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cardiac complications also. Development of secondary pulmonary

arterial hypertension (PAH) in COPD is associated with an increased
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Kolkata. subsequent RV failure. Aims and objectives: The purpose of our study

risk of acute severe exacerbation. Pulmonary hypertension

progressively leads to right ventricular hypertrophy and dilatation with

was to evaluate the right ventricular functions in different stages of
COPD by echocardiography and to find out it’s correlation with the severity of the disease.
Materials and Methods: We performed an observational and cross-sectional study on 60
COPD patients in R G Kar Medical College, Kolkata. We classified the patients into mild,
moderate, severe and very severe COPD according to the GOLD criteria™, based on their
spirometric parameters. Then we have subjected them to 2D echocardiography to evaluate
their right ventricular function. For that we focussed on the parameters like RV basal and
longitudinal diameters, RV wall thickness, TAPSE (Tricuspid Annular Plane Systolic
Excursion), FAC (Fractional Area Change), RIMP (Right ventricular index of myocardial
performance) and SPAP (Systolic Pulmonary Arterial Pressure). Results: RV wall thickness
was progressively increased from mild to very severe COPD with a significant p value of
0.002. In our study SPAP has been increased significantly from mild to very severe COPD
(p=0.001). The mean values of SPAP are 14.05(x3.48) mmHg in mild, 16.80 (+4.52) mmHg
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in moderate, 21.55(x6.07) mmHg in severe and 29.075(x7.8) mmHg in very severe COPD.
Other findings suggestive of RV systolic function also showed progressively decreased
values alone with the severity of the disease. Conclusion: Though the elevation of pulmonary
arterial pressure in COPD is moderate, but its early detection is helpful to prevent right heart
failure. Echocardiography can be used as a screening method for early detection of
pulmonary hypertension in COPD before undertaking other invasive and complicated

procedures.

KEYWORDS: Chronic obstructive pulmonary disease (COPD), Right ventricle (RV),
Echocardiography, Systolic Pulmonary Arterial Pressure (SPAP).

INTRODUCTION

COPD is a preventable and treatable disease with some significant extra pulmonary effects
that may contribute to the severity in the individual patient. Increased airway resistance,
increased residual volume, increased residual volume/total lung capacity ratio (RV/TLC),
decreased inspiratory capacity, mal-distribution of ventilation, and ventilation- perfusion
mismatching are the typical features of COPD.® Unlike asthma, this airflow limitation
caused by COPD is not fully reversible. Following the marked increase in tobacco
consumption in developing countries like India COPD is gaining importance; if current trends

continue, it will become the 3™ most important cause of death world-wide by 2020.5!

COPD is associated with significant extra-pulmonary effects. Significant structural changes
occur in the pulmonary circulation in patients with COPD. The presence of hypoxemia and
chronic ventilatory insufficiency is associated with intimal thickening and medial
hypertrophy in the smaller branches of the pulmonary arteries.! These lead to increased
pulmonary arterial pressure. In these patients, due to the slow progression of pulmonary
arterial pressure, the right ventricle adapts first by hypertrophy and then by progressive
dilatation. The next step in the evolution of PAH is RV dysfunction with subsequent right
heart failure. In one study, the 5-year survival rate was 37% in COPD patients with PH versus
63% in patients without PH.!®! So, a timely prediction about the cardiac involvement is of
immense importance. The purpose of our study was to evaluate the RV functions in different
stages of COPD patients by echocardiography, which is non-invasive and relatively less
expensive, as per guidelines of American Society of Echocardiography.
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MATERIALS AND METHODS

e Study design: The study was an observational and cross-sectional study.

e Study area: The present study was conducted in the Department of Physiology,
Department of Pulmonary Medicine OPD and Department of Cardiology, R G Kar
Medical College and Hospital, Kolkata.

e Study population: >40 years aged sixty COPD patients of both sexes including smokers,
ex-smokers andnon-smokers attending Pulmonary Medicine OPD were taken for the
study.

e Sample design: All the patients attending the pulmonary medicine OPD with clinical

features of COPD were selected for the study by purposive sampling method.

