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<Abstract>

Objectives : This study aims to present a new classification system using evaluation standards to
ensure the safety of transport ventilators used in Korea. Due to the rapid advancement of technology,
various types of ventilators have been developed and as the range of application increases, so does
demand. With quick access to information and a growing economy, the technology used in Korean
hospitals is equivalent to that of other countries; however, regulatory and safety consciousness are still
lagging in Korea. Methods : Based on researching overseas cases, reference data and standards for
improving the current system in Korea are proposed. Results : According to the review of transport
ventilator use in Korea, it was found that concerns about safety is due to the absence of a
standardized classification system for evaluating the safety and effectiveness of transport ventilators.
Conclusions : In order to improve the safety of patients and the quality of medical care, it is essential
to establish guidelines and assessment standards guaranteeing the safety of transport ventilators in
Korea. Clear definitions and classifications for devices must precede the application of such standards.
In addition, effective evaluation standards should be developed in order to resolve problems and

improve upon the current system through continuous validation.
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t—————Shipping/Transportation
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of Transport Ventilator in Korea

Storage/Logistic Supply

DD

Z

Handling & Logistics

Handling & Road Handling & Rail Handling & Air Handling & Ship Transpor Storage, Sheltered Storage, Open
Transportation Transportation Transport Transport (Worst Route) (Tent, Shed, Igloo)
Road Shock (Large Rail Shock (Humping) In-Flight Vibration Wave-Induced Vibration | Road Shock None None
. Bumps/Potholes) Rail Vibration (Engine/Turbine Induced)| (Sinusoidal) (Large Bumps/Holes)
Environmental | Road Vibration Handling Shock Landing Shock Wave Sine Shock Road Vibration
Stress (Random) (Dropping/Overturning) | Handling Shock Mine/Blast Shock (Random)
GE”EY"}‘U" Handling Shock (Dropping/Overturning) ~ [ Handling Shock Handling Shock
Mechanisms (Dropping/Overturning) (Dropping/Overturning) | (Dropping/Overturning)
(Induced) Thermal Shock
(Air Drop)

High Temperature

High Temperature

Reduced Pressure High Temperature

High Temperature

High Temperature

High Temperature

(Dry/Humid) (Dry/Humid) Thermal Shock (Humid) (Dry/Humid) (Dry/Humid) (Dry/Humid)
Environmental Low Temperature Low Temperature (Air Drop Only) Low Low Temp Low Temp Low Temp reezing
‘Stress Rain/Hail Rain/Hail Rain Freezing Freezing Rain/Hail
Generation Sand/Dust Sand/Dust Temporary Immersion Rain/Hail Salt Fog Sand/Dust
Mechanisms Salt Fog Sand/Dust Fungus Growth SaltFog
(Natural) Salt Fog Chemical Attack Solar Radiation
Solar Radiation Fungus Growth
v Reduced Pressure Chemical Attack
<Figure 1> Environmental stress on transportation[22)
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A Proposal for a Classification System and Evaluation Standards for Ensuring the Safety
of Transport Ventilator in Korea

<Table 1> Performance comparison of approved transportable ventilators in Korea by MFDS
Batt.

Intended 2) Gas Gas Power Dimension Wr ; ) 4
Model Name se! Type supply® required requied  (WxDxH cm) (ko) FiO2 PEEP (I%\:Se) Alarm Environment’
731 Eaglell T 4 T X O 20.3x11.4x31.8 44 O O 10 O ICU
K/I?I Baglel T 4 T X O 20114318 44 O O 10 O MRI, ICU
Ambulance,
731 EMV+ T 4 T X O 20.3x11.4x31.8 44 O O 10 O Air transport,
Military
Ambulance,
HAMILTON-T1 T 4 T X O 31x21x24 65 O O 8 O Air transport,
ICU
pNeuton(S) T 2 P 0 X 20x15x10 27 O O X o) MRA: Ambulance,
ir transport
OXY-LIFE Il 5 Ambulance,
PLUS T 1 G O X N/A X O X X Emergency
SCA 990 NR 5 Ambulance,
PLUS T 1 G O X N/A X O X X Emergency
MicroVenT 5 Ambulance,
CSI-3000 T ! G © X N/A X © X © Emergency
Ambulance
5) ,
5011 T 1 G O X N/A o O X X Emergency
HAMILTON-MR1 F 3 T X O 31x21x24 68 O O 8 O MRI, ICU
Bellavista1000 F 3 T X O 35x32.5x22.2 98 O O 4 O ICU
HAMILTON-C1 F 3 T X O 31x21x24 49 O O 4 O ICU
HAMILTON-C2 F 3 T X O 31x25x43 96 O O 7 O ICU
VELA F 3 T X O 33x36.8x17.3 173 O O 6 O ICU
Servo-1 F 3 P O O 30x20.5x41.5 20 O O 3 O ICU
Elisee 350 F 4 T X O 29x25x13 495 O O 6 O Ambulance, ICU
Oxylog 3000 Ambulance,
Plus F 4 P O O 29x17.5x18.4 58 O O 4 O Emergency
Home use, MRI,
Facility use,
LTV 1200 F 4 T X O 26.7x34.3x83 658 O O 4 O Ambulance.
Air transport
Home use, MRI,
Facility use,
LTV 1000 F 4 T X O 26.7x34.3x83 65 O O 4 O Ambulance.
Air transport
Ambulance,
OXYLOG 2000 F 2 P O O  285x17.5x18.4 54 O O 4 O Air transport,
Emergency

