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Abstract

Background: There is a question about the correlation between exercise tolerance and improvement of functional
markers in interstitial lung disease (ILD). We sought to investigate the correlation between exercise capacity and
other functional markers as an effect of pulmonary rehabilitation in ILD and idiopathic pulmonary fibrosis (IPF).

Materials and methods: 30 patients with ILD (FVC: 64 + 21% pred, age: 54 + 8 years, BMI: 28 + 6 kg/m?) and
23 patients with IPF (FVC: 55 + 21%pred, age: 45 + 9 years, BMI: 27 + 5 kg/m?) participated in this study. Patients
performed breathing techniques, personalized exercise training 2-3 times per day by cycling and treadmill. 6 minutes
walking distance (6MWD), lung function (AFVC), chest wall expansion (CWE), grip strength (GS), maximal inspiratory
pressure (MIP), breath holding time (BHT) and Quality of Life (QoL) were measured.

Results: Rehabilitation resulted significant improvement in functional markers in ILD (6MWD, FVC, IVC, CWE,
MIP, GS, CAT and mMRC, p<0.05). Significant improvement was detected in 6MWD, IVC, CWE, MIP, CAT and
mMRC (p<0.05) in IPF. Stronger correlation was observed between 6MWD and in FVC IPF: R?= 0.296 vs. ILD
R?=0.0009. QoL showed the following correlation with 6MWD IPF R?=0.2, ILD R?=-0.16.

Conclusion: Pulmonary rehabilitation can improve functional parameters in ILD and in IPF, but the tendency of

the improvement was different IPF compared to ILD groups in FVC and IVC to 6MWD.

Keywords: Interstitial lung disease; Idiopathic pulmonary fibrosis;
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Introduction

Interstitial lung diseases (ILD) represent some of the most severe
chronic afflictions in the field of pulmonology [1]. Despite years of
study and medical innovation, survival rates and quality of life scores
of ILD patients remain low with a comprehensive treatment yet to be
found [1].

Current pharmaceutical therapy has displayed limited efficacy in
reducing the side-effect profile of ILD, rendering physical therapy the
mainstay of treatment for the disease [2]. Despite this, the technical
aspects of physical therapy and the foundations of its biological effects
in ILD patients remain poorly understood and under-investigated [2].
This signifies a glaring gap in medical knowledge, greatly limiting our
ability to analyse the properties of current rehabilitation protocols and
further optimise them [2].

This paper aims to bridge the aforementioned gap by analysing the
alterations brought upon key functional markers in ILD patients as
brought upon of pulmonary rehabilitation programs and subsequently
comprehending their subtle relationships in hopes of contributing to the
creation of a comprehensive model for their therapeutic mechanisms.

Alike the malady whose symptoms it aims to counteract,
rehabilitation therapy displays a vast array of subtle systemic effects,
each of which that greatly impact disease progression, severity and
QoL changes. To account for as many of these parameters as optimally
possible, a wide variety of functional markers were selected for analysis
by this study. Topics of particular interest include chest kinematics,
respiratory capacity, oxygen absorption, peripheral circulation,
functions of respiratory musculature, lung mechanics and metabolic
alterations as measured in our subjects before, during and after
pulmonary rehabilitation.

Methods

30 patients with ILD (interstitial lung diseases excluding IPF)

(FVC: 79 + 18 %pred, age: 54 + 8 years, BMI: 28 + 6 kg/m?) and 23
patients with idiopathic pulmonary fibrosis (IPF) (FVC: 62 + 16%pred,
age: 45 + 9 years, BMI: 27 + 5 kg/m?) participated in this study (Table 1).
All of the patients gave written consent to the study in the Department
of Pulmonary Rehabilitation. It was an observational study, using the
general management of the patient. The study was approved by the
Ethical Committee of the National Koranyi Institute for Pulmonology,
Budapest, Hungary with 25/2017 registration number and the study
was registered at ISRCTN registry with ISRCTN13019180 ID.

Patients performed a complex pulmonary rehabilitation program
with chest wall-stretching, controlled breathing techniques and
training, and personalized exercise training 2-3 times for 20-30 minutes
per day by cycling and treadmill for 4 weeks. 6 minutes walking distance
(6MWD) [3], lung function [4], chest wall expansion (CWE) [5], grip
strength [6], maximal inspiratory pressure (MIP) [7] and breath holding
time (BHT) [8] were measured. The quality of life and dyspnoea were
evaluated by CAT [9,10] and mMRC [11].

