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1. Abstract

An inhalation pattern is conventionally communicated to each patient
by imaging verbal expression; as such, inhalation instruction may be
ambiguous. A new inspiratory air-flow velocity measurement monitor
(Tokico Inhalation Monitor, TIM) can visualize real-time inhalation
patterns. We aimed to evaluate the usefulness of the TIM in the context
of inhalation instruction. After verifying the responsiveness, accuracy,
and reproducibility of the TIM, we evaluated the differences between the
conventional verbal inhalation imaging and real-time instructions using
the TIM. Six healthy subjects were measured individually after being
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given an oral image of the inhalation methods. We also compared the
difference between the verbal images of traditional inhalation methods and
the real-time inhalation instructions using the TIM. When the inhalation
method was conveyed in words, the inhalation pattern differed depending
on each subject’s interpretation. By self-adjusting with repeated inhalation
exercises with the TIM, total inhalation increased significantly to 1.90 +
0.28 (L) (p = 0.046), compared to the 1.66 + 0.39 (L) obtained during
verbal imaging, while maintaining an adequate maximum inhalation flow
rate of 62.2 =+ 14.5 (L/min). In conclusion, using the TIM to perform
inhalation exercises while drawing real-time inhalation patterns can
increase the likelihood and efficacy of self-adjusted inhalation, and thus
can make inhalation therapy more clinically useful.

2. Keywords:
Inhalation Instruction; Inhalation Pattern; Total Inhalation Volume;
Maximum Inhalation Flow Rate

3. Introduction

Inhalation therapy is a pivotal treatment method for asthma and COPD, as
indicated in major international guidelines. However, inhalation therapy is
different from general oral treatment and is unusual for patients. The act of
inhaling drugs is special and difficult for patients to perfectly understand
and to adequately perform. The major reason for this is the existence of a
dedicated device (inhalation device) being used at the time of inhalation.
The biggest difference between inhaled drugs and oral drugs is not only
the route of administration, but also the presence of an inhalation device
that stores the inhaled drug inside and is used during inhalation. The main
purpose of inhalation instruction is to maintain adherence, but inhalation
therapy has two types of adherences: adherence to oral drugs and also
to the inhalation devices used when inhaling [1]. Inhalation therapy is
supported by these two adherence legs, and if one of the legs wobbles, the
inhalation therapy itself will waver. Therefore, in inhalation therapy, the
presence of an inhalation device is no less important than a drug.

The process of a series of drug inhalations consists of three phases
from the perspective of the inhalation device. The first phase of the pre-
inhalation stage is when the inhaled agent is set and prepared, the second
phase is when the drug is inhaled, and the third occurs after inhaling the
inhaled drug. When inhalation instruction is performed in daily clinical
settings, various problems arise with inhalation devices in each phase.
In the first phase for the pre-preparation of the inhaled drug, the patient
is required to practice and become used to the precise operation of the
inhalation device and the correct setting of the drug. In particular, for dry-
powder-type inhalation medicine devices, the operation method for each
device is unique and may differ greatly, so various erroneous operations
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are likely to occur at the stage before the preparation of the set of inhaled
drugs. A serious mishandling of an inhaled device can cause a loss of
control and lead to a significant increase in emergency room visits and
hospitalizations [2]. The mishandling of inhaled devices occurs more
frequently, especially in the elderly [3], and this often leads to a failure in
obtaining effective drug inhalation. The third phase includes gargling after
inhalation, preparing for the next inhalation, keeping the device clean,
and storing the device properly. The second phase of drug inhalation is
the most fundamental and important phase in inhalation therapy. Patients
are expected to inhale the drug at the proper rate and pattern of inhalation
that best suits the individual inhalation device. However, despite the
therapeutic importance the information concerning inhalation flow rate
and inhalation pattern plays, as it is a pivotal role in inhalation therapy,
the method of inhalation itself is almost always transmitted to the patient
in the form of images of verbal expressions through oral or other means.
Furthermore, each pharmaceutical manufacturer recommends the most
suitable way to inhale its products in the form of images of each word, but
the vocabulary is not unified and often ambiguous. For example, one dry
powder inhalation device can use the words “inhale fast and deeply” to the
patient, and another device uses the words “inhale fast and strongly” and
“inhale as hard as possible”. As a result, the way the image of the word is
received gives rise to various interpretations on the patient’s side, causing
misunderstandings and self-indulgence. Even in the same patient, there
is no standard for confirming which is the most suitable way to inhale,
and this cannot be corrected. As such, there is always an instability in
the treatment method, which does not lead to stable drug inhalation each
time and adversely affects the effectiveness and adherence of inhalation
therapy.

