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7. Abstract

Due to the worldwide trading of internationalization and free market, quality
management becomes an important issue for the health care and medical device communities.
To ride the tide of this new wave, reinforce native technical capabilities, and subsequently
enhance the safety margin of medical device brings the standardization of testing laboratory
into the focus of modern management of medical devices.

The goal of this project is to establish a quality system for medical devices testing
laboratory. We adapted ISO/IEC Guide 25 as the guideline for our implementation.
Incorporated with Chinese National Laboratory Accreditation (CNLA) can facilitate the
establishment of infrastructure and promotion. The electrical safety of AAMI ES-1 and IEC
601-1 are used as the bottom line safety standards. Such a testing laboratory not only can
achieve the identified goal mentioned above but also can help to pursuit the GMP system.
Other beneficial impacts include the argumentation of regulation and standard, education of
students, and automation of testing system. The establishment of a certified ISO Guide 25
testing laboratory for medical devices is an important corner stone for a better national
medical device management system and practices of the assorted standards or guidelines. It
can also contribute significantly to the educational program for clinical engineer. As a starting
point, a medical electrical safety-testing laboratory according to the AAMI ES-1 (1993) and
IEC 60601 (1988) has been setup and devoted to the safety of electromedical apparatus with
joined efforts of the Institute of Biomedical Engineering, National Taiwan University and
Department of Biomedical Engineering, National Taiwan University Hospital. To ensure its
quality of services, ISO/IEC Guide 25 is implemented and certified by Chinese National
Laboratory Accreditation (CNLA). In view of the global harmonization, this painstaking
procedure for a medical device-testing laboratory can be fruitful in the aspects of quality
assurance for the imported devices and post-market surveillance. It also has positive impact
on the infrastructure of domestic medical device regulation and development.
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« 22l (diagnosis)

0

« JEHE (monitoring)
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BB NCCLS & Sister organizations

* European CCLS
* Japanese CCLS
* Chinese CCLS
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Taiwan Committee for Clinical
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EEOHE T REERE RESS:

YRR
. ERZEZHE(Electrical Safety):

Fa0 IEC601, EN60601-1.
2. ERTEHFEWEMCEMI):

R0 VFG 243
3. BEEIERRE(Acoustic Power):
BiZ0 IEC1157, FDA 510(k).
* EBAEHEE:

#1720 EN29000, JIS T1501, JIS T1503, JIS T1504.

Fh0 EN20780.



Clinical Safety and Effectiveness

Thermal, Mechanical, and Electrical Safety:

. * Declaration of conformity to a CDRH recognized standard, or

* Data showing the system are designed to be thermally, electrically, and
mechanically safe.

CDRH recognized standard:

« IEC 60601-1 |

e UL 2601 (future)

* UL 544 (electrical only)

* CSA C22.2 No. 125 (electrical only)
« BSI 5724 (electrical only)

o | MM EA
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Clinical Safety and Effectiveness

Biocompatability :
*Tests conducted according to ISO 10993-1 for any patient contact materials.

\

Sterilization:

*The SAL intended at least 10 for the sterilized device or accessories .
Any recommended disinfecting or sterilizing agents must be
registered with Environmental Protection Agency (EPA) and

~ approved by FDA.

e MEEA
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Clinical Safety and Effectiveness

Software / Firmware :

*A summary description of new or altered algorithms and explain why they
are suitable for the chosen task. »

*The software version number.

*A software structural chart.

*A system hazard analysis.

*A list of the 'speciﬁc hardware / software requirement,

*A summary of the software design and development process including the
software change management process. |

*A summary of software verification and validation processes.
*A sumumary of what future testing will demonstrate and what has been
TS HEsA

Sy 2% 2 E A,

completed up to the time of the sybmission. |
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FIGURE 2. Esophageal cancer. A: Endoscopy in 49-year-old patient with
one-month history of difficulty swalowing. Three curved amows. =
ulceralive edge of malignancy. Relative lack of intraluminal growth suggests
predominant submucosal growth. Thin arrow = pinhole namrowing of lumen.
B: Endoscopic ulrasound image of seme patient Oepicting esbphageal
cencer and lymph node melasiasis. Curvec open bleck arows = fourth

X

2B

hypoechoic layer corresponging 10 muscularis propria. Solid white arrow =
tumor extending from mucosa through musculans propria. Twp open white
arrows = fumor “pseudopodia”~—EUS criterion of tumor extension inic
adventitiz (13). Two short curved black arrows = lymph noode (1.1 cm &
longest diameter), which is echopoor and weil-circumscrived—EUS criteriz
1o sugoest malignant nodal melastasis (N1).
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Maximum Penetration (mm)

1000
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Biological Effects of Ultrasound:

Mechanism-:_

- Heat — heating rate = 0.055al (cal/cmss)
o = absorption coefficient (dB/cm)

I = time-averaged intensity (W/cm:?) |

Tissue at 40-45°C for 5-30 min :

It will : (1) smEEREME (2)MAINBEERE (3NN
W (49 MRS (5) WD S - AN (8) M

ARG : 41-42°C SR/ -

o Cavitation — mechanical stress oa cells, may
generate chemical activity.

- Acoustic Streaming — Cells and intraeellular

strugtures in spinning motion.

M A
IR Ao R
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Background - |

Medical Device Amendments (5/28/76) establish pathways for
market clearance of new devices.

- Submission of 5[0(k) pre-market notification required for new -
diagnostic ultrasound devices.

~16~



Background - 2

In 510(k), must show new device is substantially equivalent in
terms of safety and effectiveness to legally marketed device.

Safety issue addressed by comparing output of new device to
highest known outputs of pre-amendments devices.



510(k) Diagnostic Ultrasound Checklist

Needed? Present?
Jtem | yes/no yes/no
Track 1 Specific Information: -
Reportmg
Mode / Apphca’uon Possibilities
SUMIMALY ... oevvereeevneerrneseresnssaneee e 0/ 0 0/ 0
Target Range of Values ( MI or Igpp, 5 and
Lgppps )eorereereseseonmmmnnnmnssnensnnsssssssess 0/ 0 0/ 0
Fetal Heart Rate Monitor Information........ 0/ 0 0/ 0
Temperature Rise for Tr ascranial............. 0/ 0 0/ 0

o U EEA

s I—’*&*ﬁﬂ’r%&
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510(k) Diagnostic Ultrasound Checklist

Needed? Present?
_Item yes/no yes/no
Track 1 Specific Information:
Labeling:
| Draft Acoustic Output Tables.................. 0/ O 0/ 0
Explanation of Derated Intensities............ 0/ 0 0/ 0
Interactive System Features................... 0/ 0 0/ 0
ALARA DisCussion........cooevveeveinnnennn. 0/ 0 0/ 0

BT HAsA
: T R B R
ERNE AR A
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510(k) Diagnostic Ultrascuand Checklist

