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AssTrACT. Background: Home monitoring devices have been developed to measure adherence to home oxygen
therapy. In this study, we evaluated the performance of TeleOx”, a commercially available remote monitoring
device, in comparison with polysomnography (PSG) in patients with interstitial lung disease (ILD) and chronic
obstructive pulmonary disease (COPD) and the factors that affected TeleOx" correct use.

Methods: TeleOx" was connected on the patient or concentrator side. The oxygen flow rates were set at 1,3, and 5
L/min. Intraclass correlation coefficient (ICC) (2,1) was used to determine the agreement between respiratory rate
measured using TeleOx" and that measured using PSG, and the minimum acceptable level of reliability was >0.7.
Results: In total, 22 patients (16 with ILD and 6 with COPD) were assessed. In patients with ILD, the detection
rate of patients’ respiration assessed using TeleOx~ did not change according to the device’s position. It increased
from 53.5% to 79.0% by changing the position from the concentrator to the patient side in patients with COPD.
The ICC (2,1) value indicated that TeleOx" had acceptable reliability at oxygen flow rates of 1 and 3 L/min regard-
less of the device’s position in patients with ILD (the concentrator side: 0.9 and 0.82, respectively; the patient side:
0.95 and 0.82, respectively), whereas that did only at the oxygen flow rate of 1 L/min and in connecting TeleOx"
on the patient side in patients with COPD (0.73). Conclusion: The monitoring performance of TeleOx" differed
according to its position, oxygen flow rates, and patients’ diseases.

KEy worps: chronic obstructive pulmonary disease; home oxygen therapy; interstitial lung disease; intraclass cor-
relation coeflicient; remote monitoring device; respiratory rate.
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gestive heart failure, and pulmonary hypertension
worldwide (1). Chronic obstructive pulmonary dis-
ease (COPD) and interstitial lung disease (ILD) are
the most common indications for HOT (2). In the
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1990s, 2 randomized controlled trials showed that
HOT was associated with lower mortality accord-
ing to the duration of daily usage among patients
with COPD and severe hypoxemia (3, 4). Recently,
Mesquita et al. showed that HOT improved quality
of life, as assessed using the Saint George’s Respira-
tory Questionnaire, among patients with COPD who
have received HOT for more than 12 h per day (5).
Thus, the beneficial effects of HOT are dependent on
patient adherence.

Adherence to HOT has been evaluated using
clock counter and patient data obtained via inter-
views or surveys using questionnaires administered to
patients or medical staff (6). However, these meth-
ods can over- or underestimate actual oxygen use.
Recently, remote monitoring devices, which are con-
nected to the oxygen supply system, such as station-
ary and portable oxygen concentrators, have been
developed to more accurately evaluate patient adher-
ence to HOT by monitoring respiratory rate (RR)
(7-9). In addition, Yafiez et al. reported that RR con-
tinuously monitored with a remote device increased
before requiring hospitalization due to exacerbations
in patients with COPD managed with HOT (7).
Thus, continuous monitoring of RR can lead to not
only evaluation of patient adherence but also imple-
mentation of early therapeutic intervention in pa-
tients receiving HO'T. However, the accuracy of RR
surveillance using home oxygen remote monitoring
devices has been evaluated in patients with COPD
only (7-9). Respiratory mechanics, such as breathing
pattern and inspiration/expiration ratio, differ among
respiratory diseases, particularly ILD and COPD,
which are major disorders characterized by restric-
tive and obstructive ventilation impairments, respec-
tively (10). We hypothesized that the accuracy of RR
surveillance using home oxygen remote monitoring
devices could differ among respiratory diseases. In
this study, we examined the performance of a com-
mercially available home oxygen remote monitoring
device by comparing it with polysomnography (PSG)
and evaluated the factors that affected its perfor-
mance, including the difference between COPD and
ILD, to correctly use the device.

