
Turk Kardiyol Dern Ars 2020;48(4):380-391   doi: 10.5543/tkda.2020.89238

The “right way” to the left chamber in non-severe COPD:
Echocardiographic predictors for stress-induced

left ventricular diastolic dysfunction
Şiddetli derecede olmayan KOAH’da sol kalp odacıklarına “doğru yol”:

Stres kaynaklı sol ventriküler diyastolik disfonksiyon için ekokardiyografik 
prediktörler
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Objective: Dyspnea is a major complaint of both chronic ob-
structive pulmonary disease (COPD) and heart failure with 
preserved ejection fraction (HFpEF). It often remains under-
diagnosed in COPD patients when only echocardiography at 
rest is performed. The aim of this study was to evaluate the 
predictive value of cardiopulmonary and echocardiographic 
parameters at rest for the diagnosis of HFpEF in non-severe 
COPD patients who complain of exertional dyspnea and 
have no overt cardiovascular disease.
Methods: A total of 104 COPD patients underwent echocar-
diography before cardiopulmonary exercise testing (CPET) 
and 1–2 minutes after peak exercise. The patients were di-
vided into 2 groups based on peak E/e’ measurements: pa-
tients with masked HFpEF-stress and left ventricular diastolic 
dysfunction (LVDD; E/e’>15), and patients without masked 
HFpEF (without stress LVDD). CPET and echocardiographic 
parameters at rest were measured and the predictive value 
for stress E/e’ was analyzed.
Results: Stress LVDD occurred in 67 of 104 patients (64%). 
These patients achieved a lower work load, lower ’VO2 con-
sumption, lower minute ventilation, and higher ’VE/’VCO2 
slope in comparison with patients without stress LVDD. None 
of the CPET values correlated with stress E/e’. The best inde-
pendent predictors for stress LVDD were right atrium volume 
index (RAVI), right ventricle (RV) parasternal diameter, and 
RV E/A >0.75. The combination of these echocardiographic 
parameters predicted HFpEF with an accuracy of 91.2%.
Conclusion: There is a high prevalence of stress LVDD in 
non-severe COPD patients with exertional dyspnea who re-
main free of overt cardiovascular disease. RAVI, RV paraster-
nal diameter, and RV E/A >0.75 were the only independent 
predictors of stress LVDD.

Amaç: Dispne, hem kronik obstrüktif akciğer hastalığı 
(KOAH) hem de ejeksiyon fraksiyonu (HFpEF) korunmuş kalp 
yetmezliğinde önemli bir yakınmadır. KOAH’ta sadece istira-
hatte ekokardiyografi çekildiğinde sıklıkla tanısı konamaz. 
Bu çalışmanın amacı, efor dispnesi yakınması olan ve be-
lirgin kardiyovasküler hastalığı ve şiddetli derecede KOAH’ı 
olmayan hastalarda HFpEF tanısı için istirahatte saptanan 
kardiyopulmoner ve ekokardiyografik parametrelerin prediktif 
değerini değerlendirmekti.
Yöntemler: Toplam 104 KOAH hastasına kardiyopulmoner 
egzersiz testi (KPET) öncesi ve pik egzersizden 1–2 dakika 
sonra ekokardiyografi çekildi. Hastalar pik E / e ‘ölçümlerine: 
maskelenmiş HFpEF-stresi ve sol ventrikül diyastolik dis-
fonksiyonu (LVDD; E / e’>15) olan hastalar ve maskelenmiş 
HfpEF’si olmayan hastalar (stres LVDD’siz) olmak üzere 2 
gruba ayrıldı. İstirahatte KPET ve ekokardiyografik parame-
treler ölçüldü ve E/e ‘stresinin prediktif değeri analiz edildi.
Bulgular: Stres LVDD, 104 hastanın 67’sinde (%64) görüldü. 
Bu hastalarda stres LVDD’si olmayan hastalara kıyasla daha 
düşük iş yükü, daha düşük ‘VO2 tüketimi, daha düşük daki-
ka ventilasyonu ve daha yüksek’ VE/’VCO2 eğimi saptandı. 
KPET değerlerinin hiçbiri stres E/e ile ilişkili değildi. Stres 
LVDD için en iyi bağımsız prediktörler sağ atriyum hacim in-
deksi (RAVI), sağ ventrikül (RV) parasternal çapı ve RV E/A 
>0.75 idi. Bu ekokardiyografik parametrelerin kombinasyonu, 
HFpEF’i %91.2’lik bir doğrulukla öngördü.
Sonuç: Belirgin kardiyovasküler hastalığı olmayan efor 
dispneli ağır KOAH hastalarında stres LVDD prevalansı 
yüksektir. RAVI, RV parasternal çapı ve RV E/A >0.75, stres 
LVDD’nin bağımsız prediktörleriydi.
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Chronic obstructive pulmonary disease (COPD) 
remains associated with significant morbidity 

and mortality.[1] Cardiovascular (CV) complications 
are among the predominant factors responsible. The 
early detection of such complications is important for 
COPD therapeutic control and proper disease manage-
ment.[2,3] COPD patients have a greater than 4-fold risk 
of developing coronary artery disease and left ventri-
cle (LV) dysfunction.[4] Magnetic resonance imaging 
(MRI) studies can establish subclinical LV structural 
and functional (diastolic) changes even in mild COPD 
subjects who have no CV risk factors.[5–7] The com-
mon symptoms between COPD and LV dysfunction, 
however, often delay the diagnosis of the CV comor-
bidity in COPD. Dyspnea and exercise intolerance 
may be caused by increased diastolic filling pressure, 
increased pulmonary capillary wedge pressure or ven-
tilation-perfusion/gas exchange abnormalities. 