Needed? Present?
Item _ _yes/no yes/mo
Track 3 Specific Information: *
Reporting:
Operating Mode possibilities Summary...... 0/ [ 0/ 0
Measurement Method Certification............ 0/ 0 0/ 0d
Description of Defaults......................... [/ 0 0/ 0
Justification of TIs>6.0..............coie. 0/ 0 0/ 0
Global maximum TI, Igpp, 5, Ml and I, 4
@ Ml When MI/TT = 1.0..0 i 0/ 0 0/ 0

M m kA

IREBEH M
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510(k) Diagnostic Ultrasound Checklist

Needed? Present?
Item yes/no yes/mo
Track 3 Specific Information:
Labeling:
Draft Acoustic Output Tables ................. 0/ 0 0/ 0
Description of Real-Time Display and
Controls........ . 0/ 0 0/ 0
Display Accuracy/Measurement Precision... [/ [ 0/ 0
Global maximum TI, Ig;y, 5, Mland I, ,
@ MIyax Wwhen MI/TI < 1.0................ 0/ 0 0/ 0
Education Program.............. e 0/ 0 0/ 0

A EA

~21~
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Acoustic Output Reporting

Measurement Method:

Acoustic Output Measurement Standard for Diagnostic
Ultrasound Equipment (AIUM/NEMA 1997)

¢ Any deviation from the methodologies outlined in NEMA
guidance documents should be fully described in terms of the
differing methodology used and validating data..

ME A
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Acoustic Output Reporting

Derated Global maximum :

Igpras = 720 mW/cm? and

MI < 1.9, or, Igppas = 190 W/em?,

where |

Igpra 3 : Derated Spatial-Peak Temporal-Average Intensity

Igppa 3 - Derated Spatial-Peak Pulse-Average Intensity

Derating Factor:0.3 dB/cm-MHz

MI: Mechanical Index

Ml = pr.3(zsp)/ (fcllz)’

Pra(Zg) Derated Peak Rarefractional Pressure at the point on the

A\l

beam axis where the pulse intensity integral is maximum.

F_: Center Frequency in MHz
= kA
OBk
polbliend® 3§ W 3 WM Y

~23~



Acoustic Output Reporting

Peak Rarefractional Pressure

;4—;——Pc

P(l) ..... oo =8 L Eee <11~ ml B A .....'...».’

pg = peak compr BbSIOHEﬂ (pusmve) pressure

MPe]

p, = peak rarefactional (negative) pressure

[MPa]
M A

lxﬁmm%&
ERHMRR T
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Acoustic Output Reporting

Pulse Echo
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Acoustic Output Reporting

pulse intensity integral
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Track 1 Specific Information

« For diagnostic ultrasound systems that do not conform to the standards for

real-time display of thermal and mechanical acoustic output indices on

diagnostic ultrasound equipment. (AIUM/NEMA 1996) or are not

indicated for any fetal Doppler applications (except for fetal heart rate

monitors).

MEEA
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Figure 5-1: Track 1 Decision Tree Flow Chant

Track 1 Specific
Information

* Decision Tree Flow Chart:

Il BRI
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Track 1 Specific Information

* Pre-Amendment Acoustic Output Levels:

Tabie 5-1: Pre-Amendments Acoustio Oulpu( Levels

use - lorras . u,
(mW/om') (WIc Ml
Peripheral Vessel 720 190 1.9
- Cardlao 430 190 1.9
Fetal iImaging & Other* o4 100 1.9
Ophthaimio 17 28 0.23

¢ Abdominal, lnmopoulm Pediatric, Small Organ (bresst, thyroid, mloa. etc.), Neonatal
Cephalic, Adult Cephalic

l.y - WWTWWM
lc»: = Dersted Spatial-Pesk Puise-Average ifenelty

= Mechanical index

NOTE: for pusposss of acoustic oulput imite:

)
b)

)
)

ansssophageal for non-cerdac use, Inrevascular, and muscuio-sieieinl applioatons ere Included 1n the Felal imaging
& Other oategory,

oardec Use Includes Yanetroracie sdult and pediatric uses as wel as raneseaphagesl adull and pediaric usss for
visualisation of the heart;

peripheral vessel use inchudied vesesls of the neck; and
osphalic and renscraniel are synonymous.

y HEEA

LI Bk s
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Track 1 Specific Information
Summary Table

Table 5-2: Track 1 Summary Table

Qoerating Mode(s) .
Clinical Combined Other
- Appiioation A B M__PWD CWD CD _(Specity) (Specity)

Ophthaimic

Fetal imaging &
“Other*

Cardiac, Adult &
Pediatric

Peripheral

Vessel

* Abdominal, Intraoperative, Pediatrio, Small Organ (breast, thyroid, testes, eic.), Neonatal
Cephalic, Adult Cephalic, Musculo-Skeletal (conventional), Musculo-Skeletal (superficial)

Examples may include: Amplitude Doppler, 3-D Imaging, Harmonic Imaging, Tissue Motion
Doppler, Color Velocity Imaging.

TREWT K
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Track 1 Specific Information
Acoustic Output Reporting Table

Toabie §-4
Acoustic Output Reporting Table for Track 1
Autoscanning Mode
Transducer Model: Operating Mode:
Applicstion(s):
Acoustie brvas Yoreas
Output .
(mW/om"), (Wiem®)
Global Maximum Vake
P
- :
Associsied |f,
Acounic (2. {om
Parameter dimeneloris e {om)
)
T
(He)
Az,
B, (GM
Contil 1
Opereting Control 2
Conditions Control 4
Control n
~31~
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Track 1 Specific Information
Acoustic Output Reporting Table

Table §-3

Acoustic Oulput Reperting Table for Treok 1
Non-Autoscanning Mode
Treneducer Model: " Oparating Mode:
Application(s):
Acoustic o horras lweas
Output (mwrem®) | - (Wrend)
Global Maximum Value
Ipva (MPa
LA {m
Associated |f,
Acoustio [z, om
Parsmeter [Beam dimenelons C
) ) ye {om,
i
PRF A
e T
(1Y
Conkrol 1
Operating Control 2
Control Cantrol 3
Conditions Corrol 4
' Control n

IRFEEH R
e | ikl 2 e BB



Track 3 Specific Information

* For diagnostic ultrasound systems that follow the standards for

real-time display of thermal and mechanical acoustic output indices on

diagnostic ultrasound equipment. (AIUM/NEMA 1996) include fetal
Doppler applications, except for fetal heart rate monitors.

*Does not apply to ﬁxed acoustic output systems for which a display would
be required.

* For Ophthalmic use, TI = max.(TIS_as, TIC), and TI < 1.0,
Lipras < 50 mW/cm? and MI < 0.23

where,
TIS_as: the soft-tissue thermal index at surface for non-autoscanning mode.
TIS _as=(W ,, 1) /210,

oix] - bounded-square output power

\\Y%
TIC: the cranial bone thermal index.

