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The flow of the inhalation procedure during inhalation therapy can be divided into three successive stages: a pre-inhalation preparatory stage, a drug inhalation
stage, and a post-inhalation stage. Among these, the second stage, drug inhalation, is the most important and obscure. Using ambiguous verbal expression, the drug
inhalation method is communicated to the patient using terms such as strongly, deeply, and slowly. Patients usually determine their optimal method of drug inhalation
device independently, based on their own interpretation and understanding of the verbal instructions. This may make the precise inhalation using an inhalation device
unpredictable. The Tokico Inhalation Monitor ™ (TIM) was developed to resolve the unpredictability of this second (drug inhalation) stage. The TIM can simultaneously
measure the inhalation flow rate, duration, and total volume, and display them on the screen in real-time. This mini-review demonstrates the effects of inhalation instruction
using TIM, which allows the second stage of therapy, drug inhalation, to be displayed on a screen in real-time.

Abbreviations

COPD: Chronic Obstructive Pulmonary Disease; pMDI:
pressurized Metered-Dose Inhalers; AUC: Area under the Flow
Rate-Time Curve; FIR: Flow Increase Rate; PFR: Peak Flow
Rate; TIM: Tokico Inhalation Monitor™

Introduction

Inhalation therapy is an effective and reasonable method
in which a drug is administered directly to a disease-causing
lesion. It is therefore the recommended method of treatment
in major treatment guidelines for asthma, Chronic Obstructive
Pulmonary Disease (COPD), chronic inflammatory diseases, and
tropical lung diseases [1,2]. However, in inhalation therapy, the
convenience of other treatment types is lost. One of the most
significant differences between inhalation and conventional

oral therapies is the presence of a dedicated inhalation device
that stores the drug and assists with inhalation during drug
administration. Inhalation devices make the process of drug
administration more confusing and laborious than that of
oral medications [3]. This increases the need for education
on inhalation therapy for patients in clinical settings.
Nevertheless, many patients are not trained to inhale mastery
in real-world practice; furthermore, even where mastery is
initially achieved, ongoing assessment and education are
seldom maintained [4]. The drug inhalation method is often
communicated to the patient using verbal expression. However,
this may make patients’ own interpretation and misleading of
inhalation methods. This mini-review aimed to demonstrate
the effects of inhalation instruction using the Tokico Inhalation
Monitor™ (TIM), which allows the second stage of therapy,
drug inhalation, to be displayed on a screen in real-time.
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The three stages of the inhalation procedure in inhala-
tion therapy

The sequence of the inhalation procedure in inhalation
therapy can be divided into three successive stages: The first
stage, the pre-inhalation stage; the second stage, the drug
inhalation stage; and the third stage, the post-inhalation stage
(Figure 1). In the pre-inhalation stage, patients prepare the
inhaler for drug administration. Because each inhaler has a
unique operation method, it is often difficult for patients to
complete the operation procedure. There have been numerous
reports of operating errors during the handling of these inhalers.
Mishandling of the inhaler affects the patient’s medication
adherence, satisfaction, and preferences [5]. In particular,
critical errors in inhalation techniques often affect the health
status and exacerbation in patients with asthma and COPD [6-
8]. A previous clinical study assessed the most common errors
in inhaler use over the past 40 years, in patients treated using
pressurized Metered-Dose Inhalers (pMDI) or dry powder
inhalers. According to this study, inhalation techniques have
not improved over the past 40 years, suggesting an urgent need
for education and new approaches to drug delivery [9]. Patient
education should be repeated until patients can use the inhaler
correctly. However, incorrect operation of the inhalation
procedure varies from patient to patient. The cause of incorrect
inhaler operation lies not only in the devices themselves but
also in individual factors related to the background of the
patient. Incorrect operation results from a confluence of factors
such as age-related phenomena, physical disability, personal
characteristics, personality, and lifestyle habits [3]. This makes
inhalation therapy more complicated and cumbersome than
traditional oral therapies. In the third stage, post-inhalation,
patients undergo other laborious procedures. Patients are
sometimes required to gargle and rinse off excess drugs from
the oral cavity and throat, wash the device after inhalation,
prepare for the next inhalation, and properly protect the
inhalation device from excessive temperature changes and
humidity. These processes are usually not necessary after
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administration of oral medicines. These problems, which occur
during both the first and third stages, can often be solved by
providing clear instructions to patients in clinical practice.
However, the problems that arise in the second stage, the drug
inhalation stage, cannot be solved by providing inhalation
instructions to patients.

