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ABSTRACT  

Background: Increased left ventricular end diastolic pressure (LVEDP) with exercise is an 

early sign of heart failure with preserved left ventricular ejection fraction (LVEF). The 

abnormal exercise increase in LVEDP is nonlinear, with most change occurring at low-level 

exercise. Data on noninvasive approach of this condition are scarce.  Our objective was 

assessing E/e’ to estimate low level exercise LVEDP using a direct invasive measurement as 

the reference method.  

Methods and Results: Sixty patients with LVEF>50% prospectively underwent exercise 

cardiac catheterization and echocardiography. E/e’ was measured at rest and during low-level 

exercise. Abnormal LVEDP was defined as>16mmHg. Patients with a history of coronary 

artery disease and/or abnormal LV morphology were classified as having apparent cardiac 

disease (CD). 

Thirty-four (57%) patients had elevated LVEDP only during exercise. Most of the change in 

LVEDP occurred since the first exercise level (25Watts). There was a correlation between 

LVEDP and septal E/e’ at rest and during exercise. Lateral E/e’ and E/average e’ ratio had 

worse correlations with LVEDP. In the whole population, exercise septal E/e’ at 25 Watts had 

the best accuracy for abnormal exercise LVEDP, area under curve (AUC)=0.79. However, 

while low-level exercise septal E/e’ had a high accuracy in CD patients (n=26, AUC=0.96), 

E/e’ was not linked to LVEDP in patients without CD (n=34).  

Conclusion: Low-level exercise septal E/e’ is valuable for predicting abnormal exercise 

LVEDP in patients with preserved LVEF and apparent CD. However, this new diagnosis 

approach appears not reliable in patients with normal LV morphology and without coronary 

artery disease.  

Clinical Trial Registration: URL: https://clinicaltrials.gov. Unique identifier: NCT01714752  

Key words: exercise; hemodynamics; echocardiography; heart failure 

https://clinicaltrials.gov/
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INTRODUCTION 

Heart failure (HF) with preserved ejection fraction (pEF) is increasing in prevalence and is 

becoming the predominant form of HF.[1–3] While cardiac dysfunction is readily apparent 

when the left ventricular ejection fraction (LVEF) is reduced,[4] the diagnosis of HFpEF is 

often not straightforward,[5] particularly in the early stages of the disease.[6] Identifying 

HFpEF at an early stage, when the structural changes in the heart and vasculature are still 

reversible, may be important for improving the prognosis of the disease.[7] Invasive 

hemodynamics have demonstrated relevance for the diagnosis of early stage of HFpEF, which 

is characterized by exercise-induced left ventricular filling pressure (LVFP) elevation despite 

normal resting pressures.[6]
,
[8] Interestingly, the abnormal exercise increase in LVFP is 

nonlinear, with most change occurring at low level exercise.[6]  

Data on noninvasive approach of exercise LVFP more suitable for routine clinical use are 

scarce. The value of Doppler echocardiography using the ratio of early diastolic transmitral 

velocity to tissue velocity (E/e’) for the noninvasive evaluation of LVFP has been reported.[9, 

10] Nevertheless, there are limited and conflicting data on the validation of exercise E/e’ with 

invasively determined LVFP in patients with preserved LVEF.[11, 12] Moreover, whereas 

latent heart failure could be unmasked during exercise in patients with apparently normal LV 

structure and function at rest,[6, 13] E/e’ was reported as less valuable in patients without 

evidence of  cardiac disease (CD) at steady state.[14–16] Thus the clinical integration of 

exercise E/e’ in daily clinical practice is debated.[17–19]  

The aim of this study was to assess the E/e’ ratio for the estimation of low level exercise 

LVFP using a direct invasive measurement as the reference method in patients at high risk of 

HFpEF.  
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METHODS 

Ethics statement 

This study was carried out in accordance with the Helsinki Declaration and was approved by 

the local institutional committee on human research. Written informed consent was obtained 

from each patient before participation. 