Respiratory function tests are performed as one of the grounds for the
diagnosis and maintenance of treatment that occurs at the start of inhalation
therapy in routine clinical practice. The indicators obtained by the
respiratory function test are used to determine the severity and stage of the
disease. They are also used to determine the therapeutic effect of the inhaled
drug used, and all indices are obtained from the measurement of expiratory
breath. However, it should not be forgotten that the inhaled drugs used in
inhalation therapy are delivered into the lungs via inspiration rather than
exhaled air. Therefore, a more important indicator in drug inhalation is the
indicator of inspiration. In clinical practice, the maximum inspiratory flow
velocity is often measured using the inspiratory air velocity InCheck®
(manufactured by Clement Clark Int. Ltd., Essex, UK). The main purpose
of its use is to confirm the patient’s potential to inhale at the maximum
inspiratory air flow velocity that exceeds the minimum inspiratory speed
required for each dry-powder-type inhalation device. Our previous studies
showed that there are only a few patients that have a maximum inspiratory
flow rate that does not reach the minimum inspiratory flow rate required
by inhalation devices, and that there are almost no dry powder inhalation
devices that cannot be used in terms of inspiratory air-flow velocity [4,5].
In the first place, reaching the maximum inspiratory flow velocity in an
instant and then inhaling the drug is not the most effective way to inhale
with the dry-powder-type inhalation device. On the other hand, aerosol-
type inhalers are fundamentally different from dry-powder-type inhalers;
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however, in clinical practice, inhalation instruction has generally been to
advise the patient to perform respiratory synchronization alone. There is
no index that indicates how strong the inspiratory flow velocity is and how
long it takes to inhale aerosol-type inhalers, and there is no standard for
judging the quality of inhalation.

An important facet to any type of inhalation device is that, in order to
effectively deliver the drug to the lungs, it is important to be able to
inhale the air flow above the inspiratory air-flow velocity required by the
device for a certain period of time. It is important to be able to capture and
visualize in real time the “total amount of inspiratory air” obtained when
each patient continues to inhale, while maintaining the inhalation within
the effective inspiratory flow velocity value, for a certain period of time
and how to utilize it for patient guidance. However, there is no instrument
that can directly measure this index, and thus it has been left unexamined.
Currently, the most evident blind spot in clinical practice with respect to
this is the inability to provide inhalation guidance on the second phase
of the drug inhalation process, i.e., the drug inhalation method itself.
Ideally, individual inhalation guidance should be provided in which the
current inhalation method used by the patient can easily, and with minimal
invasiveness, be measured as many times as possible in a short period
of time and, if it is not appropriate, the inhalation practice can also be
repeated while judging the effect in a short time.

The Tokico Inhalation Monitor TM (TIM), originally developed by Tokico
System Solutions Ltd., is a measuring monitor that can draw inhalation
patterns in real time along with an actual measurement of inhalation flow
rate and total inhalation volume; as such, it may be useful in clinical
settings. Measurements with this monitor are simple, minimally invasive,
and can be performed by the patient themselves. In this study, a mass flow
sensor for gas measurement was used to construct a system of standard
devices that can measure the intake state, such as inhalation flow velocity
and total inhalation volume, and can verify the accuracy of the flow rate
display of the TIM, as well as its responsiveness during measurement, its
data reproducibility, and the visibility of the intake pattern display. We
also evaluated the quality of the inhalation instruction method using the
TIM in healthy subjects, which were only performed via the conventional
image transmission of verbal expressions. We examined whether a more
effective inhalation method could be achieved by practicing inhalation
while measuring the inhalation pattern in real time with the TIM.

