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Abstract

Aims: Worsening heart failure (HF) is associated with shorter left ventricular systolic ejection 

time (SET), but there are limited data describing the relationship between SET and clinical 

outcomes. Thus, the objective was to describe the association between SET and clinical outcomes 

in an ambulatory HF population irrespective of ejection fraction (EF).

Methods and Results: We identified ambulatory patients with heart failure with a reduced EF 

(HFrEF) and HF with a preserved EF (HFpEF) who had an outpatient transthoracic 

echocardiogram (TTE) performed between August 2008 and July 2010 at a tertiary referral center. 

Multivariable logistic regression was used to evaluate the association between SET and 1-year 

outcomes. A total of 545 HF patients (171 HFrEF, 374 HFpEF) met eligibility criteria. Compared 

with HFpEF, HFrEF patients were younger (median age 60 (50, 69)) (value (25th, 75th)) vs. 64 

(53, 74), with fewer females (30% vs. 56%) and a similar percentage of African Americans (35% 

vs. 35%). Median (25th, 75th) EF with HFrEF was 30% (25%, 35%) and with HFpEF was 54% 

(48%, 58%). Median SET was shorter (280 vs. 315ms, p<0.001), median pre-ejection period was 

longer (114 vs. 89ms, p<0.001), and median relaxation time was shorter (78.7ms vs. 93.3ms, 

p<0.001) among patients with HFrEF versus HFpEF. Death or HF hospitalization occurred in 

26.9% (N=46/171) HFrEF and 11.8% (N=44/374) HFpEF patients. After adjustment, longer SET 

was associated with lower odds of the composite of death or HF hospitalization at 1 year among 

HFrEF but not HFpEF patients.
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Conclusion: Longer SET is independently associated with improved outcomes among HFrEF 

patients but not HFpEF patients, supporting a potential role for normalizing SET as a therapeutic 

strategy with systolic dysfunction.
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INTRODUCTION

Patients with heart failure (HF) have a number of hemodynamic changes that can be 

evaluated using non-invasive testing, including derangements in systolic time intervals that 

can be reliably quantified by conventional echocardiography and/or arterial tonometry. In 

particular, early studies of HF patients demonstrated shorter left ventricular systolic ejection 

times (SET) and longer pre-ejection periods (PEP) compared with normal controls at any 

given heart rate (1, 2). A shortening of SET among patients with HFrEF likely reflects an 

impairment in LV contractility. This corresponds to a longer isovolumic contraction time 

required to begin systolic ejection and possible compensatory increases in heart rate which 

cause an obligate shortening of systolic time intervals. Indeed, systolic time intervals 

expressed as the Tei index are a well-studied marker of left ventricular function (3).

Shorter SET is associated with other clinical variables suggestive of poorer prognosis in 

heart failure, including lower ejection fraction, cardiac index, and global longitudinal strain 

and a more rapid heart rate (1, 4). In addition, shorter SET has been associated with poor 

prognosis in patients with cardiac amyloid while SET has a U shaped relationship for 

mortality among patients with coronary artery disease (5, 6). SET is also associated with 

incident HF (7). Nevertheless, the prognostic impact of SET on outcomes for a broad 

population of ambulatory HF patients has not been well-investigated.

In this study, we assessed the relationship between SET and outcomes among a broad 

population of ambulatory HF patients with HFrEF and HFpEF treated at a large tertiary 

medical center. We further describe systolic time intervals among patients with HF and 

subjects without cardiovascular disease.

