doi: 10.1002/ejhf.1149

 12. Abdul-Rahim AH, Shen L, Rush CJ, Jhund PS, Lees KR, McMurray JJV, et al. Effect of digoxin in patients with heart failure and mid-range (borderline) left ventricular ejection fraction. Eur J Heart Fail. (2018) 20:1139–45. doi: 10.1002/ejhf.1160

 13. 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) 37:455–62. doi: 10.1093/eurheartj/ehv464

 14. Son MK, Park JJ, Lim NK, Kim WH, Choi DJ. Impact of atrial fibrillation in patients with heart failure and reduced, mid-range or preserved ejection fraction. Heart. (2020) 106:1160–8. doi: 10.1136/heartjnl-2019-316219

 15. Chioncel O, Lainscak M, Seferovic PM, Anker SD, Crespo-Leiro MG, Harjola VP, et al. Epidemiology and one-year outcomes in patients with chronic heart failure and preserved, mid-range and reduced ejection fraction: an analysis of the ESC heart failure long-term registry. Eur J Heart Fail. (2017) 19:1574–85. doi: 10.1002/ejhf.813

 16. Wolsk E, Claggett B, Køber L, Pocock S, Yusuf S, Swedberg K, et al. Contribution of cardiac and extra-cardiac disease burden to risk of cardiovascular outcomes varies by ejection fraction in heart failure. Eur J Heart Fail. (2018) 20:504–10. doi: 10.1002/ejhf.1073

 17. Tsuji K, Sakata Y, Nochioka K, Miura M, Yamauchi T, Onose T, et al. Characterization of heart failure patients with mid-range left ventricular ejection fraction-a report from the CHART-2 study. Eur J Heart Fail. (2017) 19:1258–69. doi: 10.1002/ejhf.807

 18. Savarese G, Settergren C, Schrage B, Thorvaldsen T, Löfman I, Sartipy U, et al. Comorbidities and cause-specific outcomes in heart failure across the ejection fraction spectrum: a blueprint for clinical trial design. Int J Cardiol. (2020) 313:76–82. doi: 10.1016/j.ijcard.2020.04.068

 19. 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) 141:352–61. doi: 10.1161/CIRCULATIONAHA.119.044586

 20. Farmakis D, Simitsis P, Bistola V, Triposkiadis F, Ikonomidis I, Katsanos S, et al. Acute heart failure with mid-range left ventricular ejection fraction: clinical profile, in-hospital management, and short-term outcome. Clin Res Cardiol. (2017) 106:359–68. doi: 10.1007/s00392-016-1063-0

 21. Santas E, de la Espriella R, Palau P, Miñana G, Amiguet M, Sanchis J, et al. Rehospitalization burden and morbidity risk in patients with heart failure with mid-range ejection fraction. ESC Heart Fail. (2020) 7:1007–14. doi: 10.1002/ehf2.12683

 22. Huusko J, Tuominen S, Studer R, Corda S, Proudfoot C, Lassenius M, et al. Recurrent hospitalizations are associated with increased mortality across the ejection fraction range in heart failure. ESC Heart Fail. (2020) 7:2406–17. doi: 10.1002/ehf2.12792

 23. Kitai T, Miyakoshi C, Morimoto T, Yaku H, Murai R, Kaji S, et al. Mode of death among japanese adults with heart failure with preserved, midrange, and reduced ejection fraction. JAMA Netw Open. (2020) 3:e204296. doi: 10.1001/jamanetworkopen.2020.4296

 24. Vergaro G, Aimo A, Prontera C, Ghionzoli N, Arzilli C, Zyw L, et al. Sympathetic and renin-angiotensin-aldosterone system activation in heart failure with preserved, mid-range and reduced ejection fraction. Int J Cardiol. (2019) 296:91–7. doi: 10.1016/j.ijcard.2019.08.040

 25. Savarese G, Orsini N, Hage C, Dahlström U, Vedin O, Rosano GMC, et al. Associations with and prognostic and discriminatory role of N-terminal Pro-B-type natriuretic peptide in heart failure with preserved versus mid-range versus reduced ejection fraction. J Card Fail. (2018) 24:365–74. doi: 10.1016/j.cardfail.2018.03.010

 26. Tromp J, Khan MAF, Mentz RJ, O'Connor CM, Metra M, Dittrich HC, et al. Biomarker profiles of acute heart failure patients with a mid-range ejection fraction. JACC Heart Fail. (2017) 5:507–17. doi: 10.1016/j.jchf.2017.04.007

