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ABsTRACT. Background: The impact of fibrosing interstitial lung disease (F-ILD) on the oxygenation of pe-
ripheral and respiratory muscles during exercise remains poorly understood. Specifically, it’s unclear whether
regional blood flow influences exercise capacity in these patients, and if so, to what degree. Objectives: This
study aimed to investigate changes in oxygenation and blood flow volume of the intercostal (IC) and quadriceps
femoris (QF) muscles during exercise in patients with F-ILD. Methods: Muscle oxygenation (SmO,) and total
haemoglobin (tHb) changes of IC and QF were measured in 36 F-ILD patients using near-infrared spectros-
copy (NIRS) during six-minute walking test (6MWT). Resting, minute-by-minute change, and average data
were analyzed. Results: At rest, SmO, was significantly higher in IC compared to QF (p<0.001). When adjusted
for SmO, at rest, SmO, at the different time points during 6MWT, average SmO, during 6MWT, and lowest
SmO, during 6MWT did not differ between QF and IC muscles. Also, SmO, did not vary significantly during
6MWT in either QF (F=2.193) or IC muscle (F=1.262). THb increased more in QF than in IC. THb of IC
inversely correlated to respiratory functions and 6MWTT distance. Conclusion: Peripheral and respiratory mus-
cle oxygenation in F-ILD seems to be normal. However, blood flow volume in exercising muscle, not muscle
oxygenation, may be a contributing factor to exercise intolerance. Patients with poorer respiratory function may
require excessive blood flow in their respiratory muscles which in turn may limit the blood flow available for
exercising peripheral muscles.

KEeY worps: fibrotic hypersensitivity pneumonitis, idiopathic pulmonary fibrosis, near-infrared spectroscopy,

nonspecific interstitial pneumonia, six minute walk test, exercise-induced oxygenation, interstitial lung disease
exercise testing, fibrotic lung diseases

INTRODUCTION

Fibrosing Interstitial Lung Diseases (F-ILD)

Received: 15 April 2024

Accepted: 13 September 2024

Correspondence: Esra Pehlivan, Assoc. Prof. Dr., PT

University of Health Sciences Turkey, Faculty of Hamidiye Health
Sciences, Department of Physiotherapy and Rehabilitation,
Istanbul, Turkey

Mekteb-i Tibbiye-i Sahane (Haydarpasa) Kiilliyesi Selimiye Mah.
Tibbiye Cad. Uskiidar, Istanbul

E-mail: fztesrakambur@yahoo.com

ORCID: 0000-0002-1791-5392

encompasses interstitial lung diseases (ILD) char-
acterized by progressive scarring and fibrosis of the
lung tissue, resulting in impaired lung function and
exercise capacity (1, 2). Exercise intolerance is a
common feature of F-ILD, which may be due to res-
piratory muscle weakness and/or the inability of the
pulmonary circulation to meet the increased demand
for oxygen during exercise (3, 4). While the use of
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near-infrared spectroscopy (NIRS) to measure mus-
cle oxygenation during exercise has been widely stud-
ied in healthy individuals and in patients with chronic
obstructive pulmonary disease (COPD) (5, 6), its use
in F-ILD remains limited (7). The quadriceps femo-
ris (QF) and intercostal (IC) muscles are two major
muscle groups involved in exercise in patients with
F-ILD. The quadriceps femoris muscle is primarily
responsible for lower limb movement and is the larg-
est muscle group in the body, while the intercostal
muscles are responsible for breathing and are essential
for ventilation during exercise. Studies have shown
that the QF muscle is frequently affected by muscle
atrophy and weakness in patients with F-ILD, lead-
ing to a decline in exercise capacity (8, 9). Similarly,
respiratory muscle weakness is also common in these
patients and may contribute to exercise intolerance
and dyspnea (10, 11). Some studies have suggested
that peripheral muscle muscle oxidative capacity
could be one of the reasons for exercise limitation
in respiratory patients (12, 13). Additionally, some
studies have examined changes in regional blood
flow of respiratory muscles during exercise (14, 15).
However, it’s important to note that the populations
evaluated in these studies are either healthy individu-
als or patients with conditions other than F-ILD. In
patients with F-ILD, who often exhibit severe lung
restriction, diffusion impairment (16), frequent sup-
plemental oxygen needs (17), and dramatic exercise
limitations (18), the change in muscle oxygenation
during exercise and its relationship with exercise ca-
pacity have not been investigated. Although studies
on this topic in F-ILD cases are limited, there are
several studies conducted on patients with COPD.
In one study comparing changes in oxygenation of
the Vastus Lateralis (VL) muscle during cycling
exercise tests between COPD patients and healthy
controls, no significant changes in muscle oxygena-
tion were observed in either group (19). In another
study, a decrease in VL oxygenation was found from
pre-test to post-exercise, with a more pronounced
decrease in the patient group (20). In a randomized
controlled trial comparing two groups — one un-
dergoing functional electrical stimulation combined
with cycle training and the other receiving only cy-
cle training — an increase in VL oxygenation was
observed in both groups (21). Therefore, the change
in muscle oxygenation during exercise in COPD
patients remains a controversial topic. Understand-
ing the effects of muscle oxygenation on exercise

