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Abstract
Background: Pulmonary hypertension (PH) is frequently underdiagnosed and under-evaluated in chronic
obstructive pulmonary diseases (COPD) patients. As PH is linked to a high rate of mortality from disease-
related complications like cor pulmonale, it is critical to have a unified approach to diagnosing and treating
it with the aim of improving the patient's quality of life and prognosis in terms of therapeutic
considerations. Early identification of this comorbidity in patients with COPD can lead to early initiation of
treatment and better prognostic implications. This study was undertaken with the aim of estimating the
prevalence of PH in COPD as well as assessing any statistically significant associations between the severity
of PH and the severity of COPD.

Methods: This was an observational study undertaken at the Department of Respiratory Medicine, Acharya
Vinoba Bhave Rural Hospital (AVBRH) in Wardha, Maharastra, India, from August 2019 to September 2021.
A total of 100 patients diagnosed with COPD on the basis of spirometry were evaluated with two-
dimensional (2D) echocardiography to screen for echocardiographic signs and evidence of PH and severity
staging of PH if present.

Results: In our study, out of 100 diagnosed cases of COPD, the prevalence of PH was found to be 40% (40
patients) and amongst these, mild, moderate, and severe PH was seen in 26 patients (26%), nine patients
(9%), and five patients (5%), respectively. The frequency of PH in moderate COPD was 25% and in severe
COPD was 51.5%.

Conclusions: PH was found in almost half the COPD patients in the study. Also, the degree and frequency of
PH increased with the increase in COPD severity and this was found to be statistically significant.

Categories: Cardiology, Internal Medicine, Pulmonology
Keywords: copd, chronic obstructive pulmonary disease, pulmonary hypertension, pulmonary artery systolic
pressure, gold staging, echocardiography

Introduction
The most common comorbidities associated with chronic obstructive pulmonary disease (COPD) are
systemic hypertension, ischemic heart disease, Type 2 diabetes mellitus, respiratory infections, nutritional
deficiencies, PH, cor pulmonale, pulmonary thromboembolism, depression, and anemia [1]. Cardiovascular
disease is a major co-morbidity in COPD [2]. Systemic, as well as pulmonary hypertension (PH), is the
principal cardiovascular complication encountered in COPD. COPD-associated PH is widely being
recognized to be a contributing entity in the development of disease manifestations, morbidity, and
eventual mortality [3]. The natural history of the disease is severely affected by the presence of PH which
leads to frequent exacerbations, rapid decline in lung functions, persistent hypoxemia, and premature
morbidity and mortality.

The frequently undetected and chronic PH eventually causes right ventricular (RV) hypertrophy, dilatation,
and subsequent RV failure [4]. Pulmonary arterial pressures are of significant importance in the prognosis of
COPD. In a review study of indicators of prognosis, pulmonary arterial pressures greater than 20 mm of Hg
were found to significantly predict mortality at five years [5]. Furthermore, the factor of superior prognostic
importance in COPD patients who were prescribed long-term oxygen supplementation was observed to be
the magnitude of pulmonary artery pressures rather than the pulmonary function test (PFT) or arterial blood
gas (ABG) abnormalities [6]. Thus, prompt diagnosis of PH in COPD patients and early intervention have
great prognostic implications for the patient. The “Gold Standard” for the evaluation of pulmonary vascular
pressures as well as for diagnosing primary PH, and evaluation of congenital heart diseases prior to cardiac
or lung surgeries and heart-lung transplantation surgery is still right heart catheterization (RHC) [7]. It is
not, however, feasible to perform RHC in every patient given the high prevalence of COPD, the high
prevalence of PH in COPD, significantly associated risks due to the invasive nature of the procedure, and
cost issues [6]. Along with its diagnostic role, two-dimensional (2D) echocardiography is also useful as a
screening tool for patient groups that are considered high risk as well as for prognostic monitoring, assessing
the stability of the disease, and treatment response. Patients with PH can be comprehensively evaluated for
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its cause and can be accurately grouped in their respective categories with the help of echocardiography.
Thus, the present study was undertaken to screen COPD patients for PH with the help of Doppler
echocardiography, to estimate the prevalence of PH in COPD, and to assess any statistically significant
associations between the severities of PH and COPD

Materials And Methods
The study was an observational study conducted between August 2019 to September 2021 in the Department
of Respiratory Medicine at Acharya Vinoba Bhave Rural Hospital, Wardha, India. Institutional Ethics
Committee - Datta Meghe Institute Of Medical Sciences (Deemed University) issued approval DMIMS
(D.U.)/IEC/ Sept-2019/8344. A structured case history proforma was used for recording the history, clinical
signs, radiological findings, electrocardiographic and echocardiographic findings, and laboratory tests of the
patients.