MFLLER
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Figure 8-1: Track 3 Decislon Tres Flow Chart

Track 3 Specific
Information

P LLELS
il BS3: % ki
FREEBERT
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Track 3 Specific Information
Acoustic Qutput Reporting Table

Table 6-1

Track 3 Acoustic Output Reporting Table
(for systems with no probes having global maximum index values exceeding 1.0)

Probe Model lsp1A2 Tl type Tl value Ml I Ml

=T Tam Mk A

B ET 2 A,
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Track 3 Specific Information

Table 8-2: Track 3 Summary Tabie

Operating Mode

Transducer Model:

B-mode

M-mode

Puised Doppler

CW Doppler

Color Doppler

Combined (specify)

Qther gggecify)*

*Examples may include: Amplitude Doppler, 3D Imaging, Harmonic Imaging, Tissue Motion

Doppier, Color Velocity Imaging.

FLLEIN
N B X3 s 3
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Table 8-3: Treck 3 - Acoustic Oviput Reporting Table

{c) Thia formudation for TIS Js jess than thal for an aemate formulation in this mode.

¢ No daia are reported for this oparating condhion since the global rnaximuem index value is not

for the reason Rsfed.

Acoustic Output Reporting Table for Treck 3
(provide data where global maximum dispiaysd index exceeds 1.0)
Tranaducer Medel: ' Operating Mode: .
. Track 3 Specific
nden Label- " ] scan "v::n- soan : n:: me : :
e Information
Maxiwum index Velue ;
a (MPs)
. (mW)
min ol W a(ny), Fas(zi)] {mW)
2y (om)
Assos |2, {om)
Acoustio F {om|
Paramoter E {om
(MHz
of Aga X (om
om
( vec)
. {Ha)
(MPa)
Other (cm)
Informetion {em)
om)
’ (Wiem")
Ceted | — Comtl 2
Condiiere | ~ Godlrl §
Notes:
{a) This Ingdax,le, "ot raguired for this operating mode;
7y ton 4,1,2.1 of the Datpunt Displaey Standerd (NEMA UD-3).
(b) This protm je g for transcranial or neonatal cephalic uses.

o MEiEA
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Track 3 Specific Information

Minimum requirements for educational material for track 3
devices: |

1. Bioeffects and Biophysics of Ultrasound interactions.
2. Thermal Mechanisms.

3. Nonthermal Mechanisms.

4. Benefits of Ultrasound vs. Risk.

5. The Output Display Standard (the standards for real-time
display of thermal and mechanical acoustic output indices on

diagnostic ultrasound equipment. (AIUM/NEMA 1996).

6. Practicing the ALARA Principle.
= M A
mndt 25202 TN



Track 3 Specific Information

Education Program: Provide an ALARA (as low as reasonably
achievable) education program for the clinical end-user that
COVers:

1. The basic interaction between ultrasound and matter,

2. The possible bi_olbgical effects,

3. The derivation and meaning of the indices,

4. A recommendation to use and the need for following the
ALARA principle in all studies,.

5. Clinical examples of specific applications of the ALARA

rinciple.
P p = WA
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Laser Technologies In Medicine
With FDA 7

Presented by
Paul Y. Fang M.D.,Ph.D., D.C.H.

Professor of University of Southern California,USA
Laser Max Medical Technologies Corporation, USA

Dec. 1,1999



PRINCIPLES OF LASER

 Laser 1s a Light Amplification by
Stimulated Emission of Radiation

* Laser Characteristics
*Directionality
*Monochromaticity
*Coherence



LASER MATERIALS

Argon  [488~5145mm |Carbon  |10,600 nm
Dioxide

Dye 300~1000nm  |[Excimer  |193~351 nm
Helum  |442/325 nm Helum  |632.8 nm
Cadmium Neon
Nitrogen (337 nm Krypton |647 nm
Nd YAG 1,064 nnY532 nm |Ruby 694.3 nm
Er YAG |2%0nm Alexandrite|720~830 nm
Ho YAG |2100nm Diode 400~1000 nm

~2~




LASER APPLICATION HISTORY

* Ruby In 1960
* Argon Laser Use on Ophthalmic In 1961
» Laser Technologies Well Matured On 1980
— Laparoscope
— Endoscope
— Scanner
— Cosmetic Surgery
— Full Range of Surgical Application



LASER SURGERY ADVANTAGE

I PATIENT
—Less Blood Lose
— Surgical Procedure Quality Increase
— Fast Recovery Time
— Shortening Surgical Time
— Less Pain / Shortening Hospitalization

II SURGEON

— Save Surgical Time - More Surgical
Procedure Can Be Done

— Increase Surgical Quality - Decrease Mal-
Practice Possibility

~4



LASER SURGERY ADVANTAGE
I1I. Medical Insurance/Hospital

— Increase Medical Quality
e ]ess Mal-Practice Case
e Decrease Medical Insurance

— Shortening Surgical Time
* Increase Number of Surgery Procedure

— Patient Faster Discharge From Hospital
» Increase Bed Utilization

— Decrease Overall Medical Cost

~H5~



LASER SURGERY TYPE
AND
APPLICATION

e |

— Ophthalmic Surgery - Low Energy Type

— Non-Ophthalmic Surgery - High Energy Type
o ]I

— Gas Laser Scalpel

— Solid State Laser Scalpel

— Semi-Conductor Laser Scalpel



LLASER SCALPEL
VS
ELECTROTOME CAPABILITY

» Laser Scalpel
— Ablation / Incision
— Coagulation
— Evaporation
— No Carbonization Effect

e FElectrotome
— Ablation / Incision
— Coagulation
— Carbonization Effect

~7~



LASER SCALPEL CAPABILITY

The Wavelength is A Key Point for Evaporation,
Incision, and Ablation.

The Longer Wavelength is The Best Cutting
Capability.

- — Carbon Dioxide Laser Scalpel (10.6 um) is The Best

Cutting Capability Other than An%(T}g)e of Laser
Such as Er YAG (2.94 um), Nd YAG (1.06 um)
etc.

The Solid State Type Laser Such as ErYAG, Nd
YAG 1s Only Better Performance for
Dermatology Disorder without Scanner.

Carbon Dioxide Laser Scalpel can be Used for |
Dermatology Disorder with Scanner.

~e~



LASER SCALPEL DESIGN

KEYPOINTS

Output Stability

Compact Size

Light Weight

Fully Computerized Design
Safety Features, Including Labels
Leakage Current

Effective Cooling System
Aiming System Design
Auto-Focus System

TEM 00 Mode Output

~9~



LASER SURGERY PERIPHERAL
FACILITY

Matched Safety Laser Eye Protection
Goggle

Smoke Evacuator

Air Blow System
Non-Reflective Surgical Tools
Fire Hazard Equipment

~10~



" MEDICAL PROFESSIONAL
TRAINING

* Medical Personnel Including Surgeon
Needs

» Laser Surgical Training

* Doctor / Surgeon And Patient Well
Communication Before And Post Surgery



MEDICAL EQUIPMENT
AND
FOOD & DRUG ADMINISTRATION (FDA)

« FDA - Is A Control Organization Of Related Food,
Drug, And Medical Products In The United States.

