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Abstract
Background:Development of right ventricular hypertrophy and eventual right side heart failure is common in
patients with chronic obstructive pulmonary disease (COPD). However, some disturbance in left ventricular
(LV) function has been observed among such patients.
The co-existence between chronic obstructive pulmonary disease (COPD) and heart failure has been previously
described. However, the co-existence between COPD and subclinical LV dysfunction, without the presence of
heart failure symptoms, is less well understood.
The aim of the study:The aim of this study was to evaluate global function of the LV and RV in patients with
chronic obstructive pulmonary disease (COPD) with or without pulmonary hypertension (PH) by using
myocardial performance index (MPI) and find out the correlation between echocardiographic findings and
severity of COPD.
Patients and methods:Sixty patients with COPD without additional cardiac diseases [30 patients with COPD
without PH (group 2), and 30 patients with COPD with PH (group 3)] and 30 age and sex-matched healthy
subjects (group 1) were enrolled into the study. All patients underwent clinical evaluation, spirometry,
electrocardiography and standard and tissue Doppler echocardiography. Various echocardiographic
parameters of LV and RV functions were compared with indices of pulmonary function test and pulmonary
arterial pressure. RV myocardial performance index (RVMPI) and LVMPI were obtained by pulsed wave
Doppler tissue.
Results:RVMPI was higher in both group 2 (0.57 ± 0.11) and group 3 (0.96 ± 0.05) than group 1 (0.42 ± 0.043)
(P< .001), and was higher for group 3 than in group 2 (P< .001). LVMPI was higher for group 3 (0.7 ± 0.083)
than in both group 1 (0.5 ± 0.034) and group 2 (0.56 ± 0.037) (P <.001).
For patients with COPD, LVMPI was positively correlated with age, heart rate, pulmonary arterial systolic
pressure and RVMPI and negatively correlated with tricuspid annular plane systolic excursion and forced
expiratory volume in 1 second. In multiple linear regression analysis (R=0.674), LVMPI was independently
associated with forced expiratory volume in 1 second (FEV1) (Beta =1.133, P = 0.007), pulmonary arterial
systolic pressure (Beta=-0.758, P=0.128), and RVMPI (Beta =1.436, p=0.009).
LV diastolic function parameters (A, E/A, and deceleration time of E) were impaired for groups 2 and 3
compared with group 1.Mitral early diastolic and late diastolic annular velocities ratio (Em/Am), were
significantly lowest in COPD patients with PH(0.77±0.066), and the isovolumetric relaxation time (IVRT) was
significantly longer in group 3(105.43±4.21ms) and group 2(102.27±4.45ms) in relation to control
group(71.2±5.51ms).
RV diastolic function, E/A ratio was higher in the control subjects compared with the patient groups. The
tricuspid inflow velocities ratio (E/A) was significantly lowest value in COPD p=atients with PH (0.84 ± 0.04)
and the isovolumetric relaxation time (IVRT) was significantly longer in group 3(98.87 ± 8.41ms) and group
2(77.5 ± 4.57ms) in relation to control group (75.37±5.2).
LV end-diastolic diameter was significantly lower for group 3 (40 ± 2.665) than group 1(46.2 ± 2.295) and
group 2(44.2 ± 3.367). LV mitral valve annular velocity (S') was lowest in goup3 (9.64 ± 0.92).However,
conventional systolic function parameters and IVSd were not different among the groups. Systolic and diastolic
RV diameters were higher and RV fractional shortening was lower for group 3 than the other two groups.
TAPSE was significantly lower for group 3(16.07 ± 3.54) compared with group 1(21.7 ± 2.71) and group2
(20.83 ± 2.69), but differences between groups 1 and 2 was not statistically significant.
Conclusion:Both LV systolic and diastolic functions are impaired in COPD, especially in patients with PH.
This impairment is independently associated with pulmonary arterial systolic pressure, RVMPI, and FEV1. Left
and right ventricular diastolic function and LV and RV global function are affected in COPD patients especially
with progression of the disease. COPD patients with pulmonary hypertension are more liable to LV and RV
diastolic and global dysfunction than normal pulmonary pressure COPD patients. Doppler tissue
echocardiography is a better tool in the assessment of LV, RV function.
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I.

Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of chronic morbidity and mortality
throughout the world. Many people suffer from this disease for years and die prematurely from it or its
complications. COPD is the fourth leading cause of death in the world, (1) and further increases in its prevalence
and mortality can be predicted in the coming decades.( 2)
Pulmonary hypertension (PH) is an important complication in the natural history of chronic obstructive
pulmonary disease (COPD). Its presence is associated with reduced survival and greater use of healthcare
resources. (3)
The cardiovascular sequelae of chronic obstructive pulmonary disease (COPD) have been recognized
for decades.(18) The spectrum of cardiovascular disease includes right ventricular (RV) dysfunction, pulmonary
hypertension (PH), coronary artery disease (CAD), and arrhythmias . (19) Pulmonary vascular disease associated
with COPD increases morbidity and worsens survival. (18, 20) Patients with COPD also carry an increased risk of
mortality due to arrhythmia, myocardial infarction, or congestive heart failure compared with those who do not.
(19, 20, 21)
The Lung Health Study showed that a substantial proportion of deaths in patients with mild COPD was
the result of cardiovascular complications, and a recent large epidemiologic study revealed increased
cardiovascular mortality, particularly in patients younger than 65 years with COPD. (22, 23) Because cardiac
abnormalities clearly contribute to the overall morbidity associated with COPD, an understanding of their role
and potential for treatment is vital.
Although the true prevalence of PH in COPD is unknown, an elevation of pulmonary arterial pressure
is reported to occur in 20%–90% of patients when measured by right heart catheterization with some evidence
that pulmonary hemodynamic worsens with worsening airflow obstruction. (25) Two studies have shown an
abnormal increase in mean pulmonary arterial pressure (Ppa) in COPD of 0.4–0.6 mmHg per year. These
studies illustrate that PH in COPD progresses slowly and occurs in mild as well as severe forms of disease. (26)
Although RV dysfunction and PH are common in COPD, increases in mean pulmonary artery pressures tend to
be mild to moderate. Previous estimates of the prevalence of PH in COPD had been 20 to 30%, with some
evidence that pulmonary hemodynamics worsen with worsening airﬂow obstruction. (27) Overall, current data
suggest that PH occurs commonly in COPD but that it is rarely severe.Echocardiography is an attractive method
for measuring right-sided pressures in patients and has been used as a screening tool for PH; however, the
accuracy of echocardiography for assessing of pulmonary hemodynamics in COPD has recently been called into
question. (54) In 374 patients being evaluated for lung transplant, an estimate of pulmonary artery systolic
pressure was possible in only 38% of the patients with COPD. Furthermore, accuracy was only 56% compared
with right heart catheterization. (55) Compared with invasive measures, echocardiography had a sensitivity of
60% and a speciﬁcity of 74%. Although right heart catheterization is believed to provide the most accurate
assessment of right-sided pressures, interpretation of pressure waveforms in patients with severe emphysema
can be complicated by signiﬁcant swings in pleural pressures due to hyperinﬂation and gas trapping in overly
compliant lungs. Its invasive nature also precludes its routine use in the evaluation of COPD. Its use is
reasonable, however, in patients in whom signiﬁcant elevations are suspected or in patients being evaluated for
potential LVRS or transplant.BNP is now widely accepted as a diagnostic tool in the management of left
ventricular dysfunction. (56, 57) The role of BNP in the assessment of RV dysfunction, particularly in the setting
of chronic lung disease, is less clear. A recent study of patients with chronic lung disease showed BNP to be
elevated in patients with signiﬁcant PH and was a predictor of death. (30)