Note 1) Intended Use : Transport = T, Facility Use = F

Note 2) Type : Resuscitator=1, Simple=2, ICU-like=3, Sophisticated=4

Note 3) Gas supply : Gas—powered = G, Pneumatic=P, Turbine=T

Note 4) The operating environment is intended by the manufacturer based on the manufacturer's product
specifications.

Note 5) The volume and weight of the product depends on the components used such as oxygen gas and
accessories.

- 197 -



The Korean Journal of Health Service Management Vol.11 No.4 (December 2017)

<Table 2> Applicable standard according to purpose of use

Test Standards Examples of Facility Facility Trans— Trans— Trans—
: use use port port port
applicable Ambu-
Standard No. Standard name cases ICU MRI ance Air Military
IEC 606011 Medl_cal electrical eq_u|pment - Part 1: General For electricity = m = = =
requirements for basic safety and essential performance  use
IEC 60601-1-2  Electromagnetic disturbances — Requirements and tests Es; electricity | | | | | | | | |
IEC60601-1-6  Usability General | | | ] |
[EC60601-1-8 Tests‘ and guv\dance for a\arm systems in medical For alarm n n n n n
electrical equipment and medical electrical systems system
I1SO 14971 Application of risk management to medical devices General | | | | | | | | | |
IS0 80601212 Basw; safety and essential performance of critical care General = m = = =
ventilators
EN 7941 Particular requirements for critical care ventilators Eurqpe, Lung | | | | | | ]
ventilator
IS0 53561 Anaesthetic and resp|-ratory equipment — Conical General = n = = =
connectors —— Part 1: Cones and sockets
IEC 60601-2-33 Particular reqmlrements for thq safeﬁy of magnetm ForlMR\ n
resonance equipment for medical diagnosis environment
Secondary cells and batteries containing alkaline or other
EC 62133 non-acid electrolytes — Safety requwrements for portable Portaple with n n n n n
sealed secondary cells, and for batteries made from batteries
them, for use in portable applications
Particular requirements for emergency and transport General for
ISO 10651-3 ; . gency P Transport [ [ N
ventilators ;
Ventilator
) . Europe,
EN 794-3 Parnlcu\ar requirements for emergency and transport Emergency = = =
ventilators
and Transport
EN 1789 Medical vehicles and their equipment. Road ambulances Europe, Road | | | |
ambulances
EN 137161 Medical vehicles and _the|r qulpment. Air ambulances. Egrope, for = = =
Requirements for medical devices used in air ambulances Airborne
RTCA/DO-160 Elnvnonmenta] Conditions and Test Procedures for for Airborne = m n
Airborne Equipment
MIL=STD-810 Environmental Engineering Considerations and Laboratory fo‘r‘ Airborne, n n n
Tests Military
ML-STD-261 Requirements for the Control of Electromagnetic for Airborne, n

Interference Characteristics of Subsystems and Equipment

Military
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<Table 3> Example of reclassifying items according to international standards[10]