METHODS
Study design

This was a prospective single-center study at the
Kyoto University Hospital. This study aimed to exam-
ine the performance of TeleOx~ (SRETT, Boulogne-
Billancourt, France), a commercially available home
oxygen remote monitoring device, and the factors that
affected its performance, including the difference be-
tween COPD and ILD. Figure 1 shows a flowchart
of the study. Adult patients with COPD and ILD,
who were suspected of having sleep apnea syndrome
(SAS), were included. SAS was evaluated using home
sleep apnea tests, such as PULSOX"-Me300 (Konica
Minolta Inc., Tokyo, Japan) and WatchPAT® (Ita-
mar Medical LTD., Caesarea, Israel) with or without
symptoms, such as snoring and/or daytime sleepiness.
PULSOX"-Me300 continuously monitors oxygen sat-
uration and heart rate. WatchPAT" continuously mon-
itors peripheral arterial tone, oxygen saturation, heart
rate, and actigraphy. In these tests, patients with a 3%
oxygen desaturation index (defined as the number of
times the oxygen saturation decreased by 3% or more
from baseline per hour) of 5 episodes/hour or more
were suspected of SAS and were eligible for the PSG
study. Patients with acute exacerbations of COPD,
ILD, or comorbidities and those receiving continuous
positive airway pressure and noninvasive positive pres-
sure ventilation were excluded. Patients who provided
consent for study participation were admitted for two
days to the Sleep Unit of Kyoto University Hospital
between February 2019 and June 2020. On the first
night, patients underwent PSG. On the second night,
patients underwent PSG combined with measurement
of RR using TeleOx®.

This study was approved by the Kyoto Univer-
sity Graduate School and Faculty of Medicine, Ethics
Committee (R1637 and R1748), and informed con-
sent was obtained from all patients.

TeleOx"

TeleOx” with a diameter of 46 mm and weight
of 34 g, is a commercially available remote monitor-
ing device. It is used to assess not only oxygen flow
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Screening of SAS using home sleep apnea tests’
in patients with ILD and COPD

Inclusion criteria:
1 3% oxygen desaturation index >5 episodes/hour with or without
symptoms such as snoring and daytime sleepiness

Exclusion criteria:

|| Exacerbations of COPD, ILD, or comorbidities

Receiving treatments with continuous positive airway pressure
and noninvasive positive pressure ventilation

‘ Select suitable patients

!

‘ Obtain informed consent

|

y

27 patientst were admitted for two days to the Sleep
Unit of Kyoto University Hospital to undergo PSG.

4{ PSG without the usage of TeleOx® on the first night ‘

4 PSG with the usage of TeleOx® on the second night l

v

Finally, 22 patients S were included in the analysis. ‘ ‘ 5 patients were excluded? ‘

Figure 1. Flow chart of the study. COPD = chronic obstructive pulmonary disease; ILD = interstitial lung disease; PSG = polysom-
nography; SAS = sleep apnea syndrome. PULSOX"-Me300 and WatchPAT® . 1:Eighteen patients with ILD and nine with COPD.

Sixteen patients with ILD and six with COPD. TFive patients were excluded, because data using TeleOx” could not be obtained,
probably due to a network error, dislocation of nasal cannula, and obstruction of oxygen connecting tube.

rate (0.5-5 L/min) but also RR using a pressure sen-
sor and fluidic oscillator flow sensor. A median RR for
1 min (TeleOx -RR) is outputted every 5 min based
on the time interval between two consecutive respira-
tory cycles. Moreover, TeleOx” outputs three detection
statuses of patients’ respiration, which are as follows:
good, low quality, and no detection. In this study, if the
status was good, it was considered that TeleOx" could
detect patients’ respiration, because RR was displayed
as 0 in the status of low quality and no detection.

