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Abstract Background: COPD is complicated by a high rate of cardiac diseases. The co-existence of COPD and heart failure has
been previously described. Previous Doppler studies have demonstrated that left ventricular diastolic dysfunction
(LVvDD) is frequently found in severe patients with COPD. Aim: To assess the relationship between left ventricular
diastolic dysfunction and severity of chronic obstructive pulmonary disease. Material and Methods: Pulmonary
Function Test (spiromerty) and Conventional 2D echocardiography was performed on 125 patients (25 control + 100
COPD patients). FEV1% predicted criteria was used to classify the patients of COPD in GOLD I to IV (>80=I, 50-80= II;
30-50=I1l; <30= 1V). FEV1/FVC<0.7 differentiates COPD patients from control group. Modified medical research
council dyspnea scale (NMMRC) and COPD Assessment Test (CAT) clinical and questionnaire based scores were used to
assess severity of COPD. Results: LVEF was positively correlated with FEV1 (p<0.001).LV end diastolic and systolic
volume were positively correlated to FEV1.However, E was negatively correlated with FEV1 (p< 0.001).On the contrary,
e (septal) was positively correlated with FEV1 and E/e septal was negatively correlated with FEV1. Conclusion: The
occurrence of Left ventricular dysfunction (systolic and diastolic) is more in COPD patients and the dysfunction
correlates well with the severity of COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
systemic inflammatory disease characterized by airflow
limitation that is not fully reversible® COPD is
complicated by a high rate of cardiac diseases® and is
present in approximately one-third of patients with
congestive heart failure (HF).>* The co-existence of
COPD and heart failure has been previously

the relationship between COPD and LVDD or heart
failure with preserved ejection fraction (HFpEF) is less
well understood. The present study aimed to assess the
relationship between left ventricular diastolic dysfunction
and severity of chronic obstructive pulmonary disease.

MATERIAL AND METHODS

In this cross sectional, observational study, a total of 125
patients (25 control + 100 COPD patients were selected
from outpatient (OPD) and hospitalized in general
medicine and pulmonary medicine ward of tertiary care
hospital. Patients were selected after obtaining written
informed consent.Ethical Committee Academic Research
Projects (ECARP) approved this study.
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Inclusion Criteria

1. Patients (males or females) age above 18 years

2. Patients having FEV1 /FVC ratio of <0.70 on
spirometry

3. Patients with FEV1<80% of normal

4. Patients having significant airway obstruction on
challenge with a short-acting bronchodilator i.e.
post-bronchodilator response criteria of less than
12% or less than 200 mL improvement in forced
expiratory volume in 1 s (or forced vital
capacity) from the baseline spirometry.

5. Persons of similar ages without COPD
(FEV1/FVC>0.70 on spirometry) and without
cardiac diseases were included as control group
to remove confounding factors.

Exclusion Criteria

1. Patients who did not give consent for the study.

2. Patients with other pulmonary disease as
pulmonary tuberculosis, bronchiectasis,
interstitial pulmonary disease, etc.

3. Patients with unstable cardio respiratory status
defined as the occurrence of respiratory failure,
bronchopulmonary infection or congestive heart
failure and cardiomyopathy.

RESULTS

4. Patients with structural disease of heart (Valvular
heart disease, congenital heart disease and
cardiomyopathy).

Methodology: After detailed history and physical
examination, each patient underwent basic investigation
including ECG, Chest X-Ray, Sputum for AFB, and
Pulmonary Function Test (spiromerty). Conventional 2D
echocardiography was also performed in all patients
according to same protocol. Provisional clinical diagnosis
was formulated to detect LV dysfunction in patients with
COPD. FEV1% predicted is the criteria to classify the
patients of COPD in GOLD I to IV (>80=I, 50-80= 1I; 30-
50=I11; <30= IV). FEV1/FVC<0.7 differentiates COPD
patients from control group. Modified medical research
council dyspnea scale (nMRC) and COPD Assessment
Test (CAT) clinical and questionnaire based scoreswere
used to assess severity of COPD.

Statistical Analysis: All data were expressed as mean +
standard deviation (SD). Statistical analysis was
performed by using Microsoft Excel program and SPSS
software  version 20. Tabular and graphical
representations were done and test applied wherever
necessary.

There were total 125 number of subjects selected randomly; twenty-five in each group GOLD I to IV and 25 in control
group (GOLD 0).There were 84 males and 41 females in the study comprising 67.2% and 32.8% respectively. There was
no significant difference in gender wise distribution among the groups as p value was > 0.05.