 27. Gohar A, Chong JPC, Liew OW, den Ruijter H, de Kleijn DPV, Sim D, et al. The prognostic value of highly sensitive cardiac troponin assays for adverse events in men and women with stable heart failure and a preserved vs. reduced ejection fraction. Eur J Heart Fail. (2017) 19:1638–47. doi: 10.1002/ejhf.911

 28. Ferreira JP, Verdonschot J, Wang P, Pizard A, Collier T, Ahmed FZ, et al. Proteomic and mechanistic analysis of spironolactone in patients at risk for HF. JACC Heart Fail. (2021) 9:268–77.

 29. Pellicori P, Ferreira JP, Mariottoni B, Brunner-La Rocca HP, Ahmed FZ, Verdonschot J, et al. Effects of spironolactone on serum markers of fibrosis in people at high risk of developing heart failure: rationale, design and baseline characteristics of a proof-of-concept, randomised, precision-medicine, prevention trial. The Heart OMics in AGing (HOMAGE) trial. Eur J Heart Fail. (2020) 22:1711–23. doi: 10.1002/ejhf.1716

 30. Moliner P, Lupón J, Barallat J, de Antonio M, Domingo M, Núñez J, et al. Bio-profiling and bio-prognostication of chronic heart failure with mid-range ejection fraction. Int J Cardiol. (2018) 257:188–92. doi: 10.1016/j.ijcard.2018.01.119

 31. Lebedev DA, Lyasnikova EA, Vasilyeva EY, Babenko AY, Shlyakhto EV. Type 2 diabetes mellitus and chronic heart failure with midrange and preserved ejection fraction: a focus on serum biomarkers of fibrosis. J Diabetes Res. (2020) 2020:6976153. doi: 10.1155/2020/6976153

 32. Boulet J, Massie E, Rouleau JL. Heart failure with mid-range ejection fraction - what is it, if anything? Can J Cardiol. (2020) 1:S0828-282X(20)31114-4.

 33. Senni M, Caravita S, Paulus WJ. Do existing definitions identify subgroup phenotypes or reflect the natural history of heart failure with preserved ejection fraction? Circulation. (2019) 140:366–9. doi: 10.1161/CIRCULATIONAHA.119.041657

 34. Ky B, Plappert T, Kirkpatrick J, Silvestry FE, Ferrari VA, Keane MG, et al. Left ventricular remodeling in human heart failure: quantitative echocardiographic assessment of 1,794 patients. Echocardiography. (2012) 29:758–65. doi: 10.1111/j.1540-8175.2012.01701.x

 35. Park JJ, Park CS, Mebazaa A, Oh IY, Park HA, Cho HJ, et al. Characteristics and outcomes of HFpEF with declining ejection fraction. Clin Res Cardiol. (2020) 109:225–34. doi: 10.1007/s00392-019-01505-y

 36. Konstam MA, Abboud FM. Ejection fraction: misunderstood and overrated (Changing the paradigm in categorizing heart failure). Circulation. (2017) 135:717–9. doi: 10.1161/CIRCULATIONAHA.116.025795

 37. Ferrari R, Böhm M, Cleland JG, Paulus WJ, Pieske B, Rapezzi C, et al. Heart failure with preserved ejection fraction: uncertainties and dilemmas. Eur J Heart Fail. (2015) 17:665–71. doi: 10.1002/ejhf.304

 38. Ross J Jr. Mechanisms of cardiac contraction. What roles for preload, afterload and inotropic state in heart failure? Eur Heart J. (1983) 4(Suppl A):19–28. doi: 10.1093/eurheartj/4.suppl_A.19

 39. Merillon JP, Fontenier G, Lerallut JF, Jaffrin MY, Chastre J, Assayag P, et al. Aortic input impedance in heart failure: comparison with normal subjects and its changes during vasodilator therapy. Eur Heart J. (1984) 5:447–55. doi: 10.1093/oxfordjournals.eurheartj.a061690

 40. Mann DL, Bristow MR. Mechanisms and models in heart failure: the biomechanical model and beyond. Circulation. (2005) 111:2837–49. doi: 10.1161/CIRCULATIONAHA.104.500546

 41. Triposkiadis F, Butler J, Abboud FM, Armstrong PW, Adamopoulos S, Atherton JJ, et al. The continuous heart failure spectrum: moving beyond an ejection fraction classification. Eur Heart J. (2019) 40:2155–63. doi: 10.1093/eurheartj/ehz158

