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ARTICLE INFO ABSTRACT

Article history: Background: Pulmonary hypertension (PH) is one of the most common complications of COPD (chronic obstruc-
Received 4 June 2017 tive pulmonary disease), but its severe form is uncommon. Various factors play an important role in the occur-
Received in revised form 27 July 2017 rence and severity of pulmonary hypertension in patients.

Accepted 4 August 2017 Methods: This cross-sectional study was performed on patients with COPD referred to an emergency department
Keywords: over a one-year period. The tests—including complete blood count (CBC) and arterial blood gas (ABG), pulmo-

) nary functional test (PFT) and echocardiography—were performed for all patients to measure mPAP (mean pul-
Pulmonary hypertension . . .
COPD monary artery pressure), ejection fraction (EF) and body mass index (BMI). The prevalence of severe pulmonary
hypertension and its associated factors were investigated in these patients.
Results: A total of 1078 patients was included in the study, of whom 628 (58.3%) were male and 450 (41.7%) were
female. The mean age of the patients undergoing the study was 70.1 £ 12.2. A total of 136 (13.7%) of them had
mPAP (mm Hg) > 40 mm Hg as severe pulmonary hypertension. Following multivariable analysis by using the
backward conditional method, it was shown that seven variables had a significant correlation with severe PH.
Conclusions: The results showed that there is an independent correlation between hypoxia, hypopnea and com-
pensatory metabolic alkalosis, polycythemia, left ventricular dysfunction, emaciation, and cachectic with severe

Body mass index
Cachexia

pulmonary hypertension. The prevalence of severe PH in these patients was 13.7%.

© 2017 Published by Elsevier Inc.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is an irreversible
bronchial inflammation that involves the lung airways and parenchyma
and causes mucociliary dysfunction. Pulmonary hypertension (PH) is a
common complication of COPD, which occurs in the wake of the devel-
opment and exacerbation of the disease in the patients. PH is defined by
aresting mean pulmonary arterial pressure >25 mm Hg, which is mea-
sured via right heart catheterization [1-4]. The prevalence of PH in these
patients is different and depends on the severity of the disease, but is
usually mild to moderate, and worsens by exercise, sleep and exacerba-
tion of the disease. Approximately 5-10% of patients have “dispropor-
tionate” PH, which is the severe form of the disease. In these patients,
resting PH is above 40 mm Hg. Such patients—because of the right

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease;
EF, ejection fraction; FEV1, forced expiratory volume 1; FVC, forced vital capacity; mPAP,
mean pulmonary artery pressure; MPV, mean platelet volume; PDW, platelet
distribution width; PFT, pulmonary function test; PH, pulmonary hypertension; RDW,
red cell distribution width.
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ventricular failure—have worse prognosis compared with those who
have mild to moderate pulmonary hypertension [4-7].

A method of choice for the diagnosis of PH is right-heart catheteriza-
tion, but because its nature is aggressive, Transthoracic Doppler Echocardi-
ography can be used as a noninvasive method to screen these patients. In
this method, mean pulmonary artery pressure (mPAP) > 40 mm Hg is con-
sidered severe PH [3,5]. The most important factors that can contribute to
the occurrence or exacerbation of PH include forced expiratory volume 1
(FEV1), ejection fraction (EF), and body mass index (BMI).

BMI is a measure of body fat and weight. It is calculated by dividing a
person's weight in kilograms by the square of their height in meters. A
correlation has been established between a high BMI and the increased
risk of cardiovascular complications. It has been observed that lower
levels of BMI can increase the risk of COPD complications and is inverse-
ly related to the survival of these patients, such that a lower BMI in-
creases the risk of mortality caused by COPD [8,9].

Ejection fraction (EF) is used to assess left ventricular function and is
calculated using the biplane Simpson's technique. An EF <50% is consid-
ered left ventricular dysfunction. Patients with COPD are at risk for left
ventricular dysfunction; however, the results regarding the association
of LV dysfunction in COPD patients has been the subject of much
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controversy. Nevertheless, the risk of mortality increases in patients
with left ventricular dysfunction [10-12]. It seems that this left ventric-
ular dysfunction is caused by right ventricular heart failure [11].