Inclusion and exclusion criteria
All male and female patients above 18 years of age, who were diagnosed with COPD on the basis of
spirometry post-bronchodilator forced expiratory volume in one second/forced expiratory volume
(FEV1/FVC) ratio less than 0.7 as per Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines [8], and were willing to participate in the study after giving informed consent, were included in
the study

Patients diagnosed with pulmonary tuberculosis (present or past), bronchial asthma, acute left ventricular
failure, ischemic heart disease, cardiomyopathies, primary PH, and other comorbid conditions and patients
with poor echocardiography window were excluded from the study.

Data collection
A PFT was performed using an RMS Helios 401 PC-based spirometer (Recorders & Medicare Systems P Ltd.,
Haryana, India) in compliance with the American Thoracic Society/European Respiratory Society (ATS/ERS)
standards. The test yielded the following results: FEV1, FVC, FEV1/FVC ratio, slow vital capacity (SVC), and
maximal voluntary ventilation (MVV). The main parameters utilized to stage COPD patients according to
GOLD guidelines were post-bronchodilator FEV1, FVC, and the FEV1/FVC ratio. For those with FEV1/FVC
ratio less than 0.7, the post-bronchodilator FEV1 values were used to stage the severity of COPD as per
GOLD guidelines as mild, moderate, severe, and very severe as given in Table 1. To rule out the possibility of
bronchial asthma, all patients underwent post-bronchodilator spirometry (metered-dose inhaler (MDI)
salbutamol 400 mcg with spacer).

GOLD STAGE COPD SEVERITY FEV1 (% predicted)

GOLD 1 Mild ≥ 80% predicted

GOLD 2 Moderate 50% to 79% predicted

GOLD 3 Severe 30% to 49% predicted

GOLD 4 Very Severe < 30% predicted

TABLE 1: Staging of COPD according to the GOLD guidelines
COPD: Chronic Obstructive Pulmonary Disease; GOLD: Global Initiative for Chronic Obstructive Lung Disease

Source: Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease: 2021 report [8].

Two-Dimensional Transthoracic Doppler Echocardiography

Resting 2D transthoracic Doppler echocardiography was performed on all patients by skilled cardiologists.
The machine utilized was an Affiniti 70 Ultrasound system (Phillips Healthcare, Amsterdam, Netherlands)
equipped with a PureWave S5-1 Broadband sector array transducer (Phillips Healthcare, Amsterdam,
Netherlands). The color flow Doppler echocardiography was able to identify and measure the tricuspid
regurgitant jet velocity; the peak jet velocity was quantified using the continuous wave Doppler approach
without using intravenous contrast.

In the absence of right ventricular outflow obstruction, the modified Bernoulli equation was employed to
determine right ventricular systolic pressure (RYSP), which was deemed to be equal to systolic pulmonary
arterial pressure (PAP).
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RVSP = trans-tricuspid pressure gradient (TTPG) + right atrial pressure (RAP) = systolic PAP (mmHg)

RVSP= 4Vmax2 + RAP

where trans-tricuspid pressure gradient is 4Vmax2 (V= peak velocity of tricuspid regurgitation in m/s).

RAP was estimated to be 5, 10, or 15mm of Hg based on inspiratory variations in inferior vena cava (IVC)
dimensions as follows:

RAP = 5mm of Hg (in case of complete IVC collapse)

RAP = 10mm of Hg (in case of partial IVC collapse)

RAP = l5mm of Hg (in case of no IVC collapse)

In this study, PH was defined as systolic PAP greater than 25 mmHg, according to the definition of
pulmonary arterial hypertension [9]. PH was categorized as mild, moderate, or severe based on systolic PAP
values of 30-50, 50-70, and >70 mmHg, respectively. The following values were selected using the Chemla
formula [10]: mean pulmonary arterial pressure (mPAP) =0.61 systolic PAP + 2 mm Hg. The following systolic
PAP values were generated by placing the values of mPAP for mild, moderate, and severe PH as 25-35, 35-45,
and >45 mm Hg, respectively.