Diastolic filling pressure is often normal at rest, 
but increases during exercise. Dynamic assessment is 
a validated approach for the evaluation of effort-in-
duced changes.[8–10] Cardiorespiratory parameters may 
also be used to discern the cardiac and respiratory na-
ture of the complaints.[11,12]

Performance of stress echocardiography and car-
diopulmonary exercise testing together may provide 
timely detection of LV diastolic dysfunction (LVDD) 
in COPD patients with exertional dyspnea and no 
manifest CV disease, and it may facilitate the differ-
ential diagnosis of limited physical activity and exer-
tional dyspnea in this patient group. 

The performance of these diagnostic approaches, 
however, is time-consuming and demands special 
equipment. With this in mind, the objectives set for 
this study were to 1) detect the frequency of stress 
LVDD-masked heart failure with preserved ejection 
fraction (HFpEF) in non-severe COPD patients free 
of overt CV pathology who complained of exertional 
dyspnea, and 2) establish whether echocardiographic 
parameters at rest could be predictors for stress LVDD.

METHODS

Patients and study protocol

This was a prospective study performed with 224 
clinically stable outpatients who had been diagnosed 
with COPD at the University Hospital for Respiratory 
Diseases “St. Sophia,” in Sofia, Bulgaria. A total of 

163 met the eligi-
bility criteria and 
demonstrated non-
severe COPD with 
forced expiratory 
volume in 1 sec-
ond (FEV1) >50%. 
All of the subjects 
had exertional dys-
pnea and were free 
of overt CV dis-
ease. In all, 104 pa-
tients (64 men, 40 
women; mean age 
of 62.9±7.5 years) 
were considered el-
igible and enrolled 
after applying the 
exclusion criteria. 
The study was ap-
proved by the Eth-
ical Committee of 
the Medical Univer-
sity, Sofia (no: 
5/12.03.2018). All of the patients provided written, 
informed consent before participation in the study. 
They were acquainted with the aim of the study, its 
scientific value, and the potential presentation of data 
at different forums.

The following exclusion criteria were used: 1) LV 
ejection fraction <50%, 2) LVDD at rest that was clas-
sified as greater than grade I, 3) echocardiographic 
signs of systolic pulmonary arterial hypertension, 
4) valvular heart disease, 5) documented cardiomy-
opathy, 6) severe uncontrolled hypertension (systolic 
blood pressure >180 mmHg and diastolic blood pres-
sure >90 mmHg), 7) atrial fibrillation or malignant 
ventricular arrhythmia, 8) known ischemic heart dis-
ease, 9) anemia, 10) diabetes mellitus, 11) cancer, 12) 
chronic kidney disease, 13) recent chest or abdominal 
surgery, 14) recent exacerbation (during the previous 
3 months), or 15) recent change in medical therapy 
(during the previous 3 months).

Procedures

Pulmonary function testing 

All of the participants underwent a preliminary clin-
ical examination, which included a chest X-ray and 

Abbreviations:

AT	 Anaerobic threshold 
CI	 Confidence interval
COPD	 Chronic obstructive pulmonary 	
	 disease
CPET	 Cardiopulmonary exercise testing 
CV	 Cardiovascular
DT	 Deceleration time
FEV1	 Forced expiratory volume in 1 	
	 second
FVC	 Forced vital capacity
HF	 Heart failure
HFpEF	 Heart failure with preserved
	 ejection fraction
HFrEF 	 Heart failure with reduced
	 ejection fraction
LA	 Left atrium
LV	 Left ventricle
LVDD	 Left ventricular diastolic
	 dysfunction
MRI	 Magnetic resonance imaging
OR	 Odds ratio
RA	 Right atrium
RAVI	 Right atrium volume index
RER	 Respiratory exchange ratio
ROC	 Receiver operating characteristic
RV	 Right ventricle
RVWT	 RV wall thickness
TR	 Tricuspid regurgitation
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spirometry, electrocardiogram, and echocardiography 
evaluations. Those eligible for the study performed ad-
ditional spirometry and exercise stress tests. Both tests 
were performed using a Vyntus device (Vyaire Medical 
Inc., Chicago, IL, USA) according to the guidelines. 
Spirometry was performed after a bronchodilation 
test with the application of (400 µkg) of salbutamol. 
Following the European Respiratory Society guide-
lines, a post-bronchodilation ratio of FEV1/forced vital 
capacity (FVC) <70% was used for the diagnosis of 
COPD.[13] Only patients with mild/moderate airway 
obstruction (FEV1 >50%) were selected. The severity 
of COPD was staged according to the Global Initiative 
for Chronic Obstructive Lung Disease criteria.[14]

Stress test protocol – cardiopulmonary exercise 
testing 

All of the patients underwent a symptom-limited in-
cremental exercise stress test according to the guide-
lines.[15] The test was performed on a bicycle after the 
clinical examination and spirometry testing. Gas and 
flow sensors were calibrated before each test. Clinical 
monitoring of the patients included standard electro-
cardiography throughout the whole exercise test with 
manual blood pressure measurements and heart rate 
recordings at the end of every stage. 

