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Aims: The latest guidelines recommended to assess the trajectory of left ventricular ejection fraction (LVEF) in patients with heart failure (HF). However, there is limited data on the trajectory of LVEF in real-world settings. In this study, we investigated the frequency and prognostic implications of changes in LVEF trajectory.



Methods: Patients were divided into intensified LVEF, static LVEF, and worsening LVEF groups based on the transitions of HF types from baseline to follow-up. The intensified and worsening LVEF groups were further subdivided into mild (≤10% absolute changes of LVEF) and significant (>10% absolute changes of LVEF) increase or decrease groups according to the magnitude of change. The incidences and associations of changes in LVEF with patient outcomes were analyzed.



Results: Among the 2,429 patients in the study cohort, 38.3% of HF with reduced ejection fraction (HFrEF) and 37.6% of HF with mildly reduced ejection fraction (HFmrEF) showed an improvement in their LVEF. In contrast, a decline in LVEF was observed in 19.3% of HF patients with preserved ejection fraction (HFpEF) and 34.9% of those with HFmrEF. Cox regression analysis showed that the intensified LVEF group was associated with a lower risk of composite endpoints, while the worsening LVEF group yielded opposite findings. Subgroup analysis revealed that compared to those with mild changes in LVEF, baseline HFrEF patients with significant increase showed a lower risk of composite outcome, while baseline HFpEF patients were the opposite.



Conclusions: The trajectories of LVEF changes are strongly correlated with outcomes in patients with HF who had prior history of HF admission. The most significant prognostic implications observed in patients with significant LVEF changes. Trajectory LVEF and type of HF changes are useful tools recommended for prognostication.
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Introduction

Heart failure (HF) is a complex clinical syndrome characterized by symptoms and signs that result from impaired ventricular filling or ejection of blood caused by structural or functional abnormalities. Echocardiographic measurement of left ventricular ejection fraction (LVEF) is essential in classifying patients with heart failure, given its ability to predict their response to therapies and overall prognosis (1). HF can be divided into 3 categories based on baseline LVEF: HF with reduced ejection fraction (HFrEF) (LVEF ≤40%), HF with mildly reduced ejection fraction (HFmrEF) (LVEF 41%–49%), and HF with preserved ejection fraction (HFpEF) (LVEF ≥50%) (2–6). While this stratification approach can assist physicians in terms of diagnosis and management, it is worth noting that HF is a heterogeneous syndrome, and LVEF may fluctuate over time (7–9). According to the 2022 American Heart Association (AHA)/American College of Cardiology (ACC)/Heart Failure Society of America (HFSA) guidelines for the management of HF, patients with HF are typically in a dynamic trajectory, emphasizing the initial classification of HF based on LVEF and reclassification in accordance with the serial assessment (5). To date, the dynamic alterations in LVEF trajectory across the entire HF spectrum have been largely underexplored. Furthermore, whether outcomes differ among patients experiencing diverse LVEF changes remains unclear. The primary objective of the current study was to investigate the occurrence of LVEF trajectory changes in real-world patients with HF and their associated outcomes. Additionally, our study aimed to assess the prognostic implications of varying changes in LVEF levels.



Materials and methods

This was a retrospective, single-center, observational, real-world study approved by the institutional review board of Dalian Medical University. All the procedures were conducted in accordance with the principles of the Declaration of Helsinki and its subsequent amendments.


