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Abstract

Background Cardiac symptoms are a characteristic feature of chronic obstructive pulmonary disease (COPD), a disor-
der with lately achieved recognition as a systemic illness according to established standards. The research’s objective
was aimed at investigating the transthoracic echocardiography role in assessing right ventricular (RV) dysfunction
among individuals diagnosed with COPD, as well as to examine the potential correlation between blood pro B-type
natriuretic peptide (BNP) concentrations+and this diagnostic procedure.

Methods Arterial blood gasses, spirometry, echocardiography, and serum pro BNP were done for 80 COPD patients
and 20 healthy smokers, and some echocardiographic parameters were correlated with degree of airflow limitation.

Results 77.5% of COPD cases exhibited pulmonary hypertension (PHTN), and on classifying our COPD patients, it
was found that 65% of patients in group Il had PHTN and 90% of patients in group Ill had PHTN. Systolic pulmonary
artery pressure (SPAP), mean pulmonary arterial pressure (MPAP), right ventricular mid diameter (RVMD), right ven-
tricular basal diameter (RVBD), right ventricular longitudinal diameter (RVLD), right ventricular outflow tract (RVOT)
above pulmonary and aortic valve, and tricuspid annular plane systolic excursion (TAPSE) along with RVEF exhibited
a significant variance among all groups. A negative correlation was observed among forced expiratory volume (FEV)
1% and (RVMD as well as RVBD) and between Pro BNP and (TAPSE and RVEF).

Conclusions PHTN was found in 77.5% of COPD patients and is negatively correlated with FEV1%. Serum pro BNP
level exhibits a negative correlation with FEV1% in stable COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) repre-
sents a prevalent, avoidable, and controllable disorder,
characterized by enduring respiratory symptoms along
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with limited airflow. The persistent restriction of airflow
is attributed to a combination of conditions affecting the
small airways, including obstructive bronchiolitis and
parenchymal damage, sometimes known as emphysema
[1]. COPD exhibits various systemic manifestations, with
cardiac manifestations being the prevailing extrapulmo-
nary features observed in individuals with COPD. COPD
impacts the blood vessels within the lungs, inducing pul-
monary hypertension (PHTN), cor-pulmonale, and dys-
function of right ventricle [2].

The PHTN along with aberrant right ventricular (RV)
activity among COPD cases, regardless of its severity,
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are linked to greater hospitalization rates in addition to a
worse prognosis [3].

PHTN remains linked to an average pulmonary arte-
rial pressure (PAPm) rise, reaching at least 25 mmHg at
rest, which was determined by right heart catheterization
(RHC) [4].

As addressed by multiple studies, estimations of PAP
obtained by echocardiography correspond closely with
those obtained from cardiac catheterization [5].

Echocardiography represents a non-invasive method,
employed for evaluating the heart’s condition, including
several aspects such as ventricular RV function, RV fill-
ing pressure, tricuspid regurgitation, and LV function.
Brain natriuretic peptides (NT-pro B-type natriuretic
peptide (BNP) or BNP) have shown significant promise
as blood biomarkers for assessing the risk of individuals
with PHTN [6]. NT-pro BNP as well as BNP are formed
from the precursor hormone pro-BNP, synthesized inside
ventricular myocytes and then released in response to
myocardial strain. The substance levels increase during
acute COPD exacerbations then return to their original
levels following successful treatment [7].

The research employing medications approved for
PAH among PHTN cases linked to COPD or emphysema
have addressed contradictory findings. Their limitations
involved modest sample size, short periods, and inad-
equate PHTN hemodynamic characterization [8]. Within
an RCT lasting for 16 weeks, which involved 28 partici-
pants developing COPD along with severe PHTN con-
firmed by RHC, sildenafil therapy exhibited significant
enhancements as regards PVR as well as quality of life [9].
Registry data addressed that approximately 30% of cases
developing COPD along with severe PHTN, predomi-
nantly managed with PDE5is, showed an improvement as
regards WHO-FC, 6MWD, and PVR vs. baseline, while
those with a treatment response showed an improvement
as regards transplant-free survival [10].

Simvastatin was ineffective in exacerbation prevention
among COPD cases who did not have any metabolic or
cardiovascular indications requiring statin therapy [11].
A correlation between statin and outcome improvements
(involving exacerbations as well as mortalities reduc-
tion) has been documented within observational studies,
including COPD cases who received them for cardiovas-
cular or metabolic indications [12].