 42. Vaduganathan M, Michel A, Hall K, Mulligan C, Nodari S, Shah SJ, et al. Spectrum of epidemiological and clinical findings in patients with heart failure with preserved ejection fraction stratified by study design: a systematic review. Eur J Heart Fail. (2016) 18:54–65. doi: 10.1002/ejhf.442

 43. Stienen S, Ferreira JP, Kobayashi M, Preud'homme G, Dobre D, Machu JL, et al. Enhanced clinical phenotyping by mechanistic bioprofiling in heart failure with preserved ejection fraction: insights from the MEDIA-DHF study (The Metabolic Road to Diastolic Heart Failure). Biomarkers. (2020) 25:201–11. doi: 10.1080/1354750X.2020.1727015

 44. Nagueh SF, Abraham TP, Aurigemma GP, Bax JJ, Beladan C, Browning A, et al. Interobserver variability in applying american society of echocardiography/European Association of Cardiovascular Imaging 2016 Guidelines for Estimation of Left Ventricular Filling Pressure. Circ Cardiovasc Imaging. (2019) 12:e008122. doi: 10.1161/CIRCIMAGING.118.008122

 45. Gerdes AM, Capasso JM. Structural remodeling and mechanical dysfunction of cardiac myocytes in heart failure. J Mol Cell Cardiol. (1995) 27:849–56. doi: 10.1016/0022-2828(95)90000-4

 46. Mele D, Andrade A, Bettencourt P, Moura B, Pestelli G, Ferrari R. From left ventricular ejection fraction to cardiac hemodynamics: role of echocardiography in evaluating patients with heart failure. Heart Fail Rev. (2020) 25:217–30. doi: 10.1007/s10741-019-09826-w

 47. Potter E, Marwick TH. Assessment of left ventricular function by echocardiography: the case for routinely adding global longitudinal strain to ejection fraction. JACC Cardiovasc Imaging. (2018) 11(2 Pt 1):260–74. doi: 10.1016/j.jcmg.2017.11.017

 48. Tan YT, Wenzelburger F, Lee E, Heatlie G, Leyva F, Patel K, et al. The pathophysiology of heart failure with normal ejection fraction: exercise echocardiography reveals complex abnormalities of both systolic and diastolic ventricular function involving torsion, Untwist, and Longitudinal Motion. J Am Coll Cardiol. (2009) 54:36–46.

 49. Grant C, Greene DG, Bunnell IL, Left ventricular enlargement and hypertrophy. A clinical and angiocardiographic study. Am J Med. (1965) 39:895–904. doi: 10.1016/0002-9343(65)90111-7

 50. Kou S, Caballero L, Dulgheru R, Voilliot D, De Sousa C, Kacharava G, et al. Echocardiographic reference ranges for normal cardiac chamber size: results from the NORRE study. Eur Heart J Cardiovasc Imaging. (2014) 15:680–90. doi: 10.1093/ehjci/jet284

 51. Lang RTM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging. (2015) 16:233–70. doi: 10.1093/ehjci/jev014

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Palazzuoli and Beltrami. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-676658-t001.jpg
Clinical Trial

CHARM preserved 2018

DIG trial 2018

TOPCAT trial 2016

Korean HF registry 2020

ESC -HF registry 2017

chart-2 investigators 2017

Swedish HF registry 2019

PARAGON and PARADIGM
combined data matched for
EF categories

ALARM-HF prospective trial
2017

AF, atrial fibrillation; BMI, body mass inde

Type of study
Post-hoc analysis including

1,322pt

Retrospective analysis
including 1,195 pt

Retrospective analysis
including 520 pt

Prospective observational
study including 875 acute pt

Observational research
program of 2212pt

Japanese registry including
596 pt

Gategorial analysis including
8,942pt

Post-hoc analysis including
1,427 pt

Multicenter survey including
811 acute pt

Population enrolled

Mean age 65 year, mean EF
44%, 30% females, BMI
27.8,67% CAD, 56%
hypertension, 26% AF
Mean age 64.5 year, mean
EF 43%, females 29%, BMI
27.7, previous MI 63%,
hypertension 53%, AF not
reported

Mean age 66 years, mean
EF<50%, females
36.5%,BMI 31.5, previous
MiI 44%, hypertension 86%,
AF not reported, diabetes
29%

