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ABSTRACT

Background and Objectives: Idiopathic Pulmonary Fibrosis (IPF), especially with emphysema,
reportedly involved with Pulmonary Hypertension (PH). However, it is not elucidated whether
pulmonary arterial pressure changes serially during the course and influence on prognosis in
IPF. We examined whether serial measurements of Tricuspid Regurgitation Pressure Gradient
(TRPG) by echocardiography were meaningful predictors of IPF patient survival.

Methods: We retrospectively investigated 83 IPF patients. The echocardiographic TRPG cutoff
was set at 30 mmHg, and the subjects were divided into two groups: high TRPG and normal
TRPG. We also evaluated the relationship between serial TRPG changes during follow-up.
Results: A total of 28 patients were included in the high TRPG group. The high TRPG group
showed significantly lower %FVC and %DLco, higher A-aDO,, shorter 6-minute walk test
distance, and more frequent emphysema than the normal TRPG group. The high TRPG group
also had poorer survival than the normal TRPG group. A multivariate Cox proportional hazard
model demonstrated that TRPG, %FVC, and A-aDO, significantly affected patient survival.
Thirty-six patients underwent echocardiography twice. At the time of the second echocardiog-
raphy, 7 patients with normal TRPG at baseline (n=22) increased to a TRPG of more than 30
mmHg. These patients had significantly showed poorer survival.

Conclusions: TRPG is an independent prognostic factor in IPF. Emphysema involvement, de-
creased DLco, and decreased FVC were associated with an increase in TRPG. Serial measure-
ments of TRPG are recommended for the early detection of PH and predict prognosis in IPF
patients.

KEYWORDS: Tricuspid regurgitation pressure gradient; Idiopathic pulmonary fibrosis; echo-
cardiography; Combined pulmonary fibrosis and emphysema.

ABBREVIATIONS: 6MWD: 6-minute walk test distance; A-aDO2: Alveolar-arterial oxygen dif-
ference; ATS: American Thoracic Society; BNP: Brain natriuretic peptide; CPFE: Combined
Pulmonary Fibrosis and Emphysema; DLco: Diffusing capacity of the lung for carbon monox-
ide; ERS: European Respiratory Society; FEV1: Forced expiratory volume in 1 second; FVC:
Forced vital capacity; HOT: Home Oxygen Therapy; IPF: Idiopathic Pulmonary Fibrosis; KL-
6: Krebs vonden Lungen-6; LAA: Low Attenuation Area; LDH: Lactate Dehydrogenase; PAP:
Pulmonary Arterial Pressure; PH: Pulmonary Hypertension; RHC: Right Heart Catheteriza-
tion; RVSP: Right Ventricular Systolic Pressure; SP: Surfactant Protein; TRPG: Tricuspid Re-
gurgitation Pressure Gradient.
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INTRODUCTION

Idiopathic Pulmonary Fibrosis (IPF) is a progressive fibrotic dis-
order of unknown etiology with no cure.! The prediction of in-
dividual patient survival is difficult because of its heterogeneity,
although the overall prognosis is poor with a median survival of
2.4-3.5 years.>* Pulmonary Hypertension (PH) is an important
comorbidity of advanced IPF that has a significant negative im-
pact on survival.’*” Variable prevalence (range, 32%-84%) of PH
has been reported.>*

Combined Pulmonary Fibrosis and Emphysema
(CPFE) has been proposed as a new phenotype of pulmonary fi-
brosis, defined by the presence of emphysema of upper lobe and
fibrosis of the lower lobe.® PH involvement is more frequent in
IPF with emphysema than in IPF without emphysema, and PH is
believed to be a poor prognostic factor of CPFE.”® In IPF, there
is a possibility that CPFE patients are substantially included
among IPF patients with PH. However, it is not clear how many
CPFE patients were included in IPF with PH and related with
prognosis.

Although, Right Heart Catheterization (RHC) is the
gold standard for PH diagnosis,’ this procedure is not easy to
perform routinely because of its invasiveness. On the other
hand, echocardiography is a noninvasive screening modality
that can be useful for detecting the cause of suspected or con-
firmed PH.>!® Although echocardiography is inferior to RHC in
accuracy,!!2 several reports have suggested that it can provide a
useful prognostic value of IPF.%!3 However, most previous stud-
ies on the relationship between PH and IPF were cross-sectional
analyses. Therefore, it is unknown whether clinical parameters,
including Pulmonary Arterial Pressure (PAP), change serially
during the natural course of IPF. The risk of PH onset is also
unclear.

In the present study, we focused on PH and estimated
the significance of the Tricuspid Regurgitation Pressure Gradi-
ent (TRPG), a noninvasive indicator relevant to PAP, to predict
the survival of IPF patients with or without emphysema in both
early stage and advanced stage disease. We also evaluated the
relationship between serial changes in TRPG during follow-up
and clinically practical indicators associated with the increased
risk of mortality in IPF patients.