A continuous ramp protocol was applied. After 
2 minutes of unloaded pedaling (rest phase- 0W), a 
3-minute warm-up phase (20W) followed. The test 
phase included 20W/2min load increments. Patients 
were instructed to pedal with 60 rotations per minute. 

A breath-by-breath analysis was used to eval-
uate expiratory gases. Peak values of oxygen con-
sumption, carbon dioxide production, and ventila-
tory slope (’VE/’VCO2) were determined using the 
highest 30-second average value obtained during the 
last stage of the exercise test. The peak respiratory 
exchange ratio (RER) was estimated on the basis of 
these values. An RER >1.1 was used to define maxi-
mal effort. Since the study group consisted of COPD 
patients, a dual approach to the measurement of the 
anaerobic threshold (AT) was applied. Both V-slope 
method and the ventilatory equivalents method for 
’VO2 and ’VCO2 were used. The modified Borg Scale 
was used to evaluate peak dyspnea. 

Good quality echocardiographic images could be 
acquired in all of our patients with mild and moderate 
(non-severe) COPD. The echocardiography included 

the generally applied approaches of M-mode, 2-di-
mensional, and Doppler echocardiography. Routine 
structural and hemodynamic indices of both chambers 
were measured according to the guidelines.[16] LV sys-
tolic function was defined using the modified Simp-
son’s rule. The diastolic function of both ventricles 
was evaluated using the E/A ratio at rest.[16] As a more 
precise approach for diastolic dysfunction detection, 
tissue Doppler analysis was used. The e’ value was 
used as the average of medial and the lateral mea-
surements for the mitral annulus. The recommended 
variables for identifying diastolic dysfunction at rest 
and their abnormal cut-off values are the annular e’ 
velocity, septal e’ <7 cm/sec, and lateral e’ <10 cm/
sec; average E/e’ ratio >14; left atrium (LA) volume 
index >34 mL/m2; and a peak tricuspid regurgitation 
(TR) velocity >2.8 m/sec. LVDD is determined to be 
present if more than half of the available parameters 
meet these cut-off values. Grade I diastolic dysfunc-
tion is defined as E/A<1, deceleration time (DT) >200 
msec, and an average E/e’<8. The Grade II classifi-
cation parameters are 1>E/A<2, 160 >DT<200 msec, 
and an average 8>E/e’<15. Grade III is assumed if the 
E/A >2, DT<160 msec, and the average E/e’>15.

Stress echocardiography was performed 1-2 min-
utes after peak exercise. It was considered positive 
when all of the following conditions are met during 
exercise: average E/e’ >14 or septal E/e’ ratio >15, 
peak TR velocity >2.8 m/sec, and septal e’ velocity 
<7 cm/sec.

The dimensions of the right ventricle (RV) were 
assessed from the long-axis parasternal and apical 
4-chamber views.[17] Tricuspid annular plane systolic 
excursion and S peak velocity were analyzed for RV sys-
tolic function evaluation. RV wall thickness (RVWT) 
was measured in end-diastole. Systolic pulmonary ar-
terial pressure was calculated using the Bernoulli equa-
tion and the anaerobic threshold (AT).[18,19] Right atrium 
volume index (RAVI) was measured at RV end-systole 
according to Simpson’s modified rule. 

Statistical analysis

Descriptive statistics were used to present the demo-
graphic and clinical data. The Kolmogorov-Smirnov 
test was used to assess the normality of distribution. 
Continuous variables were expressed as median and 
interquartile range when the data were not normally 
distributed and with mean±SD if normal distribution 
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According to the objective American Thoracic 
Society/American College of Chest Physicians crite-
ria, exercise was considered maximal in all patients. 
The majority of the patients, 78 (75%), stopped ex-
ercise due to dyspnea; leg fatigue was the reason for 
exercise cessation in 26 (25%) patients. The patients 
differed significantly in terms of exercise cessation 
factors (Table 1). In patients with stress LVDD, dys-
pnea was the predominant limiting factor, seen in 65 
(97%), while it was reported as a reason for stop-
ping the exercise test in only 13 (35%) of the patients 
without stress LVDD. Leg fatigue was reported by 
2 (3%) of the patients with stress LVDD, and in the 
group of those without stress LVDD it was the rea-
son for exercise cessation in 24 (65%) (Table 1). The 
ventilatory and CV response parameters during exer-
cise in the 2 groups are presented in Table 1. Most of 
the patients without stress LVDD, 24 (65%), stopped 
exercise due to leg fatigue and only 13 (35%) re-
ported dyspnea. These subjects achieved higher load, 
and demonstrated a higher minute ventilation at peak 
load, a higher oxygen pulse, higher peak ’VO2, and 
a higher ’VO2 at AT in comparison with the stress 
LVDD group.