Study population, clinical definitions, and classification

We retrospectively collected a cohort of inpatients at The First Affiliated Hospital of Dalian Medical University between March 1, 2011 and December 31, 2020. Patients were included if they: (1) were aged >18 years; (2) had history of HF hospitalization and discharge diagnosis of HF (ICD 10 code: I50.900); (3) had twice or more echocardiogram data with an interval at least 6 months apart. We used Yidu Cloud to seek participants for the enrolment process with the terms mentioned above. When the patient underwent more than two echocardiograms, the first and last measurements during the follow-up were considered to assess the change in LVEF and twice echocardiography data were collected during hospitalization. We excluded patients who met any of the following criteria: (1) missing echocardiogram results, (2) lost to follow-up, or (3) had end-stage renal failure. HF was diagnosed according to the 2022 AHA/ACC/HFSA HF guidelines and defined as: (i) HFrEF if initial LVEF was ≤40%; (ii) HFmrEF if initial LVEF was 41%–49%; (iii) HFpEF if initial LVEF was ≥50%; (iv) HFimpEF if initial LVEF ≤40% and LVEF >40% at follow-up; additional criteria for HFmrEF and HFpEF comprised objective evidence of spontaneous or provokable raised left ventricular (LV) filling pressures including increased natriuretic peptide, invasive/noninvasive hemodynamic measurement suggesting elevated LV filling pressures. The study participants were divided into three groups based on the changes in HF status. Group 1, the intensified LVEF group, consisted of patients who transitioned from HFrEF to HFimpEF (HFrEF to HFmrEF/LVEF ≥50%) and HFmrEF to LVEF ≥50%. Group 2, the worsening LVEF group comprised patients shifting from HFpEF to HFmrEF, HFpEF to HFrEF, and HFmrEF to HFrEF. Finally, group 3, the static LVEF group consisted of patients with absense of any changes in their HF types. Subgroup analyses were carried out to investigate the potential prognostic implications of varying degrees of LVEF changes. The intensified LVEF group was stratified into two subgroups based on the magnitude of their LVEF increase: mild increase (0%–10% absolute increase of LVEF) and significant increase (>10% absolute increase of LVEF). Likewise, patients in the worsening LVEF group were categorized into two subgroups based on the degree of their LVEF decrease: mild decrease (0%–10% absolute decrease of LVEF) and significant decrease (>10% absolute decrease of LVEF). The flowchart of our study is shown in Figure 1.
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FIGURE 1
Flowchart of the study. HF, heart failure; LVEF, left ventricular ejection fraction; HFrEF, HF with reduced ejection fraction; HFmrEF, HF with mildly reduced ejection fraction; HFpEF, HF with preserved ejection fraction.




Clinical data

Baseline demographics, laboratory data, comorbidities, and pharmaco- therapeutics were recorded by trained specialists. LVEF were measured by standard 2D transthoracic echocardiographic examination. The preferred method for assessing LVEF was the quantitative 2D biplane volumetric Simpson method from the 4- and 2-chamber views. Other echocardiographic parameters, including left atrial volume index (LAVI), left ventricular end-diastolic dimension (LVEDD), right ventricular diameter (RVD) were also collected using the American Society of Echocardiography Guidelines by 2 to 3 sonographers (10).



Clinical outcome and follow up

The primary endpoint was a composite outcome including all-cause mortality or HF-related admissions. Transitions between the HF types were evaluated based on measurements of LVEF at baseline and follow-up. All enrolled patients were required to return to the outpatient clinic for follow-up on a regular basis. In cases where patients missed their scheduled appointments, annual phone interviews were conducted. The study endpoint was determined as either June 30th, 2021 or the incidence of HF-related admissions or death.



Statistical analysis

Statistical analysis was performed with Statistical Package for Social Sciences, version 25 (SPSS Inc., Chicago, IL, USA). Qualitative variables were summarized as numbers (proportions), and the χ2 test or Fisher's exact test was used to compare groups based on the researchers’ discretion. For quantitative variables, data with normal distribution were expressed as means ± standard deviations, and ANOVA was applied to between-group comparison, while data with non-normal distribution were expressed as the median (interquartile range), and the Kruskal–Wallis test was used for multi-group comparisons. Kaplan–Meier analysis was performed to demonstrate the cumulative incidence of adverse events, and the log-rank test was conducted to compare differences. All variables reported in Table 1 were included in the univariate Cox regression analysis. Subsequently, multivariate Cox regression models were applied to evaluate the associations among the trajectory (intensified, static, or worsening) and extent (mild or significant) of changes in LVEF and adverse outcome, including covariates with a P-value <0.05 in univariate analyses or acknowledged as vital factors in previous studies. The hazard ratio (HR) and their corresponding 95% confidence intervals (95% CI) were calculated. A 2-sided P-value <0.05 was statistically significant.


TABLE 1 Baseline characteristics of the overall population.
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Results


Patient population

A total of 2,799 patients were initially included in our study. After excluding patients missing echocardiogram results (n = 241), lost to follow-up (n = 84), and suffering from end-stage renal failure (n = 45), 2,429 were finally enrolled. At baseline, most cases presented HFpEF (46%), followed by HFrEF (37%) and HFmrEF (17%). At follow-up, 497 (20%) patients showed an intensified LVEF, 1,573 (65%) patients reported static LVEF, and 359 (15%) patients experienced worsening LVEF (Figure 1). Based on the data presented in Figure 2, 62% (n = 554) of baseline HFrEF patients remained in the same category, while 38% (n = 345) were classified as intensified LVEF group. Among the baseline HFmrEF patients, 38% (n = 152) experienced intensified LVEF, while 35% (n = 141) regressed to worsening LVEF group. The majority of baseline HFpEF patients (81%, n = 908) remained static LVEF, with 19% (n = 218) dropping to worsening LVEF group.


