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Pulmonary hypertension in idiopathic pulmonary fibrosis
Amany Omar Mohammed?, Azza Farag Said EI-Tooney?®,
Nasser Mohammed Taha¢, Hosny Sayed Abdel Ghanid, Zainab Hassan Saied®

Background Pulmonary hypertension (PH) is a
common finding in patients with idiopathic pulmonary
fibrosis (IPF) and is associated with increased morbidity
and mortality.

Aim This study was designed to detect the prevalence of
PH in patients with IPF and to determine the correlation
between pulmonary function test (PFT) parameters,
radiological and echocardiographic findings, and PH
among these patients. In addition, the effect of therapy for
1 month (long-term oxygen therapy + drugs) on PH was
evaluated.

Patients and methods PFTs, the composite physiologic
index, multidetector chest computed tomography, and
echocardiography were performed on 60 IPF patients (10
men and 50 women, mean age 51 years). Fifteen healthy
age-matched and sex-matched volunteers were also
studied as a control group.

Results PH was present in 46 (76.6%) patients of

IPF. There was a high negative correlation between
parameters of PFTs and composite physiologic index and
the mean pulmonary arterial pressure (mPAP). In contrast,
there was a significant positive correlation between

Introduction

Idiopathic pulmonary fibrosis (IPF), the most
common form of idiopathic interstitial pneumonias,
is a chronic, progressive, irreversible, and usually
lethal lung disease of unknown cause with an
estimated survival of 2.5-5 years. IPF occurs in
middle-aged and elderly adults, is limited to the
lungs, and is associated with a histopathological
or radiological pattern typical of usual interstitial

pneum(UIP) [1-3].

'The diagnosis of IPF often requires a multidisciplinary
approach, involving pulmonologists, radiologists, and
pathologists experienced in the field of interstitial lung
diseases [4].

Pulmonary hypertension (PH) is a hemodynamic and
pathophysiological condition defined as an increase
in mean pulmonary arterial pressure (mPAP) to
at least 25 mmHg at rest as assessed by right heart
catheterization (RHC) [5,6]. PH often complicates
the course of IPF and may even be found in patients
with preserved lung function. PH in IPF patients
is associated with decreased exercise capacity and
a worse prognosis. Although pulmonary artery
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mPAP and main pulmonary artery diameter on computed
tomography. There was also a positive correlation
between echocardiographic findings and mPAP. There
was no significant improvement of PH between those
patients treated with drugs and oxygen and those on
oxygen therapy alone.

Conclusion PH is common in patients with IPF.

There is an inverse relationship between lung function
measures and PH and a direct one with radiological and
echocardiographic findings. The short-term use of oxygen
therapy with or without drugs had no effect on PH in
patients with IPF. Egypt J Broncho 2014 8:23-31
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pressures (PAPs) and other cardiac hemodynamic
parameters can be accurately assessed by RHC, a
simple, reliable, and noninvasive method to estimate
PAPs and diagnosis of PH in patients with advanced
lung disease is preferable. Doppler echocardiography
has gained popularity in the last two decades for
noninvasive estimation of systolic pulmonary artery
pressure (SPAP) from the peak velocity of a tricuspid
regurgitant jet. Doppler echocardiography is a useful
tool for the detection of PH, which also provides
additional information regarding associated cardiac
abnormalities [7].

Aim
'The aims of this study were to:

(1) Determine the prevalence of PH among patients
with IPF.

(2) Detect the correlation between pulmonary
function  tests (PFTs), echocardiographic
parameters, radiological findings, and mPAP in
these patients.

(3) Compare the effect of oxygen therapy * drugs

in the form of corticosteroids, diuretics, and
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immunosuppressive drugs on PH among patients

with IPF.

Patients and methods

This study was performed on 60 patients with IPF
who were randomly selected from outpatient clinics of
chest and internal medicine departments at the Minia

University Hospital from April 2010 to June 2013.

This study was approved by the ethics committee of
Faculty of Medicine, Minia University, and informed

consent was obtained from patients and controls.

Patients with IPF were diagnosed according to the
tollowing criteria:

(1) Clinical diagnosis of IPF [8] in the form of
progressive dyspnea, dry cough, and bilateral basal
or widespread crackles. A restrictive ventilatory
defect with a reduction in total lung capacity
(TLC) and forced vital capacity (FVC) less than
80% predicted [2].

(2) High resolution computed tomography (CT)
criteria for UIP pattern in the form of subpleural,

basal predominance, reticular abnormality,
and honeycombing with or without traction
bronchiectasis.

The absence of features listed as inconsistent with
UIP pattern are: Upper or mid-lung predominance,
peribronchovascular predominance, extensive ground
glass abnormality, profuse micronodules, discrete cysts
(multiple, bilateral, away from areas of honeycombing),
diffuse mosaic attenuation/air-trapping (bilateral,
in three or more lobes), and consolidation in

bronchopulmonary segment(s)/lobe(s) [3].

Fig. 1

Patients with occupational exposure to a fibrogenic
agent, those on medications that cause interstitial
pulmonary fibrosis, and those with a history of
connective tissue diseases were excluded.

