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Construction of a prototype for the development of compact electric
medical suction equipment: Investigation focusing on suction
pressure, battery, size and weight reduction, and portability
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Abstract

Most suction care patients must be prepared to perform suction in any place, at any time. Further,
many suction care patients also require ventilators or oxygen and must equip their wheelchair or portable
bed with all necessary equipment when moving from place to place. The total weight of them is very heavy
and places a major strain on those assisting with moving the patient. Therefore, the authors wondered
whether it would be possible to develop electric medical suction equipment that can be used safely and
conveniently while on outings with the same suction pressure as existing suction equipment, but with a
reduced size and weight (hereafter referred to as “compact suction equipment”). The authors have created
the prototype using parts already on the market toward the development of a compact suction equipment.
The prototype was found to have suction pressure and battery functioning equivalent to existing suction
equipment while reducing the total weight by -18.3% to -29.3%. Ongoing studies following each step of the
medical device development process will be necessary to confirm the safety and practicality and further
reduce the size.

I. Introduction medical care in special needs schools found that there

were 4,158 needed “oral/nasal suction (up to but not

Many patients and disabled persons are unable including the pharynx) ”." The number of individuals,

to expel sputum or swallow saliva on their own, for a
number of reasons, including congenital or acquired
illnesses or disorders, or disabilities resulting from an
accident. While there is no accurate data on adults in
Japan, a FY2015 survey by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) on

both children and adults, requiring oral, nasal,
respiratory tract, or tracheal suction (hereafter referred
to as “suction care patients”) is expected to increase
every year accompanying advances in medical care
and improvements to the home medical care system?.

Most suction care patients constantly carry the
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supplies necessary for suction, such as electric medical
suction equipment and suction tubes, with them during
their daily life and outings as they must be prepared
to perform suction in any place, at any time. Further,
many suction care patients also require ventilators or
oxygen and must equip their wheelchair or portable
bed with all necessary equipment when moving from
place to place. The total weight of them is very heavy
and places a major strain on those assisting with
moving the patient ¥.

Therefore, the authors wondered whether it
would be possible to develop electric medical suction
equipment that can be used safely and conveniently
while on outings with the same suction pressure as
existing suction equipment, but with a reduced size
and weight (hereafter referred to as “compact suction
equipment”). In this study, the authors investigated
device materials and components suitable for compact
suction equipment using parts already on the market
focusing on suction pressure, battery, size and weight
reduction, and portability to create a compact suction
equipment prototype (hereafter referred to as “the

prototype”).
II. Objective

This study aimed to investigate device materials
and components suitable for compact suction
equipment focusing on suction pressure, battery,
size and weight reduction, and portability to create a

prototype using parts existing on the market.
IlI. Ethical considerations

This study was conducted on the basis of a
collaborative research contract, after review as
a joint study with a private organization by the
Akita University Acceptance of External Funding
Deliberation Committee (Sciences #858, 2015/10/30).
It was also confirmed that there were no conflicts
of interest between researchers, that all components
used were on the market, and that there was no
infringement on intellectual property or the Patent
Act. There are no other companies that have a COI

relationship to disclose.
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IV. Method

The compact suction equipment to be developed
in this study qualifies as a medical device”. Kikuchi
et al.” describe the following five general stages
of medical device development. In this study, we
considered the exploration stage to be “the stage of
exploring techniques and materials and confirming
the directionality and concept of the product to be
developed. In other words, the step of considering the

feasibility of the project”

aimed to create a prototype.
1. Study period
November 2015 to March 2016

2. Establishing features and performance
necessary for compact suction equipment
We established the following features and
performance after considering the features needed in
compact suction equipment with reference to existing

suction devices.

1) Suction pressure and battery capacity

Although negative pressure for tracheal
suction in adults generally should not exceed
-20kPa?, it is essential to be able to quickly
apply maximum suction pressure if there is a
risk of airway obstruction by vomit or other
substances. According to the Japanese Industrial
Standards (JIS) JIST7208-1 “Medical Suction
Equipment—Part 1: Electric Suction Equipment—

Safety Requirements” ”

, the battery “must be
able to operate for a minimum of 20 minutes
and a suction pressure of at least -40kPa during
that time.” The JIS do not stipulate a maximum
suction pressure. Accordingly, the suction pressure
was established as -80kPa £10%, the highest
maximum suction pressure of any existing suction

equipment.