The use of TeleOx" as an accessory of a stationary
oxygen concentrator (HiSanso™35S; Teijin Pharma,
Tokyo, Japan) was approved in May 2018 in Japan. We
used Hi-Sanso™S5S attached with TeleOx” for sup-
plying oxygen during in-laboratory testing with PSG.
The oxygen flow rates were set at of 1 (low), 3 (moder-
ate), and 5 (high) L/min via a nasal cannula. TeleOx"
was connected on the patient side (Figure 2A) or the

concentrator side (10 m apart from a nasal cannula)
(Figure 2B). We used oxygen connecting tubes with a
total length of 13 m between the nasal cannula and ox-
ygen concentrator (Figure 2). This length was selected
for imitating home use.

PSG

PSG was performed with Alice 5° (Philips
Respironics, Murrysville, Pennsylvania, the USA),
which recorded electroencephalogram, electrooculo-
gram, submental and bilateral anterior tibial electro-
myogram, electrocardiogram, nasal airflow with a nasal
pressure cannula, nasal and oral flow with nasal-oral
thermistor, respiratory effort with thoracoabdominal
piezoelectric belts, oxyhemoglobin saturation with a
finger probe, body position with a thoracic belt sensor,
and snoring recording with a neck microphone (11).
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PSG was performed on the first day while breath-
ing ambient air or oxygen under conditions similar
to home surroundings. PSG combined with meas-
urement of RR using TeleOx” was conducted on the
second day while breathing oxygen. Oxygen flow rates
on the second day were determined according to the
results of PSG on the first day as following: In patients
who have not received HOT at night and those with
the lowest oxygen saturation at 88%—89%, fixed dose
of 1 L/min was applied. In patients with the lowest ox-
ygen saturation at 85%—87%, the flow rates were 1 and
3 L/min, and they were changed during PSG. In pa-
tients with the lowest oxygen saturation at 80%-84%,
flow rates of 3 and 5 L/min were applied, and they
were changed during PSG. In patients with the lowest
oxygen saturation at <80%, a fixed dose of 5 L/min
was utilized. In patients who received HOT (all flow
rates at < 1L./min) at night and those with the lowest
oxygen saturation at 290%, a flow rate of 1 L/min was
used. In patients with the lowest oxygen saturation at
<89%, oxygen flow rates greater than those in the first
day (maximum: 5 L/min) were applied.

The American Academy of Sleep Medicine scor-

(A)

ing manual version 2.1 was utilized to score PSG
recordings (12). Apnea was defined as respiration
lasting at least 10 s, characterized by a decrement in
airflow of more than 90% from the baseline. Hypo-
pnea was defined by a 30% decrease in airflow for at
least 10 s, accompanied by 3% oxygen desaturation
from baseline or terminated with electroencephalo-
graphic evidence of an arousal. The apnea—hypopnea
index (AHI) was calculated as the number of apnea
and hypopnea episodes per hour of recording time
in bed.

RR obtained using PSG (PSG-RR) was visually
measured via breathing signals from the nasal pres-
sure cannula, nasal-oral thermistor, and thoraco-
abdominal piezoelectric belts by the same observer
(S.H), who were not knowledgeable about the clini-
cal status of patients (13). The time of PSG was syn-
chronized to that of TeleOx".

Arterial blood gas

Arterial blood gas (ABG) analysis was performed
before the start of PSG on the first day in supine po-

Oxygen concentrator
(Hisanso™5S)

(B)

3m

TeleOx®

Nasal cannula

10 m

TeleOx®

Oxygen concentrator
(Hisanso™58S)

Nasal cannula

Figure 2. TeleOx s position between the nasal cannula and concentrator. (A) Concentrator side. (B) Patient side. Oxygen connecting
tubes with a total length of 13 m between the nasal cannula and oxygen concentrator were used.
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sition while breathing ambient air or supplementary
oxygen with similar conditions as home surrounding.
Arterial partial pressure of oxygen (PaO,), carbon di-
oxide (PaCO,), pH, and bicarbonate concentration
were measured using an ABG analyzer (RAPIDPoint
500°; SIEMENS Healthineers, Erlangen, Germany).

