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Abstract

Background: Pulmonary hypertension (PH) can develop in connective tissue disease associated interstitial lung
disease (CTD-ILD), and contributes to increased morbidity and mortality. However, except for systemic sclerosis and
mixed connective tissue disease, the impact of mean pulmonary arterial pressure (MPAP) on survival in CTD-ILD has
not been sufficiently elucidated. We hypothesized that pulmonary arterial pressure may be a prognostic factor in
CTD-ILDs regardless of the kind of CTD.

Methods: We evaluated the survival impact of MPAP, which is measured using right heart catheterization, on
survival of patients with CTD-ILD with various CTD backgrounds. We retrospectively analyzed data of consecutive
CTD-ILD patients undergoing a pulmonary function test and right-heart-catheterization at the initial evaluation.

Results: We studied 74 patients (33 men and 41 women, mean age 62.8 + 9.6, 24 with rheumatoid arthritis, 14 with
systemic sclerosis, 14 with polymyositis/dermatomyositis, 11 with primary Sjogren’s syndrome, and 11 with other
diagnoses). Six patients exhibited pulmonary hypertension (MPAP 2 25 mmHg), and 16 (21.6 %) had mild elevation
of MPAP (=20 mmHg). The mean MPAP was 17.2 +5.5 mmHg. We did not observe a significant difference in MPAP
among various CTDs. A univariate Cox proportional hazard model showed that MPAP has a significant impact on
survival, while the type of CTD did not contribute to survival in our cohort. A multivariate Cox proportional hazard
model showed MPAP (HR=1.087; 95 % Cl 1.008-1.172; p=0.030) to be the sole independent determinant of survival.

Conclusions: Mild elevation of MPAP is relatively common in CTD-ILD patients with various CTD backgrounds. A
higher MPAP at the initial evaluation was a significant independent predictor of survival in CTD-ILD. MPAP
evaluation provides additional information on disease status and will help physicians predict mortality in CTD-ILD.
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Background

Patients with pulmonary hypertension (PH) in associ-
ation with underlying interstitial lung disease (ILD) have
worse survival rates than those with ILD alone [1-3].
PH in patients with systemic sclerosis (SSc) and ILD
(SSc-ILD) further worsens survival, but there are few
data regarding outcomes in SSc-ILD patients with PH
compared with those with the other connective tissue
disease (CTD) associated ILD [4, 5].

Recently, the importance of mild elevation in pulmon-
ary arterial pressure has been recognized in patients with
several ILDs. It has been demonstrated that a mean pul-
monary arterial pressure (MPAP) between 21 and
24 mmHg is clinically relevant and affects patient out-
come in idiopathic pulmonary fibrosis (IPF) [3, 6]. Fur-
thermore, mild elevation of MPAP is also implicated in
SSc patients [7]. Fischer et al. proposed “lung-dominant
CTD” (LD-CTD) as a concept for classifying the subset
of patients with ILD who have clinical features suggest-
ing an associated CTD, but whose features fall short of a
clear diagnosis of CTD under the current rheumatologic
classification systems [8]. More recently, we elucidated
that MPAP > 20 mmHg affects patient outcome in LD-
CTD [9].

To date, little information is available regarding prog-
nostic factors in ILDs with various CTD backgrounds.
We hypothesized that pulmonary arterial pressure may
be a prognostic factor in CTD-ILDs in spite of the kind
of CTD. The aim of this study was to determine whether
MPAP predicts survival in CTD-ILD patients whose dis-
ease background, pulmonary function test, and right
heart catheterization (RHC) data are available. The sig-
nificance of mild MPAP elevation (>20 mmHg) was also
explored [9].

Methods

Subjects

In this study, we retrospectively analyzed our ILD pa-
tient database, which registers the results of systematic
evaluations undergone at the time of their initial con-
sultation with our department at Tosei General Hospital
(Aichi, Japan). Of 619 records of patients with ILD ex-
amined between July 2007 and June 2012, 102 were di-
agnosed with CTD-ILD. Twenty-eight patients were
excluded from the study for the following reasons: (1)
they had been treated with PH targeted therapy, (2)
evaluation was done using supplemental oxygen, (3) they
were suffering from an unstable disease, such as acute
exacerbation, infection, or heart failure, or (4) RHC was
not performed within 3 months of initial evaluation or
RHC data was missing. Finally, we reviewed the charts
of 74 stable CTD-ILD patients who underwent RHC for
evaluation during this period (Fig. 1).
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PH was assessed by RHC and defined as a pulmonary
arterial pressure >25 mmHg. In this study, we also
adopted MPAP >20 mmHg as a cut-off for predicting
the prognosis based on our previous study of lung-
dominant CTD patients [9].