Patient population 

We prospectively enrolled 60 patients in sinus rhythm with LVEF >50% and undergoing 

clinically indicated left heart catheterization using a transradial approach, which allowed for 

the invasive measurement of left ventricular end-diastolic pressure (LVEDP). The risk factors 

of coronary artery disease, especially age, hypertension and diabetes, are also recognized risk 

factors of HFpEF. Thus, the patients referred for coronary angiography are also at high risk of 

HFpEF.[2] 

Patients in whom the radial artery puncture was not feasible and those who were unable to 

pedal were excluded. The other exclusion criteria were more than mild mitral regurgitation, 

severe aortic stenosis, mitral stenosis, valvular prosthesis, severe mitral annular calcification, 

hypertrophic cardiomyopathy, heart transplantation, LV thrombus, severe renal failure 

(<30ml/min/1.73m²), atrial fibrillation, an acute coronary syndrome in the previous 3 months 

and/or the diagnosis during coronary angiography of a stenosis requiring revascularization.  

The baseline evaluation comprised the collection of medical history, a physical examination, 

electrocardiogram and blood sampling for laboratory measurements including N-terminal pro-

brain natriuretic peptide (NT-pro BNP).  

Patients with apparent CD were defined as having either clinical history of coronary artery 

disease (prior myocardial infarction or prior coronary revascularization), coronary stenosis 
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>50% on coronary angiography or echocardiographic evidence of LV structural abnormality 

(hypertrophy or remodeling) as defined by the echocardiography guidelines.[15, 16, 20]  

Invasive hemodynamic assessment 

After coronary angiography, a fluid-filled pigtail catheter was positioned in the mid-LV 

cavity. Transducers were balanced before the study with the zero level at the mid-axillary 

line. LV pressure tracings were recorded at baseline and during exercise. Measurements were 

made off-line by two experienced physicians who were blinded to echocardiography and 

clinical data. LVEDP were averaged over five cardiac cycles, and ectopic or post-ectopic 

beats were disregarded. LVEDP >16 mmHg was used as a threshold to define abnormal 

LVFP at rest and during exercise.[21, 22]  

Echocardiographic studies 

Transthoracic echocardiography was performed in all patients using the Vivid 9 system. The 

images were transferred to a workstation equipped with the Echopac PC software (GE 

Vingmed; Horten, Norway). All the examinations were analyzed off-line by two senior 

cardiologists who were blinded to the clinical data and invasive measurements. All 

projections were obtained according to the guidelines.[20] All measurements were averaged 

over 3 to 6 cardiac cycles. Ectopic and post-ectopic beats were disregarded.  

In M-mode, the following measurements were made at end diastole: LV internal diameter and 

inter-ventricular septal and posterior wall thicknesses. LV mass was derived and indexed to 

body surface area. Relative wall thickness was also calculated.[20]  

From the 2-dimensional mode, the LA maximal volume was measured by the biplane 

Simpson method and was indexed to body surface area (LAVi). LV volumes and LVEF were 

measured using the biplane Simpson method.[20] From the continuous wave Doppler, peak 

tricuspid regurgitation was selected.  
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From the pulsed wave Doppler mode positioned at the tip of the mitral valve, early (E) and 

late (A) peak diastolic velocities of the mitral inflow and E-wave deceleration time were 

measured. The septal, lateral and average early diastolic velocities were recorded (e’), and the 

ratio of mitral flow E to e’ for each of these annular velocities was calculated.[16, 23] In 

addition to steady state measures, the E and e’ wave velocities were recorded, and the 

different E/e’ ratios were calculated during exercise. In cases of complete merging of E and A 

for the mitral inflow, peak E was measured at the peak of the single wave form. With 

complete merging of e′ and a’, the resulting velocity was taken as e′.[24]  

Exercise protocol 

A similar two leg pedaling exercise was performed within 24 hours in the catheterization 

laboratory using ERG 911 BP/XRAY and in the echocardiography laboratory using ERG 911 

L/LS (Schiller, Switzerland). Patients in the supine position pedaled at a constant speed 

beginning at a workload of 25 Watts for 3 minutes, followed by a workload of 50 Watts for an 

additional 3 minutes. Invasive and non-invasive data were stored at baseline and during the 

last minute of both levels of exercise. Relatively low levels of exercise were chosen because 

obviously all the patients can reach this threshold,[25] and invasive LV pressure tracings, as 

well as echocardiographic image quality, are well maintained at this workload.[19, 26] 

Moreover, most of the changes in LVFP occur during this low level of exercise.[6] Patient 

medications were not modified between invasive and non-invasive studies.  