Mean age 69 years, Mean
EF 49%, females 45%, BMI
not reported, CAD 29%,
hypertension 59%, AF 27%
AF, diabstes 36%

Mean age 64 years; females
31%, BMI 28.6, previous
CAD 42%, hypertension
10%, AF 22%, Diabetes
30.5%, CKD 16,5%

Mean age 69 years, mean
EF 45%, females 28%, BMI
23, previous MI 53%,
hypertension 90%, AF
43.5%, diabetes 36%, CKD
not reported

Mean age 74 years, mean
EF 44%, Females 38%, BMI
28, previous CAD 62%,
hypertension 71%, AF 27%,
diabetes 24%, CKD 46%

Mean age 71 years, mean
EF 48%, females 40%,
previous MI 32%,
hypertension 94%, AF 34%,
diabetes 44%

Mean age not reported,
Mean EF 44%, females
35%, history of GAD 29%,
hypertension 76%,AF 42 %,
diabetes 46%

NYHA Class

57% Il
41% Il

3%1
62% Il
20 % Il

3%
61%l
35%lll

18% 11
41%lIl
41%IV

82% /Il
18% IIl/ IV

18.5% |
70% Il
1%l

16% 1
48% Il
37%IIl
4% NV

3%I
76% Il
21% Il

9.8% |
8.3 %Il
47% Il
35 %IV

AD, coronary artery disease; CKD, chronic kidney disease; EF; ejection fraction; MI, myocardial infarction.

‘Outcome

HF hospitalization reduction
(HR0.48)

Mortality reduction per year
(HR0.76)

CGomposite endpoint
HF-hospitalization /mortality
HR0.83

OV death per 100 patient-
years HR 4.1

HF hospitalization per 100
patient-years HR 7.2

Composite end point for all
cause mortality and
readmission HR 1.14

Mortality at one year 7.6%
in HFmEF vs. 6.3% in
HFPEF and 8.8% in HFrEF

HFYEF patients had
intermediate incidences of
all-cause death, and CV/
admission between HFpEF
and HFYEF; 44%
transitioned from HFmEF to
HFpEF

HFMYEF had lowest crude
tisk of all OV and HF events,
but it was intermediate
between HFpEF and HFFEF
for the crude risk of non-CV/
events

Total heart failure
hospitalization and CV
death 0.81 in HFMEF vs.
1.06 in HFpEF

Mortality in HFMEF was
similar in HFmEF and
HFPEF (HR 1.02 vs. 0.97)





OPS/images/fcvm-08-676658-t002.jpg
Biomarkers profile in HF patients according to EF spectrum

Diagnosis HFpEF HFmEF
NT-proBNPY NT-proBNP11
hs-TnT 4 hs-TnT $44
Plasma renin activity Plasma renin activity 1
Aldosterone 11 Aldosterone 1
Norepinephrine 1 Norepinephrine
hs-CRP 11 hs-CRP 1
Cystatin-C 11 Cystatin-C 1
Galectin-3 11 Galectin-3 1
Neprilysin 1 Neprilysin 11
sT21 4 sT21
PICP 1 PICP 11
PIINP PIINP 11

Prognosis NT-proBNP+ NT-proBNP+ + +
hs-TnT + hs-TnT ++
hs-CRP +4 hs-CRP +
Cystatin-C + Oystatin-C +
Galectin-3 + Galectin-3 +
Neprilysin + Nepriysin +
ST2 4+ sT2+

EF, Ejection Fraction; NTproBNR, N-terminl pro-brain natriuretic peptide; hs-TnT, high-
sensitivity troponin T: hs-CRP, high-sensitivity C-reactive protein; ST2, soluble suppression
of tumorigenicity 2; PICR, C-terminal propeptide of procollagen type I; PIINP, N-terminal
propeptide of procollagen type l; 1, diagnostic accuracy to detect heartfaiure subtypes;
+, prognostic significance for each biomarker.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Are HFpEF and HFmrEF So Different? The Need to Understand Distinct Phenotypes



		Introduction



		Clinical Characteristics of HFmrEF



		Laboratory Profile of HFmrEF



		Limitations Related to EF Assessment



		Conclusions



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Are HFpEF and HFmrEF So Different?
The Need to Understand Distinct
Phenotypes





OPS/images/fcvm-08-676658-g001.gif
The spectrum of HFmEF:
A continuum of disoase

v wene s

«EEN A -





OPS/images/fcvm-08-676658-g002.gif
Limitations of EF assessment

™~









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