4. Materials and Methods

4.1. Device Configuration Of The TIM

An outline of the device configuration of the TIM is shown in Figure 1.
In order to accurately measure the inhalation status, a thermal flowmeter
(Siargo Ltd., California, US), which was already designed for ventilator
and continuous positive airway pressure (CPAP) applications and is also
used in clinical practice, was used as the flowmeter. A computer that
displayed the status of inhalation on the screen and a flowmeter that
enabled data collection using a microcomputer board were connected. The
inhalation resistance value for each dry-powder-type inhalant device was
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reproduced by attaching a dedicated adapter corresponding to each DPI
used in InCheck®. As for the measurement method, the state in which an
inhalation monitor was used is shown in Figure 1 by video URL: https://
youtu.be/KSDQMe_BdWS8 (accessed on 6 May 2023) and QR code. After
the subject presses the start button of the TIM to which the disposable

mouthpiece is connected and puts the device on standby, the measurement
is started using the subject’s own intake of air as a trigger; during this
process, data are collected. The data are displayed on the screen as a
change (sec) of the flow rate (L/min) over time.
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Figure 1: Equipment configuration of the Tokico Inhalation Monitor TM.

When used for inhalation guidance, it is also possible to determine whether
the actual inhalation falls within that range by displaying the tolerance
range before and after the inhalation pattern, which is an ideal reference,
in advance. The maximum inhalation flow rate and total inhalation volume
displayed at the bottom of Figure 1 are the measured values automatically
calculated and displayed within the time area indicated between the
dotted lines. By changing the dotted section to different time periods, it is
possible to respond to various intake patterns.

4.2. Validation Of The TIM With A Standard Measurement System

Before using the TIM for measurement, we configured and verified the
validity of the appropriate equipment configuration by configuring the
standard measurement system. We verified and confirmed (1) the accuracy
of the flow rate display, (2) responsiveness at the time of measurement,
(3) data reproducibility, and (4) the visibility of the TIM’s monitor screen.

Figure 2 shows an outline of the standard measurement system configured
for this validation verification. In order to verify the accuracy of the flow
rate display, we conducted the instrument difference test method from
the Japanese industry standard “Calibration and vessel difference test
of flowmeters for gases” [6]. In this method, the standard flowmeter, as
a reference, was set to a constant flow value, measured simultaneously
with the TIM—which is a flowmeter under test and connected in
series3recorded the value, and confirmed the accuracy of the measured
value of the flowmeter under test from the deviation of the numerical
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value. In addition, in order to confirm that this evaluation system was
appropriate, the TF1000P flowmeter (Tokyo Keiso Co., Ltd., Tokyo,
Japan), which has the same measurement principle, was compared and
measured in the same manner. According to this standard, a temperature/
pressure gauge was installed near the flowmeter to correct the flow rate.
However, since each flowmeter itself is equipped with a temperature/
pressure measurement function, in this study, the temperature was
corrected according to the actual flow rate of the reference flowmeter based
on the measured value of the flowmeter. In addition, the systems used
for the evaluation of the inhalants, the Andersen Cascade Impactor (ACI)
and DFM2000 flowmeter (Copley Scientific Ltd., Nottingham, UK), were
used as flow generators and standard flowmeters for the evaluation system
[7]. The configuration of the ACI consists of an induction port that is in
the shape of the human throat, a pre-separator that traps coarse particles,
and a stage for classifying the formulation into aerodynamic particle
sizes according to the flow rate [8], which is also listed in the Japanese
Pharmacopoeia Seventeenth Edition as a test and evaluation device for
inhalants [9]. In order to accurately classify the formulation, measurement
at a predetermined flow rate is required, but at the time the air flow was
measured, and after confirming that the critical flow state was not affected
by the pulsation of the pump, it is possible to adjust the intended flow rate,
so a flow generation device was selected and used [10]. In addition, the
DFM2000 flowmeter attached to the ACI can measure the flow rate with
a higher accuracy using the same measurement principle as the flow rate
under test at a designated time, and it is appropriate for
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adoption as a standard flowmeter. The apparatus and each flowmeter were
connected using hoses and joints of an appropriate diameter to ensure
seal ability. Regarding the test flow rate, since the intake flow rate that is

considered optimal for each device varies, the flow rate of five conditions
was set as shown in Figure 2, based on the recommended values for each
device.