LV parameters 

The patients had normal LV dimensions and preserved 
LV systolic function (Table 2). The median LV wall 
thickness was 12 mm (min-max: 11–13 mm); 62% of 
the subjects demonstrated evidence of LV hypertro-
phy. The LA and LV dimensions were within normal 
limits. The median LAVI in the group without stress-
induced LVDD was lower, 28.34 mL/m2 (min-max: 
26.58–31.29 mL/m2), in comparison with the group 
with LVDD, where there was a median of 29.18 mL/
m2 (min-max: 27.61–32.83 mL/m2).

Only 30% of the patients had LV grade I diastolic 
dysfunction at rest (average E/e’<8); the remaining 
70% had normal LV diastolic function at rest. A total 
of 67% of all of the patients had LVDD during exer-
cise (E/e’>15). No significant difference was found 
in either structural or functional parameters of the LV 
at rest between the patients with and without stress 
LVDD (Table 2).

RV parameters 

There was no significant difference between the 2 
groups in terms of the functional (systolic and dias-
tolic) parameters of the RV at rest. In contrast, the 

was observed. Categorical variables were presented 
as proportions. Data were compared between patients 
with and without stress LVDD. An unpaired Student’s 
t-test was performed for normally distributed con-
tinuous variables, and the Mann-Whitney U test was 
used in other cases. Categorical variables were com-
pared with a chi-square test or the Fisher exact test. 
The Spearman’s rank correlation test was performed 
to analyze the association between clinical parameters 
and stress LV E/e’. Receiver operating curve (ROC) 
analysis was performed to test LV echocardiographic 
parameters at rest that may best accurately distinguish 
between stress LV E/e’ >15 or <15. The cut-off values 
with the best sensitivity and specificity were selected. 
Univariable regression analysis was also performed 
to evaluate which cardiopulmonary and echocardio-
graphic parameters were associated with stress LV E/e’ 
>15. Multivariable logistic regression analysis using 
a forward stepwise approach detected the significant 
independent predictor of stress LV E/e’ >15. Regres-
sion analysis was applied with the echocardiographic 
parameters as qualitative parameters, using their cut-
off values. Predictive models were constructed. In all 
cases, a p value of <0.05 determined using SPSS for 
Windows, Version 13.0 (SPSS Inc., Chicago, IL, USA) 
statistical software was considered significant.

RESULTS

Demographic and clinical data 

Subjects enrolled in the study were Caucasians with 
a mean age of 62.50±8.5 years and a body mass in-
dex of 27.26±6.92 kg/m2. They were divided into 2 
groups: subjects with stress LVDD (64%, 67/104) and 
those without (36%, 37/104). There was no significant 
difference in the demographic or respiratory param-
eters. The 2 groups differed, however, in the CPET 
parameters. Patients without stress LVDD performed 
better. They stopped exercise at higher load and they 
also had a lower ’VE/’VCO2 slope, which may be in-
dicative of lower pulmonary-venous pressure and a 
better ventilation/perfusion ratio (Table 1). 

In all, 16 (15%) patients had mild COPD while 88 
(85%) were grouped as having moderate COPD. Seven 
(44%) of the patients with mild COPD showed stress 
LVDD and 9 (56%) did not demonstrate stress LVDD. 
Of the patients with moderate COPD, 72 (82%) had 
stress LVDD, while 16 (18%) did not (Table 1).



geometry of the right atrium (RA) was distinctive. 
RAVI, RV parasternal diameter, and RVWT revealed 
significant differences between the groups with and 
without LVDD. The median RAVI value in the group 
without stress-induced LVDD was lower 17.57 (min-
max: 16.07–19.97 mL/m2) in comparison with the 
group with LVDD, in which there was a median of 
22.66 (min-max: 21.31–24.13 mL/m2). The same was 
observed with the mean RVWT of 5.00 mm (min-

max: 4.5–6.5 mm) vs 6.50 mm (min-max: 6–7 mm) 
and RV parasternal diameter 23 mm (min-max: 21–25 
mm) vs 28 mm (min-max: 26–31 mm) (Table 2). 