tolerance in F-ILD could fill a significant gap in
the literature when compared to findings in similar
conditions. The aim of this study is to use NIRS to
measure the oxygenation and the regional blood vol-
ume of the QF and IC during exercise in patients
with F-ILD. This will provide valuable information
on the mechanisms underlying exercise intolerance
in these patients and may help to identify new targets
for therapeutic interventions.

METHODS

This study was a prospective, single-centre, cross-
sectional trial. It was carried out under the supervi-
sion of the local ethics committee (Protocol Number:
2/12 (2023)) and registered in the ClinicalTrial.gov
website (registration number: NCT05855447). The
study was conducted in accordance with the Hel-
sinki Declaration. A written informed consent was
obtained from each patient.

Participants

We recruited 36 patients with F-ILD who were
referred to our outpatient clinic. The inclusion cri-
teria were as follows: diagnosis of interstitial lung
disease with fibrosis based on high-resolution com-
puted tomography findings and pulmonary function
tests, age between 18 and 75 years, and ability to per-
form the 6-minute walk test (6MWT). We excluded
patients who had a history of acute exacerbation
within the past 4 weeks, those with severe comor-
bid diseases (such as unstable coronary artery disease
or collagen vascular diseases) that could potentially
affect exercise capacity, individuals with a history of
effort-related syncope or any other relevant comor-
bidity, as well as those who were unable to provide
informed consent. Sample size calculation: A review
of the literature revealed no studies examining the
relationship between exercise capacity measured
by the 6-minute walk test and muscle oxygenation
(SmOy,) in individuals with progressive pulmonary
fibrosis diseases. However, in patients with anemia,
the correlation coeflicient between exercise capacity
measured by the 6-minute walk test and muscle oxy-
genation is reported as r=0.41 (22). Accordingly, to
be able to detect a similar relationship in our study
with a type 1 error rate of 5% and a power of 80%, it
was calculated that minimum of 33 cases should be

included in the study (23).
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Study outcomes

Assessment of Muscle Oxygenation and regional
blood volume: Muscle oxygenation and regional
blood volume was measured using near-infrared
spectroscopy (NIRS) technology with a Moxy
(Fortiori Design LLC, Minnesota, USA) device
during the 6-minute walk test. Measurements were
taken from the vastus lateralis muscle in the domi-
nant lower extremity for quadriceps muscle and from
the intercostal muscles. The device was placed at the
mid-thigh region between the anterior superior iliac
spine reference point and the midpoint of the patella
for measuring the vastus lateralis oxygenation, and
at the intersection of the sixth and eighth intercostal
spaces and the anterior axillary line for measuring the
intercostal muscle oxygenation (15, 24) (Figure 1).
For evaluating muscle oxygenation, SmO, at rest,
SmO, at different time points during 6MWT, aver-
age SmO, during 6MWT and lowest SmO, during
6MWT were recorded for both vastus lateralis and

Figure 1. Near-infrared spectroscopy sensor placements on
A) intercostal muscles, B) quadriceps muscle.

intercostal muscles. Total haemoglobin (tHb) was
considered as an estimate of regional blood volume
and monitored and recorded alongside SmO, by the
device during 6MW'T. THb at rest, tHb at the end
and average tHb during 6MWT were included in
the analysis. Changes in muscle oxygenation regional
blood volume were monitored and recorded with the
manufacturer’s software program (25, 26).

Six-minute walk test

After resting in a chair for a sufficient amount of
time, patients were asked to walk to a turning point
marked by a traffic cone in a straight corridor that
was 30 meters long. Participants were instructed to
walk as quickly as possible in the corridor without
running for 6 minutes. In cases of extreme fatigue,
participants were allowed to rest and encouraged to
continue walking with standard commands. Before
and after the test, patients were asked about their fa-
tigue and dyspnea status using the Modified Borg
Scale. Oxygen saturation was evaluated using a finger
pulse oximeter before, during, and after the test. The
walking distance covered in 6 minutes was recorded.
(27, 28). Muscle Strength: Quadriceps femoris
muscle strength were evaluated using the electronic
hand dynamometer (Lafayette® 01165, USA). The
force measurement was repeated three times and in
each trial, the subject was asked to maintain mus-
cle strength against the dynamometer for at least
5 seconds. The best value from the three tests will
be recorded (29, 30). Pulmonary Function Test: It
was conducted by using the Pony Fx instrument
(Cosmed, Italy), and according to the American Tho-
racic Society (ATS) guidelines (31). Modified Medi-
cal Research Council (mnMRC) Dyspnea Scale: The
mMRC Dyspnea Scale was used to assess the degree
of dyspnea experienced by patients during daily ac-
tivities. This is a commonly used and validated tool in
respiratory research (32). Patients were asked to rate
their level of dyspnea on a scale from 0 to 4, where 0
represents no breathlessness and 4 represents severe
breathlessness that prevents them from leaving the
house or being breathless when dressing.