METHODS

STUDY DESIGN AND POPULATION

This was a single-center, retrospective, observational cohort study using a prospectively 

maintained digital archive of all clinical transthoracic echocardiograms (TTEs) performed 

since 1995 at Duke University Medical Center with corresponding linked clinical data (Duke 

Echocardiography Laboratory Database [DELD]). This study was approved by the 

institutional review board. We identified patients with HF who underwent an 

echocardiogram from August 1, 2008 to July 31, 2010, including patients with HF with 

reduced ejection fraction (HFrEF) (i.e., defined as EF ≤40%) and HF with preserved ejection 

fraction (HFpEF) (i.e., defined as EF >40%). We also identified a separate group of patients 

without known cardiovascular disease for comparison of baseline systolic time intervals. All 
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patients were ≥18 years of age, and HF patients had an ICD-9 code for HF within the 18 

months prior to the index echocardiogram, specifically codes 428.x, 402.x1, 404.x1, or 

404.x3. We included only patients that had ≥2 outpatient visits within the Duke University 

Health System prior to the index echocardiogram in order to enhance the likelihood that 

patients maintained longitudinal follow-up at Duke University and to optimize event capture. 

We excluded patients without an ECG in the prior 18 months, presence of paced rhythm or 

atrial arrhythmia on most recent ECG, severe aortic stenosis, severe mitral stenosis, 

prosthetic heart valves, primary pulmonary hypertension, hypertrophic obstructive 

cardiomyopathy, congenital heart defects including atrial septal defect, ventricular septal 

defect, and inter-atrial flow communications, history of heart transplant, history of other 

solid organ transplant in the prior 18 months, history of end stage renal disease or 

hemodialysis, patients on inotropic support, and missing blood pressure value within 24 

hours of the index echocardiogram. We also excluded studies where the TTE could not be 

interpreted. Patients without known cardiovascular disease met all criteria above and 

additionally could not have greater than mild valvular regurgitation or stenosis, enlarged 

cardiac chambers, left ventricular hypertrophy, diastolic dysfunction, or history of 

hypertension (Figure 1).

For outcomes, hospitalization and cause were ascertained from Duke University hospital 

administrative & billing records. HF hospitalization was identified by primary diagnosis of 

HF (i.e., ICD9 of 428.x). Death was ascertained from Duke University hospitalization 

records and the Social Security Administration Death Master File.

ECHOCARDIOGRAPHIC MEASURMENTS

All two-dimensional TTE examinations were acquired using standard clinical protocols and 

transferred in DICOM (Digital Imaging and Communications in Medicine) format to an 

independent software package for review (Digisonics’s; DigiView 3.8.4). Three experienced 

echocardiogram readers (PAP, FA, JT) blinded to clinical status performed all 

echocardiographic measurements. The measures of SET, pre-ejection period (PEP), R to E 

time, diastolic filling time, ejection fraction, left ventricular dimensions, left atrial 

dimensions, and diastolic function parameters were performed in triplicate according to 

guidelines set forward by the American Society of Echocardiography (Figure 2) (8, 9). R to 

E time was defined as the amount of time from the onset of R wave, or Q wave if present, to 

the start to next E wave. The diastolic filling time was defined as the time from onset of E 

wave to the start of the next QRS complex. The average value for three measurements was 

used for analyses.

Inter and Intra-rater reliability was estimated by having the three raters measure key 

variables of interest including mitral valve E wave velocity, LV end-diastolic dimension, and 

LVOT time-velocity integral (from which SET was automatically calculated) on TTE images 

from 20 randomly selected patients on three different occasions. Coverage probabilities were 

calculated based on published acceptable differences and were ≥0.85 for all variables, 

suggesting good inter-rater reliability (10). In addition, intraclass correlations for pre-

ejection period and LVOT TVI were above 0.94, suggesting good intra-rater reproducibility.
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STATISTICAL ANALYSIS

We assessed the relationship between SET and 1-year outcomes including mortality, heart 

failure hospitalization, all-cause hospitalization, and the composite of death or heart failure 

hospitalization. Patient demographics, medical history, laboratory findings, and 

echocardiography variables were summarized as frequencies and percentages for categorical 

variables and by medians (25th and 75th percentiles and interquartile range [IQR]) for 

continuous variables, and stratified by type (HFrEF, HFpEF, no prior CV disease). Baseline 

characteristics were compared between groups using the Wilcoxon rank-sum tests for 

continuous variables, and Pearson chi-square or exact tests for categorical variables as 

appropriate.