METHODS
Subjects

We performed a retrospective cohort study of 83 IPF patients at
Sapporo Medical University Hospital between April 2007 and
December 2013. This study was approved by the Institutional
Review Board of the Sapporo Medical University Hospital. All
subjects provided written informed consent. The diagnosis of
IPF was made in accordance with the American Thoracic So-
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ciety (ATS)/European Respiratory Society (ERS) statement.'
All patients underwent High Resolution Computed Tomography
(HRCT), pulmonary function tests, 6-minute walk tests, blood
gas analysis, blood sample measurements, and echocardiogra-
phy. Thirty-two of 83 patients underwent these examinations
again after an appropriate interval. We excluded patients with
cardiovascular diseases, infectious diseases, allergic diseases,
collagen vascular diseases, granulomatous diseases, or neoplas-
tic diseases and the patients who underwent lung operation.

HRCT and Evaluation of Emphysema

Patients were examined by chest HRCT within one month prior
to echocardiography. CT scans were obtained on a Light Speed
Ultra scanner (GE Health Care, Tokyo, Japan) using 1.25 mm
collimation at 5 mm intervals from the sternal notch to below
the diaphragm during breath-holding after a deep inspiration in
a supine position at 140 kVp, 170 mA. The lungs were imaged at
the window width of 1000 HU and the window level of 700 HU.

We evaluated the extent of emphysema by visual scor-
ing in bilateral lung fields according to the method of Goddard.'*
In brief, both lungs were divided into a total of six areas con-
sisting of three lung fields: the aortic arch, carina, and inferior
pulmonary vein levels. The extent was estimated using a 5 points
scale for each lesion. Total scores were calculated (maximum
total: 24 points) and the severity of emphysema was graded as
follows: 0 point (no emphysematous lesions), 1 point (LAA
<25% of the entire lung field), 2 points 25% <low attenuation
area (LAA) <50% of the entire lung field, 3 points (50% <LAA
<75% of the entire lung field), and 4 points (75% <LAA of the
entire lung field). HRCT scans were independently reviewed
by 3 experienced pulmonologists. Emphysema was defined as
a LAA lacking a distinct wall on HRCT. The total emphysema
scores of %LAA >25% were categorized as IPF patients with
emphysema. '

Pulmonary Function Tests

Patients were examined by pulmonary function tests within a
month before the echocardiography. Chestac 9800 (Chest Co,
Tokyo, Japan) was used for pulmonary function tests. We used
parameters as follows: forced vital capacity (FVC), predicted
percentage of forced vital capacity (%FVC), and forced expira-
tory volume one second percent (FEV /FVC). We measured dif-
fusion capacity (DLco) and predicted the percentage of diffusion
capacity (%DLco) according to single-breath carbon monoxide
uptake. The alveolar-arterial oxygen difference (A-aDO,) was
estimated based on arterial blood gas analysis.

6-Minute Walk Test
6-minute walk test was conducted for patients according to the

ATS statement, and the distance on 6-minute walk test (6MWD)
was evaluated.'
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Echocardiography

Conventional transthoracic echocardiography was performed
using Vivid7 or VividE9 (GE Health Care, Tokyo, Japan) with
MS5S transducer. Two-dimensional echocardiography was per-
formed using the standard echocardiographic views, including
parasternal long-axis and apical 4-, 3-, and 2-chamber views at
a left lateral decubitus position. TRPG was calculated by ap-
plying the simplified Bernoulli equation: 4V? (v=peak velocity
of tricuspid regurgitation, m/s); and high TRPG was defined as
TRPG >30 mmHg.""

Blood Sample Measurements

Plasma brain natriuretic peptide (BNP), surfactant protein (SP)-
A, SP-D, and Krebs vonden Lungen-6 (KL-6) in sera were mea-
sured using commercially available ELISA kits at enrollment
(STACIA CLEIA BNP kit, LSI medience, Tokyo, Japan; SP-A
test Kokusai-F kit, SYSMEX CORPORATION, Kobe, Japan;
SP-D kit YAMASA EIA II, Yamasa, Chosi, Japan; Picolumi
KL-6 kit, EIDIA Co., Ltd, Tokyo, Japan).

Statistical Analysis

All data were expressed as the mean + standard deviation (SD)
or 95% confidence interval (CI). Differences between the two
groups were assessed using the Mann-Whitney test. A chi-square
test or Fisher’s exact test was used to compare categorical data.
Correlations were calculated using Spearman’s correlation test.
The differences between the three groups were assessed by one-
way analysis of variance (one-way ANOVA). Tukey HSD post
hoc tests were used for differences between each pair of groups.
The survival analysis was completed according to the method of
Kaplan-Meier, and the log-rank test was used to compare sur-
vival curves. The multivariate Cox’s proportional hazard model
was used to examine the association of selected variables with
survival. Variables that were significant (p<0.05) in the univari-
ate analysis were included in the multivariate model.