The breathing exercises were performed on an open-air corridor
to take advantage of the special microclimate of the Hospital [12]. The
patients learned controlled breathing and stretching technics, chest
and spine mobilization exercises and muscle strengthening technics.
The personalized training was performed on exercise bicycles and
treadmills with continuous or interval training [13]. The training set
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n=53 ILDn=30 | IPFn=23 | Significance Statistical analysis
Age (years) 548 459 n.s. Patient characteristics, lung function, resting and exercise
Male:Female 17:13 121 ns. functional variables were compared by a paired t-test, a nonparametric
BMI (kg/m?) 2826 275 n.s. sign test, and a Wilcoxon signed-rank test. Significance was accepted
FVC (%pred) 64 1 21 54+ 21 n.s. at p<0.05 level. The distribution around the mean was expressed as
Hypertension 16 (53%) 13 (56%) ns. + SD in tables. Scatterplot distribution was observed in Figures 1-4.
Diabetes 7 (23%) 7 (30%) n.s. Distributions were tested for normality by the Kolmogorov-Smirnov
Atherosclerosis 8 (27%) 6 (22%) n.s.
Pulmonary hypertension 10 (33%) 8 (35%) n.s. . .
Nintenadib therapy 0 8 (35%) p<0.05 The change of IVC (L) | *® .
ILD: Interstitial lung disease, IPF: Idiopathic pulmonary fibrosis, BMI: Body » . - .
mass index, FEV1: Forced expiratory volume in the first second y=-0.0002x + 0.0315 9 i P _" 2 AL P =
Table 1: Patients™ characteristics. = A g & 3® = . * .
100 5 ¢ * s " o0 150 200

was according to the patients’ requirements. The protocol was defined
considering the stage of ILD, the actual status of the heart, comorbidities
and blood gas value. At the beginning and at the end of the program the
different functional parameters were measured:

Lung function

According to ATS/ERS guidelines, all patients underwent
pulmonary function testing (V. 229 and Autobox 6200, Sensormedics)
including spirometry, body pletysmography and diffusion capacity
measurements [4].

Six-minute walking distance (6MWD)-test

It was measured on the corridor along of 33 meters line [3,12]. The
patients were asked to walk as fast as possible. The oxygen saturation,
the heart rate and the modified Borg scale-scores were evaluated [3,12].
The protocol was standardized based on international guideline.

Chest wall expansion (CWE) measurement

Chest wall expansion measurement was based on the difference
of chest circumferences at deep inspiration and expiration. It was
measured at the level of processus xyphoideus [5,14,15].

Grip strength (GS)

Kern hand grip dynamometer (2016 KERN & SOHN GmbH
| Ziegelei 1 | 72336 Balingen - Germany) was used to identify the
peripherial muscles force [6].

Maximal inspiratory pressure (MIP)

We wused a special digital instrument, Power Breathe K1
(POWERbreathe International Limited) to evaluate MIP. We needed
the patient’s height, weight, age, sex to calculate the degree of diaphragm
force (very poor, poor, average, fair, good, very good). Patients were
asked to exhale maximally than to take the K1 into the mouth with a
sudden, maximal inspiration [7].

Breath holding time (BHT)

It is measured after a maximal exhalation and then a maximal
inhalation. The subjects have to hold the air inside as long as possible
with closed noses and mouth [8].

Quality of life (QoL) marker

It was assessed by CAT questionnaire. We could get information
about different symptoms of these diseases (coughing, sputum,
breathlessness, physical activity level) [9,10]. We also measured the
dyspnea degree of the patient with mMRC [11].

The change of MWD (m)
.

Figure 1: Correlation between the change of IVC (L) and 6MWD (m) as an
effectiveness of the pulmonary rehabilitation in the ILD and IPF groups (IVC:
Inspiratory vital capacity, 6MWD: Six/minute walking distance, ILD: Interstitial
lung disease, IPF: Idiopathic pulmonary fibrosis).
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Figure 2: Correlation between the change of FVC (ref%) and 6MWD (m) as an
effectiveness of the pulmonary rehabilitation in the ILD and IPF group (FVC:
Forced vital capacity, BMWD: Six/minute walking distance, ILD: Interstitial lung
disease, IPF: Idiopathic pulmonary fibrosis).
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Figure 3: Correlation between the change of grip strength (kg) and 6MWD
(m) as an effectiveness of the pulmonary rehabilitation in the ILD and IPF
group (6BMWD: Six/minute walking distance, ILD: Interstitial lung disease,
IPF: Idiopathic pulmonary fibrosis).
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Figure 4: Correlation between the change of CAT (points) and 6MWD (m) as
an effectiveness of the pulmonary rehabilitation in the ILD and IPF group (CAT:
COPD Assessment Test, BMWD: Six/minute walking distance, ILD: Interstitial
lung disease, IPF: Idiopathic pulmonary fibrosis).

test. Pearson correlation coeflicient was calculated between the change
in functional parameters and the health status markers.