Detail information concerning each ACI stage

Stage Particle size (um) Corresponding to human part
Andersen cascade Impactor (ACI) 0 8.0 ~ 10.0 .
(Copley Scientific Ltd., Nottingham, UK) 1 5.8 —9.0 -
Suction (inhalation) direction | 2 4.7~ 5.8 Pharynx
Induction port  Ever—— T 3 33~47 Trachea, Primary bronchi
s “ "
—_D—| flowmeter '—-—l ‘ Device under test ‘ 4 21~33 Secondary bronchi
B ! .. DFM2000 Flnwmstm;/ s 5 1.1 ~21 Terminal bronchi
Adaplor . y, ,
N S 6 0.7~ 11 Alveoli
Pre © ®10 hose Hose nipple. valve socket 7 0.4 — 0.7 Alveoli
separator Filter stage - -
Stage 0 Flowmeter Specification
Stage 1 Specification Standard flowmeter i D(Iemoe under test i
Stage 2 ACI attachment Inhalation monitor For comparison__|
St 3 Manufacturer Copley Scientific Ltd. Siargo Ltd. Tokyo Keiso Co., Ltd.
age Model DFM2000 FS$6122-50F200-5P40-TH1 TF1000P-101-P04
Stage 4 Principle Thermal flow — —
Stage 5 Flow rate range(L/min} 0—200 -50—200 0—100
Stage 6 Accuracy(%) i+ 2%RD k2.540.5%FS t 2.0%FS
St 7 Pressure loss{ @ 100 L/imin) 4.0 kPa 70 Pa 2.5kPa
S1aga Collection temperature/pressure - (actual flow) 20 °c, 101.3kPa 0°C, 101.3 kPa
] Filter stage #URD (Reading eror); Error to measured value.
< . . #%FS (Full-scale error): Error to maximum value of measurement range.
Rationale of setting flow rate
Gas flow generator . 5 .
Test flow rate(L/imin) Setting rationale
75 Values exceeding the inhalation flow rate required by many devices.
50 Values around the middle of the inhalation flow rate required by many devices.
30 Minimum required inhalation flow rate required by many devices.
20 Minimum required inhalation flow rate by some type of devices.
15 alues below the inhalation flow rate required by commercially available devices.

Figure 2: Configuration of a standard measurement system for validation of
For the measurement at each test flow rate—assuming the standard
deviation when there is a preliminary confirmation, using the TIM,
a confidence interval of 95%, and a tolerance of 0.4 L/min—10
measurements were performed, and the average value was adopted.
Further, the calculation of the total amount of inhalation was obtained
by a calculation of the accumulation of the flow rate being accurately
measured. From the measured value results of the output from the TIM
every 0.01 s, the time when the measured flow rate starts to rise when the
valve is opened is set as the start point, and the time when the measured
value reaches the set test flow rate is set as the end point. From the data
measured in the examination of the accuracy of the flow rate display, the
following parameters were set: (1) accuracy of the flow rate display, and
(3) reproducibility was determined from the standard deviation of each
test flow rate of 10 times and the shape of the intake pattern.

4.3. Examination Of The Usefulness Of The TIM In Healthy Subjects
After confirming the validity of the TIM, it was used in healthy subjects
and its usefulness was examined. The subjects were 6 healthy subjects (1
in their 40s, 2 in their 50s, 2 in their 60s, and 1 in their 70s, with a mean age
59.7 £ 10.4 years, male-to-female ratio: 3/3). This study strictly adhered
to ethical principles detailed in the Declaration of Helsinki (revised in
2013) and the “Ethical Guidelines for Human Life Science and Medical
Research Guidance (established on 16 April 2021)”, and was approved by
the Ethical Review Committee (Clinical Research Tokyo Hospital Ethical
Review Committee, first on 24 July 2014, revised on 24 March 2022,
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the Tokico Inhalation Monitor TM

approval number: 14072400) when implementing it. The registration data
were managed using the subject identification code in accordance with
the Personal Information Protection Law. Participants were fully briefed
on the content of the research trial and a written consent was provided of
their free will.