This work was aimed at assessing the transthoracic
echocardiography accuracy in evaluating pulmonary
artery pressure as well as RV characteristics among cases
developing varying degrees of COPD and examining its
correlation with the blood biomarker pro-BNP.

Patients and methods.

This research was conducted on a group of 80 male
patients, all of whom were over the age of 18 and were
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diagnosed with COPD in accordance with the guidelines
outlined in GOLD 2021. Additionally, a control group of
20 healthy people was included in the study. The research
was conducted between November 2022 and November
2023, after the authorization of the Ethical Committee
of Tanta University Hospitals in Tanta, Egypt (Approval
code: 35666/8/22). The patients provided informed writ-
ten consent.

The exclusion criteria were people who had an acute
exacerbation of COPD during the month before the
research, individuals with chronic lung disease (CLD)
unrelated to COPD, individuals with chronic cardio-
vascular illness, and patients with a limited echocar-
diographic window, along with cases unable to do
spirometry.

Participants underwent a categorization into three
distinct groups: group I (#=20) constituted the control
group, group II (m=40) represented the mild/moder-
ate COPD group, and group III (n=40) represented the
severe COPD group.

According to GOLD and severity of airflow obstruction

in COPD (based on post -bronchodilator FEV1) [13] (Fig. 1)
History taking, clinical examination (general and local
cardiac examination was done for all participants, involv-
ing vital signs (heart rate, blood pressure, respiratory rate
as well as temperature)), head and neck examination,
upper and lower limb examination, abdominal examina-
tion, and local examination. Symptoms were assessed by
mMRC and COPD assessment test (CAT); spirometry,
laboratory, and radiographic investigations were con-
ducted on all patients.

Spirometry
The spirometric test was performed using electronic
spirometry (CHESTGRAPH HI-101).

Cardiac assessment

a Electrocardiogram (ECG): 6 lead electrocardiograms
were done.

b Echocardiography: All patients had a two-dimen-
sional transthoracic Doppler echocardiogram while
laying on their left side, utilizing the eSaoteSpA
Mylab50 X vision echocardiography equipment. The
measurement of SPAP was conducted using a contin-
uous wave Doppler assessment to evaluate tricuspid
insufficiency. The MPAP is determined by measuring
the peak PR Doppler signal. PHTN was considered
when SPAP was more than 25 mmHg. Mild PHTN
ranged from 25 to 40 mmHg, moderate PHTN
ranged from 40 to 55 mmHg, and severe PHTN was
more than 55 mmHg [14]. Apical four-chamber view
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In COPD patients (FEV1/FVC < 0.7):
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FEV1 < 30% predicted

Fig. 1 GOLD and severity of airflow obstruction in COPD. COPD chronic obstructive pulmonary disease

was used to estimate the RV’s dimensions. Measur-
ing the right ventricular outflow tract (RVOT) was
conducted with two-dimensional echocardiograms at
the aortic root level, namely in the para-sternal short
axis view. The TAPSE phenomenon was seen using a
four-apical chamber view acquired via the use of an
M-mode probe.

Pro BNP

The values of Pro BNP for this analysis were acquired
from blood samples taken at the beginning of the study
using a Myriad-RBM assay (Austin, TX).

Statistical analysis

Our team analyzed the data statistically with SPSS v26,
a statistical tool developed by IBM Inc. of Chicago,
IL, USA. For quantitative variables, we utilized means
and standard deviations (SDs). To conduct a compari-
son among groups, we employed an analysis of variance
(ANOVA) and then a Tukey post hoc test. For assess-
ing qualitative traits, the chi-square test was utilized.
Researchers showed a relationship between several vari-
ables using the Pearson moment correlation equation. In
a two-tailed test, a significance level of 0.05 was deemed
statistically significant.

Results

The demographic data reveals that the severe COPD
group had a notably greater age in comparison to both
control and mild/moderate COPD groups. Significant
changes were seen in the smoking index, systolic blood
pressure (SBP), diastolic blood pressure (DBP), and
HR across all groups. The three groups did not exhibit
any significant differences in comorbidities, includ-
ing diabetes mellitus, renal dysfunction, and hepatic

impairment. Significant variations were seen in the
symptoms of COPD, as well as the symptoms and signs
of PHTN, between the group developing mild to mod-
erate COPD and the group developing severe COPD, as
illustrated in Table 1.

