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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is one of most common cause of death.
Pulmonary hypertension, one of the major and under diagnosed complications of COPD which have a great
impact on outcome of COAD and associated with frequent exacerbations and bad prognosis. Echocardiography
provides a rapid, noninvasive, portable, and accurate method to evaluate changes related to pulmonary
hypertension in COAD.

Objective Of Study: Study pulmonary artery systolic pressure and Tricuspid annular plane systolic excursion in
patients with COAD by 2D ECHO Doppler and correlate them with COPD severity.

Method: Cross sectional study was conducted on 50 COPD patients in Baghdad teaching hospital (age>40 year)
from first of January to the end of June, 2017. First, the diagnosis of COPD was confirmed and evaluated for
staging by history, clinical examination, and spirometery.

All patients have undergone ECG and 2D echocardiography and systolic pulmonary artery pressure and Tricuspid
Annular Plane Systolic Excursion (TAPSE) were calculated. Patients with other cardiac or respiratory problems
(asthma, pulmonary TB, lung malignancy, connective tissue diseases, interstitial lung disease, and cardiac
ischemia, left side heart failure) were excluded from this study.

Results: Study of PASP by TR jet with the use of 2D ECHO on 50 patients with COPD showed that 20 patients
had normal echo study , mild increase in PASP was found in 15 patients, moderate 11, and severe increase in 4
patients.

Study of TAPSE by 2D ECHO showed that 35 patients had normal TAPSE values, while others 15 had abnormal
values classified as mild, moderate, and severe: 3, 9, and 3, respectively.

A significant associations between echo findings of increasing PASP and abnormal TAPSE, with decrease in FEV 1,
and oxygen saturation measured by pulse oximeter, duration since COPD was diagnosed and MRC dyspnea scale.

Conclusion: High incidence of pulmonary hypertension with increasing severity of COAD. Echocardiography is
useful and effective tool for detection of PHT secondary to COPD.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) defined as a disease state characterized by airflow limitation
which is not fully reversible (Global, 2017). COPD is a common cause of death worldwide. It is a chronic illness
which worsens over time.

As may be expected from a chronic illness, periods of stable COPD are interspersed with episodes of acute
exacerbations .COPD exacerbations significantly increase the rate at which the lung function deteriorates, as well
as the mortality rate associated with this disease (Rycroft, 2012; Wells, Washko, Han et al., 2013).
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Pulmonary Hypertension COPD

Pulmonary hypertension is defined as a mean pulmonary pressure greater than 25 mmHg at rest or 30 mmHg with
exercise as measured by right heart catheterization .Chronic obstructive pulmonary disease (COPD) is the most
common cause of secondary pulmonary hypertension (PHT) related to lung diseases (Gologanu, Stanescu, &
Bogdan, 2012).

PHT secondary to COPD is associated with a worse prognosis of the disease, a low quality of life, as well as with
a higher exacerbations frequency, and consequently with an increase in the healthcare cost of COPD patients.

Prevalence of PHT in COPD patients is currently unknown. The most important mechanisms leading to PHT are
hypoxic vasoconstriction, pulmonary hyperinflation and endothelial dysfunction. PHT should be suspected in
COPD patients in the presence of severe dyspnea, decline in lung function, or of severe hypoxemia (Gologanu et
al., 2012).

Cor pulmonale was defined as “hypertrophy of the right ventricle resulting from diseases affecting the function
and/or structure of the lungs (WHO, 1963).

Pathophysiology of PHT in COPD

The pulmonary vasculature of patients with COPD associated PHT is abnormal with increased intimal and medial
thickening that cause luminal narrowing and vascular obstruction of the small pulmonary arteries (Wright, Petty, &
Thurlbeck, 1992).

These vascular changes lead to an increase in pulmonary vascular resistance (PVR) and elevation of pulmonary
artery pressures (PAP). In most cases, PHT associated with COPD develops slowly over time and the pressure
increases approximately 0.4 mmHg yearly (Kessler, Faller, Weitzenblum, 2001). PHT leads to pressure overload
of the right ventricle (RV). RV muscular hypertrophy occurs in response to the increased pulmonary pressures,
(Dias, Assad, & Caneo, 2002). Hypertrophy is followed by contractile dysfunction of the RV (Voelkel, Quaife, &
Leinwand, 2006). The contractile dysfunction leads to RV dilation, a decrease in cardiac output, and an increase in
right sided filling pressures (Voelkel, 2006).

Diagnosis of PHT in COPD

Cardiac catheterization is the “gold standard” for the measurement of pulmonary arterial pressures. However, there
are significant risks and cost issues associated with the procedure and, in any case, due to the high prevalence of
COPD, it would not be feasible to perform cardiac catheterization on every patient with moderate to severe disease
(Groves & Badesch, 1996).