4.3.1. Examination Item 1: Inhalation Pattern Based on Verbal
Expression Image

Measuring by the TIM

The following five verbal expression patterns of inhalation were presented
orally to the subjects, and what kind of inhalation patterns each subject
showed in response to the instructions was measured using the TIM. The
five verbal expression patterns of inhalation were A: “Inhale fast and
deeply”, B: “Inhale with your usual breathing power”, C: “Inhale slowly
and long”, D: “Inhale as if sucking juice through a straw” and E: “Inhale
longer to suppress peaks and breathe more air”. The maximum inhalation
flow (L/min) and total inhalation volume (L) were compared, which
were automatically calculated by the monitor. The expression D: “Inhale
as if sucking juice through a straw” is an oral expression that has often
been customarily used in daily clinical settings mainly in the primary
care field as a method of sucking dry-powder-type inhalants. At the time
of measurement, in order to reproduce the difference in the inhalation
resistance value of each dry-powder-type inhalation device, each following
adapter, when using InCheck® Clement Clark Int. Ltd., Essex, UK), was
attached and measured: AAD adapter (reflecting the resistance value when
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inhaling the Discus®, GlaxoSmishKline Japan, Tokyo, Japan), T adapter
(reflecting the resistance value when inhaling Turbuhaler®, AstraZeneca
Japan, Osaka, Japan), and HH adapter (reflecting the resistance value at
the time of inhalation of the Handyhaler®, Boehringer-Ingelheim Japan,
Tokyo, Japan). The resistance value when the adapter was attached was
expressed through AAD < T < HH, which increases in the order of HH
[11].

4.3.2. Examination Item 2: Usefulness Of Real-Time Inhalation
Guidance Using The TIM

We examined how the total inhalation volume changed when the examinee
did not look at the TIM screen and when they were only given verbal
instructions regarding the inhalation method. Then, we also examined
how the total inhalation volume changed when the subjects themselves
checked their own inhalation pattern in real time while watching the
TIM screen, and when self-adjusting their inspiratory air flow rate and
inhalation duration so that they inhaled in a more effective way. This
examination item was compared by installing the AAD adapter with the
lowest resistance value.

4.3.3. Statistical Analysis
The statistical significance level was set at 5%. Within-group comparisons

were analysed as nonparametric data using the Wilcoxon rank sum test.
Statistical analysis was performed using JMP®14.1.0 Windows version
(SAS Institute Inc., Cary, NC, USA).

5. Results

5.1. Validation Data of the TIMs

The results of each are shown in the order of (1) accuracy of the flow

rate display, (2) responsiveness at the time of measurement, (3) data

reproducibility, and (4) monitor visibility.

1)  Asshown in the comparison between Table 1 and Table 2, the flow
rate measured 10 times by the TIM had a small error compared
with the standard flow meters and the other devices under test
(manufactured by Copley Scientific Ltd. and Tokyo Keiso Co., Ltd.,
respectively). At the inhalation flow rate range of 15~75 L/min, the
maximum reading error was observed at the time of measurement of
20 L/min, and the error was 5.2%;

2) In addition, as shown in Table 3, the response at the time of
measurement was 0.32 s, on average, with the TIM, with the largest
delay in the inhalation flow velocity being 50 L/min until the flow
rate display and after the start of inhalation reached the true value

Table 1: Accuracy of indicated value and reproducibility of standard inhalation monitor (Tokyo Keiso Co., Ltd. Tokyo)

Standard flowmeter|Each indicated value of Device under test (L/min)

indicated value

(L/min) 1st |2nd  [3rd [4th [5th |6th [7th  [8th |9th |10th |Average |SD Error (%RD)
75.00 76.0 (76.1 |[76.0 |76.0 |76.2 |75.7 |76.0 |76.0 |76.1 |76.2 |76.0 0.2 1.4

50.00 51.1 [51.0 |[51.2 |51.0 |50.9 |51.2 |50.9 |50.9 |51.2 |51.0 |51.1 0.1 2.1

30.00 30.3 [30.2 [30.2 |30.0 [29.9 |29.9 |30.0 |29.9 |30.0 {30.0 |30.0 0.2 0.1

20.00 20.0 (195 |[19.6 |195 |19.6 |19.8 |19.6 |19.8 |19.5 [19.5 |19.7 0.1 -1.7

15.00 134 |134 (134 |13.3 |134 |[13.3 [13.3 |13.3 [13.3 [13.3 |134 0.1 -10.9
Temperature 19.7 20.5 °C Humidity 19.0 20.9

Table 2: Accuracy of indicated value and reproducibility of Tokico Inhalation Monitor TM