This study was approved by the Tosei General Hos-
pital Institutional Review Board (IRB No. 483). Patient
records and information were anonymized and de-
identified prior to analysis. The diagnosis of ILD was
made clinically by high-resolution CT (HRCT) [10].
Pathological diagnoses of 33 patients were confirmed by
surgical lung biopsy but did not meet the criteria for the
clinical diagnosis of IPF [11] or other definite ILDs. The
clinical diagnosis of CTD for each subject, which was
made according to established criteria, was also classified
and recorded as : SSc, rheumatoid arthritis (RA), sys-
temic lupus erythematosus (SLE), polymyositis/dermato-
myositis (PM/DM), mixed connective tissue disease
(MCTD), or Sjogren’s syndrome (SjS) (all according to
established criteria) [12—-18].

Measurements

We recorded patients’ demographic characteristics, re-
sults of pulmonary function tests (PFTs), PaO, assessed
by arterial blood gas analysis, diagnosis of CTD, medica-
tion record, and hemodynamics measured by RHC,
retrospectively. All patients underwent spirometry
(CHESTAC-55 V; Chest, Tokyo, Japan), according to the
method described in the ATS 1994 update [19]. Single-
breath diffusing lung capacity of carbon monoxide
(DLco) was also measured (CHESTAC-55 V). The
values for forced vital capacity (FVC) and DLco were re-
lated to % predicted values [20]. RHC was performed
using a Swan-Ganz catheter percutaneously inserted into
either a cubital vein or femoral vein under normal con-
ditions as the patient breathed room air. We did not
perform a vasoreactivity test. MPAP was measured with
the catheter tip placed within the right main trunk of
the pulmonary artery. Cardiac output was measured by a
thermodilution method.

Statistical analysis

Survival status was ascertained in September 2014.
Among 74 eligible patients, 15 deaths were observed.
This study had at least 70 % statistical power to detect a
difference of 40 % in 5-year survival rates (80 % vs 40 %)
between patients with MPAP < 20 mmHg and those with
MPAP >20 mmHg at the 5 % significance level. Con-
tinuous variables were summarized as the mean + SD or
the median and range and compared using Student’s z-
test or Wilcoxon’s rank sum test where appropriate. Cat-
egorical variables were compared using the chi-square
statistic. Pearson’s correlation coefficient was used to
evaluate the correlations between MPAP and clinical
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Consecutive cases with
“interstitial pneumonias”
From database
N=619

Diagnosed other than CTD-ILD

A 4

Diagnosed CTD-ILD
N=102

N =517

S

Excluded N =28

*PH targeted therapy N =3
= Treated with LTOT N =35

A 4
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CTD-ILD: connective tissue disease associated interstitial lung disease; PH: pulmonary hypertension
LTOT: long term oxygenation therapy; PCWP: pulmonary capillary wedge pressure; RHC: right heart catheterization

Fig. 1 Criteria for screening and inclusion of patients in the study. CTD-ILD: connective tissue disease associated interstitial lung disease; PH: pulmonary
hypertension; LTOT: long term oxygenation therapy; PCWP: pulmonary capillary wedge pressure; RHC: right heart catheterization

\ 4

*PCWP = 15mmHg N=6
* Acute exacerbation N =2
*RHC data missing N =15

o

values. If either variable had a non-normal distribution,
correlations were calculated using Spearman’s correl-
ation test. Univariate Cox’s proportional hazard models
were used to examine the association of selected vari-
ables with survival. A multivariate analysis was used to
elucidate independent prognostic factors. Variables with
p<0.15 were used for entry into the model. To avoid
multicolinearity, only one of the highly correlated vari-
ables (coefficient of correlation >0.9) was used in the
multivariate model, if more than one was present. Using
the methods of Kaplan-Meier and the log-rank test, we
studied the impact of variables on survival. P values less
than 0.05 were considered significant. All analyses were
performed using a statistical software package (SPSS,
version 19.0; SPSS, Inc., Chicago, IL).