Data analysis
Data were analyzed using SPSS version 22.0
(IBM Corp., USA). Descriptive statistics were

used to summarize the demographic and clinical
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characteristics of the participants. Paired samples t-
test was used to compare the SmO, measurements
between two muscles. Since the SmO, at rest is sig-
nificantly different between quadriceps and intercos-
tal muscles, changes in SmO, during 6MWT was
compared between two muscles after their means
had been adjusted for SmO, at rest using analysis of
covariance (ANCOVA). In order to analyze whether
SmO, significantly varies during 6MWT in each
muscle, repeated measures ANOVA test was used.
Association of SmO, measurements with clinical
and functional metrics was analyzed using Pearson
correlation analysis. P<0.05 was considered statisti-
cally significance for all analyses.

REesuLTs

Demographics and clinical characteristics of
patients were presented in Table 1. SmO, values
of quadriceps and intercostal muscles during the
6MWT and their comparisons between the two
muscles were shown in Table 2. SmO, at rest differed
significantly between quadriceps and intercostal

Table 1. Demographics and clinical characteristics of patients

Demographics

Age (year) 64.50+10.40
Gender (male) 24 (67%)
BMI (kg/m?) 27.48+4.23
MMRC dyspnea scale (n)

0 4 (11%)

1 11 (31%)
2 10 (28%)
3 5 (14%)

4 6 (16%)
Pulmonary Function

FVC (pred%) 67.89+24.85
FEV, (pred%) 67.66+22.19
FEV,/EVC (%) 80.50+13.63
Respiratory muscle strength

MIP (cmH,0) 83.89+36.41
MEP (cmH,0) 88.53+38.86
Quadriceps strength (kg) 30.58+8.94
6-min walk test

Distance (m) 570+147
Resting SpO, (%) 94.36+3.58
Final SpO, (%) 88.86:6.19
SpO, change (%) -5.50+5.07

Data is presented as X+SD or n (%). Abbreviations: BMI: Body
Mass Index; FEV;: Forced Expiratory Volume in 1 second; FVC:
Forced Vital Capacity; MMRC: Modified Medical Research
Council; MIP: Maximum Inspiratory Pressure; MEP: Maximum
Expiratory Pressure; SpO,: oxygen saturation.

muscles (p<0.001). When adjusted for SmO, at rest,
SmO, at different time points during the 6MWT,
average SmQO, during the 6MWT, pre- and post-
6MWT SmO, changes, and the lowest SmO, dur-
ing the 6MWT did not differ between quadriceps
and intercostal muscles (p>0.05).

Repeated measures ANOVA showed no sig-
nificant changes in SmO, over time for either the
quadriceps (F = 2.193; p = 0.078) or intercostal
muscles (F = 1.262; p = 0.291) during the 6MWT
(Figure 2). THb values of quadriceps and intercostal
muscles during the 6MWT and their comparisons
between the two muscles were shown in Table 3.
THb at rest did not differ between quadriceps and
intercostal muscles; however, tHb at the end of the
6MWT, tHb increase during the 6MW'T, and aver-
age tHb during the 6MW'T were significantly higher
in the quadriceps muscle (p<0.05). The association of
SmO, and tHb of quadriceps and intercostal mus-
cles with clinical and functional measurements is
shown in Table 4. SmO, at rest and SmO, during
the 6MWT did not correlate with any of the clinical
or functional measurements including 6MW'T dis-
tance, SpO, change during the 6MW'T, spirometry,
respiratory muscle strength, quadriceps strength, and
mMRC dyspnea scale (p>0.05). However, tHb at
rest and tHb at the end of the 6MWT significantly
and inversely correlated with spirometric measures
and respiratory muscle strength, having correlation
coeflicients ranging from -0.326 to -0.585 (p<0.05).
THD at the end of the 6MWT also correlated with
6MWT (r=-0.419) and mMRC (r= 0.347) (p<0.05).

Discussion

Odur results revealed that oxygenation of quadri-
ceps and intercostal muscles did not change signifi-
cantly during 6MW'T in patients with F-ILD, even
though their SpO, exhibited desaturation during ex-
ertion. Absolute value of resting SmO, was signifi-
cantly different between two muscles; however, they
responded the exertion in a similar way in terms of
the SmO, changes. Neither resting SmO, nor the
SmO, changes during 6MWT correlated to any of
the clinical or functional indicators including pulmo-
nary function, muscle strength and dyspnea severity.
Our results suggest that the muscle oxygenation of
patients with F-ILD is not significantly impaired, so
it may not be among the major factors contributing
to exercise intolerance in these patients. In addition,
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Table 2. Muscle oxygenation of quadriceps and intercostal muscles during 6MW'T.

