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The Relationship Between Normal-range Ejection Fraction 
and Diastolic Function

ABSTRACT
Objective: Understanding ejection fraction (EF)  limits are crucial for the evaluation of diastolic function (DF). Therefore, in our study, we aimed to 
compare the DFs between patients with low-normal and high-normal EFs.

Methods: A total of 70 patients who were followed in our clinic were prospectively included in our study. Those with an EF of 55-62% were included 
in the low-normal EF group, and those with an EF >62% were included in the high-normal EF group. Subsequently, the relationship between DF and 
EF was analyzed.

Results: Both groups exhibited similarities in demographic characteristics, such as age, sex, and additional medical conditions, demonstrating 
homogeneous distribution among the groups. No statistically significant difference was observed between the groups in terms of diastolic and 
systolic parameters.

Conclusion: No relationship was found between normal EF and DF. Nonetheless, our work can serve as a model for more extensive research on this 
topic.
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INTRODUCTION
In patients with known or suspected heart disease, despite certain 
limitations, the most commonly used parameter for evaluating 
left ventricular systolic function is still the ejection fraction (EF). 
According to expert recommendations in clinical guidelines, the 
normal thresholds for EF are 54% or higher in women and 52% 
or higher in men (1). However, in some studies involving a large 
number of patients, individuals with EF levels of approximately 
65% had the lowest mortality (2,3). Therefore, some argue that 
normal EF values should be redetermined. In the assessment of 
diastolic function (DF), as in many other fields, a defined threshold 
value for EF exists, thereby altering the DF evaluation algorithm. 
According to the 2016 DF guidelines, a threshold of 50% is 
considered normal for EF (4). Our study aimed to investigate the 
relationship between EF values above this threshold and DF.

METHODS

Study Population

Patients admitted to the outpatient clinic of our center between 
April and June 2022 were included in this cross-sectional, single 

center study. Comprehensive clinical histories were obtained 
from the hospital system and during assessment. Detailed 
physical examinations and electrocardiograms were conducted 
for the patients, followed by two-dimensional transthoracic 
echocardiography (TTE) using the Vivid S60 (GE Healthcare, 
USA) device at our center. TTE procedures were performed by 
an operator holding the European Association of Cardiovascular 
Imaging TTE certification.

Our study adhered to the standards of the Declaration of Helsinki 
and was conducted with the approval of the University of Health 
Sciences Türkiye, Gaziosmanpaşa Training and Research Hospital 
Clinical Research Ethics Committee (no: 387) on December 22, 
2021.

Inclusion Criteria

Patients aged 18-80 years were eligible for the study. Individuals 
with an EF ranging from 55% to 62% were categorized as the low-
normal EF group, whereas those with an EF value exceeding 62% 
were classified as the high-normal EF group.
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Exclusion Criteria

The exclusion criteria included conditions hindering the 
assessment of DF, such as moderate to severe mitral insufficiency, 
advanced aortic insufficiency, and atrial fibrillation. Patients with 
wall motion abnormalities in regions where Doppler parameters 
were assessed were also excluded. Patients with a history of cardiac 
surgery, constrictive pericarditis, hypertrophic cardiomyopathy, 
or extreme tachy-bradyarrhythmia during TTE evaluation were 
excluded.

Two-dimensional Transthoracic Echocardiography 

All patients underwent detailed TTE using the parasternal long-
axis, parasternal short-axis, apical 2-, 3-, and 4-chamber views, and 
subcostal windows. EF was measured using the biplane Simpson 
method. DF was evaluated using the parameters outlined in 
Nagueh et al.’s (4) 2016 guidelines. Assessment included left 
atrial volume index, E/e’, mitral E/A, tricuspid regurgitation peak 
velocity, mitral septal and lateral e’ velocities, tricuspid E/A, 
tricuspid lateral e’, as well as tricuspid annular plane systolic 
excursion (TAPSE), tricuspid lateral S wave velocity, inferior vena 
cava diameter, and right atrial pressure evaluations. Additionally, 
indexed echocardiographic data were obtained from the patient’s 
height, weight, and body surface area. Cardiac output and stroke 
volumes were calculated for all patients. 

Assessment and Grading of the Diastolic Function 

Patients were initially evaluated for the presence of diastolic 
dysfunction (DD). The criteria outlined by Nagueh et al. (4) were 
taken into consideration. Those with low EF or left ventricular 
hypertrophy were considered to have DD, and staging was 
performed. In the other patient groups, the presence of DD 
was initially assessed, followed by staging. DD was staged as 
grade 0 (no dysfunction), grade I (impaired relaxation), grade II 
(pseudonormalization), or grade III (restrictive pattern).