All tests were performed at a significant level of p<0.05.
Analyses were completed using IBM SPSS statistics version 22
(SPSS Inc., Chicago, IL, USA).

RESULTS
IPF Patient Demographic Features

Based on echocardiographic TRPG measurements, 83 patients
with IPF were classified into two groups named high TRPG
(TRPG >30 mmHg) and normal TRPG (TRGP <30 mmHg)
(Table 1). The high TRPG group included 28 patients (33.7%).
They had significantly lower values of FVC, %FVC, DLco,
and %DLco; higher values of A-aDO,; and a shorter distance in
6MWD as compared with the normal TRPG group. The preva-
lence of emphysema in 83 IPF patients was 35% (29 of 83 pa-
tients). Emphysema was more common in the high TRPG group
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than in the normal TRPG group (50% versus 27%, p<0.05).
There was no significant difference between the high TRPG
group and normal TRPG group in terms of other demographics
or serum biomarkers.

Next, we examined the relationship between TRPG and
other parameters. TRPG showed significantly weak to moder-
ate correlations with 6MWD, FVC, %FVC, FEV /FVC, DLco,
%DLco, and A-aDO, (Table 2). On the other hand, no significant
difference was found in the relation of TRPG with age, BNP,
lactate dehydrogenase (LDH), KL-6, SP-A, and SP-D.

Prediction of Survival

Kaplan-Meier survival analysis showed that high TRPG patients
had significantly worse survival than normal TRPG patients
(p=0.004) (Figure 1).

Evaluation of Prognostic Factors

The univariate Cox’s proportional hazard model demonstrated
that TRPG (HR=1.095; 95% ClI, 1.045-1.148; p<0.001) and sev-
eral other variables had a statistically significant impact on sur-
vival (Table 3). The multivariate Cox’s proportional hazard mod-
el demonstrated that TRPG (HR=1.059; 95% CI, 1.010-1.110;
p=0.017), A-aDO, (HR=1.031; 95% CI, 1.008-1.053; p=0.007),
and %FVC (HR=0.930; 95% CI, 0.904-0.957; p<0.001) signifi-
cantly affected survival.

Serial Changes in TRPG during Follow-Up and Survival

Of the 83 patients, 36 underwent echocardiography twice (mean
interval, 14.6+6.6 months). Among these patients, 14 and 22
were classified into the high TRPG group and the normal TRPG
group, respectively, at first echocardiography. At the second
echocardiographic assessment, 7 (31.8%) patients in the normal
TRPG group increased to TRPG more than 30 mmHg (named
“increased TRPG”) (Table 4). However, the other showed TRPG
less than 30 mmHg at the second assessment (named “main-
tained TRPG”).

The increased TRPG group showed significantly low-
er values of FVC, %FVC, and DLco when compared with the
maintained TRPG group. The rate of emphysema involvement
was higher in both the increased TRPG and the high TRPG
group than in the maintained TRPG group. Increased TRPG
showed significantly worse survival of the maintained TRPG
group (p=0.042) (Figure 2). Patient survival in the increased
TRPG group was similar (1-year mortality: 55.6%; mean sur-
vival: 7.8 months) to that of the high TRPG group at first echo-
cardiography (61.2%, 10.8 months; p=0.168).

DISCUSSION

The main purpose of the present study was to clarify whether
the TRPG measurement by echocardiography was a meaningful
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All high TRPG normal TRPG
(n=83) (n=28) (n=55) AT No

Sex M/F 62/21 23/5 39/16 NS

Age 70+8.0 70+7.5 69+8.2 NS

Smoker /never-smokers 68/15 23/5 45/10 NS

Pack-yrs smoking 39426 38422 40128 NS

IPF specific treatment NS

oral corticosteroids 15 6 9

immunosuppressant drugs 13 6 7

Pirfenidone 27 6 21

PH specific treatment 2 2 0

HOT 15 8 7

emphysema (+/-) 29/54 14/14 15/40 p<0.05

6MWD (meters) 358+117 301+127 388+101 p<0.05 n=76
FVC (L) 2.410.8 2.1+0.8 2.60.8 p<0.05 n=83
FVC % pred (%) 8024 6924 8622 p<0.05 n=83
FEV1 /FVC (L) 84+10 87+8.8 82+10 p<0.05 n=83
DLco (ml/min/mmHg) 9.8+3.4 7.5%£2.5 11£3.3 p<0.05 n=72
DLco % pred (%) 47415 36+12 50+15 p<0.05 n=72
A-aDO, (mmHg) 20+16 2720 17413 p<0.05 n=83
BNP (pg/ml) 50+76 37+27 57+90 NS n=83
LDH (1Un) 230457 243458 223455 NS n=83
KL-6 (U/ml) 1124£712 12894901 10404586 NS n=83
SP-A (ng/ml) 78+30 81129 7731 NS n=83
SP-D (ng/ml) 273191 316+239 251159 NS n=83
TRPG (mmHg) 26+10 36+7.6 2146.1 p<0.05 n=83