Ventilatory, cardiopulmonary, and
echocardiographic parameters and stress LVDD

Spearman’s rank correlation analysis showed that 
none of the ventilatory and cardiopulmonary ex-
ercise testing parameters correlated with stress LV 
E/e’. In contrast, some of the echocardiographic pa-

Table 1. Anthropometric, clinical, and cardiopulmonary characteristics of the patients with and without stress LVDD 

		  Patients without stress LVDD (37)	 Patients with stress LVDD (67)	 p

Demographic data			 
	 Age, years	  60.00±7.00	 64.00±7.00	 0.143*
	 Male: female gender, n	  21:16	 44:23	 0.298ǂ

	 Current smokers, n (%)	 23 (62)	 39 (58)	 0.176ǂ

	 Former smokers, n (%)	  4 (11)	 17 (25)	 0.981ǂ

	 Non-smokers, n (%)	  10 (27)	 11 (17)	 0.375ǂ

	 Pack years	  27.21 (23.87–31.76)	  33.79 (30.51–37.87)	 0.491†

	 Body mass index (kg/m2)	  27.00 (24.75–31.00)	  27.96 (22.75–30.75)	 0.207†

Respiratory function			 
	 FVC (l/min)	 2.06 (1.76–3.09)	 2.34 (1.77–3.09)	 0.213†

	 FEV1, (l/min)	 1.31 (0.94–1.53)	 1.36 (1.14–1.75)	 0.408†

	 FEV1/FVC %	 60.5 (46.91–67.47)	 53.30 (45.76–66.55)	 0.764†

	 mMRC	 1.55±0.49	 1.70±0.79	 0.891†

Acid-base balance			 
pO2 (mmHg)	 68.60 (63.4–71.8)	 71.35 (64.7–74)	 0.298†

pCO2 (mmHg)	 32.30 (30.1–35.37)	 37.65 (32.5–40)	 0.275†

Saturation (%)	 94.9 (94.4–95.25)	 95.00 (94.02–95.67)	 0.763†

CPET parameters			 
	 Peak load, W	 82.75 (69.8–89.1)	 76.05 (68.4–92.1)	 0.041†

	 Peak ’VE, 1/min	 40 (34–52.5)	 38.50 (32–48) 	 0.148†

	 Peak ’VO2, mL/kg/min	 14.30 (12.6–16.15)	 13.90 (12.67–15.7)	 0.794†

	 Peak RER	 1.06 (0.98–1.19)	 1.09 (1.00–1.28)	 0.808†

	 Peak O2 pulse mL/kg/min	 9.80 (9.5–12.2)	 7.90 (6.15–9.32)	 0.751†

	 VE/VCO2 slope	 34.08 (33.98–36.72)	 36.93 (34.19–38.74)	 0.032†

Exercise cessation factors, n (%)			 
	 Dyspnea	 13 (35)	 65 (97)	 0.023ǂ

	 Leg fatigue	 24 (65)	 2 (3)	 0.038ǂ

GOLD stages, n (%)			 
	 GOLD I	 9 (56)	 7 (44)	 0.701ǂ

	 GOLD II	 16 (18) 	 72 (82)	 0.435ǂ

*Unpaired t test; †Mann-Whitney U test; ǂChi-square test. CPET: Cardiopulmonary exercise testing; FEV1: Forced expiratory volume in 1second; FVC: Forced 
vital capacity; GOLD: Global Initiative on Obstructive Lung Disease; LVDD: Left ventricular diastolic dysfunction; mMRC: Modified Medical Research Council; 
O2 pulse: Oxygen pulse; pCO2: Partial pressure of carbon dioxide; RER: Respiratory exchange ratio; ’VE: Ventilation;’VO2: Oxygen consumption.
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parameters, RAVI, RVWT, and the RV parasternal 
diameter were the echocardiographic indicators with 
good sensitivity and specificity for stress-induced 
LVDD. A cut-off value of 19.67 mL/m2 for RAVI 
identified the patients with stress LVDD (sensitiv-
ity: 84.79%, specificity: 82.37%) (Fig. 1), a cut-off 
value of 5.07 mm for RVWT (sensitivity: 78.34%, 
specificity: 58.36%), a cut-off value of 25.5 mm for 
the RV parasternal diameter (sensitivity: 83.33%, 
specificity 72.22%), and a cut-off value of 0.75 for 

rameters (LV E/A ratio at rest, RAVI, RVWT, RV 
parasternal diameter, RV E/A ratio at rest) demon-
strated a statistically significant association with 
stress-induced LVDD (E/e’>15) (Table 3). ROC 
curves were constructed to find the best cut-off val-
ues for these parameters (Table 4). The only func-
tional parameter of the LV with clinical importance 
was the E/A ratio at rest (cut-off: 0.86), which de-
tected stress LVDD with a sensitivity of 56.06% and 
a specificity of 77.78%. Of the right heart structural 

Table 2. Echocardiographic parameters of the patients with and without stress LVDD

