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ORIGINAL ARTICLE

Lung Insufflation Capacity with a New Device in
Amyotrophic Lateral Sclerosis: Measurement of the Lung

Volume Recruitment in Respiratory Therapy

Keisuke Yorimoto, RPT, MS ? Yosuke Ariake, RPT ? Takako Saotome, MD, PhD ?

Madoka Mori-Yoshimura, MD, PhD P Tadashi Tsukamoto, MD, PhD ? Yuji Takahashi, MD, PhD ®

and Yoko Kobayashi, MD *

Objective: The aim of this study was to validate the usefulness of the measurement of lung insuf-
flation capacity (LIC) using the LIC TRAINER (LT) in patients with amyotrophic lateral sclerosis
(ALS). Methods: This retrospective study was conducted in the rehabilitation departments of
the Japanese National Center of Neurology and Psychiatry and involved 20 ALS patients who
underwent respiratory therapy between April 1, 2014, and December 2017. The vital capacity
(VC), maximum insufflation capacity (MIC), and LIC measurements at the start of respiratory
therapy were extracted from the medical records, and patients were divided into three groups:
group A, VC could not be measured; group B, VC could be measured, but MIC was less than VC;
and group C, MIC was larger than VC. LIC could be measured in all groups. In group C, paired
t-tests were used to analyze whether there was a significant difference in the volumes measured
using different methods. Results: LIC was 950, 18634595, and 2980+1176 ml in groups A (n=1), B
(n=10), and C (n=9), respectively. In groups A and B, LIC could be measured in all patients, even
when VC or MIC could not be measured. In group C, the measured LIC value was significantly
greater than MIC (p=0.003). Conclusion: LIC could be successfully measured using the LT. By
using the LT, it was feasible to conveniently perform LIC measurements, suggesting that it could
be a useful device for performing respiratory therapy in ALS patients.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is an intractable dis-
ease with an unknown etiology. With disease progression,
respiratory disorders induced by a decrease in the strength
of the muscles necessary for breathing or coughing becomes
a factor that determines survival.) Respiratory therapy is
one of the methods used to provide respiratory care in ALS;
furthermore, airway clearance techniques are required in
ALS patients.? Lung volume recruitment (LVR) using a bag
valve mask (BVM) is recommended in the guidelines for

treating patients with muscular dystrophy, and this technique
is known to complement coughing strength and maintain
airway clearance.” The inspiratory volume attained through
LVR is called the maximum insufflation capacity (MIC); it
is measured using a Wright respirometer through expiration
that is amplified with several breaths and air stacking using
the patient’s vocal cords and LVR.?

However, in ALS patients, LVR is difficult when air stack-
ing is not possible because of progression in bulbar palsy or
the presence of a tracheostomy, in addition to ventilatory im-
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pairment caused by decreased respiratory muscle strength. In
such cases, a method for sustained LVR that does not require
air stacking is required. The resulting deep inspiration can
be measured using the lung insufflation capacity (LIC). To
measure LIC, a mechanical ventilator, a mechanical insuf-
flation—exsufflation (MI-E) device, or a special lung volume
recruitment bag (LVRB) with a built-in one-way valve is
used.? The components of a LVRB are similar to those of
the LIC measurement technique that uses a one-way valve
proposed by Bach et al. in 2008,% as well as the Artificial
External Glottic Device (AEGD) presented by Kim et al. in
2011.” However, these devices were not commercialized and
were used only in research institutions and in a handful of
medical institutions; furthermore, until recently, there were
no approved medical devices for performing LIC in Japan.
Moreover, the risk management of lung injury resulting from
positive pressure was a challenge when using the LVRB.
Consequently, we developed LIC TRAINER (LT) as a medi-
cal device, and received approval for it in 2016. At present,
it is possible to measure LIC in ALS patients in Japan using
LT. However, LT is not well known internationally.

The objective of this study was to retrospectively analyze
the measured values of vital capacity (VC), MIC, and LIC
in ALS patients, and to validate the usefulness of respira-
tory function assessment based on LIC using the LT that we
developed.

