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Can FVC/DLCO predict pulmonary
hypertension in patients with chronic
obstructive pulmonary disease?
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Abstract. — OBJECTIVE: The aim of the study
was to investigate pulmonary function parame-
ters in patients who did and did not have pulmo-
nary hypertension, and the roles of forced vital
capacity (FVC)/diffusing capacity of the lungs
for carbon monoxide (DLCO) and FVC/DLCO/al-
veolar volume (VA) values in patients with COPD
accompanied by pulmonary hypertension.

PATIENTS AND METHODS: This study in-
cluded patients with stable and advanced COPD
(groups C and D), who presented to the Chest
Diseases outpatient clinic at our hospital. Pa-
rameters of age and sex, use of long-term ox-
ygen therapy at home, and pulmonary function
parameters were evaluated. In addition, systol-
ic pulmonary artery pressure (sPAP) was evalu-
ated on a transthoracic echocardiogram (TTE).
Patients were grouped according to TTE sPAP
values > 36, and those with normal sPAP values.
The pulmonary function parameters of the two
groups were compared.

RESULTS: PAP was found to be high in 19
patients (33.33%) and normal in 38 patients
(66.67%). The BMI of the group with high PAP
(23.54 * 4.18) was also lower, compared to the
group with normal PAP (26.91 + 4.58) (p=0.010).
The FVC/DLCO ratio of the group with high
PAP (1.88 * 0.69) was found to be higher com-
pared to the group with normal PAP (0.90 =
0.19) (p<0.001). The mean FVC/DLCO/VA ratio
was higher in the group with high PAP (1.30 *
0.68) compared to the group with normal PAP
(p=0.001). When determining the height of PAP,
cut-off values were examined for FVC/DLCO
and FVC/DLCO/VA ratios. When the cut-off val-
ue for the FVC/DLCO ratio was taken as 1.31,
the sensitivity was 96.8%, the specificity was
97.37%, the PPV was 95.00%, and the NPV was
92.86%. When the cut-off value for the FVC/DL-
CO/VA ratio was taken as 1.09, the sensitivity
was 68.42%, the specificity was 97.37%, the PPV
was 100.0%, and the NPV was 86.05%.

CONCLUSIONS: The FVC/DLCO and FVC/DL-
CO/VA ratios can be important to predict in-
creased PAP in patients with COPD. Pulmonary

function tests, which are performed as a routine,
have gained importance in clinical practice for
the detection of pulmonary hypertension in pa-
tients with COPD.
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Introduction

Pulmonary hypertension (PH) has been deter-
mined as an independent prognostic factor for
chronic obstructive pulmonary disease (COPD)"2.
The key event causing increased pulmonary ar-
tery pressure in COPD is vascular remodeling™*.
Early diagnosis of PH is important in terms of
prognosis, especially to prevent, slow down, and
partially regress severe clinical outcomes’. PH is
mostly characterized by oligemia in the periph-
eral lung area and enlargement in the diameter
of the vascular hilum?®. PH is harder to identify
in COPD, particularly in the mildest form. It is
also not easy to distinguish between the symp-
toms of PH and the clinical picture of COPD. The
first suspicious finding is usually the presence
of peripheral edema. In patients with COPD, it
is difficult to hear the typical signs of PH (pul-
monary ejection click, pansystolic murmur, or
tricuspid regurgitation, and increased intensity
in the pulmonary component of the second heart
sound)!. Hypoxemia in arterial blood gas has
been identified as the reason for pulmonary ar-
terial hypertension in patients with COPD. It has
been reported that decreased PaO, and SaO, have
a negative correlation with PH?.

The sensitivity of electrocardiography (ECG)
is very low in detecting PH. It has a diagnostic
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value in 25-40% of patients with right ventricu-
lar hypertrophy. Generally, the changes detected
on ECG are not parallel with the severity of the
underlying PH. Echocardiography has been iden-
tified as the most common method used in the
routine examination of PH due to its harmless,
repeatable, and non-invasive features, as well as
good correlation with the results of the cathe-
terS. Patients with suspected COPD accompanied
by PH are usually recommended to undergo
echocardiography for screening’®. In addition,
echocardiography requires a specific specializa-
tion. There is no specific pulmonary dysfunction
linked to the elaboration of PH in the routine
clinical picture. It is observed that the diffus-
ing capacity of the lungs for carbon monoxide
(DLCO) value decreases with PH according to
the severity of the disease’. Pulmonary function
tests may be useful in clinical practice to suspect
pulmonary hypertension in pulmonary outpatient
clinics. In studies'™!" conducted on patients with
systemic sclerosis, the forced vital capacity FVC/
DLCO ratio was found to estimate the possibility
of PH in the detection of individuals with sus-
pected PH. A limited number of studies inves-
tigated the FVC/DLCO and other PH groups. In
a study conducted on 83 patients with suspected
PH, the FVC/DLCO value was found to be asso-
ciated with the mean pulmonary arterial pressure
(mPAP) gauged using right heart catheterization
and systolic pulmonary artery pressure (sPAP)
gauged using echocardiography, independent
from etiology'?.