Other Investigations

The other investigations that the patients underwent were: sputum for acid-fast bacilli and bacterial culture,
hemoglobin, total leucocyte count, differential leukocyte count, liver and kidney function tests, ECG on
admission, ABG analysis on admission, chest x-ray posteroanterior view, CT Thorax (only in patients with
clear indications for the same on the basis of primary chest radiological findings).

Statistical analysis
For numerical outcomes that were regularly distributed, the Mean ± Standard deviation was determined. The
Mann-Whitney U test was used to determine the Mean ± SD of demographic variables among patients with
and without PH. To make group comparisons, non-parametric tests (Kruskal-Wallis test) were utilized.
Strength of Association was calculated by point-biserial correlation. For comparing the mean of subgroups,
Fishers’s exact test and unpaired t-test were used. To compare non-numerical variables, the Chi-square test
was used. IBM SPSS Statistics for Windows, Version 20.0 (Released 2011. IBM Corp., Armonk, New York) was
used. The significance level was kept at P-value ≤ 0.05 level.

Results
Characteristics of the study population
Age and Gender Distribution

Out of the total 100 patients with COPD, 70% were males while 30% were females. The age distribution of
the study participants is shown in Table 2.

Age Frequency Percentage 95% CI

40-49 Years 5 5.0% 1.9-11.8%

50-59 Years 17 17.0% 10.5-26.1%

60-69 Years 43 43.0% 33.3-53.3%

70-79 Years 31 31.0% 22.3-41.1%

80-89 Years 4 4.0% 1.3% - 10.5%

TABLE 2: Age distribution of the study population

Occupational Distribution, Symptoms, and Clinical Signs
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In our study, 79 patients (79%) were involved in agriculture-related professions while 21 patients (21%) were
involved in the non-agricultural sector. 95 participants (95%) gave a history of exposure to biomass fuel
smoke for household cooking and heating purposes. The summary of the symptoms is given in Table 3 and
the clinical signs are summarized in Table 4:

SYMPTOMS PRESENT ABSENT

Cough 87 (87.0%) 13 (13.0%)

Expectoration 62 (62.0%) 38 (38.0%)

Haemoptysis 3 (3.0%) 97 (97.0%)

Breathlessness 93 (93.0%) 7 (7.0%)

Fever 30 (30.0%) 70 (70.0%)

Weakness and Fatigue 37 (37.0%) 63 (63.0%)

Chest pain 45 (45.0%) 55 (55.0%)

Weight And Appetite loss 14 (14.0%) 86 (86.0%)

TABLE 3: Summary of symptoms in the study population

SIGNS PRESENT ABSENT

Pallor 36 (36.0%) 64 (64.0%)

Icterus 0 (0.0%) 100 (100.0%)

Cyanosis 7 (7.0%) 93 (93.0%)

Clubbing 10 (10.0%) 90 (90.0%)

Use of accessory muscles 29 (29.0%) 71 (71.0%)

Pedal Oedema 28 (28.0%) 72 (72.0%)

Raised JVP 6 (6.0%) 94 (94.0%)

Tachycardia 68 (68.0%) 32 (32.0%)

Tachypnea 38 (38.0%) 62 (62.0%)

TABLE 4: Summary of clinical signs in the study population

Comorbidities in the study population
In our study, it was observed that 42 patients (42%) had systemic hypertension and 21 patients (21%) had
diabetes mellitus, while 37 patients (37%) had no history of either. Thus, systemic hypertension was found
to be the leading comorbidity (42%) followed by diabetes mellitus (21%).

Radiological findings
The radiological findings of the study participants are summarized in Table 5.
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Radiological findings Frequency

Normal radiological findings 24 (24.0%)

Emphysema 59 (59.0%)

Cavity 3 (3.0%)

Pleural effusion 7 (7.0%)

Pulmonary artery thrombosis (On CT Thorax) 2 (2.0%)

Pulmonary hypertension (On CT Thorax) 12 (12.0%)

Bronchiectasis 13 (13.0%)

TABLE 5: Summary of radiological findings in the study participants

Distribution of PH and its severity
In our study, out of 100 patients with COPD, 40 patients were diagnosed as having PH on 2D
echocardiography. Out of these 40 patients, the distribution of severity of PH was as follows: mild PH in 26
patients, moderate PH in nine patients, and severe PH in five patients. The distribution of PH and its
severity by 2D echocardiography is shown in Figure 1.