Data given as mean + SD or numbers. IPF: Idiopathic pulmonary fibrosis; PH: pulmonary hypertension; HOT: home oxygen therapy; 6MWD:
six minutes walk test distance; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second; DLco: diffusing capacity of the lung for
carbon monoxide; A-aDO,: alveolar-arterial oxygen difference; BNP: brain natriuretic peptide; LDH: lactate dehydrogenase; KL-6: krebs von
den lungen-6; SP: surfactant protein; TRPG: tricuspid regurgitation pressure gradient.

Table 1: The baseline characteristics at initial assessment.

1.0 — TRPG < 30mmHg
=== TRPG = 30mmHg
L]
0.8 Y
— 0.6 oo
[ -
= :
0.4+ s
0.2+ "
0.0
T T T T T T
0 1 2 3 4 5
year
Number at Risk
TRPG = 30mmHg 28 17 7 5 0
TRPG < 30mmHg 55 45 25 9 2

Figure 1: Kaplan-Meier survival curves for patients with IPF according to the base-
line assessment of TRPG. Survival time was significantly lower in the patients with
TRPG 230 mmHg than in those with TRPG <30mmHg (p=0.004 log-rank test).

Figure 2: Kaplan-Meier survival curves for IPF patients according to the second assess-
ment of TRPG (p=0.001 maintained TRPG vs. increased TRPG p=0.042, maintained
TRPG vs. high TRPG p<0.001, increased TRPG vs. high TRPG p=0.168).
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correlation coefficient p value
Age 0.208 NS
6MWD (meters) -0.296 p<0.05
FVC (L) -0.284 p<0.05
FVC % pred (%) -0.335 p<0.05
FEV1 /FVC (L) 0.239 p<0.05
DLco (ml/min/mmHg) -0.32 p<0.05
DLco % pred (%) -0.247 p<0.05
A-aDO, (mmHg) 0.255 p<0.05
BNP (pg/ml) 0.069 NS
LDH (1un) 0.158 NS
KL-6 (U/ml) 0.021 NS
SP-A (ng/ml) -0.015 NS
SP-D (ng/ml) 0.074 NS

TRPG: tricuspid regurgitation pressure gradient; 6BMWD: six minutes walk test
distance; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second;
DLco: diffusing capacity of the lung for carbon monoxide; A-aDO,: alveolar-arteri-
al oxygen difference; BNP: brain natriuretic peptide; LDH: lactate dehydrogenase;

KL-6: krebs von den lungen-6; SP: surfactant protein.

Table 2: Correlation of parameters with TRPG in 83 IPF patients.

Parameter HR(95% CI) p value
Univariate Cox analysis Age 1.012(0.965-1.062) 0.612
Male 2.753(0.826-9.176) 0.099
emphysema (+) 1.710(0.803-3.641) 0.164
6MWD (meters) 0.998(0.995-1.001) 0.241
FVC (L) 0.248(0.128-0.479) <0.001
FVC % pred (%) 0.920(0.894-0.946) <0.001
FEV1 /FVC (L) 1.136(1.069-1.207) | <0.001
DLco (ml/min/mmHg) 0.675(0.553-0.824) <0.001
DLco % pred (%) 0.924(0.891-0.958) | <0.001
A-aDO, (mmHg) 1.032(1.012-1.052) 0.001
BNP (pg/ml) 0.993(0.984-1.003) 0.152
LDH (1u/1) 0.998(0.991-1.006) 0.668
KL-6 (U/ml) 1.000(1.000-1.001) 0.151
SP-A (ng/ml) 0.995(0.983-1.007) 0.432
SP-D (ng/ml) 1.002(1.000-1.003) 0.050
TRPG (mmHg) 1.095(1.045-1.148) | <0.001
TRPG230mmHg 4.510(2.058-9.881) <0.001
Multivariate Cox analysis | TRPG (mmHg) 1.059(1.010-1.110) | 0.017
A-aDO, (mmHg) 1.031(1.008-1.053) 0.007
FVC % pred (%) 0.930(0.904-0.957) <0.001

IPF, idiopathic pulmonary fibrosis; 6BMWD: six minutes walk test distance; FVC: Forced vital capacity; FEV1: forced

expiratory volume in 1 second; DLco: diffusing capacity of the lung for carbon monoxide; A-aDO,: alveolar-arterial

oxygen difference; BNP: brain natriuretic peptide; LDH: lactate dehydrogenase; KL-6: krebs von den lungen-6; SP:

surfactant protein; TRPG: tricuspid regurgitation pressure gradient.