Therefore, it might be important to detect PH
earlier, which has a substantial effect on patients
with COPD in terms of the treatment strategy and
clinical outcomes. There are insufficient studies
on the evaluation of PH in patients with COPD
using routine pulmonary function tests that do
not require any other specialization.

In the present study, FVC/DLCO and FVC/
DLCO/VA values were investigated in terms
of their roles in predicting PH in patients with
COPD.

Patients and Methods

In this study, we included 57 patients with
stable advanced group C and D COPD, who pre-
sented to the Chest Diseases outpatient clinic at
our hospital. Fifteen patients with cardiac failure,
collagen vascular disease, rheumatic diseases,
and interstitial lung disease were excluded. Pa-

rameters of age, sex, body mass index (BMI),
long-term use of oxygen therapy at home, hos-
pitalization within the last one year, the number
of presentations to the emergency department,
and the pulmonary function parameters were
evaluated. In addition, systolic pulmonary artery
pressure (sPAP) was evaluated on a transthoracic
echocardiogram (TTE). Patients were examined
in two groups, TTE sPAP > 36 and those with
sPAP < 36. Patients with sPAP > 36 were eval-
uated as those with high sPAP, and patients with
sPAP < 36 were considered as having normal
sPAP. We recorded values of forced expiratory
volume in 1 second (FEV, (L/sec), FEV (%),
forced vital capacity (FVC%), FVC (I), FEV//
FVC, DLCO, and DLCO/VA. The pulmonary
function parameters of the two groups were com-
pared. Informed consent forms were signed by
the patients, and the approval of the ethics com-
mittee was obtained from our institution.

Echocardiography

The sum of the systolic pressure gradient be-
tween the right ventricle and the right atrium
and the estimated pressure of the right atrium
was used to calculate peak pulmonary artery
pressures. This gradient was determined by cal-
culating the peak velocity of the tricuspid regur-
gitation using the modified Bernoulli equation.
Computation of the pressure of the right atrium
was performed based on the dimension of the
inferior vena cava and the alteration of dimension
with respiratory activity'®.

Spirometry and Lung Diffusion Testing

Spirometry data were recorded as absolute
measurements and percentages predicted for age,
sex, and height indices measured in the study.
The FVC (L), FEV, (L), and predicted percentage
of FEV /FVC (ratio) were noted. To ensure that
the repeatability and best measurements were ac-
cepted for the final analysis, a minimum of three
measurements were performed for each variable
of pulmonary function'. Patients were classified
as mild (FEV, > 80%), moderate (50% < FEV,
80%), severe (30% < FEV, 50%), and very severe
(FEV, < 30%), based on the Global Initiative
for Chronic Obstructive Lung Disease (GOLD)
guidelines®.

Diffusion is an electrochemical event occur-
ring between gas and liquid phases in the lungs,
in the direction of the partial pressure gradient
of gases. Diffusion capacity is the amount of any
gas (mL) that passes through the alveolocapillary
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Table I. Demographic characteristics and lung functions of patients.

SPAP < 36 n = 38 SPAP > 36 n= 19 P
Female/Male 8/30 7/12 0.202
Age 66+ 10 67+ 10 0.743
BMI (kg/m?) 26.91 +4.58 23.54+4.18 0.010*
Hospitalization (during the previous year) 0.55+0.89 0.69+0.75 0.349
Emergency department admission (during the previous year) 1.77 £ 1.50 2.62+1.33 0.068
Long-term oxygen therapy 11 (28.95%) 8 (42.11%) 0.321
The use of non-invasive mechanical ventilation 11 (28.95%) 4 (21.05%) 0.523
Comorbidity 5 (13.16%) 3 (15.79%) 0.787
FEV /FVC (%) 50.5+12.76 50.3 £13.06 0.948
FEV, (%) 47.89 +25.41 42.24 +16.52 0.735
FEV, (L/sec) 1.19+0.71 1.1+0.44 0.879
FVC (%) 71.05 +25.95 62.13 £20.86 0.167
FVC (D 2.31+1.03 2.16 £0.93 0.578
DLCO (%) 70.61 +26.61 44.11 +£ 18.17 <0.001*
FVC/DLCO 0.9+0.19 1.88 £ 0.69 <0.001*
DLCO/VA (%) 80.5 +28.30 62.05 + 23.68 0.015%*