Table 1: Baseline demographic and clinical characteristics of patients

Control/ GOLD 0 GOLD| GOLD Il GOLD 1l GOLD IV vaTue
Total (N) 25 25 25 25 25 >0.05
Male (n) 17 17 17 16 17 >0.05
Female (n) 8 8 8 9 8 >0.05
Age (years) 67.6+8.69 70.6+8.48 67.5£9.01 70.4£7.69 70.246.37 >0.05
Hb (g/dL) 13.0+1.67 13.04£1.62 13.2+1.39 13.4+1.30 13.6+1.14 >0.05
Creatinine (mg/dL) 0.910.18 0.910.18 1.0+0.23 0.8+0.13 0.9140.22 >0.05
FEV1% pred 80.9+1.52 78.8+1.4 62.216.03 36.6x5.36 25.8+3.34 <0.01
FEV1/FVC 0.8+0.07 0.6+0.08 0.58+0.09 0.5+0.12 0.61+0.09 <0.01
mMRC score 0.2+0.40 1.240.40 1.88+0.33 2.9+0.27 3.9240.27 <0.01
CAT score 1.0£2.04 17.0+2.27 24.7+3.09 33.0x2.4 37.0£3.21 <0.01
Table 2: Left Ventricular parameters on 2D Echo
Control/ P

GOLD 0 GOLD | GoLD 1l GOLD 1l GOLD IV value

LVEF(%) 59.8£1.75  52.2+2.9 45.8+2.36  35.842.76  25.6+1.65 <0.001

LVEDD 94.0+1.91 91.3+2.21 87.8+252 86.6£1.65 84.5+2.96 <0.001

LVESD 34.6£2.17  30.7£#1.90 29.0+2.21  27.742.35 25.3+2.39  <0.001

E 53.4+6.05 55.74#3.77  56.8+2.93  59.0£3.21 60.2+3.54  <0.001

e(septal) 6.310.403 6.020.43 5.7+0.45 5.60.29 5.4+0.30 <0.001

e(lateral) 8.0+0.31 7.620.21 7.410.27 7.4+0.25 7.310.21 <0.001

E/e septal 8.5+1.30 9.2+1.05 9.9+1.03 10.5+0.68 11.1+1.04 <0.001
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Table 3: Correlation between various parameters using Pearson correlation
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FEV1%pred mMRCscore  CAT score GOLD

LVEF 0.948 -0.946 -0.920 -0.978
LVEDD 0.774 -0.788 -0.820 -0.821
LVESD 0.735 -0.795 -0.775 -0.804
E -0.493 0.506 0.487 0.518

e septal 0.564 -0.605 -0.638 -0.633
e lateral 0.588 -0.640 -0.676 -0.648
E/e -0.613 0.644 0.643 0.666

FEV1% predicted is the criteria to classify the patients of COPD in GOLD I to IV.(>80=I, 50-80= II; 30-50=Ill; <30=
IV). FEV1/FVC <0.7 differentiates COPD patients from control group. Hence in both of these parameters there is
significant difference between the groups as obvious (Table No 1).Modified medical research council dyspnea scale
(mMRC) and COPD Assessment Test (CAT) score are two widely used clinical and questionnaire based scores to assess
severity of COPD. As it was expected, the scores worsened with severity of COPD as evidenced by spirometry. The
difference among the groups was statistically significant (p<0.001). The mean readings of various 2D Echo parameters in
study subjects. We can clearly understand from the table that as the COPD worsens (from GOLD | to GOLD IV) there is
decrease in Left Ventricular Ejection Fraction (LVEF), Left Ventricular End Systolic and Diastolic Diameter (LVESD
and LVEDD), e (septal), e (lateral); while there is gradual increase in E and E/e (septal). All the changes observed in
these parameters are statistically significant (p<0.001) (Table 2). There is gradual increase in E while e septal falls with
worsening COPD. As a result, E/e ratio increase from control group to GOLD IV.Pearson correlation test was used to
study exact correlation between the LV parameters and COPD parameters (p>0.001) (Table 2). Table 3 shows the
coefficient Pearson correlation when applied to all the parameters. The correlation ranges from -1 to +1. Minus sign (-)
indicates negative correlation meaning if one parameter increases the will decrease proportionately. Plus sign (+)
indicates positive correlation meaning both the study parameters increase or decrease simultaneously and
proportionately.
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Figure 1: Correlation between LVEF% and FEV1% pred Figure 2: Correlation between LV end diastolic volume and FEV1

LVEF was positively correlated with FEV1 (R? Linear= 0.900, p<0.001). Similarly, LV end diastolic volume was

positively correlated to FEV1 (R*= 0.599).

L #nd rpinabe velume
Y
o
g
E
"E":&a% :

FEWE% prad

Figure 3: Correlation between LV end systolic volume and FEV1 Figure 4: Correlation between E and FEV1
LV end systolic volume was also correlated positively with FEV1 (R*= 0.540).However, E was negatively correlated
with FEV1 (R? Linear= 0.243, p< 0.001). On the contrary, e (septal) was positively correlated with FEV1 (R? Linear=
0.318, p< 0.001).
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Figure 5: Correlation between e (septal) and FEV1

Figure 6: Correlation between E/e septal and FEV1

E/e septal was negatively correlated with FEV1 (R? Linear= 0.376, p<0.001).