Serious problems in the second, drug inhalation, stage

The second stage involves inhalation of the set drug. This
is the most important stage of inhalation therapy. The total
amount of drug delivered to the pulmonary area is determined
by the patient's inhalation flow [10]. Therefore, the patient’s
inhalation flow patterns play a pivotal role in the determinants
of clinical performance of inhalation therapy [11,12]. Incorrect
usage of inhaler devices has been a major serious problem,
which spoils the benefits of inhalation therapy. In dry powder-
type preparations, patients are generally taught to inhale
the drugs both strongly and deeply. However, in aerosol-
type preparations (pMDI), patients are generally required
to synchronize their respiration with drug spraying and are
instructed to inhale the drug deeply and slowly. On the other
hand, the inhalation instructions are read by the patients
themselves as a description of how to inhale or are often
stated orally during patient education. Actual inhalation is
usually performed with each patient individually interpreting
and determining the optimal inhalation dose according to the
description. Figure 2 shows the various patterns of individual
inhalation, despite the same verbal instruction of inhalation.
These results were produced by the measuring monitor, Tokico
Inhalation Monitor™ (TIM) developed by Tokico System
Solutions, Ltd. (Kanagawa, Japan). We noticed that the pattern
of inhalation varies greatly, depending on each individual’s
judgment and interpretation of the optimal inhalation method.
Major indexes such as @ the first flow increase rate, ® inhalation
flow rate, ©inhalation duration, and © total inhalation volume
vary individually (Figure 2). This variation is caused by a lack of
standardized inhalation patterns and is not necessarily due to
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Figure 1: The three stages of inhalation therapy.
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physical differences among individual patients. The inhalation
method considered suitable by the patient is not always optimal
for the device. Neither the patient nor the instructor knows
whether the drug is being inhaled appropriately or effectively.
The most serious problem is the fact that this inhalation stage
itself is “an obscure stage” in inhalation therapy, which is not
well studied or understood. A method of measuring inhalation
and determining its efficacy has not yet been developed. The
inspiratory flow meter (InCheck® manufactured by Clement
Clarke Int. Ltd., Essex, UK) is often used in clinical practice. This
instrument is often used to confirm the patient’s potential to
inhale at a maximum inspiratory airflow velocity that exceeds
the minimum inspiratory speed required for each dry-powder-
type inhaler. The parameter measured using this instrument is
the peak intake velocity, which is fundamentally different from
the measurement of inhalation patterns. A previous in vitro
study showed that human inspiratory flow patterns reproduced
by a mechanical simulator could be characterized by three
parameters: inspiratory flow volume (Area under the Flow Rate-
Time Curve (AUC), Flow Increase Rate (FIR) and Peak Flow Rate
(PFR) [13]. This study showed that PFR, but not FIR or AUC,
greatly affected the inhalation performance of physically mixed
dry powders. However, unlike in vitro instrumental studies, in
the case of actual patients, the measurement conditions are
not constant; the inhalation pattern of individuals fluctuates
greatly under various patient conditions, and it is not always
possible to maintain the same inhalation pattern. Therefore, it
is necessary to capture individual inhalation patterns in real-
time for each patient. If we can capture the inhalation pattern
of each patient and instruct them to adjust their pattern most
appropriately according to the inhaler used, we believe that
the therapeutic accuracy of inhalation therapy will be further
improved. Nevertheless, few instruments have been developed
to measure inhalation patterns. Recently, the importance of
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maintaining good medication adherence among patients has
been discussed. To encourage patient adherence, whether the
drug should be inhaled once or twice a day, and in accordance
with patient preference, has been debated [14]. The content is
very important, but the discussion may be premature until the
“black box” of inhalation is resolved.