2) Size and weight reduction and portability
A total weight of 2kg or below, including all
accessories, was established to allow the apparatus
to be operated with one hand and to be worn over
the shoulder. In addition to the above, goals of a
design which allows stress-free use even when on

outings, adjustable suction pressure, easy to clean/
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sterilize, and a price per unit of around 10,000 yen

were established.

(4D

considered.

(2) Confirmation of prototype operation

3. Investigations for the realization of necessary
features and performance

1) Suction pressure and battery capacity
(1) Investigation of suction pressure and
power consumption for different pumps

Considered small, capable of maintaining

suction power, and readily available four pumps,
were selected as parts to use in the experiment
(Table 1). The lightest and cheapest apparatus

on the market in Japan as of 2015, “Shin-

Ei Industries Power Smile KS-700” (hereafter

Maximum suction pressure and time to
maximum suction pressure were measured to
confirm the operation of the prototype. Suction
performance was also visually confirmed using
tap water and artificial sputum. The final
comparison between the prototype and existing
suction equipment was made using the “Shin-
Ei Industries Minic-SII” (hereafter referred to
as “Minic-SII”) ®, an apparatus with a slightly
higher maximum suction pressure than the KS-
700.

referred to as “KS-700”),” was selected as (3) Investigation of the storage bag

existing suction equipment for comparison. The
KS-700 pump connection was removed and the
device operated with the experimental parts
listed above in its place to measure suction
pressure, current fluctuation levels, and time to
maximum suction pressure with a DC regulated
power supply (KENWOOD: PA18-2A). Suction
performance was also visually confirmed using
artificial sputum (Kyoto Kagaku, Co., Ltd.).

(2) Investigation of the battery
The current value at which the equipment
could be operated for 30 minutes on a single full
charge was calculated from experiment IV -3-1).

Batteries of different shapes and current values

A storage bag for carrying the prototype
was selected from among products on the
market found using an online search of shoulder
bag and waist pouch type bags that would
allow suction operations to be performed while
the device was being carried. A bag made of
a waterproof or easily cleaned material, with
a design allowing operations to be carried out
as conveniently as possible, capable of being
fastened to the body to prevent movement of
the suction bottle, allowing storage of small
items such as disinfecting wipes or suction
tubes, and which would not directly transmit
vibrations when the prototype was operating,

was considered optimal when making the

were selected as parts for use in the experiment. selection.
Similarly, as in experiment [V - 3-1), only the
battery portion of the KS-700 was replaced with V. Results
the experimental part to measure maximum
suction pressure and time to maximum suction 1. Results of investigation of suction pressure and
pressure. power consumption for different pumps
2) Size and weight reduction and portability Of the four pumps selected, TZX512/V12-8015(b)
(1) Selection of exterior design and parts to was capable of a maximum suction of -80kPa and
use in the prototype reached this maximum suction pressure the fastest in
Concerning parts to be used in the 27 seconds. Multiple trials were completed, and no
prototype, parts that were both relatively cheap difference was observed (Table 1). Although suction
and readily available for purchase were chosen using artificial sputum found the suction power of
from among parts already on the market. Then the TZX512/V12-8015(b) to be somewhat inferior
an exterior design that could both store the to the KS-700 pump, it was capable of maintaining

necessary parts and be transported easily was unchanging pressure. Thus, the TZX512/V12-8015(b)
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Table 1 Maximum suction pressure and power consumption for different pumps

Max Power Time to max
Model suction consumption suction

pressure (A) pressure (sec)
Comparator  KS-700 —80kPa 1.10~1.55 13
a D2028B —T70kPa 0.48~0.80 28

b TzZX512/V12-8015 —80kPa 0.72~1.10 27 X

c TM22-A6-V6003 —60kPa 0.16~0.40 80
d DSA-2F-12 —40kPa 0.14~0.40 42

312 sec to —70kPa
pump was used in the prototype.

2. Results of investigation of the battery

Based on the results of V -1, the current value at
which the equipment could be operated continuously
for 30 minutes on a single full charge when using the
TZX512/V12-8015(b) pump was measured and found
to be 720 to 1100mA (Table 1). Therefore, a battery
capacity of around 1100mAh, capable of supplying
1100mA for one hour, was concluded to be ideal. Thus,
a nickel-metal hydride battery (RA-H2/3A10R2WR16)
and a nickel-cadmium battery pack (CU-J964), which
feature different shapes and current values, were
selected (Table 2). Comparison to the KS-700 found
that all could reach a suction pressure of -80kPa. As a
result of shapes and weight, the nickel-metal hydride
battery was used in the prototype.