Results

The baseline demographic and clinical characteristics of
the 74 patients are summarized in Table 1. The numbers
of patients with RA, SSc, PM/DM, SjS, MCTD, SLE, and
overlap syndrome were 24 (32.4 %), 14 (189 %), 14

(18.9 %), 11 (14.9 %), 5 (6.8 %), 1 (1.4 %), and 5 (6.8 %),
respectively. Thirty three patients (44.6 %) underwent
surgical lung biopsy. Forty-seven patients (65.2 %) had
decreases in diffusing capacity. Six patients (8.1 %) had
PH (MPAP >25 mmHg): three with PM/DM and one
each with RA and MCTD, respectively. Sixteen patients
(21.6 %) had MPAP > 20 mmHg: 7 with RA, 4 with PM/
DM, two each with SSc and MCTD, and one with over-
lap syndrome, respectively. The patients with RA, SSc,
PM/DM, SjS, MCTD, SLE, and overlap syndrome had a
mean = SD MPAP of 17.0 £ 5.0 mmHg, 16.3 + 4.1 mmHg,
176 +6.0 mmHg, 16.1+57 mmHg, and 235z
8.7 mmHg, 19.0 mmHg, and 16.3 + 3.7 mmHg, respect-
ively. Twenty seven patients (36.5 %) received pharma-
cological treatment for CTD or ILD at the RHC
evaluation. Twenty three patients (31.1 %) were treated
with oral corticosteroids. Ten patients (13.5 %) were
treated with an immunosuppressive agent (cyclosporin:-
tacrolimus:cyclophosphamide:methotrexate 6:2:1:1). Four
patients (5.4 %) were treated with beraprost sodium or-
ally for Raynaud’s phenomenon. No patient was treated
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Table 1 Baseline characteristics of all patients with CTD-ILD

Variable Range
Sex, M/F 33/41

Age, years 635+ 1.1 38-78
BMI, kg/m? 230440 13.7-353
Smoking status, ever/never 31/43

CTD

RA/SSc/PMDM/S)S/MCTD/ 24/14/14/11/5

SLE/overlap syndrome 1/5

Surgical lung biopsy, yes/no 33/41
Corticosteroids/immunosuppressant 23/10

FVC, % predicted 81.0£19.1 383-127.0
DLco, % predicted 57.14+192 226-1136
RV, % predicted 812+315 17.9-1819
TLC, % predicted 803+£183 47.9-138.6
PaO,, mmHg 80.8+99 60.2-103.2
A-a gradient, mmHg 202115 —3.8-38.1
MPAP, mmHg 17255 8-36

al, I/min/m? 3.59+0.77 1.89-5.18
PVR, Wood units 12734599 34.0-406.0
PVRI, Wood units/m? 2235+102.1 52.0-606.0

Age is presented as median + SE. Data are presented as mean + SD unless
otherwise noted. BMI: body mass index; RA: rheumatoid arthritis; SSc: systemic
sclerosis; PM/DM: polymyositis/dermatomyositis; SjS: Sjogren’s syndrome;
MCTD: mixed connective tissue disease; SLE: systemic lupus erythematosus;
FVC: forced vital capacity; DLco: diffusing capacity of the lung for carbon
monoxide; RV: residual volume, TLC: total lung capacity, PaO,: arterial oxygen
tension; A-a gradient: alveolar-arterial O, tension gradient, MPAP: mean
pulmonary arterial pressure; Cl: cardiac index; PVR: pulmonary vascular resistance;
PVRI: pulmonary vascular resistance index. N = 74 except for DLco (n =72)

with PH targeted therapy and antithrombotic agents for
PH. No patient had received long-term oxygen therapy
(LTOT) at the time of RHC evaluation.

In terms of survival analysis, fifteen patients (20.3 %)
died during the mean observation period of 44.4 +
2.2 months: six deaths were due to advanced respiratory
failure, four due to acute exacerbation, three due to ma-
lignant disease, one due to multiple organ failure, and
one due to neuromuscular disease. The univariate Cox
regression model (Table 2) demonstrated that MPAP (p
=0.014) had a statistically significant impact on survival.
Sex (p=0.106), smoking status (p=0.102), and RV, %
predicted (p=0.102) did not reach statistical signifi-
cance. The multivariate analysis including all relevant
variables with p values<0.15 in univariate analysis
showed that only MPAP (HR=1.087; 95 % CI1.008-
1.172, p=0.030) was significantly correlated with sur-
vival (Table 3). Patients with PH (MPAP >25 mmHg)
had a significantly worse prognosis than those without
PH (HR =3.995; 95 % CI 1.267-12.60, p = 0.018). When
we conducted further analysis of survival time to re-
spiratory specific death (including only deaths due to
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Table 2 Results of univariate Cox proportional hazard model for

mortality

Variable HR 95 % Cl P value
Age, years 1.018 0.958-1.082 0.570
Sex, M/F 2.366 0.833-6.721 0.106
BMI, kg/m? 0.956 0.841-1.087 0493
Smoking status, ever/never 2377 0.842-6.706 0.102
SSc 4+ MCTD diagnosis vs. others 1.186 0.333-4.223 0.792
RA diagnosis vs. others 0.530 0.192-1.465 0.221
PM/DM diagnosis vs. others 1.739 0.392-7.714 0467
Corticosteroids and/or 0.666 0.236-1.885 0444
immunosuppressant use, yes/no