« All Related Products Shall Be Pre-Marketing
Approved Before On Market

» FDA Classified All Related Products Into Three (3)
Categories:
— Class 1
— Class 11
— Class 111 ~12~



MEDICAL EQUIPMENT
AND
FOOD & DRUG ADMINISTRATION
(FDA)
* Class I

— Non - Prescription Products
* Class II

— Investigational Devices Plus Clinical Trials

— Substantial Equivalent Devices Plus Clinical
Trial

e Class III

— Investigational Devices Plus Clinical Trials

— Substantial Equivalent Devices Plus Clinical
Trials ~13~



KEYPOINTS OF
THE FDA REQUIREMENTS

« Safety

» Labeling

* Detail Design Document And Claim
 GMP Requirements

e Clinical Tnals
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14:20 ~ 14:40 |4k &
14:40~16:00 | K% & 2
CEnxn BESRRZER - RRSHEE - RGBS
09:00~10:20 B R EBES & A BT rtha B Hat
12/3 | 10:20 ~ 10:40 |4k &
() | 10:40~12:00 | EB 424K %A B T A B BR A3k
12:00~13:00 |4 %
13:00~14:00 |8 E H 5% L AERBIERAZE L
14:00 ~ 14:20 |4k &
14:20~15:20 |B& K48 £ A3 tAERBIERIZEK
15:20~16:20 |$k B 525 ¥R P O FREAE T AR EF
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B S M m R R
— N THRHAREALBREEZEER
IR ©
1. THARTES o

2. EE5RKHA -
3. 51 A2HELE ©

— e REMZTEERBERL L
ko .
E-FELRY  FRREHAARSBER
B REABESE > 2EYRET
FER A4 o _

W~ TH A4 F % (Toxins/Endotoxin)
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BREMBRRBRYIEK

— ~ It LR A

= ARG EBRE

R FTRL > TERFNE oL LOMER  BPEHA 200 4
BB ITRERSE Al FEEEARAESTREFELEE MK
BEESGK ARELRALLSEHRBREIRETEEN T AL

IR R TR TR -

= HHT LR

ARERRT  HBREW - AFRRBBREEFAESTRZEE
R THRERBEHGRBLER - CERIFEARAHOGE
W RENTERRETrZ— BEXAMREBNBREESTHR

BBEMBF

WM 3EHE &R
Bl 2B B R BT » AT —FE3e A hiin L g

TR



o ESReRA
1.36% (cannula) A A3EHEEA > AL EBEEEL
# 48 (lumen) K2 BAEETRAARTE -
VEEBBBRHARIREETR  —HRE  BEEATRZSR
23] o seik FRAESHKINRLEEATREREZTE

3&kﬁ%%£ﬁhﬁ%ﬂkl%ﬁﬁiummwm)ﬂ%ﬁ

BRI ES °

| USP STERILITY TEST

| " 20 UNITS TESTED -~ 40 UNITS TESTED
TRUEDEFECT .= REJECTION ~  REJECTION

RATE PROBABILITY PROBABILITY
1% 182% 3

5% | 64.2% . 87.2

15% T 96.1% - 998

30% | 99.9% 1000 -



Sterility Testing

Table I—Probability of lot rejection, baséd on the extent of contamination and the .

sample size for sterility test

P
4

% Contamination

N 01 03 05 1 2 3 4 5 10 15 20 30
10 01 .02 .04 09 .18 .26 .33, 60 .66 .81 .90 .98
20 .02 .06 .10 .18 .33 46. 56 .65 .89 = .96

50 05 14 22 39 64 .78 .87 92 .99

100 09 .26 .39 .63 .87 .95
200 .18 .45 64 87 .95
300 26 .88 78 .95

400 33 .70 .87

500 39 .78 .92

* N: tested samples.



HEE

R 72 bhER
BEF & Gamma, Ethylene Oxide Steam
E-Beam BALH AR
MAER | BREE A XKIEoHRHT MBIEAL ~ B H
4 4+ & M A% (degrade)
HeeE BR3 - HHOTETHENYHR  Ho|TheevshH » &K
2> E8FHEMYT |LIBAFRLEE &' 85 Ak
EO RE B
BER BA
AANTE B ol BA BE
| 84 & 2
LIS S -4 %) B Y nEg
M ER B 1]
B P
BREATHE #" B %
x| AAT FEAAT
#% i€ #5358 | (Dosimetric Release) | (Parametric Release) # BAHAT
(Biological Indicators)
R 54 R & 3~14 % 0~7 %
BAKEE B BR(EHRERZTE) LR 3-
& 7R BHRESD HERE
HANER 4 Es4z5iE EORGZEE B
E-B f] & BIRARFE]RE
MAEFHEATR . (R EBMEE EX
B REFTHERS % AES 53




LR BAEE L L &

7 ok &2 [ Py ]
- YR
EO KFHPAAMEHAR | HRER
AR BAET ) HEE o
T 3?@’*“:{#“(;& BE) T
SRAR |mEH RRRA BRIV REE
RABEETHKRMEE - ﬁﬁ»&i
e &
ﬁ--ﬁ—'fi ? 9241 P} A8 >
Y RHR B RS # — ¥4y H (Polypropylene
é&ﬁ%ur BaE z R % Teflon )€ & £ 2L -
DR E
T ﬁ*——éfi ’ B&
E-Beam |3 ghnkpiise » TR £ 48 i‘f—:‘l"[h\iﬁ‘ﬁéi%% ,
BT - 4‘:51 SR E -




Bt B REL
. KEHEERER -
S RIEAR AR -
© O KEARRE 0 BEARE -

o HAFEREE o

EABHE R ERE

BEEFEALOW_mLOR
@ (AX) —FEAL=SOXELR
N SHZ%2EL
s WAZEH
(N) HRBEZEHEEHN
WA ¥ EREDZEREHARBERE > LXK

AARBS FRLEHEH -



BREMARAEKL

(—) a2 (Validation ) : 1245 % X B R #78r > fLBTRA - 242 . AR,
B RHPAREZGHETRIFFRTOERTENZ 4P -

(=) %% (Qualification ) : HEHARAREHB A HEELTHET -

(=) &£%5%% (Installation Qualification ) : & —#AEEAEE - B AAERIRE
BEMARLEHTEL  ERARMEHAAZEBAZIRE
THERZIEE (RRAR N TR B RAREE TR 00k
R ER)-

(=9 ) #%1%5 % ( Operation Qualification ) B—EEEIARE ) BAERGRAR
BRMALBEMEREARITREBARESTER (BT EHRR
RERITEGHEET ) ARERABRAKRE S EHG8EED)-

(&) MAE8 % (Performance Qualification ) : B—RERAE > BidiEkiEz
—f o FAMERRHRLERNFRITVARLB A Z M (&
BATRR IR Z LR T FRATHLA B 35 - placebo Fr 4
Z B HER )

( 7c ) #4242 ( Process Validation ) : 322 & xRS REER LS SRS B
H RAFOOH BB BRM -

(4 ) A& %k ( Product Validation ) H TR AR ARBE TS
B 0 RAEIRE SAMATH BT AOBRA O AM .



