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Background: Pulmonary hypertension (PH) frequently complicates the course of idiopathic pulmonary fibrosis (IPF) patients and is
associated with significantly worse outcomes. The aim of the present study was to investigate the incidence of PH in IPF patients and
evaluate the correlation between clinical parameters and systolic pulmonary artery pressure (sPAP).

Methods: Hospitalized patients with IPF, who were evaluated for sPAP by Doppler echocardiography from January 2004 to December 2011,
were enrolled in our study. Patients were defined as PH by an estimated sPAP > 50 mmHg and graded as PH likely, PH possible and PH
unlikely, based on the 2009 European Society of Cardiology/European Respiratory Society PH Guidelines. The correlations between
clinical parameters and sPAP were analyzed by multiple linear regression.

Results: Totally, 119 IPF patients were enrolled in our study and 28 (23.5%), 20 (16.8%) and 71 (59.7%) patients were PH likely, PH
possible and PH unlikely, respectively. Borg dyspnea score was positively correlated with sPAP, »=0.467, P<0.001. Oxygen saturation was
negatively correlated with sPAP, » = —0.416, P < 0.001. Diffusing capacity of the lung for carbon monoxide percentage predicted was
negatively correlated with sPAP, » =—0.424, P =0.003. N-terminal fragment of pro-brain natriuretic peptide and pulmonary artery width
was positively correlated with sPAP, »=0.452, P=0.011 and » = 0.513, P < 0.001, respectively.

Conclusions: The incidence of PH in IPF patients was 23.5% in a single center of China. PH may worsen the dyspnea, right heart
dysfunction and decrease the life quality of the patients with IPF.
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reflect coexistence of PH in IPF patients.”**!3 Nathan et al.'""
found that pulmonary function parameters such as forced
vital capacity (FVC) and total lung capacity (TLC) had a
poor relationship with PH. In addition, studies!'>'"! showed
that plasma brain natriuretic peptide (BNP) correlated with
systolic pulmonary artery pressure (sPAP) in IPF patients
and could be used as a biomarker to assess the prognosis of

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a specific form
of chronic, progressive, fibrosing interstitial pneumonia
of unknown cause that occurs primarily in older
adults. Pulmonary hypertension (PH) describes a group of
devastating diseases causing breathlessness, loss of exercise
capacity, and death due to right heart failure. PH frequently

complicates IPF and relates to the worse outcomes.>!']
Data regarding the presence and significance of PH mainly
came from IPF patients who were evaluated for lung
transplantation.[! The incidence of PH in IPF patients ranged
from 8.1%01to 86.4%,"? due to different measurement time
of PH during the course of the disease, diverse diagnosis
method and criteria used to define PH. Previous studies
demonstrated that reduced diffusing capacity of the lung
for carbon monoxide (DL_,) or supplemental oxygen
requirement or impaired exercise capacity might better
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IPF patients with PH.[1!7]

All of these studies indicated that PH might not be the rare
event in IPF patients and contribute to the pathophysiological
and clinical features of IPF. The aim of this study was
to investigate the incidence of PH in IPF patients and
to evaluate the correlation between sPAP and clinical
parameters in a single center in China.

MetHoDS
Study population

The study population was selected from the database of
Beijing Institute of Respiratory Medicine Interstitial Lung
Disease Group, Beijing Chao-Yang Hospital, Capital
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Medical University, China. Hospitalized patients with
IPF were enrolled from January 2004 to December 2011.
Diagnosis of IPF was based on the criteria of the American
Thoracic Society and European Respiratory Society
(ATS/ERS) consensus classification of idiopathic
interstitial pneumonias (IIPs).l'" All the patients fulfilled
the criteria: (1) Compatible clinical manifestations such
as progressive dyspnea and bilateral predominantly
basal crackles; (2) restrictive lung functional defect and
gas exchange impairment; (3) typical abnormalities
indicative of usual interstitial pneumonitis (UIP) on
chest high resolution computerized tomography (HRCT)
including bilateral lung reticular abnormality with
predominantly basal/subpleural honeycombing and/or
traction bronchiectasis; (4) bronchoalveolar lavage fluid
profiles in accordance with UIP or/and pathological features
indicative of UIP on surgical lung biopsy; (5) no evidence of
known causes of pulmonary fibrosis. Patients who fulfilled
the following criteria were excluded: (1) Other types of
interstitial lung disease (ILD), such as connective tissue
disease-ILD, drug-induced ILD, or other types of IIP;
(2) acute pulmonary embolism or chronic thromboembolic
PH; (3) left heart function failure and other heart diseases;
(4) chest HRCT, pulmonary function, blood gas analysis and
echocardiography data were missing. The flow chart of the
patient enrollment in the study is represented in Figure 1.