		  Patients w/o stress LVDD (37)	 Patients with stress LVDD (67)	 p

LV structural parameters 	  	  	
	 LAVI (mL/m2)	 28.34 (26.58–31.29)	 29.18 (27.61–32.83)	 0.286*
	 TDD (mm)	 50 (47.5–53)	 52 (48–55)	 0.506*
	 TSD (mm)	 32 (28–35)	 34 (30–37)	 0.463*
	 TDV (mL)	 120 (110–130)	 122.5 (115–142)	 0.626*
	 TSV (mL)	 39 (37–43)	 42 (39–44)	 0.461*
	 LVEF, (%) Simpson	 63.50 (60–66)	 60.00 (57–65)	 0.673*
	 Septum (mm)	 12.00 (11–13) 	 12.00 (11–13) 	 0.897*
	 PW (mm)	 12.00 (11.75–12)	 12.00 (11–13) 	 0.981*
LV functional parameters at rest			 
	 E/A ratio 	 0.79 (0.75–0.85)	 0.85 (0.76–1.20)	 0.420*
	 E/e’ aver ratio	 6.66 (6.25–8.33)	 6.97 (5.76–8.15)	 0.736*
LV functional parameters after
exercise stress test			 
	 E/A ratio	 1.25 (0.8–1.5)	 1.73 (1.55–2.00)	 0.042*
	 E/e’ average	 8.07 (6.7–9.6)	 17.33 (15.71–8.46)	 0.038*
RV structural parameters 	  	  	
	 RAVI (mL/m2)	 17.57 (16.07–19.97)	 22.66 (21.31–24.13)	 0.037*
	 RVWT (mm)	 5.00 (4.5–6.5)	 6.50 (6–7)	 0.046*
	 RV diameter parasternal (mm)	 23 (21–25)	 28 (26–31)	 0.048*
	 RV diameter basal (mm)	 35 (32–36)	 37 (35.5–38)	 0.136*
	 RV diameter medial, (mm)	 24 (22–26.75)	 26 (24.5–29)	 0.625*
RV functional parameters at rest			 
	 E/A ratio	 0.83 (0.75–0.95)	 0.69 (0.62–0.75)	 0.761*
	 E/e’ average	 5.47 (4.56–5.69)	 4.16 (3.33–5.00)	 0.764*
	 TAPSE (mm)	 23.00 (22.00–26.00)	 22.00 (21.00–23.00)	 0.985*
	 TR jet velocity (m/s)	 2.16 (1.98–2.31)	 2.34 (2.04–2.42)	 0.618*
	 AT (msec)	 170 (163.75–180)	 170 (160–180)	 0.737*
	 sPAP (mmHg)	 26.00 (25–28)	 28.00 (25–30)	 0.839*
*Mann-Whitney U test. AT: Anaerobic threshold; LAVI: Left atrium volume index; LVDD: Left ventricular diastolic dysfunction; LVEF: Left ventricle ejection 
fraction; PW: Posterior wall; RAVI: Right atrium volume index; RV: Right ventricle; RVWT: Right ventricle wall thickness; sPAP: Systolic pulmonary artery 
pressure; TAPSE: Tricuspid annular plane systolic excursion; TDD: Telediastolic dimension; TDV: Telediastolic volume; TR: Tricuspid regurgitation; TSD: 
Telesystolic diameter; TSV: Telesystolic diameter.
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RV E/A ratio at rest (sensitivity: 75.76%, specificity: 
83.33%) (Fig. 2, 3).

Table 3. Correlation analysis between ventilatory, 
cardiopulmonary and echocardiographic  parameters  
with stress  LV E/e’ ratio

Parameters	 LVDD

		  Spearman rho	 p

Cardiopulmonary parameters		
Peak load, W	 0.029	 0.843
Peak ’VE, (l/min)	 0.024	 0.852
Peak ’VO2 (mL/kg/min)	 0.128	 0.567
RER	 0.063	 0.743
Peak O2 pulse (mL/kg/min)	 0.104	 0.602
VE/VCO2 slope	 0.354	 0.079
Ventilatory parameters		
FVC, (l/min)	 0.281	 0.113
FEV1, (l/min)	 0.017	 0.958
LV structural parameters 		
LAVI (mL/m2)	 0.487	 0.079
LVEF, (%) Simpson	 0.392	 0.563
Septum (mm)	 0.083	 0.681
PW (mm)	 0.059	 0.924
LV functional parameters at rest		
E/A ratio 	 0.326	 0.042
E/e’ aver ratio	 0.437	 0.052
RV structural parameters 		
RAVI (mL/m2)	 0.601	 0.039
RVWT (mm)	 0.150	 0.047
RV diameter parasternal (mm)	 0.283	 0.042
RV diameter basal (mm)	 0.093	 0.068
RV diameter med (mm)	 0.031	 0.092
RV functional parameters at rest		
E/A ratio	 0.261	 0.044
E/e’ average	 0.038	 0.714
TR jet velocity (m/s)	 0.049	 0.634
AT (msec)	 0.542	 0.821
sPAP (mmHg)	 0.227	 0.284
TAPSE (mm)	 0.156	 0.076
AT: Anaerobic threshold; LAVI: Left atrium volume index; LVDD: Left ven-
tricular diastolic dysfunction; LVEF: Left ventricle ejection fraction; O2 
pulse: Oxygen pulse; pCO2: Partial pressure of carbon dioxide; PW: Pos-
terior wall; RAVI: Right atrium volume index; RER: Respiratory exchange 
ratio; RV: Right ventricle; RVWT: Right ventricle wall thickness; sPAP: 
Systolic pulmonary artery pressure; TAPSE: Tricuspid annular plane sys-
tolic excursion; TDD: Telediastolic dimension; TDV: Telediastolic volume; 
TR: Tricuspid regurgitation; TSD: Telesystolic diameter; TSV: Telesystolic 
diameter; ’VE: Ventilation; ’VO2: Oxygen consumption.