Quadriceps Intercostal muscles p value™

SmO, at rest (%) 41.47+19.49* 60.47+21.37*

SmO, at 1% min. (%) 42.09+17.44 61.04+23.14 0.915
SmO, at 2™ min. (%) 40.85+17.86 58.84+23.89 0.971
SmO, at 3 min. (%) 39.48£17.88 54.64+23.68 0.402
SmO, at 4™ min. (%) 42.66+19.88 58.29+23.78 0.401
SmO, at 5 min. (%) 42.25+18.55 59.42+21.76 0.577
SmO, at the end (%) 41.56+19.90 56.92+23.45 0.933
Average SmO, during 6MWT (%) 42.64+18.86 57.82+20.49 0.847
Pre- and post-6MWT SmO, change (%) 0.08+8.18 -3.55+18.33 0.933
Lowest SmO, during 6MWT (%) 33.27£20.52 46.33+22.26 0.433

*SmO, at rest” is significantly different between quadriceps and intercostal muscles (p<0.001). **Difference between quadriceps and
intercostal muscles after adjusted for “SmO, at rest”.
Abbreviations: 6 MWT: 6-min walk test; SpO,: oxygen saturation.

SMO2 (%)

Muscle

I Intercostal
T Quadriceps

T
Rest

T
1st min

T T
2nd min  3rd min

T T |
4th min 5th min 6th min

Figure 2. Changes in SmO, during 6MWT in each muscle. Error bars: 95% CIL.

Table 3. Regional blood volume of quadriceps and intercostal

muscles during 6MWT
Intercostal

Quadriceps muscles p value
tHb at rest (gr/dl) 12.23+0.26 | 12.09:0.36 0.065
tHb at the end of 12.40+0.26 | 12.10+0.33 | <0.001
6MWT (gr/dl)
Pre- and post-6MWT |  0.16x0.29 0.01+0.33 0.042
tHb change (gr/dl)
Average tHb during 12.37+0.22 | 12.09:0.41 0.001
6MWT (gr/dl)

tHb: Total haemoglobin; 6MWT: 6-min walk test.

we found that increase of regional blood flow was
greater in quadriceps muscle compared to intercostal
muscles during exertion, which was not surprising
since the quadriceps is the main exercising muscle
during 6MWT. However, we also found that F-ILD
patients with worse pulmonary function had higher
blood flow in intercostal muscles during exertion,
suggesting patients with more severely affected lungs
demand higher blood flows for their respiratory
muscles during exertion as the respiratory muscles
have to work much harder. However, the observation
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that patients with more severe pulmonary dysfunc-
tion exhibited higher blood flow in the intercostal
muscles indicates that these patients require greater
blood supply for respiratory muscles during exertion
due to increased respiratory workload. This suggests
that improving respiratory muscle efficiency through
respiratory muscle training or similar interventions
could potentially reduce the blood flow demand of
respiratory muscles, thereby preserving more blood
for the peripheral muscles and improving overall ex-
ercise tolerance. This strategy could be particularly
beneficial for F-ILD patients with advanced lung
disease who experience significant exertional dysp-
nea and muscle fatigue. Administering supplemental
oxygen during exercise has been shown to increase
leg muscle oxygenation and improve exercise toler-
ance in F-ILD patients (33). This aligns with our
finding of increased oxygen demand during exertion
and suggests that oxygen therapy could play a role in
optimizing exercise performance. Tailoring oxygen
therapy based on individual desaturation patterns, as
identified by near-infrared spectroscopy (NIRS),
could potentially enhance patient outcomes by pre-
venting critical muscle deoxygenation during daily
activities or exercise. Interstitial lung diseases repre-
sent a heterogeneous group of diseases primarily af-
fecting the lung parenchyma. Patients with ILD
often experience reduced lung volumes, impaired gas
exchange, and decreased cardiovascular function (34).
Exercise intolerance in chronic respiratory patients
can vary depending on the type of disease. The un-
derlying causes of exercise limitation can include an
imbalance between ventilatory capacity and require-
ments, an imbalance between energy demands and
supplies to working respiratory and peripheral mus-
cles, and peripheral muscle weakness (35). In F-ILD
patients, exercise limitation is primarily related to
dyspnea (18) and exertional symptoms, and scientific
evidence is increasing regarding the potential pres-
ence of respiratory and peripheral muscle dysfunc-
tion in these patients. Muscle dysfunction can lead to
dyspnea, fatigue, and functional limitations. (10). In
our study, more than half of the patients reported a
perception of severe dyspnea. Peripheral and respira-
tory muscle dysfunction can arise from factors such
as muscle weakness, circulation problems, neurologi-
cal issues, and metabolic and inflammatory diseases
(36, 37). In a cross-sectional study comparing
muscle oxygenation and regional blood flow changes
during isotonic concentric exercise testing between