Approved According to international
Model Name Apparence status in Operation Environment standards
Korea ltem reclassification
731 Eaglell Transport  ICU Facility use
731 Eagle!l MRI Transport ~ MRI, ICU Facility use — MRI room
731 EMV+ Transport migWAmbUlanCS’ Arrborne, Transport
HAMILTON-T1 <@ Transport  Road Ambulance, Airborne, ICU  Transport
HAMILTON-MR1 Facility use MRI, ICU Facility use = MRI room
HAMILTON-C1 Facility use ICU Facility use
e 908 59 B4 1T wgF ERAAY AR
Hle 59 AAZN AFAHG Fds A9
qu } #ol Mwste] AW T A ZAH A®7h 4 & v 7P 2 9= GMDN[13]<
o BAMAT g A AL 9 HlTA ) 7t 2 3 EREFOIL TEAANE dFEF
asiole k?‘{t} FRAR B WL seep /) TEIATI), AX S clgIdeE
7 2] ALsly] 98 Selst slAdsior o 3} 7§ FEERY JIEE FA-ln HESHA
Ao} A= ey 2o TEH Stk oA FAHL FEEZFS
olE B3] AT AP AR RE WY
1. BEAA - TEEE NB3 ofof gtk ek AAAR BlE] Hnd F& =
ARl A st}oq % ARste) B oy
o haTHED
[¢]
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2 EFAA - AH8BAY T4

ZholEERle HA L oln HAFH AF EAY
EHYUTEF7IE At BHY F249 AHEEA I AR Hist sk AAEQd Y
theiA ol AFAE Sk eSS opy|st < Azt flsiA wEAl et slol=g
I SAREH | AAdT T AFE vk QlTk A A AR A 7ol 2 AoEE AHSTEY A
AR AESs 2T F Ae'Yw5r)7)o 9 g 8 AW, 5, 7% "@AoR, vy A
2 g4y 19 FAEE TEY F ol 5 Az 53, gl sd® 9 Vg AlEY] 54
e Bfd AFolr] wEd FEHAd Wxd o W& A FAANE Fol Utk o] F uky
Bag AR 2a4e OS BxEolol & AFIF/ AHg 2 He] uEsojor & =
o EBER AAG Bl HHY F29 g F 1 olfE oEF Zol AgTld - 9%
of AAE & YR FT AR Aoz BHY FEEO AT glol AE fed IR
ZAoz 3 A& TR 2 F8S 93 AL ATZTFERE, 59 - &5 T Ao} Hxef 4t
2 Au7t B a8tk L7t FRFTOE QAT AldS 93 HiE
g B AArtazE WY, RS - 25 2 7=
3. YrWE - 71E12E 9 ] A5 4%, 299 &5 Y83y 75
OS2 % RUEY E7F %A= $2 Ay ¥
LugAFEF/) o B4 | 71274 £E AFEFY ol died ¢ fle < Vs
o Y LuEoT 5T oA FRE Y3 2, e AT - AR £ Ay wE
g AFeA AREeler & BEolt ewye AT EE A 0% FA= AU 5FIFF
Z3E7E A ARTES Yo 7B AE 54, AF g A HFo|sAE AFY] Ha
mHo WedEsEsle FUsh} eulgazs  ARSAREE 18, B9 - 34E Fe 587
7128 AZHojol & EA sl Hx 7] ol el HejE dstA ZUEE 7] g
274¢ Agatolor Ak LMFATEF/ ¥ IUFE 5F 9 8] FENAe 8, W
go Wad AW /274D Dok APE olgzlel Fujar) 7bsd B, BUE - 34
© ole} ¢} Z2ri<Table 4>. | oglgo] SFAFeIM e Hxsh W F
o ¥z FI] HALHAE AKHoE HH
4 FNE - Ftolsdele 44 2 Tl A
<Table 4> Application of international standards, example
Classification standard Specification International standard No.
Ventilator, Home use ISO 10651-2
Range of use Ventilator, Facility use-ICU ISO 80601-2-12

Ventilator, Emergency and Transport

1SO10651-3, 1SO 80601-2-84 (under development)

Working principle gztstery :gg 61%;;2:13—5
(Power) Manual 10 10651-4

Magnetic field environment

IEC 60601-2-33

Operation Environment Military and disaster field

MIL-STD-810(Environment), MIL-STD-461(Electromagnetic)

Transport Environment

150.10651-3, IEC60601-1-12, EN 794-3

Road

EN 1789, MIL-STD-810

Transportation i

EN 13718-1, RTCA/DO-160, MIL-STD-810
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