Figure 1. ROC analysis of RAVI. A receiver operating char-
acteristic (ROC) curve analysis cut-off value of 19.67 mL/m2 
for right atrium volume index (RAVI) discriminated the pa-
tients with stress left ventricular diastolic dysfunction (sensi-
tivity: 84.79%; specificity: 82.37%).
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Figure 2. ROC analysis of the right ventricular parasternal di-
ameter. A receiver operating characteristic (ROC) curve anal-
ysis cut-off of 25.5 mm for the right ventricular parasternal 
diameter identified the patients with stress left ventricular di-
astolic dysfunction (sensitivity: 83.33%, specificity: 72.22%).
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DISCUSSION

The major findings of our study are 1) a high frequency 
(64%, 67/104) of stress LVDD in non-severe COPD 
patients with exertional dyspnea was established; 2) 
cardiopulmonary exercise testing parameters were 
distinctive between the patients with and without 
stress LVDD, but none correlated with stress E/e’; 3) 
the combination of 3 echocardiographic parameters: 
RAVI >19.67 mL/m2, RV parasternal parameter >25.5 
mm and RV E/A ratio >0.75, discriminated patients 
with stress LVDD from those without stress LVDD 
with an accuracy of 91.2%.

To the best of our knowledge, this is the first study 
of combined exercise stress echocardiography in non-
severe COPD patients with exertional dyspnea and no 
overt CV disease. As most authors report on the inci-
dence of diastolic dysfunction at rest, we cannot com-
pare our data with other studies of non-severe COPD 
patients.[20–22] The increase of E/e’>15 at peak exer-
cise during cardiopulmonary testing was the cut-off 
point for stress LVDD and was considered a marker 
of masked HFpEF in our patients. It was present in 
67% of the group. Our results are much different from 
those seen in a non-COPD population. Nedeljkovic et 
al.[23] performed exercise stress echocardiography in 
87 hypertensive patients with exertional dyspnea and 
normal LV function. They reported a lower prevalence 
(9.2%) of masked HFpEF. Kaiser et al.[24] investigated 
a general population of 87 patients with exertional 
dyspnea and reported that 9% had an E/A <0.75. 

The higher prevalence of masked HFpEF in our 
COPD patients confirms the current thought that 
COPD is an independent predictor of vascular damage.
[25,26] It is associated with increased levels of arterial 
stiffness and myocardial fibrosis even when no man-
ifest CV disease is observed.[27,28] The link between 

Univariate regression analysis was performed with 
the selected cut-off values. The data are presented in 
Table 5. A RAVI value >19.67 mL/m2 showed the high-
est odds ratio (OR) of 19.26 (95% confidence interval 
[CI]: 12.096–27.465), followed by the RV paraster-
nal diameter (OR 13.00, 95% CI 4.903–34.471), RV 
E/A ratio (OR: 9.37, 95% CI: 3.657–24.031), and 
RVWT (OR: 4.732, 95% CI: 2.518–8.892). In mul-
tivariable logistic regression analysis with a forward 
step approach using the covariates of age, body mass 
index, and FEV1, the RAVI, RV parasternal diameter, 
and RV E/A remained the independent predictors for 
stress LVDD. The combination of these 3 echocardio-
graphic parameters predicted stress LVDD with an 
accuracy of 91.2%.

Table 4. Receiver operating characteristic curve analysis using cut-off values of the echocardiographic parameters 

	 Area under the curve	 95% CI	 Cut-off value	 Sensitivity	 Specificity

LV E/A ratio at rest	 0.62	 0.51–0.73	 0.86	 56.06%	 77.78%
RV parasternal diameter (mm)	 0.79	 0.69–0.90	 25.5	 83.33%	 72.22%
RVWT (mm)	 0.57	 0.48–0.76	 5.07	 78.34%	 58.36%
RAVI (mL/m2) 	 0.88	 0.82–0.93	 19.67	 84.79%	 82.37%
RV E/A ratio at rest	 0.80	 0.71–0.89	 0.75	 75.76%	 83.33%
CI: Confidence interval; LV: Left ventricle; RAVI: Right atrium volume index; RV: Right ventricle; RVWT: Right ventricle wall thickness.

Figure 3. ROC analysis of right E/A ratio at rest. A receiver 
operating characteristic (ROC) curve analysis cut-off of 0.75 
for the right E/A ratio at rest distinguished stress LVDD (sen-
sitivity: 75.76%, specificity: 83.33%).
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eral population of patients with exertional dyspnea. 
Guazzi et al.[35] also established an association be-
tween diastolic dysfunction, peak oxygen consump-
tion, ventilatory efficiency, and heart rate recovery.