Consent to Publish the Report

Informed consent was obtained from the patients.

Artificial Intelligence

Artificial intelligence was not used in this study.

Statistical Analysis

Continuous data was expressed as the mean ± standard deviation 
or median (interquartile range) values, whereas categorical data 
was described as proportions and was evaluated using the chi-
square test or Fisher’s Exact test. Kolmogorov-Smirnov test was 
used to evaluate the distribution of the data. Student’s t-test or 
Mann-Whitney U test was used to compare continuous variables. 
The correlation between left ventricular ejection fraction (LVEF) 
and the degree of DD was assessed using Spearman’s correlation 
test. Data were analyzed using SPSS version 29.0 (SPSS Inc., 
Chicago, IL, USA). A two-sided p-value <0.05 was considered 
statistically significant.

RESULTS

Demographic Characteristics

The study included a total of 70 patients, further divided into two 
groups based on LVEF: 55-62% (n=40) and LVEF >62% (n=30). 
The mean age of the entire cohort was 50±14 years, and there 
was no significant difference between the two LVEF groups 
(p=0.146). Female proportion was 40%, with a non-significant 
distribution between LVEF categories (p=0.338). Other baseline 
characteristics, including body surface area, hypertension, 
diabetes mellitus, coronary artery disease, heart rate, and blood 
pressure, showed no statistically significant differences between 
the groups (Table 1). 

Left ventricular end-systolic diameter was significantly lower 
in the high-normal EF group (p=0.005). The left ventricular wall 
thickness, left atrium size, stroke volume, and TAPSE [were similar 
between the groups (Table 2)].

Table 1. Demographic characteristics of the patients

All patients
(n=70)

LVEF 
55-62%
(n=40)

LVEF >62%
(n=30)

p-value

Age, years 50±14 47±14 52±14 0.146

Female, n (%) 28 (40) 14 (35) 14 (47) 0.338

BSA, m2 1.9±0.2 1.9±0.2 2.0±0.3 0.305

HT, n (%) 30 (43) 17 (43) 13 (43) 0.944

DM, n (%) 5 (7) 4 (10) 1 (3) 0.284

CAD, n (%) 11 (16) 5 (13) 6 (20) 0.394

Heart rate, bpm 75±13 74±15 75±11 0.713

SAP, mmHg 128±22 128±27 127±15 0.911

DAP, mmHg 76±12 78±13 75±10 0.421

LVEF: left ventricular ejection fraction, BSA: body surface area, HT: hypertension, DM: diabetes mellitus, CAD: coronary artery disease, SAP: systolic arterial 
pressure, DAP: diastolic arterial pressure
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Two-dimensional Transthoracic Echocardiography 
Parameters

Diastolic Function Parameters

Parameters such as the mitral E-wave, mitral A-wave, E/A ratio, 
deceleration time, and E′ velocities did not differ significantly 
between the LVEF groups. Similarly, the tricuspid regurgitation 
velocity and the parameters related to the tricuspid inflow and E’ 
velocities did not differ significantly (Table 3).

Diastolic Dysfunction 

The study assessed DD, and the distributions across grades 
(none, grade I, grade II, grade III, indetermined) was comparable 
between the LVEF groups (p=0.837) (Table 4). There was no 
significant correlation between LVEF and the degree of DD 
(r=0.004, p=0.837) (Table 4).

Correlation Analysis

A scatterplot demonstrated no significant relationship between 
LVEF and DD in the study population (r=0.004, p=0.978), 
emphasizing the independence of these parameters (Figure 1).

DISCUSSION
DF assessment is a critical component of echocardiography (4). 
This is because distinguishing between normal and abnormal DF 
is crucial for diagnosing diastolic heart failure (HF), which accounts 
for half of all heart failure (HF) cases and has a mortality rate of least 
as high as that of HF with reduced EF (5). Therefore, addressing 
uncertainties in this area through research could contribute to 
a more accurate evaluation of DF and to advancements in the 
diagnosis and treatment of diastolic HF.

In our study, we tested the hypothesis that ‘if the lower limit of 
normal EF is in the range of 60-65%, patients with EF below this 
range should have worse DF and diastolic parameters’. DF and 
diastolic parameters were compared between patients with low-
normal (55-62%) and high-normal (>62%) EF, aiming to investigate 
the relationship between normal-range EF and DF and diastolic 
parameters. Although numerical differences were observed for 
various diastolic parameters, our study did not identify statistically 
significant distinctions between the two groups. 