Statistical analysis 

All quantitative data are expressed as medians and interquartile ranges, and qualitative data 

are expressed as numbers and percentages. The patients were classified according to LVEDP: 

group 1 was normal LVEDP at rest and during exercise; group 2 was normal LVEDP at rest 

and abnormal LVEDP during exercise; and group 3 was abnormal LVEDP both at rest and 
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during exercise. The data were compared using the Fisher and Kruskal–Wallis exact tests. The 

Wilcoxon signed rank test was used for paired data analysis.  

Correlations were evaluated using the Pearson test. To detect a correlation >0.4 between 

LVEDP and echocardiography parameters with 90% power and a 2-sided alpha level of 0.05, 

a sample size of 60 patients was calculated. Receiver-operator characteristics (ROC) curves 

were plotted to assess E/e’ to predict exercise LVEDP >16 mmHg. The analyses were 

performed in the overall population and in subgroups of patients with or without apparent CD.  

Intraobserver and interobserver variabilities for the measurement of E/e’ ratio at rest and 

during exercise were assessed in a subset of 10 patients. The coefficient of variation and 

intraclass correlation coefficient were determined and presented in supplemental table 1. 

MedCalc Statistical Software version 12.7.7 (MedCalc Software, Belgium) was used for the 

calculations. A p<0.05 indicated statistical significance. 

 

RESULTS 

Population characteristics 

The baseline characteristics of the patients are presented in Table 1. The patients' median age 

was 63.5 years. Thirty-eight (63%) patients had hypertension and 16 (27%) had diabetes. 

Thirteen (22%) patients had coronary stenosis >50%; however, none of these patients had a 

stenosis that required a percutaneous intervention. Among these patients, we observed no 

functional ischemia based on fractional flow reserve (n=6), stenosis of a small artery with a 

diameter <2 mm (n=6) and a right coronary artery occlusion without significant stenosis on 

other arteries (n=1). No patient had a history of congestive HF.  

Invasive hemodynamic measurements   

The invasive hemodynamic data are presented in Table 2. LVEDP at rest and in at least 1 

exercise level were properly recorded in all of the patients. Two patients stopped the protocol 
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after the first level of exercise. In 2 other patients, the LV pressure curve could not be 

properly analyzed at one of the two exercise stages.  

LVEDP was normal in 46 (77%) patients at rest. In 12 (20%) of these patients, LVEDP 

remained normal during exercise (group 1), and in 34 (57%) patients, it became elevated 

(group 2). The remaining 14 (23%) patients had elevated LVEDP at rest and during exercise 

(group 3). Most of the change in LVEDP occurred within the first 3 minutes of exercise at a 

very low-level workload (Figure 1), 82% of the patients classified in group 2 had abnormal 

LVEDP since the first exercise level.  

NT-pro BNP level was significantly higher in group 3 compared to group 1 and to group 2 

respectively; however, NT-pro BNP levels in group 1 and group 2 were similar (Table 1). 

Twenty-four (40%) patients experienced a dyspnea during low level exercise, and all of these 

patients had an abnormal LVEDP at rest and/or during exercise (Table 2). 

Echocardiography 

The median time between echocardiography and catheterization was 4h36 min [3h05min-8 h]. 

The ultrasound measurements are reported in Table 3.  

E/e’ ratio 

E and A waves were fused in 4 patients at 25 Watts and in 8 patients at 50 Watts. 

In whole population, there was a correlation between LVEDP and septal E/e’ at rest (r=0.28) 

and during exercise (r=0.34). Lateral E/e’ was associated with LVEDP at 25 Watts of exercise 

(r=0.27). However, lateral E/e’ was not linked to LVEDP at rest or at 50 Watts of exercise 

(supplemental figure). Compared with septal E/e’, the E/average e’ ratio had a worse 

correlation with LVEDP (Table 4). 

Although, septal E/e’ ratio at rest was similar between group 1 and group 2; exercise septal 

E/e’ was higher in group 2 compared to group 1 since the first exercise level (Table 3). 
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The ROC curve analysis for prediction of abnormal LVEDP from E/e’ ratios showed that 

Septal E/e’ at 25 Watts with an area under the curve (AUC) of 0.79 had the best diagnostic 

value (Figure 2). The optimal septal E/e’ at 25 Watt threshold ≥8 had a sensitivity of 71% and 

a specificity of 83% for predicting abnormal LVEDP. 