METHODS

LT Product Description and Operation
Form and Structure

The LT is a device that is airtight and includes a one-way
valve, a safety valve, and an expiration relief valve (Fig. 1A).

LT Setup

A BVM is attached to the primary port (IN) of the LT,
and a mask is attached to the secondary port (OUT) of the
LT. For tracheostomy patients, a flexible tracheostomy tube
is attached to the OUT port. When measuring LIC, a Wright
respirometer is attached between the OUT port of the LT
and the mask or flex tube, and an expiration relief valve is
attached to the LT (Fig. 1B).

Use of the LT

The patient’s nose and mouth are covered with the mask.
The patient holds the expiration relief valve in the hand and
operates the valve with his/her thumb. The assistant slowly
applies air pressure several times with the BVM. At this

point, the patient inhales slowly and deeply. After inhaling as
much as the patient can tolerate, the patient releases his/her
thumb from the expiration relief valve and exhales deeply. If
the patient cannot operate the expiration relief valve by him-
self/herself, the assistant operates the valve. The attached
Wright respirometer measures LIC (Fig. 1C).

Specifications of the LT

The LT, co-developed by our hospital and Cater Technolo-
gies (Saitama, Japan), has an LIC function and, in addition
to LVRB and AEGD functions, it has a built-in safety valve
to prevent lung injury. Specifically, when a pressure of 60
cmH,0 or greater is applied, the safety valve is activated
for automatic de-aeration. Additionally, there is an expira-
tion relief valve that patients can operate themselves with
their thumb. This device can be used in respiratory therapy
and, by connecting a Wright respirometer, it can be used to
measure LIC. In 2016, the LT was approved for sale in Japan
as a medical device (medical device registration number,
11B3X10044000001; patent pending, patent application
2016-109754).

Participants

The current study was approved by the Ethics Committee
of the National Center of Neurology and Psychiatry (A2014-
025). The participants were 20 ALS patients who underwent
respiratory therapy at our hospital between April 1, 2014,
and December 2017, either as hospitalized patients or as out-
patients. All patients were diagnosed as having ALS. After
receiving a full explanation of the study, all participants pro-
vided informed consent for retrieval of their medical records.

Design and Outcome Measures

For the measurement of VC, all subjects were asked to take
a deep breath and then exhale the maximum volume of air
into the Wright spirometer with a mask. Tracheostomy pa-
tients undergoing positive pressure ventilation (TPPV) were
asked to measure VC from their tracheal cannula by using a
Wright spirometer. For the measurement of MIC, which is
done on exhalation using a Wright spirometer, air stacking
was carried out with a BVM that was consecutively pressur-
ized, and breath was held by glottic closure until no more air
could be retained.

The measured values of VC, MIC, and LIC obtained
during respiratory therapy training were retrospectively
extracted from the patients’ medical records. Data on age,
duration of disease, Oral Secretions Scale (OSS) scores,
Mini-Mental State Examination (MMSE) scores, and revised
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Fig. 1. The LIC TRAINER (LT) (components from Cater Technologies, Japan). (A) The LT comprises a one-way valve, a
safety valve, and an expiration relief valve. (B) LT setup: the BVM is attached to the primary port (IN) of the LT. The mask
is attached to the secondary port (OUT) of the LT. (C) Operation of the LT: the patient’s nose and mouth are covered by the
mask. The patient holds the expiration relief valve in their hand. The assistant slowly applies pressure several times with the
BVM. The patient inhales as much as they can tolerate, before releasing their thumb from the expiration relief valve and ex-

haling deeply.

Amyotrophic Lateral Sclerosis Functional Rating Scale
(ALSFRS-R) scores were obtained from the patients’ medi-
cal records. For each item, the same physical therapist made
measurements three times, and the highest value was used as
the measured value. Patients were divided into three groups:
group A, VC could not be measured; group B, VC could be
measured, but MIC was less than VC; and group C, MIC was
larger than VC. LIC could be measures in all members of all
groups. The inability to measure VC meant no spontaneous
breathing, and the inability to measure MIC meant that more
ventilation volume than VC could not be obtained.