All patients were subjected to the following:

(1) Complete history taking and physical examination.

(2) Routine laboratory investigations and collagen
profile.

(3) Plain chest radiography (PA) view.

(4) PFTs: they were expressed as percentages of
predicted values for the patient’s age, sex, and
height, and included the forced expiratory volume
in 1s (FEV)), FVC, and their ratio (FEV./FVC);
TLC and single-breath carbon monoxide diffusing
capacity (DLCO) corrected for hemoglobin
concentration were measured using ZAN 300
Device (Biomedica, Germany).

Composite physiologic index (CPI) was calculated
by the following equation [9]:

91 - (0.65 x DLCO% predicted) — (0.53 x FVC%
predicted) + (0.34 x FEV % predicted).

(5) Gender age physiology (GAP) index was also
calculated [10].

(6) Arterial blood gases analysis.

(7) Multidetector chest computed tomography
(MDCT) with contrast using GE bright speed 16
detector/slice (General Electric, Norway).

CT pattern and extent of IPF were determined either to
be reticulonodular or honeycombing, basal subpleural
or diffuse. The main pulmonary artery diameter
(MPAD) was measured at its widest dimension; at this
same level, the widest ascending aorta diameter (AD)

was measured and the MPAD/AD ratio was calculated
(Figs 1 and 2).

Fig. 2

Idiopathic pulmonary fibrosis on multidetector chest computed
tomography.

Measurements of main pulmonary artery diameter (mPA) and ratio of
the diameters of main pulmonary artery to ascending aorta.




(8) Doppler echocardiography was performed using
conventional clinical echocardiographic equipment
(GE Vivid 3; General Electric) with 2.5 or 3.5
mHz transducers. Tricuspid regurgitant flow was
identified by color flow Doppler techniques, and the
maximum jet velocity was measured by continuous
wave Doppler without the use of intravenous
contrast. Right ventricular (RV) systolic pressure
was estimated on the basis of the modified Bernoulli
equation and was considered to be equal to the SPAP
in the absence of RV outflow obstruction: SPAP
(mmHg) = RV systolic pressure = (4 x TRV? + RAP)
where TRV is the tricuspid regurgitation velocity in
m/s and RAP is the right atrium pressure [11,12].
RAP was estimated to be 5, 10, or 15 mmHg on
the basis of the variation in the size of inferior vena
cava with inspiration as follows [13]: complete total
collapse, RAP = 5 mmHg; partial collapse, RAP = 10
mmHg; and no collapse, RAP = 15 mmHg.

(a) mPAP was calculated as follows:
mPAP = (0.61 x SPAP + 2 mmHg) [14].

(b) RV systolic function using right ventricular
fractional area change (RV-FAC) was
obtained from a four-chamber view, where
the right ventricular end-diastolic area (RV-
EDA) and right ventricular end-systolic area
(RV-ESA) were measured, and the RV-FAC
was calculated as follows: RV-FAC (%) = (RV-
EDA-RV-ESA)/RV-EDA x 100. Normal
value for RV-FAC is above 35% [15].
RV-FAC is a measure of RV systolic function
that has been shown to correlate with RV
ejection fraction by MRI [16,17].

(c) Teiindex was calculated using tissue Doppler
imaging. Tei index = isovolumic contraction
time+isovolumic  relaxation time/ejection
time. It is an index of RV performance; in
adults, values for the RV less than 0.4 are
considered normal [18].

PH is defined as mPAP of at least 25 mmHg at rest [5].

According to this definition the 60 patients of IPF

were divided into two groups:
Group A: included 14 patients without PH.
Group B: included 46 patients with PH.

The study also included 15 healthy volunteers as a
control group (group C) matched in age and sex with
the studied patients.

According to the line of treatment they received as in-
patients, group B was divided into two subgroups: group
B1lincluded 24 patients who received continuous oxygen
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therapy (1520 h/day) only by venturi mask ranging
from 28 to 31% and group B2 included 22 patients who
received prednisolone 1 mg/kg/day, frusemide diuretics
60 mg/day, and azathioprine 50 mg/day increased by 25
mg every week; they also received continuous oxygen
therapy by venturi mask ranging from 28 to 31%.

Follow-up echocardiography was performed after

1 month among both B1 and B2 subgroups.

Statistical analysis

Statistical analysis was performed using the statistical
package for social science (SPSS, version 16; SPSS
Inc., Chicago, Illinois, USA) software on a personal
computer. Statistical analysis was performed using the
x’-test and the independent sample #-test to assess
differences between proportions. Differences were
considered statistically significant when P value was
less than 0.05. Bivariate correlation using Spearman’s
test was used.

Results

Table 1 shows that the prevalence of PH in IPF patients
was 76.7%. On studying the general characteristics of
the studied groups, it was found that there was no
difference in the mean age in group A versus group
B. There was also no difference between both groups
of IPF regarding duration of the disease. Considering
GAP index stage, there was no significant difference in
GAP stage among those with or without PH.