FIGURE 1: The distribution of PH severity by two-dimensional
echocardiography
2D ECHO: two-dimensional echocardiography; PH: pulmonary hypertension

Summary of 2D echocardiographic findings
The echocardiographic findings of the study participants are summarized in Table 6.
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2D-ECHO PARAMETERS FINDINGS

Right atrial dilatation Present in 26 patients (26.0%)

Right ventricular dilatation Present in 13 patients (13.0%)

Pulmonary artery dilatation Present in 42 patients (42.0%)

Systolic pulmonary artery pressure  (mmHg) (Mean ± SD): 32.66 ± 17.15  

Left ventricular ejection fraction (%) (Mean ± SD): 58.60 ± 4.10 

Detectable tricuspid egurgitation Present in 39 patients (39.0%)

Pulmonary hypertension Present in 40 patients (40.0%)

TABLE 6: Summary of echocardiographic findings in the study participants
2D ECHO: two-dimensional echocardiography

Association between GOLD staging and the severity of PH on
echocardiography
There was a significant difference between the four GOLD stages in terms of distribution of severity of PH
and was statistically significant (χ2 = 36.195, p = <0.001). Participants in the GOLD Stage 1 had the largest
proportion of normal 2D echocardiography studies (88.9%). Participants in the GOLD Stage 4 had the largest
proportion of mild to severe PH (Table 7, Figure 2).

PH
Severity

  

GOLD Stage
1

GOLD Stage
2

GOLD Stage
3

GOLD Stage
4 Total Chi-square test 

(χ2)
P-
value

Normal 16 (88.9%) 27 (75.0%) 16 (48.5%) 1 (7.7%) 60 (60.0%)

36.195 <0.001

Mild 2 (11.1%) 9 (25.0%) 9 (27.3%) 6 (46.2%) 26 (26.0%)

Moderate 0 (0.0%) 0 (0.0%) 6 (18.2%) 3 (23.1%) 9 (9.0%)

Severe 0 (0.0%) 0 (0.0%) 2 (6.1%) 3 (23.1%) 5 (5.0%)

Total 18 (100.0%) 36 (100.0%) 33 (100.0%) 13 (100.0%)
100
(100.0%)

TABLE 7: Association between GOLD staging and the severity of PH on echocardiography
GOLD: Global Initiative for Chronic Obstructive Lung Disease; PH: pulmonary hypertension
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FIGURE 2: Association between GOLD staging and PH severity
GOLD: Global Initiative for Chronic Obstructive Lung Disease; PH: pulmonary hypertension

Comparison of the four subgroups of the GOLD staging in terms of
systolic PAP
There was a significant difference between the four groups of GOLD staging in terms of systolic PAP (mm
Hg) (χ2 = 26.415, p = <0.001), with the median systolic PAP (mmHg) being highest in the GOLD Stage 4
group. The bar graph below depicts the means of 2D echocardiography : systolic PAP (mm Hg) in the four
different groups. (Table 8, Figure 3).

2D-ECHO: Systolic PAP
(mmHg)

  

GOLD
Stage 1

GOLD
Stage 2

GOLD
Stage 3

GOLD Stage
4

Kruskal-Wallis test
(χ2)

p
value

Mean (SD) 22.89 (6.85) 26.22 (9.64) 36.73 (18.74) 53.69 (18.96)

26.415 <0.001Median (IQR) 20 (20-23.5) 20 (20-26.75) 35 (20-48) 46 (40-65)

Range 15 - 45 20 - 50 18 - 78 25 – 85

TABLE 8: Comparison of the four subgroups of the GOLD staging in terms of systolic PAP
GOLD: Global Initiative for Chronic Obstructive Lung Disease; PAP: pulmonary arterial pressure; IQR: interquartile range
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FIGURE 3: Association between GOLD staging and PASP
GOLD: Global Initiative for Chronic Obstructive Lung Disease; PASP: pulmonary arterial systolic pressure