Performance of E/e’ in patients with and without apparent CD  

Because E/e’ ratio has been reported as a non-optimal index of LVFP in patients without 

apparent heart disease,[14–16] the population was divided into patients with (n=26) and 

without (n=34) apparent CD. The both groups had similar demographic and hemodynamic 

characteristics (supplemental table 2). In particular, the prevalence of abnormal LVEDP only 

during exercise (p=0.61) and the median time between echocardiography and catheterization 

(p=0.96) were similar in both groups. 

Compared with the whole population, Doppler-derived parameters were better linked to 

LVEDP in patients with apparent CD. The best observed correlation was between septal E/e’ 

and LVEDP at 25 Watts of exercise (r=0.59, p=0.002). In contrast, no significant correlation 

was observed between E/e’ and LVEDP in patients without CD (supplemental table 3). 

In patients with CD, the ROC curves analysis for prediction of abnormal LVEDP showed that 

septal E/e’ at 25 Watts had the best diagnostic value (AUC=0.96). The optimal septal E/e’ at 

25 Watts ≥8 had a sensitivity of 90% and a specificity of 100%. In patients without CD, the 

E/e’ ratios had no significant diagnostic value (Figure 3). 
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DISCUSSION 

 

The results of the study can be summarized as follows. First, we confirmed that exercise 

induced abnormal LVEDP in a number of patients with normal LVEDP at rest and that most 

of the changes in LVEDP occurred at a very low-level workload. Second, we observed a 

correlation between LVEDP and septal E/e’ at rest and during exercise; however, lateral E/e’ 

and E/average e’ ratio had a worse correlation with LVEDP. Finally, we found that septal E/e’ 

at 25 Watts of exercise was valuable for predicting abnormal exercise LVEDP. However, in 

subgroup analysis, although exercise septal E/e’ has a very good diagnostic performance in 

patients with apparent CD, this parameter had no significant diagnostic value in the subgroup 

of patients with apparently normal LV morphology and no history of coronary artery disease. 

 

Invasive hemodynamics 

 

While cardiac dysfunction is readily apparent when the LVEF is reduced, the diagnosis of HF 

is not straightforward when LVEF is preserved.[6] Recent data indicate that the early stage of 

HFpEF, which is characterized by exercise-induced LVFP elevation despite normal resting 

pressures, represents a pathological entity linked to symptoms and long-term survival.[8] The 

invasive assessment of LVFP at peak exercise is feasible;[6, 8] however, this time-consuming 

approach is not optimal for routine clinical use and limits its dissemination. As we reported in 

our study and as observed previously,[6] the abnormal increase in LVFP with exercise is 

nonlinear, with most change occurring during the first level of exercise. Thus, the LVFP 

achieved at the first level of exercise could help diagnose an early stage of HFpEF in clinical 

practice.[7] 

E/e’ ratio 

The value of Doppler echocardiography to estimate invasively measured exercise LVFP was 

previously reported.[10] However, the use of E/e’ ratio at rest for estimating LVFP was 
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recently challenged [27] and validation data on exercise E/e’ in patients with preserved LVEF 

are limited.  In fact, of the 37 patients included in the validation study of exercise E/e’ 

compared to direct invasive measures of LV diastolic pressure, six (16%) had LVEF 

<45%.[10] Moreover, using pulmonary capillary wedge pressure (PCWP) as reference 

method, two smaller studies including 12 and 22 patients respectively, reported conflicting 

results.[11, 12] 

For the non-invasive estimation of LVFP at rest, current guidelines encourage the use the ratio 

between the preload-dependent transmitral E velocity and e’ velocity, which is considered 

relatively load independent.[16, 28] However, preload affects e’ in ventricles with normal 

relaxation,[29] and E/e’ has lower accuracy in patients without apparent CD because e’ itself 

is altered by volume shifts.[14, 15] Consistently in the guidelines, it is stated that E/e’ ratio 

should not be used to assess LVFP in subjects with likely normal LV relaxation as defined by 

no history of heart disease along with normal cardiac structure and function.[16, 28] This 

physiological fact may partially explain the conflicting results in previously reported studies 

investigated E/e’ for exercise LVFP estimation.[10–12]
 