With respect to PFTs, there was a very highly significant
decrease in FVC% predicted, FEV % predicted, and
TLC% predicted and a significant increase in CPI in
group B compared with group A.In contrast, there was
no significant difference between both groups of IPF
regarding DLCO% predicted. There was a significant
difference in the mean PaO, among group B versus

group A (Table 2).

Table 3 shows echocardiographic findings among the
studied groups. It was found that group B had a highly
significant higher level of SPAP and mPAP than group
A and the healthy control group (group C). Besides, there
was a statistically significant difference between group A
and group B regarding RV-FAC% and Tei index.

Figure 3 shows that there is a highly significant negative
correlation between mPAP and FVC% predicted
(r=-0.630,P=0.0001). Besides, there was also a highly
significant negative correlation between mPAP, TLC%
predicted, DLCO% predicted (» = -0.502, P = 0.0001),
and PaO, (r=-0.584, P= 0.001). In contrast, there was
highly significant positive correlation between mPAP
and CPI (» = 0.550, P = 0.0001).
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Table 1 Demographic data of the studied groups

Variables Group A Group B Group C P, P, P,
Number (%) 14 (23.3) 46 (76.7) 15
Age (years) 50.2 + 7.8 523 +7.6 50.4 + 7.6 0.8 0.4 0.3
Sex
Male 5 (36) 5 (11) 7 (46) 0.35 0.13 0.02*
Female 9 (64) 41 (89) 8 (54) 0.59 0.13 0.02*
Smoking
Nonsmokers 13 (93) 44 (95) 15 (100) 0.29 0.4 0.67
Smokers 1(7) 2 (5) — — — 0.67
Duration of illness (years) 2.85 + 2.53 4.54 + 3.82 — — — 0.1
MMRC grade
Grade Il 5 (35) 5 (11) — — — 0.02*
Grade I 7 (50) 18 (39) — — — 0.47
Grade IV 2 (15) 23 (50) — — — 0.01*
GAP stage
Stage | 12 (86) 29 (63) — — — 0.11
Stage I 2 (14) 17 (37) — — — 0.11

Data are expressed as number (%) or mean = SD; P,, group A vs. group C; P,, group B vs. group C; P,, group A vs. group B; *Significant.

Table 2 Pulmonary function test parameters and arterial blood gases among the studied groups

Variables Group A Group B Group C P, P, P,
FVC% pred

Range 47-84 21-84 83-100

Mean + SD 63.1 £ 1.16 465+ 14 90 + 6.9 0.0001* 0.0001* 0.001*
FEV,% pred

Range 41-86 20-86 79-90

Mean + SD 625+ 1.4 46.4 £ 15 81.6 + 3.5 0.0001* 0.0001* 0.001*
TLC% pred

Range 40-85 23-90 87-110

Mean + SD 67.3 £ 1.43 55.5 + 1.3 95 +7.4 0.0001* 0.0001* 0.008*
DLCO% pred

Range 21-79 21-79 80-112

Mean + SD 52.28 + 1.9 43 + 1.58 90.1 £ 1 0.0001* 0.0001* 0.07
CPI

Range 25-60 15-83 0.35-20

Mean + SD 446 = 1.11 53.9 + 1.3 11.6 + 8.0 0.0001* 0.0001* 0.02*
PaO, (mmHg)

Range 40-86 39-87 82-95

Mean + SD 79.4 £ 1.15 70+ 14 90.6 + 4.01 0.002* 0.0001* 0.02*
PaCO, (mmHg)

Range 38-55 38-77 37-45

Mean + SD 42.6 £ 4.1 46 + 9.5 39.8 + 2.09 0.02* 0.01* 0.19

P,, group A vs. C; P,, group B vs. group C; P,, group A vs. group B; CPI, composite physiologic index; DLCO, carbon monoxide
diffusing capacity; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; TLC, total lung capacity; *Significant.

Table 3 Echocardiographic parameters among the studied groups

Variables Group A Group B Group C P, P, P,
SPAP (mean + SD) (mmHg) 323 +4.14 52.6 + 1.1 32.5 + 4.05 0.9 0.0001* 0.0001*
mPAP (mean = SD) (mmHg) 214 +£26 34.02 £ 7.22 215+ 255 0.9 0.0001* 0.0001*
RV-FAC (mean + SD) (%) 53.3+ 1.2 445 11 53.8 = 1.1 0.92 0.01* 0.01*
Tei index (mean + SD) 0.34 + 0.02 0.45 £ 0.15 0.34 + 0.02 0.32 0.004* 0.009*

P,, group A vs. group C; P,, group B vs. group C; P,, group A vs. group B; mPAP, mean pulmonary arterial pressure; RV-FAC, right
ventricular fractional area change; SPAP, systolic pulmonary artery pressure; *Significant.

Itwas found that there was a significant positive correlation  diameter, and its ratio with the ascending aorta (PA/A).
between mPAP, age, duration of illness, Modified Medical ~ In contrast, there was no correlation between mPAP and
Research Council (MMRC) scale, GAP index stage, PA'  both pattern and extent of IPF in MDCT (Table 4).