ILD patients and healthy individuals, (26) it was ob-
served that SmO, of exercising lower limb was simi-
lar between healthy individuals and patients with
mild ILD who are not dependent on oxygen, indicat-
ing muscle oxygenation is not significantly impaired
in mild ILD. Considering our patients also have mild
ILD, they may not have a severe impairment in mus-
cle oxygenation as well, and this may explain lack of
an association of SmQO, with functional or clinical
measures in our study. On the other hand, the au-
thors also found that increase in the blood volume of
lower limb in patients with “severe” ILD was much
lower compared to that in healthy individuals and in
patients with mild ILD. Authors hypothesized that a
greater blood volume may have been distributed to
the respiratory muscles in the severe ILD group, re-
sulting in less blood volume for the lower limb. Our
results support this hypothesis since there was an in-
verse relationship between tHb of intercostal mus-
cles and respiratory measurements in our study;
patients with worse pulmonary function or lower res-
piratory muscle strength required more blood vol-
ume for their intercostal muscles during exertion.
Decreased blood flow to the exercising muscle, rather
than the impaired muscle oxygenation, may be a con-
tributing factor for exercise intolerance in ILD, since
the increased demand of blood volume of respiratory
muscles may result in less blood volume for the exer-
cising muscles. Based on these results, it may be
speculated that by improving respiratory muscle
function via respiratory muscle training or such ap-
proaches, respiratory muscles may work more efhi-
cient and require less blood flow and thus the amount
of blood directed to extremes may be increased, lead-
ing to an enhanced exercise performance. Based on
these results, it may be speculated that by improving
respiratory muscle function via respiratory muscle
training or such approaches, respiratory muscles may
work more efficiently and require less blood flow and
thus the amount of blood directed to the extremities
may be increased, leading to enhanced exercise per-
formance. Administering supplemental oxygen to
F-ILD patients during exercise was found to increase
oxygenation in leg muscles and improve exercise tol-
erance (38). This finding underscores the close rela-
tionship between oxygen saturation and exercise
tolerance. In our study, we observed fluctuations in
both peripheral and respiratory muscle oxygenation
during the first minute of the 6MW'T, with a mild

increase followed by a decrease and a subsequent rise
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and final decline below the baseline level. Neverthe-
less, the alterations observed in SmO, did not reach
statistical significance. While these fluctuations may
seem inconsequential, they could offer valuable un-
derstanding regarding regions susceptible to signifi-
cant muscle deoxygenation in individuals with more
advanced illnesses. This suggests that exercise regi-
mens could be tailored to these variations to preempt
fatigue and mitigate its progression. This suggests
that exercise regimens could be tailored to these vari-
ations to preempt fatigue and mitigate its progres-
sion. The near-infrared spectroscopy is a technique
that is gaining increasing popularity and allows for
the measurement of systemic and cerebral microcir-
culation (39). In a study comparing smokers with
COPD and normal spirometry values, it was found
that COPD patients had lower oxidative capacity in
both upper and lower extremity muscles (12). An-
other study examining oxygenation changes in the
vastus lateralis muscle during incremental cycling in
hypoxemic fibrotic ILD patients, compared to
healthy controls, found that fibrotic ILD patients
had lower muscle oxygenation and exercise capacity,
highlighting the potential usefulness of NIRS as a
guiding method for interventions in F-ILD patients
(40). In our study, we monitored both pulse oximetry
for general oxygen saturation and muscle
oxygenation. A decrease in general oxygen saturation
was detected. Examination of the resting oxygena-
tion levels of the quadriceps and intercostal muscles
revealed significantly lower levels in the quadriceps
compared to the intercostal muscles. However, the
magnitude of the oxygen desaturation during exer-
cise was similar and insignificant in both muscle
groups. This insignificant change in the oxygen level
in exercising muscles may be related to severity of the
exercise test performed as well. Since 6MWT is a
volitional test, it may not be able to exhaust patients
to their limits and consequently results in no signifi-
cant decrease in the oxygen level of the exercising
muscles. This hypothesis may partially be supported
by the study of Tabira et al. (13) who reports pro-
nounced decrease in tissue oxygenation in quadriceps
muscle during maximal exercise testing performed
on a cycle ergometer in patients with COPD. In ad-
dition, considering legs are more strained during cy-
cling compared to walking (41), oxygen desaturation
may be experienced in quadriceps during cycle er-
gometer testing. Nevertheless, according to our re-
sults it seems that F-ILD patients will not be limited