BMI: body mass index; FEV : forced expiratory volume in 1 second; FVC: forced vital capacity; DLCO: carbon monoxide

diffusing capacity. *p < 0.05.

membrane with a certain pressure difference (1
mm Hg) per unit time (minutes). It is expressed
as mL/min/mm Hg. It is performed with hemo-
globin correction, according to the European
Respiratory Society/American Thoracic Society
(ERS/ATS) criteria'c.

Statistical Analysis

The SPSS version 17.0 software was used for
data analysis (SPSS Inc., Chicago, IL, USA).
The variables were examined for normal dis-
tribution using histogram charts and the Kolm-
ogorov-Smirnov test. Descriptive values were
introduced as mean and standard deviation, and
median. Comparisons were made in 2x2 tables
using Pearson Chi-square and Fisher’s exact tests.
An independent #-test was operated for evaluat-
ing normally distributed (parametric) variables
between the groups. The Mann-Whitney U test
was used to compare groups without normally
distributed variables (nonparametric). To identify
the height of PAP, the cut-off value was evaluated
for FVC/DLCO and FVC/DLCO/VA, using the
receiver operating characteristic (ROC) analysis.
The test results were considered statistically sig-
nificant when there were p-values below 0.05.

Results
15 female (26.3%) and 42 male (73.7%) patients

were included in the study. The sPAP was found
to be high in 19 patients (33.3%) and normal

6660

in 38 patients (66.7%). The mean ages of the
groups with high and normal PAP values were
67.32410.12 years and 66.39+9.85 years, respec-
tively (p=0.743). Demographic characteristics are
presented in Table 1.

The mean DLCO of the group with high
sPAP (44.11£18.17) was determined to be lower
compared with the group with normal sPAP
(70.61£26.61) (p<0.001). The FVC/DLCO ratio of
the group with high sPAP (1.88+0.69) was higher
than the group with normal sPAP (0.90+0.19;
p=0.001) (Figure 1). The mean FVC/DLCO/VA
ratio was found to be higher in the group with
high sPAP (1.30+0.68) compared with the group
with normal sPAP (p=0.001) (Figure 2). The cut-
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Figure 1. FVC/DLCO value according to pulmonary arte-
rial pressure.
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Figure 2. FVC/DLCO/VA value according to pulmonary
arterial pressure.

off value for FVC/DLCO and FVC/DLCO/VA
ratio was examined for determining the height of
sPAP. When the cut-off value for the FVC/DLCO
ratio was taken as 1.31, the sensitivity was 96.8%,
the specificity was 97.37%, the positive predic-
tive value (PPV) was 95.00%, and the negative
predictive value (NPV) was 92.86%. When the
cut-off value for the FVC/DLCO/VA ratio was
taken as 1.09, the sensitivity was 68.42%, the
specificity was 97.37%, the PPV was 100.0%, and
the NPV was 86.05% (Table II). The BMI of the
group with high sPAP (23.54+4.18) was found to
be lower compared with the group with normal
sPAP (26.91+4.58) (p=0.010). In terms of long-
term oxygen therapy, the use of non-invasive me-
chanical ventilation, and comorbidity rates, the
group with high sPAP did not differ significantly
from the group with normal sPAP.

Discussion

In the present study, the pulmonary function
parameters of FVC/DLCO and FVC/DLCO/VA

Table II. The best cut-off value for predicting pulmonary
hypertension.

FVC/DLCO FVC/DLCO/VA

Area 0.996 0.773
Cut-oft point 1.31 1.09
Sensitivity 96.80% 68.42%
Specificity 97.37% 97.37%
Positive predictive value 95% 100.0%

Negative predictive value 92.86% 86.05%

were examined in terms of their role in predicting
pulmonary hypertension in patients with COPD.
In the high PAP group, the FVC/DLCO and FVC/
DLCO/VA values were higher than in the group
with normal PAP. DLCO was found to be lower
in the high PAP group compared with the normal
PAP group. In our study, the sensitivity and spec-
ificity levels of the FVC/DLCO were sufficiently
high to predict PH in patients with COPD. Early
recognition of PH is important for prognosis in
COPD.