3. Results of investigation of exterior design and
parts to use in the prototype
A total of 25 parts were selected for use in the
prototype (Table 3). Investigation of the exterior design
of the prototype resulted in a box shape, the equipment

was built into an “all-purpose case manufactured by
Takachi Electronics Enclosure Co., Ltd.” To allow the
battery to be changed out, the equipment was built into
two separate boxes, one for the main device and one
for the battery (Figure 1, Figure 2). The suction bottle
(a collection bottle into which suctioned materials
flow) and safety bottle (an empty bottle preventing
suctioned materials from entering the device directly)
were attached to the exterior for easy replacement
(Figure 3).

4. Results of confirmation of prototype operation

Confirming the operation of the prototype found
that it reached -80kPa in approximately 15 seconds.
Further, successful suction was visually confirmed in
experiments with suction of both water and artificial
sputum. There were negligible visible differences when
comparing the prototype and the Minic-SII.

5. Results of investigation of the storage bag
Two bags with different designs were selected
as a result of the investigation. These were the

multifunctional waist bag “Belldine Marib select ”

Table 2 Results of investigation of the battery

Nickel-metal hydride
battery pack

Nickel-cadmium battery

Model number RA-H2/3A10R2WR16 CU-J964
Nominal capacity (mAh) 1600 1000
Nominal voltage (V) 12 12
Weight (g) 226 238
Dimensions (mm) 84x27x33 248 x30x 15
Max suction pressure —80kPa —80kPA

Time to max suction pressure (sec) 23 27

o m
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Table 3 List of parts used in the prototype and their placement

No Part Model number Count Placement

1 SMC vacuum pressure gauge GZ46-K-01-C 1 Main device structure

2 PISCO tube fitting, female straight 1/8¢ PCF4-01 1 Main device structure

3 Compact switch valve, toggle type MSHRT3 1 Main device structure

4 AS ONE gas wash bottle PC100mI 1-7404-01 1 Safety bottle

5 AS ONE gas wash bottle PC250ml 6-129-01 1 Suction bottle

6 AS ONE gas wash bottle PC500ml 6-129-02 1 Suction bottle

7 CKD silencer one-touch type 455LPM SLW-H6 1 Main device structure

8 Inline filter — ¢ 50 2-9067-02 1 Main device structure

9 PISCO tube fitting union straight PU8 3 Connection

10  PISCO tube fitting bulkhead union ¢ 8 PM8 1 Connection

11  PISCO tube fitting mini type elbow ¢4  PL4-0 1M 1 Main device structure

12  Vibration control rubber VD2-1510M4 2 Main device structure

13  Hose clamp HOSBS28N 1 Main device structure

14  Pump fixation jig (self made) 1 Main device structure

15 Takachi TWS type plastic case with TWS13-7-18 1 Main device external
silicon protector housing

16 Takachi TWS type plastic case with TWS7-5-13 1 Battery external housing
silicon protector

17 Marushin Electric Mfg. Co., Ltd. DC MJ-19 2 Battery structure
power jack 2A13.5V ¢ 5.5¢ 1.0

18  PFE tubing ¢4-2.5 SFT0425-20-C-L1 1 Tubing

19  PFE tubing ¢6-4 SFT0640-20-C-L1 1 Tubing

20  PFE tubing ¢8-6 SFT0860-20-C-L1 1  Tubing

21  PISCO reducing nipple PIG8-6 1 Main device structure

22 PISCO tube fitting mini type cross B ¢ 6.4 PZB6-4M 1 Main device structure

23 NKK rocker switch (lighted type) JW—S11RKKM 1 Main device structure

24  Push-on cable SR5R2-100P 1  Battery structure

25  Battery fixation band (self made) 2  Battery structure

Figure 1

W13.0 XD7.5
* H18.0(cm)

Main device (top)

Prototype main device
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Battery (top)

Battery(interior)

Battery (front) =

Figure 2 Battery
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Main Battery
device

Figure 3 Complete prototype apparatus

Belldine

multifunctional SKIP HOP
waist bag diaper bag

Figure 4 Placement of the storage bag

(hereafter referred to as “the waist bag”), most often
used for storing fishing tools and camera equipment,
and the diaper bag “SKIP HOP Duo Signature Diaper
Bags” (hereafter referred to as “the diaper bag”),
generally used to store children’s items and often
attached to a stroller (Figure 4).The waist bag is
capable of holding all pieces of the prototype. This bag
stands alone. However, they are too small and there
was minimal space to store anything aside from the
prototype. The diaper bag can be used to attach it to a
wheelchair. The diaper bag is larger than the waist bag.
However, it cannot stand on its own. Vibrations from
operation of the prototype were not noticeable with
both.