Data Analysis

Group C consisted of patients in whom both MIC and
LIC could be measured. To investigate whether there was
a significant difference in insufflation volumes obtained by
different methods, a paired #-test was used after confirming
the normality of MIC and LIC values. Analysis of covariance
(Fisher r-to-z transformation) was performed to determine
the associations between measured ventilation volumes (VC,
MIC, and LIC) and age, duration of disease, OSS, MMSE,
and ALSFRS-R. IBM SPSS version 25 was used as the
statistical software, and p<0.05 was considered significant.

Copyright © 2020 The Japanese Association of Rehabilitation Medicine
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Table 1. Patient characteristics (n=20)

Parameter Number or median value IQR
Sex, male:female (n) 11:09

Age (years) 61.5 41-78
Types UE:LE:Bulbar:RMP (n) 9:7:3:1

Disease duration (months) 29 5-100
MMSE (points)* 29 16-30
ALSFRS-R total score 32.5 16—-46
0SS 10 0-16
NIV user 5

TPPV user 5

*MMSE n=19 (1 patient was unable to complete the test).

IQR, interquartile range; UE, upper extremity paralysis; LE,

tory muscle paralysis.

RESULTS

All 20 study patients (11 men, 9 women; mean age
61.4+12.2 years) had “probable ALS,” according to the El Es-
corial revised criteria. The initial disease involved the upper
limbs (n=9), the lower limbs (n=7), bulbar palsy (n=3), and
respiratory muscle paralysis (n=1). At the start of respiratory
therapy, the disease duration was 36.0+24.4 months, VC
was 1659+1013 ml, the ALSFRS-R score was 30.1£12.2, the
OSS score was 9.75+5.2, and the MMSE score was 26.8+4.3
[values expressed as mean =+ standard deviation (SD)]. A
non-invasive mechanical ventilator (NIV) was used in five
patients, and TPPV was used in five patients (Table 1) .

VC could be measured in 19 of 20 patients, and its mean
value was 1659+1013 ml. LIC was 950 ml, 1863+595 ml,
and 2980+1176 ml in groups A (n=1), B (n=10), and C (n=9),
respectively (Fig. 2). LIC could be measured in all three
groups, and its mean (range) +SD value was 2366 (850—5100)
+1020 ml. In the nine patients whose MIC and LIC could be
measured, LIC was significantly greater than MIC (t=—4.257,
p=0.003). All patients using LT could exhale by operating
the relief valve, and the safety valve did not operate. Analysis
of the associations between ventilation volume and each as-
sessment variable showed a positive correlation between LIC
and MMSE (r=0.402, p<0.05).

DISCUSSION

Respiratory disorders in ALS patients cause restrictive
ventilatory impairment because of the decreased strength
of the respiratory muscles such as the diaphragm. When
deep inspirations become difficult, hypoventilation leads to

lower extremity paralysis; Bulbar, bulbar palsy; RMP, respira-

hypercapnia. Moreover, when the symptoms of bulbar palsy
are also present, further decreases in coughing strength
result in a condition likely to cause suffocation or aspiration
pneumonia.®)

Treatments for respiratory disorders in ALS include venti-
latory support with an NIV and a TPPV. Compared to those
receiving no ventilatory support, the lifespan of ALS patients
can be prolonged by using an NIV; compared to the use of
an NIV, lifespan can be extended even further by using a
TPPV. Therefore, ventilatory support can extend life under
long-term medical treatment beyond the point of respiratory
failure. Furthermore, in respiratory care that requires ven-
tilatory support, maintaining airway clearance by regularly
performing oral care, endotracheal aspiration, and MI-E is
indispensable for maintaining a stable condition. However,
when hypoventilation occurs as a result of progressive respi-
ratory muscle impairment, the flexibility of the thorax is lost.
Moreover, mechanical ventilator support is not powerful
enough to maximally expand the thorax, and this eventually
restricts the mobility of the thorax. In patients on long-term
TPPV, decreased LIC is directly linked to the elevation in
airway pressure, leading to poor airway clearance.