II.The Aim Of The Study

The first aim of this study was to investigate the global function of the LV in patients with COPD by the MPI
and, secondarily, to investigate associations between the LV MPI (LVMPI) and other clinical and
echocardiographic variables and find out the correlation between echocardiographic findings and pulmonary
function test.
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3-Patients and methods
Patients
This prospective study was conducted over 12 month period from 1 st of June 2014 to 30th of May 2015.
The study participants consisted of 30 age-matched healthy control subjects (61.47±7.47 years) (group 1), 30
patients with COPD without PH (62.87 ±7.26 years) (group 2), and 30 patients with COPD with PH
(61.47±7.47 years) (group 3). COPD patients recruited from inpatient and outpatient departments of
pulmonology and medicine of Baghdad teaching hospital were evaluated. Patients aged ≥ 50 years with ≥10
pack-year smoking histories and clinically stable were included.Inclusion Criteria: (1) All diagnosed male and
female COPD patients.
(2) Clinically stable patients. Exclusion criteria were as follows: (1) a primary diagnosis of other pulmonary
diseases as: asthma, pulmonary tuberculosis, bronchiectasis, interstitial pulmonary disease,sleepapnea/hypopnea
syndrome or lung cancer. (2) unstable cardiorespiratory status, defined as the occurrence of respiratory failure,
bronchopulmonary infection, or congestive heart failure in the previous 2 months; (3) structural diseases of the
heart (valvular heart disease, congenital heart disease, and cardiomyopathy) (4) ischemic heart disease defined
as a primary diagnosis of unstable angina, typical angina pectoris, prior myocardial infarction, positive exercise
test result or positive coronary angiography findings.(5) In addition, congestive heart failure (New York Heart
Association class III or IV), systemic arterial hypertension or other chronic diseases, such as uncontrolled
diabetes mellitus, atrial fibrillation, complete right or left bundle branch block; kidney or liver failure and cancer
were excluded.(6) Patients were also excluded if they required psychotropic medication, a change in medication
dose for more than 4 weeks, or a change in any medication that may affect hemodynamic function, such as
theophylline, steroids, diuretics, digitalis, or antihypertensive agents, as these could affect assessment of the
progression of COPD (7) Patients for whom good quality echocardiographic images could not be obtained, have
been excluded.
These selection criteria were set because this study aimed to evaluate the usefulness of additional
assessment of RV and LV function, compared with the usual assessments undertaken in patients with COPD.
Thirty healthy subjects (men, women) from the same area were recruited as control subjects. All control subjects
identified themselves as healthy volunteers and were companions of non-COPD patients.
The control group had no cardiovascular or any other systems disease, and had normal physical examination,
chest roentgenogram, electrocardiogram, and 2-dimensional and Doppler echocardiogram, with normal
spirometry results.
None of the control subjects were using any kind of treatment or prophylaxis for chronic disease, such
as hypertension, diabetes mellitus, coronary artery disease, or other diseases that could affect the results of our
study. After a routine interview to exclude individuals with all types of acute or chronic disease, the volunteers
underwent clinical examination and some basic laboratory investigations to exclude those with diseases that can
affect the cardiac state.
Methods:
The data were collected in special designed questionnaire filled by the researcher through a standardized
approach of history which include the personal data (age, sex, occupation, residence, and marital status), social
data (smoking status) and symptoms of patients., examination (Clinical examination of patients included
examination of vital signs, examination for cyanosis, leg edema, JVP, examination of chest for anteroposterior
dimension and expansion of chest, breath sounds and added sounds, examination of precordium for left
parasternal impulse, intensity of pulmonary component of S2, murmur of tricuspid regurgitation and
examination of abdomen for hepatomegaly and ascites) and investigation for both cases and control.
After having a written informed consent from all participants, every one of them were subjected to
routine investigations, including complete blood count, lipid profile, blood sugar, blood urea, serum creatinine
and the following procedures: resting ECG tracing, standard x-ray, systolic and diastolic blood pressure
measurement, echocardiography and resting spirometry.
Electrocardiogram (ECG)
ECGs were performed on all of the patients. A Schiller device (Schiller AG, Cardiovit CH-6341,Baar,
Swiss made) was used with 12 simultaneous leads (DI, DII, DIII, V1, V2, V3, V4, V5, V6, aVR, aVL and aVF)
.The diagnosis of ECG alteration was based on the criteria used in the literature . (76) The same examiner
performed all tests.
Spirometry
Spirometry was performed using the MASTERLAB spirometer (MASTELAB pro, B/IEC 601-1, Erich
Jaeger, made in Germany) before and 15 minutes after the inhalation of 400 mcg of salbutamol according to the
criteria set by the American Thoracic Society.(77) The forced expiratory volume in one second(FEV1) , expressed
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as percentage of expected normal value and as the percent of vital capacity (VC;FEV1/FVC) was analyzed.
Patients were diagnosed to have COPD if they had FEV1/FVC ratio less than 0.70.
The COPD diagnosis was confirmed according to the guidelines established in the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) (78): a post-bronchodilator FEV/forced vital capacity (FVC) ratio <0.70 and
an increase <15% or 200 mL inFEV1after inhalation of a ß2 agonist.
Severity of COPD was evaluated according to GOLD 2010 , (79)and patients were classified into four
groups as follows:
_ Stage I (Mild): post bronchodilator FEV1 ≥80% predicted
_ Stage II (Moderate): 50%≤ post bronchodilator FEV1 < 80% predicted
_ Stage III (Severe): 30%≤ post bronchodilator FEV1 < 50% predicted
_ Stage IV (Very severe): post bronchodilator FEV1 < 30% predicted or <50% predicted plus chronic
respiratory failure.
Echocardiography
In all individualsechocardiographic examinations were performed by using a machine (Philips
Ultrasound CX50 Diagnostic Ultrasound system, Bothell, WA 98021 USA) with a 1.5–4 MHz sector transducer
probe. Routine echocardiography with standard projections was done initially and followed by Doppler flow
tracing registration at the level of mitral and tricuspid valves. Further, tissue Doppler echocardiography (TDE)
obtained images were registered.
Measurements and recordings were made during normal breathing at end-expiration and were
performed by the same staff using the same equipment throughout the study period. M-mode and Doppler
recordings were obtained at a monitor speed of 100 mm/s.
All measurements were calculated from an average of 3 consecutive cardiac cycles. Echocardiography
was reviewed to assess the pericardium, valvular anatomy and function, left and right side chamber size and
cardiac function.Echocardiography was performed in all patients according to the same protocol and included
the following:
LV Functions
The assessment of left ventricular systolic function consisted of fractioningshortening(FS%), left
ventricular ejection fraction (EF %) , and the mitral valve peak annular velocity measured at the left ventricular
lateral wall (Sm). LV end-systolic and end-diastolic diameters, end-diastolic interventricular septal thickness,
and end-diastolic LV posterior wall thickness were measured. As standard indexes of global LV systolic
performance, LV EF% and LV FS% were obtained. LV fractional shortening was taken as: (LV end-diastolic
diameter - LV end-systolic diameter)/LV end-diastolic diameter (25%–43%for male, 27-45%for female). LV EF
was determined by using the formula of Teichholz et al. (80)EF (ejection fraction) = measure of how much enddiastolic value is ejected from LV with each contraction (52%–72%for male, 54-74% for female). Measurement
of LV EF% by M-mode by measurement of LV systolic and diastolic dimensions obtained through long-axis
parasternal approach in M-mode projection.
M-mode echocardiographic measurements were obtained on the basis of the standards of the American
Society of Echocardiography. (80)LV diastolic filling patterns were determined by the mitral inflow pulsed wave
Doppler examination. Pulsed Doppler recordings of the mitral inflow velocities were obtained from the apical 4chamber view by placing the sample volume between the tips of the mitral leaflets. (82)The diastolic parameters
were measured from at least three beats and were defined as follows: E-wave, early maximal transmitral flow
velocity; A-wave, peak velocity during atrial contraction in late diastole; and ratio between the early peak
transmitral flow velocity (E) and late peak atrial systolic velocity (A) [E/A ratio].Also the left ventricular
diastolic function was assessed by measuring the isovolumic relaxation time (IVRT).
To measure myocardial performance index, the Pulsed wave tissue Doppler echocardiography was
performed with a 2-mm sample volume placed at the lateral, septal, anterior, and inferior side of the mitral
annulus from the apical 2- and 4-chamber views. Doppler time intervals were measured from recordings. The
means of the measurements of these sites were calculated. The interval between the end of the late diastolic
annular velocity and the onset of the early diastolic annular velocity (a) is equal to the sum of isovolumic
contraction time (IVCTm) and ejection time (ETm) and isovolumic relaxation time (IVRTm). ETm (b) was
measured as the duration of the systolic annular velocity. The sum of IVCTm and IVRTm was obtained by
subtracting b from a. Then, the LVMPI was calculated as: (a _ b)/b (Figure 1). (83,84)
The IVRTm was measured from the pulsed wave Doppler tissue recordings as the time interval from
the end of the systolic annular velocity to the onset of the early diastolic annular velocity. The IVCTm was
obtained by subtracting IVRTm from (a _ b).Left ventricular diastolic dysfunction is said to be present when
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E/A is <1.3 (age group 45–49 years), <1.2 (age group 50–59 years), <1.0 (age group 60–69 years), and <0.8
(age group =70 years). (85)