Discussion
A total of 100 diagnosed patients with COPD were enrolled in the study. Out of these, very severe COPD was
present in 13 patients (13%), severe COPD in 33 patients (33 %), moderate COPD in 36 patients (36%), and
mild COPD in 18 patients (18%). According to the findings, 40% of COPD patients had PH, which is
strikingly similar to the incidence of PH in earlier studies as shown below. Out of the 40 PH patients in our
study, mild, moderate, and severe PH was seen in 26 patients (65%), nine patients (22.5%), and five patients
(12.5%), respectively. The frequency of PH in moderate and severe COPD was 25% and 51.5%, respectively.
As the COPD severity increased, prevalence and severity of PH were also found to be increased in the study
and it was also observed that severe PH was present mostly in patients with severe COPD. Two patients
(6.1%) had severe PH in moderate COPD, while three patients (23.1%) had severe PH in severe COPD. In a
recent Indian study by Gupta et al. on 40 COPD patients, PH was found in 42.5% of cases with mild,
moderate, and severe PH with prevalence rates of 25%, 10%, and 7.5%, respectively [11]. Our findings were
comparable to this study. Gupta et al. concluded that prevalence and severity of PH increase with the
severity of COPD. Similar conclusions were made by Scharf et al. and Doi M et al. where the severity of PH
tends to correlate with the degree of airflow obstruction [12-13].

Previous studies have shown that in COPD and the frequency of severe PH in COPD ranges between 3-5%
[14-15]. This finding was consistently found to be 5% in our study. In our study, it was found that the median
duration of the history of COPD symptoms was higher in COPD with the PH group in comparison to the
group with COPD without PH (p = 0.022) and this was statistically significant.

Also, it was noted in our study that 79% of the study participants were engaged in the agricultural sector.
This was similar to a study by De Matteis [et al. in 2019 in which they found a higher COPD risk in subjects
involved in the agricultural sector [16]. The higher percentage of study subjects with COPD from the
agricultural sector might be explained by the location of study in rural central India with a predominantly
agricultural economy.

Higham et al. concluded that in the majority of COPD patients, echocardiography can efficiently and reliably
detect the presence and severity of pulmonary arterial hypertension, and given the negative effects of
pulmonary arterial hypertension on morbidity and mortality, routine echocardiography in patients with
severe COPD may be warranted [17].

In our study, it was noted that the mean systolic PAP estimated by echocardiography was progressively
higher in higher GOLD stages of COPD (p = <0.001) and was found to be statistically significant, with the
median systolic PAP (mmHg) being highest in the GOLD Stage 4 group. This was similar to the findings of
the Rotterdam study in which they found that an absolute 10% decrease in FEV1 correlated with an
estimated systolic PAP increase of 0.46 mm Hg [18].
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As a result, in an ideal scenario, all COPD patients should be evaluated for PH using transthoracic Doppler
echocardiography, which incorporates all of the necessary components for a screening and a diagnostic tool
for early diagnosis, so that appropriate treatment may be recommended at the earliest. This will aid in the
improvement of the quality of life and survival of these patients who battle a debilitating condition such as
COPD.

Study limitations
This was a hospital-based study and only symptomatic patients with clinical, ECG, and echocardiographic
findings of PH were included in the study. Right heart catheterization and measurement of pulmonary
artery pressure, which is the gold standard to assess pulmonary hypertension, was not done due to hospital
limitations. Initially, in our study, we had planned to do regular three and six-monthly follow-ups of the
patients with repeat echocardiography to assess the disease progress, but we were unable to do so due to the
coronavirus disease 2019 (COVID-19) pandemic situation that greatly affected both outpatient and inpatient
numbers.

Conclusions
Out of 100 COPD patients who fulfilled the inclusion and exclusion criteria in our study, the prevalence of
PH was found to be 40% by Doppler echocardiography, out of which 26% had Mild PH, 9% had Moderate PH
while 5% had Severe PH. As the COPD severity increased, the frequency and degree of PH were also found to
be increased, and this difference was found to be statistically significant. Also, it was a notable finding in our
study that patients with greater severity of airflow obstruction graded by GOLD staging were also found to
have higher systolic PAP on echocardiography. Therefore, we conclude that echocardiography is an excellent
tool for the detection of PH in COPD patients when special attention is given to the tricuspid regurgitation
jet, right ventricular motility, and dilatation. It is our recommendation that all COPD patients with
worsening dyspnea, should undergo echocardiography so as to detect PH, if present, at an early stage, since
PH is a frequently observed finding in such patients.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee - Datta Meghe Institute Of Medical Sciences (Deemed University) issued approval DMIMS
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research work proposed to be carried out at Jawaharlal Nehru Medical College and Acharya Vinoba Bhave
Rural Hospital, Sawangi (Meghe), Wardha. This approval has been granted on the assumption that the
research work will be carried out in accordance with the ethical guidelines prescribed by the Central Ethics
Committee on Human Research (C.E.C.H.R.). Animal subjects: All authors have confirmed that this study
did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Cavaillès A, Brinchault-Rabin G, Dixmier A, et al.: Comorbidities of COPD. Eur Respir Rev. 2013, 22:454-75.