So Echo study is the first method for PHT screening in patients with COPD and it should be widely used, it
provides a rapid, noninvasive, portable and accurate method to evaluate the right ventricle function, right
ventricular filling pressure and tricuspid regurgitation.

The absence of a high PASP excludes important PHT and further unnecessary invasive evaluation. PHT secondary
to COPD is usually mild, but a small proportion of patients have severe PHT, with specific characteristics, and
worse prognosis (Chan & Currie, 1987; Gologanu et al., 2012).

Using this method(echo study), several investigators have demonstrated an adequate correlation between the
Doppler estimates and direct measurements with right-heart catheterization ,although the accuracy of DE has been
called in to question in certain clinical setting ;as it is sometimes difficult in COPD patients because of
over-inflated lungs (Berger, Haimowitz, Van Tosh, Berdoff, & Goldberg, 1985; Currie, Seward, & Chan, 1985).

1.1 Aim of the Study

To study pulmonary artery systolic pressure and right ventricular function by TAPSE in patients with COPD using
2D ECHO Doppler and correlate them with severity of COPD.

2. Methadology

2.1 Study Design

Cross sectional study.

2.2 Time of Study

From first of January to the end of June, 2017.
2.3 Site of Study

Baghdad teaching hospital.
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2.4 Sampling

Fifty patients presented with signs and symptoms of COPD either admitted to the ward or coming as outpatient.
2.5 Participants

Inclusion Criteria

Patients with symptoms and signs of COPD (>40 year) apart from exclusion criteria.

Exclusion Criteria

1)-Systemic hypertension.

2)-Cardiac diseases ,JHD,valvular disease, cardiomyopathy.

3)-Any respiratory condition like asthma apart from COPD.

4)-Any other systematic disease that lead to pulmonary hypertension such us systemic sclerosis .
5)-Patients unable to perform spirometry.

2.6 Data Collection

Data were collected via full medical history and complete clinical examination,and all patients were subjected to
verbal agreement and the data were recorded in a pre-constructed data sheet which was included:

1)-Age, gender and occupation.

2)-Smoking: ex or current smoker, pack/year.
3)-Clinical presentation.

4)-Duration since COPD was diagnosed.

5)-MRC dyspnea scale. Dyspnea was assessed according to the scale of Medical Research Council (MRC) which
reflects the functional state of the patients (Chris, 2008). It is divided into 5 grades

6)-Oxygen saturation (restrings O2) as measured by pulse oximeter.
7)-ECG findings as done by 12 leads electrocardiography.

8)-Spirometry: Use for diagnose, classification of disease severity according to GOLD guidelines (Global
Initiative for Chronic Obstructive Lung Disease (GOLD) (2017).

9)-All patients were subjected to resting two-dimension transthoracic Doppler echocardiography, and M-Mode
studies were done.

Right ventricular systolic pressure was estimated based on the modified Bernoulli equation and was considered to
be equal to the PASP in the absence of right ventricular outflow obstruction: PASP (mmHg) = right ventricular
systolic pressure = trans-tricuspid pressure gradient + right atrial pressure (RAP), where trans-tricuspid gradient is
4* (v=rpeak velocity of tricuspid regurgitation, m/s). RAP was empirically estimated as 5, 10, or 15 mmHg based
on the variation in the size of inferior vena cava with inspiration. Pulmonary hypertension (PHT) was defined in
this study as PASP>40 mmHg. PHT was classified into mild, moderate, and severe category as PASP40-49,
50-70, >70 mmHg, respectively. (Robyn, Barst, & Michael McGoon, 2004).

It is worth noting that the only hemodynamic parameter included in the definition of PHT is the mean value of
pulmonary artery pressure (mPAP). Its estimation using PASP value assessed with Doppler echocardiography is
obtained through a number of formulae. One of them developed by a group of French researchers (Chemla,
Castelain, & Humbert, 2004).

mPAP=0.61xPASP+2 mmHg

Tricuspid annular plane systolic excursion (TAPSE) the simplest echocardiography indicator of RV function,
TAPSE is usually acquired by placing an M-mode cursor through the tricuspid annulus and measuring the amount
of longitudinal motion of the annulus at peak systole to evaluate longitudinal RV function, the greater the descent
of the base in systole, the better the RV systolic function, with value less than 16 mm suggestive of RV dysfunction.
It is predictive of mortality in pulmonary hypertension (Sanz, 2012; Ghio, Klersy, & Magrini, 2010).

In this study TAPSE was classified as. (Echocardiographic normal values, 2015).
Normal (>16mm).