 In the former study showing the 

reliability of E/e’ to identify patients with elevated exercise LVFP, the prevalence of coronary 

artery stenosis was high (75%).[10] In another study reporting conflicting results, patients 

with coronary artery disease were excluded.[12] Finally, another study excluding patients 

with coronary stenosis showed that E/e’ was not valuable to estimate PCWP variation in 

patients with preserved LVEF subjected to preload manipulation.[30] 

Using a direct sampling of LV cavity during left heart catheterization as reference method, 

our study is the largest prospective study aimed to investigate exercise E/e’ in patients with 

preserved LVEF. The relatively large and carefully phenotyped population included allowed a 

subgroup analysis of patients with and without apparent CD. We found that exercise E/e’ had 

a mild diagnostic value of abnormal LVEDP in the whole population. However, although E/e’ 
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had no diagnostic value in patients without CD, this index had a good value to predict 

abnormal LVEDP in patients with apparent CD. Our data further indicate that E/e’ should not 

be used for the assessment of LVFP in patients with preserved LVEF and without apparent 

CD.[16] To choose the appropriate ultrasound approach, our findings suggest the collection of 

patient clinical history and the assessment of LV morphology as the first step of the 

noninvasive estimation of exercise LVFP. As reported previously, we observed that latent HF 

could be unmasked during exercise in high risk patients with apparently normal LV structure 

and function at rest.[6, 13] The best non-invasive approach of exercise LVFP in patients 

without apparent LV structural abnormality and/or history of coronary artery disease remains 

to be investigated.  

We found that septal E/e’ had better accuracy compared with lateral E/e’ for the diagnosis of 

exercise LVEDP >16 mmHg. In previously reported studies on the same field, lateral E/e’ 

was not investigated.[10–12] The septal side of the mitral annulus, in contrast to the lateral 

side, moves in a direction more parallel to the ultrasound beam and is less affected by the 

translational movement of the heart.  

 

Clinical implications 

The risk factors of HFpEF, especially age, hypertension and diabetes, are also recognized risk 

factors of coronary stenosis.[2] Moreover, the symptoms of coronary diseases are not specific 

and might also be suggestive of HFpEF.[2]
 
In our study, 34 (57%) of the patients with normal 

or subnormal coronary arteries and normal LVEDP at rest were diagnosed as having abnormal 

exercise LVEDP. These data indicate that the stress protocol used in our study, which 

combined radial artery puncture and low level stress exercise, could be clinically relevant in 

patients who were originally referred for a coronary angiography in whom no coronary artery 
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lesion explains their symptoms and LVEDP is normal at rest. However, the efficiency of this 

diagnostic strategy should be validated in larger populations. 

Concerning non-invasive diagnosis of abnormal exercise LVFP, our data indicate that 

exercise echocardiography at very low workload helps diagnose early stage HFpEF. This 

approach is suitable for routine clinical use. Compared to E/e’ evaluation at peak exercise, 

low level workload E/e’ could be combined to the resting ultrasound evaluation in selected 

population at high risk. This approach could be also easily integrated in current stress 

echocardiography protocols designed to avoid LV ischemia. Moreover, the uncommon rate of 

complete E and A merging at low level exercise facilitates Doppler analysis.[19, 26] Exercise 

septal E/e’ appears to be superior to lateral and E/ average e’ ratio. Finally, E/e’ appears to be 

reliable only in patients with apparent CD and should not be used for the assessment of 

exercise LVFP in patients with normal LV morphology and no history of coronary artery 

disease. 

 

Study limitations 

We included a relatively small population of patients. However, the sample size was larger 

compared with prior reports that investigated the ultrasound for similar purpose.[10–12] The 

invasive and ultrasound acquisitions were not performed simultaneously. Performing 

simultaneous assessments may have enhanced the correlations between the two methods; 

however, it would be difficult to obtain good quality images in the catheterization laboratory, 

and this attempt would introduce another type of bias by excluding patients due to inadequate 

imaging. 
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CONCLUSION 

The early stage of HFpEF is characterized by exercise-induced LVFP elevation despite 

normal resting measurements. The abnormal increase in LVFP with exercise is nonlinear, 

with most change occurring during the first level of exercise. Low level exercise septal E/e’ is 

valuable for predicting abnormal exercise LVEDP in patients with preserved LVEF and 

apparent CD. However, the non-invasive approach of LVEDP in patients with normal LV 

morphology and no history of coronary disease needs further investigations. The reliable 

noninvasive identification of early stages of HFpEF is the first step for clinical trials that 

evaluate specific treatment strategies targeting these high risk patients. 
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FIGURE LEGENDS 

Figure 1. LVEDP at rest and during exercise in the 3 groups of patients. Most of the changes 

in LVEDP occurred during the first level of exercise. 