To assess the association between echocardiographic and clinical parameters and SET, 

multivariate linear regressions were modeled treating SET as the response variable. These 

analyses were performed in the entire population and additionally stratified by heart failure 

type, (Supplemental Table 1). In addition to echocardiographic parameters selected by 

investigators based on their clinical importance and low missingness, models were adjusted 

for demographic factors (age, sex, race) and heart rate.

We assessed the relationship between SET and 1-year outcomes including mortality, HF 

hospitalization, and 1-year death/HF hospitalization using multivariable logistic regression 

models. Among the cohort, 92% of patients had follow up through 1 year and 8% died 

within 1 year. Adjustment variables included age, sex, race, BMI, ejection fraction, heart 

rate, serum creatinine, BUN, serum sodium, pulse pressure (PP), beta-blocker use, and 

angiotensin converting-enzyme inhibitor (ACEI) use, and E/E’. Odds ratios (ORs) for 

outcomes were calculated with corresponding 95% confidence intervals (CIs), where an OR 

represents a 10 ms increase in SET. Linearity assumptions were assessed for SET and 

continuous covariates. Single imputation at the median was used for covariates with missing 

values. These variables included creatinine, BUN, sodium, systolic BP and heart rate. The 

maximum missing rate for these variables was 3.2%. In addition, unadjusted Kaplan-Meier 

(KM) curves were generated for the primary composite endpoint of 1-year death/HF 

hospitalization, stratified by quartiles of SET, to illustrate the timing of outcomes relative to 

index echocardiogram in the HFrEF cohort.

All analyses used 2-tailed α = 0.05 to establish statistical significance and we reported 95% 

confidence intervals, and no adjustment was made for multiple comparisons. All statistical 

computations were generated using SAS version 9.3 or higher (SAS Institute Inc., Cary, 

NC).

RESULTS

STUDY POPULATION

We identified 171 HFrEF, 374 HFpEF, and 70 patients without known cardiovascular disease 

who met inclusion criteria (Figure 1). Baseline characteristics are shown in Table 1. Median 

EF among HFrEF patients was 30% (IQR 10), among HFpEF was 54% (IQR 10), and 

among patients without cardiovascular disease was 57% (IQR 9). HFrEF patients were 

younger than HFpEF patients (median age 60 vs. 64), with a lower proportion of females 
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(30.4% vs. 56.4%) and a similar proportion of African Americans (35.7% vs 27.8%). The 

rate of background neurohormonal therapy was similar between HFpEF and HFrEF, as was 

renal function (median eGFR 72 vs. 69.6 mg/dL/1.72m2).

SET AND PATIENT OUTCOMES

Median SET was shorter (280ms, IQR 55ms) and PEP was longer (114ms, IQR 34ms) 

among patients with HFrEF compared with HFpEF and patients without cardiovascular 

disease (Table 2). Diastolic function parameters including deceleration time, relaxation time, 

and diastolic filling time were also impaired in patients with HFrEF versus patients with 

HFpEF or patients without cardiovascular disease. As would be expected, atrial and 

ventricular dimensions were larger among patients with HFrEF compared with HFpEF 

patients and patients without cardiovascular disease.

SET AND OUTCOMES

Among HFrEF patients, the rate of all-cause hospitalization was 44%, HF hospitalization 

was 20.4%, death was 9.9%, and death/HF hospitalization was 26.9% at 1 year. For HFpEF 

patients, the rate of all-cause hospitalization was 34.8%, HF hospitalization was 5.9%, death 

was 7.0%, and death/HF hospitalization was 11.8% at 1 year.