Figure 4 reveals that there is a significant positive
correlation between mPAP and RV Tei index.

Regarding correlation of RV systolic function as
represented by RV-FAC% and PF'T parameters, there was
asignificantly positive correlation between RV-FAC%and
DLCO% predicted. In contrast, there was a significantly
negative correlation between RV-FAC% and CPI. There
was a significantly negative correlation between Tei index
and all PFTs parameters and a significantly positive
correlation between Tei index and CPI. In contrast, there
was no significant correlation between RV-FAC% and
Tei index and PaO, (Table 5).

Discussion

PH is a common accompaniment of IPF and has a
significant impact on outcomes [8,19]. Some studies
have investigated transthoracic echocardiography
(TTE) as a noninvasive means of detecting PH and
have demonstrated that elevated estimated SPAP is
associated with reduced survival using thresholds of

40-50 mmHg [8,20].

In our study, SPAP is estimated by echocardiography as
it is a simple, noninvasive, and nonexpensive method.
The prevalence of PH in IPF patients in the present
study was 76.7% on the basis of mPAP.

Most studies on PH in IPF were in patients referred
for lung transplantation, in which the reported
prevalence of PH is 32-46% [9,21-23]. These studies
determine PH by RHC as a routine investigation
before lung transplantation. Nadrous ez al. [8]

Table 4 Correlation coefficient between mean pulmonary
artery pressure and clinical and radiological data of the
studied groups

Variables r P value
Age 0.242 0.03*
Duration of illness 0.314 0.01*
MMRC scale 0.5000 0.0001*
GAP index stage 0.351 0.006*
Pattern of IPF on CT 0.103 0.433
Extent of IPF on CT -0.165 0.207
Pulmonary artery diameter 0.588 0.0001*
Ratio PA/A 0.330 0.01*

CT, computed tomography; IPF, idiopathic pulmonary fibrosis;
PA/A, pulmonary artery to ascending aorta ratio; *Significant.
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performed TTE on 88 patients with IPF who were
evaluated for lung transplantation. Eighty-four
percent had PH (defined as an estimated SPAP > 35
mmHg at rest). Studies by Agarwal ez al. [24] and
Laz and Ahmad [25] found that the prevalence of
PH in IPF patients was 36 and 33.3%, respectively,
as detected by TTE.

PH develops over time in patients with IPE, as

Fig. 3

10000 oo

r=-0630
p=0.0001

80.00

FVC % predicted
3
I
i

40.00

20.00 T T T T T T
10.00 20.00 30.00 40.00 50.00 60.00

Mean pulmonary artery pressure mmHg

Correlation coefficient between mean pulmonary artery pressure
and the forced vital capacity (FVC) % predicted in all studied groups.

Fig. 4

r=028
p=001

og o
80

oo

RV TElindex

T T T T T T
10.00 2000 30.00 40.00 50.00 60.00
Mean pulmonary artery pressure mmHg

Correlation coefficient between mean pulmonary artery pressure
and the right ventricular (RV) Tei index among the studied groups.

Table 5 Correlation coefficient between right ventricular echocardiographic parameters, pulmonary function tests, and PaO,

Variables FVC% pred TLC% pred DLCO% pred CPI PaO, (mmHg)
r P r P P r P r P

RV-FAC% 0.15 0.20 0.11 0.34 0.24 0.03* -0.25 0.02* 0.11 0.34

Tei index -0.27 0.01* -0.28 0.01* -0.25 0.02* 0.27 0.01* -0.17 0.14

CPI, composite physiologic index; DLCO, carbon monoxide diffusing capacity; FVC, forced vital capacity; RV-FAC, right ventricular

fractional area change; TLC, total lung capacity; *Significant.
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demonstrated by the rise in prevalence of PH in
IPF patients awaiting transplantation from 33% at
initial assessment up to 85% immediately before
transplantation [8].

This wide range in the prevalence of PH reported
likely reflects the timing of the measurement during
the course of the patient’s disease, with patients who
are later in their disease course manifesting more
evidence of pulmonary arterial hypertension (PAH).
It is possible that the high prevalence of PH in our
study could be due to the fact that the studied patients
as a whole were in relatively late stages of IPF when
they underwent the study, as 67% of them had diftuse
honeycombing pattern in MDCT and the mean
duration of illness was 4.5 years.

The onset of PH correlates with the magnitude
of reduction in lung volumes and DLCO. In the
present study, it was found the mPAP had an inverse
correlation with all parameters of pulmonary functions
(FVC, TLC, and DLCO) and PaO, and had direct
correlation with CPI. In addition, it was found that
22 patients of the 27 (81.48%) patients with FVC
less than 50% predicted and 24 (88.8%) patients with
DLCO less than 40% predicted had PH (Table 6).