[image: Figure 2]
FIGURE 2
Column chart for the frequency of LVEF trajectory changes in real-world patients with heart failure categorized by the baseline types of heart failure.




Baseline characteristics

The baseline characteristics of different groups are summarized in Table 1. The group of patients with an intensified LVEF was characterized by a younger age, more often male, and higher diastolic blood pressure and heart rate than the static and worsening LVEF groups. Regarding medical history, prior myocardial infarction, hypertension, and valvular heart disease were less common in the intensified LVEF group than in the other two groups. The prevalence of coronary artery disease and atrial flutter were comparable between the intensified and worsening LVEF groups but higher than in the static LVEF group. In terms of medication, patients in the intensified LVEF group were prescribed diuretics, ACE inhibitors, angiotensin receptor blockers, or angiotensin receptor-neprilysin inhibitors (ACEI/ARB/ARNI), β-blockers, spironolactone, sodium-glucose co-transporter inhibitors (SGLT2i) and non vitamin K oral anticoagulants more often than those in the static and worsening LVEF groups, while warfarin therapy use was less frequent. An analysis of laboratory test results and echocardiographic findings revealed that the intensified LVEF group had higher hemoglobin levels and a greater LVEDD but a lower LVEF than the other two groups. BNP levels were highest in the intensified LVEF group and lowest in the static LVEF group.



Adverse cardiovascular outcomes

The median follow-up was 3.78 years, during which 1,029 experienced a terminal event, including 86 deaths [intensified/static/worsening LVEF: 11 (2%)/54 (3%)/21 (6%)], 943 HF-related admissions [intensified/static/worsening LVEF: 132 (27%)/620 (39%)/191 (53%)]. Patients with intensified LVEF showed a lowest cumulative incidence of composite outcome (log-rank P < 0.001) (Figure 3). Furthermore, after adjusting for various potential confounders, Cox regression analysis demonstrated that compared with static LVEF, intensified LVEF was associated with significant reduced risk of the composite end points [adjusted HR (aHR) 0.621 [95% CI, 0.514–0.751], P < 0.001], whereas worsening LVEF was associated with an increase in risk [aHR 1.698 (95% CI, 1.446–1.994), P < 0.001] (Table 2), The relationships between changes of LVEF trajectory and HF-related admissions or all-cause mortality were shown in Supplementary Table S1.
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FIGURE 3
Kaplan–Meier estimates for composite outcomes in three groups divided by trajectory changes in LVEF.



TABLE 2 Cox regression to evaluate the associations between changes of LVEF trajectory and composite outcome.
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Subgroup analyses


Patients with intensified LVEF

The study included 497 participants who exhibited intensified LVEF at follow-up [HFrEF to HFimpEF: n = 345 (69%); HFmrEF to LVEF ≥50%: n = 152 (31%)] (Figure 1). In patients transformed from HFrEF to HFimpEF [Significant increase: n = 246 (71%) vs. Mild increase: n = 99 (29%)] (Figure 4A), 95 patients met the composite end point [Significant increase: n = 56 (23%) vs. Mild increase: n = 39 (39%)], of which 7 died [Significant increase: n = 6 (2%) vs. Mild increase: n = 1 (1%)], and 88 were rehospitalized for worsening HF [Significant increase: n = 50 (20%) vs. Mild increase: n = 38 (38%)]. Unadjusted event rates for the composite outcome in significant increase group were lower than those in mild increase group (log-rank P = 0.003) (Figure 4B). Besides, Cox regression analysis indicated that significant increase in LVEF was associated with lower risks of composite outcome [aHR, 0.511 (95% CI, 0.314–0.832); P = 0.007] (Table 3). Meanwhile, we found analogous results in patients transformed from HFmrEF to LVEF ≥50% (log-rank P = 0.030) (Figure 4C), but did not show significance after adjustment for multiple confounders [aHR, 0.595 (95% CI, 0.284–1.246); P = 0.169] (Table 3). The associations between the magnitude of LVEF increase and HF-related admissions or all-cause mortality were shown in Supplementary Table S2.
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FIGURE 4
The frequency of magnitude of LVEF changes and its association with composite outcomes in intensified and worsening LVEF subgroup: (A) column chart for the frequency of magnitude of LVEF changes in intensified LVEF subgroup; (B,C) Kaplan–Meier estimates for composite outcomes in patients with intensified LVEF subgroup divided by magnitude of LVEF changes into HFrEF to HFimpEF (B) and HFmrEF to LVEF ≥50% (C) patients, respectively. (D) Column chart for the frequency of magnitude of LVEF changes in worsening LVEF subgroup; (E,F) Kaplan–Meier estimates for composite outcomes in patients with worsening LVEF subgroup divided by magnitude of LVEF changes into HFpEF to HFrEF/HFmrEF (E) and HFmrEF to HFrEF (F) patients, respectively.