Figure1: Doppler-derived myocardial performance index (MPI), (a _ b)/b, is calculated by measuring two
intervals in same cardiac cycle from Doppler tissue recordings: (1) a is interval between cessation of late
diastolic annular velocity (A) and onset of early diastolic annular velocity (E); and (2) b is duration of systolic
annular velocity (S). Isovolumic relaxation time (IVRT) was measured as time interval between end of S and
onset of E. Isovolumic contraction time (IVCT) was obtained by subtracting IVRT from (a _ b). ET, Ejection
time.
RV Functions
RV end-systolic and end-diastolic diameters were measured from the subcostal views. Parameters
obtained through subcostal approach in M-mode projection where analyzed: end-diastolic right ventricular
diameter (RVD), right ventricular free wall thickness (RVWT) and interventricular septum thickness (IVS).
As indexes of global RV systolic performance, RV percent fractional shortening and tricuspid annular plane
systolic excursion (TAPSE) were obtained. RV fractional shortening was taken as: (RV end-diastolic diameter _
RV end-systolic diameter)/RV end-diastolic diameter. TAPSE was measured in the apical 4-chamber view. Care
was taken to avoid echo dropouts of endocardial edges in regions of the tricuspid annulus and RV apex. The
distance between the tricuspid annulus and the RV apex was measured at end diastole and end systole of the
same cardiac cycle, and TAPSE was calculated (in millimeters) as the difference between end-diastolic and endsystolic measurements.( 86)
To measure the tricupid flow velocity, the Doppler sample volume was placed in the RV near the
tricuspid orifice in the apical 4-chamber view.(87) The measurements were taken at end-expiration. From Doppler
recordings of transtricuspid flow, the following variables were measured: E, A, and E/A ratio.
The right heart circulation was assessed as follows. Colour Doppler flow imaging was used to detect and semiquantify pulmonary and tricuspid valve regurgitation. Tricuspid regurgitantflow was recorded from the apical 4chamber by color flow Doppler technique and the maximum jet velocity was measured by continuous wave
Doppler without the use of intravenous contrast.
The RV out-flow tract velocity was recorded from the parasternal short-axis view with the pulsed-wave
Doppler sample volume positioned just below the pulmonary valve. RV out-flow acceleration time and tricuspid
regurgitation velocity were measured to determine if there was any evidence of PH. Results were considered to
be suggestive of PH when the tricuspid regurgitation velocity was > 2.8 m/s without pulmonary valve
stenosis,(88,89) when PA acceleration time was < 90 ms, or when PA acceleration time/PA ejection time was
<0.3. (90,91,92)
The systolic pressure gradient between the RV and right atrium was measured by calculating the
maximum peak velocity by means of the Bernoulli equation. As pulmonary stenosis was excluded in all
patients, it was agreed that the RVSP value obtained, relates to the pulmonary artery pressure. The modified
Bernoulli‟s equation was used to calculate pulmonary artery pressure (PAP). Systolic PAP (mmHg) =4x
tricuspid systolic jet+ right atrial mean pressure. Right atrial pressure is estimated to be 5 mmHg when the
diameter of inferior vena cava is < 1.7 cm and a 50% decrease in the diameter with inspiration, 10mmHg when
IVC is > 1.7 cm with a normal inspiratory collapse > 50%, and 15 mmHg when IVC is > 1.7 cm and inspiratory
collapse is < 50%).(93)
Myocardial performance index (MPI) was calculated by the sum of isovolumic contraction time and
relaxation time divided by ejection time. Mean MPI value was calculated. (93)
Pulsed wave Doppler tissue echocardiographic recordings were obtained by placing the sample volume
at the lateral corner of the tricuspid annulus from the apical 4-chamber views. The interval between the end of
the late diastolic annular velocity and the onset of the early diastolic annular velocity (a) is equal to the sum of
isovolumic contraction time (IVCTt) and ejection time (ETt) and isovolumic relaxation time (IVRTt). ETt (b)
was measured as the duration of the systolic annular velocity. The sum of IVCTt and IVRTt was obtained by
subtractingbfroma. Then, the RV MPI (RVMPI) was calculated as (a_ b)/b.(83, 84)
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The IVRTt was measured from the pulsed wave Doppler tissue recordings as the time interval from the end of
the systolic annular velocity to the onset of the early diastolic annular velocity. The IVCTt was obtained by
subtracting IVRTt from (a _ b).
When systolic PAP is more than 35mmHg then pulmonary hypertension (PH) is established according
to 4th world symposium on pulmonary hypertension, Right ventricular free wall thickness and cavity dilatation
were measured using 2D echo. Patients were categorized into mild, moderate and severe PAH having 3539mmHg, 40-59mmHg and more than 59 mmHg pressure respectively.(95)