Group 1, normal LVEDP; Group 2, abnormal LVEDP only during exercise; Group 3, 

abnormal LVEDP at rest and during exercise; LVEDP, left ventricular end diastolic pressure. 

Within group analyses: *p<0.05 versus at rest; †p<0.0001 versus at rest; ‡p<0.0001 versus at 

25Watts. 

 

Figure 2. Receiver-operator characteristic curves for the prediction of exercise LVEDP >16 

mmHg in the whole study population using septal (A) and lateral (B) E/e’ ratios at rest and 

during exercise. 

AUC, area under the curve; LVEDP, left ventricular end diastolic pressure. 

 

Figure 3. Typical low level exercise echocardiography findings in two patients with exercise 

induced abnormal LVEDP. While exercise septal E/e’ increases in the patient with apparent 

CD, this parameter was not modified in the patient without CD.  

CD, patient with apparent cardiac disease (ie, coronary artery disease or echocardiographic 

evidence of left ventricular structural abnormality); E/e’, the ratio of early diastolic transmitral 

velocity to tissue velocity; LVEDP, left ventricular end diastolic pressure. 
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TABLES 

Table 1: Clinical characteristics of the study population. 

Data are expressed as median and interquartile range or number (%).  

*n=57, 
†
 n=33, 

‡
 n=12 

§ p < 0.05 compared to group 1 and to group 2. 

ACE, Angiotensin converting enzyme inhibitor; ARB, Angiotensin receptor blocker; Group 1, normal LVEDP; 

Group 2, abnormal LVEDP only during exercise; Group 3, abnormal LVEDP at rest; LVEDP, left ventricular 

end diastolic pressure; NT-proBNP, N-terminal pro brain natriuretic peptide; PCI, percutaneous coronary 

intervention. 

 

 

 

 

 

 

 

Variables All patients 

(n=60) 

Group 1 

 (n=12) 

Group 2 

 (n=34) 

Group 3 

 (n=14) 

p 

Demographics      

Age (years) 63.5 [54.6-70.3] 59.3 [48.4-67.2] 64.8 [55.2-73.4] 62.6 [55.2-67.9] 0.20 

Male gender 46 (77) 11 (92) 26 (77) 9 (64) 0.31 

Body Mass index, kg/m² 

(((kg/m²)(kg/m2) 

26.4 [23.9-28.5] 27.5 [25.1-29.9] 25.4 [23.4-27.4] 27.7 [23.4-29.4] 0.09 

Prior PCI 14 (23) 3 (25) 8 (24) 3 (21) 1.0 

Coronary stenosis > 50% 13 (22) 3 (25) 8 (23.5) 2 (14) 0.83 

Hypertension  38 (63) 9 (75) 18 (53) 11 (79) 0.18 

Diabetes  16 (27) 3 (25) 10 (29) 3 (21) 0.92 

Smoking history 31 (52) 5 (42) 21 (62) 5 (36) 0.23 

Drug therapy       

β-blockers  29 (48) 4 (33) 17 (50) 8 (57) 0.50 

ACE or ARB 31 (52) 7 (58) 16 (47) 8 (57) 0.82 

Calcium Chanel Blockers  14 (23) 4 (33) 9 (26) 1 (7) 0.22 

Loop diuretics 1 (1.5) 0 (0) 1 (3) 0 (0) 1.0 

Biology      

NT-proBNP (pg/mL)  

 

55 [28-110]* 34 [18-87] 48 [27-97]
†
  118 [100-372]

‡
§ 0.002 

Hemoglobin (g/dL) 14.5 [13.3-15] 14.9 [14.3-15.5] 14.2 [13.2-14.9] 14.5 [13-14.8] 0.16 

Creatinine level (µmol/L) 

 

80 [73.5-97.5] 79 [73.5-88] 81.5 [73-101] 79.5 [74-102] 0.93 
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Table 2: Invasive hemodynamic data. 