(BE AN 7T —3a )

| Validation
I I I
iR it 3 4 M [ 5% i 3 45 M D WEFE iR @ se B A M DO MESR )
OWEFR ) 7 whrh alyvazvy’ N TRV RN T A= av
Commissioning Performance. qualification

I+ 7473y | l
Product Validation | | | ‘

DA EEAY DERREEN THEOBEEMEE TR E e

DHEFR | ORERR  EBMEORIE] EBMOREE)
Installation Qualification Operation Qualification Physical qualfication Microbiological qualilication



, METR(L3)
7 V30T 43z Sterilization cycie
.Pmoondnlonlng o .
I BEY 400

—\ —

Praconditjqning

7° b2y HEBA

7 4'"/.3 r‘\lﬁﬁ

SR V) |
Ldo]




as— h Y

“ W
. /=&

1. %68 EREl4&£ 27°C (80 °F) £ 63
( 145°F ) = 4

2. AN AERFLAE 38C (100 °F)
% 54°C (1292°F) ZF

3. BEEES10C (18°F) ¢FRARE
9 fof » E b3 E 485 5% 1 B R

— = -4
=~ EO ﬁgﬁ/ﬁ

1. EO £ 28 £ T ¥ R ¥ A+ A&7 300 mg/L
B &7 1,200 mg/L ZiRE

2. AR AR BA®E T EO RERE /I 300
mg/L B E AT RBRBE#RS EO o FF



% HEEAiB 1200mgL TR & HF4E4
B e

3. MB K RGEGEN EO 5 F2 o B R
B sz ARE 0 TR % EO 4 FT4%F
A HARE - REBEA 600 mg/L
2 A 300 mg/L &4 —4% - A 1200 mg/L %
A 600 mg/L #y4k —4 - KM+ & EO Z A
AREHM > BERABEAEIKEO R
B e R

4. B AT & % A eh4%& 4 A 400 ~ 600 mg/L

=B

1. BEAEO B BEREENSH - AF
HEERE 0 REA TR AR KR

2.EO # 3B T4A RH 30 ~ 90 % R
7o s HxAAEEEL RH 50 ~ 60 %
B e sBHAE LR G B4 Bt R EE T UL
RE -

g > H-:dj:"—"Faﬁ

. RGeS eiE - EORBEEE -
BEH L% &AM



2. EERAAD S HEREE EO BA K
/J\ ?j’;\:_/J\ E%’:

EANY Y
LB A#EH (GHE) EO ABRE

2. BERATHEEO A M FARTOE
B4 A o B 4 S

—13—



RALHERBAA G REEAE B LK
EALH i# f1L &,

RABRE 38~60C 4~607C
REHEE 40~80% 30% AT
AR 400~1200 mg /L 0.5mg/L &L
ﬁ%ﬂ‘f??ﬁ 2~ 18 hrs 10~ 120 mins
# R A 0~ % & 1 hr ~

' Ethylene glycol H,O
SRRE Ethylene chlorohydrin O,
wEE(FR) 10C 50C
RER (55C) 1459.5 kPa 18.66 kPa




— AR A TR E T

—~ BARMEXEABHRRCH BB LS4

BARARLEHBHE (198553 A8)

. R AMKE EO10~30%

HEEZ RAEE 1 500~800mg/L

fEERH 1 0.6~1.4kg/cm?

= ~USP (% 241) mx Dt

1.

ABHIEE 1 60% (2085 50% )

= JE :547C

. AEEEE :600mg/L
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. RBBAE TR ORI REMIEET L -

 BALAAGERHAEWE(R)ZIRBAEANZERE -
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It

BREAEENRRERC— - BE
e REAERIINENREEERE

° FREREL / IHREBIEPO
* A ESHERERSREMEE

ERESSOBIE S  ERWEOAEER L BRSNS A SESRIEA S
YRS S T AEE REIEL B - SERESERKER Y LEREREE

LIRS IER A R B A B Z 2B 4 Y)(Microorganism)A G - BB REEE

SLEUEETRAY B % — (B4 BR(Terminal Sterilization) » tHEHEENRIEL — - @
B 1950 ERLET  BEREESLEREA B BERERI L B RE A RIS
BesnT - TIRENSBNSLESBRE - TEEEENFMESE - EEEX
ERMENNBESEN (EEMERES)ENEE  TERN IS MEYEE
(Sterile Barrier)#4 8247 3H%0 DuPont & Tyvek) RERDY » (KRR R T EEH
o BEEEETTRDNONGESRIRIL - $F  BEHE - afien
BERMEMREE  TRENDHE - AEESER - BK - HEES
BER —E2B%2E E—ERBE R E KI5 - £ 7F Pfizer Inc./
Howmedica Division T{EHAfE] » 2B T —LEBIERE » FLEBILNERE - &

WETHEFIREENEE -

Sl ¢

BERIEE

EZI AR » Sterilization(H) * Disinfection(78E) « Decontamination(Z{%)
K Antiseptics((EERZ BB MABRXEFER » E—RAHEERPEREZ
B < Sterilization BEF|BYEESLE S E LRI EMAEYMEEIZ2HE
(Sterile) S ER - BN K TEBE (Fungi) ~ fE(Viruses) KAl (Bacteria) » AiEE
BB I89HHE 8 (Bacterial Spores)ERF LAY - il B B BISER(ANER
AAMI ¢ ISO )R E HIMERE(SE SAL (Sterility Assurance Level)SEZ] 106 +
(TEILEEME » BB EELRRFRE—HELEKF2ME) © Disinfection
‘Lt sterilization IR —#REIFRE L BR - EIBBRLU _LATIETENIMEY - B
THAREETLY - FHEREFAFEENRE T » HREEFEIERE B
Disinfection WZ BRI AJEEZEZIT2WE - AMER SAL KRiBHER » LIRS
#E ° Decontamination (E£75)ZIEFRBRBMERES LWL E » Co0ERA
EREEFLRTZ2EE - BEIREAEE/KFERME & SAL HiR&HEE:R -