The number of studies that explored the pre-
dictive value of FVC/DLCO for PH in COPD is
insufficient. In a study'” conducted on patients
with systemic sclerosis, the value of FVC/DLCO
above 1.5 was determined to be useful in identi-
fying PH. In a study'? conducted on 83 subjects
with suspected PH, which also included patients
with COPD, the FVC/DLCO value was found to
be associated with mPAP computed using right
heart catheterization, and the sPAP, as evaluated
using echocardiography, independent from etiol-
ogy. We determined the FVC/DLCO value as a
non-invasive method and a prognostic marker in
identifying PH.

PH is an established complication of COPD.
It usually occurs when airflow restriction is
extreme and is linked to chronic hypoxemia,
where chronic alveolar hypoxia is the key patho-
physiologic trigger, even though new mecha-
nisms have recently emerged. This complication
has previously been linked to a higher risk of
exacerbation and lower survival. Early detection
of PH has gained importance for the prognosis
of the disease. In a study, FVC/DLCO was iden-
tified as a biomarker in identifying subjects with
a high risk of PH among patients with sclero-
derma'. In another study conducted on patients
with systemic sclerosis, the use of FVC/DLCO
values was recommended in the early detection
of PH". In the REVEAL study, it was demon-
strated that symptoms started 2 years before
the diagnosis of PH in 21% of the patients'®-".
As with many diseases, detecting and treating
PH earlier has gained importance. Low DLCO
is considered a finding that reflects pathologic
mechanisms such as muscularization of smaller
and peripheral arteries of the lung, thickened
media of muscle vessels, thickened intima, and
a decreasing number of peripheral vessels in
the case of PH*. Steen et al*’ demonstrated
that patients with systemic sclerosis and a ratio
of FVC/DLCO greater than 1.4 might lead to
PH more frequently. Riad et al** found that the
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optimal cut-off level of FVC/DLCO to suspect
PH among patients was greater than 1.91, which
exhibited 87.5% sensitivity and 100% specifici-
ty. In the study conducted by Nathan et al®, the
risk of PH in patients with idiopathic pulmonary
fibrosis was found to have increased 2-fold in
those with a value of FVC/DLCO greater than
1.5. In patients with idiopathic pulmonary fibro-
sis, PH was associated with FVC/DLCO values.
In chronic obstructive pulmonary disease, the
FEV, value indicates the severity of airflow re-
striction and decreases in advanced obstruction.
Both FEV and FVC values decrease in restric-
tive lung disease, and the FVC value decreases
in obstructive diseases, although the rate of de-
crease is less than FEV . The FVC/DLCO ratio
suggests that it can be used for determining PH
in patients with COPD because FVC is relatively
preserved. Early detection has gained clinical
importance because PH has a high incidence
among patients with COPD?*%*. The prognosis of
patients with COPD accompanied by concurrent
PH is poor. This is the first study to investigate
the use of FVC/DLCO values to predict PH in
patients with COPD in Turkey.

No definite relationship was found between
FEVI and pulmonary artery pressure in patients
with COPD. Exertional dyspnoea is common in
patients with COPD accompanied by severe PH.
DLCO is significantly decreased, even though
airway restriction is mild or moderate. Hypox-
emia and hypercarbia are frequently seen in these
patients®.

The elaboration of PH is slow in patients with
COPD. The values of the mean PAP and/or pul-
monary vascular resistance have an inverse rela-
tionship with survival?’. PH has been associated
with a poor prognosis in the case of COPD. In
previous research®, age, DLCO, and SO, levels
were determined to be independent predictors of
survival in patients with COPD and PH.

According to the results of our study, when
FVC/DLCO values were greater than 1.31, it
resulted in high sensitivity and specificity in
predicting PH. There was no specific pulmonary
function parameter used for PH. A pulmonary
function test may be guiding along with clinical
findings because PH is a poor prognostic factor
for COPD.

Limitations

The small number of participants and conduct-
ing the study in a single center were the limita-
tions of our study.
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Conclusions

It is substantial in the clinic to predict PH ear-
lier using respiratory function tests performed
as a routine. Accordingly, early diagnosis of
PH using FVC/DLCO and FVC/DLCO/VA val-
ues, which can be established with ease, using
non-invasive methods without special expertise,
and referring patients with suspected PH for
further examination is believed to be important
for prognosis in clinical practice. More com-
prehensive studies would be useful for routine
medical practice.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
Not applicable.