Variables All patients 

(n=60) 

Group 1 

 (n=12) 

Group 2 

 (n=34) 

Group 3 

 (n=14) 

p 

Symptoms during exercise      

Dyspnea 24 (40) 0 (0) 16 (47) 

 

8 (57) 0.002 

Lower extremity fatigue 2 (3) 1 (8) 0 (0) 1 (7) 0.18 

Heart rate (beats/min)      

at rest  72 [65-80] 72 [65-76] 75 [65-80] 71 [60-78] 0.54 

at 25W exercise 95 [88-100]* 91 [85-99] 99 [90-100] 93 [82-100] 0.33 

0ln,nb,,;n

;,n;,n;,n 

0.53 

at 50 W exercise  104 [100-110]
†
 102 [96-108]

‡
 105 [100-113]§ 103 [95-110]

║
 0.53 

LV Systolic Pressure (mmHg)      

at rest  128 [117-142] 124 [110-127] 130 [117-146]¶ 138 [124-151]¶ 0.01 

at 25W exercise 160 [142-175]* 146 [131-156] 165 [142-180]§¶ 169 [154-175]¶ 0.009 

at 50 W exercise  164 [153-187]
 †
 158 [141-163]

 ‡
 174 [153-189]§¶ 169 [157-184]

║ 

* 

0.02 

LVEDP (mmHg)      

at rest  13.5  [10-16] 10 [6-12] 12 [10-14] 20 [18-22] <0.0001  

at 25W exercise 22 [15-27]* 13 [12-14.5] 22 [20-25]§ 28.5 [25-30] <0.0001  

at 50 W exercise  25 [19.5-30]
 †
 12 [10.5-15]

 ‡
 25 [20-30]§ 30 [28-34]

║ 

 

<0.0001  

Data are expressed as median and interquartile range.  

* n=59, † n=57, ‡ n=11, § n=33, ║ n=13, ¶p<0.05 compared to group 1  

LV, left ventricular; LVEDP, left ventricular end diastolic pressure 
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Table 3: Echocardiographic data. 

Variables All patients 

(n=60) 

Group 1 

 (n=12) 

Group 2 

 (n=34) 

Group 3 

 (n=14) 

p 

At rest      

LVEF (%) 66 [60-71] 64 [59-69] 66 [60-72] 63 [59-71] 0.29 

 

 

LVEDVi (ml/m²) 55.2 [44.1-62.5] 57.1 [50.1-63.1] 49.9 [42.7-62.3] 56.7 [52.3-62.1] 0.53 

LVMi (g/m²) 91 [82-104] 95 [88-106] 87 [77-102] 95 [85-109] 0.29 

 

LAVi (ml/m²)  33.6 [28-41.2] 31.3 [26-33.8] 35.1 [27.9-41.4] 35.6 [28.9-43.7] 0.21 

E (cm/s) 72 [62-85] 73 [57-81] 70 [61-84] 76 [69-98] 0.11 

A (cm/s) 76 [68-88] 72 [60-81] 78 [68-90] 77 [71-88] 0.40 

E/A ratio 0.97 [0.74-1.16] 0.89 [0.72-1.28] 0.95 [0.72-1.13] 1.07 [0.87-1.36] 0.38 

Deceleration time (ms) 164 [145-194] 165 [147-170] 169 [154-206] 157 [123-186] 0.33 

Septal e’ (cm/s) 9 [7-10.5] 9.7 [8.5-10.9] 9 [7-10.7] 8.9 [7-9.7] 0.45 

Lateral e’ (cm/s) 11 [8.9-13.3] 10.5 [9.3-13] 11.2 [9-13.3] 10.9 [8-12.3] 0.86 

Septal E/e’ 8.1 [6.6-10.6] 7.2 [6.7-8.1] 7.9 [6.5-10.4] 10.2 [8.5-11.3]# 0.02 

Lateral E/e’ 6.9 [5.8-8] 6.4 [5.6-7.3] 6.7 [5.5-7.5] 8.2 [6.3-8.9] 0.06 

E/average e’ 7.4 [6.1-8.9] 6.8 [6.0-7.5] 7.1 [5.9-8.8] 8.8 [7.4-9.7]# #†† 0.03 

TRV (m/s) 2.4 [2.3-2.6]* 2.2 [2.1-2.5]
†
 2.4 [2.3-2.6]