10.1183/09059180.00008612
2. Soriano JB, Visick GT, Muellerova H, Payvandi N, Hansell AL: Patterns of comorbidities in newly diagnosed

COPD and asthma in primary care. Chest. 2005, 128:2099-107. 10.1378/chest.128.4.2099
3. Mise J, Moriyama K, Itagaki S: Clinical course and prognosis of chronic pulmonary emphysema with special

reference to pulmonary circulatory disturbance. Jpn Heart J. 1966, 7:45-55. 10.1536/ihj.7.45
4. Matthay RA, Berger HJ: Cardiovascular performance in chronic obstructive pulmonary diseases . Med Clin

North Am. 1981, 65:489-524. 10.1016/s0025-7125(16)31511-5
5. Weitzenblum E, Hirth C, Ducolone A, Mirhom R, Rasaholinjanahary J, Ehrhart M: Prognostic value of

pulmonary artery pressure in chronic obstructive pulmonary disease. Thorax. 1981, 36:752-8.
10.1136/thx.36.10.752

6. Barst RJ, McGoon M, Torbicki A, Sitbon O, Krowka MJ, Olschewski H, Gaine S: Diagnosis and differential
assessment of pulmonary arterial hypertension. J Am Coll Cardiol. 2004, 43:40S-7S.
10.1016/j.jacc.2004.02.032

7. Rosenkranz S, Preston IR: Right heart catheterisation: best practice and pitfalls in pulmonary hypertension .
Eur Respir Rev. 2015, 24:642-52. 10.1183/16000617.0062-2015

8. Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease (2022 report). Global Initiative for Chronic Obstructive
Lung Disease, Inc., 2021. https://goldcopd.org/wp-content/uploads/2021/12/GOLD-REPORT-2022-v1.1-
22Nov2021_WMV.pdf.

9. Opitz C, Rosenkranz S, Ghofrani HA, Grünig E, Klose H, Olschewski H, Hoeper M: ESC guidelines 2015
pulmonary hypertension: diagnosis and treatment [Article in German]. Dtsch Med Wochenschr. 2016,

2022 Aurangabadkar et al. Cureus 14(2): e21828. DOI 10.7759/cureus.21828 9 of 10

https://dx.doi.org/10.1183/09059180.00008612
https://dx.doi.org/10.1183/09059180.00008612
https://dx.doi.org/10.1378/chest.128.4.2099
https://dx.doi.org/10.1378/chest.128.4.2099
https://dx.doi.org/10.1536/ihj.7.45
https://dx.doi.org/10.1536/ihj.7.45
https://dx.doi.org/10.1016/s0025-7125(16)31511-5
https://dx.doi.org/10.1016/s0025-7125(16)31511-5
https://dx.doi.org/10.1136/thx.36.10.752
https://dx.doi.org/10.1136/thx.36.10.752
https://dx.doi.org/10.1016/j.jacc.2004.02.032
https://dx.doi.org/10.1016/j.jacc.2004.02.032
https://dx.doi.org/10.1183/16000617.0062-2015
https://dx.doi.org/10.1183/16000617.0062-2015
https://goldcopd.org/wp-content/uploads/2021/12/GOLD-REPORT-2022-v1.1-22Nov2021_WMV.pdf
https://dx.doi.org/10.1055/s-0042-117784


141:1764-9. 10.1055/s-0042-117784
10. Chemla D, Castelain V, Humbert M, Hébert JL, Simonneau G, Lecarpentier Y, Hervé P: New formula for

predicting mean pulmonary artery pressure using systolic pulmonary artery pressure. Chest. 2004,
126:1313-7. 10.1378/chest.126.4.1313

11. Gupta NK, Agrawal RK, Srivastav AB, Ved ML: Echocardiographic evaluation of heart in chronic obstructive
pulmonary disease patient and its co-relation with the severity of disease. Lung India. 2011, 28:105-9.
10.4103/0970-2113.80321