In this study, the airway clearance techniques recom-
mended above could not be used to measure the MIC because
the ALS patients who had bulbar palsy or had undergone
tracheostomy could not perform air-stacking. However, even
in such cases, it was shown that LT could be used to quanti-
tatively evaluate LIC.

To obtain LIC using a mechanical ventilator, it is necessary
to use the volume control ventilation setting, or it is neces-
sary to make special changes with the inspiratory phase,
such as the lung insufflation assist maneuver, intermittent
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| ALS patients (n=20) |
Measurement
of VC
| VC impossible to measure (n=1) | | VC possible to measure (n=19) |
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Fig. 2. Measurement of VC, MIC, and LIC in the present study. Patients were divided into three groups: group A, VC could
not be measured; group B, VC could be measured, but MIC was less than VC; and group C, MIC was larger than VC. LIC
could be measured in all members of all groups. In group C, LIC was significantly greater than MIC (=—4.257, p=0.003).

positive pressure breathing, or the recruitment maneuver.
These settings are difficult to apply with home mechanical
ventilation. To measure LIC with an MI-E, a setting other
than the setting for the coughing aid is required, and the
operation of this setting procedure is quite complex because
it is performed while manually maintaining the extension in
the inspiratory phase. Additionally, in Japan, MI-E is cov-
ered by the medical insurance system only for patients with a
home mechanical ventilator; therefore, MI-E cannot be used
in patients with early-stage disease, patients who do not wish
to be on a mechanical ventilator, or inpatients. To resolve this
issue, we developed the LT.

The advantage of LIC is that it facilitates deep inspira-
tion when air stacking is difficult in patients with severe
respiratory failure.>*> In the present study, MIC was 2387
(800—4000) £986 ml (mean (range)+SD), and LIC using the
LT in all patients was 2366 (850—-5100) £1020 ml, similar to
previous studies.” However, in group C, where both MIC
and LIC could be determined, LIC was 2980+1176 ml, which
is larger than the values found in previous studies (Table
2). To measure LIC, Bach et al. used a BVM and ventilator,
and Kim et al. used the AEGD; however, in both studies,
the operator, not the patient, released the expiration relief
valve.** With the LT used in the present study, the patients

themselves could control the expiration relief valve, indicat-
ing that self-control, rather than third-person control, of
the expiration relief valve may achieve the largest possible
inspiratory volume. Moreover, since there is a built-in safety
valve in the LT, LVR can be safely performed by the patients
themselves or by an operator while managing the risk of lung
injury. Therefore, this method may be more clinically effec-
tive than the conventional method of LVR for measuring
LIC. Furthermore, LIC could be measured in patients whose
VC and MIC could not be measured, thereby supporting the
findings of Bach et al. who stated that MIC minus VC has a
negative correlation with LIC minus MIC.%

In group C, which consisted of patients in whom both MIC
(requiring self-air breath holding) and LIC (not requiring
breath holding) could be performed, LIC was significantly
greater than MIC. These findings are consistent with previ-
ous studies and indicate that a passive control mechanism that
does not require self-air stacking may be more effective than
an active control mechanism that requires self-air stacking
in maintaining the flexibility of the lungs and thorax. There-
fore, with respect to the respiratory disorders in ALS, LIC
using LT may be more useful in the passive expansion of the
lungs than MIC. Moreover, because LVR can be performed
easily by using the LT without a mechanical ventilator or

Copyright © 2020 The Japanese Association of Rehabilitation Medicine
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Table 2. The results of previous research and of the present study

Total
20 (bulbar type: 3 patients)

Present study
Group C

Group B

Group A

Kim®

Bach?”

10
63.1 (43-76)+£10.1

23 (all bulbar)

76
57 (27-82)+13
1371 (20-3480)+789

ALS (n)

61.4 (41-78)£12.2
1659 (550—4500)1013*

61.4 (44-78)+13.1

64

52.2+11
823.8+316.5

MIC possible to measure in

Mean age (years)
Mean VC (ml)

2286+1074

1095+533.4

2387 (800—4000)+986**

2387 (800—4000)+986

— +
1939 (150-5100)=1080 6 patients

Mean MIC (ml)

2366 (850-5100)=1020

1543.94437.8 950 1863 (900-2650)+595 2980 (850-5100)+1176

2409 (780-5400)=989

Mean LIC (ml)

10

22
0

Data are mean (range) £SD or number of patients.