Results

In general, pulmonary rehabilitation resulted improvement in
exercise tolerance, chest hyperinflation, chest kinematics, respiratory
and peripherial muscle function and quality of life (Table 2). We
detected significant improvement in the IPF group in FVC%pred,
IVC%pred, 6SMWD, CWE and GS (Table 2). Significant improvement
was detected in FVC%pred, IVC%pred, 6MWD, CWE in the ILD
group (Table 2). We observed the different pattern in the two measured
group in terms of correlation between functional and quality of life
markers. We detected a stronger correlation between 6MWD and FVC
in IPF-group, R*= 0.65 versus in ILD-group R?=0.0003. Correlation
between FEV1% and 6MWD was stronger in IPF-group: R*= 0.296 and
indifferent in ILD-group R?= 0.0009. The smallest difference between
the two groups was in CAT questionnaire to 6 MWD, R*=-0.2 in IPF-
group and R?=-0.16 in ILD-group.

Discussion

Pulmonary rehabilitation resulted improvement in exercise
capacity, lung function, lung mechanics, chest kinematics, respiratory
and peripherial muscle function and health status marker and dyspnoea
questionnaire in interstitial lung diseases. Physiologically different
pattern as a tendency was developed in the ILD and IPF groups in IVC
and FVC to SMWD as an effectiveness of pulmonary rehabilitation, but
similar tendency was detected in grip strength and CAT to 6MWD.

IPF is a progressive chronic pulmonary disease, which is
characterized by progressive shortness of breath and reduction in
exercise tolerance [16]. Median survival rates are still remained less
than five years from the time of diagnosis [16]. Medications can help
IPF patients to live longer, but an important question is the quality
of life of these patients. Which are the interventions to live better, to
be more active; to experience less dyspnea, depression and anxiety;
to achieve a greater sense of control over their disease. Pulmonary
rehabilitation may give adequate answers for these questions [16]. We
detected a worsen quality of life in IPF and pulmonary rehabilitation
was effective in IPE.

It is known, that quadriceps muscle dysfunction is an important
factor to exercise intolerance in COPD, but there is few information
in fibrotic idiopathic interstitial pneumonia (IIP) in this term. In this

clinical study, the strength and endurance of quadriceps muscle to
exercise capacity was investigated compared to patients with fibrotic
IIP and healthy controls [17]. 25 patients with fibrotic IIP (FVC: 78.7
* 14.0%pred, DLCO: 40.3 + 10.9%pred) and 33 age-matched healthy
controls were compared. Quadriceps strength was assessed using
magnetic femoral nerve stimulation (17). Patients were significantly
weaker than controls based on quadriceps twitch force (10.1 + 3.0 kg
vs. 8.0 + 2.4 kg; P=0.013). Repetitive magnetic stimulation could not
maintain quadriceps force in patients during the endurance protocol.
In controls, there was a significant relationship between 6-min walk
distance and quadriceps twitch force, and quadriceps endurance [17].
As a conclusion, quadriceps strength and endurance are reduced
in patients with fibrotic IIP compared with healthy controls, but the
correlation with exercise tolerance was weak [17]. We did not measure
the quadriceps force, but as general peripherial and respiratory muscle
strength was reduced in this population as we determined.

A clinical study was conducted to determine the effects of chronic
corticosteroid administration on skeletal muscle strength, exercise
capacity, activities of daily living (ADL) and health status in ILD
patients. Forty-seven ILD patients treated with corticosteroids and 51
Medical Research Council dyspnea grade-matched ILD patients not
treated with corticosteroids were investigated by isometric quadriceps
muscle force (QF) and handgrip force (HF), pulmonary function, 6-min
walk distance, ADL score and health status (Medical Outcomes Study
36-Item Short-Form Health Survey) [18]. QF and HF were significantly
lower in subjects on corticosteroids than in the control patients. It need
to underline that there were no significant differences in the 6 MWD,
ADL score and all subscales of the SF-36 between the groups. Inverse
correlations were found between skeletal muscle strength and total
amount of corticosteroids administered [18]. We also observed reduced
respiratory and peripherial muscle force in our ILD population, but our
ILD group was heterogenous based on corticosteroid treatment.