IV.StatisticalAnalysis
The data follow normal distribution and the test of normality was done using Anderson – Darling test.
Dichotomous data are described as numbers and percentages. Continuous variables are described as means±
standard deviation.. All comparisons between groups were performed using the ANOVA one way and post hoc
Tukey test.
A linear regression analysis and regression correlation coefficient was employed to investigate the
relation between obtained data. Multiple linear regression analysis was done to evaluate whether the variables
(age, HR, TAPSE, FEV1, RVMPI, and PASP) were dependent or independent predictor for LVMPI and
standardized correlation coefficient (beta) and partial correlation coefficient were used to assess this fact.
Level of significant (alpha) was considered at 0. 05 so any p values below this considered statistically
significant.
All analyses were performed using Minitab 17 and SPSS version 20 statistical software (SPSS, Inc., Chicago,
Illinois).

V.Results
The study sample composed of 30 age –matched control subjects (61.47 ± 7.47years) (group 1) and 60
cases of COPD patients (83% are male and 17% female), 30 of them are without pulmonary hypertension (62.87
± 7.26years) (group 2) and 30 with pulmonary hypertension (61.47 ± 7.47years) (group3).
In the studied COPD patients, 19(63.3%) COPD patients with PH and 15(50%) patients without PH had severe
COPD while 11(36.7%) COPD patients with PH and 15(50%) patients without PH had moderate COPD, table
(1).
Table (1): Patients' classification according to severity of COPD and incidence of pulmonary hypertension in
COPD patients
Variable

Patients without PH
Patients with PH
Total

FEV1%
moderate
No
15
11
26

Severe
No
15
19
34

%
50
36.7
43.3

%
50
63.3
56.7

The clinical characteristics, spirometry parameters and PASP results of study population are shown in
Table (2). Statistically important differences with respect to age, gender values in COPD patients and in the
control group, were not found. In the present study, there was a highly statistically significant difference in heart
rate between group 1 and 2, group 1 and 3, and group 2 and 3; we found that patients with pulmonary
hypertension had significantly highest heart rate. The spirometry results showed severe bronchial obstruction in
group1 (FEV1 49.973 ± 5.303%) and group2 (FEV1 44.58 ± 7.45) and no ventilation effectiveness impairment,
in the control group, it was statistically significant. PASP was higher for group 3 compared with groups 1 and 2,
and was higher for group 2 compared with group 1, and this was statistically significant.
Table (2): Clinical characteristics, spirometry and PASP in COPD patients and control group
Variables

Control(group 1)

Age(years)
Male (%)
Female (%)
HR(beat/min) *
FEV1% #
FEV1/FVC% β
PASP(mmHg) ¥

61.47 ± 7.47
25 (83.33)
5 (16.67)
81.27 ± 5.93
93.1 ± 5.268
84.7 ± 1.841
20.487±1.853

COPD without
(group 2)
62.87 ± 7.26
25 (83.33)
5 (16.67)
95.47 ± 5.89
49.973 ± 5.303
66.25 ± 8.15
24.267 ± 4.025

PH

COPD
with
(group 3)
61.47 ± 7.47
25 (83.33)
5 (16.67)
107.73 ± 6.9
44.58 ± 7.45
55.15 ± 8.02
56.933± 4.813

PH

p value
0.7(NB)
1(NB)
1(NB)
<0.001
<0.001
<0.001
<0.001

*

p value <0.001 between group 1 and 2, group 1 and 3, and group 2 and 3.
p value <0.001 between group 1 and 2, group 1 and 3, and 0.003 between group 3.
β
p value <0.001 between group 1 and 2, group 1 and 3, and group 2 and 3.
¥
p value <0.001 between group 1 and 3, group 1 and 2, and 0.001 between group 1 and 2.
#
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The data is presented as mean ±standard deviation. Abbreviations: forced expiratory volume in one second
FEV1, FEV1/VC% – forced expiratory volume in one second /vital capacity ratio, HR (beat/min) heart rate per
minute, NS – statistically no significant.
Incidence of pulmonary hypertension in COPD patients is.67.7% of COPD patients had moderate PH
and 33.3% had severe PH.The left ventricular diastolic function parameters in studied groups are shown in table
(3). Conventional LV diastolic function parameters (A, E/A, and deceleration time of E) were impaired for
groups 2 and 3 compared with group 1. Mitral early diastolic and late diastolic annular velocities ratio (Em/Am),
were significantly lowest in COPD patients with PH, and the isovolumetric relaxation time (IVRT) was
significantly longer in group 3 and group 2 in relation to control group.
Table (3): Echocardiographic parameters of LV diastolic function in COPD patients groups and in control
group.
Variables

Control(group1)

E(cm/s)
A(cm/s) ¥
E/A €
DT(ms) $
IVRT(ms)$
Em/Am €

65.87 ± 5.42
62.03 ± 5.07
1.06 ± 0.04
203.23 ± 19.6
71.2±5.51
1.08±0.08

COPD without
(group 2)
65.27 ± 7.02
86.37 ± 7.08
0.75 ± 0.02
275 ± 19.4
102.27±4.45
0.8±0.07

PH

COPD with PH (group
3)
62.87 ± 4.75
81.43 ± 4.55
0.77 ± 0.03
322.5 ± 10.2
105.43±4.21
0.77±0.066

p value
.112
< .001
< .001
< .001
< .001
< .001

¥

p value <.001 between group 1 and 2, group 1 and 3, .003 between group 2 and 3
p value <.001 between group 1 and 2, group 1 and 3.
$
p value <.001 between group 1 and 2, group 1 and 3, group 2 and 3.
€

The right ventricular diastolic function parameters in studied groups are shown in table (4). E/A ratio
were higher in the control subjects compared with the patient groups. The tricuspid inflow velocities ratio (E/A)
was significantly lowest value in COPD patients with PH and the isovolumetric relaxation time (IVRT) was
significantly longer in group 3 and group 2 in relation to control group.
Table (4): Echocardiographic parameters assessing RV diastolic function in COPD patients groups and in
control group.
Variables

Control (group 1)

E(cm/s) $
A (cm/s)**
E/A **
IVRT(ms) *

45.93 ± 4.14
33.83 ± 4.15
1.36 ± 0.06
75.37±5.2

COPD without PH (group
2)
50.5 ± 8.8
54.5 ± 8.8
0.92 ± 0.01
77.5 ± 4.57

COPD with PH (group 3)

p value

35.8 ± 6.64
42.57 ± 5.78
0.84 ± 0.04
98.87 ± 8.41

<.001
<.001
<.001
<.001

$

p value <.001 between group 1 and 3, group 2 and 3, and .027 between group 1 and 2.
p value <.001 between group 1 and 3, and group 2 and 3.
**
p value <.001 between group 1 and 2, group 1 and 3, and group 2 and 3.
*