DISCUSSION

COPD is associated with relevant extrapulmonary effects
and comorbidities that may influence the course of the
disease.® Cardiovascular disorders are among the most
prevalent. In fact, COPD is considered an independent
cardiovascular risk factor.>'% In our study, we have found
that left ventricular ejection fraction which is a good
indicator of LV systolic function has definite correlation
with the COPD severity. It was positively correlated with
the FEV1% predicted value and negatively correlated
with mMMRC and CAT scores. FEV 1% is objective
parameter while the two scores are subjective parameters
of COPD severity. All the values suggest strong
correlations which are statistically significant (coefficient
about 0.9 and p < 0.001). LV End Systolic Diameter
(LVESD) another LV systolic function parameter also
showed similar changes in our study. It was positively
correlated with FEV1 and negatively correlated with
mMRC and CAT score. Coefficient of correlation was
around 0.77 to 0.80 suggesting good correlation. All the
changes over the COPD spectrum were statistically
significant (p< 0.001). LV End Diastolic Diameter
(LVEDD), a marker of diastolic dysfunction showed
similar correlation with COPD parameters. Relation with
FEV1 was positive and that with mMRC and CAT score
was negative. p value was < 0.001and coefficient was in
the range of 0.75 to 0.80 similar to LVESD. E wave, e
(septal) and e (lateral) were studied on echo over GOLD
stages of COPD. E showed negative correlation with
FEV1% and positive with mMRC and CAT score. On the
other hand, e (septal) and e (lateral) showed opposite
results as expected. Coefficients in these calculations
were around 0.5 reflecting less strong correlation.
However, the changes were statistically significant
(p<0.001). When we calculated the E/e septal, to study
the LV function over COPD severity, we found that E/e
ratio was positively correlated to FEV1% and negatively

related to mMMRC and CAT score.The evaluations of
mitral inflow and mitral annular velocities in this study
confirmed changes in LV functions in patients with
COPD. A significant increase in the E/e’ ratio was noted
among COPD patients. Univariate and multivariate
analyses revealed severe COPD to be a significant
predictive factor for high E/e’. There are numerous
contributing factors for LV dysfuction in patients with
underlying COPD. First, hypoxia and a systemic proin-
flammatory state lead to atherosclerosis via increased
oxidative stress in the vascular endothelium.***? Second,
the severity of hypoxemia and pulmonary artery pressure
or pulmonary vascular resistance has been reported to be
closely related in patients with COPD, indicating a major
role in alveolar hypoxia.®™ Alveolar hypoxia causes
constriction of resistance pulmonary arteries, and
sustained alveolar hypoxia induces pulmonary vascular
remodeling."® Pulmonary HTN is observed in half of the
patients with severe COPD.!” Another pathology in
COPD, an indirect cause of LV dysfunction is
CorPulmonale. Corpulmonale, which can occur in very
severe COPD, is characterized by elevated pullmonary
vascular resistance and right heart failure, with associated
reductions in left ventricular filling, left ventricular stroke
volume, and cardiac output, although left ventricular
ejection fraction is generally preserved.'® This disorder
may occur as a result of various mechanisms, including
loss of pulmonary vascular capacity due to parenchymal
destruction, hypoxic pulmonary arterial vasoconstriction®
and pulmonary hyperinflation with elevated intrathoracic
pressure.’’ A similar study as ours has shown significant
difference between both the groups of COPD patients
with or without pulmonary HTN regarding left ventricular
diastolic function and left ventricular systolic function. In
this study, left ventricular diastolic function and global
function differed significantly between different COPD
grades.21 Moreover, we also demonstrated the mean E/e’
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ratio as a parameter of LVDD to be significantly
negatively correlated with FEV1. It may be explained to
lead to mechanical exclusion of the heart by pulmonary
overinflation. Hyperinflation in very severe patients with
COPD can cause increased intrathoracic pressure and
decreased venous pressure, with reductions in the blood
volumes of both ventricles.® Such ventricular
interdependence can impair LV filling, causing the
LVDD in patients with severe COPD and mild-to-
moderate COPD. In this study, we demonstrated that
severe COPD was a significant predictive factor for high
E/e’.  Although Corpulmonale is a well-known
echocardiographic alteration in COPD patients, few
studies have evaluated left ventricular diastolic function
in the context of this disease.>** In agreement with our
results, findings from evidence have found a high
prevalence of left ventricular diastolic dysfunction in
COPD patients relative to control subjects.® Furthermore,
some studies have also reported a prevalence >50%.% To
summarize, we have observed following points in our
study;

1. Parameters of LV systolic function like LVEF,
LVESD strongly correlate with worsening COPD
(as per GOLD criteria).

2. Parameters of LV diastolic function like
LVEDD, E, e septal, e lateral and E/e ratio all
strongly correlate with worsening COPD.

Hence to conclude, the occurrence of Left ventricular
dysfunction (systolic and diastolic) is more in COPD
patients and the dysfunction correlates well with the
severity of COPD.
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