Table 3: Prognostic factors for overall survival from initial assessment of 83 IPF patients during the follow-up period.
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maintained TRPG | increased TRPG | high TRPG
p value*
(n=15) (n=7) (n=14)
observation period (days) 475+ 198 454 £ 172 442 + 232 NS
Sex M/F 11/4 5/2 14/0 NS
Age 66+8.8 75+3.4 70+8.9 NS
Smoker /never-smokers 12/3 6/1 311 NS
Pack-yrs smoking 3727 48126 42422 NS
emphysema (+/-) 2/13 2/5 8/6 NS
6MWD (meters) 38776 382+163 340121 NS
FVC (L) 3.1£0.8 2.1+0.7 2.520.7 p<0.05
FVC % pred (%) 100+19 74+21 76+21 p<0.05
FEV1 /FVC (L) 77+10 81116 85+7.5 NS
DLco (mlI/min/mmHg) 13+3.2 8.4£1.5 8.0+£2.7 p<0.05
DLco % pred (%) 60117 44+8.8 38+12 NS
A-aDO, (mmHg) 13£7.0 23+14 21+12 NS
BNP (pg/ml) 47160 1204208 37426 NS
LDH (1un) 217+33 22645 229+49 NS
KL-6 (U/ml) 1006570 10474502 13111111 NS
SP-A (ng/ml) 73+29 90+40 84+35 NS
SP-D (ng/ml) 218+147 275168 361+257 NS
TRPG (mmHg) 22431 25+3.4 375.7 NS

Data given as mean + SD or numbers. ‘p values comparing maintained TRPG and increased TRPG groups. IPF: idio-
pathic pulmonary fibrosis; TRPG: tricuspid regurgitation pressure gradient; BMWD: six minutes walk test distance; FVC:
forced vital capacity; FEV1: forced expiratory volume in 1 second; DLco: diffusing capacity of the lung for carbon monox-
ide; A-aDO,: alveolar-arterial oxygen difference; BNP: brain natriuretic peptide; LDH: lactate dehydrogenase; KL-6: krebs

von den lungen-6; SP: surfactant protein.

Table 4: Comparison of the baseline characteristics in 36 IPF patients underwent second echocardiography assessment.

predictor of IPF patient survival. We herein demonstrated that
TRPG as well as FVC, DL, and A-aDO, reflected IPF patient
survival.

co?

The precise prevalence and prognosis of PH in IPF
patients remains unknown. Our study showed that 35% of IPF
patients had high TRGP and demonstrated that TRPG was an
independent prognostic factor for disease and patient outcomes.
A previous study conducted to support the validity of our results
was reported by Kimura et al.'® Under the evaluation of 101 mild
IPF patients (mean %FVC 70.2420.1%) undergoing RHC, they
showed that 35% of the patients had a mean pulmonary artery
pressure (m-PAP)>20 mmHg and suggested that m-PAP is an
independent prognostic factor. PH is considered to be present
even in mild stages in IPF patients. Therefore, the detection of
PH by echocardiography is believed to be required not only for
advanced stage but also for mild stage disease.

In our study, IPF patients with high TRPG showed sig-
nificantly lower %FVC than those with normal TRPG. However,
FVC reportedly did not show any significant correlation with

Pulm Res Respir Med Open J

the severity of m-PAP and right ventricular systolic pressure
(RVSP)."” The discrepancy may be explained by the difference
in the enrolled number of IPF patients with emphysema. CPFE
patients had severely impaired DLco with preserved lung vol-
umes, and they may have a high prevalence of PH.? The propor-
tion of higher RVSP (>50 mmHg) was higher in IPF patients
with emphysema than in IPF patients without emphysema.” In
our study, IPF with emphysema were consistent with CPFE and
14 of 28 IPF patients with high TRPG were CPFE. The propor-
tion of CPFE in IPF patients may have influenced on the correla-
tion between FVC and PH.

We examined serial changes of TRPG and clinical pa-
rameters during patients’ follow-up. Approximately 32% of the
normal TRPG group experienced an increase in TRPG of more
than 30 mmHg after a mean interval of 14.6 months. Song et al.
reported that 9 of 36 (25%) patients with IPF but not PH at echo-
cardiography were found to have newly developed PH during
a follow-up echocardiography (mean interval of 17.7 months)
and showed poor prognosis.”* Our study also confirmed that
IPF patients with increased TRPG at follow-up showed a sig-
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nificantly poorer prognosis and lower FVC and DLco at the ini-
tial examination when compared with patients who maintained
TRPG. Furthermore, the IPF patients with emphysema, even in
the absence of FVC decline, tended to show increased TRPG
at follow-up echocardiography. Thus, TRPG may be an inde-
pendent indicator that supplements routine pulmonary function
tests. These results suggest the importance of monitoring at rou-
tine echocardiography through TRPG measurement in patients
with IPF, particularly IPF with emphysema.