The analysis of systolic function parameters of LV (FS%, EF %), interventricular septum thickness in
diastole (IVSd), LV dimensions and left ventricular mitral valve annular velocity (S') in studied groups are
shown in table (5). LV end-diastolic diameter was significantly lower for group 3 than group 1and group 2. Left
ventricular mitral valve annular velocity (S') was lowest in goup3and was in the normal value range. However,
conventional systolic function parameters and IVSd were not different among the groups.
Table (5): Echocardiographic parameters assessing the LV dimensions, systolic function, interventricular
septum thicknessin each group.
Variables

Control (group 1)

COPD without PH
(group 2)

COPD with PH (group 3)

p value

27.7 ± 2.168

27.367 ± 3.379

26.267 ± 3.433

>.05

46.2 ± 2.295

44.2 ± 3.367

40 ± 2.665

<.001

LV FS%

38.13 ± 2.01

37 ± 2.78

36.27 ± 4.21

>.05

LV EF%

68.33 ± 2.01

66.12 ± 2.78

67.44 ± 3.21

>.05

S'(cm/s) +

10.66 ± 0.46

10.76 ± 0.62

9.64 ± 0.92

< .001

LVESD(mm)
LVEDD, (mm)

€
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IVSd (mm)

10.16 ± 0.96

10.44 ± 0.57

10.1 ± 0.66

>.05

α

p value < .001 between group 1 and 3, between group 2 and 3, and .019 between group 1 and 2.
p value <.001 between group 1 and 3, and group 2 and 3.

+

Systolic function parameters of RV (FS%, EF %), right ventricular free wall thickness, RV dimensions,
right ventricular tricuspid valve annular velocity (S') and TASE in studied groups are shown in table (6).
Systolic and diastolic RV diameters were higher and RV fractional shortening was lower for group 3 than the
other two groups. TAPSE was significantly lower for group 3 compared with group 1 and group2, but
differences between groups 1 and 2 was not statistically significant. RV wall thickness was significantly high in
patients with PH and without PH and was normal in control group.
Table (6): Echocardiographic parameters assessing the right ventricular dimensions, systolic function, and right
ventricular free wall thickness in each group.
Variables

Control (group 1)
*

RVESD(mm)
RVEDD(mm) *
RVWT(mm) $
RV FS% ***
RV EF% *
S'(cm/s)$$
TAPSE (mm)*

21.38 ± 2.01
30.27 ± 1.95
3.64 ±0.66
29.43 ± 2.6
65.27 ± 4.32
10.81 ± 1.86
21.7 ± 2.71

COPD without
(group 2)
20.9 ± 2.86
30.9 ± 2.86
6.5 ±0.85
32.5 ± 2.99
69.4 ± 4.22
10.66 ± 0.62
20.83 ± 2.69

PH

COPD with PH (group
3)
29.73 ± 7.16
38.17 ± 6.64
7.52 ±0.76
23.1 ± 5.9
53.53 ± 10.14
9.54 ± 0.92
16.07 ± 3.54

p value
<.001
<.001
<.001
<.001
<.001
<.001
<.001

*

p value <.001 between group 1 and 3, and group 2 and 3.
p value <.001 between group 1 and 3, group 2 and 3, and .013 between group 1 and 2.
$$
p value .001 between group 1 and 3, and .002 between group 2 and 3.
$
p value <.001 between group 1 and 2, group 1 and 3, and group 2 and 3
***

Echocardiographic parameters assessing the left ventricle MPI in each group are shown in table
(7).IVRTm was significantly longer for group 3compared with gruop1 and group 2 but difference of this
parameter between groups 1 and control group was not statistically significant. ETm was shorter in group 3 than
in group 1 and shorter in group 2 than group1, but difference between groups 3 and 2 was not statistically
significant. IVCTm was not different among the groups. There was statistical difference between values of
LVMPI of control and patient groups and was higher for group 3 compared with groups 1 and 2. Difference
between groups 1 and 2 was also significant.
Table (7): Echocardiographic parameters assessing the left ventricle MPI in each group.
Variables

Control (group 1)

IVRTm(ms)**
IVCTm(ms )
Em(ms) ***
LV MPI $$

93.67 ± 7.54
59.77 ± 6.25
306.83 ± 7.9
0.5 ± 0.034

COPD
without
(group 2)
96.83 ± 12.65
60 ± 7.52
278.27 ± 18.1
0.56 ± 0.037

PH

COPD with PH (group
3)
130.07 ± 10.28
63.63 ± 9.52
268.57 ± 14.2
0.7 ± 0.083

p value
<.001
.109
<.001
<.001

**

p value <.001 between group 1 and 3, and group 2 and 3.
p value <.001 between group 1 and 2, and between 1 and 3, and 0.024 between 2 and 3
$$
p value <.001 between group 1 and 2, group 1 and 3, and group 2 and 3.
***

Echocardiographic parameters assessing the right ventricle MPI in each group are shown in table(8).
Doppler tissue-derived IVRTt was longer for group 3 compared with groups 1 and 2, and was longer for group 2
compared with group 1. Difference of IVCTt among the groups was not significant. ETt was lower in both
groups 2 and 3 than in group 1and lower in group3 compared with group 2. As a result of differences in these
time intervals, RVMPI was higher in group 3 compared with groups 1 and 2, and was higher for group 2
compared with group 1.
Table (8): Echocardiographic parameters assessing the right ventricle MPI in each group.
Variables

Control (group 1)

IVRTt(ms) $$$
IVCTt(ms) *
ETt(ms) **
RVMPI **

47.97 ± 6.5
66.3 ± 9.03
271.3 ± 10.68
0.42 ± 0.043
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COPD
without
(group 2)
58.8 ± 17.24
67.5 ± 16.86
217.17 ± 16.71
0.57 ± 0.11

PH

COPD with PH (group
3)
98.87 ± 8.41
68.03 ± 8.73
203.57 ± 8.08
0.96 ± 0.05
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*

p value <.001 between group 1 and 3, and group 2 and 3.
p value <.001 between group 1 and 2, group 1 and 3, and group 2 and 3.
$$$
p value <.001 between group 1 and 3, group 2 and 3, and .002 between group 1 and 2.
**

Comparison of the LVMPI and RVMPI among the groups is illustrated in figure 1.There LVMPI and
RVMPI were higher in group 3 compared with groups 1 and 2, and were higher for group 2 compared with
group 1.Differences between group1 and 2 , group 1 and 3 and group 2 and 3were statistically significant for
both LVMPI and RVMPI.
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
LV MPI
)1Control (group

RVMPI
)2COPD without PH (group

)3COPD with PH (group
Figure (1): Comparison of left ventricle myocardial performance index (LVMPI) and right ventricle myocardial
performance index (RVMPI) among control subjects, patients with chronic obstructive pulmonary disease
(COPD) without PH, and those with COPD with PH.
Age, HR, PASP, RVMPI were directly correlated with LVMPI, while FEV 1 and TAPSE were
inversely correlated with LVMPI when univariate linear correlation was used that was performed by including
the patients in groups 2 and 3. When multiple linear regression was used to assess whether these variable were
independently correlated, only FEV1 and RVMPI were found to be independently correlated with beta=1.133, p
= 0.007 and beta=1.436, p=0.009 respectively. Table (9).
Table (9)Univariate and multivariate relationships of clinical and right ventricular echocardiographic indexes to
LVMPI in patients with PH
Variable
Age
HR
FEV1
TAPSE
PASP
RVMPI