Morino et al. investigated that whether pulmonary, physical,
and mental functions; dyspnea; and daily physical activity (PA) have
influence on the 6MWD in IPF patients [19]. 38 outpatients with IPF
were investigated. The 6 MWD was correlated with age, baseline dyspnea
index, vital capacity (VC), diffusion capacity of carbon monoxide,
quadriceps force (QF), dyspnea during the 6-minute walk test, and PA.
Stepwise multiple regression analysis revealed that VC ($=0.382), QF
(B=0.272), and PA (p=0.574) were contributing factors of the 6MWD
[19]. In patients with IPF, PA has a greater effect on the s MWD than VC
and QF. This result supports that the evaluation of daily PA, in addition
to physiological and muscle functions, is important in patients with
IPF [19]. Based on these observations we performed step-wise analysis
between 6MWD and different functional parameters.

A clinical study investigated the prognostic role of physical activity
(PA) and exertional desaturation (ED) to mortality in IPF [20]. 34
IPF patients were asked to fill in International Physical Activity
Questionnaire, and SpO, was assessed pre to post 6-min walking
test (ASpO, ). There was a 40 months follow-up period [20]. They
found a significant correlation between PA, ED and mortality in IPF
patients. These results underlined the clinical importance of PA and
ED assessments in IPF risk stratification, prognosis prediction, and in
pulmonary rehabilitation, also. Based on these results 100-105 min/
week physical activity was associated with a reduced mortality risk and
better survival in IPF [20]. We did not perform a longitudinal follow-up
of the patient yet, but we plan to make this analysis in the future.

Focusing the importance of pulmonary rehabilitation in IPF
a Cochrane review was conducted. The aim of the review was to
investigate whether pulmonary rehabilitation in patients with ILD
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Variables ILD group IPF group
Before rehabilitation After rehabilitation Significance (p) Before rehabilitation After rehabilitation Significance (p)

FEV1 (%pred) 62 + 22 64 + 22 0.25 56 + 22 57+18 0.77
FVC (%pred) 64 + 21 66 + 21 0.04 55+ 21 56 + 19 0.38
IVC (%pred) 62 + 21 64 £ 21 0.;04 52 £ 21 5419 0.03
exigiifor:"’(egr'n) 2.88 £ 1.82 3.95 £ 2.07 <0.0 224 £1.62 3.11£1.73 0.01
6MWD (m) 380+ 101 413 £ 98 <0.01 286 + 116 333+ 136 <0.01
MIP (H,O cm) 72+18 90 + 21 <0.01 84 + 14 92+15 0.05
GS (kg) 28.9+10.7 304114 <0.01 23+ 11 24 +£10 0.09
BHT (sec) 23+12 26+12 0.08 15+8 18+ 10 0.08
CAT 22+5 15+6 <0.01 21+6 16+ 6 <0.01
mMRC 3.5+£0.9 27+1.0 0.04 28+0.8 22+0.6 0.04

IPF: Idiopathic pulmonary fibrosis, ILD: Interstitial lung disease, FEV1: Forced expiratory volume in the first second, FVC: Forced vital capacity, IVC: Inspiratory vital
capacity, BMWD: Six-minute walking distance, MIP: Maximal inspiratory pressure, GS: Grip strength, BHT: Breathe holding time, CAT: COPD Assesment Test, MMRC:
Modified Medical Research Dyspnoea Scale

Table 2: The change of functional and quality of life markers as an effectiveness of pulmonary rehabilitation in the IPF and ILD groups.

has beneficial effects on exercise capacity, symptoms, quality of life
and survival compared with no pulmonary rehabilitation in patients
with ILD. A priori subgroup analyses were specified for participants
with idiopathic pulmonary fibrosis (IPF) and participants with severe
lung disease (low diffusing capacity or desaturation during exercise).
No adverse effects of pulmonary rehabilitation were reported [20].
Pulmonary rehabilitation improved the six-minute walk distance
with weighted mean difference (WMD) of 44.34 metres and improved
oxygen consumption (VO2) peak with WMD of 1.24 mL/kg/min.
Improvements in six-minute walk distance and VO2 peak were also
seen in the subgroup of participants with idiopathic pulmonary fibrosis
(IPF) [21]. Dyspnoea and quality of life improved following pulmonary
rehabilitation for all participants on a variety of measures and for the
subgroup of people with IPE As a conclusion for the metaanalysis,
pulmonary rehabilitation seems to be safe for people with ILD [21].
Improvements in functional exercise capacity, dyspnoea and quality
of life are seen immediately following pulmonary rehabilitation, with
benefits also evident in IPF. It is needed to point out that relatively few
data available for the effectiveness of interstitial lung disease and little
evidence was available regarding longer-term effects of pulmonary
rehabilitation [21]. Pulmonary rehabilitation was effective in 6MWD,
IVC, CWE, MIP, CAT and mMRC in ILD and IPF in our program. We
did not detect any severe adverse event in ILD and IPE, so pulmonary
rehabilitation was safe in both group.