The high TRPG group showed significantly lower val-
ues in DLco and FVC, higher values in A-aDO,, and a shorter
distance in 6MWD than the normal TRPG group. Furthermore,
the increased TRPG group showed significantly lower values in
DLco and FVC at the initial measurement than the maintained
TRPG group. Survival with increased TRPG was significantly
worse and was similar to that of the high TRPG group. These
results suggest that the TRPG of patients having lower values
in DLco and FVC can easily increase during follow-up, even if
TRPG values remain in the normal range at the initial investiga-
tion.

TRPG showed no significant association with plas-
ma BNP levels. This result was different from previous stud-
ies wherein BNP showed a correlation with PH severity and a
meaningful prediction of prognosis.'****' These studies included
patients with lower mean FVC values and more severe IPF as
compared with our study. Plasma BNP levels lack sensitivity in
moderate PH for chronic lung disease and may be confounded
by left heart abnormalities.>! We speculated that right ventricu-
lar (RV) overload did not reflect BNP elevations in IPF patients
with mild stage disease.

In addition, the serum levels of SP-A, SP-D, and KL-6
are established, useful biomarkers in IPF patients.”>* They are
associated with rapidly declining lung function and/or poor sur-
vival. Although we hypothesized that these serum markers may
be used as biomarkers of PH in IPF, we could not find a relation-
ship between TRPG and these serum markers.

There were several limitations to our study. First, this
was a retrospective cohort study and conducted at only one in-
stitute. Therefore, the number of subjects who could be exam-
ined for serial changes in TRPG was small. Second, we did not
evaluate other RV function parameters. Several RV echocardio-
graphic parameters have been associated with the prognosis of
IPF with PH. Rivera-Lebron et al reported that the ratio of right
ventricle to left ventricle diameter, right ventricular dilation,
and tricuspid annular plane systolic excursion were associated
with an increased risk of death.?® Further studies are required
to examine the relationship between the other RV parameters
and IPF. Third, we did not sufficiently evaluate the HRCT find-
ings of emphysema. In the present study, although we checked
HRCT to diagnose IPF with emphysema, we did not analyze the
relationship between the proportion of patients with emphysema
or emphysema subtypes and TRPG. Todd et al reported that a

Pulm Res Respir Med Open J

Open Journal

paraseptal emphysema pattern in CPFE patients was an indicator
of poor prognosis when compared with a centrilobular or mixed
emphysema pattern.?’” Further studies are required to examine re-
lationships between the proportion and subtypes of emphysema
and PH in IPF patients.

CONCLUSION

TRPG was an independent prognostic factor of IPF. Particu-
larly, as IPF with emphysema frequently involved PH, measur-
ing TRPG serially was recommended for the early detection of
PH. Our results suggest the importance of periodic measurement
of TRPG by performing echocardiography during IPF patient
follow-up.

AUTHOR’S CONTRIBUTIONS

YK, MO, HC and HT designed the study. SY and AH underwent
Echocardiography and analyzed the data. YK, MO, GY, KY, KI,
KK, HC and HT checked the diagnosis and eligibility of study
subjects. YK, MO, GY, HC and HT analyzed and interpreted the
data. All authors read and approved the final manuscript.

ACKNOWLEDGEMENTS

This study is not funded.

COMPETING INTERESTS

The authors declare that they have no competing interests.
REFERENCES

1. Raghu G, Collard HR, Egan JJ, 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(6): 788-824. doi: 10.1164/rccm.2009-
040GL

2. Rudd RM, Prescott RJ, Chalmers JC, Johnston ID. Fibrosing
alveolitis subcommittee of the research committee of the British
thoracic society. British Thoracic Society study on cryptogenic
fibrosing alveolitis: response to treatment and survival. Thorax.
2007; 62(1): 62-66. doi: 10.1136/thx.2005.045591

3. Fernandez Pérez ER, Daniels CE, Schroeder DR, et al. Inci-
dence, prevalence, and clinical course of idiopathic pulmonary
fibrosis: a population-based study. Chest. 2010; 137(1): 129-
137. doi: 10.1378/chest.09-1002

4. Natsuizaka M, Chiba H, Kuronuma K, et al. Epidemiologic
survey of Japanese patients with idiopathic pulmonary fibro-
sis and investigation of ethnic differences. Am J Respir Crit
Care Med. 2014; 190(7): 773-779. doi: 10.1164/rccm.201403-
05660C