It was also found that seven of the 13 patients
(53.8%) with FVC%/DLCO% greater than 1.5 had
PH (Table 6). Nadrous e a/. [8] and Hamada ez 4/.
[26] found a negative correlation between mPAP
and DLCO% predicted and PaO,. In contrast,
Nathan ez al. [9] failed to demonstrate a significant
relationship between various PFTs and mPAP.
Somewhat better correlation was noted with DLCO%
less than 30 having a two-fold higher prevalence of
PH (56.4%) compared with DLCO% more than 30
(28.6%). They also found that a FVC%/DLCO%
greater than 1.5 was associated with a nearly two-fold

increased risk for PH.

Our study revealed that there was a positive significant

correlation between mPAP, age, duration of IPF,
MMRC scale, and GAP index. Laz and Ahmad [25]

Table 6 Prevalence of pulmonary hypertension in idiopathic
pulmonary fibrosis patients according to the cutoff values of
pulmonary function tests
ltem All IPF  IPF patients IPF IPF patients
patients with patients  with FVC%/
FVC < 50% with DLCO DLCO%>1.5
pred <40% pred

N (%) 60 (100) 27 (45) 27 (45) 13 (21)
mPAP > 25 46 (76.7) 22 (81.48) 24 (88.8) 7 (53.8)
(mmHg)

Data are represented by n (%); DLCO, carbon monoxide diffusing
capacity; FVC, forced vital capacity; IPF, idiopathic pulmonary
fibrosis; mMPAP, mean pulmonary arterial pressure.

observed significant positive correlation between
dyspnea scale and SPAP in patients with IPF-PH
(r=0.67,P=0.017).

Ithasbeenreported thateasilyaccessible CT parameters,
such as the MPAD, correlate well with hemodynamic
measurements on RHC and can therefore be used to

assess the probability of PH [27-29].

Previous studies had shown that the MPAD and its
ratio PA/A correlate well with mPAP [29-31], whereas

others report no correlation [32-34].

In the present study, it was found that patients with
IPF-PH had a significantly higher PA diameter than
those without PH and healthy controls (mean value
was 27.9 + 4.8 vs. 24.16 + 2.16 and 23.7 = 1.9 mm,
respectively, P = 0.02). We also found that the ratio
PA/A was significantly higher among both controls
and IPF patients without PH (0.97 £ 0.16 vs.0.85 + 0.1
and 0.88 + 0.12, respectively, P = 0.01).

We found that there was a significant positive
correlation between both PA diameter and ratio PA/A
on MDCT and mPAP in IPF patients (r = 0.58,
P =0.001 and » = 0.3, P = 0.01, respectively). Nayar
et al. [35] found that the main PA greater than
29 mm on CT scan compared with RHC mPAP
had a correlation coeflicient of 0.56 (P<0.0001), and
CT prediction of MPAD/AA diameter greater than
1 had a coeflicient of 0.42 (P = 0.004) in patients
with advanced lung disease. Another study by Lang
et al. [31] found that the MPAD on CT correlated
with mPAP (» = 0.496, P < 0.001) and pulmonary
vascular resistance (» = 0.445, P < 0.001), and could
predict borderline PH.

In contrast, Zisman ef a/. [36] found that there was
no significant correlation between mPAP and any of
the chest CT-determined measures such as extent of
pulmonary fibrosis, MPAD, and the ratio of the PA
to AD.

RV systolic dysfunction has been identified as a key
element in determining prognosis of patients with
chronic PH [37,38]. Therefore, identification of early
RV dysfunction is of utmost clinical importance because
as many as two-thirds of the deaths in patients with
chronic PH may be attributed to RV failure [39]. It was
documented that IPF patients exhibited impairment of
both systolic and diastolic RV function. In the current
study, we assessed one of the RV systolic functions
through detection of RV-FAC% and it was found that
IPF patients with PH had a statistically significant
difference than those without PH and healthy controls
(44.5 £ 1.1 vs. 53.3 + 1.2 and 53.8 + 1.1, respectively,



P =0.01). Papadopoulos ez al. [40] also found that IPF
patients with PH had a worse RV-FAC% than controls
(42 £5vs.57 £ 6, P < 0.001).

The myocardial performance index, also known as
Tei index, incorporates elements of both systolic and
diastolic phases in the assessment of global ventricular
function [18]. The Tei index can be estimated for
both the left ventricle and the RV. The RV Tei index
is a candidate to increase the noninvasive diagnosis
of PH because it reflects the RV function, is easy to
assess, and can be estimated in the same session as the
echocardiographic pulmonary artery systolic pressure
(PASP). The normal value of the RV Tei index is less
than 0.4 [18]. An elevated RV Tei index should be the
result of either diastolic dysfunction or PH [41,42].

Our study showed that the mean RV Tei index in
patients with IPF-PH increased substantially than
normal controls and those with IPF and without PH.
The RV Tei index was elevated in 56.5% of the patients
with PH, suggesting that they had RV dysfunction.
There was also a significant correlation between RV

Tei index and mPAP.

Vonk ez al. [43] found a significant correlation between
the RV Tei index and the catheterization parameters
such as SPAP, diastolic PAP, and mPAP among

patients with PH due to systemic sclerosis.