A new real-time inspiratory air velocity measuring mo-
nitor

Recent studies showed the efficacy of electronic medication
monitoring in inhalation therapy [15]. Modernizing inhaled
medications through digital technology can help address
persistent problems of nonadherence and poor inhaler technique
in patients with obstructive lung disease [16-18]. Self-reported
inhalation using electronic medication monitors provided
clinicians with accurate data on inhalation medication-taking
behavior, thus reducing medication regimen complexity, side
effects, and costs [19,20]. However, the mechanical approach
against the obscure inhalation stage in inhalation therapy has
been scarce.

The TIM, originally developed by Tokico System Solutions,
Ltd., is a measuring monitor that can draw inhalation patterns
in real-time, and take an actual measurement of the inhalation
flow rate and total inhalation volume [21]. Validation studies
to determine measurement accuracy and reproducibility have
already been completed [21]. In a collaboration study between
Tokico System Solutions, Ltd. and the author, the TIM is
currently being investigated for practical use. An outline of the
TIM device configuration is shown in Figure 3. Figure 3 also
shows an instructional video with the video URL [22]. When the
power switch is pressed, the measurement mode is immediately
initiated, and it can be measured, quickly, easily, and smoothly
without invasiveness; therefore, it can be repeated many times
in clinical practice.

Participant D Participant E

inhalation duration time (sec)

ot s PR e

) 1 2 3 4

©
@ first flow increase rate (L/min)
@®maximum inhalation flow rate (L/min)
© inhalation duration time (sec)
© total inhalation volume (L)

Figure 2: Comparison of different individual inhalation patterns using the TIM with the same verbal instruction “Inhale slowly and long” (n = 5).
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The TIM can measure inspiratory speed, inhalation duration,
and total inhalation volume simultaneously and display them
on the screen in real-time. Therefore, it is possible to provide
guidance while correcting the inhalation pattern each time.
Figure 4 shows the results of self-adjustment of the inhalation
patterns using TIM in healthy participants. The total inhalation
volume significantly improved when the participants checked
their own inhalation patterns in real-time while watching the
TIM screen, and when self-adjusting their inhalation flow rate
and inhalation duration, they inhaled more effectively.

Conclusion

This device has entered the preliminary stage of development
toward practical application for commercialization. In
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conclusion, we anticipate that the effective use of the TIM may
shed light on the inside of the “black box of drug inhalation”
and can be realized as a more effective method of inhalation
therapy. Good inhalation enhances patient quality of life,
facilitating improvements in adherence, treatment satisfaction,
and motivation.
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Figure 3: Equipment configuration of the Tokico Inhalation Monitor (TIM)™ Cited and partially modified from reference No. 21.
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Figure 4: Comparison of maximum inhalation flow rate and total inhalation volume between oral transmission with verbal expression patterns, and intake while using the
Tokico Inhalation Monitor™ (TIM) with observation of the monitor. Oral transmission of verbal expression patterns without watching the monitor A: “Inhale fast and deeply,”

B: “Inhale with greater vigor,” and C: “Inhale longer to suppress peaks and breathe more air,” and using TIM: “Adjust and inhale while watching the TIM monitor to inhale as
much air as possible.” Statistical significance: *p < 0.05. Cited and partially modified from reference No. 21.
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Institutional review board statement

The study of the TIM in healthy participants strictly adhered
to the 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 April
16, 2021)” and was approved by the Ethical Review Committee
(Clinical Research Tokyo Hospital Ethical Review Committee,
first on July 24, 2014, and revised on March 24, 2022, approval
number: 14072400).

Informed consent statement

Informed consent was obtained from all participants
involved in the study. The participants were fully debriefed
on the content of the research trial, and written consent was
obtained. Written informed consent was also obtained from all
of the participants for the publication of this paper.
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