Pulmonary function test

The pulmonary function test was performed us-
ing CHESTAC-8900" (Chest, Tokyo, Japan). The
predicted pulmonary function values were calculated
based on the Japanese Respiratory Society guidelines
(14).

Statistical analysis

We set the required number of cases based on a
previous report (8). The total recording time of PSG
was >8 hours in one night. TeleOx" counts RR every 5
min. Thus, TeleOx" counts RR at more than 96 points
during PSG in one patient. In a previous validation
study using TeleOx", RR was evaluated at 1000 points
(8). Thus, we calculated that we would need to enroll
10 patients in each disease (COPD and ILD).

Data were expressed as a median (interquartile
range). All statistical analyses were performed us-
ing JMP Pro 14 software (SAS Institute, Cary, NC,
the USA). The Bland—Altman method (15) and in-
traclass correlation coeflicient (ICC) (16) were used
to determine the agreement between PSG-RR and
TeleOx -RR. The Bland-Altman plot was presented
as a scatter plot in which the x axis showed the aver-
age RR obtained using PSG and TeleOx” ([PSG-RR
+ TeleOx -RR]/2) and the y axis depicted the differ-
ence in RR obtained using PSG and TeleOx~ (PSG-
RR - TeleOx’-RR). Bias was the mean difference in
PSG-RR and TeleOx"-RR. The limits of agreement
were the plotted lines within 95% in all points falling
on either side of the bias. They were described as + 1.96
x the standard deviation (SD) around the bias. ICC
was calculated using the model of two-way random-
effect, type of single rater/measurement, and definition
of absolute agreement, which was ICC (2,1). An ICC
(2,1) value of >0.7 was considered the minimum ac-

ceptable level of 1reliz:1bi1ity.17

REesuLts
Characteristics of participant

In total, 27 consecutive patients (18 with ILD
and 9 with COPD) underwent PSG. However, we
could not obtain data using TeleOx" in five patients
(two with ILD and three with COPD), probably due
to a network error, dislocation of nasal cannula, and
obstruction of oxygen connecting tube. Finally, we an-
alyzed 22 patients (16 with ILD and 6 with COPD).
The characteristics of patients are shown in Table 1. In
16 patients with ILD, idiopathic pulmonary fibrosis
(IPF), chronic hypersensitivity pneumonitis (CHP),
connective tissue disease-associated ILD, and unclas-
sifiable ILD were present in one, one, five, and nine
cases, respectively. Four patients with ILD did not un-
dergo the pulmonary function test due to a past medi-
cal history of pneumothorax. Seven of 16 patients with
ILD received oxygen supplementation (0.5-3 L/min),
and ABG analysis revealed that the median PaO, and
PaCO, were 85.2 (68.1-96.4) and 41.5 (35.6—44.9)
Torr, respectively. Further, 7 of 16 patients with ILD
were managed with oxygen supplementation (0.5-1
L/min), and PSG performed on the first day showed
that the median AHI was 18.4 (6.3-41.6) episodes/
hour. Nineteen patients were diagnosed with obstruc-
tive sleep apnea because AHI was 25 episodes/hour,
which predominantly included obstructive respiratory
events (presence of thoracoabdominal effort) (12),
whereas three patients, all of which had ILD and used
HOT, were not diagnosed with SAS. In patients with
COPD who were breathing ambient air, ABG analysis
showed that the median of PaO, and PaCO, were 66.9
(62.5-74.3) and 39.8 (35.7-42.6) Torr, respectively.
The median AHI on the first day was 16.2 (10.2-21.5)
episodes/hour.