In unadjusted analyses for HFrEF patients, longer SET was associated with lower odds of 1-

year HF hospitalization and reductions of 1-year death/HF hospitalization (Table 3). After 

multivariable adjustment, the association with 1-year death/HF hospitalization remained 

statistically significant. There was also an association with reduction in all-cause mortality at 

1 year after multivariable adjustment (Table 3), OR (95% CI): 0.752 (0.596, 0.949). To 

further explore the association between SET and outcomes among HFrEF patients, we 

created Kaplan-Meier Plots of SET by quartile which demonstrate that patients in the lowest 

two quartiles of SET compared to highest two quartiles had worse outcomes, with 

divergence in curves within the first 100 days (Figure 3).

In contrast, longer SET was not associated with improved outcomes among patients with 

HFpEF. We further explored the relationship between SET and outcomes among HFpEF 

patients and performed a sensitivity analysis separating out patients with HF with a mid-

range ejection fraction (HFmrEF) (i.e., defined as a EF 41–49%) from a more stringently 

defined HFpEF patient population with a frankly preserved EF ≥50% (Supplemental Table 

2). In short, the directionality of the results and the inferences of the findings were 

fundamentally unchanged.

DISCUSSION

To the best of our knowledge, this is the first comprehensive analysis of SET in patients with 

ambulatory HF compared to healthy controls without known cardiovascular disease. In 

general, HFrEF patients were younger and more likely to be male, had a lower incidence of 

cardiac and non-cardiac comorbidities, and were more likely to be prescribed an ACEI/ARB 

and/or β-blocker at baseline compared to HFpEF patients. HFrEF patients also tended to 

have dilated cardiac chambers (i.e. LVEDD and LAVI) and marked abnormalities in 

echocardiographic parameters of both systolic (i.e. shorter SET) and diastolic function (i.e. 
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rapid deceleration time). After adjusting for potential confounders, shorter SET was 

independently associated with increased risk of death or hospitalization for HF in patients 

with HFrEF but not HFpEF.

The echocardiographic parameters of systolic and diastolic function assessed in the present 

analysis may improve our collective understanding of the natural history and 

pathophysiology of HFrEF and HFpEF compared with healthy controls. Although EF is the 

most widely used surrogate marker of systolic function and has important clinical 

implications for the diagnosis, prognosis, and treatment of HFrEF, there is substantial 

interobserver variability in measuring EF (11, 12). In addition, EF is dependent on loading 

conditions and there may be a temporal lag between unfavorable changes in other 

echocardiographic measures of systolic function such as global longitudinal strain and 

clinically discernible decreases in EF or signs and symptoms of HF (13). This study clearly 

demonstrates that SET can be measured in an accurate and reproducible manner and is 

independently associated with an increased risk of morbidity and mortality among HFrEF 

patients even after adjusting for LVEF and heart rate, suggesting that SET is clinically useful 

to measure as part of a comprehensive assessment of global left ventricular function. Our 

data although promising, highlight a need for additional real-world prospective cohort 

studies to identify the natural history of SET changes among patients with HF with 

progressive systolic dysfunction, and to further characterize normal versus abnormal SET 

values as well as the added prognostic value of the ratio of PEP/SET, which although more 

technically challenging to measure in clinical practice may be the single most useful 

measure of LV systolic function (1, 2). Patients with HFrEF and the lowest SET values had 

the greatest clinical event rates, suggesting a hypothesis that progressive systolic dysfunction 

leads to shortening of SET as stroke volume falls and cardiac output becomes heart rate-

dependent.

In contrast to patients with HFrEF, we found that there were relatively few clinically 

meaningful differences in echocardiographic parameters between patients with HFpEF and 

healthy controls without cardiovascular disease. This finding highlights the challenges of 

diagnosing HFpEF and underscores our poor understanding of HFpEF as a clinical entity 

(14–16). Traditionally, the prototypical HFpEF patient has been described as having a small 

ventricle with marked concentric hypertrophy and diastolic dysfunction. However, we now 

know that this classic phenotype is present in only one-third of HFpEF patients (17, 18). 