~1~



Antiseptics BIZfETE/EE R L FIFI A EE|(Antiseptic)/BERBAEMRILTE - [LEE
BRENETBQANBXENBERE  MitEs =—ERAERANEE SN
BERRERN -

B YRS YE (Source of Microbial Infection)

MEYHREARIFETESS

| B§ R 254 e (Infection Associated with Medical Devices)

2. B&Pre B gk (Hospital-based Infections or Nosocomial Infection)

3. 17 B B % (Operating Room Based Infection)

UE=Z2FEHtWEEEE  FIERRETZENEESM g6 EBREF

o EH MM E (R -

REMZRRIURHEZRZERNEREREE - 7Y EFBRETENEEE

MEFERFE T REN TN EHEROTREZ RS - £XE - S5ELEFIR

HEFARIERRORIGEE=EE  EPhRIEREER » 78 20%2A L

BIR ATEC » T BRI RIBE R R AR - fEAABBEI A L5 E (Implants)

HERRERHE L - EMEFMITREE"SREL"  EEAANE—EREHEER

AL B ENRE KA EEHIAEMER 5 8AFME Biofouling) » 2% AT 2

- BERKHIRE - EENETEEA SIS R (Prosthesis Associated Infection,
PAI) - EYHIHTEEHEBEBVIIME RRERESEEIIRR - RERER

REE - BEFIRBESRM REHITNRERE

BE TS RAER

RBEENRE  BRFFELHB/ MELUERERTRERBETE
FEEMRETROTH  BREHEAERURZ I E L ERIRE A EE
- BMEREPREER UL SHEFTRIT - RREHBRERTRHEAE
dhaxa THYIERE - FRESTEZIE IR R AR REL -

WA BT

FYIHBRERRFANOERE TERBFERED  HREZ2F -

R EERREEBRARREARBNEERE - MELIHEO) K
Gamma $E5fBIAI7E{RIA R E R TH(F - IRRBRHIR > LHENRESBE
FHIRBE R R A LB R 2B M IS BERE - Gamma BBSTEINEEE 758 » ERETL

~2~



DLURSBH EESTES  MEIR2EE - SH0ZENEENE 0 Bit
HEEREBREME (Surface Sterilization) - —fRIME - WREBM A Z R EERL
MR flile BEEsmE - AR ARERRERE « 58 RERE
EREEERERE - BIFEBERERIRMERAR  AHRESIEM kB - BIREE
FEREREE - FIINEH Z/EK Gamma 8857 - TREFRELEEE - RT
MEEASN  ERETESHE-ERR - BHERERERERE - BN
BTREESTEXTREE - REBBTERBRELF—HEE -

RREMAZIER Gamma EEHERE LR ENEEREY - BfWSEEEFE—FF
o A IR ERE X REESIF RSN TR -

£/LZ4% (Ethylene Oxide, fi§T8 EtO X EO)

SFHAB CHO WEMAZERE—EREMLEY LR —RELE - EHKE
ET > EtO BEBEBTLITH - B EYHIET SR T ERHEY
ZEC - At - EO AR ERE HELR BN PRIRE B EMER(B B B EIERIE
50%~80%) » BRIRESL - EOBE - AERRERTMERIE LRUZEIESE -
EO WAL 1950 £AFE - FEERIRHBERELT - EO BYERZETE 1980
FEIFEE—) - LERERMEXBY T 75%EZ A8 EO & » &1 » EO
HEEEEE—REZTEEEIR - 1984 £ » XEBERELTEE
OSHA(Occupational Health and Safety Administration)i® EO #2{E T ABIRE I
TEFRZKREY S0ppm [F S lppm(/UVNFFII(E) » ¥ EO ERERK T HEERNZE - B
IREXBIIR{RE EPA 1h7E 1980 EEMi EO BEBREEYE » TERBR(EL
ALZZ2EZEMC » BEABREDRIN LY EO hE K FEYI(Ethylene Glycol &
Ethylene Chlorohydrin)tB #}EEHEM - B LIIBAVETE 1987 FRFBAOLICGHERR
REBRELH)PERFEIRT T KB EYRMER » ERERZAERY 12 ¢ 88
BEY(12% EO : 88%Freon)#f8:2 4t 5 100% EO « ¥ LR RERMANEITHA EO
BENBESEVRED  TRAREESEREET  BEELERTHREER
TRRIT - 5K EBIERE TR LI LRI EO IR © H EO B IR
IRHEENRFE OSHA ~ EPA K FDA BFURRE » RS B FRY EO W8 R Bl FrY



ERYEELE EETEZBRMEERE - EXGHTRE Tyvek HEFHES
EERIAT » REERENZRE=MELL - BRT DuPont 7£ Tyvek £EBH
FHFLEBEART B0, - (HERHE Tyvek B EHE LHRERLBLH(EE
RIGYEZFRETEMA  20R Tyvek EE EREAL HER IERETERE
EEAREE T URREER -

BEERETRECR  BMELTILENY - MEEET—EBEREE
LIZRR EO 3288Y) » 35 AT EO 32 fi R Bb FHIEHS » 3048 EO B AR HE
REREER—TBEY - TEPRARLER - —RFEREE - KREZEHER
REEET - AEMIRZERTRAFHRRERN > AEESARBHYREY
HIFHRysEer EO WHE » LERMBVEAMER EO RIEEERBE » MLEER)
BE(AE 60°C » LFEEM BB EEFREIEXK - AR
BANGERHT R - BT BREREN  BHHMEE@ERTRERFEER)
EMEHUERERE - PIIRARBRRAILERN - f1 PVC 7 50°C MEBES
NN REZZIIREE -

EO RENERE @ ORFIHRE @ HREEEZAFIREE - Camma EHX
TERS B RIRVBH - EO IREEREEE  ZHETEEE—EE
LA E#Y EOC HEMESRBRTER - 5% EO BMEHRESET © RILUEREE
BEREILHR=ZENREHRE -

Gamma 55

1950 4£ Johnson & Johnson #JF/\&] Ethicon B KIE Gamma EEEIREFATE
AE 5K 2HEFELHE 200 EI#A Gamma 25188 @ 8RN 50 BLEEH
B » BEMR “Co(8E 60) K "Cs($ 137)I97]EE 4 Gamma 3257 » (B MR 255
FRERLINIEARRIEE 60 BEESTR - EMEYZE Gamma BEHF » HokaF
AR OH BEEHER BT @ - H XM Z DNA - SERMEYSE
C - '