The device itself weighed 0.94kg and the battery
0.42kg. With the suction bottle and suction tube, the
waist bag weighed a total of 2.45kg and the diaper bag
a total of 2.12kg.

VI. Discussion
1. Suction pressure and battery capacity

Investigations found that the prototype could
maintain suction pressure nearly identical to that of
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existing suction equipment. Further, by constructing
the main device and battery in separate cases, the
battery can be removed from the device for charging
and the device itself can be used for suction while
connected to a wall socket if there is access to a
residential power source. Having this variety of power
sources will enable extended time on outings and

widens the range of use in disaster situations as well.

2. Size and weight reduction and portability
Choosing a box shape for exterior design of the
main device and battery made for a simple and easy-
to-operate product. The total weight of the prototype
was -18.3% to -29.3% lighter than the KS-700
equipment (approximately 2.3kg) and its specialized
carrying bag (670g) which have a combined total
weight of approximately 3.0kg. This study considered
two storage bags of differing designs. While both
allowed operation of the prototype and had no issues
with vibration, advantages and disadvantages were
found for each. Price also remains a challenge. Even
excluding manufacturing costs, as the prototype was
created from parts already on the market, a single
device at this stage had a total unit price of just over
20,000 yen. In future investigations of compact suction
equipment design and storage bags, it is essential to
investigate from a multifaceted perspective with input
from users themselves, in order to create options that

suit their purposes and needs.

3. Future issues

As discussed above, the creation of this prototype
corresponds to the “exploration stage” of medical
device development. This stage does “not seek to
verify the reliability of data,” but to consider the
feasibility of a project”. Therefore, this study did not
conduct experiments on safety or durability. Surveys
on accidents involving portable medical electric
suction equipment note that many are due to operation
failure and risk endangering the life of the user”'”.
To ensure the quality of medical devices, Japan has
several laws, such as the Pharmaceutical Affairs Act,
in addition to the JIS stipulating requirements that
products must meet before they can be manufactured
and sold”. This means that developing new products
takes considerable time. This study is only the first

step of the development process. Hereafter, it will be
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essential to accumulate further data by considering
ways to increase the battery capacity, reexamining
the parts used, and repeating experiments on suction
pressure and consistency in order to further minimize
the size and weight, reduce the price, and ensure
practicality and safety. It will also be necessary to
carry out continuing investigations working toward
the completion and commercialization of the device
while considering each stage of the development
process including inspection based on JIS, clinical
trial as a medical device, production of parts for
commercialization, and consideration of sales channels.

VI. Conclusion

The authors have created the prototype using
parts already on the market toward the development
of a compact suction equipment. The prototype was
found to have suction pressure and battery functioning
equivalent to existing suction equipment while
reducing the total weight by -18.3% to -29.3%. Ongoing
studies following each step of the medical device
development process will be necessary to confirm the

safety and practicality and further reduce the size.

Acknowledgements

This study was supported by the Akita
University Presidential Leadership Grant “Research
and Development of Prototypes through Medical-
Engineering Collaboration Project.” We offer our
sincere thanks to all persons involved. We would
like to thank Editage (www.editage.com) for English
language translation and editing.

References

1) Ministry of Education, Culture, Sports, Science
and Technology: FY2015 Survey on Medical
Care in Special Education Schools (Appendix
3). (Online), from <https://www.mext.go.jp/a_
menu/shotou/tokubetu/material/1370505.htm>
(accessed 2020-8-11) (in Japanese)

2) Tamura, Masanori: A survey of the conditions of
children requiring medical care and collaboration
of medical, welfare, healthcare, and education.
FY2016 Summary and Shared Research Report
(FY2016 Comprehensive Research Project on

Health Sciences Bulletin Akita University Vol.28 No.2

Policy for Disabled Persons Sponsored by the
Ministry of Health, Labour and Welfare Sciences
Research Grant). 2017. (in Japanese)