Informed Consent
Informed consent forms were signed by the patients.

Funding
None.

Ethics Approval

The approval of the Ethics Committee for this study was ob-
tained from Kartal Dr. Lutfi Kirdar Training and Research
Hospital, Istanbul, Turkey.

Authors’ Contribution

SBS designed this study. SBS searched for articles. AF per-
formed statistical analyses. SBS and AF performed data ex-
traction. SBS wrote this article. SBS and AF made academ-
ic language and grammer editing.

ORCID ID
Seda Beyhan Sagmen: 0000-0002-1632-2966; Ali Fidan:
0000-0003-3449-6916.

References

1) Barbera JA, Peinado VI, Santos S. Pulmonary hy-
pertension in chronic obstructive pulmonary dis-
ease. Eur Respir J 2003; 21: 892-905.

2) Chaouat A, Naeije R, Weitzenblum E. Pulmonary
hypertension in COPD. Eur Respir J 2008; 32:
1371-1385.



FVC/DLCO in pulmonary hypertension

10)

11)

12)

13)

Hida W, Tun Y, Kikuchi Y, Okabe S, Shirato K.
Pulmonary hypertension in patients with chronic
obstructive pulmonary disease: recent advances
in pathophysiology and management. Respirolo-
gy 2002; 7: 3-13.

Naeije R. Pulmonary hypertension and right heart
failure in chronic obstructive pulmonary disease.
Proc Am Thorac Soc 2005; 2: 20-22.

Yetkin O, Karabiyikoglu G. Evaluation of spiro-
metric and pulmonary haemodynamic parame-
ters in patients with COPD. Tuberk Toraks 2004;
52: 159-163.

Miguéres M, Escamilla R, Coca F, Didier A,
Krempf M. Pulsed Doppler echocardiography
in the diagnosis of pulmonary hypertension in
COPD. Chest 1990; 98: 280-285.

Greiner S, Jud A, Aurich M, Hess A, Hilbel T, Hardt
S, Katus HA, Mereles D. Reliability of noninvasive
assessment of systolic pulmonary artery pressure
by Doppler echocardiography compared to right
heart catheterization: analysis in a large patient
population. J Am Heart Assoc 2014; 3: e001103.

Nathan SD, Barbera JA, Gaine SP, Harari S, Mar-
tinez FJ, Olschewski H, Olsson KM, Peacock
AJ, Pepke-Zaba J, Provebcher S, Weissmann N,
Seeger W. Pulmonary hypertension in chronic
lung disease and hypoxia. Eur Respir J 2019; 53:
1801-1914.

Sun XG, Hansen JE, Oudiz RJ, Wasserman K.
Pulmonary function in primary pulmonary hyper-
tension. J Am Coll Cardiol 2003; 41: 1028-1035.

Hsu VM, Chung L, Hummers LK, Wigley F,
Simms R, Bolster M, Silver R, Fischer A, Hinch-
cliff ME, Varga J, Goldberg AZ, Derk CT, Schio-
pu E, Khanna D, Shapiro LS, Domsic RT, Meds-
ger T, Mayes MD, Furst D, Csuka ME, Molitor CA,
Alkassab F, Steen VD. Development of pulmo-
nary hypertension in a high-risk population with
systemic sclerosis in the Pulmonary Hyperten-
sion Assessment and Recognition of Outcomes
in Scleroderma (PHAROS) cohort study. Semin
Arthritis Rheum 2014; 44: 55-62.

Coghlan JG, Denton CP, Grinig E, Bonderman
D, Distler O, Khanna D, Miiller-Ladner U, Pope
JE, Vonk MC, Doelberg M, Chadha-Boreham H,
Heinzl H, Rosenberg DM, McLaughlin VV, Seibold
JR. Evidence-based detection of pulmonary arteri-
al hypertension in systemic sclerosis: the DETECT
study. Ann Rheum Dis 2014; 73: 1340-1349.

Donato L, Giovanna Elisiana C, Giuseppe G, Pi-
etro S, Michele C, Brunetti ND, Valentina V, Biase
Matteo D, Barbaro Maria Pia F. Utility of FVC/DL-
CO ratio to stratify the risk of mortality in unse-
lected subjects with pulmonary hypertension. In-
tern Emerg Med 2017; 12: 319-326.

Currie PJ, Seward JB, Chan KL, Fyfe DA, Hagler
DJ, Mair DD, Reeder GS, Nishimura RA, Tajik
AJ. Continuous wave Doppler determination of
right ventricular pressure: a simultaneous Dop-
pler-catheterization study in 127 patients. J Am
Coll Cardiol 1985; 6: 750-756.