FLEE EO - Gamma EBSTRERVEFEHIEMER S  ERTTELTHFIEE(EE
THE) B ATRERIVKER - BN ERIEFIIRERENEIE - BIEVER
% LA mega-rads(Mrad) BX kilo-grays(kGy)&om » SlaIE EHEARERES
.2.5Mrad (=25kGy) - M EMRFTEE|EH|FERE AAMI (Association for the
Advancement of Medical Instrumentation)s%, ISO 11137 23RRE - (IR BERR
BB - B SAL(sterility Assurance Leve)fEZSER 10° - ZEHESHE  ABER
SAL TEERE - THERER - LREFEIBEENTHE9SM - 4# Gamma
EHR - EBHE - ESSRHEWER REERERTNE » BENESEE
EEETEZRAENBERTRER @ WHENEEENETEERKEEZE 2.5
Mrad (REMEEEE) RS EREREEEMS » TR ERENLLFICREIESS
%) - HREEHEEENBREBES MEATHERIES M - Hit Gamma

~4~



SEETHIATETRPE « thESEURSFT o BESK Gamma BT EESIB TRIE » (BEM
WRERELEBELS  BELARERZE > LL2.5 Mrad BHIFHEFER]E
10~15°C 245
Gamma EEHHEE S TIEE « 2FEREMESKRREEESZ(ETERY
EEE > BEEREFERNE—ZE  BEEREBHENRSE - BTEY
BESBIBE S > £58 Gamma B EEEIEN - Gamma BTAEEHE
FELVEEREE - EREBERS T %% Gamma BEIR » &My CHE C-C
HEREZ > E4HE—EF 2 8HEE(Free Radicals) - BEHEREERIE » &
MG 45 (crosslinking) EJUE (B E) M BRIBRIEE - ENTRIEE - TER
BN SR (Fl0 PVC hE R FERFREL) RS
éﬁﬂﬁn PMMA BB51% EHEERAE) RV ETIRIIEE - BESTH
REET2 ) ENEHEME R EERNRE  F—FEE - EREERDS
m?ﬁm%‘]‘?\/%%g—*% » RIFNET ERABEE S FEIEH)RIESTIURYE » 3
HEUMBERETESSERSHE—ERG - RZAIZREEBENBERBEEESE
B ES FHIEEsE -
EEFRHEMREMEVI S BEVRIBNESE - 50 T HERERENE
FHIIATRERIM(ERTEESTY)) - HEFREDEREL  EEEFENERT
REZHEMICEZE - MRLEH R RLRE AN TRALRET
ERGEEEEEAIREEAANEZR)  BREE REEHS L
Bﬂﬁ“lﬁt%&ﬁﬂﬁubuﬁ%%ﬂﬁﬁ{fﬂlﬁmﬁﬁﬂ: RIS RS -
% 1980 £E#E » Gamma EEETFEIT » LHEIAED EO MBHEBE@E—) - 5
%ﬁi@ 25%LA ER9RE SR R LA Gamma SEETRE - REIRINEXRFENHEHE
SF 20 B Gamma H#A TR - SR EIEEFEEE SRAHERGE) R+
BE MBI AT(EP) MK HE Gamma BE IR TR - AL T BB IRIES
BEYEAREM - &F Gamma £ T FHERAWS » PREEMARERATEIE
% SteriGenics FATETE » HEESERIEIRA M REFIiENRET - THERERR
SHTERESE  ERRERROREP)ERETERE -

B TR

FEUERIER R ZBEIFERESEER - EO kK Gamma)l VSR EEE
LFIARIOERESE  ETEHAEREEREEERIEETRE - —m
- BERKEOBE @ ANTEFIEFIRERS > 8 AUH  RESETEES
FEN B R IMA L Y5 E] Bl (Biological Indicator) - EWHE TR @ Bl f&KAEE
ST BREERSRMEYR  ERTEERIT  BlEEERESEENMESNEER
40 Bacillus subtilis) QIEETE R EBRIE P T 20 A EE SEE T2 -Gamma
ERNRREHES - REBEIETE|(Dosimeter) B REIRZFEEE - EMIL
TRTLARAT o R R IR B IR OB SR T U THOTE F-(Parametric Release) » RET

~§5~



FEESN  EAWERE  LBAN EO RERA TR « CAATYSRE FDA
FESE AERIEFAT -

BT R E RAVRERN (SZERIRERRR - &4/ I8% » K Gamma 8857 )
& B EEE MBI AT T RERENEERT - ETRENRR
REE -

EF5EEST (Electron —Beam Radiation 5% E-beam Radiation )

BHR 0 xHEFXR  Gamma 548 - REMBFIR - AEZEREEEDeV (B
TR ) BRGNS BETAMEEBEREIIEE - AM - £IMREERE
EEERR  REEEYRRENRE - EFREZNARNERM: - ATL
BESRIESS - JLMEEEEERAE 1 Mev (BEEETFREF) UL - [LIESEE
ETRECHAXRERSEIEAR  BERBREBELAIKE (Cross—
Linking) > EERI K $EEIIE L (Curing) » EFMRIREFSE » RBYEESE -
EXERGEETEERANEEEEHITE45SERERLIE- 195 64 » Ethicon Inc.
(Johnson & Johnson HJF /2 5] ) B RAEFREFEBFMAREE (suture)
HER @ ERIIERTORGHERBEERY > SRX2EAFEE=TEE
FTREHEE LR  HPHOELALEETRECR @ B—RKEDEIZES
TERERBNERIT IR EFFREHNTEABRFEERBENSIEEER  BE
RIZBIEH  ESEZE6—-8% -

EFREESEE Gamma 514 - WEBFLELIMS (FI20 : MEHEERZ
EBMEE A CRERBERUIEIERESE) - (BB EMERE - RAKEH
BE—RMLLE -

AERAEEILEY  REEN—HERENN  ARRSETRIETE]
50 kw  —RBEERL Gamma WEEE/NEF GBE 2 — 6/\FF) FrEE
X 2 — 4 Mrads (20-40 KGYs) fRERIE » MEFRABEEHEITER - 5%
EEF A Gamma HE - FEEMESL - HLHEEE L (HEXUEFE
WE - AIFEDIME (EERE)  HEMETNTER S TR LREHE
4 A 0 {H Gamma BHIFHEER - EHREHETRPNEE A MIFEREMSHE
v BFREBHENE  MEAZEHREARHEENE  EEATNERIL
ZIBE  MOATEREXTRSEEE  SREFEARE  BREE (Cross—
Linking ) » Rt EMHBEREBREE - HEFRORAGHENTEEE (BEX
NEH -

RATERMIEREFRNWEEEEHEEESEEEEMNE  RILEEET
RIREAMAEER() & (Mev: REGMEEREEEEREME) kQ2) I
E (Kw ; (KIREBEFEERME ) - B Gamma 55% /158 - ELALIBER—E
KEFERAENRS  MEFRFENS - F—ERELAERATRINGET

~Gf~



FoEREE - EEYERES > B FESE EESHER  UFE ZHEE
FEETREMER - RS Kw EFHREBZZEN—HERE LA —f&mE R
Y 1 Mrad T3ERIEF 2.4 C(LAIKER BREMERAK BHEEEES )-Gamma
BHRBERE  HEEREHE  ETRYES  BEEEATRERMERIE -
CEBEFCEIXFETFRENRE  ERERTIREIERSE - BEER
EEREZTER  BEERKEHESHRAERE  BEFRRERHE—EZZ -
RERERAEEE - S—(BEENZEFRHFBRERMEIRUSREEFRE
& X HEEHEESR o X AFERE Gamma B ENREFRELEHE
B AIRERARRBERIENE -