Regarding laboratory examinations, significant vari-
ances were documented as regards C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), carbon
dioxide (CO2), bicarbonate (HCO;), partial pressure
of oxygen (PaO,), and O, saturation between the mild/
moderate and severe groups. There was a substantial
increase in Pro BNP levels observed within the severe
COPD group as opposed to both the mild/moderate
COPD and control groups. However, no significant var-
iances were documented between the control and the
mild/moderate COPD groups (Table 2).

There were substantial differences observed in
the spirometric measures (forced expiratory vol-
ume (FEV)1/forced vital capacity (FVC), FEV1, FVC)
through the three groups (Table 3).

As regards echocardiographic assessment in the stud-
ied groups, on categorizing PHTN severity, mild and
moderate PHTN were most common in our patients
with percentages 33.75% and 35% respectively while
severe PHTN without right-sided heart failure and
severe PHTN with right-sided heart failure were less
frequent with percentages 5% and 3.75% respectively.
In mild/moderate COPD group, PHTN was found to
be present in 65% of patients (35% of mild severity and
25% of moderate severity) while in severe COPD group
PHTN was found to be present in 90% of patients and it
was found to be mild in 32.5% of patients and moderate
in 45% of patients (Table 4, Fig. 2).

SPAP, MPAP, quantitative function of RV (RVMD,
RVBD, RVOT above pulmonary valve and aortic valve),
and qualitative function of RV (TAPSE and RVEF) were
significantly different among the three groups (Table 5).
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Table 1 Patients in the control group, those with mild to moderate COPD, and those with severe COPD were analyzed for their

features and symptoms of COPD and PHTN

Control group (n=20)

Severe COPD P
group (n=40)

Mild/moderate
COPD group (n=40)

Age (years) 52204542 52.20+7.40 64.35+8.82 0.001*
P1=10,P2=0.001* P3=0.001*
Smoking index 140.50+29.29 212.00+57.07 360.00+34.64 0.001*
P1=0.001% P2=0.001% P3=0.001*
SBP 116.80+2.97 125.90+3.81 129.02+254 0.001*
P1=0.001% P2=0.001% P3=0.001*
DBP 76.05+2.67 80.90+2.66 75.78+2.75 0.001*
P1=0.001% P2=0.001% P3=0.001*
HR 76.15+7.65 83.70+£294 87.13+£4.56 0.001*
P1=0.001% P2=0.001*% P3=0.001*
Symptoms of COPD
Productive cough - 13(32.5%) 36(90.0%) 0.001*
Dyspnea - 15(37.5%) 37(92.5%)
Wheezing and chest tightness - 17(42.5%) 34(85.0%)
Symptoms of PHTN
Dyspnea on exertion - 14(35%) 25(62.5%) 0.014*
Fatigue and rapid exhaustion - 15(37.5%) 27(67.5%) 0.007*
Dyspnea when bending forward (bendopnea) - 10(25%) 15(37.5%) 0.228
Palpitations - 8(20%) 18(45%) 0.017*
Hemoptysis - 8(20%) 15(37.5%) 0.084
Exercise-induced abdominal distension and nausea - 10(25%) 19(47.5%) 0.036*
Weight gain due to fluid retention - 15(37.5%) 8(20%) 0.084
Syncope - 2(5%) 5(12.5%) 0.235
Exertional chest pain - 2(5%) 3(7.5%) 0.644
Hoarseness of voice - 1(2.5%) 2(5%) 0.556
Signs of PHTN
Central or peripheral cyanosis - 4(10%) 10(25%) 0.077
Accentuated pulmonary component of second heart sound - 5(12.5%) 14(35%) 0.018*
Systolic murmur of tricuspid regurgitation - 6(15%) 19(47.5%) 0.002*
Diastolic murmur of pulmonary regurgitation - 8(20%) 10(25%) 0.592

Data are presented as mean = SD and number (%)

SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate, COPD Chronic obstructive pulmonary disease, PHTN Pulmonary hypertension

" Significant as P value <0.05

As regards correlation between spirometric measure-
ments, serum pro BNP, and echocardiographic findings,
a negative association was documented between FEV1%
and (SPAP and MPAP). A positive association was also
observed between FEV1% and (TAPSE and RVEF) and
between Pro BNP and (SPAP and MPAP) (P=0.001). A
negative association was documented between FEV1% and
(RVMD and RVBD) and between Pro BNP and (TAPSE
and RVEF) (Table 6).