EF is a crucial metric for assessing cardiac systolic function and 
is often considered a cornerstone in clinical decision-making. 

Table 2. TTE parameters of patients

All patients
(n=70)

LVEF 55-62%
(n=40)

LVEF >62%
(n=30)

p-value

LVEDD, mm 46±4 47±4 45±4 0.083

LVESD, mm 30±4 32±5 29±3 0.005

IVSD, mm 11±2 10±2 11±2 0.488

PWD, mm 9±2 9±1 9±2 0.358

RWT 0.39±0.08 0.37±0.07 0.40±0.08 0.137

LV mass index 81±20 83±23 80±17 0.491

LA, mm 37±6 37±7 37±7 0.735

LAVI, mL/m2 26±8 25±9 27±8 0.337

SV, mL 83±20 80±20 87±20 0.182

TAPSE, mm 22±4 22±4 23±5 0.281

TTE: two-dimensional transthoracic echocardiography, LVEF: left ventricular ejection fraction, LVEDD: left ventricular end-diastolic diameter, LVESD: left ventricular 
end-systolic diameter, IVSD: interventricular septal diameter, PWD: pulse wave Doppler, RWT: relative wall thickness, LV: left ventricular, LA: left atrial, LAVI: left 
atrial volume index, SV: stroke volume, TAPSE: tricuspid annular plane systolic excursion

Table 3. Diastolic parameters of patients

All patients
(n=70)

LVEF 55-62%
(n=40)

LVEF >62%
(n=30)

p-value

Mitral E-wave (cm/s) 72±19 71±21 76±17 0.296

Mitral A-wave (cm/s) 65±11 69±15 69±15 0.998

Mitral E/A 1.1±0.3 1.1±0.4 1.1±0.3 0.643

DT, ms 170±45 188±57 170±42 0.134

Mitral septal E′ wave (cm/s) 8±3 8±3 9±3 0.938

Mitral septal E/E’ joints 9±4 9±4 10±3 0.503

Mitral lateral E/E’ joints 7±3 6±2 7±3 0.398

Peak TRV m/sc 2.2±0.4 2.2±0.4 2.3±0.5 0.610

LVEF: left ventricular ejection fraction, DT: deseleration time, TRV: tricuspid regurgitation velocity
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The conventional normal range for EF is generally regarded as 
50-55%. However, recent research has introduced nuances to 
this understanding, revealing potential variations in mortality 
and morbidity outcomes associated with different EF ranges (6). 

A landmark study by Wehner et al. (3) (2020), which included a 
substantial cohort of 400,000 patients, challenged the traditional 
norm by identifying an EF range of 60-65% as associated with the 
lowest mortality rate. These findings hinted at a potential shift in 
the definition of normal EF. Similarly, Tsao et al. (7) demonstrated 
increased morbidity and mortality in patients with EF values 
50%, emphasizing the clinical significance of variations within 
the normal range. The PARAGON-HF trial further nuanced this 
understanding by highlighting therapeutic benefits for women 
with an EF of up to 57% (8). 

In guidelines related to DF, it is generally accepted that patients 
with impaired systolic function will have also impaired DF. For 
example, in the guidelines published in 2016, an EF value of 
50% was considered a threshold value (4). The notion that the 
work performed during the systolic and diastolic phases of the 
heart may not be independent is not new. This occurs because 
the energy of external work performed during systole is restored 
by internal work performed during diastole (9). Therefore, if 
there is a disturbance in either of these phases, there should be 
a disturbance in the other as well. In a study conducted by de 
Simone (10), it was emphasized that systolic functions calculated 
from the midwall level and DFs show parallelism, and changes in 
both phases could occur concomitantly. 

Study Limitations

In this study, we did not find the expected result, and there were 
limitations that could have contributed to this outcome. The most 
important limitation was the restriction in the number of patients 
and the inability to use strain echocardiography to evaluate left 
ventricular systolic function (11,12). Additionally, the single-center 
nature of the study and the inclusion of relatively healthy patients 
were other study limitations. However, we believe that elucidating 
the relationship between EF and DF is crucial, and conducting 
studies in this regard is essential. Therefore, we believe that the 
current study could pave the way for research in this area, as we 
could not identify any study directly evaluating the relationship in 
the literature.

CONCLUSION
In our study, no relationship was found between EF within the 
normal range and DF and parameters. To provide a clearer 
understanding of the relationship between EF within the normal 
range and DF, more extensive studies are required. Our study 
provides a nucleus for future studies in the field of normal-range 
LVEF and DD.
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