This is consistent with the present analysis which found that the LVEDD of patients with 

HFpEF was marginally greater than healthy controls. It also noteworthy that we found the 

median deceleration time was approximately 200 ms, suggesting that the majority of patients 

had normal or grade I diastolic dysfunction and presumably normal left-sided filling 

pressures at rest. However, these patients likely have diminished diastolic reserve and with 

activity experience an increase in left-sided filling pressures, a hypothesis which is 

consistent with the finding that the majority of HFpEF patients had moderate-severe left 

atrial enlargement (19–21). It also notable that SET was comparable between HFpEF 

patients and healthy controls and SET was not independently associated with clinical 

outcomes among HFpEF patients. It has long been recognized that HFpEF patients have 

impairments in systolic function that are not captured by EF; nonetheless, these data do not 
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support an incremental role for routinely measuring SET as a surrogate of systolic function 

in HFpEF patients (22).

In addition to having a putative role in the assessment of systolic function in HFrEF patients, 

there has also been recent interest in SET as a therapeutic target for emerging and novel 

pharmacotherapies. Although the SHIFT trial demonstrated that ivabradine, a selective sinus 

node inhibitor, reduced heart rate and improved the composite of cardiovascular mortality or 

hospital admission for worsening HF, the mechanism of benefit remains unknown (23–25). 

It has been speculated that HF is characterized by impairments in substrate utilization and 

cellular metabolism and that ivabradine may reduce oxygen consumption in the energy-

starved myocardium leading to improved clinical outcomes. However, a complementary 

hypothesis is that by reducing heart rate, ivabradine may also increase SET and facilitate 

improvements in overall myocardial performance. In addition, data from the omecamtiv 

mecarbil program have raised the hypothesis that SET may also be a mediator of improved 

clinical outcomes (26, 27). The results of the ATOMIC and COSMIC trials demonstrate that 

omecamtiv mecarbil decreases LV dimensions and normalizes SET (26, 27). GALACTIC is 

an ongoing cardiovascular outcomes trial designed to test the hypothesis that improvements 

in cardiac performance seen with omecamtiv mecarbil in phase II trials translate into 

benefits on cardiovascular morbidity and mortality.

There are several limitations of the data that should be acknowledged. First, this was a 

retrospective, single-center study and the findings presented should be interpreted as 

hypothesis-generating. Duke is a tertiary referral center and therefore the study population 

may not necessarily represent an unselected community-based cohort of ambulatory HF 

patients. Second, SET was measured in a blinded fashion by the study team, and the 

accuracy and reproducibility of the measurements was only assessed in a subset of the 

overall study cohort. However, this suggests that the measurements are reliable and the 

results generalizable to everyday clinical practice. Third, it is possible that hospitalizations 

may have occurred outside of the Duke University Health System and not captured. We 

attempted to minimize this risk by including only those patients that had multiple clinical 

visits in the 18 months prior to index TTE who presumptively received care within the 

health system. Finally, although the healthy control group free of cardiovascular disease 

provide a convenient baseline estimate of the reference range for normal values for SET in 

healthy patients free of cardiovascular disease undergoing a transthoracic echocardiogram in 

our laboratory, there are profound between-group differences in demographics and clinical 

characteristics that preclude potential inferences regarding the relative contribution of HF in 

and of itself to differences in measurements of SET.

Conclusions

In conclusion, we found that patients with symptomatic HFrEF had a shorter SET compared 

to both HFpEF patients and patients free of cardiovascular disease. In addition, SET was 

independently associated with increased risk of cardiovascular morbidity and mortality in 

HFrEF. These data suggest that SET, when measured accurately, has an important role in the 

global assessment of systolic function for HFrEF patients. Additional research is required to 

better understand normal ranges for SET and to explore the natural history of SET with 
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progressive systolic dysfunction. Ongoing and future clinical trials may further validate the 

importance of SET as a surrogate endpoint for early phase drug development programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