Discussion

The etiology of PHTN in CLD complex is influenced by
several factors. The heightened tone seen in tiny pulmo-
nary arteries may be attributed to the pulmonary vaso-
constriction as a result of hypoxia, the proliferation of
capillary endothelium as well as smooth muscle cells, and
the muscularization of arteries that were previously non-
muscular [15]. A thorough understanding of the precise
mechanism behind the association between persistent
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Table 2 Laboratory parameters in control group, mild/moderate COPD group, and severe COPD group

Control group (1=20) Mild/moderate COPD group  Severe COPD group P
(n=40) (n=40)
Inflammatory markers CRP - 24.03+932 36.05+13.99 0.001*
ESR - 11.98+4.12 27.08+£19.87 0.001*
ABG pH - 7.39+0.02 7.38+0.04 0.104
co2 - 39.18+4.13 50.23£9.65 0.001*
HCO, - 25.08+3.05 3335+£4.32 0.001*
PaO, - 7855+5.07 69.58+2.90 0.001*
0, saturation - 90.63+249 87.78+2.45 0.001*
Pro BNP 420=x6.77 79.73+£36.29 484.85+153.10 0.001*

P1=0.834,P2=0.001* P3=0.001*

Data are presented as mean +SD
CRP C-reactive protein, ESR Erythrocyte sedimentation rate, CO2 Carbon dioxide, HCO; Bicarbonate, PaO, Partial pressure of oxygen, BNP B-type natriuretic peptide
" Significant as P value <0.05

Table 3 Spirometric measurements in control group, mild/moderate COPD group, and severe COPD group

Control group (n=20) Mild/moderate COPD group ~ Severe COPD group P
(n=40) (n=40)
FEV1/FVC 0.84+0.03 0.64+0.02 0.37+0.07 0.001*
P1=0.001% P2=0.001% P3=0.001*
FEV1% 82.85+1.87 67.90+£10.24 36.25£2.12 0.001*
P1=0.001% P2=0.001% P3=0.001*
FvC 446+0.28 3.09+0.20 229+0.10 0.001*

P1=0.001%P2=0.001%,P3=0.001*

Data are presented as mean +SD
FEV Forced expiratory volume, FVC Forced vital capacity
" Significant as P value <0.05

Table 4 Incidence and severity of PHTN in mild/moderate COPD group and severe COPD group

N=80
No 18(22.5%)
Mild 27(33.75%)
Moderate 28(35%)
Severe without HF 4(5%)
Severe with HF 3(3.75%)
Mild/moderate COPD group  Severe COPD group P
(n=40) (n=40)
Grade of PHTN No 14(35%) 4(10%) 0.028*
Mild 14(35%) 13(32.5%)
Moderate 10(25%) 18(45%)
Severe without right-sided HF 2(5.0%) 2(5.0%)
Severe with right-sided HF 0(0.0%) 3(7.5%)

Data are presented as number (%)
COPD Chronic obstructive pulmonary disease, PHTN Pulmonary hypertension, HF Heart failure
" Significant as P value <0.05
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Fig. 2 Grade of PHTN in mild/moderate COPD group and severe COPD group. COPD chronic obstructive pulmonary disease, HF heart failure

Table 5 Echocardiographic parameters in control group, mild/moderate COPD group, and severe COPD group

Control group (n=20) Mild/moderate Severe P
COPD group COPD group
(n=40) (n=40)
PHTN SPAP 180+1.89 3730+£9.70 53.05+11.89 0.001*
P1=0.001% P2=0.001%,P3=0.001*
MPAP 23.15+243 41.35+£8.89 59.23+11.38  0.001*
P1=0.001% P2=0.001%, P3=0.001*
Quantitative function of RV RVMD 29.75+2.00 33.70+283 3895+145 0.001*
P1=0.001%,P2=0.001% P3=0.001*
RVBD 2535+225 29.20+1.96 36.00+1.72 0.001*
P1=0.001%,P2=0.001% P3=0.001*
RVLD 56.55+2.06 58.25+290 7040+1.61 0.001*
P1=0.008% P2=0.001%, P3=0.001*
RVOT Above pulmonary valve 20.55+1.64 2255+145 2705201 0.001*
P1=0.001% P2=0.001%,P3=0.001*
RVOT Above Aortic valve 24.50+248 2865+£1.25 35154201 0.001*
P1=0.001% P2=0.001%,P3=0.001*
Qualitative function of RV TAPSE 18.36+0.48 17.74+£042 17.39+£0.86 0.001*
P1=0.001%,P2=0.001%, P3=0.001*
RVEF 64.80+1.15 56.50+£2.36 46.35+2.99 0.001*