Person correlation
coefficient
.944
.961
-.926
-.957
.940
.943

P value
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

Standardized
beta
regression coefficient
.474
.402
1.133
-.548
-.758
1.436

P value
.221
.234
.007
.146
.128
.009

Partial correlation
coefficient
.254
.247
.525
.299
.312
.513

Comparison between moderate and severe COPD show significant difference regarding LV Systolic
function (EF, S′) and diastolic function (E,E/A, Em/Am, IVRT), also LV global function(LVMPI) show
significant difference between moderate and severe COPD. There was statistical significant difference between
moderate and severe COPD regarding RV systolic function (EF) and RV diastolic (E, E/A) but there was no
significant difference regarding RV global function. Table (10).
Table10: Statistical comparison between moderate and severe grades of COPD patients in echocardiographic
findings
Variable
LV systolic function
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74.29 ±3.24
EF%
10.685 ±0.686
S €(cm/s)
LV diastolic function
68.03 ± 4.01
E(cm/s)
0.7835 ± 0.0233
E/A
0.8329 ± 0.0395
Em/Am
101.15 ±2.62
IVRT(ms)
LV global function
0.6097 ± 0.0791
LV MPI
RV systolic function
64.74± 9.74
RV EF%
RV diastolic function
47.4 ± 10.5
E(cm/s)
0.8956 ± 0.0376
E/A
84.2 ± 11.4
IVRT(ms)
RV global function
0.731 ± 0.230
RVMPI
* significant difference
#
no significant difference

66.46±4.34
9.569 ±0.904

<.001*
<.001*

58.88 ± 4.02
0.7350 ± 0.0130
0.7200 ±0.0485
107.38 ±4.19

<.001*
<.001*
<.001*
<.001*

0.684 ±0.117

<.001*

57.2±11.5

0.008*

37.54 ± 7.99
0.8600 ± 0.0671
91.0 ± 15.7

<.001*
0.012 *
0.057 #

0.812 ± 0.178

0.145 #

The parameters of Age, HR, PASP and RVMPI in patients without PH there were found to be not
independently correlated with LVMPI, table (11).
Table (11)Univariate and multivariate relationships of clinical and right ventricular echocardiographic indexes
to LVMPI in patients without PH
Variable

Person correlation
coefficient

P value

Age
HR
FEV1
TAPSE
PASP
RVMPI

-.197
.419
-.46
-.975
.963
.974

.153
.012
.006
<.001
<.001
<.001

Standardized beta
regression
coefficient
-.052
-.17
-.072
-.503
-.222
.735

P value

Partial correlation
coefficient

.236
.427
.738
.085
.629
.15

-.252
-.17
-.072
-.359
-.104
.303

Finally forward selection procedure was done to evaluate RV indexes and pulmonary function
predictors to evaluate LVMPI, the parameter with associated with good prediction of LVMPI in patients with
PH were: FEV1%, RVFS, RVEF, E/A, IVRT, S‟, IVRTt, IVCTt, and PASP
An important correlation between the LV parameters (mitral inflow velocities ratio (E/A), mitral early
diastolic and late diastolic annular velocities ratio (Em/Am), and the isovolumetric relaxation time (IVRT)) and
the right ventricular pressure was found in COPD patients with pulmonary hypertension. The strongest inverse
correlation was observed between (PASP) and the mitral valve annular velocities Em/Am ratio in patients with
PH; r= -0.947, p = <0.001 (fig. 2A). A weaker negative correlation was observed between PASP and the mitral
valve inflow velocities (E/A) ratio in patients with PH; r = –0.889, p = <0.001 (fig. 2B). The weakest, but still
important, correlation was observed between PASP and the isovolumetric relaxation time in patients with PH
(IVRT; r = 0.674, p = <0.001)(figure2C).
A)

B)
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C)

Figure 2:Correlation between the LV parameters A) mitral inflow velocities ratio (E/A),B) mitral early diastolic
and late diastolic annular velocities ratio (Em/Am), and C) the isovolumetric relaxation time (IVRT)) and the
right ventricular pressure in COPD patients with pulmonary hypertension.