Page 8



http://www.atsjournals.org/doi/abs/10.1164/rccm.2009-040GL%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.Vxc4TtR97cs
http://www.atsjournals.org/doi/abs/10.1164/rccm.2009-040GL%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.Vxc4TtR97cs
http://thorax.bmj.com/content/62/1/62.long
http://journal.publications.chestnet.org/article.aspx%3Farticleid%3D1086218%26issueno%3D1
http://www.atsjournals.org/doi/abs/10.1164/rccm.201403-0566OC%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.Vxc6sNR97cs
http://www.atsjournals.org/doi/abs/10.1164/rccm.201403-0566OC%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.Vxc6sNR97cs

PULMONARY RESEARCH AND RESPIRATORY MEDICINE

ISSN 2377-1658

5. 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(3):
746-752. doi: 10.1378/chest.129.3.746

6. Nadrous HF, Pellikka PA, Krowka MJ, et al. Pulmonary hy-
pertension in patients with idiopathic pulmonary fibrosis. Chest.
2005; 128(4): 2393-2399. doi: 10.1378/chest.128.4.2393

7. Mejia M, Carrillo G, Rojas-Serrano J, et al. Idiopathic pul-
monary fibrosis and emphysema: decreased survival associ-
ated with severe pulmonary arterial hypertension. Chest. 2009;
136(1): 10-15. doi: 10.1378/chest.08-2306

8. Cottin V, Nunes H, Brillet PY, et al. Combined pulmonary fibro-
sis and emphysema: a distinct underrecognised entity. Eur Respir
J. 2005; 26(4): 586-593. doi: 10.1183/09031936.05.00021005

9. Galie N, Hoeper MM, Humbert M, et al. Guidelines for the
diagnosis and treatment of pulmonary hypertension. Eur Respir
J.2009; 34(1): 1219-1263. doi: 10.1093/eurheartj/ehp297

10. Goto K, Arai M, Watanabe A, Hasegawa A, Nakano A, Kura-
bayashi M. Utility of echocardiography versus BNP level for the
prediction of pulmonary arterial pressure in patients with pul-
monary arterial hypertension. Int Heart J. 2010; 51(5): 343-347.
doi: 10.1536/ihj.51.343

11. Arcasoy SM, Christie JD, Ferrari VA, et al. Echocardio-
graphic assessment of pulmonary hypertension in patients
with advanced lung disease. Am J Respir Crit Care Med. 2003;
167(5): 735-740. doi: 10.1164/rccm.200210-11300C

12. Nathan SD, Shlobin OA, Barnett SD, et al. Right ventricular
systolic pressure by echocardiography as a predictor of pulmo-
nary hypertension in idiopathic pulmonary fibrosis. Respir Med.
2008; 102(9): 1305-1310. doi: 10.1016/j.rmed.2008.03.022

13. Song JW, Song JK, Kim DS. Echocardiography and brain
natriuretic peptide as prognostic indicators in idiopathic pulmo-
nary fibrosis. Respir Med. 2009; 103(2): 180-186. doi: 10.1016/].
rmed.2008.11.012

14. Goddard PR, Nicholson EM, Laszlo G, Watt I. Computed to-
mography in pulmonary emphysema. Clin Radiol. 1982; 33(4):
379-387. doi: 10.1016/S0009-9260(82)80301-2

15. Kitaguchi Y, Fujimoto K, Hanaoka M, Kawakami S, Honda
T, Kubo K. Clinical characteristics of combined pulmonary fi-
brosis and emphysema. Respirology. 2010; 15(2): 265-271. doi:
10.1111/5.1440-1843.2009.01676.x

16. American Thoracic Society. Guidelines for the six-minute
walk test. Consensus statement. Am J Respir Crit Care Med.
2002; 166:111-117. doi: 10.1164/rccm.166/1/111

Pulm Res Respir Med Open J

Open Journal

17. Papakosta D, Pitsiou G, Daniil Z, et al. Prevalence of pulmo-
nary hypertension in patients with idiopathic pulmonary fibrosis:
correlation with physiological parameters. Lung. 2011; 189(5):
391-399. doi: 10.1007/s00408-011-9304-5

18. Kimura M, Taniguchi H, Kondoh Y, et al. Pulmonary hyper-
tension as a prognostic indicator at the initial evaluation in id-
iopathic pulmonary fibrosis. Respiration. 2013; 85(6): 456-463.
doi: 10.1159/000345221

19. Hamada K, Nagai S, Tanaka S, et al. Significance of pulmo-
nary arterial pressure and diffusion capacity of the lung as prog-
nosticators in patients with idiopathic pulmonary fibrosis. Chest.
2007; 131(3): 650-656. doi: 10.1378/chest.06-1466