P1=0.001%P2=0.001% P3=0.001*

Data are presented as mean+SD

PHTN Pulmonary hypertension, SPAP Systolic pulmonary artery pressure, MPAP Mean pulmonary artery pressure, RVMD Right ventricular mid diameter, RVBD Right
ventricular basal diameter, RVLD Right ventricular longitudinal diameter, RVOT Right ventricular outflow tract, TAPSE Tricuspid annular plane systolic excursion, RVEF

Right ventricular ejection fraction, RV Right ventricle
* Significant as P value <0.05

hypoxemia and PHTN is still lacking. However, practical
studies have shown that prolonged lack of oxygen may
cause damage to the endothelium, hence hindering the
ability of prostacyclin and nitric oxide to regulate vascu-
lar remodeling [16].

COPD remains linked to altered structure and mechan-
ics within the pulmonary vascular bed, leading to an ele-
vation in RV afterload. Consequently, this condition is
also linked to unfavorable outcomes, involving elevated
hospital readmissions and death [17].

On assessment of cardiac condition in our COPD
patients, SBP, DBP, and HR exhibited significant vari-
ances among all groups. Supporting our results, Arslan
et al. [18] proposed that individuals with COPD exhib-
ited notably greater systolic and diastolic blood pres-
sure measurements as opposed to controls. The research
conducted by Warnier et al. [19] showed that individu-
als with COPD had a higher mean heart rate (72 bpm
(SD 14)) in comparison to the control group (65 bpm
(SD 13), P<0.001). There were notable differences in the
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Table 6 Correlation between FEV1% and Pro BNP and (SPAP,
MPAP, TAPSE and RVEF, RVBD and RVMD) of the studied groups

FEV1% Pro BNP

r P r P
SPAP —0.728 0.001* 0.640 0.001*
MPAP -0.771 0.001* 0.729 0.001*
TAPSE 0417 0.001* —-0535 0.001*
RVEF 0.907 0.001* —0.801 0.001*
RVMD —0.863 0.001* - -
RVBD —-0.857 0.001* - -

SPAP Systolic pulmonary artery pressure, MPAP Mean pulmonary artery pressure,
RVMD Right ventricular mid diameter, RVBD Right ventricular basal diameter,
TAPSE Tricuspid annular plane systolic excursion, RVEF Right ventricular ejection
fraction, FEV Forced expiratory volume

" Significant as P value <0.05

symptoms and indications of PHTN between the mild/
moderate COPD group and the severe COPD group. Rao
and Eswaramma [20] demonstrated that pedal edema
was the most often seen physical manifestation of cor-
pulmonale, followed by the presence of a loud second
heart sound in 20.96% of patients.

The severe COPD group had substantially elevated lev-
els of CRP and ESR in comparison to the mild/moderate
COPD group, as seen in laboratory examinations. Wang
et al. [21] concurred with our findings, determining that
ESR levels might partially indicate the severity of COPD
in older patients and exhibit a negative correlation with
FEV1%, which is a measure of lung function.

In relation to ABG, the severe COPD group had mark-
edly elevated levels of CO, and HCO, as opposed to the
mild/moderate COPD group. In contrast, the group with
severe COPD had a significant reduction in PaO, and O,
saturation in comparison to the group with mild to mod-
erate COPD. Consistent with our findings, Caltekin et al.
[22] observed that severe COPD patients exhibited lower
pH and PO, values, whereas greater values were seen for
PCO2 and HCO3 when compared to mild and moderate
COPD patients.

We found statistically significant variances among all
groups when it came to spirometric measures. El Gaz-
zar et al. [23] provided strong evidence that spirometric
measurements (FEV1/FVC%, FVC%, FEV1%, MVV% of
predicted, as well as PaO2) exhibited significant reduc-
tions with increasing COPD severity, lending credence
to our claims. Our research found that 77.5% of COPD
patients had PHTN, in the following proportions: 33.75%
for mild, 35% for moderate, 5% for severe without right-
sided heart failure, and 3.75% for severe with right-sided
heart failure. Over two-thirds of the individuals in the
mild to moderate COPD group had PHTN. In 35% of
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cases, it was determined to be mild, 25% to be moder-
ate, and 5% to be severe. In the group of individuals with
severe COPD, 90% had PHTN, without right-sided car-
diac problems, it was determined to be mild in 32.5% of
patients, moderate in 45%, and severe in 5% of patients,
and only 7.5% of patients had severe PHTN with right-
sided heart failure. Similarly, the study conducted by
Gupta and Mann [24] had shown a strong association
between the PHTN occurrence and COPD severity.
The research by Gupta et al. [2] addressed that 42.5% of
COPD cases developing varied severity degrees had indi-
cations of PHTN. Furthermore, it has been shown that
severe PHTN is only seen in cases with severe or very
severe COPD. Scharf et al. [25] proposed that there has
been a documented prevalence of up to 60% of patients
with severe COPD experiencing PHTN.