Lung function in patients with COPD is measured by FEV1 using Spi-
rometry, which enables the assessment of the degree and severity of air-
way obstruction. A lower value of FEV1 is correlated with a severity of
obstruction. In addition, there is a direct correlation between FEV1
levels with the prognosis of these patients [13,14].

The aim of this study was to assess the prevalence of severe PH in
COPD patients referred to the emergency department of Afzalipour hos-
pital and to monitor the relationship between PH with other variables.

2. Materials and methods
2.1. Study design

This cross-sectional study was performed at the internal medicine re-
ferral center of Kerman Afzalipour Hospital, located in the southeast of
Iran, on patients with exacerbated COPD referred to the emergency de-
partment from June 21, 2014 through June 21, 2015. In the primary
stage of the study, before starting the treatment process, vital signs were
measured and complete blood count (CBC) and arterial blood gas (ABG)
tests were performed on all the patients. After the patients were stabilized,
pulmonary function test (PFT) and echocardiography for measurement of
mean pulmonary artery pressure (mPAP) and ejection fraction (EF) were
conducted. The inclusion criteria for the study were all COPD exacerbation
patients whose airway obstruction, based on spirometric results, had an
FEV1/FVC ratio <0.7; also, they were given two puffs of salbutamol inhaler
and, after 15 min, if there was not a 12% or 200 cm? increase in FEV1, and
the possibility of all other obstructive pulmonary diseases, such as
bronchectasis, were ruled out, then that patient was qualified to enter
the study as a COPD patient. Patients who had increased thrombotic events
like pulmonary emboli, malignancies, chronic kidney disease, thyroid dis-
order, sarcoidosis, vasculitis, obstructive sleep apnea, HIV infection, idio-
pathic PAH, pregnant women or patients unwilling to cooperate were
excluded from the study (Fig. 1).

CBC and its related tests were performed by SYSMEX KX-21N Auto-
mated Hematology Analyzer (SYSMEX, Japan). Blood was collected in
laboratory tubes containing potassium citrate and tests were run no
later than an hour after the blood sampling. ABG test was done by the
model 995-Hb blood gas analyzer (AVL Medical Instruments, Japan).
The use of ethylenediaminetetraacetic acid (EDTA) in lab tubes was
avoided during the study to eliminate the risk of obtaining confounded
results due to the probability of increased platelet volume. A pulmonary
function test was performed for all the patients using spirometer, SPIRO

Patients were included (n = 1477)

Excluded (n=399)
- Unwilling to cooperate (n = 238)
- Malignancy (n = 34)
- Pulmonary emboli (n = 28)
- Obstructive sleep apnea (n = 27)
- Bronchectasis (n = 23)
- Chronic kidney disease (n = 23)
- Idiopathic PAH (n = 22)
- Thyroid disorder (n = 1)
- Sarcoidosis (n = 1)
- Vasculitis (n = 1)
- HIV infection (n =1)

A4

Enrolled in the study (n = 1078

Fig. 1. Flow chart showing enrollment of patients.

LAB II S/N A23-050.912 model (MIR, Italy), by an experienced techni-
cian, after the complete process was thoroughly explained to them.
The results were interpreted and approved by a pulmonary subspecial-
ist. Echocardiography was performed by cardiologists using the
SAMSUNG MEDISON EKO 7 device (SAMSUNG MEDISON, South
Korea) in order to measure mean pulmonary artery pressure (mPAP)
and ejection fraction (EF). Patients were divided into two groups on
the basis of the EF: LV ejection fraction <50%, which was considered
left ventricular dysfunction, and EF > 50% a normal heart function.
Also, patients were divided into two groups based on the mean PAP:
mPAP = 25-39 mmHg. This was considered mild to moderate pulmo-
nary hypertension and mPAP > 40 mm Hg as severe pulmonary hyper-
tension. A check-list was collected and maintained by an emergency
medicine resident. Frequent supervision for data collection was per-
formed by the emergency medicine specialist.