The pathophysiological mechanisms explaining 
the link between CPET variables and the stress E/e’ 
ratio are multifactorial. An abnormal increase in the 
’VE/’VCO2 slope is a consequence of ventilation-per-
fusion abnormalities.[36–38] Diminished PetCO2, peak 
VO2 values, and a high ventilatory slope have all 
been previously linked to increasing pressure in the 
pulmonary vasculature, a condition that can be pre-
cipitated by LVDD.[39,40] An elevation in pulmonary 
pressure leads to ventilation-perfusion abnormalities 
and negatively impacts gas-exchange response dur-
ing exercise.[41] It may be even more exaggerated in 
COPD patients with HFpEF and may accentuate the 
sensation of dyspnea. Although it is not possible to 
determine rank contributions to each pathophysio-
logical process, autonomic dysfunction, elevated pul-
monary pressure, dynamic hyperinflation and COPD-
related gas-exchange abnormalities serve as plausible 
factors for the link between diastolic dysfunction and 
abnormal CPET response in patients with COPD and 
HFpEF. The predominant factor may be different in 
each patient, depending on disease severity and clini-
cal phenotype. This may be the reason for the absence 
of a distinctive CPET factor correlating with stress 
LVDD in our study. The pathophysiological mecha-
nisms seem to be more complex, which explains the 
echocardiographic predictors of stress LVDD. Ac-
cording to our data, the echocardiographic parameters 

LVDD and COPD is complex and probably evolves 
as a result of various mechanisms, such as mechan-
ical/functional (deterioration in FEV1, emphysema, 
hyperinflation),[29] biological (systemic inflammation, 
hypoxemia, endothelial dysfunction),[30,31] and neuro-
humoral (excess sympathetic nerve activity) factors.[32] 

The pathophysiological mechanisms of diastolic 
dysfunction refer to abnormalities of LV diastolic dis-
tensibility and relaxation. Diastolic dysfunction may 
limit LV filling and the aerobic capacity, regardless 
of LV function.[33] As most patients with HFpEF are 
asymptomatic at rest, exercise reveals diastolic abnor-
malities even when they are not evident.[10,34] Stress 
echocardiography examines LV filling on exertion 
and detects the initial stages of diastolic dysfunction 
and performance is important for the detection of di-
astolic dysfunction. This is of special clinical impor-
tance in COPD, where HFpEF can stay hidden under 
the umbrella of COPD-associated dyspnea. It may be 
an independent limiting factor of the physical activity 
and may influence COPD prognosis. 

Indeed, the COPD patients with HFpEF in our 
study achieved a lower load during testing and per-
formed with lower peak ’VO2, lower oxygen pulse, 
and higher ’VE/’VCO2 slope. Our data are consistent 
with previous findings in the general HFpEF popula-
tion. Nedeljkovic et al.[23] also detected a lower load, 
lower oxygen consumption, and higher ventilator 
slope in hypertensive patients with exertional dyspnea 
and stress LVDD. Kaiser et al.[24] described increased 
heart rate reserve and reduced oxygen pulse in a gen-

Table 5. Logistic regression analysis between the cut-off values of the echocardiographic parameters and stress 
LV E/e’ ratio 

		  p	 OR	 95% CI

Univariable regression analysis
	 Left ventricle E/A ratio rest	 0.023	 2.917	 1.159–7.342
	 Right ventricular parasternal diameter (mm)	 0.000	 13.000	 4.903–34.471
	 Right ventricle wall thickness (mm)	 0.000	 4.732	 2.518–8.892
	 Right atrium volume index (mL/m2)	 0.000	 19.267	 12.096–27.465
	 Right ventricle E/A ratio rest	 0.000	 9.375	 3.657–24.031
Multivariable logistic regression analysis			 
	 Right ventricular parasternal diameter (mm)	 0.001	 19.567	 3.131–22.290
	 Right atrium volume index (mL/m2)	 0.000	 24.061	 4.485–29.100
	 Right ventricle E/A ratio 	 0.007	 10.853	 1.913–21.564
CI: Confidence interval; LV: Left ventricle; OR: Odds ratio.
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Study limitations

The main limitations of this study are 1) the relatively 
small sample size; 2) the presence of coronary artery 
disease cannot be excluded, as neither invasive (coro-
nary angiography) nor sophisticated imaging modal-
ities (exercise single photon emission computed 
tomography, myocardial perfusion imaging) were 
performed; 3) COPD patients experience enhanced 
pressure swings during the respiratory cycle and mea-
surements were performed at the end of expiration, 
which may influence the results; 4) there is no inva-
sive measurement of systolic pulmonary artery pres-
sure; and 5) measurements were acquired in the early 
recovery period (approximately 2 min) after symp-
tom-limited exercise. The timeline of the changes of 
pulmonary and intrathoracic pressure during the brief 
time interval from peak exercise to measurement in 
early recovery is not well known, and underestima-
tion is possible.

Conclusion

We report a high prevalence of stress LVDD in non-
severe COPD patients with exertional dyspnea who 
were free of overt CV disease. The combination of 
RAVI, RV parasternal diameter, RV E/A >0.75 pre-
dicted stress LVDD in these patients with 91% accu-
racy; however our data need validation in larger co-
hort studies.
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