Exclusion criteria

1. Patients with h/o chronic lung disease other than COPD.

2. Post bronchodilator reversibility of FEV1>12%.

3. Hypertension, dyslipidemia and diabetes mellitus.

4. Any primary cardiac disease.

5. Any systemic disease that can cause pulmonary hypertension.
6. Patients with any infectious disease.

7. Patients with respiratory failure.

8. Patients with congestive heart failure.

Study technique: It was an observational and cross-sectional study. First of all, the selected
cases wereperformed with pulmonary function test at the Department of Physiology, R G Kar
Medical Collegeand classified into mild, moderate, severe and very severe COPD according
to GOLD criteria.l! Then the right ventricular function were assessed by resting Two
Dimensional Transthorasic Doppler Echocardiography at the Department of Cardiology, R G
Kar Medical College, by expert cardiologists. Finally the echocardiographic findings were

reviewed to assess the correlation with the severity of COPD.

Investigation

A. Spirometry: It is the measure of airflow during inspiration and expiration. Spirometry
was done with the help of computerized electronic spirometer (model: RMS Helios 702) and
results of best of three manoeuvres were taken.American Thoracic Society (ATS)

recommendations for performingspirometry were followed.!”
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e Effort: maximal, smooth, and cough free.
e Position: sitting.

e Exhalation time: 6 seconds.

e End of test: 2 second volume plateau.

e Reproducibility: FVC within 5% in 3 acceptable tests.

Spirometric measurement!”: following spirometric parameters were taken.

FVC (Forced vital capacity), FEV1 (Forced expiratory volume in one second), FEV1/FVC
ratio (the percentage of the FVC expired in one second.), FEF25-75% (Forced expiratory
flow over the middle one half of the FVC), PEFR( Peak expiratory flow rate).

Spirometry was repeated 10 minutes after the administration of bronchodilators (two puffs of

Salbutamol, 100 pg each). Post bronchodilator reversibility of FEV1>12% was excluded.

According to GOLD guideline (1) COPD patients were divided into four stages.
GOLD

stages Severity Symptoms Spirometry
0. At risk Chronic cough,_ Normal
sputum production
L | min chronic cough or | FEVI/PVC<07 anc
' . FEV1>80% predicted
sputum production
With or without FEV1/FVC<0.7 and

ii. Moderate chronic cough or 50%< FEV1<80%
sputum production predicted

With or without FEV1/FVC<0.7 and
chronic cough or 30%<FEV1<50%
sputum production predicted

iv Very severe Xx:ghn?g (\:Agljh(})]uct,r FEV1/FVC<0.7
. Y g . andFEV1<30%predicted
sputum production

iii.
Severe

B. Echocardiography: Selected COPD patients are then subjected to resting two
dimensional transthoracic doppler echocardiography for assessment of right ventricular size

and function.

According to the guidelines of the “American Society of Echocardiography” 2012 for the

assessment of right heart in adults, following imaging windows and views were used.
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Apical four
chamber view

Various transthoracic echocardiographic views

Subcostal ar;?[];trn al Apical two Left ventricle Aortic valve
; P . chamber view | short axis view | short axis view
view long axis view

Following echocardiographic parameters of right ventricle were measured

®,
L4

RV basal diameter.

RV mid level diameter.

RV longitudinal diameter.

RV wall thickness

TAPSE: Tricuspid Annular Plane Systolic Excursion.
FAC: Fractional Area Change

RIMP: Right ventricular index of myocardial performance
SPAP: Systolic pulmonary arterial pressure.

IVCT: Isovolumic contraction time.

IVRT: Isovolumic relaxation time

ET: Ejection time.

Right heart dimensions: “Diameter >42mm at the base and >35mm at the mid level
indicates RV dilatation. Similarly, longitudinal diameter>86 mm indicates RV
enlargement.”

Right heart wall thickness: The normal cut-off value is 5 mm from either PLAX or
subcostal windows.