VI.Discussion
The influence of the right ventricular volume or pressure overload on the left ventricular function is
known as the reverse Bernheim phenomenon, and is associated with the existence of a common wall such as the
interventricular septum, and the common pericardium holding the cavities of the heart. (1) In the case of right
ventricular long-standing pressure overload the dominant role is played by the interventricular septum shift into
the left ventricular cavity and this may result in the limitation of left ventricular cavity dimensions, its
contractility and compliance and in consequence in the rise of the left ventricular diastolic pressure.(96,97) This
phenomenon has been described in detail with respect to patients with severe primary pulmonary arterial
hypertension.(97)
The present work included 50 male (83.3%) and 10 female patients (16.7%) and 30 control subjects.
The mean age of included patients was 62.9±7.3 years.
In the present study, 30 COPD patients (50%) had pulmonary hypertension and 30(50%) COPD patients without
PH.
The difference between COPD patients and control group as regarding age and gender was statistically
non-significant. In the studied COPD patients, 34 (56.7%) had moderate disease and 26(43.3%) had severe
disease.
In the present study, by comparing echocardiographic findings in COPD patients with and without
pulmonary hypertension and control group, heart rate was different among the groups, there was a highly
statistically significant difference in heart rate between COPD patients and control group, and it also increased
significantly with COPD patients with pulmonary hypertension. This could be explained by the effect of
hypoxia and hypercapnea as stimulants to the sympathetic system, by the frequent association of autonomic
neuropathy in COPD as the parasympathetic activity was found to be significantly reduced in COPD, while
there was sympatho excitation, and finally as a side effect to the COPD medications as bronchodilators. (98,98).
However, the MPI is not greatly influenced by changes in heart rate.(100) On the other hand, Doppler derived
isovolumic relaxation and contraction times, and ejection time, have been shown to be dependent on heart
rate.(101,102,103,104)Because of this, these intervals were adjusted for heart rate in our study. Other study shows that
heart rate (HR) in the COPD patients did not significantly differ from control group. (105)
In the present study, echocardiographic assessment of left ventricular systolic function in COPD patients was in
the normal value range and revealed a non significant difference from control group. Similar results were
obtained by other investigators (Schena M, et al. and Marcus T, et al.). (106,107)As suggested in the bibliography,
in the absence of conditions primarily leading to left ventricular systolic function impairment, the derangement
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of systolic function in the course of COPD is rarely found, usually in severe pulmonary hypertension, in patients
with right ventricular dysfunction. (108,109)
In the present work, left ventricular systolic function significantly differ between moderate and severe grades of
COPD.
Some investigators, however, suggest the presence of subclinical systolic dysfunction in the COPD
patients. (110)
Suchon´ et al.(105) found that ejection fraction, shortening fraction and lateral mitral annular peak systolic
velocity in COPD patients, were in the normal value range and did not differ significantly from control group.
Similar results were obtained by other investigators. (111,112) On the other hand, Gupta et al. (113), in their study,
found that left ventricular systolic dysfunction (LVSD) was present in 7.5% of COPD patients.
Regarding RV systolic function, small increases in pulmonary artery pressure may result in large increases in
RV work, because RV is thin-walled and eccentric. PH overloads the RV, enlarges right heart chambers, and
ultimately causes RV failure.(114) In our study, patients with PH had larger RV diameters than patients without
PH and control subjects.
TAPSE, a validated measure of RV longitudinal shortening,(115) has been used to explore RV systolic
dysfunction in different cardiac diseases. (116,117)In the our study, no significant TAPSE difference was observed
between the COPD group without PH and the control group. Nevertheless, TAPSE distinguished the COPD
group with PH and the control group, as it was significantly lower in the presence of PH in patients with COPD.
Similarly, RV fractional shortening was also lower in those with PH but not in those without PH compared with
control subjects. These findings suggest that the development of impaired RV systolic function is more likely to
be the consequence of higher levels of PH, rather than the result of COPD alone.
The main finding of this study was the high prevalence of mild left diastolic dysfunction in COPD
patients, which was associated with increased disease severity.
The results presented in this study clearly indicate the impaired diastolic function in the studied patient
group and show significant difference among groups regarding left ventricular diastolic function (E wave peak
velocity by mitral flow, E wave peak velocity by DTI, Em/Am ratio by DTI, Eflow/Aflow ratio by mitral flow,
isovolumetric relaxation time IVRT) and left ventricular global function (myocardial performance index).
Lamia et al. (118) found that the E wave was significantly lower and the A wave was significantly higher in
COPD patients compared to control subjects. The E/A ratio was significantly lower in COPD patients as well as
the Em velocity, indicating a LV diastolic dysfunction. They concluded that LV diastolic dysfunction does exist
in COPD patients with increased RV afterload and no pre-existing LV dysfunction.
In the present study, by comparing echocardiographic findings in COPD patients with and without
pulmonary hypertension and control group, There was a highly statistically significant difference among groups
in mitral Em/Am ratio (measured by DTI) and a statistically significant difference in mitral E/A ratio
(measured by flow) and myocardial performance index .
In our study ,left ventricular diastolic function assessment revealed a statistically significant difference
in E wave peak velocity, E/A ratio and Em/Am ratio between moderate vs. severe COPD grades. Also,
isovolumetric relaxation time (IVRT) was significantly shorter in moderate vs. severe COPD patients. Left
ventricular global function measured by myocardial performance index (MPI) was significantly different
between moderate vs. severe COPD grades.The development of relaxation diastolic dysfunction is most
probable in patients with severe pulmonary hypertension as shown in this study.
Moreover, there was a strong correlation between the level of impairment of diastolic function and the
level of pressure in the pulmonary artery which correlates with other investigators findings. (119,120)Tutar et al
(121)
described the left ventricular diastolic function impairment in COPD patients, and a similar correlation
between right ventricular pressure and E/A ratio, and IVRT. Schena et al (5) also demonstrated that the right
ventricular pressure correlates with left ventricular eccentricity indexes; the distorted ventricular geometry
results in its abnormal filling pattern in turn. The relation between right ventricular pressure and left ventricular
diastolic dysfunction in a large group of corpulmonale patients of different etiology (including COPD patients),
was confirmed by Mustapha et al. (122)
Funk et al. (123) found LV diastolic dysfunction (LVDD) in COPD patients with normal pulmonary
arterial pressure and it increased with right ventricular afterload. Moreover, Gupta et al. (113), found LVDD in
47.5% of patients, out of which 16 patients had PH and 3 did not have PH, various mechanisms might explain
the presence of left ventricular diastolic dysfunction in COPD patients. This may be due to chronic hypoxemia
leading to abnormalities of myocardial relaxation, lung hyperinflation and distension leading to increased
stiffness of the parietal pleura and thus of the wall of cardiac fossa leading to added load on ventricle, and also
due to ventricular interdependence.
Moreover, Barasch et al. (124) found a quantitative relationship between the severity of pulmonary
hypertension and LV diastolic function. They explained LV diastolic dysfunction in the presence of pulmonary
hypertension by abnormal geometrical configuration and motion of interventricular septum, presence of some
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degree of LV interstitial edema, which increases the LV wall stiffness and alters its normal diastolic filling (125)
and the diastolic asynchrony found in the apical and lateral walls. (126) Also, Mustapha et al. (122) found that LV
diastolic dysfunction of impaired relaxation type is most commonly seen in patients with severe PH but not in
mild and moderate PH and mentioned that SPAP ≥60 mmHg is needed to induce changes in the LV diastolic
filling pattern.
In addition, the hypothesis that an abrupt reduction in pulmonary artery pressure in patients with
chronic pulmonary hypertension results in an early improvement of left ventricular diastolic function was
studied by Dittrich et al. (127) Kasner et al. (128) studied LV function in patients with non severe idiopathic
pulmonary arterial hypertension (IPAH). They found that idiopathic pulmonary arterial hypertension impairs LV
diastolic function even in the absence of intrinsic LV disease. Bhargava and Sunnerhagen (129) found left
ventricular regional wall motion early diastolic asynchrony in 11 patients with pulmonary hypertension. They
explained that by the interventricular interaction caused by pressure gradients across the septum. Gan et al.
(130)
found that stroke volume, left ventricular end-diastolic volume and left ventricular peak filling rate were
decreased in PH patients compared with control subjects. They concluded that there is an impaired left
ventricular filling due to right-to-left ventricular interaction in patients with pulmonary arterial hypertension.
The analysis of RV diastolic function was performed by measuring Doppler tricuspid inflow and
IVRTt, which showed the typical pattern of impaired RV relaxation. RV diastolic dysfunction was present in the
patients with COPD with and without PH. There are inconsistent reports in the literature regarding RV diastolic
dysfunction in patients with COPD without PH.(131,132,133) In a study by Caso et al,132 it was found that RV
diastolic dysfunction was present in patients with COPD without PH. Our results are consistent with that study.
Right ventricular dysfunction-can lead to deterioration of LV performance. Intra-thoracic pressure varies widely
in patients of COPD leading to increase in pulmonary artery pressure, RV overload and venous return to the
right side of the heart. Together, these alterations lead to RV distension, distortion of interventncular septum and
impairment of LV function.(134)
In the present work, LV global function measured by myocardial performance index (MPI) (also called
TEI index) differed significantly between COPD patients with and without pulmonary hypertension and control
group. Similar results were obtained by other investigators. (135)
Although LV diastolic dysfunction has been shown in patients with COPD, this study evaluated
LVMPI as a marker of both systolic and diastolic LV functions in this patient group. Patients with COPD with
PH had abnormal Doppler time intervals, comprised of prolonged IVRTm and shortened ETm, resulting in a
significant increase in LVMPI. This increase was significant versus both control subjects and patients without
PH. Nevertheless, although LVMPI of the patients with COPD without PH was slightly higher than control
subjects, this difference was not significant. Although patients with COPD with PH had normal LV EF and LV
fractional shortening, the LVMPI was beyond the control subjects‟ levels. The LVMPI has been shown to be
better than LV EF in predicting the prognosis and survival. (136,137,138) Therefore, the increased LVMPI with
normal LV EF in patients with PH strongly suggests the presence of LV dysfunction. The elevation of the
LVMPI for group 3 was not only caused by prolongation of IVRTm, but also differences of systolic time
intervals. It is very important to suggest that, in our study, these LV systolic and diastolic abnormalities were
related to severity of COPD, an increase of PH, and deterioration of RV function as confirmed by independent
and significant correlation between the LVMPI and FEV1, PASP, and RVMPI by multiple regression analysis.
Conventional pulsed wave Doppler-derived MPI is proposed as a potentially useful predictor of systolic and
diastolic cardiac function.(136,139,140,141,142) However, there is an important limitation in that the interval between
the end and the onset of mitral inflow, and ejection time is measured sequentially and not on the same cardiac
cycle in this method. Because of this, results are probably less reliable in the presence of heart rate fluctuation
even if normal in sinus rhythm is present. Pulsed wave Doppler tissue, as used in this study, can simultaneously
record systolic and diastolic mitral annular velocities. Determination of MPI derived by pulsed wave Doppler
tissue requires measurement of only two simple intervals on the same cardiac cycle. It is shown that MPI
derived from the mitral annulus by pulsed wave Doppler tissue correlates well with MPI derived by
conventional pulsed wave Doppler and can be used as a simple and reliable method for assessing LV myocardial
performance even in the presence of heart rate fluctuation in patients with in sinus rhythm. (143,144) Therefore, we
used pulsed wave Doppler tissue in obtaining the MPI.
Regarding MPI of right ventricle which reflects both systolic and diastolic ventricular performance
distinguished the global RV dysfunction in both patient with PH and without PH from the control subjects.
Furthermore, difference between patient with PH and without PH was also demonstrated by RVMPI.Pulmonary
hypertension is a common complication seen in patients with advanced chronic obstructive pulmonary disease
(COPD). It has clear effects on both morbidity and mortality. Impairment of right ventricular function and
increased pulmonary blood pressure are well known to complicate the clinical course of COPD and co-relate
inversely with survival. (145)
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Although the true prevalence of PH in COPD is unknown, an elevation of pulmonary arterial pressure
is reported to occur in 20–90% of patients when measured by right heart catheterization with some evidence that
pulmonary hemodynamics worsen with worsening airflow obstruction. (146,147)In our study, the incidence of PH
was 36.7% in moderate COPD and 63.3% in severe COPD.Pulmonary hypertension in the course of COPD is
usually of a mild or moderate grade,(148, 149) however, that in this group of patients, a rapid pulmonary artery
pressure rise may occur with light exercise or in the event of infectious exacerbations. (148, 107) The results of the
present study show 66% of patients had moderate PH and 33% had severe PH. In our study, the right ventricular
pressure ranged from 49–65 mmHg; mean 56.9 ±4.8 mm Hg.
It is to be expected that the diastolic function impairment which increases proportionally to right
ventricular rise in pressure, will substantially augment during physical exercise. It is therefore possible that apart
from the respiratory tests results, and right ventricular performance the right ventricular diastolic performance,
may play a major role in the clinical setting of the COPD. The potential rise in left ventricular filling pressure
passively transmitted to the pulmonary, capillary vascular system, may add up to the already augmented
precapillary pressure and cause dyspnea exacerbation in these patients.
Jupta et al. (150) found that the frequencies of PH in mild, moderate, severe, and very severe COPD were
16.67%, 54.55%, 60.00%, and 83.33%, respectively. The effects of COPD and emphysema on the heart have
long been recognized but have been studied principally in very severe COPD. (151) Clinical data on pulmonary
hypertension in milder lung disease are limited owing to the invasiveness of the usual reference measure, that is,
right heart catheterization. A study involving patients with mild-to-moderate COPD that used right heart
catheterization showed increases in pulmonary artery pressure with exercise.(152) Anatomical studies showed
proliferation of smooth-muscle cells in pulmonary arteries from patients with mild-to moderate COPD (153,154)
and from smokers without COPD, (155) which suggests subclinical increases in pulmonary vascular resistance in
patients with mild-to-moderate COPD and in smokers without spirometrically defined COPD. Barbera` and
Blanco (156) found that the prevalence of PH is high in patients with advanced COPD, whereas in milder forms it
might not be present at rest but may develop during exercise.