This study is based on the Helsinki Accords (1975), revised in Hong
Kong (1989); it was performed and approved by the Ethics Committee
of Kerman University of Medical Sciences. Oral consent was obtained
from each patient before entry into trial.

2.2. Variables and outcome

CBC and its related tests (WBC, PMN, HCT, MPV, PDW, RDW, PLT), FEV1,
EF, ABG (Pa0,, PaCO,, PH, HCO3), vital signs (HR, BP, RR, SI, O, saturation) and
BMI were the variables considered to be potentially correlated with mPAP.
These variables are quantitatively considered for their association with mPAP.

2.3. Statistical analysis

For description of quantitative variables with normal and nonnormal
distributions, respectively mean (4 SD) was used. For qualitative (categor-
ical) variables, percentage of frequency was used. Odds ratio (OR) and 95%
confidence interval (CI) for expressing the severity of this association were
used. A P-value < 0.05 was considered statistically significant in all statisti-
cal tests. All variables with a P-value of <0.25 in the t-tests and x? tests
were included in the logistic regression model (both univariate and multi-
variate) [15]. The final multivariate model was created by the backward
conditional method (SPSS Version 16.0) (SPSS Inc., Chicago, ILUSA).

3. Results
3.1. Basic characteristics

Of a total of 1477 patients diagnosed with exacerbated COPD refer-
ring to the hospital within one year, 399 of them were excluded from
the study and 1078 of them included in the study, in which 628
(58.3%) were male and 450 (41.7%) were female. The mean age of the
patients undergoing the study was 70.1 £ 12.2. The youngest patient
was 39 and the oldest was 93 years old. A total of 136 (13.7%) of them
had mPAP (mm Hg) > 40 mm Hg as severe pulmonary hypertension.
Also, 129 (12.5%) of them had ejection fraction (EF) < 50% as LV

Table 1
Patients' characteristics
Variables Number (%)
Gender
Male, N (%) 628 (58.3)
Female, N (%) 450 (41.7)
Age(y), mean + SD 70.14 + 12.26
mPAP (mm Hg)
240 136 (13.7)
<40 854 (86.3)
Ejection fraction(EF)
<50 129 (12.5)
250 907(87.5)
Hospital mortality 93(8.6)
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dysfunction. Table 1 shows descriptive information for the variables rel-
evant to these patients.

3.2. Univariate analysis

Using univariable analysis, all the quantitative variables that carried
the potential possibility of pulmonary hypertension (PH) were statisti-
cally analyzed. In this statistical model, there is a significant difference
between some of the variables and pulmonary hypertension. Then, to
evaluate the severity of this association, odds ratio (OR) analysis was
performed on the same variables (Table 2). As depicted, each 1% de-
crease in EF would result in an increase of 4% in the odds of severe PH.
As well as in those with a BMI of <18.5, compared with BMI of over
25, the odds of severe PH would be increased 8.69-fold. Other variables
showing significant associations can also be similarly considered.

3.3. Multivariate analysis

The multivariable analysis was then conducted by using the back-
ward conditional method. In the final model, it was shown that seven
variables had a significant correlation with the severe PH of the patients
undergoing the study: As depicted, each 1% decrease in EF, would result
in an increase of 11% in the odds of severe PH. As well as in those with a
BMI of <18.5, the odds of severe PH would be increased 5.61-fold
(Table 3).

34. Limitations

The most important limitation of our study is that there is no right
heart catheterization to confirm PH in these patients. Another limitation
is the fact that it is a unicenter study. However, since the hospital in
which the study was run is the referral center for internal medicine pa-
tients in the southeast region of Iran, and since the prevalence of COPD
patients is extremely high in this region—as well as the fact that there
was a large sample size—this limitation became less significant. In addi-
tion, patients who were unwilling to cooperate were eliminated from
the study. Also, patients who did not have the possibility of EF, mPAP
or BMI measurement, or no acceptable PFT, were excluded from the
study.

Table 2
Univariate analysis of variables according to their association with PH.