In our study, we observed significant increases in
RVMD, RVBD, RVLD, RVOT above pulmonary valve,
and RVOT above aortic valve within the mild/moder-
ate COPD group as opposed to controls. Similarly, these
values are greater within the severe COPD group as
opposed to both the control and mild/moderate COPD
groups. In accordance with the findings of Jeji et al. [26],
a noteworthy correlation was seen between the dimen-
sions of the RV and the extent of COPD. This was shown
by the presence of dilated RV in 23 out of 50 participants,
with an average value of 34.84+7.99 mm.

Regarding qualitative assessment of right ventri-
cle, 7.5% of patients had severe PHTN with echocar-
diographic signs suggestive of right-sided heart failure
(TAPSE<17 mm and RVEF<45%). Similarly, El Gaz-
zar et al. [23] showed a total of 14% of the COPD cases
involved within the research exhibited normal echocar-
diograms, whereas 85% displayed abnormal echocar-
diograms. This distribution was seen among 52% of the
mild group and 92% of the moderate group, along with
all cases developing severe and very severe COPD grades.
Approximately 84% of the patients had tricuspid regurgi-
tation, which ranged in severity from moderate to severe.
Ninety-seven percent of patients had normal TAPSE
results.

When comparing the groups developing mild to mod-
erate COPD, the control, and severe COPD, the current
study found that Pro BNP showed much greater levels
within severe COPD group. The control as well as mild/
moderate COPD groups, however, did not vary signifi-
cantly from one another. In addition, Pro BNP was shown
to have a direct correlation with SPAP and MPAP. The
variables TAPSE and RVEF were shown to have a nega-
tive correlation with Pro BNP. Consistent with our find-
ings, Su et al. [27] reached the conclusion that there are
notable variations in NT-pro BNP levels throughout
several phases of COPD and during the illness. These
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variations serve as indicators for pulmonary hypoxia
extent, inflammation, and cardiovascular stress experi-
enced by individuals with COPD.

Right heart catheterization represents the most reliable
method for PHTN diagnosis and classification [28].

Combining right cardiac catheterization with echocar-
diography allows for a more precise diagnosis along with
reducing their adverse events [29]]

Soofi et al. [30] found that the RHC’s diagnostic sensi-
tivity and specificity in diagnosing PHTN indicated 0.93
and 1 respectively.

Gonzalez-Hermosillo et al. [31] found that echo meas-
urements of PAPm utilizing formulas incorporating PAPs
exhibited good sensitivity, indicating a high positive pre-
dictive value (sensitivity 89-94% while PPV 76-88%).

The findings of our investigation revealed a significant
inverse relationship between FEV1% and both SPAP and
MPAP. A direct relationship was seen between FEV1%
and both TAPSE and RVEF. Corroborating our find-
ings, Jeji et al. [26] documented a noteworthy association
between PAP and FEVI. The incidence of PAH patients
exhibited a positive correlation with the severity of the
illness as determined by GOLD staging.

An inherent constraint of this study was the very tiny
sample size. The study did not include data on the pre-
vious treatment received by the participants with COPD,
which might have influenced the results. The available
data on the following actions is inadequate.

Conclusions

Echocardiography can be used as a screening method for
early detection of PHTN and RV dysfunction in all COPD
patients. Incidence of PHTN in studied COPD patients
was 77.5%; it was mainly of mild and moderate degree.
In mild/moderate COPD group, PHTN was found to be
present in 65% of patients while in severe COPD group
PHTN was found to be present in 90% of patients. PHTN
is negatively correlated with FEV1%. Serum pro BNP
level is negatively correlated with FEV1% in stable COPD
patients. So, it could be a beneficial biomarker in assess-
ing the severity of COPD while identifying cases possess-
ing greater chances for complications.

Abbreviations

ANOVA  Analysis of variance

BNP B-type natriuretic peptide

CLD Chronic lung disease

COPD Chronic obstructive pulmonary disease
DBP Diastolic blood pressure

ECG Electrocardiogram

FEV Forced expiratory volume

HR Heart rate

MPAP Mean pulmonary arterial pressure
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