3) Takahashi, Akihiko; Uchinou, Shizuko; et
al.: Developing a care service for children on
ventilators. FY2006 Report of Completed Research
Supported by the Yuumi Memorial Foundation for
Home Health Care. 2008. (in Japanese)

4) Kikuchi, Makoto; Ishiguro, Katsunori; et al.:
Chapter 2 Before Developing a Medical Device.
Medical Device Development Guide Each Stage
from Development to Post-Market, Guidelines
for Handling Regulations. First Edition, Makoto
Kikuchi ed. Jihou, Tokyo, 2019, pp12-14(in
Japanese)

5) Kikuchi, Makoto; Ishiguro, Katsunori; et al.:
Chapter 3 Designing a Medical Device. Medical
Device Development Guide Each Stage from
Development to Post-Market, Guidelines for
Handling Regulations. First Edition, Makoto
Kikuchi ed. Jihou, Tokyo, 2019, pp20-22(in
Japanese)

6) Japanese Society of Respiratory Care Medicine
Tracheal Suction Guidelines Revision Working
Group: Tracheal Suction Guidelines 2013 (For
adult patients with artificial airways). Japanese
Journal of Respiratory Care 30: 75-91, 2013 (in
Japanese)

7) Japanese Industrial Standards: JIS T7208—
1 Medical Suction Equipment — Part 1: Electric
Suction Equipment — Safety Requirements.
2012. Japanese Industrial Standards Committee.
(Online), from<https://www.jisc.go.jp/app/jis/
general/GnrJISUseWordSearchList?toGnrJIS
StandardDetailList> (accessed 2020-8-11) (in
Japanese)

8) Shin-Ei Industries, Inc.: Shin-Ei Industries Suction
Equipment (Online), from <https://www.shinei.
me/suction/suction.html> (accessed 2020-8-11)
(in Japanese)

9) Nakayama, Yuki; Ogura, Akiko; et al.: Analyses
of accidents and events and responses to them
during outside activities for ALS home mechanical
ventilator users. Journal of Japan Intractable
[llness Nursing Society 11(2): 142-153, 2006(in
Japanese)

10) RJ Kozak, BE Ginther, et al.: Difficulties with

111



Akita University

(46) g P R B /N 5 5 O B SR 1 [ 1 72 3l D R K

portable suction equipment used for prehospital RC clinical practice guidelines. Endotracheal

advanced airway procedures. Prehospital suctioning of mechanically ventilatedpatients with

Emergency Care 1(2): 91-95, 1997 artificial airways 2010. Respir Care 55: 758-764,
11) Day T, Farnell S, et al.: Suctioning a review of 2010

current research recommendations. Intensive Crit 13) Risavi BL, Sabotchick KJ, et al.: Portable suction

Care Nurs 18:79-89, 2002 unit failure in a rural EMS system. Prehosp
12) American Association for Respiratory Care: Disaeter Med 28(4): 388-399, 2013

PRIt P A B /N 5 [ 5 D B FE 1T 1)V 72 R it D A
—WBE, Ny 7)) —, NHEER, Hrleds e E LG -

poul
&
pu

AT i B 7 T A N SO C A
,f;} B% %IXL****

* KRR FBE R R FERHR 2
* % YURL R — V7 ¢ > 7 AR &AL E A
kPR TR A S EEFTEANBA SE AR SR P FE R
* ok kxRS HMET 7 2 T4 v

"8

LB ZET2EHEDLLIE, WOTHEZTHRIINTELLIRTIRELH L, T 20HIiciE, ATMREGS
BREREDELLTWEE L, BHOKIEL S OLTYREHERFLBIANYy FE SIS {HT 246823H D, it
PEOAMDKREW, 22T, HETHREICFRIMEHCTS, BERIIHEAFOWRIIET, X D/NEERL
TREEAEEWGI%E (M, /NEIRSIEE) pBRTE Tt E 2o, AR TIE, INEEBIS ORIz, Wi
H, Ny 7Y —, IR, #5533 2P0, IR OB T B WS ORI OMET 24TV, B
e TV L7z, £ DR, WEBIE, Ny 7V —CBEEREER L AEOW LR ¢o0, £, Ny 7)) —, Ny
TG URERE Y —18.3% ~—29.3% BRI TS 7z, 51, ERESHRIIBY 2&MHA T —VITiho T, Kal,
FRME, F /NI RN SRS SR ETDH B,

112 KRR BIGLE H28% H2 5