The current therapeutic options are quite limited for
IPF, and even more so for IPF-associated PH. The
major problem in treating both fibrosis and pulmonary
vascular disease is the amount of organized scar
tissue inside the fibrotic lung. These areas represent
regions of final, nonreversible damage, not only to
the interstitium, but also very likely to the pulmonary
vasculature [44].

Finally, we compared the effect of oxygen therapy alone
versus oxygen with drugs in the form of corticosteroids,
diuretics, and immunosuppressive drugs on PH among

patients with IPF and PH.

There was no significant difference between both
groups of patients who received oxygen therapy alone
or when oxygen was augmented by drugs regarding

mPAP before and after treatment (P > 0.05) (Table 7).

Table 7 Comparison of mean pulmonary arterial pressure
before and after treatment among both B1 and B2 subgroups

Variable B1 (N = 24) B2 (N = 22)
mPAP before treatment 33.7 £ 6.2 34.09 + 8.01
mPAP after treatment 30.33 + 7.2 31.4 + 8.6

P value 0.14 0.3

Data are represented as mean + SD; mPAP, mean pulmonary
arterial pressure.
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Previous study was performed on 18 patients with
idiopathic lung fibrosis [45]. Ten patients received
standard treatment (prednisone 10-15 mg/day) and
supplementary oxygen therapy that was supplied at their
homes (mean 16.4 h/day) for a period of 4 years. Eight
patients who received the same treatment without home
oxygen served as controls. At study entry, lung function
test, blood gases, hematocrit, hemodynamic parameters
of the pulmonary circulation, and thermodilution cardiac
output were measured in all patients. The measurements
were repeated after 4 years of follow-up. At follow-
up examination, no differences in pulmonary function
parameters were shown between the groups. mPAP and
pulmonary vascular resistance were significantly lower
in patients receiving home oxygen therapy as compared
with those treated pharmacologically only. The lack of
improvement in mPAP in the present study could be
attributed to the short duration of oxygen therapy (1
month) and drugs in comparison with the long duration

(4 years) in Polonski e# al’s [45] study.

Douglas ez al. [46] found that there was no significant
difference in survival between those patients of IPF
treated with colchicine or prednisone and those on no
therapy, and no difference between those on oxygen
therapy and those without oxygen.

Cochrane review on the use of corticosteroids in
IPF [47] showed that no existing evidence supported
the efficacy of corticosteroids for treatment of IPF
patients. In 2010, the Cochrane meta-analysis on
the use of corticosteroids for IPF was updated and
showed that there was still no evidence to support the
efficacy of corticosteroids in the management of IPF,
but there was also no evidence to rule out the use of
corticosteroids in IPF.

The present study had some limitations. First of these
limitations was the difficulty in measuring mPAP
by cardiac catheterization, as it is more invasive and
expensive technique. Second, the comorbid conditions
that may contribute to PH were not included in this
study. Finally, other shortcoming of this study was
that the duration of treatment was limited to 1 month.
This was because admission of these patients was not
teasible for longer periods.

In conclusion, PH is common in IPF. Our study
revealed a significant negative correlation between
PFTs (FVC%, TLC%, DLCO%), PaO,, and PH.
There was also a significant positive correlation of
mPAP with both CPI and RV Tei index. Age, duration
of IPF, MMRC scale, and GAP index stage also had
a significant positive correlation with PH. In contrast,
both the extent and pattern of IPF on CT had no

correlation with PH.
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Measurement of MPAD and its ratio to the ascending
aorta as seen in CT chest can be easily performed
by the clinician to discover the early presence of PH.
Evaluation of the presence of PH in patients with
IPF is useful in determining prognosis and effect of

therapy.

Further studies are required to validate our findings
and to evaluate therapy directed to prevent or treat this
complicating comorbidity.

Acknowledgements
Conflicts of interest

There are no conflicts of interest.

References

1

10

1

12

13

14

15

American Thoracic Society. Idiopathic pulmonary fibrosis: diagnosis and
treatment. International consensus statement. American Thoracic Society
(ATS), and the European Respiratory Society (ERS). Am J Respir Crit
Care Med 2000; 161:646-664.

American Thoracic Society; European Respiratory Society. American
Thoracic  Society/European  Respiratory ~ Society  International
multidisciplinary consensus classification of the idiopathic interstitial
pneumonias. This joint statement of the American Thoracic Society (ATS),
and the European Respiratory Society (ERS) was adopted by the ATS
board of directors, June 2001 and by the ERS Executive Committee, June
2001. Am J Respir Crit Care Med 2002; 165:277-304.

Raghu G, Collard HR, Egan J, et al. An official ATS/ERS/JRS/ALAT
statement: idiopathic pulmonary fibrosis: evidence-based guidelines for
diagnosis and management. Am J Respir Crit Care Med 2011; 183:788—
824.

Flaherty KR, King TE Jr, Raghu G, et al. Idiopathic interstitial pneumonia:
what is the effect of a multidisciplinary approach to diagnosis? Am J Respir
Crit Care Med 2004; 170:904-910.