Standard flowmeter|Each indicated value of Device under test (L/min)

indicated value

(L/min) st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th  |Average [SD [Error (%RD)
75.00 7755 (7775 (7713 (7752 |77.03 (77.09 |77.17 (77.02 |77.30 (77.28 |77.29 0.25 [3.0
50.00 50.68 |50.90 [50.55 [50.90 |50.95 [50.51 [50.60 |50.54 [50.41 [50.35 [50.64 0.21 1.3
30.00 31.38 |30.95 [30.36 [30.52 |30.51 [30.93 |30.83 |30.95 [31.02 [30.92 (30.84 0.30 2.8
20.00 21.87 |20.85 [21.49 [20.87 |21.03 [20.40 |20.76 [21.25 [21.09 [20.83 [21.04 0.41 5.2
15.00 15.75 |14.96 (15.09 |15.18 [15.31 |[14.97 |15.28 |15.24 1551 [15.29 (15.26 0.24 1.7

Temperature 18.3 20.4 °C Humidity 17.8 20.8
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Table 3: Responsiveness to inhalation of Tokico Inhalation Monitor TM

Standard flowmeter|{Time to reach each indicated value (sec)

indicated value

(L/min) 1st |2nd |3rd |[4th |5th |6th |7th |8th [9th [10th |Average [SD

75.00 0.27 |0.26 |0.29 |0.26 [0.29 [0.27 |0.22 |0.25 |0.25 |0.25 |0.26 0.02

50.00 0.44 |0.31 |0.32 |0.32 [0.31 |0.32 |0.32 |0.28 |0.30 [0.32 |0.32 0.04

30.00 0.15 (0.21 |0.19 |0.20 [0.20 [0.23 |0.24 |0.21 |0.23 |0.21 |0.21 0.02

20.00 0.06 [0.06 |0.05 |0.05 [0.05 |0.05 |0.05 |0.04 |0.05 |0.05 |0.05 0.01

15.00 0.05 [0.04 |0.04 |0.04 [0.06 [0.05 |0.06 |0.06 |0.05 |0.06 [0.05 0.01

3) Data reproducibility is shown in Figure 3. Since the intake start the monitor of the inhalation pattern display on the Tokiko Inhalation

operation was performed manually at the measurement start point,
artificial variation was observed for each measurement, but there was
no variation in the measurement start time by the device itself or
in the sudden fluctuation of the flow rate after opening and closing
the valve. Except for immediately after the start of inhalation and
just before the end, the measured values within the 2~9 s area of the
graph overlap almost all of the inspiratory air flow velocities of 15,
20, 30, 50, and 75 L/min. [4] As shown in Figure 1, the visibility of
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Figure 3: Evaluation of reproducibility of measurement by the Tokico Inhalation Monitor TM.

5.2. Usefulness of Real-Time Inhalation Guidance Using the TIM

Figure 4 shows the results of how each subject inhaled when they were
transmitted the following five verbal expression patterns of inhalation:
A:” Inhale fast and deeply”, B: “Inhale with your usual breathing power”,
C: “Inhale slowly and long”, D: “Inhale as if sucking juice through a
straw”, and E: “Inhale longer to suppress peaks and breathe more air”.
The maximum inhalation flow rate in Pattern A or C was a numerical
value reflecting each verbal instruction, but when an adapter with a larger
inhalation resistance value was installed, the maximum inhalation flow
rate in Pattern A decreased, and the difference between the maximum
inhalation flow rates in the A and C patterns was reduced. In Pattern B,
the maximum inhalation flows varied greatly in individual patients and
the total inhalation volume became the lowest in any case of AAD, T, or
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HH adapter.

In each dry-powder-type inhalation device, the value of the total inhalation
volume should be expected as the largest value, usually when the patient
is instructed to inhale as per Pattern A. Nevertheless, as per the result for
Pattern C, the value of the total inhalation volume was the largest and
most efficient inhalation. This indicated that Pattern C is the most effective
inhalation method in any dry-powder-type device, which is particularly
different to the conventional inhalation method (Pattern A) when using
dry powder inhalation devices. In Pattern E, the variation of maximum
inhalation flow rate becomes even smaller when the adapter has a high
inspiratory resistance value depending on the subject. Nevertheless, the
amounts of total inhalation volumes in Pattern E were relatively good in
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all cases of the AAD, T, or HH adapters being used. However, the amounts
of total inhalation volume tended to be better in Pattern C, rather than in

Maximum inhalation flow rate (L/min)
AAD adapter attached

TT adapter attached

Pattern E. This result was observed for any case of the AAD, T, or HH
adapters being used.

