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Temporal Trends and Patterns in Heart Failure with Improved 
Left Ventricular Ejection Fraction: A Retrospective Cohort Study

Alexander Baltodano, B.A., Erick S. Romero, M.D., Paulo Rocha, M.S., Imo Ebong M.D., M.S., 
Michael Gibson M.D., Shirin Jimenez M.D.,  David Liem, M.D., Ph.D., Julie Bidwell RN, Ph.D., Martin Cadeiras, M.D. 
Department of Internal Medicine, Division of Cardiovascular Medicine - UC Davis School of Medicine - Betty Irene Moore School Of Nursing

Background
Heart failure (HF) with reduced ejection fraction (HFrEF) remains a
leading cause of morbidity and mortality. Heart failure with
improved ejection fraction (HFimpEF) has better prognosis and
outcomes. However, improvement only occurs in a subpopulation
of HFrEF.

• This was a single center retrospective cohort study. HFrEF
patients were identified from electronic medical records 
following consensus criterion.

• Patients between January 2014 to January 2022 were identified 
on electronic medical records. 

• Baseline characteristics and longitudinal laboratory, 
echocardiographic, electrocardiographic, and medication data 
were obtained. 

• We stratified our HF cohort into two groups, HFimpEF group 
and persistent HFrEF group.

• Longitudinal variables were analyzed using linear mixed 
models to estimate intercept and slopes. 

• Univariate and multivariate Cox regression was used to assess 
the association between baseline characteristics, slopes,  
intercepts, and mortality. 

Hypothesis

AnalysisResults

Conclusion

Table 1. Baseline Characteristics
• In the HFimpEF group, LVEF changes over time showed that 

there was a noticeable improvement within the first year and 
that the LVEF remained above 40% from year 1 to 8. It also 
showed a persistent decline in LVEF and a level below 40% 
threshold from years 1 through 8 in the persistent HFrEF
group.

• In the HFimpEF group, it was noted that there was an 
increasing trend in IVSD, PW, LVEF and TAPSE and 
decreasing trends in LVIDd, LVIDs, and PAS. Furthermore, the 
HFimpEF group had shorter QTC duration, lower sodium, and 
serum BNP values over time compared to the persistent 
HFrEF group. 

• Parameters significantly associated with HFimEF (p=<.05) 
were atrial fibrillation, sodium slope, first LVEF ≤40%, Native 
American/Hawaiian, heart rate, TAPSE intercept, and SGLT2 
use. 

• Parameters associated with persistent HFrEF were LVIDd
intercept & slope, BNP intercept & slope, and GFR intercept. 
Significant covariates parameters remained with a p-values 
<.05 after a sensitive analysis.

The longitudinal echocardiographic changes suggest that 
HFimpEF patients have undergone structural reverse remodeling. 
HFimpEF patients had significantly improved overall mortality.

Figure 4.  Survival Analysis 

Figure 2. Evolution of EKG, Echocardiographic and Lab Values  

Figure 4. Longitudinal analysis of overall mortality among HFrEF and 
HFrecEF patient. X axis represents time in years. Y axis represents 
survival probability.

We hypothesize that by further characterizing the time dependent
trajectory of HFrEF and HFrecEF patients, we will be able to
discern which parameters are most indicative and predictive of
electrical and structural reverse remodeling.

Figure 3. Forest plot summarizing results from the Multivariable Cox 
regression analysis for the primary HFimpEF endpoint. Note: This table 
only includes the covariates reaching P-value <0.05

Figure 3. Multivariable Cox Regression Analysis 

Figure 1. Cohort Curation 
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Figure 2. Longitudinal echocardiographic, electrocardiographic and lab 
parameters. X axis represents time in years. Y axis represents parameter 
of interest. Abbreviations: IVSd, Interventricular septum thickness at end-diastole; 
LVEDD, left ventricle end diastolic diameter; LVEF, left ventricular ejection fraction; 
LVIDd, left ventricular internal dimension at end -diastole; LVIDs, left ventricular internal 
dimension at end -systole; PASP, pulmonary artery systolic pressure; TAPSE, tricuspid 
Annular Plane Systolic Excursion; BNP, B-type natriuretic peptide; eGFR, estimated 
glomerular filtration rate; QTc, QT corrected for heart rate.