Mildly abnormal (13-15mm).
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Moderately abnormal (10-12mm) .
Severely abnormal (<10mm).
3. Results

50 COPD patients were recruited in this study, with mean age group of the respondents was between (60-64 years
old) in which it represents (32.0%), the males were more than females (86% and 14%) respectively. The majority
of the patients were self-employee (42%), the current smokers mean = 59.9+£15.6 Pack/year, while the mean of
Ex-smoker was less =52.4+12.9 Pack/year. 62% of the COPD patients diagnosed within 1-4 years , as showing in
Table 1.

Table 1. Distribution of patients according to Sociodemographic characteristics

VARIABLE No %
Age (years) <60 8 16.0
60---64 16 32.0
65---69 13 26.0
=70 13 26.0
Mean+SD(Range) 64.7+5.2 (54-72)
Gender Male 43 86.0
Female 7 14.0
Duration since COPD diagnosis 1---4 31 62.0
(years) 5--9 12 24.0
=>10 7 14.0
Mean+SD(Range) 4.6+3.2 (1-12)

To assess the patients with dyspnea according to the Medical council research scale (MRC), it was found that 40%
of the patients were within dyspnea score II and the rest was in score I, III and IV, while no one with dyspnea score
V.

Clinically all patients (100%) suffer from dyspnea, 72% from cough and only 20% have chest pain. Less than half
(44%) of the patients having > 90% resting SPO2.

Pulmonary function test (FEV1) of the patients revealed that 44.0% of the patients was within moderate Forced
Expiratory Volume FEV1 (59-79), 36% was mild, 12% was severe and only 8% were very severe.

Figures 1 and 2 show that RA enlargement was found in 32% of the patients by the Echo examination, 30% have
RV enlargement. 40% of the patients have normal PASP and the less one was severe increase in PASP (8%). 70%
of the patients within normal TAPSE and 6%with severely abnormal TAPSE.
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Figure 2. Distribution of the patients according to Tricuspid annular plane systolic excursion (TAPSE)
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It had been found that there is a highly significant association (p value <0.001) between the Echo findings (PASP
and TAPSE) and COPD severity by FEV1.
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Table 2. The association between FEV1 with Echo findings

FEV1
VARIABLES P value
Mild (=80) Moderate (50-79) Severe (30-49) Very severe (<30)
Normal 18 2 - - <0.001*
Mild (40-49) - 15 - -
PASP
Moderate (50-70) - 5 6 -
Severe (>70) - - - 4
Normal (>16) 18 17 - - <0.001*
Mild (13-15) - 2 1 -
TAPSE
Moderate (10-12) - 3 5 1
Severe (<10) - - - 3

*Significant difference between proportions using Pearson Chi-square test at 0.05 level.

Table 3 reveals that there is a highly significant (<0.001) association between Echo findings (abnormal PASP and
TAPSE) with Duration of the COPD disease, Resting SPO2 and MRC Dyspnea score.

Table 3. The relation between Echo findings with Duration of the COPD disease, Resting SpO2 and MRC Dyspnea
score

Duration since COPD diagnosis (years)

VARIABLE P value
14 5--9 =>10
Normal 19 1 - <0.001*
PASP Mild (40-49) 7 7 1
Moderate (50-70) 5 3 3
Severe (>70) - 1 3
Normal (>16) 26 8 1 <0.001*
Mild (13-15) 3 - -
TAPSE
Moderate (10-12) 2 3 4
Severe (<10) - 1 2

*Significant difference between proportions using Pearson Chi-square test at 0.05 level.

Resting SpO2
VARIABLE P value
=>90% 85---89% <85%
Normal 20 - - <0.001*
Mild (40-49) 2 12 1
PASP
Moderate (50-70) - 8 3
Severe (>70) - - 4
Normal (>16) 22 12 1 <0.001*
TAPSE Mild (13-15) - 3 -
Moderate (10-12) - 5 4
Severe (<10) - - 3

*Significant difference between proportions using Pearson Chi-square test at 0.05 level.
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MRC dyspnea score (I--V)

VARIABLE P value
I II I v
Normal 8 12 - - <0.001*
Mild (40-49) - 8 7 -
PASP
Moderate (50-70) - - 8 3
Severe (>70) - - 1 3
Normal (>16) 8 20 7 - <0.001*
Mild (13-15) - - 2 1
TAPSE
Moderate (10-12) - - 6 3
Severe (<10) - - 1 2

*Significant difference between proportions using Pearson Chi-square test at 0.05 levels.

4. Discussion

The current study concluded that the mean age of the patients was 64.7+5.2 years, which is in accord with that
found by Ozben et al. (2015) study in Turkey. When the mean age of the patients was (64.2 + 10.9). But not similar
to that found in Soliman et al. (2015) study in Egypt, where the mean age was 5949.16 years. Also not similar to
Forfia et al. (2006) study in USA, study when the mean age was 55+15.In a study done by Gartman et al. (2012)
study in USA, and Fayngersh et al. (2011). They showed that PHT might be described in patients with advanced
age, however they asked either this association is attributable to age alone, or other co morbidities contributing to
PHT in the elderly.