The study protocol was approved by the Human Ethics
Review Committee of the Beijing Chao-Yang Hospital,
Capital Medical University, China. Written informed consent
was obtained from all the patients.

Smoking status definition

Smoking status was defined as current smokers (a minimum
of one cigarette a day for a minimum of 1-year without
cessation, or stopped smoking <12 months before clinical
presentation), ex-smokers (a minimum of one cigarette a day
for a minimum of 1-year but had stopped smoking for at least
12 months before clinical presentation) and nonsmokers.

ILD patients

n=571

Other types of ILD patients

—>
‘ (e.g. CTD-ILD etal) n=367

IPF patients
n=204

|

Data missing or associated with
other diseases (e.g. left heart
function failure et al) n=85

IPF patients

n=119

Figure 1: Flow chart of the study population enroliment. ILD: Interstitial
lung disease; CTD: Connective tissue disease; IPF: Idiopathic pulmonary
fibrosis.

Borg dyspnea scale

Dyspnea was evaluated by self-assessment according to the
modified Borg dyspnea scale and graded from 0 (no dyspnea)
to 10 (maximal imaginable dyspnea).['”)

Pulmonary function test

Lung volumes and DL, were measured by Master
Screen (Jaeger, Wiirzburg, Germany) using the routine
method.?” The parameters included the predicted percentage
of maximal VC, the predicted percentage of FVC, the
predicted percentage of TLC, and predicted percentage of
DL, (DL, % pred).

Arterial blood gas analysis

Arterial blood gas analysis was measured by ALB
700 (Radiometer Medical Bronshoj, Denmark). Arterial
partial pressure of oxygen (PaO,), oxygen saturation (SaO,)
and the inspired oxygen concentration (FiO,) were recorded.
Oxygen index (OI, PaO,/FiO,) was calculated.

Doppler echocardiography

Doppler transthoracic echocardiography (Philips TE33,
Washington, USA) was routinely made according to
the diagnostic evaluation protocol of ILD. PAP was
estimated based on the peak tricuspid regurgitation
velocity (TRV). The tricuspid regurgitation pressure
gradient (TRPG) was calculated according to the modified
Bernoulli equation: TRPG = 4 x (TRV)? and sPAP was
calculated from the equation: sSPAP = TRPG + estimated
right atrial pressure. PH was defined as an estimated
sPAP >50 mmHg by Doppler echocardiography based on
the 2009 European Society of Cardiology (ESC)/ERS PH
Guideline?! and was divided into three grades: (1) PH
unlikely: TRV <2.8 m/s, sPAP <36 mmHg. (2) PH possible:
TRV 2.9-3.4 m/s, sPAP 37-50 mmHg. (3) PH likely:
TRV >3.4 m/s, sPAP >50 mmHg.

Measurement for plasma N-terminal fragment of
pro-brain natriuretic peptide

Plasma N-terminal fragment of pro-BNP (NT-pro BNP) was
detected by using rapid detection kit (colloidal gold method)
in FIA-8000 immunoassay analyzer (Pulang Nanjing
Medical Equipment Limited Company, Jiangsu, China). The
range of normal value is 0-228 pg/ml.

Statistical analysis

Statistical analysis was performed with SPSS 17.0 software
package (SPSS Inc., Chicago, IL, USA). Categorical data
were reported as frequencies and percentages, and continuous
variables were expressed as mean =+ standard deviation or
as median and interquartile range unless stated otherwise.
The Kolmogorov-Smirnov test was applied to assess the
distribution of continuous variables. Nonparametric test and
analysis of variance were used to compare the difference of
clinical parameters among groups. The Chi-squared test was
used for comparisons of categorical variables. Multiple linear
regression analysis was used to find potential factors affecting
the outcome of patients. The correlation between clinical
parameters and sSPAP was analyzed with Pearson correlation
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if continuous variables were in the normal distribution and
with the Spearman rank correlation if continuous variables
were not in the normal distribution, respectively. A P <0.05
was considered statistically significant.