during their routine activities in daily life due to the
muscle deoxygenation. Our study also has some limi-
tations. We were only able to measure the oxygena-
tion of the intercostal and quadriceps femoris muscles
since we had only two devices for the NIRS for si-
multaneous measurement. A study reports that SCM
may exhibit higher deoxygenation compared to in-
tercostal, parasternal, and scalene muscles in healthy
individuals and patients with various cardiopulmo-
nary diseases (42). Evaluation of the oxygenation of
accessory respiratory muscles may help better ex-
ploring the mechanisms of exercise limitation in
F-ILD patients. Additionally, literature reports that
ILD patients requiring oxygen supply has lower
blood flow in their lower extremities which leads to
the assumption that their respiratory muscles may be
requiring excessive blood flow (26). Our study cohort
did not include any ILD patient requiring oxygen
supply. Evaluation of the SmO, and tHb of both pe-
ripheral and respiratory muscles of such patients may
clarify whether excessive blood flow is required by
the respiratory muscles. In conclusion, no relation-
ship was found between exercise intolerance in
F-ILD patients and oxygenation of peripheral and
respiratory muscles. Oxygenation in respiratory
muscles and lower extremity muscles showed varia-
tions at rest, but the differences in oxygenation re-
sponse during exercise were similar in both muscle
groups. Blood flow in the respiratory muscles was
inversely associated with pulmonary function met-
rics, indicating as the severity of lung damage is in-
creased, higher blood flows are required by the
respiratory muscles, which may limit the blood flow
of the exercising peripheral muscles. To build on
these findings, future research should explore tar-
geted interventions aimed at optimizing blood flow
distribution during exercise. Potential areas for in-
vestigation could include the development of exer-
cise programs that specifically address blood flow
limitations or therapies designed to improve periph-
eral muscle performance. Additionally, further stud-
ies could evaluate how different exercise modalities
impact muscle oxygenation and overall exercise tol-
erance in this patient population. NIRS technology
was found to be an effective tool for investigating the
relationship between muscle oxygenation and exer-
cise performance in patients with F-ILD. We believe
that this technology may contribute making exercise
tests and exercise programs safer and more patient-

friendly.



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2025; 42 (1): 15942

Acknowledgements: The authors thank to participant who will-
ingly participated in our study.

Authors Contribution: EP: conceptualization, methodology data
curation, project administration, writing - original draft; MZ: for-
mal analysis, writing - review & editing; EC and BD: supervision,
review & editing; ZBO, FSK, AA and Ul: data curation.

Conflict of Interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, eq-
uity interest, patent/licensing arrangement etc.) that might pose a
conflict of interest in connection with the submitted article.

Funding: None.

REFERENCES

—_

NS}

w

w

[=))

9.

10.

11.

12.

. Olson AL, Swigris JJ, Lezotte DC, Norris JM, Wilson CG, Brown

KK. Mortality from pulmonary fibrosis increased in the United States
from 1992 to 2003. American journal of respiratory and critical care
medicine. 2007;176(3):277-84. doi: 10.1164/rccm.200701-0440C.

.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. American journal of respir-
atory and critical care medicine. 2011;183(6):788-824. doi: 10.1164
/rccm.2009-040GL.

. Holland AE, Hill CJ, Conron M, Munro P, McDonald CF. Short

term improvement in exercise capacity and symptoms following ex-
ercise training in interstitial lung disease. Thorax. 2008;63(6):549-54.
doi: 10.1136/thx.2007.088070.

du Bois RM, Weycker D, Albera C, et al. Forced vital capacity in
patients with idiopathic pulmonary fibrosis: test properties and
minimal clinically important difference. American journal of respira-
tory and critical care medicine. 2011;184(12):1382-9. doi: 10.1164
/rcem.201105-08400C.

. Chiappa GR RB, Vieira PJ, Alves CN, Tanni SE, de Fuccio MB.

Aerobic and resistance training improve physical capacity in patients
with COPD and in patients with COPD and chronic heart failure.
Copd. 2009;6(3):251-9. doi: 10.1080/15412550902905993.

. Sutbeyaz ST, Koseoglu F, Inan L, Coskun O. Respiratory muscle

training improves cardiopulmonary function and exercise tolerance in
subjects with subacute stroke: a randomized controlled trial. Clinical
rehabilitation. 2010;24(3):240-50. doi: 10.1177/0269215509343245.

. Marillier M RW. Oxygen uptake, ventilation, and symptoms dur-

ing and following exercise in patients with interstitial lung disease.
J Cardiopulm Rehabil 2005;25(6):395-400. doi: 10.1136/thoraxjnl
-2020-216450.