Detection rate of patients’ respiration using TeleOx”

Differences in the detection rate of patients’ respi-
ration using TeleOx" according to the device’s positions,
oxygen flow rates, and usage of HOT are shown in Ta-
ble 2. With total points of 2088 and 646, TeleOx" de-
tected patients’ respiration in 75.6% (1578 points) and
70.4% (455 points) of patients with ILD and COPD,
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Table 1. Clinical characteristics of the patients & =
ILD(n=16) COPD (n=6) e |& €18 ¢
Iy Z | L |d &
Age, year 72 (61-78) 73 (71-82) % ™ I ]
Male, n (%) 13 (81.3) 6 (100) &
[
Body mass index, kg/m? 22.5(20.5-25.8) 22.4 (17.5-24.6) P © R © 6‘_0\4
@« 73 =) 3\ =) ~
Smoking history, never/ = = 3 S B
oastom (06 3/13 (12.7/813)  0/6 (0/100) N
Types of ILD
IPF, n 1 - & 2 =
gle S|a &
CHP,n 1 - S8 g8 2
Connective tissue dis- 5 . gl A ~
ease-associated ILD, n 8
s
Unclassified ILD, n 9 - ; E ) N
X T gldle S| S
Pulmonary function test . ¢== S2 33 s
mn wn
Forced vital capacity, L~ 2.24 (1.66-3.02) 2.64 (2.45-4.04) 8 B ég o« Z Z
-
0 i i ]
i Pre,dmtoed forcedvital 75 ) (56.8-87.7) 89.6 (72.3-120.8) TlE|° ~ ~
capacity, % o £ E 2 2
o i
Forced expiratory volume N . &n o I 5 <
in one second, L 1.91 (1.52-2.2.71) 1.11 (0.67-2.15) —5 j § © § 5
% predicted forced ex- g = = §
piratory volume in one  75.7 (65.4-95.4) 49.3 (24.8-80.3) & = | s
second, % = 7 | E[.\Q o ZN; %”
Forced expiratory volume % Ho NI S ::3
in one second/Forced 86.5 (83.3-89.3) 42.1(28.0-53.1) !::g g 8 g
vital capacity, % i‘ée g
ABG* 8 - =
H 7.42 (7.41- - g Ele Bla §|2
p 42 (7.41-7.44)  7.41 (7.38-7.43) g Elz 912 %a
Z | © <
PaCO,, Torr 415 (35.6-44.9) 39.8 (35.7-42.6) g - Nt S5
PaO,, Torr 85.2 (68.1-96.4) 66.9 (62.5-74.3) s 15 £
@) —~
Bicarbonate, mmol/L. 26.0 (23.2-27.7) 24.6 (21.8-27.7) 2 ; g N o =
ElglSE S 82 9 ¢
PSG* wl F (G288 2|8 2|2
= %) ~
AHI, episodes/hour 18.4(6.3-41.6) 162 (10.2-21.5) el g|a” < é
«
Presence of obstructive =] E o . o
i 13 6 §18| |4l < ~| £
sleep apnea, n gl 8 2| o § < L,S’n ;
Usage of HOTY, n (%) 8 (50) 2 (33.3) % @] SR 3|8 § e}
()Y
ABG = arterial blood gas; AHI = apnea-hypopnea index; CHP = ~; - ) ~ :5
chronic hypersensitivity pneumonitis; COPD = chronic obstructive S g
pulmonary disease; HOT = home oxygen therapy; ILD = interstitial g @ |2
lung disease; IPF = idiopathic pulmonary fibrosis; PaCO, = arterial u? E | 8 n 5 5\
partial pressure of carbon dioxide; PaO, = arterial partial pressure of 2 2 | < § AR g
oxygen; PSG = polysomnography. Data were expressed as median g &2y | g
(interquartile range). TFour patients with ILD did not undergo the .5 %
pulmonary function test due to a past medical history of pneumo- g g ol 2
thorax. *Nine and seven patients with ILD underwent ABG analy- R Bles|x 3|%
sis while breathing ambient air and oxygen (0.5-3 L/min), respec- = & Q § IS E s
tively. Meanwhile, all patients with COPD underwent analysis while g n N ]
breathing ambient air. *Nine and seven patients with ILD underwent 5 = g
PSG while breathing ambient air and oxygen (0.5-1 L/min), respec- &E e
tively. Meanwhile, all patients with COPD underwent analysis while A S
breathing ambient air. TSeven and one patient with ILD received ~ o) 5
HOT at all times and during exercise, respectively. However, two pa- _% ) gla 8|
tients with COPD received HOT during exercise only. £ = g 8 g 8
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respectively. In patients with ILD, the detection rate
of patients’ respiration obtained using TeleOx" did
not completely change according to device’s position
(concentrator side: 74.2% and patient side: 77.8%). It
increased from 61.8% to 92.6% at an oxygen flow rate
of 5 L/min by changing the device’s position from the
concentrator side to the patient side. In patients with
COPD, the total detection rate of patients’ respiration
obtained using TeleOx” increased from 53.5% to 79.0%
by changing the device’s position from the concentrator
to the patient side. In particular, the rate increased from
28.6% to 94.4% and from 44.9% to 86.2% at oxygen
flow rates of 3 and 5 L/min, respectively. At an oxygen
flow rate of 1L/min, the detection rate of patients’ respi-
ration using TeleOx" in patients with COPD and ILD
almost did not change based on the device’s positions.
In patients with ILD, the detection rate of patients’ res-
piration obtained using TeleOx" did not significantly