TAPSE (Tricuspid annular plane systolic excursion): It acts as an indicator of RV global
systolic function. It provides the systolic movement of base of the right ventriclular free
wall which is one of the most visibly obvious movements on normal echocardiography.
TAPSE <16mm indicates RV systolic dysfunction.

RIMP (Right ventricular index of myocardial performance): RIMP or Tei index, is a
global estimate of both systolic and diastolic function of right ventricle. RIMP is defined
as the ratio of isovolumic time divided by ejection time or (IVCT+IVRT)/ET. The upper
reference limit for the right sided RIMP is 0.40 using the pulsed Doppler method and 0.55

using the tissue Doppler method.
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= FAC (Fractional Area Change): Two-dimensional FAC is a measure of RV systolic
function. It is defined as (end diastolic area-end systolic area)/end diastolic area x 100.It
is expressed as percentage. Two dimensional FAC<35% indicates RV systolic
dysfunction.

= Right Atrial pressure (RA pressure): RA pressure is estimated by the 1VC diameter and
the presence of inspiratory collapse with a sniff. As the RA pressure increases, this is
transmitted to the IVC, resulting in reduced collapse with inspiration and IVC dilatation.
IVC diameter <2.1cm that collapses >50% with a sniff suggests a normal RA pressure of
3 mm Hg ( range,0-5 mm Hg),whereas an IVVC diameter>2.1cm that collapses <50% with
a sniff suggests a high RA pressure of 15 mm Hg (range, 10-20mmHg).In indeterminate
cases an intermediate value of 8 mmHg (range, 5-10mmHg) may be used.

= Systolic Pulmonary Arterial Pressure (SPAP): Based on the modified Bernoulli equation,
RVSP is estimated as: RVSP= 4v2 + RAP, where v represents the peak velocity in
meters/s of tricuspid regurgitation and RAP is the right atrium estimated pressure
mentioned above. Pulmonary hypertension (PH) was defined in this study as sPAP > 30
mmHg. PH was classified into mild, moderate, and severe category as sPAP 30-50, 50—
70,>70 mmHg, respectively (using Chemla formula, mean pulmonary arterial pressure
(MPAP) =0.61 PASP + 2 mmHg and putting value of 25-35, 35-45, and>45 mmHg of

MPAP for mild, moderate, and severe pulmonary hypertension, respectively).!

RESULTS AND ANALYSIS

Distribution of patients according to severity of
COPD

EMILD WNMODERATE ©SEVERE M VERY SEVERE

Diagram 1: Distribution of patients according to severity of COPD.
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Table 1: Comparison Of Spirometric Parameters With Four Stages Of COPD.

Parameters of . Moderate Severe Very severe | P-value and F —
PFT Mild COPD | “copp COPD COPD value
FVC (%) 1183478 | 90341652 | 72004811 | 4937459 | '(7p3)-87.080
FEV1 (%) 83.13:65 | 60.40:6.94 | 44.13:417 | 286:434 | (03827
FEVL/FVC F(29.3)=5.100
o0 69.79+3.86 | 66.84+6.12 | 61.28+6.57 | 57.913.7 o
PEFR (%) 4951534 | 42426008 | 2563:526 | 185:557 | (0223850
FEF25-75(%) 356 | 24924396 | 15634526 | 825815 | ool A

Table 2: Comparison Of Different Right Ventricular Diameters With Four Stages Of

COPD.

RVDiameters | Mild COPD Moderate Severe Very severe P and E value
(mm) COPD COPD COPD

Basal F(29,3)=5.330
diameter 26.265+7.2 30.48+4.28 33.5+3.55 37.72+£3.74 P=0.005
Apex to base F(29,3)=26.086
diameter 74.5+1.2 76.8+0.53 80.8+0.50 85.7+0.42 P=0.000
Mid level F(29,3)=8.866
diameter 28.32+3.3 31.24+4.45 36.56+2.90 38.09+3.37 P=0.003
Wall F(29,9)=10.536
thickness 6.67£1.02 6.97+£0.624 7.87£0.40 7.9+0.55 P=0.002

Table 3: Comparison of the parameters indicating Right ventricular functions with four

stages of COPD.