20. Leuchte HH, Neurohr C, Baumgartner R, et al. Brain natri-
uretic peptide and exercise capacity in lung fibrosis and pulmo-
nary hypertension. Am J Respir Crit Care Med. 2004; 170(4):
360-365. doi: 10.1164/rccm.200308-11420C

21. Leuchte HH, Baumgartner RA, Nounou ME, et al. Brain na-
triuretic peptide is a prognostic parameter in chronic lung dis-
ease. Am J Respir Crit Care Med. 2006; 173(7): 744-750. doi:
10.1164/rcem.200510-15450C

22. Kinder BW, Brown KK, McCormack FX, et al. Serum sur-
factant protein-A is a strong predictor of early mortality in idio-
pathic pulmonary fibrosis. Chest. 2009; 135(6): 1557-1563. doi:
10.1378/chest.08-2209

23. Takahashi H, Fujishima T, Koba H, et al. Serum surfac-
tant proteins A and D as prognostic factors in idiopathic pulmo-
nary fibrosis and their relationship to disease extent. Am J Respir
Crit Care Med. 2000; 162(3 Pt 1): 1109-1114. doi: 10.1164/ajrc-
cm.162.3.9910080

24. Yokoyama A, Kondo K, Nakajima M, et al. Prognostic value
of circulating KL-6 in idiopathic pulmonary fibrosis. Respirology.
2006; 11(2): 164-168. doi: 10.1111/1.1440-1843.2006.00834.x

25. Travis WD, Costabel U, Hansell DM, et al. An Official Amer-
ican Thoracic Society/European Respiratory Society Statement:
Update of the international multidisciplinary classification of the

idiopathic interstitial pneumonias. Am J Respir Crit Care Med.
2013; 188(6): 733-748. doi: 10.1164/rccm.201308-1483ST

26. Rivera-Lebron BN, Forfia PR, Kreider M, Lee JC, Holmes
JH, Kawut SM. Echocardiographic and hemodynamic predic-
tors of mortality in idiopathic pulmonary fibrosis. Chest. 2013;
144(2): 564-570. doi: 10.1378/chest.12-2298

27. Todd NW, Jeudy J, Lavania S, et al. Centrilobular em-
physema combined with pulmonary fibrosis results in im-
proved survival. Fibrogenesis Tissue Repair. 2011; 4(1): 6. doi:
10.1186/1755-1536-4-6

Page 9



http://www.sciencedirect.com/science/article/pii/S0012369215522800
http://journal.publications.chestnet.org/article.aspx%3Farticleid%3D1083795
http://www.sciencedirect.com/science/article/pii/S0012369209604001
http://erj.ersjournals.com/content/26/4/586.long
http://eurheartj.oxfordjournals.org/content/30/20/2493.short
https://www.jstage.jst.go.jp/article/ihj/51/5/51_5_343/_article
http://www.atsjournals.org/doi/abs/10.1164/rccm.200210-1130OC%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.Vxc93tR97cs
http://www.resmedjournal.com/article/S0954-6111%2808%2900132-7/abstract
http://www.resmedjournal.com/article/S0954-6111%2808%2900417-4/abstract
http://www.resmedjournal.com/article/S0954-6111%2808%2900417-4/abstract
http://www.sciencedirect.com/science/article/pii/S0009926082803012
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1843.2009.01676.x/abstract%3Bjsessionid%3D69A2009B5DB29F0BA20910B4D5BA3D8D.f04t04%3FuserIsAuthenticated%3Dfalse%26deniedAccessCustomisedMessage%3D
https://www.thoracic.org/statements/resources/pfet/sixminute.pdf
http://link.springer.com/article/10.1007%252Fs00408-011-9304-5
http://www.karger.com/Article/Abstract/345221
http://www.sciencedirect.com/science/article/pii/S0012369215388772
http://www.atsjournals.org/doi/abs/10.1164/rccm.200308-1142OC%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.VxdBL9R97cs
http://www.atsjournals.org/doi/abs/10.1164/rccm.200510-1545OC%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.VxdBg9R97cs
http://www.sciencedirect.com/science/article/pii/S0012369209603615%3Fnp%3Dy
http://www.atsjournals.org/doi/abs/10.1164/ajrccm.162.3.9910080%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.VxdCMdR97cs
http://www.atsjournals.org/doi/abs/10.1164/ajrccm.162.3.9910080%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.VxdCMdR97cs
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1843.2006.00834.x/abstract
http://www.atsjournals.org/doi/abs/10.1164/rccm.201308-1483ST%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed%23.VxdC1NR97cs
http://www.sciencedirect.com/science/article/pii/S0012369213605334
http://fibrogenesis.biomedcentral.com/articles/10.1186/1755-1536-4-6