differ between those with (75.0%) and those without
the usage of HOT (76.5%). In patients with COPD,
this rate increased from 62.9% in those without the us-

age of HOT to 85.3% in those with the usage of HOT.
Comparison of RR obtained using PSG and TeleOx®

In patients with ILD, the Bland—Altman method
showed narrow limits of agreement (Figure 3A, B, D,
and E), and the ICC (2,1) value indicated that Tel-
eOx" had an acceptable reliability at oxygen flow rates
of 1 and 3 L/min regardless of the device’s positions
(Figure 4A, B, D, and E). By contrast, the Bland-Alt-
man method showed wide limits of agreement (Figure
3C and F), and ICC (2,1) value indicated that TeleOx"
had a non-acceptable reliability at an oxygen flow rate
of 5 L/min regardless of the device’s position (Figure

4C and F). In patients with COPD, the Bland—Alt-

Average (PSG-RR + TeleOx®-RR)

—_

(A) B)

= 20- ”

2 2 %

& &

2 104 ‘ Mean+ @ Mean +
& 196%SD (2 1.96 x SD
| 51 ) |

2 den o S
& o 40 50 4 30 40 50
% -5 ) ) Mean — @ Mean

> -10- ° Te 196XSD

= ’ = e T
5 -151 5 g Mean —
E 5l = Z 1.96 X SD
a a A

Average (PSG-RR + TeleOx®-RR)

104 o c Mean + Mean +
g0 o 1.96 X SD 104 1.96 X SD
51 54
°20 20 Mean
N 2040 50 5 o 10 .
© % o o Mean-— -104 °
-10 1.96 X SD

Difference (PSG-RR — TeleOx®-RR ) @
S

Difference (PSG-RR — TeleOx®-RR ) g
(=}

Average (PSG-RR + TeleOx®-RR)

Average (PSG-RR + TeleOx®-RR)

1.96 X SD

Average (PSG-RR + TeleOx®-RR)