ResuLts

Demographic variables

Of 119 IPF patients involved in this study, 101 were males
and 18 females. The average age at initial diagnosis as IPF
was 68 (57, 73) years. 89 patients (75%) had a history of
smoking, of which 20 patients (17%) were current smokers.
Thirty patients (25%) were nonsmokers.

Incidence of pulmonary hypertension in idiopathic
pulmonary fibrosis patients

One hundred and nineteen IPF patients were evaluated for
sPAP by echocardiography and were diagnosed as: PH likely
(n =128, 23.5%), PH possible (n =20, 16.8%), PH unlikely
(n =171, 59.7%), respectively. The incidence of PH in IPF
was 23.5% (28/119) when only likely PH was definite and
the incidence of PH in IPF was 40.3% (48/119) when likely
PH and possible PH were taken together.

Relationship of clinical and physiological parameters
and systolic pulmonary artery pressure

As shown in Table 1, there was no statistically significant
difference in age, gender, disecase duration among IPF
patients with different SPAP. However, there was statistically
significant difference in Borg dyspnea score, Sa0,, OI, the
width of pulmonary artery and NT-pro BNP (P < 0.05).
The width of pulmonary artery and NT-pro BNP would

be analyzed additionally, for the reason that they might
not be the cause of inducing PH. By using multiple linear
regression, there was a correlation between Borg dyspnea
score, Sa0, and sPAP (P < 0.05). The regression equation
could be got after the confounding factors were adjusted.
Y=3.278 +0.16X,—0.023X,. Y is sSPAP, X is Borg dyspnea
score, and X, is Sa0,. In the case of constant SaO,, the
risk of SPAP increases by 0.16 when Borg dyspnea score
increases by one. When the Borg dyspnea score is constant,
the risk of SPAP decreases by 0.023 when the SaO, increases
by 1%.

Similarly, a statistically significant difference was found
in DL, % pred and DL /alveolar ventilation(VA)
%pred (P <0.05). No significant difference existed in FVC,
forced expiratory volume in 1 s (FEV)), TLC, FEV /FVC
and residual volume (RV)/TLC. By using multiple linear
regression, there was a relationship between DL, % pred and
sPAP (P=0.002). The regression equation could be got after
the confounding factors were adjusted. Y =2.024 — 0.015X.
Y is sPAP, X'is DL, % pred. Decreased DL, % pred was the
risk factors of sPAP increasing. The risk of SPAP decreases
by 0.015 when DL, % pred increases by 1.

Correlation between clinical parameters and systolic
pulmonary artery pressure

Borg dyspnea score showed a significantly positive
correlation with sPAP (r = 0.467, P < 0.001). Conversely,
Sa0, showed a significantly negative correlation with
sPAP (r = —0.416, P < 0.001). DL, % pred also showed
a significantly negative correlation with sPAP (r = —0.424,
P = 0.003). As shown in Figure 2, the pulmonary artery

Table 1: Clinical and physiological parameters related to PH in IPF patients

Parameters PH unlikely (n = 71) PH possible (n = 20) PH likely (n = 28) P* P
Age (years) 65.44+£9.25 66.10 = 12.35 69.00 +£9.65 0.275

Male/female 60/11 16/4 25/3 0.670

Duration (months) 12 (2, 48) 24 (6, 45) 24 (12, 36) 0.479

Borg dyspnea score 2.63+1.67 4.08 £1.82 4.54+1.71 0.001 0.001
Sa0, (%) 95.9(93.7,96.8) 94.5 (88.85,96.4) 92.65 (89.05, 95.4) 0.001 0.045
OI (mmHg) 3329+944 284.5+122.9 230.5+108.8 0.001 0.226
FVC (L) 2.45+0.83 2.22+£0.70 2.16+0.54 0.288