Ventricular | Milg copp | Moderate | Severe | Verysevere | oo
parameters

TAPSE(MM) | 2382¢54 | 2043:346 | 17.47:254 | 1561:305 | 5o 5313
RIMP 01494031 | 0.189:005 | 02224006 | 029580036 | (o9 0913
FAC (%) 44334683 | 375:872 | 2788690 | 225148 | o 9%
SPAP(mmHg) | 14.05+348 | 1681452 | 21558607 | 20075:7.8 | o) 1904
IVRT(ms) 28.83:2.05 | 20124402 | 3088280 | 33204 | YD
IVCT(ms) 26.66+1.38 | 20.33:+3.9 | 30.125+2.1 | 32.25+2.23 F(ZF?’::’;)B%; 53
ET(ms) 37233+5051 | 320+4061 | 30585215 | 251258509 | (o) DA%

(Abbreviations are given above)
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Diagram 2: showing strong negative correlation between PEFR and RIMP (Right

ventricular index of myocardial performance) with severity of COPD.

Diagram 3: showing strong positive correlation between FEV1 and TAPSE (Tricuspid

annular plane systolic excursion) with severity of COPD

Table 4: Correlation between FEV1 and FAC (Fractional Area Change) in different

stages of COPD.
Stages of FEV1 Correlation coefficient
cOPD ) | FAC0) (r value) Pvalue
Mild 83.13 | 44.33+6.83 0.9750 0.0093
Moderate 60.40 | 37.5+8.72 0.8685 0.0247
Severe 44,13 | 27.88+6.90 0.8868 0.0332
Very severe 28.6 22.5+4.8 0.9540 0.0460
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Table 5: Correlation between FEV1 and SPAP (Systolic pulmonary arterial pressure) in
different stages of COPD.

Stages of Fevi | seap | (OREET | palue
0,
COPD (%) (mmhg) (r value)
Mild 83.13 14.05+3.48 -0.7548 0.0828
Moderate 60.40 16.81+4.52 -0.9008 0.0453
Severe 44,13 | 21.55+6.07 -0.9110 0.0016
Very severe 28.6 29.075+7.8 -0.9816 0.0184
DISCUSSION

COPD has considerable effects on cardiac functions primarily affecting the pulmonary
vasculature and then right ventricle along with left ventricle. One of the important causes of
increased morbidity and mortality associated with COPD is cor-pulmonale which is defined
as right ventricular hypertrophy and dilatation, secondary to pulmonary hypertension caused
by lung diseases.”! Echocardiography provides a rapid, non-invasive method to evaluate
cardiac changes. Our aim was to evaluate the right ventricular function in COPD and its

correlation with severity of disease.

In our study mean age of the patients was 58.55 (£8.57) years ranging from 42 to 78 years.
Out of the sixty patients we taken from pulmonary medicine OPD for study purpose 73%
were male and 27% were female, 42 patients were smoker (70%) and the 18 patients were
non-smokers (30%). Out of the smokers againl8 patients had H/O cigarette smoking < 20
pack years; 19 had H/O smoking 20-30 pack years and 5 patients had H/O smoking for>30
pack years. In our study we got the moderate COPD (40%) patient maximum in number than

mild and other groups.

In our study FVC has been significantly (P value=0.001) decreased with the severity of
COPD.FVC showed a negative correlation with RV basal diameter in all stages of COPD
with a significant p value (p=0.0414) found only in severe COPD (r =-0.8876).It also showed
a strong negative correlation with RV wall thickness with p= 0.0617 in moderate COPD(r=-
0.7662) and a significant p value(p =0.0392) in very severe COPD(r =-0.9308).FVC did not
show anysignificant relation with any other diameters. FVCshowed strong positive
correlation with FAC( Fractional area change) in severe(r= 0.6465 and p=0.0431)and very
severe COPD(r=0.9332 and p=0.0368),which suggests persistent fall of RV systolic function
with reduction of FVC. We also found a strong negative correlation between FVC and
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systolic pulmonary arterial pressure(s PAP) only in very severe COPD(r= -0.9857;
[10]