FVC, % predicted 0.998 0.972-1.025 0.889
DLco, % predicted 0.982 0.951-1.013 0.252
RV, % predicted 1.010 0.998-1.023 0.102
TLC, % predicted 1.005 0.979-1.033 0.699
Pa0,, mmHg 0.978 0.928-1.032 0420
A-a gradient, mmHg 1.025 0.982-1.071 0.259
MPAP, mmHg 1.093 1.018-1.175 0.014
cl, I/min/m? 0651 0.304-1.392 0.268
PVR, Wood units 1.005 0.998-1.011 0.189
PARI, Wood units/m? 1.003 0.999-1.008 0.156

HR: hazard ratio; ClI: confidence interval (see Table 1 for other definitions)

respiratory failure), MPAP still significantly correlated
with survival (HR=1.154; 95 % CI1.033-1.289, p=
0.011). In addition, there was no association between
any CTD background and survival (SSc and MCTD vs.
the others: HR = 1.186; 95 % CI0.333-4.223, p =0.792,
RA vs. the others: HR =0.530; 95 % CI0.192-1.465, p =
0.221, and PM/DM vs. the others: HR=1.739; 95 %
CI0.392-7.714, p = 0.467).

To evaluate the significance of mild elevation of MPAP
with a cutoff point of 20 mmHg for survival, the follow-
ing analysis was performed. As shown in Table 4, pa-
tients were stratified according to MPAP with the cutoff
point of 20 mmHg, and their baseline characteristics
and physiology were compared. Male sex and a history
of smoking were more frequent in patients with MPAP >
20 mmHg. Figure 2 shows a Kaplan-Meier curve that
reveals significantly worse survival among patients
whose MPAP was > 20 mmHg than among those whose
MPAP was < 20 mmHg (log-rank test p = 0.023).

Discussion

This is the first study, to our knowledge, to report the
impact of MPAP on survival in patients of ILD with vari-
ous backgrounds of CTD. We also elucidated the fre-
quency of mild elevation of pulmonary artery pressure
in this population. This study included patients with
milder pulmonary function impairment (mean FVC
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Table 3 Results of multivariate Cox proportional hazard model
for mortality

Variable HR 95 % Cl P value
Sex, M/F 1.747 0.465-6.563 0409
Smoking, ever/never 1.740 0467-6482 0.409
RV, % predicted 1.007 0.993-1.021 0322
MPAP, mmHg 1.087 1.008-1.172 0.030

Variables used were P value < 0.15 in univariate analysis (Table 2)

81.0 %, mean DLco 57.1 %) and lower MPAP (mean
MPAP 17.2 mmHg) than the subjects of previous studies
of IPF and SSc [7, 8]. However, a higher MPAP was
shown to be an independent prognostic predictor in this
population. This result suggests the importance of evalu-
ating MPAP at an early stage in patients with CTD-ILD,
and not limiting it to patients with advanced disease.
Furthermore, it was shown that CTD-ILD patients with
MPAP =20 mmHg had a significantly lower survival rate
than those with MPAP <20 mmHg by a log-rank test.
Suzuki et al. [9] reported similar results on survival for
lung-dominant CTD using the same cutoff level. Our
study also demonstrated that MPAP >20 mmHg was
closely associated with prognosis in CTD-ILD, which is
consistent with the result in lung-dominant -CTD.

The pathogenesis of PH is likely to be complex and
driven by multiple mechanisms [21]. As shown in
Table 4, patients with MPAP > 20 mmHg were more fre-
quently found to have a smoking history, although we
did not find a significant relationship between smoking
and survival (p = 0.102). Notably, PH had a higher preva-
lence in cases of combined pulmonary fibrosis and

Table 4 Baseline characteristics and physiology of patients with
and without MPAP 220 mmHg

Variable MPAP <20 mmHg MPAP 220 mmHg P value
(N=58) (N=16)

Sex, M/F 24/34 9/7 <0.001
Age, years 629+90 619+ 114 0.777
BMI 22.7£39 23.8+43 0.270
Smoking, ever/never 22/36 9/7 <0.001
FVC, % predicted 825+193 760+174 0318
DLco, % predicted 588+17.9 5124230 0.092
RV, % predicted 82.6+309 763 +34.2 0.867
TLC, % predicted 826+189 725+138 0343
Pa0,, mmHg 81.3+£102 786+89 0.627
A-a gradient, mmHg 187+11.6 251+100 0.182
MPAP, mmHg 149428 249143 <0.001
Cardiac index, I/min/m?  3.36 +0.69 349+0.79 0458
PVRI, Wood units/m? 1886+ 739 2582+ 1156 <0.001