HF heart failure

HFrEF heart failure with reduced ejection fraction

HFpEF heart failure with preserved ejection fraction

SET systolic ejection time

PEP pre-ejection period

TTE transthoracic echocardiogram

LVOT left ventricular outflow tract

TVI time-velocity integral

eGFR estimated glomerular filtration rate

LVEDD left ventricular end-diastolic dimension

LAVI left atrial volume index
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Figure 1. Consort Diagram.
The cohort assembly for the (A) HF patients and (B) healthy controls without cardiovascular 

disease.
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Figure 2. Systolic and Diastolic Time Interval Measurements.
The pre-ejection period was defined at the onset of QRS complex to the initiation of 

ventricular systole on pulse wave Doppler of the left ventricular outflow tract (LVOT). The 

SET was measured as the length of time during systole where ventricular ejection occurred, 

and was automatically calculated from tracings of the LVOT time-velocity integral (TVI). 

The R to E time was a measure of total duration of electrical and mechanical systole, 

measured as the time from initiation of QRS complex to start of mitral E wave on the pulse 

wave Doppler tracing of mitral inflow velocities. The relaxation time was calculated as R to 

E time minus PEP minus SET. The diastolic filling time was time from onset of E wave to 

start of subsequent QRS complex.
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Figure 3. Kaplan-Meier Curve for Outcomes.
These event plots show death or HF hospitalization by SET quartile among patients with 

heart failure and reduced ejection fraction.
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Table 1.

Baseline Clinical Characteristics.

Variable HFrEF
n=171

HFpEF
n=374

No Prior CV Disease
n=70

P value for HFrEF vs HFpEF

Age (yrs.) 60 (50 – 69) 64 (53 – 74) 33 (26 – 41) 0.002

Female 30.4% 56.4% 68.6% <0.001

Race 0.026

 White or Caucasian 59.1% 62.8% 60.0%

 Black or African American 35.7% 35.0% 28.6%

Biplane EF 30 (25 – 35) 54 (48 – 58) 57 (53 – 62) NA

Clinical Characteristics

 Atrial fibrillation 25.7% 32.9% 0.0% 0.093

 COPD 7.0% 11.5% 0.0% 0.107

 Hypertension 81.3% 80.7% 0.0% 0.882

 Type II Diabetes 38.0% 38.2% 2.8% 0.960

 Prior PCI/CABG 53.8% 48.4% 0.0% 0.242

 Prior CVA/TIA 16.4% 18.7% 0.0% 0.509

 ACE-I/ARB use 65.5% 61.8% 0.0% 0.403

 Beta Blocker use 67.3% 58.8% 0.0% 0.061

BUN (mg/dL) 17.0 (13.0 – 24.0) 16.0 (12.0 – 23.0) 10.0 (8.00 – 12.0) 0.552

Sodium (mmol/L) 139 (137 – 141) 139 (137 – 140) 139 (137 – 140) 0.655

Creatinine (mg/dL) 1.10 (0.90 – 1.40) 1.00 (0.80 – 1.40) 0.80 (0.70 – 0.90) 0.093

eGFR (mL/min/1.73m2) 72.0 (56.6 – 91.9) 69.6 (51.2 – 89.6) 99 (83.3 – 111) 0.426

NT-proBNP (pg/mL) 1073 (425 – 3117) 428 (170 – 1296) 21.0 (20.0 – 49.0) <0.001

MAP (mmHg) 88 (80 – 100) 90 (82 – 101) 86 (79 – 92) 0.187

SBP (mmHg) 120 (105 – 136) 128 (116 – 142) 116 (106 – 122) <0.001

DBP (mmHg) 73 (67 – 81) 71 (64 – 80) 72 (65 – 80)

Heart rate (beats/min) 72 (63 – 84) 66 (59 – 76) 71 (62 – 78) <0.001

NT-proBNP = n-terminal pro-brain natriuretic peptide, COPD=chronic obstructive pulmonary disease, PCI = percutaneous coronary intervention, 
CABG=coronary artery bypass surgery, CVA=cerebrovascular accident, TIA=transient ischemic attack, ACE-I=angiotensin converting enzyme 
inhibitor, ARB=angiotensin receptor blocker, BUN=blood urea nitrogen, eGFR=estimated glomerular filtration rate, MAP=mean arterial pressure, 
SBP=systolic blood pressure. No p-value is reported for EF comparison because the groups are expected to be different.
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Table 2.