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Graham BL, Steenbruggen I, Miller MR, Barjak-
tarevic 1Z, Cooper BG, Hall GL, Hallstrand TS,
Kaminsky DA, McCarthy K, McCormack MC,
Oropez CE, Rosenfeld M, Stanojevic S, Swanney
MP, Thompson BR. Standardization of Spirome-
try 2019 Update. An Official American Thoracic
Society and European Respiratory Society Tech-
nical Statement. Am J Respir Crit Care Med 2019;
200: e70-e88.

GOLD. Gilobal strategy for the diagnosis, man-
agement, and prevention of chronic obstructive
pulmonary disease-2019 report. 2019 [accessed
on June 25, 2019].

Graham BL, Brusasco V, Burgos F, Cooper BG,
Jensen R, Kendrick A, Maclintyre NR, Thompson
BR, Wanger J. 2017 ERS/ATS standards for sin-
gle-breath carbon monoxide uptake in the lung.
Eur Respir J 2017; 49: 1600016.

Sivova N, Launay D, Wémeau-Stervinou L, De
Groote P, Remy-Jardin M, Denis G, Lambert M,
Lamblin N, Morell-Dubois S, Fertin M, Lefevre G,
Sobanski V, Le Rouzic O, Hatron PY, Wallaert B,
Hachulla E, Perez T. Relevance of partitioning
DLCO to detect pulmonary hypertension in sys-
temic sclerosis. PLoS One 2013; 8: €78001.

Humbert M, Sitbon O, Chaouat A, Bertocchi M,
Habib G, Gressin V, Yaici A, Weitzenblum E,
Cordier JF, Chabot F, Dromer C, Pison C, Rey-
naud-Gaubert M, Haloun A, Laurent M, Hachul-
la E, Simonneau G. Pulmonary arterial hyperten-
sion in France: results from a national registry.
Am J Respir Crit Care Med 2006; 173: 1023-1030.

Brown LM, Chen H, Halpern S, Taichman D, Mc-
Goon MD, Farber HW, Frost AE, Liou TG, Turn-
er M, Feldkircher K, Miller DP, Elliott CG. De-
lay in recognition of pulmonary arterial hyperten-
sion: factors identified from the REVEAL Regis-
try. Chest 2011; 140: 19-26.

Meyrick B, Reid L. Pulmonary hypertension. Ana-
tomic and physiologic correlates. Clin Chest Med
1983; 4: 199-217.

Steen VD, Graham G, Conte C, Owens G, Meds-
ger TA, Jr. Isolated diffusing capacity reduction
in systemic sclerosis. Arthritis Rheum 1992; 35:
765-770.

Riad NM, Morshedy NA, Shoukri AM. Role of pul-
monary function tests in screening pulmonary ar-
terial hypertension in scleroderma. Egypt J Bron-
chol 2015; 9: 287-292.

Nathan SD, Shlobin OA, Ahmad S, Urbanek S,
Barnett SD. Pulmonary hypertension and pulmo-
nary function testing in idiopathic pulmonary fi-
brosis. Chest 2007; 131: 657-663.

Chaouat A, Bugnet AS, Kadaoui N, Schott R, En-
ache |, Ducoloné A, Ehrhart M, Kessler R, Weit-
zenblum E. Severe pulmonary hypertension and
chronic obstructive pulmonary disease. Am J Re-
spir Crit Care Med 2005; 172: 189-194.

Weitzenblum E, Chaouat A. Severe pulmonary
hypertension in COPD: is it a distinct disease?
Chest 2005; 127: 1480-1482.

6663



S. Beyhan Sagmen, A. Fidan

26) Hurdman J, Condliffe R, Elliot CA, Swift A, Raja- 27) AndersenKH, Iversen M, Kjaergaard J, Mortensen

ram S, Davies C, Hill C, Hamilton N, Armstrong IJ, J, Nielsen-Kudsk JE, Bendstrup E, Videbaek R,
Billings C, Pollard L, Wild JM, Lawrie A, Lawson Carlsen C. Prevalence, predictors, and survival
R, Sabroe I, Kiely DG. Pulmonary hypertension in in pulmonary hypertension related to end-stage
COPD: results from the ASPIRE registry. Eur Re- chronic obstructive pulmonary disease. J Heart
spir J 2013; 41: 1292-1301. Lung Transplant 2012; 31: 373-380.

6664