p=0.0143). Barbera JA et all showed near similar results in their study.
In our study FEV1 has been significantly decreased (p value=0.001) with the severity of
COPD. FEV1 has showed strong negative correlation with the RV basal diameter in all the
four stages of COPD, most significantly with severe COPD (r=-0.9205, p value=0.00059).
Similarly we got a strong negative correlation between FEV1 and RV mid level diameter.
Moreover FEV1 in our study also showed very strong negative correlation with RV
longitudinal diameter, significant p values were found in moderate (r=-0.7363, p =0.0184),
severe (r=-0.9462, p =0.0231) and very severe (r=-0.9744, p=0.0256) COPD. This gradual
increase of RV diameters with reduction of FEV1 signifies the chance of development of
right ventricular dilatation with increased severity of COPD. Badesch D.B. et al in their study
also found almost similar results.™

When we compare the right ventricular wall thickness in different stages of COPD, we found
a gradual increase in wall thickness with severity of the disease. RV wall thickness is well
negatively correlated with FVC (r=-0.9308, p=0.0392 in very severe COPD) and FEV1 (r=-
0.8599, p= 0.0063 in severe, r=-0.9655, p=0.0345 in very severe COPD) but less significant
correlation with FEV1/FVC. Right ventricular hypertrophy is determined by this gradual
increase of wall thickness with severity of COPD. Massin et all showed the similar result in
their study.[*?

TAPSE or Tricuspid annular plane systolic excursion acts as an indicator of RV global
systolic function. In the present study TAPSE has been decreased gradually from mild to very
severe COPD. The decrease of TAPSE with severity of COPD is statistically significant
(p=0.005). TAPSE has strong positive correlation with FEV1 in moderate (r=0.8987,
p=0.0458), severe (r=0.9246, p=0.0012) and very severe(r=0.9519, p=0.048) COPD. It has
good positive correlation with FVVC only in very severe COPD(r=0.9459, p=0.0541).But no
such significant correlation with FEV1/FVC ratio was found.

In our study FAC has been decreased significantly (p value of 0.001) with severity of disease.
Strong positive correlation was observed between FAC and FVC in severe(r=-0.6465,
p=0.0431) and very severe(r=0.9332, p=0.0368) COPD patients. FAC showed a very strong

positive correlation with FEV1values in the four stages of COPD.
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In the present study SPAP has been increased significantly from mild to very severe COPD
(p=0.001). The mean values of sPAP are 14.05(x3.48) mmHg in mild, 16.81(x4.52) mmHg
in moderate, 21.55(x£6.07) mmHg in severe and 29.075(x7.8) mmHg in very severe COPD.s
PAP showed strong negative correlation with FVC in moderate (r=-0.6162, p=0.0328) and
very severe (r= -0.9857, p=0.0143) COPD. With reduction of FEV1, sPAP has been
increased significantly in moderate(r=-0.9008, p=0.0453) severe(r=-0.9110, p=0.0016) and
very severe(r=-0.9816, p=0.0184) COPD. Gupta et al. also showed in their study that
prevalence of Pulmonary Arterial Hypertension (PAH) has a linear relationship with severity
of COPD.!*?!

CONCLUSION

Elevated pulmonary arterial pressure is a well known complication of COPD. It has a
‘negative impact’ on the progression of disease. In our study, right ventricular wall thickness
has been increased significantly with the severity of COPD, which is suggestive of
development of right ventricular hypertrophy with the progression of disease. But no
significant right ventricular dilatation was found. Systolic pulmonary arterial pressure has
been increased with severity of COPD. But the value of sSPAP was not very high, suggesting
moderate elevation of pulmonary arterial pressure in COPD. Echocardiography can be used
as a screening method for early detection of pulmonary hypertension in patients with COPD
before undertaking other invasive and complicated procedures. However, our study
population was small and further studies with larger number of subjects with multicentric

design are required for confirmation.
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