The present study showed male sex predominance (86%) and this might be directly related to COPD prevalence
where it is more common in males than females due to smoking habits, and this is consistent with GOLD 2013 as
it showed male predominance of COPD.

The most important risk factor for COPD is cigarette smoking. Approximately 20% of regular cigarette smokers
develop progressive airflow obstruction at some time during life; patients with COPD usually have smoking
history of at least 20 pack-years (Viegi & Scognamiglio, 2001). , which is in agreement with the present study

4.1 Mrc Dyspnea Score

The recent study showed that most patients with MRC score II of 40%. And there is significant correlation between
increase MCR dyspnea score and echo parameters of PHT .This finding as similar to the results of Tanaka et al.
(2013) study in Japan, as it showed that MRC dyspnea score was higher in subjects with echocardiography
findings suggestive of PHT than those without.

4.2 ECG Finding

The current study showed that the main group in the ECG finding was normal and the predominant changes were P
pulmonale and right axis deviation which is in agreement with other Iraqi study by Amjed H. Abbas “” Moreover
it is consistent with a study by Rodman et al. (Rodman, 1990).

4.3 Pulmonary Function Test (FEVI)

In this study we found that 44.0% of the patients was within moderate FEV1, 36% was mild, 12% was severe and
only 8% were very severe .This finding is close to results of Higham et al study in UK (Higham, 2001), in
which,25% were mild while 43% were moderate. While in a study done by Amardip Rajput et al in India (Amardip
Rajput, 2016), with the same patient’s number (50) they showed that (16%) patients had moderate grade COPD,
(60%) patients had severe grade COPD, (24%) had very severe grade COPD.

4.4 Echo Finding

Echo finding: The present study concludes that 30% of the COPD patients have right ventricular dilatation,
similarly to that found by Necla Ozer et al. (2001) ,and reported that with COPD, the development of PHT leads to
right ventricular dilation, right ventricular systolic and diastolic dysfunction.

In our study of PASP by 2D ECHO we found mild PHT in 15 patients out of 50 while moderate PHT in remaining

11 patients, while 4 patients with severe PHT ,so the increase in PASP was present in 60% of the patients which are

same that revealed by Gupta et al. (2011) study in India, in their study of echocardiography evaluation of COPD in
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40 patients when it was (63%), but it is more than that mentioned by Sultan et al. (2009) study in Iraq, when they
found that PASP was elevated in only 36% of total COPD patients. Moreover it is more that found by Weitzenblum
et al in France, and Burgess et al in United Kingdom’ studies in which the PHT was found in 35% of patients with
COPD and 34.4% respectively. Correlation of PASP with FEV1 was done in our study, it came out to be
statistically significant (p<0.001) in similarity with study by Rathi et al. study in India, and similar to study of
Sultan et al. (2009) and Higham et al. (2001). In present study, there was highly significant association between
the frequencies of PHT in very severe COPD. While in a study by Jain et al. in India, the moderate to severe PHT
was more commonly seen in COPD Grade 3 and Grade 4 patient as compared to COPD grade 2 patients.

Also we found that increase PASP was more frequently with decreasing O2 saturation and the association were
statistically significant. This finding was in similarities with study by Sultan et al. (2009) in Iraq, Burgess et al.
(2002) study in UK reported significant association between increased PASP with decreasing FEV1 but they did
not compare the findings with O2 saturation.

The current study showed that 70% of the patients have normal TAPSE which is not concordant with the Rathi et al.
(2015), when the studies of TAPSE by 2D ECHO showed that 80 (80%) patients had abnormal TAPSE value while
20 (20%) patients had normal value, this is may be due to different in sample size where their study done on 100
patients and patients with severe COPD were excluded from their study. Correlation of TAPSE with COPD staging
was done in our study. It came out to be statistically significant (p<0.001), similar to the result of Rathi et al.
(2015).

Chaisson et al. (2012), Chelliah et al. (2012), Forfia et al. (2006), and Charlotte Uggerhgj et al. (2010), studies in
USA, conducted about efficacy of TAPSE in predicting RV function in COPD patients .Saxena et al. (2006),
showed (TAPSE) is a useful measurement in determining right ventricular systolic function regardless of
pulmonary artery pressures in a study of 52 patients.

5. Conclusions

Severity of COPD correlated very well with proportionate changes in PASP and RV function assessed by TAPSE
(pulmonary hypertension).

There is highly significant correlation between increase PASP and abnormal TAPSE values with MRC dyspnea
scale, resting SPO2 and duration since COPD diagnosed.
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