FVC % pred 71.18 £21.97 71.98 £23.53 64.91 +14.01 0.443

FEV (L) 2.02 +0.64 1.83+0.43 1.79 £ 0.35 0.241

FEV % pred 76.31+21.24 76.21 +£22.26 69.23 £10.42 0.422

FEV /FVC (%) 83.51 +£8.10 84.08 £ 6.87 83.82+10.19 0.971

TLC (L) 430+1.14 3.92+1.33 3.87+1.01 0.293

TLC % pred 71.28 +17.88 74.81 +£30.15 62.93 +15.77 0.205

RV/TLC (%) 42.68 +£10.42 40.64 = 15.06 43.01 +8.80 0.798

DL, % pred 36.87 +17.70 29.02 +15.34 21.67 +16.88 0.006 0.002
DL, -VA %pred 60.67 +21.49 48.50 = 19.67 43.12+£27.81 0.011 0.696
Width of PA (mm) 25.29 +2.89 27.59 £3.61 30.18 £5.87 0.001

NT-pro BNP* (pg/ml) 260 (55, 510) 766 (184, 2734) 2049 (507, 4662) 0.002

Data were presented as mean + SD/medians and IQR or number (%) unless otherwise indicated. *P, value was obtained by using different statistical
method to compare the difference of clinical parameters among IPF patients with different sSPAP; P, value was obtained using multiple linear regression;
‘Data on 53 patients were available. P<0.05 was considered to be statistically significant. PH: pulmonary hypertension; SaO,: Oxygen saturation;

OL: Oxygen index; FVC: Forced vital capacity; FEV : Forced expiratory volume in 1 s; TLC: Total lung capacity; RV: Residual volume; DL : Diffusing
capacity of the lung for carbon monoxide; VA: Alveolar ventilation; PA: Pulmonary artery; NT-pro BNP: N-terminal fragment of pro-brain natriuretic
peptide; SD: Standard deviation; IQR: Interquartile range; IPF: Idiopathic pulmonary fibrosis.
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Figure 2: Correlation analysis between the pulmonary artery width and NT-pro BNP with sPAP in IPF patients, respectively. (a) A positive
correlation was found between the pulmonary artery width and sPAP in subjects with IPF (- = 0.513, P < 0.001); (b) A positive correlation was
found between NT-pro BNP and sPAP in subjects with IPF (r = 0.452, P = 0.011). Analysis was performed with the Spearman rank correlation
coefficient and Pearson rank correlation coefficient. SPAP: Systolic pulmonary artery pressure; NT-pro BNP: N-terminal fragment of pro-BNP;

IPF: Idiopathic pulmonary fibrosis.

width and NT-pro BNP showed a significantly positive
correlation with sPAP (» = 0.513, P < 0.001; » = 0.452,
P=0.011 [Figure 2a and b]).

Discussion

Recently, awareness of complications and comorbid
conditions associated with IPF is increasing because
they can affect disease outcome and survival. The gold
standard for diagnosis of PH is mean PAP above 25 mmHg
at rest as assessed by right heart catheterization (RHC).
It is not routinely performed due to its invasive feature.
Noninvasive Doppler transthoracic echocardiography is
done clinically as an alternative approach for the detection
of PH. However, no consistent and reliable sPAP cut-off
value was used for echocardiographic diagnosis of PH
until recently. We conducted an investigation of PH in IPF
patients by using Doppler echocardiography to evaluate
sPAP. PH was diagnosed by sPAP >50 mmHg based on
the echocardiographic diagnosis criteria described in 2009
ESC/ERS PH guidelines! in a single center of China. The
main findings in our study were: (1) The incidence of PH in
IPF patients was 23.5%. (2) In IPF patients with PH, Borg
dyspnea score was positively while SaO, and DL ., % pred
was negatively correlated with sPAP. (3) NT-pro BNP and the
pulmonary artery width were positively correlated with sPAP.