Figure 3. Comparison of RR obtained using PSG and TeleOx” connected on the concentrator side (A—C) and the patient side (D-F)
using the Bland—Altman method in patients with ILD. A and D, oxygen flow rate of 1 L/min; B and E, oxygen flow rate of 3 L/
min; and C and F, oxygen flow rate of 5 L/min. ILD = interstitial lung disease; PSG = polysomnography; RR = respiratory rate; SD =
standard deviation. The Bland-Altman method showed narrow limits of agreement at oxygen flow rates of 1 and 3 L/min regardless
of TeleOx s positions (A, B, D, and E), whereas this method showed wide limits of agreement at an oxygen flow rate of 5 L/min

regardless of the device’s position (C and F).
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Figure 4 . Scatterplots of RR obtained using PSG and TeleOx” connected on the concentrator side (A—C) and the patient side (D-F)
in patients with ILD. A and D, oxygen flow rate of 1 L/min; B and E, oxygen flow rate of 3 L/min; and C and F, oxygen flow rate of
5 L/min. ICC = intraclass correlation coefficient; ILD = interstitial lung disease; PSG = polysomnography; RR = respiratory rate. An
ICC (2,1) value of >0.7 was considered the minimum acceptable level of reliability (17). The ICC (2,1) value indicated that TeleOx" had
an acceptable reliability at oxygen flow rates of 1 and 3 L/min regardless of the device’s positions (A, B, D, and E), whereas this value
showed that the device had a non-acceptable reliability at an oxygen flow rate of 5 L/min regardless of the device’s position (C and F).

man method showed narrow limits of agreement at an
oxygen flow rate of 1 L/min regardless of the device
position (Figure 5A and D) and at an oxygen flow rate
of 3 L/min if the device was connected to the patient
side (Figure 5E). The ICC (2,1) value revealed that
TeleOx" had an acceptable reliability at an oxygen flow
rate of 1 L/min and when the device was connected to
the patient side (Figure 6D).

Discussions

The study presented four important points. First,
the detection rate of patients’ respiration using TeleOx"
increased when the device’s position was changed from
the concentrator to the patient side in patients with

COPD. Second, in patients with ILD, TeleOx" could

accurately monitor RR regardless of the device posi-
tions at oxygen flow rates of 1 and 3 L/min. Third, in
patients with COPD, TeleOx" could accurately moni-
tor RR by changing the device’s position from the con-
centrator to the patient side at an oxygen flow rate of 1
L/min. Fourth, at an oxygen rate of 5 L/min, TeleOx”
did not accurately monitor regardless of the device’s
position and patients’ diseases (COPD versus ILD).
Therefore, the accuracy of TeleOx" was acceptable at
low and moderate oxygen flow rates in ILD. However,
it was low at a high oxygen flow rate regardless of pa-
tients’ diseases and when the device was connected to
the concentrator side in COPD. A previous validation
study using TeleOx" did not evaluate the influence of
the device’s position in monitoring accuracy (8). Al-
though TeleOx" is compact and low weight, its con-
nection near patients can be bothersome. Therefore,
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Figure 5 . Comparison of RR obtained using PSG and TeleOx” connected on the concentrator side (A—C) and the patient side (D—F)
using the Bland-Altman method in patients with COPD. A and D, oxygen flow rate of 1 L/min; B and E, oxygen flow rate of 3 L/
min; and C and F, oxygen flow rate of 5 L/min. COPD = chronic obstructive pulmonary disease; PSG = polysomnography; RR =
respiratory rate; SD = standard deviation. The Bland-Altman method showed narrow limits of agreement at an oxygen flow rate of
1 L/min regardless of TeleOx™’s position (A and D) and at an oxygen flow rate of 3 L/min if the device was connected to the patient
side (E), whereas this method showed wide limits of agreement at an oxygen flow rate of 3 L/min if the device was connected to the
concentrator side (B) and at an oxygen flow rate of 5 L/min regardless of the device’s position (C and F).

the development of built-in and non-contact remote
monitoring devices for HOT is required to more easily
and comfortably monitor patients’ respiration.

Soler et al. showed that TeleOx" had a high ac-
curacy in monitoring RR in patients with COPD (8).
In our study, the accuracy of the device was low. The
previous study performed RR monitoring using Tel-
eOx" in France and Western Europe during daytime,
whereas we did the same in Japan, East Asia, and dur-
ing nighttime. Ethnic variations influenced breathing
pattern and respiratory mechanics (18). Therefore, dif-
ference in race and experimental settings could be as-
sociated with varying results between the current study
and that of Soler.