VII.Limitations
The main limitation of this study is the lack of PASP invasive hemodynamic measurement, which is
the reference technique. Furthermore, simple standard Doppler-derived indexes (eg, acceleration time of RV
outflow velocity profile), which have demonstrated close correlation with mean PASP measured by
catheterization,(157)were not estimated in this study. However, despite technical difficulty, Doppler- measured
tricuspid regurgitation is widely used in the clinical setting for PH estimation, and the parasternal approach used
to measure standard Doppler RV systolic time intervals is often unavailable in patients with COPD. Secondly,
increasing of LVMPI may also be related to abnormal septal motion in patients with COPD. In this study,
grouping of the patients was performed according to presence of PH rather than septal motion abnormality.
However, abnormality of septal motion is almost always related to increased pulmonary arterial pressure.
We should consider the major limitations of the present work, e.g., its small sample size and the recruitment of
all patients from a single medical center. In addition, tissue Doppler imaging was not performed for evaluation
of diastolic function.

VIII.Conclusion
Left ventricular diastolic function and LV global function are affected in COPD patients especially
with progression of the disease. COPD patients with pulmonary hypertension are more liable to LV diastolic and
global dysfunction than normal pulmonary pressure COPD patients. Doppler tissue echocardiography is a better
tool than conventional methods in the assessment of left ventricular function.In conclusion, using Doppler
tissue-derived LVMPI, we have demonstrated a marked impairment of both LV systolic and diastolic
performance for patients with COPD and PH. This impairment is independently associated with FEV1, PASP,
and RVMPI.COPD patients have a high prevalence of left ventricular diastolic dysfunction, which is associated
with disease severity. Thus, because of this association, it is important to exclude decompensated heart failure
during COPD exacerbation.
The left ventricular diastolic function in patients with advanced COPD is impaired. The level of
diastolic impairment is proportional to the right ventricular pressure. Impairment of left ventricular systolic
function has not found in COPD patients.

IX.Recommendation
This study has demonstrated LV dysfunction expressed as abnormal systolic and diastolic cardiac time
intervals, even with the presence of normal EF. Therefore, the results have indicated the importance of careful
estimation and follow-up of LV function in patients with COPD with PH. The obtaining of the index by Doppler
tissue only requires recording of annular velocities and simple measurements of two time intervals. The index is
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also a sensitive method for estimating LV dysfunction. Repeated estimation of LV function using the MPI may
offer useful information on patients with COPD. So we advise physician to assess LV and RV global function in
COPD patients by using MPI and consider it as a routine noninvasive echocardiographic assessment and
markers of LV and RV function in COPD patients with or without pulmonary hypertension.
This study demonstrated LV dysfunction as a result of COPD with PH. However, the clinical
significance of the LV dysfunction is not clear. Further research is needed to investigate the prognostic
significance of LV dysfunction because of COPD with PH. Finally, the impact of PH as a result of the other
causes on LVMPI could also be investigated in the future.Further studies are needed to elucidate the specific
mechanisms associated with COPD severity and left ventricular diastolic dysfunction.
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