HH adapter attached
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Figure 4: Comparisons of the maximum inhalation flow rate and
total volume caused by the five different verbal expression patterns of
inhalation. [five verbal expression patterns of inhalation] A: “Inhale fast
and deeply”, B: “Inhale with your usual breathing power”, C: “Inhale
slowly and long”, D: “Inhale as if sucking juice through a straw”, and E:
“Inhale longer to suppress peaks and breathe more air”.

In daily clinical settings, mainly in the primary care field in Japan, D:
“Inhale as if sucking juice through a straw” has been conventionally used
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as a verbal expression used to efficiently inhale inhaled drugs. As shown
in Figure 4, the amounts of maximum inhalation flow were the lowest
among patterns A~E in any instance of AAD, T, or HH adapters being
used, and the total inhalation volumes were not sufficiently good enough.
(Figure 5) showed that the inhalation patterns varied greatly depending on
the individual patient, and in the case of a device with a larger inhalation
resistance, the total inhalation volume was significantly reduced, which

resulted in efficient inhalation not being obtained.

Subject No.4
(60yr. male)

Subject No.5

Subject No.6
(67yr. male )

(75yr. female)

Pt s 0 sl ot e ) | ey

Subject No.4 Subject No.5 Subject No.6

Fe b ey Mo L — +-

Subject No.4 Subject No.5 Subject No.6

Figure 5: Comparison of inhalation patterns of individual subjects under the instruction “Inhale as if sucking juice through a straw”.
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(Figure 6) shows a comparison of the maximum inhalation flow rate and
the total inhalation volume between the period when the oral transmission
of verbal expression patterns took place with no watching of the monitor
and when adjusting while watching the TIM to inhale as much air as
possible. By inhaling while practicing the inhalation pattern in real time
using the TIM, the maximum inhalation flow rate was 62.2 + 14.5 (L/min)

Maximum inhalation flow rate (L/min)

compared with 57.7 + 14.8 (L/min) when instructed by verbal expression.
The average value of the total inhalation volume significantly increased
to 1.90 £ 0.28 (L) (n = 6, p = 0.046), compared to the 1.66 + 0.39 (L)
instructed by verbal expression, while maintaining almost the same level
of maximum inhalation flow rate at 62.2 + 14.5 (L/min).

Inhalation total volume (L)
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Figure 6: Comparison of maximum inspiratory air velocity value and
total intake air volume between oral transmission using verbal expression
patterns and the intake while using Tokico Inhalation Monitor TM (TIM)
and looking at the monitor. Oral transmission of verbal expression patterns
with no watching at the monitor A: “Inhale fast and deeply”, B: “Inhale
with greater vigor” and C: “Inhale longer to suppress peaks and breathe
more air”, and TM: “Adjust and inhale while watching the TIM monitor to
inhale as much air as possible”. Statistical significance: *p<0.05

6. Discussion

This study showed that the TIM is a useful measurement machine that was
validated with standard measurement systems in terms of (1) accuracy of
flow rate display and (2) data reproducibility. As shown in Table 1 and
Table 2, the flow rate, which was measured 10 times by the TIM, showed
almost no difference from the standard measurement system, and the
accuracy of the flow rate display was also shown. The maximum error of
the inhalation flow velocity in the TIM was 5.2%; however, assuming that
this error can occur in the entire measurement flow range, when converted
into a flow rate, the difference in absolute values was about 4 L/min or
less. Furthermore, this error included variations in the actual flow rate due
to changes in airflow conditions, which were due to pump pulsation, and
the influence of measured values caused by pressure drops of two types
of flowmeters, which were because the overall flow rate was high relative
to the reference flowmeter. When the TIM was used during inhalation
guidance, the error was so small that there was almost no problem, and
the accuracy of the flow rate display of the device was maintained with
sufficient accuracy. There was no problem with the TIM in the actual use
conditions in the examination of readiness at the time of measurement.
As shown in Table 3, the delay until the flow rate display reaches the true
value after the start of inhalation in the TIM was about 0.3 s at most, and it
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can be said that the response at the time of measurement was sufficiently
fast. In general, as the test flow rate increases, the time required for the
airflow state to reach a stable flow rate and to reach a steady state tends
to increase. In inhalation guidance, since inhalation is considered to be
performed on a time scale of at least 1 s or more, the time to reach the
actual flow rate indicated value of the inhalation monitor flowmeter was
sufficiently short, and the patient’s inhalation status was almost reflected in
real time. Regarding the (3) reproducibility of the data, as shown in Figure
3, artificial variation was observed because the intake start operation was
performed manually; furthermore, other than immediately after the start
of inhalation and just before the end, the intake air flow velocity of 15, 20,
30, 50, and 75 L/min in any graph showed that almost all the measured
values between the areas of 2~9 s overlapped, and it can be said that the
measured values were sufficiently reproducible.