Data are presented as means + SD or numbers
N =74 except for DLco (N=72)
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emphysema (CPFE). These patients had clinical fibrosis
associated with emphysema and smoking status [22]. Re-
cent work has suggested that cigarette smoking plays a
role in PH through inducing oxidative stress in human
and animal models [23]. In addition, we have described
the relationship between smoking and mild elevation of
MPAP in mild IPF [6]. Our results indicate that smoking
may play a role in the development of PH in CTD-ILD.
Further investigation will be required to determine
whether this is the case.

SSc generally represents the main CTD associated
with PH. Additionally, PH occurs in 19-53 % of patients
with MCTD [24, 25]. In our study, PH and MPAP >
20 mmHg were frequently observed in ILD associated
other types of CTD, such as RA (7 of 24, 29.2 %) and
PM/DM (4 of 14, 28.6 %) in spite of excluding patients
with hypoxemia. Interestingly, the prognosis of ILD pa-
tients with SSc or MCTD is not worse than those with
the other CTDs. Additionally, in the case with MPAP >
25 mmHg and 220 mmHg, similar results were con-
firmed. Launay et al. [26] reported that PH-complicated
SSc was frequently detected in patients both with and
without ILD. However, little is known about the preva-
lence and prognosis in ILD associated PH with the other
CTD backgrounds. We speculate that the prevalence of
PH may have clinical importance also in other CTD-
ILDs such as ILD with RA and PM/DM. Therefore, it is
recommended that physicians who diagnose ILD with
various CTD backgrounds be careful about the elevation
of pulmonary arterial pressure at the initial evaluation.

In this study, twenty three patients (31.1 %) were
treated with oral corticosteroids. Ten patients (13.5 %)
were treated with immunosuppressive agents. CTD-ILD
patients tend to be treated with immunosuppressive
therapies, although there have been few systematic and
prospective studies [27, 28]. A previous study suggested
that some CTD-PH patients could also benefit from im-
munosuppressive therapies [29]. However, in our study
the therapy was not significantly associated with survival
in CTD-ILD (p = 0.444).

Our study has several limitations. First, it is a small
retrospective review at a single center, which included
only patients without severe hypoxemia. Therefore, it is
difficult to generalize from the result to the composition
of CTD-ILD patients with severe disease status. Further
large studies are needed to confirm our results. Second,
we did not evaluate two clinical variables that can be
confounding factors: vasoreactivity and nocturnal hypox-
emia. When several statistical variables are addressed in
such a small study, one wonders whether several statis-
tical variables are truly significant or just a result of mul-
tiple comparisons. A vasoreactivity test is recommended
for PAH to confirm the efficacy of calcium channel
blockers. However, it is not recommended for other PH
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groups [3]. Therefore, further studies are needed to evalu-
ate the significance of the vasoreactivity test for CTD-ILD.
Additionally, we did not evaluate nocturnal hypoxemia.
Minai et al. reported that nocturnal hypoxia is common in
PAH and a risk factor for advanced pulmonary hyperten-
sion [30]. Therefore, nocturnal hypoxemia might be a
prognostic factor in CTD-ILD. Additional studies to eluci-
date the impact of nocturnal desaturation on CTD-ILD
are needed. Third, our results may be subject to treatment
bias. Four patients were treated with beraprost for Ray-
naud’s phenomenon (not for PH), which may affect
MPAP. In addition, systemic steroids and immunosup-
pressants affect vascular remodeling and inflammatory/
autoimmune pathogenesis. It has not been elucidated
whether systemic steroids and immunosuppressants affect
the prognosis and pulmonary arterial pressure of patients
with CTD-ILD [5]. Because additional analysis eliminating
these cases did not alter any conclusion of the current
study, we believe this bias did not skew our results ser-
iously. Admittedly, further study is needed to identify
whether the therapy affects MPAP and survival. Third, in
some cases, the causes of death were not directly related
to the patients’ CTD or ILD. However, a similar result was
observed in the analysis excluding the cases that were re-
lated to non-pulmonary death. To recognize the effect of
mild MPAP elevation on survival rates, further clinical
studies need to be conducted with a larger population and
over a longer observation period.

Conclusions

We demonstrated that MPAP has a statistically signifi-
cant impact on survival and that mild elevation of MPAP
is relatively common in CTD-ILD patients with various
CTD backgrounds. MPAP evaluation provides additional
information on disease status and will help physicians to
predict mortality in CTD-ILD.
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