Variables mPAP OR(95%CI) Pvalue
25-39 mm Hg >40 mm Hg

Age 7047 £12.35 68.01 £+ 11.01 0.98(0.96-0.99) 0.03

HR 98.71 £ 21.77 87.80 £ 28.33 0.99(0.98-1.00) 0.17

RR 25.67 4+ 7.04 21.30 & 6.70 0.87(0.84-0.90) <0.0001

0, 67.72 + 12.75 64.69 + 11.34 0.98(0.96-0.99) 0.03

saturation

WBC 8447.98 + 7723.26 + 1 0.14
5150.32 4875.752

PMN 78.19 + 10.02 76.07 + 11.68 0.99(0.97-1.00) 0.27

HCT 43.44 4 8.19 48.79 £ 12.58 1.06(1.03-1.08) <0.0001

Plt 136,122.74 + 134,471.85 + 1 0.83
80,355.544 79,577.332

MPV 9.09 + 1.05 9.27 £ 1.08 1.00(0.84-1.20) 0.94

RDW 13.81 £ 231 14.12 £ 2.42 1.06(0.99-1.15)  0.07

PDW 11.86 + 1.76 12.24 4+ 2.08 1.07(0.97-1.18) 0.17

HCO; 24.57 4+ 6.86 26.10 £+ 5.15 1.02(0.92-1.05) 0.09

FEV1 48.91 £ 7.08 48.67 & 5.44 1.03(1.00-1.05) 0.02

EF 54.77 £ 6.15 52.91 £ 6.82 0.96(0.94-0.99) 0.02

BMI 20.62 4 3.56 19.30 + 3.58

<185 8.69(3.44-21.91) <

0.0001
18.5-24.99 2.80(1.09-7.20) 0.032
225 1

HR; heart rate, RR; respiratory rate, HCT; hematocrit, Plt; platelete, MPV; mean platelete
volume, RDW; red cell distribution width, PDW; platelet distribution width; FEVI; forced
expiratory volume 1, EF; ejection fraction, BMI; body mass index.

Table 3

Multivariate regression analysis of variables according to their association with sever PH.
Variable OR(95%CI) Pvalue
0, saturation 0.92(0.89-0.94) <0.0001
RR 0.84(0.78-0.97) <0.0001
HCO4 1.05(1.00-1.09) 0.017
HCT 1.05(1.02-1.09) 0.001
EF 0.89(0.85-0.93) <0.0001
BMI (<18.5) 5.61(1.85-17.03) 0.002

4. Discussion

In this study, the prevalence and predictors associated with severe
PH in patients with COPD were examined. According to the results,
the prevalence of severe PH in these patients by noninvasive echocar-
diographic evaluations was 13.7%. Moreover, there was an independent
correlation between severe PH, with variables such as hypoxia,
hypopnea and compensatory metabolic alkalosis, polycythemia, left
ventricular dysfunction, emaciation, and cachectic as well.

The prevalence of severe PH in COPD patients range from 5 to 13.5%
and, in most cases, the prevalence has been <10% [16-18]. Nevertheless,
the prevalence increases substantially under certain conditions, such as
exacerbations of COPD and impaired left ventricular function [3]. In this
study, this rate was reported at 13.7%.