12. Scharf SM, Iqbal M, Keller C, Criner G, Lee S, Fessler HE: Hemodynamic characterization of patients with
severe emphysema. Am J Respir Crit Care Med. 2002, 166:314-22. 10.1164/rccm.2107027

13. Doi M, Nakano K, Hiramoto T, Kohno N: Significance of pulmonary artery pressure in emphysema patients
with mild-to-moderate hypoxemia. Respir Med. 2003, 97:915-20. 10.1016/s0954-6111(03)00115-x

14. Thabut G, Dauriat G, Stern JB, Logeart D, Lévy A, Marrash-Chahla R, Mal H: Pulmonary hemodynamics in
advanced COPD candidates for lung volume reduction surgery or lung transplantation. Chest. 2005,
127:1531-6. 10.1378/chest.127.5.1531

15. Chaouat A, Bugnet AS, Kadaoui N, et al.: Severe pulmonary hypertension and chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 2005, 172:189-94. 10.1164/rccm.200401-006OC

16. De Matteis S, Jarvis D, Darnton A, et al.: The occupations at increased risk of COPD: analysis of lifetime job-
histories in the population-based UK Biobank Cohort. Eur Respir J. 2019, 54: 10.1183/13993003.00186-2019

17. Higham MA, Dawson D, Joshi J, Nihoyannopoulos P, Morrell NW: Utility of echocardiography in assessment
of pulmonary hypertension secondary to COPD. Eur Respir J. 2001, 17:350-5.
10.1183/09031936.01.17303500

18. Loth DW, Lahousse L, Leening MJ, et al.: Pulmonary function and diffusion capacity are associated with
pulmonary arterial systolic pressure in the general population: The Rotterdam Study. Respir Med. 2017,
132:50-5. 10.1016/j.rmed.2017.09.009

2022 Aurangabadkar et al. Cureus 14(2): e21828. DOI 10.7759/cureus.21828 10 of 10

https://dx.doi.org/10.1055/s-0042-117784
https://dx.doi.org/10.1378/chest.126.4.1313
https://dx.doi.org/10.1378/chest.126.4.1313
https://dx.doi.org/10.4103/0970-2113.80321
https://dx.doi.org/10.4103/0970-2113.80321
https://dx.doi.org/10.1164/rccm.2107027
https://dx.doi.org/10.1164/rccm.2107027
https://dx.doi.org/10.1016/s0954-6111(03)00115-x
https://dx.doi.org/10.1016/s0954-6111(03)00115-x
https://dx.doi.org/10.1378/chest.127.5.1531
https://dx.doi.org/10.1378/chest.127.5.1531
https://dx.doi.org/10.1164/rccm.200401-006OC
https://dx.doi.org/10.1164/rccm.200401-006OC
https://dx.doi.org/10.1183/13993003.00186-2019
https://dx.doi.org/10.1183/13993003.00186-2019
https://dx.doi.org/10.1183/09031936.01.17303500
https://dx.doi.org/10.1183/09031936.01.17303500
https://dx.doi.org/10.1016/j.rmed.2017.09.009
https://dx.doi.org/10.1016/j.rmed.2017.09.009

	Evaluation of Pulmonary Hypertension in Chronic Obstructive Pulmonary Disease
	Abstract
	Introduction
	Materials And Methods
	Inclusion and exclusion criteria
	Data collection
	TABLE 1: Staging of COPD according to the GOLD guidelines

	Statistical analysis

	Results
	Characteristics of the study population
	TABLE 2: Age distribution of the study population
	TABLE 3: Summary of symptoms in the study population
	TABLE 4: Summary of clinical signs in the study population

	Comorbidities in the study population
	Radiological findings
	TABLE 5: Summary of radiological findings in the study participants

	Distribution of PH and its severity
	FIGURE 1: The distribution of PH severity by two-dimensional echocardiography

	Summary of 2D echocardiographic findings
	TABLE 6: Summary of echocardiographic findings in the study participants

	Association between GOLD staging and the severity of PH on echocardiography
	TABLE 7: Association between GOLD staging and the severity of PH on echocardiography
	FIGURE 2: Association between GOLD staging and PH severity

	Comparison of the four subgroups of the GOLD staging in terms of systolic PAP
	TABLE 8: Comparison of the four subgroups of the GOLD staging in terms of systolic PAP
	FIGURE 3: Association between GOLD staging and PASP


	Discussion
	Study limitations

	Conclusions
	Additional Information
	Disclosures

	References