Although only a small number of studies have been published to
date in the topic of effectiveness of pulmonary rehabilitation in IPF
[22,23]. Most studies have found significant short-term improvements
in functional exercise capacity, quality of life, and level of perceived
dyspnea. Long-term improvements or maintenance strategies of PR
in IPF patients have not been adequately investigated yet. However,
physical training seems to be the major component of all PR programs
[22]. A specific multidisciplinary PR program is needed for IPF patients.
Pulmonary rehabilitation can be a therapeutic option for patients
with IPF with the new specific drugs like nintedanib and pirfenidone
[22]. We had a few patients who were on nintenadib therapy, which is
available not for a long time.

Idiopathic pulmonary fibrosis (IPF) is a chronic, devastating,
interstitial lung disease, which is characterized by pulmonary
restriction, dyspnea, hypoxemia, exercise intolerance and poor quality
of life (QOL). In a randomized controlled study thirty-two IPF were
participated in a ET group (n=15), participating in a 12-week, twice-
weekly 60-min supervised ET-based pulmonary rehabilitation program,

or in a control group (n=17) [24]. Cardiopulmonary exercise test, 6-min
walking distance (6MWD) test, 30-second chair-stand test, pulmonary
function tests, dyspnea and QOL were assessed at baseline and at the
end of the 12-week intervention [23-25]. Significant differences were
observed between the ET and the control groups AGMWD, AVO2 peak,
Awork rate, Aanaerobic threshold, and AFVC % predicted. Dyspnea,
QOL and 30-second chair-stand were also improved significantly
following the program. ET resulted improvement in exercise tolerance,
functional capacity, pulmonary function, dyspnea and QOL in patients
with IPE suggesting a short-term treatment efficacy for clinical
improvement, and should be considered the standard care for IPF [24].
We did not perform a cardiopulmonary exercise test in this study, but
we plan to perform it in the future for analysis of physiological effect of
the rehabilitation in ILD and IPF in more details.

Improvement of endurance time was the most responsive exercise
measurement for evaluating PR efficacy in patients with idiopathic
pulmonary fibrosis in many studies [25-30]. In a prospective
observational study 53 subjects with idiopathic pulmonary fibrosis were
enrolled. The PR group underwent a 10-week outpatient PR program.
The control group was observed without any additional intervention,
including PR [26]. Five exercise measurements (endurance time
[ET], peak work rate, peak oxygen consumption [VO2 ], 6-min walk
distance, and incremental shuttle walk distance) were compared to
detect the effectiveness of the PR program. In each group, 24 subjects
completed the 5 measurements at baseline and after 10 weeks. All of
the measured parameters were significantly different between the
groups after 10 weeks (P<0.05) [25]. In the PR group, ET showed the
most striking improvement among the 5 measurements (P<0.05). We
also use different measurements for the effectiveness of pulmonary
rehabilitation program including endurance time, 6-minutes walking
distance and peak work rate. We did not have an experience in an
outpatient program in this disease, our program was based on inpatient
condition.

Our study had some limitations. The pulmonary rehabilitation
program was somewhat shorter than the programs for patients with
COPD, but the frequency and intensity of the training was so high
that the total amount of the work was comparable to longer programs.
Psychological assessment was not part of the program, we plan to make
a program for it in the future. We plan to observe the duration of the
effectiveness of the pulmonary rehabilitation in a longitudinal study in
patients with ILD in the future.
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Conclusion

Pulmonary rehabilitation resulted improvement in lung mechanics,

chest kinematics, respiratory and peripherial muscle function,
exercise tolerance and quality of life in patients with ILD in general.
Physiologically different pattern as a tendency was developed in the
ILD and IPF groups in IVC and FVC to 6MWD as an effectiveness of
pulmonary rehabilitation, but similar tendency was detected in grip
strength and CAT to 6MWD.
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