Patients with COPD, in the course of their disease, experience several
complications. PH is one of the most common complications. The rate of
progression of PH in these patients is <1 mm Hg per year and is calculat-
ed by echocardiography as a noninvasive diagnostic modality [5]. Pul-
monary hypertension is usually mild to moderate, but a severe form of
the disease can occur in a small percentage of the patients. The rate of
mortality increases with increasing severity of the disease [1,18,19]. In
this condition, pulmonary artery pressure exceeds 40 mm Hg (out-of-
proportion) [5]. The patients with advanced COPD and acute exacerba-
tion of the disease experience acute respiratory failure, which manifests
as hypertension and hypoxemia deterioration [5-7]. In this stage with
disease progression, the patient experiences resting hypoxemia which,
in turn, can exacerbate the PH. Therefore, PH in patients with COPD
can be caused by multiple factors including functional (hypoxia alveo-
lar) and morphological (destruction of the lung parenchyma and vascu-
lar reconstruction) factors that through increased pulmonary vascular
resistance can cause PH. Acute hypoxemia through the release of cyto-
kines and mediators causes vasoconstriction of pulmonary vessels, es-
pecially small arteries, which results in PH. Moreover, chronic hypoxia
through remodeling of pulmonary vascular bed and high-grade intimal
lesions can cause PH [6,7,19]. Furthermore, chronic hypoxia through re-
active oxygen species (ROS), vascular remodeling and enhanced
vasoreactivity can increasingly induce and exacerbate PH [6,20]. Resting
hypoxemia in these patients is significantly higher compared with those
who do not have PH and they also have a worse prognosis [19,21]. In ad-
dition to hypoxia, the number of effective breaths gradually dwindles in
the patients and causes chronic hypercapnia. Metabolic alkalosis is also
generated by renal compensation to chronic respiratory acidosis [17]. At
this stage, with PAP of above 40 mm Hg, a sharp reduction in the FEV1 is
expected, but not only does FEV1 not decrease, but its level might be
even higher than that of COPD patients without pulmonary hyperten-
sion (PH). But the point is that with exercise, the FEV1 is reduced dras-
tically due to the mixed circulatory and ventilatory impairment [5].
These people may have less severe bronchial obstruction with an aver-
age FEV1 of 50%, but hypoxemia and hypocapnia are detectable as obvi-
ous in these patients. Despite moderate decline in FEV1, these patients
have a poor prognosis and, so, their prognosis is not predictable by
FEV1 [6,22]. Following prolonged and chronic hypoxia, polycythemia
gradually occurs in these patients [23]. Increased blood viscosity due
to polycythemia can increase pulmonary vascular resistance such that
this process eventually causes the hypoxia-induced pulmonary hyper-
tension [6,24]. The results of this study also confirm the progressive
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development of PH in patients with COPD and its relationship with hyp-
oxia, hypopnea, compensatory metabolic alkalosis and polycythemia.
The findings also indicate that in a resting state, a substantial decrease
of FEV1 cannot be expected.

Pulmonary hypertension is commonly observed in patients with
heart failure and low EF and this mutual connection is associated with
a poor outcome [25,26]. However, EF may be normal in 36-44% of pa-
tients (heart failure with preserved ejection fraction [HFpEF]) [26-28].
As pulmonary arterial pressure and right ventricular pressure gradually
increase, function and RV output decline. This reduced blood flow deliv-
ery impairs preload and left ventricular filling and ultimately reduces
stroke volume and left cardiac function. Therefore, it is expected that
EF is further reduced by increasing pulmonary arterial pressure. It has
been shown that the gradual decline in EF and increase in PAP can wors-
en the disease prognosis [4,25,26,29]. In this study, there was a signifi-
cant relationship between the severity of pulmonary hypertension
with decreased left ventricular function. In addition, there was a signif-
icant relationship between mortality, with both EF below 50% and PAP
above 40 (P < 0.0001).

The body mass index (BMI) is used to define increased body fat and
BM is regarded as a good indicator to measure obesity by WHO. A high
BMI—in particular, equal to or higher than 30—is an indicator for in-
creased risk of cardiovascular complications and mortality, but in pa-
tients with COPD, there is an inverse relationship between mortality
and obesity, which referred to as the “obesity paradox” and protective
marker. Therefore, obesity in patients with PH through its protective ef-
fect can reduce patients' mortality and vice versa [30]. PH is also associ-
ated with cachectic, so that people with PH gradually lose weight and
their BMI decreases due to depletion of body fat. Low BMI increases
the risk of developing pulmonary hypertension [31]. In this study, the
BMII cut-off was considered to be 18.5. The results indicated that in pa-
tients with BMI below 18.5, there was a significant difference between
patients with severe PH and patients with moderate to low PH, so that
the incidence of PH was greater in cachectic and emaciated patients.

5. Conclusion

The prevalence of severe pulmonary hypertension in this study was
reported in 13.7% of patients. The independent factors associated with
PH include hypoxia, hypopnea and compensatory metabolic alkalosis,
polycythemia, left ventricular dysfunction, emaciation and cachectic in
patients.
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