TABLE 3 Cox regression to evaluate the associations between the magnitude of LVEF increase and composite outcome in intensified LVEF group.
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Patients with worsening LVEF

As to the worsening LVEF group, a total of 359 patients [HFmrEF to HFrEF: n = 141 (39%); HFpEF to HFmrEF/HFrEF: n = 218 (61%)] were found in LVEF deterioration trajectory (Figure 1). In baseline HFpEF [Significant decrease: n = 140 (64%) vs. Mild decrease: n = 78 (36%)] (Figure 4D), 132 patients suffered from the composite outcome [Significant decrease: n = 97 (69%) vs. Mild decrease: n = 35 (45%)], of which 18 died [Significant decrease: n = 12 (9%) vs. Mild decrease: n = 6 (8%)], and 114 were rehospitalized for worsening HF [Significant decrease: n = 85 (61%) vs. Mild decrease: n = 29 (37%)]. The significant decrease group showed a remarkably higher cumulative incidence of composite outcome compared with the mild decrease group (log-rank P = 0.003) (Figure 4E). In addition, Cox regression analysis revealed a higher risk of composite outcome in patients with a significant decrease in LVEF [aHR, 2.479 (95% CI, 1.590–3.867); P < 0.001] (Table 4). In baseline HFmrEF, the event rates between the two groups were comparable (log-rank P = 0.128) (Figure 4F), however, the differences in risk appeared in Cox regression models after adjustment [aHR, 1.717 (95% CI, 1.071–2.752); P = 0.025] (Table 4). The associations between the magnitude of LVEF decrease and HF-related admissions or all-cause mortality were shown in Supplementary Table S3.


TABLE 4 Cox regression to evaluate the associations between the magnitude of LVEF decrease and composite outcome in worsening LVEF group.
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Discussion

In the present study, we demonstrated that changes in LVEF were prevalent in HF patients during follow-up. Besides, the trajectory and magnitude of LVEF changes were independently associated with patient outcomes.

Given that LVEF is a continuously varying parameter that is impacted by the characteristics and severity of HF over a period of time, relying on a solitary cutoff at a particular time point is inherently inadequate (11). According to the latest guidelines from AHA/ACC/HFSA, patients with HF typically follow a dynamic trajectory, thus the classification for baseline and subsequent LVEF was crucial (5). Moreover, patients may experience transitions between HF types with minimal or great LVEF changes (4). As such, conducting in-depth analyses of the extent of LVEF changes in different LVEF trajectories is imperative.

Our study assessed changes in LVEF trajectory by analyzing the first and last echocardiogram measurements during follow-up, resulting in 856 patients (35.2%) experiencing a shift between typical HF classification categories, consistent with the findings of Savarese et al. (12). 38.38% (n = 345) of patients with baseline HFrEF transitioned to HFimpEF, while 61.62% remained in the HFrEF group, similar to results observed in Farré et al. (13) and Lupó et al.'s (14) studies. Notably, patients with HFmrEF at baseline exhibited the most significant LVEF trajectory variation, with 37.62% experiencing an increase in LVEF >50% and 34.90% declining to HFrEF. The latter was broadly in line with that in the study by Savarese, et al. (12). However, Farré et al. reported that 24% of baseline HFmrEF patients had reduced LVEF at 1-year follow-up, which was lower than our study (13). Lupón et al. observed that HFmrEF patients could be distributed across HFrEF (25%), HFmrEF (39%), and HFpEF (36%) groups at the end of a 15-year follow-up (14). This discrepancy might be explained by different baseline characteristics of study populations and intervals between the two echocardiograms. A significant proportion of patients (19.36%) with HFpEF at baseline fell to LVEF <50%. This proportion was higher than reported by Lupón et al. (14). (11.1%) and Tsuji et al. (15). (10% at 1 year and 12% at 3 years), suggesting progressive systolic dysfunction in HFpEF.