Patients with COPD, unlike those with ILD, de-
velop expiratory flow limitation during tidal breathing
(19). This flow limitation might result in a lower de-

tection rate of breathing in COPD patients, especially
whet set on the concentrator side.

The rate of non-adherence to HOT is relatively
high (20). Therefore, to recognize the actual adherence
to HOT using remote monitoring devices including
TeleOx” can lead to the development of enhanced
adherence and compliance strategies, such as adapt-
ing the oxygen system according to patients’ desires
(9). Furthermore, this can identify the actual effect of
HOT on mortality and quality of life. Future studies
using remote monitoring devices in patients receiving
HOT must be conducted to evaluate outcomes, such
as quality of life and mortality.

RR is a vital sign, and it should be assessed. How-
ever, it has been overlooked in clinical practice, because
its measurement is usually based on manual counting.

In patients with COPD, RR increased days before re-
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Figure 6 . Scatterplots of RR obtained using PSG and TeleOx” connected on the concentrator side (A—C) and the patient side (D-F)
in patients with COPD. A and D, oxygen flow rate of 1 L/min; B and E, oxygen flow rate of 3 L/min; and C and F, oxygen flow rate
of 5 L/min. COPD = chronic obstructive pulmonary disease; ICC = intraclass correlation coefficient; PSG = polysomnography; RR =
respiratory rate. An ICC (2,1) value of >0.7 was considered the minimum acceptable level of reliability (17). The ICC (2,1) indicated
that TeleOx” had an acceptable reliability at an oxygen flow rate of 1 L/min and when the device was connected to the patient side (A).

quiring hospitalization due to COPD exacerbation, as
described above (7). In addition, in patients with ILD,
RR was significantly higher in non-survivors than in
survivors, whereas the FVC was significantly lower in
non-survivors than in survivors (21). Therefore, con-
tinuous monitoring of RR can improve the timely
detection and self-management of exacerbations to
prevent hospital admissions in patients with chronic
respiratory diseases (22).

This study had major several limitations. First,
only patients who were suspected of having SAS were
included. Second, only a few patients with COPD
were included. Third, the monitoring accuracy of Tele-
Ox"in patients with other diseases such as pulmonary
hypertension and congestive heart failure, which are
managed with HOT, was not examined. Fourth, we
performed RR monitoring using TeleOx” only during
the nighttime because RR during the daytime is af-
fected by activity. Fifth, we did not evaluate the effect

of liquid oxygen on the accuracy of TeleOx". Sixth, we
could not obtain data using TeleOx in five patients
(two with ILD and three with COPD), probably due
to a network error, dislocation of nasal cannula, and
obstruction of oxygen connecting tube. This result
could lead to the notion that TeleOx" cannot detect
respiration in some patients receiving HO'T. Hence,
this device’s limitations must be considered. Seventh,
as ILD was not limited to IPF but included a wide
variety of diseases, disease-specific characteristics of
TeleOx® performance were unclear.

The results of this study indicate that the site of
connection, oxygen flow rates, and patients’ diseases
must be considered for the correct usage of TeleOx".
These results will contribute to improvements in home

monitoring of patients with ILD and COPD.

AsgreviaTioNs: ABG = arterial blood gas; AHI = apnea-hypo-
pnea index; CHP = chronic hypersensitivity pneumonitis; COPD
= chronic obstructive pulmonary disease; HOT = home oxygen
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therapy; ICC = intraclass correlation coeflicient; ILD = intersti-
tial lung disease; IPF = idiopathic pulmonary fibrosis; PaCO, =
arterial partial pressure of carbon dioxide; PaO, = arterial partial
pressure of oxygen; PSG = polysomnography; RR = respiratory
rate; SAS = sleep apnea syndrome; SD = standard deviation
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