Simonneau G, Robbins IM, Beghetti M, et al. Updated clinical classification
of pulmonary hypertension. J Am Coll Cardiol 2009; 54:S43—-S54.

Galie N, Hoeper MM, Humbert M, et al. Guidelines for the diagnosis and
treatment of pulmonary hypertension. The Task Force for the diagnosis
and treatment of pulmonary hypertension of the European Society of
Cardiology (ESC) and the European Respiratory Society (ERS), endorsed
by the International Society of Heart and Lung Transplantation (ISHLT).
Eur Heart J 2009; 30:2493-2537.

Pitsiou G, Papakosta D, Bouros D. Pulmonary hypertension in idiopathic
pulmonary fibrosis: a review. Respiration 2011; 82:294-304.

Nadrous HF, Pellikka PA, Krowka MJ, Swanson KL, Chaowalit N, Decker
PA, Ryu JH. Pulmonary hypertension in patients with idiopathic pulmonary
fibrosis. Chest 2005; 128:2393-2399.

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

Ley B, Ryerson CJ, Vittinghoff E, et al. Multidimentional index and
staging system for idiopathic pulmonary fibrosis. Ann Intern Med 2012;
156:684-691.

Yock PG, Popp RL. Noninvasive estimation of right ventricular systolic
pressure by Doppler ultrasound in patients with tricuspid regurgitation.
Circulation 1984; 70:657—-662.

Chan K-L, Currie PJ, Seward JB, Hagler DJ, Mair DD, Tajik AJ. Comparison
of three Doppler ultrasound methods in the prediction of pulmonary artery
pressure. J Am Coll Cardiol 1987; 9:549-554.

Bredikis AJ, Liebson PR. The echocardiogram in COPD: estimating right
heart pressures. J Respir Dis 1998; 19:191-198.

Chemla D, Castelain V, Humbert M, Hébert JL, Simonneau G, Lecarpentier Y,
Herve” P. New formula for predicting mean pulmonary artery pressure using
systolic pulmonary artery pressure. Chest 2004; 126:1313-1317.

Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the echocardiographic
assessment of the right heart in adults: a report from the American
Society of Echocardiography endorsed by the European Association
of Echocardiography, a registered branch of the European Society of

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Cardiology, and the Canadian Society of Echocardiography. J Am Soc
Echocardiogr 2010; 23:685-713.

Anavekar NS, Gerson D, Skali H, Kwong RY, Yucel EK, Solomon SD. Two
dimensional assessment of right ventricular function: An echocardiographic-
MRI correlative study. Echocardiography 2007; 24:452—-456.

Lai WW, Gauvreau K, Riveva ES, Saleeh S, Powell AJ, Geva T. Accuracy
of guideline recommendation for two-dimensional quantification of the
right ventricle by echocardiography. Int J Cardiovasc Imaging 2008;
24:691-698.

Tei C, Nishimura RA, Seward JB, Tajik AJ. Noninvasive Doppler-
derived myocardial performance index: correlation with simultaneous
measurements of cardiac catheterization measurements. J Am Soc
Echocardiogr 1997; 10:169-178.

Lettieri CJ, Nathan SD, Barnett SD, Ahmad S, Shorr AF. Prevalence
and outcomes of pulmonary arterial hypertension in advanced idiopathic
pulmonary fibrosis. Chest 2006; 129:746-752.

Song JW, Song JK, Kim DS Echocardiography and brain natriuretic
peptide as prognostic indicators in idiopathic pulmonary fibrosis. Respir
Med 2009; 103:180-186.

Arcasoy SM, Christie JD, Ferrari VA, et al. Echocardiographic assessment
of pulmonary hypertension in patients with advanced lung disease. Am J
Respir Crit Care Med 2003; 167:735-740.

Nathan SD, Shlobin OA, Barnett SD, et al. Right ventricular
systolic pressure by echocardiography as a predictor of pulmonary
hypertension in idiopathic pulmonary fibrosis. Respir Med 2008;
102:1305-1310.

Shorr AF, Wainright JL, Cors CS, Lettieri CJ, Nathan SD. Pulmonary
hypertension in patients with pulmonary fibrosis awaiting transplant. Eur
Respir J 2007; 30:715-721.

Agarwal R, Gupta D, Verma JS, Aggarwal AN, Jindal SK. Noninvasive
estimation of clinically asymptomatic pulmonary hypertension in
idiopathic pulmonary fibrosis. Indian J Chest Dis Allied Sci 2005;
47:267-271.

Laz N, Ahmed Y. Clinical profiles of patients with idiopathic pulmonary
fibrosis and pulmonary arterial hypertension. Chest 2011; 140:926A.

Hamada K, Nagai S, Tanaka S, et al. Significance of pulmonary arterial
pressure and diffusion capacity of the lung as prognosticator in patients
with idiopathic pulmonary fibrosis. Chest 2007; 131:650-656.

Haimovici JB, Trotman-Dickenson B, Halpern EF, et al. Relationship
between pulmonary artery diameter at computed tomography and
pulmonary artery pressures at right-sided heart catheterization.
Massachusetts General Hospital Lung Transplantation Program. Acad
Radiol 1997; 4:327-334.