Without NIV (n)

12

Tracheostomy (n)

*VC could be measured in 19 patients (groups B and C).

**MIC was larger than VC in 9 patients (group C).

MI-E, this method represents a versatile everyday technique
of respiratory therapy because it can conveniently maintain
lung volume, thoracic range of motion, and lung compliance.

Although Kim et al.”) reported that AEGD can measure
cough peak flow in addition to LIC, this approach presents
challenges because it requires two operators, and precision
measurement is hard to maintain because of the system
complexity and the requirement of momentary air stacking.
In contrast to AEGD, the LT uses a Wright respirometer
and ventilator mask for measuring VC; LT can also prevent
the potential risk of lung injury thanks to its built-in safety
valve. Consequently, the LT is a more convenient device
and is therefore superior to the AEGD or LVRB. From the
perspective of the cost of performing airway clearance tech-
niques, as well as the amount of aid required, as reported by
Toussaint et al., MIC and LIC are less expensive and require
less aid than methods that use MI-E or manually assisted
coughing.” Unlike AEGD and LVRB, compared to MI-E,
LT does not require several additional mechanisms such as
the provision of negative pressure for exsufflation, automatic
controllers, or batteries. Furthermore, the LT can be pur-
chased as a medical device in Japan for 27,000 yen (~250
USD), which is significantly less expensive than purchasing
an MI-E device. Moreover, whereas MI-E devices require an
external or internal battery, the LT is versatile, because it is
portable and does not require a power source.

Because some ALS patients have dementia,® the present
investigation also examined the patients’ cognitive function.
According to the MMSE scores, decreased cognitive function
was not observed in 16 patients. However, because LIC was
associated with MMSE, we consider it desirable to use LT in
patients with early-stage ALS or in those without cognitive
impairment who can fully understand how to use the device
and can take full advantage of its beneficial characteristics.

McKim and Bédard stated that a greater difference be-
tween the passive inspiratory volume and VC is associated
with a better prognosis for survival, and that it should be
a goal to maintain this difference, since the difference is
known to disappear with disease progression as the patient
suffers respiratory muscle impairment.” Therefore, because
LIC measurement and training become feasible with LVR
using the LT, even when MIC is difficult, this could be a
potential airway clearance technique. LVR with LT has the
added advantage that it allows the evaluation, maintenance,
and expansion of thoracic mobility as a method to attain
LVR in ALS patients. Bach et al. stated that both MIC and
LIC increase with training®; therefore, the effects of practic-
ing LVR using the LT need to be investigated in the future.

Copyright © 2020 The Japanese Association of Rehabilitation Medicine
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Study Limitations

There are several limitations to this study. First, this was
a retrospective study, so the expiratory maximum airway
pressure at which the patient experienced limitation in LVR
was not verified. Second, in LIC, the self-operation of the
expiration relief valve could not be confirmed from the de-
scription in the medical records, and this may have led to the
difference in MIC and LIC measurements. Third, subjective
symptoms, immediate effects, and short-term effects of LT
could not be ascertained. Fourth, it will be necessary to stan-
dardize the level of experience of the therapist who operates
the LT to ensure familiarity with and mastery of the device.

The current challenge is to elucidate the reliability and
validity of LIC evaluations using the LT in terms of inter-
rater reliability. In the future, in ALS patients using the LT,
it will be necessary to investigate the effects on ventilation
efficiency and oxygenation as an outcome of LVR and LIC
measurement. Furthermore, validation of whether LVR us-
ing the LT prevents decreased respiratory function or micro-
atelectasis will be needed. It is hoped that LVR with LT will
prove effective as a technique for standard respiratory care
for all stages of ALS, including the respiratory failure stage
and home mechanical ventilation.

Conclusion

LIC could be quantitatively assessed using the LT. Because
the LT can be used conveniently to obtain LIC values, it may
be a useful method for performing respiratory therapy in
ALS patients.
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