Echocardiographic Measurements.

Variable HFrEF (n=171) HFpEF (n=374) No Prior CV Disease (n=70) P values for HFrEF vs. 
HFpEF

SET (ms) 280 (251 – 306) 315 (288 – 339) 309 (291 – 317) <0.001 

PEP (ms) 114 (96 – 130) 89 (75 – 105) 78 (71 – 90) <0.001 

PEP/SET 0.4 (0.3 – 0.5) 0.3 (0.2 – 0.3) 0.3 (0.2 – 0.3) <0.001 

LVEDD (cm) 5.86 (5.30 – 6.50) 4.81 (4.29 – 5.27) 4.62 (4.35 – 4.98)  <0.001

LA Volume index (mL/m2) 39 (33 – 49) 36 (28 – 47) 28 (25 – 36) 0.060 

Deceleration Time (ms) 164.0 (127.7 – 206.0) 196.0 (164.0 – 230.7) 173.3 (153.7 – 203.3) <0.001

Diastolic Filling Time (ms) 351 (253 – 455) 411 (329 – 519) 394 (340 – 519) <0.001

Relaxation Time (ms) 93.3 (67.3 – 122.0) 78.7 (58.0 – 104.7) 64.0 (49.7 – 78.3) <0.001 

Eur J Heart Fail. Author manuscript; available in PMC 2021 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patel et al. Page 17

Table 3.

Unadjusted and Adjusted Odds Ratios for 1-year Outcomes.

Heart Failure Reduced EF (n=171) Heart Failure Preserved EF (n=374)

Unadjusted Adjusted* Unadjusted Adjusted*

Odds Ratio
Per 10ms 

increase in 
SET

(95% CI) p-value

Odds Ratio
Per 10ms 

increase in 
SET

(95% CI) p-value

Odds Ratio
Per 10ms 

increase in 
SET

(95% CI) p-value

Odds Ratio
Per 10ms 

increase in 
SET

(95% CI) p-value

1 Year All Cause 
Hospitalization

(HFrEF n=75; HFpEF 
n=130)

0.955
(0.890 – 
1.025)

0.205
0.957

(0.839 – 
1.091)

0.551
1.004

(0.951 – 
1.060)

0.880
1.003

(0.921 – 
1.093)

0.942

1 Year HF 
Hospitalization

(HFrEF n=35; HFpEF 
n=22)

0.913
(0.835 – 
0.997)

0.044
0.890

(0.758 – 
1.046)

0.157
0.965

(0.865 – 
1.077)

0.527
1.138

(0.936 – 
1.384)

0.196

1 Year Death
(HFrEF n=17; HFpEF 

n=26)

0.907
(0.806 – 
1.021)

0.107
0.746

(0.594 – 
0.936)

0.011
0.947

(0.855 – 
1.048)

0.293
0.967

(0.821 – 
1.139)

0.687

1 Year Death/HF 
Hospitalization

(HFrEF n=46; HFpEF 
n=44)

0.895
(0.824 – 
0.973)

0.009
0.829

(0.712 – 
0.965)

0.015
0.962

(0.888 – 
1.043)

0.352
1.043

(0.913 – 
1.192)

0.536

The n in the first column indicates number of patients with outcome event.

*
Adjustment variables: Age, sex, race, BMI, Ejection Fraction, Heart Rate, Creatinine, BUN, Sodium, PP, Beta Blocker Use, ACE-I Use, and E/E’
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