In most cases, in conventional inhalation instruction, the inhalation
method specified by the inhalation device is shown to the patient in verbal
expressions, and the patient inhales according to their self-interpretation of
the content of the words transmitted by the image. The inhalation method
with verbal expressions that has been transmitted to patients orally and
by other means can be interpreted in various ways depending on how the
patient receives it, causing ineffective inhalation and self-inhalation on
a daily basis. Therefore, we used the TIM, which can accurately depict
inhalation patterns, and examined what kind of inhalation patterns were
shown by individual subjects receiving verbal expressions of how they
inhaled. As shown in Figure 4, in the examination of the inhalation pattern
of “Inhale as if sucking juice through a straw”, which is conventionally
widespread in Japan, varies significantly from subject to subject, and, in
some cases, it may not be possible to say that it is a completely suitable
inhalation method. This inhalation method is so widespread in Japan that
it is currently introduced on the websites of various medical institutions,

Volume 5 Issue 2 Page 08


http://www.iocami.com/

Research Article

Insights of Clinical and Medical Images

but no evidence can be confirmed to support its effectiveness. The TIM is
a machine that can visualize the inhalation patterns of individual patients
in real time, including the maximum inhalation flow rate and the actual
measured total inhalation volume. By effectively using the machine,
measurements can be obtained easily and with minimal invasiveness many
times in a short time, so as to approach the inhalation rate and inhalation
pattern that is most suitable for the inhalation device being used by each
patient. In addition, it can be practiced not only during patient inhalation
guidance, but also by the patient themselves, and its clinical utility is also
particularly high.

Inhalation therapy is the core treatment for asthma and COPD, but
the inhaled drugs used are not cheap. From the perspective of health
economics, cost performance is a very important factor. Today, the cost-
effectiveness of drugs is becoming more important, especially for inhaled
drugs, as there are relatively high unit costs [12]. If there is no confirmation
that all inhaled drugs used in patients are effectively inhaled, then current
inhalation therapy may not be cost-effective. If a doctor determines
that the drug effect of the inhaler drug currently used is not sufficient in
clinical practice, it may be easily changed to a more expensive inhaled
drug, such as a combination drug with a higher therapeutic grade, and the
cost-effectiveness will be even worse. In addition, as mentioned above,
adherence to an inhalation device is important in inhalation therapy,
but whether the inhalation method is effective can be unknown as the
effectiveness is directly related to the adherence of the patient themselves.
In recent years, cost-effectiveness from the viewpoint of adherence to
inhaled drugs and drugs has also been examined [13]. From the patient’s
point of view, if the inhaled drug is not inhaled sufficiently effectively and
the effect of the drug cannot be fully felt, it is likely to lead to a decrease in
adherence. In particular, inhalation therapy is also a treatment that tends to
reduce adherence [14]. Through this study, it was also suggested that the
TIM may help to further increase inhalation efficiency and to increase the
cost-effectiveness of inhalation therapy.

The limitations of this study are that the number of examinees were as
small as six healthy subjects. The report did not examine actual asthma
and COPD patients; furthermore, in order to use it as a medical measuring
device in clinical settings, it was necessary to proceed with more accurate
verification tests and safety tests, so there is still a long way to go before
practical use. However, although this report is still in the research stage,
it is significant in that it was an opportunity to focus on the inhalation act
itself, which is an important second phase of the drug inhalation process
and something that has not been fully examined thus far. We expect further
research and development for the TIM, including joint development trials
with the pharmaceutical manufacturers developing inhaled drugs, and
toward the realization of actual clinical use in the future.
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