Dornia C, Lange TJ, Behrens G, Stiefel J, Miiller-Wille R, Poschenrieder F,
et al. Multidetector computed tomography for detection and
characterization of pulmonary hypertension in consideration of WHO
classification. J Comput Assist Tomogr 2012; 36:175-180.

Kuriyama K, Gamsu G, Stern RG, et al. CT-determined pulmonary artery
diameters in predicting pulmonary hypertension. Invest Radiol 1984;
19:16-22.

Ng CS, Wells AU, Padley SP. A CT sign of chronic pulmonary arterial
hypertension: the ratio of main pulmonary artery to aortic diameter. J
Thorac Imaging 1999; 14:270-278.

Lange TJ, Dornia C, Stiefel J, Stroszczynski C, Arzt M, Pfeifer M,
Hamer OW. Increased pulmonary artery diameter on chest computed
tomography can predict borderline pulmonary hypertension. Pulm Circ
2013; 3:363-368.

Tan RT, Kuzo R, Goodman LR, et al. Utility of CT scan evaluation for
predicting pulmonary hypertension in patients with parenchymal lung
disease. Medical College of Wisconsin Lung Transplant Group. Chest
1998; 113:1250-1256.

Moore N, Scott J, Flower C, et al. The relationship between pulmonary
artery pressure and pulmonary artery diameter in pulmonary hypertension.
Clin Radiol 1988; 39:486—489.

Panette N, Swift I, Civic B, Duffy S, George N, Khair R, Criner GJ.
Correlation between pulmonary artery diameter and mean pulmonary
artery pressure in IPF patients. Am J Resp Crit Care Med 2012;
185:A4469,

Nayar S, Chung R, Chin M, Qian H, Leipsic J, Levy RD. Computed
tomography (CT) and echocardiogram prediction of pulmonary hypertension
in patients with advanced lung disease. Chest 2010; 138:545A.

Zisman DA, Ross DJ, Belperio JA, et al. Prediction of pulmonary
hypertension in idiopathic pulmonary fibrosis. Respir Med 2007;
101:2153-2159.



37

38

39

40

M

42

Hoeper MM, Oudiz RJ, Peacock A, Tapson VF, Haworth SG, Frost AE,
Torbicki A. End points and clinical trial designs in pulmonary arterial
hypertension: clinical and regulatory perspectives. J Am Coll Cardiol 2004;
43:48-55.

Chin KM, Kim NH, Rubin LJ. The right ventricle in pulmonary hypertension.
Coron Artery Dis 2005; 16:13—18.

Bommer W, Weinert L, Neumann A, Neef J, Mason DT, DeMaria A.
Determination of right atrial and right ventricular size by two-dimensional
echocardiography. Circulation 1979; 60:91-100.

Papadopoulos CE, Pitsiou G, Karamitsos TD, et al. Left ventricular
diastolic dysfunction in idiopathic pulmonary fibrosis: a tissue Doppler
echocardiographic study. Eur Respir J 2008; 31:701-706.

Candell-Riera J, Armadans-Gil L, Simeon CP, Castell-Conesa J,
FonollosaPla V, Garcia Del Castillo H, et al. Comprehensive noninvasive
assessment of cardiac involvement in limited systemic sclerosis. Arthritis
Rheum 1996; 39:1138—1145.

Giunta A, Tirri E, Maione S, Cangianiello S, Mele A, De Luca A, et al.
Right ventricular diastolic abnormalities in systemic sclerosis. Relation to

43

a4

45

46

47

Pulmonary hypertension in IPF Omar et al. 31

left ventricular involvement and pulmonary hypertension. Ann Rheum Dis
2000; 59:94-98.

Vonk MC, Sander JMH, van den Hoogen FHJ, Van Riel PLCM, Verheugt
FWA, Van Dijk APJ. Right ventricle Tei-index: A tool to increase the
accuracy of non-invasive detection of pulmonary arterial hypertension
in connective tissue diseases. Eur J Echocardiogr 2007; 8:317-321.

Farkas L, Gauldie J, Voelkel NF, Kolb M. Pulmonary hypertension and
idiopathic pulmonary fibrosis. Am J Respir Cell Mol Biol 2011; 45:1-15.

Polonski L, Krzywiecki A, Polonska A, Tendera M, Cwiertka P, Oklek
K, Wodniecki J. Effects of long term oxygen therapy in patients with
idiopathic pulmonary fibrosis. |. Effect on the course of the primary
disease and on pulmonary circulation. Pol Arch Med Wewn 1995;
94:331-336.

Douglas WW, Ryu JH, Schroeder DR Idiopathic pulmonary fibrosis:
impact of oxygen and colchicine, prednisone, or no therapy on survival.
Am J Respir Crit Care Med 2000; 161:1172—-1178.

Richeldi L, Davies HR, Spagnolo P, et al. Corticosteroids for idiopathic
pulmonary fibrosis. Cochrane Database Syst Rev 2003; 3:CD002880.