‡
 2.3 [2.3-2.5]

§
 0.23 

Exercise data       

E at 25W (cm/s) 89 [75-101] 77 [72-83] 92 [77-103]# 101 [81-102]# 0.02 

E at 50W (cm/s) 102 [87-117]
║
 87 [81-94] 107 [90-124]

¶ 
# 109 [88-117]# 0.01 

Septal e’ at 25W (cm/s) 10.5 [9.3-11.8] 10.6 [9.6-11.6] 10.6 [9.2-12.2] 9.4 [7.5-11.3] 0.43 

Septal e’ at 50W (cm/s)  11.8 [10.3-13.3] 12.2 [10.4-13.3] 11.8 [11-13.6] 11 [9-12.5] 0.20 

Lateral e’ at 25 W (cm/s) 12.3 [10.6-14] 11.5 [10.7-13.9] 12.8 [10.7-14.3] 11.9 [10-13.5] 0.43 

Lateral e’ at 50 W (cm/s)  14 [12.2-16] 12.9 [12.1-14.8] 14.7 [12.1-16.4]
 ¶
 13.6 [12.2-14.7] 0.27 

 

 

 

      

Septal E/e’ at 25W  8.3 [7.3-9.9] 7.3 [6.7-7.6] 8.6 [7.5-9.9]# 9.6 [8.1-11.6]# 0.004 

Septal E/e’ at 50W  8.7 [6.9-10.2]
║
 7 [6.4-9.2] 8.4 [7.2-10.4]#

¶ 
 9.7 [8.6-11.5]# 0.04 

      

Lateral E/e’ at 25W 7.1 [6.0-8.6] 6.6 [5.5-7.4] 7.1 [5.7-9] 8.1[6.6-9.9] 0.07 

Lateral E/e’ at 50W 7.3 [5.8-8.9]
 ║

 6.4 [5.4-8.2] 7.2 [5.7-8.9]
 ¶
 8.3[6.1-9.1] 0.28 

      

E/average e’ at 25 W 7.6 [6.5-9.4] 6.7 [6.4-7.5] 7.9 [6.4-9.6]# 8.9 [7.5-11.0]# 0.02 

E/average e’ at 50W 8.1 [6.2-9.1]
 ║

 6.6[6.0-8.6] 8.1 [6.4-9.0]
 ¶
 8.8 [7.4-10.5]# 0.11 

Data are expressed as median and interquartile range.   

* n=37, † n=5, ‡ n=23, § n=9, ║n=58, ¶ n=32, #p<0.05 compared to group 1 

A, late peak diastolic velocity of the mitral inflow; E, early peak diastolic velocity of the mitral inflow; e’, early 

diastolic tissue velocity of mitral annulus; E/e’, the ratio of early diastolic transmitral velocity to tissue velocity; 

LA, left atrial; LAVi, left atrial maximal volume index; LVEDVi: left ventricular end diastolic volume index; 

LVEF, left ventricular ejection fraction; LVMi: left ventricular mass index; TRV, tricuspid regurgitation 

velocity. 
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Table 4: Univariate correlations of E/e’ with LVEDP at rest and during exercise. 

 

E/e’, the ratio of early diastolic transmitral velocity to tissue velocity; LVEDP, left ventricular end diastolic 

pressure. 

 

 

 

 

 

 

 

 

Variables n r p 

LVEDP at rest Septal E/e’ at rest 60 0.28 0.03 

 Lateral E/e’ at rest 60 0.21 0.10 

 E/average e’ 60 0.26 0.04 

LVEDP at 25W Septal E/e’ at 25 Watts 59 0.34 0.008 

 Lateral E/e’ at 25 Watts 59 0.27 0.04 

 E/average e’ at 25 Watts 59 0.31 0.02 

LVEDP at 50W Septal E/e’ at 50 Watts 55 0.34 0.01 

 Lateral E/e’ at 50 Watts 55 0.17 0.23 

 E/average e’ at 50 Watts 55 0.27 0.05 
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