. Holland AE, Spruit MA, Troosters T, et al. An official European Res-

piratory Society/American Thoracic Society technical standard: field
walking tests in chronic respiratory disease. The European respiratory
journal. 2014;44(6):1428-46. doi: 10.1183/09031936.00150314.
Lechtzin N RH, White P, Jenckes M, Diette GB. Physician knowl-
edge and attitudes about end-of-life care in patients with advanced lung
disease. Chest. 2005;127(5):2186-91. doi: 10.1378/chest.127.5.2186.
Panagiotou M, Polychronopoulos V, Strange C. Respiratory and lower
limb muscle function in interstitial lung disease. Chronic respiratory
disease. 2016;13(2):162-72. doi: 10.1177/1479972316631132.
Ozalevli S KH, Ilgin D, Ucan ES, Cimrin AH. Respiratory muscle
strength in subjects with COPD and interstitial lung disease. Respirol-
ogy. 2007;12(1):85-8. doi: 10.1111/j.1440-1843.2006.00968 x.
Adami A, Corvino RB, Calmelat RA, Porszasz J, Casaburi R,
Rossiter HB. Muscle Oxidative Capacity Is Reduced in Both Upper
and Lower Limbs in COPD. Medicine and science in sports and ex-

ercise. 2020;52(10):2061-8. doi: 10.1249/MSS.0000000000002351.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tabira K, Horie J, Fujii H, Aida T, Ito K, Fukumoto T, et al. The re-
lationship between skeletal muscle oxygenation and systemic oxygen
uptake during exercise in subjects with COPD: a preliminary study.
Respiratory care. 2012;57(10):1602-10. doi: 10.4187/respcare.01425.
Feldmann AM, Erlacher D. Muscle oxygen dynamics in elite climb-
ers during finger-hang tests at varying intensities. 2020;10(1):3040.
doi: 10.1038/541598-020-60029-y.

Miranda-Fuentes C, Guisado-Requena IM. Reliability of Low-
Cost Near-Infrared Spectroscopy in the Determination of Muscu-
lar Oxygen Saturation and Hemoglobin Concentration during Rest,
Isometric and Dynamic Strength Activity. 2020;17(23). doi: 10.3390
/ijerph17238824.

Smyth RM, James MD, Vincent SG, et al. Systemic Determi-
nants of Exercise Intolerance in Patients With Fibrotic Interstitial
Lung Disease and Severely Impaired D(LCO). Respiratory care.
2023;68(12):1662-74. doi: 10.4187/respcare.10625.

Copeland CR, Lancaster LH. Management of Progressive Fibrosing
Interstitial Lung Diseases (PF-ILD). Frontiers in medicine. 2021;
8:743977. doi: 10.3389/fmed.2021.743977.

Holland AE. Exercise limitation in interstitial lung disease -
mechanisms, significance and therapeutic options. Chronic respira-
tory disease. 2010;7(2):101-11. doi: 10.1177/1479972310361830.
Austin KG, Mengelkoch L, Hansen J, Shahady E, Sirithienthad P,
Panton L. Comparison of oxygenation in peripheral muscle during
submaximal aerobic exercise, in persons with COPD and healthy,
matched-control persons. International journal of chronic obstruc-
tive pulmonary disease. 2006;1(4):467-75. doi: 10.2147/copd.2006
.1.4.467.

Vogiatzis I, Athanasopoulos D, Stratakos G, et al. Exercise-induced
skeletal muscle deoxygenation in O-supplemented COPD patients.
Scandinavian journal of medicine & science in sports. 2009;19(3):
364-72. doi: 10.1111/j.1600-0838.2008.00803.x.

Prieur G, Combret Y, Bonnevie T, et al. Functional Electrical Stimu-
lation Changes Muscle Oxygenation in Patients with Chronic Ob-
structive Pulmonary Disease During Moderate-Intensity Exercise:
A Secondary Analysis. Copd. 2019;16(1):30-6. doi: 10.1080/1541
2555.2019.1572632.

Crispin P. Effect of anemia on muscle oxygen saturation during
submaximal exercise. Transfusion. 2020;60(1):36-44. doi: 10.1111
/trf.15585.

Algina J, Olejnik S. Sample Size Tables for Correlation Analysis with
Applications in Partial Correlation and Multiple Regression Analy-
sis. Multivariate behavioral research. 2003;38(3):309-23. doi: 10.1207
/515327906 MBR3803_02.

Wu W, Guan L, Li X, et al. Correlation and compatibility between sur-
face respiratory electromyography and transesophageal diaphragmatic
electromyography measurements during treadmill exercise in stable
patients with COPD. International journal of chronic obstructive pul-
monary disease. 2017;12:3273-80. doi: 10.2147/COPD.S146073.
Place N, Blum Y, Armand S, Maffiuletti NA, Behm DG. Ef-
fects of a short proprioceptive neuromuscular facilitation stretching
bout on quadriceps neuromuscular function, flexibility, and vertical
jump performance. Journal of strength and conditioning research.
2013;27(2):463-70. doi: 10.1519/JSC.0b013e3182576ffe.
Wickerson L, Mathur S, Brooks D, et al. Skeletal muscle oxygenation
and regional blood volume during incremental limb loading in in-
terstitial lung disease. ERJ open research. 2020;6(1). doi: 10.1183
/23120541.00168-2019.