Several recent clinical trials have found that LVEF changes were related to adverse outcomes (7, 16, 17). In the present study, we identified the difference in outcomes among various directions of changes in LVEF. The result implied that a change in LVEF trajectory was inversely associated with the risk of adverse outcomes. On the one hand, intensified LVEF portended a significantly better prognosis, indicating a more benign HF phenotype with spontaneous myocyte function recovery or recovery induced by guideline-directed medical and device therapies. In present study, the propotions of HF foundation medications use [ACEI/ARB/ARNI (63.6%), spironolactone (69.8%), β-blockers (83.9%) and SGLT2i (2.6%)] in intensified LVEF group were significantly higher than those in the static and worsening LVEF groups. SGLT2i were firstly recommended for treatment of HFrEF in the 2021 HF guidelines and had a recommendation (Class 2a) in HFmrEF and HFpEF in the 2022 HF guidelines. However, the dealine of enrolment was December 31, 2020 in our study, which leading to rare use of SGLT2i. On the other hand, worsening LVEF resulted in worse outcomes, possibly reflecting a more vulnerable phase in the course of HF and a progressive systolic dysfunction in HFpEF or HFmrEF.

At present, the data supporting the prognostic value of varying extent of change in LVEF is much more sparse. Most studies have used arbitrary cutoffs based on absolute values, such as a criterion of 0%–20%, to reflect changes in LV function (18–20). Several studies have established that serial LVEF change ≥10% is associated with mortality. Consequently, in the present study, we chose 10% absolute changes as a cutoff for LVEF quantification to identify patients with intensified or worsening LVEF. Regarding the improvement in LVEF, our findings were in line with a study conducted on patients with myocardial infarction (21). It was found that the survival rate of individuals who experienced a ≥10% absolute increase in LVEF was twice as high as those who did not show such an improvement after a 5-year follow-up period. Strange et al. reported that patients with a >10% absolute decline in LVEF experienced a two to eight-fold increased risk of cardiovascular-related mortality according to baseline LVEF levels (22). The present study further explored the prognostic implications of varying extent of changes in LVEF based on the shift in HF types. We observed that baseline HFrEF patients who experienced a significant increase in LVEF had a lower risk of the composite outcome. On the other hand, baseline HFpEF patients who showed a significant decrease in LVEF had a higher risk of the composite outcome. However, in baseline HFmrEF patients, mild and significant changes in LVEF showed no difference in prognosis. The results might be explained by the small sample size of baseline HFmrEF patients in our population. It requires more definitive study in a larger population. Based on our findings, a comprehensive assessment of the trajectory and degree of LVEF changes is of great necessity for predicting outcomes in patients with HF. Besides, there were still some participants who had significant changes of LVEF either increase or decrease with static HF type. A recent research confirmed that in patients with a baseline LVEF <50%, an absolute increase of 6%–12% was associated with a reduced risk of death (22). On the contrary, in terms of those with HFpEF, a significant decrease in LVEF levels below a threshold of 50%–55% were related to an increased risk of mortality (22). Therefore, baseline HFrEF patients with significant increase in LVEF may have a better outcome regardless of HF type transitions, however, for baseline HFpEF patients without the transitions, prognosis may show no relationship with LVEF decrease.

The study has several limitations. Firstly, it was a retrospective cohort study conducted at a single center with a relatively small sample size of patients. Furthermore, the timing of LVEF assessments was based on clinical decisions rather than a predefined protocol, which represents a potential source of bias. Besides, chronic HF patients without history of HF hospitalization as well as pre-HF (formerly named stage BHF) were not included. In addition, by this study classification, the prognostic outcomes in the static group with significant changed of LVEF were overlooked. In addition, the data of global longitudinal strain analysis of the left ventricle, cardiac magnetic resonance and RV function parameters were not included, which required further studies.

In conclusion, the trajectories and magnitude of LVEF changes are strongly correlated with outcomes in patients with HF who had prior history of HF admission. The prognostic implications were most apparent in the patients who experienced significant changes either increase or decrease of trajectory ejection fractions. Close relationship between significant increase in intensified LVEF trajectories and better outcome suggests that the measures which significantly improve LVEF or prevent its deterioration should be firmly endorsed. Overall, evaluating the changes in type of HF and trajectory LVEF levels can offer valuable clinical information and potentially guide clinical decision making.
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