The presence of PH has been associated with increased risk
of mortality for patients with IPF.I"! The incidence of PH
in IPF patients was variable depending on the measuring
methods of sSPAP or diagnostic criteria of PH as well as study
population. The reported incidence of PH in IPF patients was
mostly gained during the end stage recommended for lung
transplantation. However, PH is a common complication
in patients with IPF assessed by echocardiography and is
not limited in patients with advanced disease.>'*] Agarwal
et al.?? defined PH as sPAP >40 mmHg by Doppler

echocardiography and showed that the incidence of PH in
IPF patients was 36%. Recently, another two studies!'!3]
reported a higher incidence of PH (39.7 — 55.0%) in IPF
patients, based on sPAP >36 mmHg by echocardiography.
The 23.5% incidence of PH in IPF in the current study is
lower than the aforementioned report because of the use
of more strict criteria of SPAP >50 mmHg. However, the
incidence of PH in IPF patients was 40.3% if likely PH
and possible PH were pooled up, or PH was defined as
sPAP>36 mmHg. Nadrous et al. reported that the incidence
of PH in IPF patients was 84.1% when PH was defined as
sPAP >36 mmHg by Doppler echocardiography, but the
incidence was 30.7% if PH was defined as sSPAP >50 mmHg,
which is still higher than our outcomes. It is possible that
the lower incidence of PH in our current study might be due
to the fact that every patient was initially diagnosed as IPF.
It was a pity that we could not evaluate the extent of the
disease by chest HRCT and pulmonary function parameters.

In our study, we found that there was statistically significant
difference in Borg dyspnea score, SaO,, and DL % pred
among IPF patients with different degree of PH. Borg
dyspnea score showed a significant positive correlation
with sPAP and SaO, or DL, % pred showed a significant
negative correlation with sPAP, which suggests that Borg
dyspnea score, Sa0,, and DL, % pred may be predictors
of sPAP. Borg dyspnea score, SaO,, and DL % pred
may reflect hypoxic condition of IPF patients. Hypoxemia
may induce vasoconstriction and sPAP elevating further.
Therefore, hypoxemia would be one of the mechanisms,
which induces the development of PH in IPF patients.
Currently, there is no specific therapy recommended for PH
associated with IPF. Studies™!? reported that SPAP elevations
had a significant association with oxygen requirements in
IPF patients. Huppmann ez al.?* also confirmed that patients
with signs of PH also seemed to benefit from pulmonary
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rehabilitation (PR). Therefore, long-term oxygen therapy to
improve the anoxic condition and PR to improve respiratory
function should be recommended to IPF patients with HP.

Survival of patients with PH is closely related to right
ventricular (RV) function.?*?”! Both pulmonary artery
width and NT-pro BNP are the markers of reflecting right
heart function. Studies confirmed that the plasma level of
BNP correlated with the elevation of sPAPI'>!®! and was
a predictor to prognosis of IPF.I'%!'"] Moreover, NT-pro
BNP correlates with sPAP better than BNP and shows less
variability.”®! Our study showed that both NT-pro BNP and
pulmonary artery width were positively correlated with
sPAP in IPF patients. IPF patients may have poorer right
ventricular function accompany the elevation of sPAP. It
is very important to initially evaluate sPAP in IPF patients.
U2 Echocardiography and NT-pro BNP measurement, as
the noninvasive, repeatable, and inexpensive methods, can
be used widely to detect RV dysfunction in IPF patients.

Our study has some limitations. First, the lack of RHC to
confirm the presence and degree of PH might result in false
estimation of the incidence of PH. Second, the outcome
might be influenced by the potential patients selecting biases
from a single center. On the other hand, the protocols for IPF
and PH diagnosis were relatively consistent.

In spite of the above-mentioned limitations, the current
study has its peculiar clinical value. RHC is not used as a
routine tool because it is an invasive procedure and could
cause some morbidity (1.1%) and mortality (0.055%)
even when performed at experienced centers.*”! Doppler
echocardiography is noninvasive, convenient, inexpensive,
widely available and even relatively reliable for evaluating
PH.[101631 A meta-analysis®? summarized that the correlation
coefficient of sPAP estimated by echocardiography versus
RHC was 0.70, and the sensitivity and specificity of
echocardiography in diagnosing PH are 83% and 72%,
respectively.

In conclusion, the present study showed that the incidence
of PH in IPF patients was 23.5% at a tertiary referral center
in China. The increased Borg dyspnea score, decreased
Sa0,, and reduced DL % pred were all associated with an
elevation of sPAP in IPF patients. IPF patients with higher
sPAP may have poorer right ventricular function. Therefore,
in patients with IPF, evaluating the presence of PH may
be useful in determining disease prognosis and evolution.
Well-designed, prospective, longitudinal, multicenter studies
are needed in the future.
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