Zeng GS, Chen LC, Fan HZ, et al. The relationship between steps
of 6MWT and COPD severity: a cross-sectional study. International
journal of chronic obstructive pulmonary disease. 2019;14:141-8.
doi: 10.2147/COPD.S188268.

Zhang Q, Li YX, Li XL, et al. A comparative study of the five-
repetition sit-to-stand test and the 30-second sit-to-stand test to assess
exercise tolerance in COPD patients. International journal of chronic
obstructive pulmonary disease. 2018;13:2833-9. doi: 10.2147/COPD
.S175379.



10

SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2025; 42 (1): 15942

29.

30.

31.

32.

33.

34.

35

36.

Robles PG, Mathur S, Janaudis-Fereira T, Dolmage TE, Goldstein RS,
Brooks D. Measurement of peripheral muscle strength in indi-
viduals with chronic obstructive pulmonary disease: a systematic
review. Journal of cardiopulmonary rehabilitation and prevention.
2011;31(1):11-24. doi: 10.1097/HCR.0b013e3181f68c3f.

Pehlivan E, Niksarlioglu EY, Balci A, Kilic L. The Effect of Pulmo-
nary Rehabilitation on the Physical Activity Level and General Clini-
cal Status of Patients with Bronchiectasis. Turkish thoracic journal.
2019;20(1):30-5. doi: 10.5152/Turk'Thorac].2018.18097.

Miller MR, Crapo R, Hankinson J, et al. General considerations
for lung function testing. The European respiratory journal. 2005;
26(1):153-61. doi: 10.1183/09031936.05.00034505.

Mahler DA, Wells CK. Evaluation of clinical methods for rating
dyspnea. Chest. 1988;93(3):580-6. doi: 10.1378/chest.93.3.580.
Arizono S, Furukawa T, Taniguchi H, et al. Supplemental oxygen im-
proves exercise capacity in IPF patients with exertional desaturation.
2020;25(11):1152-9. doi: 10.1111/resp.13829.

Molgat-Seon Y, Schaeffer MR, Ryerson CJ, Guenette JA. Exercise
Pathophysiology in Interstitial Lung Disease. Clinics in chest medi-
cine. 2019;40(2):405-20. doi: 10.1016/j.ccm.2019.02.011.

. Vogiatzis I, Zakynthinos S. Factors limiting exercise tolerance

in chronic lung diseases. Comprehensive Physiology. 2012;2(3):
1779-817. doi: 10.1002/cphy.c110015.
Gea J, Pascual S, Casadevall C, Orozco-Levi M, Barreiro E. Muscle

dysfunction in chronic obstructive pulmonary disease: update on

37.

38.

39.

40.

4

uary

42.

causes and biological findings. Journal of thoracic disease. 2015;7(10):
E418-38. doi: 10.3978/j.issn.2072-1439.2015.08.04.

Gea J, Agusti A, Roca J. Pathophysiology of muscle dysfunction
in COPD. Journal of applied physiology (Bethesda, Md : 1985).
2013;114(9):1222-34. doi: 10.3978/j.issn.2072-1439.2015.08.04.
Marillier M, Bernard AC, Verges S, Moran-Mendoza O, O’Donnell
DE, Neder JA. Oxygen supplementation during exercise improves
leg muscle fatigue in chronic fibrotic interstitial lung disease. Thorax.
2021;76(7):672-80. doi: 10.1136/thoraxjnl-2020-215135.

Ali J, Cody J, Maldonado Y, Ramakrishna H. Near-Infrared Spec-
troscopy (NIRS) for Cerebral and Tissue Oximetry: Analysis of
Evolving Applications. Journal of cardiothoracic and vascular anes-
thesia. 2022;36(8 Pt A):2758-66. doi: 10.1053/}.jvca.2021.07.015.
Marillier M, Bernard AC, Verges S, Moran-Mendoza O, Neder JA.
Quantifying leg muscle deoxygenation during incremental cycling
in hypoxemic patients with fibrotic interstitial lung disease. Clinical
physiology and functional imaging. 2023;43(3):192-200. doi: 10.1111
/cpf.12809.

. Fletcher GF, Balady GJ, Amsterdam EA, et al. Exercise standards for

testing and training: a statement for healthcare professionals from the
American Heart Association. Circulation. 2001;104(14):1694-740.
doi: 10.1161/hc3901.095960.

Tanaka T, Basoudan N, Melo LT; et al. Deoxygenation of inspiratory
muscles during cycling, hyperpnoea and loaded breathing in health and
disease: a systematic review. 2018;38(4):554-65. doi: 10.1111/cpf.12473.