KEEWE (Gas Plasma Sterilization )

SIS EO BREE RIGFHMEE, - 2B Abtox Inc. & Advaced
Sterilization Products ( ASP ; Johnson & Johnson +/\F) ) » iTEREHELREER
B METESSETRCELER LMEER > BEEXIEEREZERZED -
Abtox Bl EFHENBREZELRAREEZR  F—ELBREHEZ  Z
BEARMZBEZEKER (CH4 03 (aq) » RILBRELELES /K HyO)
KR ZE C,H,0,) » 7ELLAKEE (Vapor Phase) T{RIF—EREERT » € Hy0r RZ
MBEANEER  MRLERBRRZEFAFIARBESY (£ - &RE) &
BREEH  FREBESYRENL  KREPCEREEEERAREE » &R
ZEREME (Plasma Phase) ; ASP B#EE{Eth3E Vapor K Plasma Phase » {2
{# R HyOy /KB (MIEBEZEKEE) MECHRREZFHBEES— I
EREHNEARBESY » MEERRMEN H)O) FkEARRKERRE - B
BETREZE C)H, 03 NEENHRES K H)0;) # » (BERMETIRBENEL
L% EO - #R7 Abtox AR ZEL - IR ESBNIE (108F) - BEEH
EYE (FDA EERAET) - L EO RERENEAELETESE ! » {8
FZ 0 H K OH BEHEERBERESHK HY0 » A] 2N —iFHK S
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1.5z %245 (Dry Heat) B 140-170C
B © 60~180 47¢&
2.7 M 3 5 8 1B 1 B4, (Steam under Pressure or T & - 121-132°C
Moist Heat) B 7 : 15-19Psi(gauge)
FERME - 545 88
3. &1k Z % (Ethylene Oxide or EtO) B 25-75C
BT - BR R FEBEE] 25Psi(gauge)
E.Q.J8E : 450~1000 mg/liter
FEEHRE © 50~80%
FBEER  1~12 /)00
4.Gamma #25F(Gamma Radiation) BE  ZEE S0C
EE5TVE ¢ $5(Co)60 B$E(Cs)137
& : 1.5~4.5Mrads
(15~45KGys)

EHRAEMBNESNEE AT - EEXMEHCEZVE (£ - BaF) T
— BEOHESNES 28 ERERIIE/ B0 B E (RER
TIHTIE LU FE -

ZZ KL (1)L.P.Matthews, C.Gibson, & A.H. Samuel, Clinical Materials 15 (1994)
191-215 (2)Sterilization Technology, Edited by R.F. Morrissey & G. Briggs Phillips,
Van Nostrand Reinhold Publishing, 1994, Page 4
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Radiatio | Radiation Dose to Number of
Polymer n Produce Significant Potential
Stability | Damage(Mrads) ** | Sterilizations ***

ABS (Acrylonitrile Butadiene Styrene) Good 100 M
Acetals Poor 1-2 0
Acrylics 5

PMMA(Polymethylmethacrylate) Fair 5 1

Others Fair 10 1-2
Amides(Nylons)

Aliphatic Fair 50-100 1-2

Aromatic Excellent 1000 M
Cellulosics Fair 20 1-2
Fluoropolymers

PTFE(Polytetrafiuoroethylene) Poor 1 0

PCTFE(Polychiorotrifiuoroethylene) Fair 10-20 1-2

FEP(Fluorinated Ethylene Propylene) Fair 20 M

PVF, PVF,, PETFE, PECTFE Good 100 M

(Polyvinytfluoride),(Polyvinylidine Fluoride),

(Polyethylene-Tetrafluoroethyiene),

(Polyethylene-Chlorotrifluoroethylene)
Polycarbonate Good 1007 M
Polyesters(Aromatic) Good 100 M
Polyolefins '

Polyethylene Good 100 M

Polypropylene Fair 10 M

Polymethylpentene Good 30-50 M

Copolymers Good 50 M
Polystyrene Excellent 1000 M

Copolymer Good 100-500 M
Polysulfones Excellent 1000 M
Polyvinyls

PVC(Polyviny! Chloride) Good 50-100 M

Copolymers Fair 10-40 1-2
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MR AL BRI BB E AR RATREM LA
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Ethylene oxide
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Material (Rubbers)

Radiation Threshold
Damage Mrads

Dosage 25%
Damage Mrads

"

Polyacrylic

Butyl

Chlorosulfonated Polyethylene
EPDM(Ethyiene-Propylene-Diene)
Fluoro-

Natural

Nitrile
Polychloroprene(Neoprene)
Silicones

Styrene-Butadiene

Urethane

24
2-3
10
5
10
6
6-8
20

10-15
10
30

100*
50-70
100-200
100
50
50-100

.100*

600-800
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[11] ISO 10993-11:1993 » B ESBM C &EWETME - £ 11 §ip - 2B HEEHHE -
[12] ISO 13485:1996 » SLE RAE - BEEIM - FEFI ISO 9001 Z4SFTRIFEE -
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Terminology - Goals

* Safety: Freedom from unacceptable risk of harm.

* Basic Safety: Protection against direct physical
hazards when medical electrical equipment is used
under normal or other reasonably foreseeable
conditions. |

 Safety Integrity Level: A qualitative measure of
the level of assurance that a component or system
will function as intended or, if it malfunctions,
will do so in a safe manner.

~4~



Terminology - Problems
Risk: The probable rate of occurrence of a hazard
causing harm and the degree of severity of the harm.
Hazard: A situation of potential harm to people or
property.
Defect: Failure to meet requirements of a product or
service.

Fault: The immediate cause of a failure.

Failure: The state of inability of an item to perform its
required function.

Quality: The totality of features or characteristics of a
product or service that bear on its ability to satisfy or
implied needs.

~5~



Terminology - Test

Inspection: The examination and testing of supplies and
services to determine whether they conform to specified
requirements.

Validation: The process of evaluating a product to ensure
compliance with specified and implied requirements.

Verification: The process of evaluating the products of a
given phase to ensure correctness and consistency with
respect to the products and standards provided as input to
that phase.

Certification: The process which seeks to confirm that the
appropriate minimum best practice requirements are
included and that the quality management system is put
into effect.

Registration: Official recognition, conferred by a body

accredited for the purpose that a facility’s quali system
meets ISO 9000 stIz)m ards. 'S quality sy

~6~



Terminology — How

« Performance Standards: Published instructions and
requirements setting forth the procedures, methods,
and techniques for measuring the designed
performance of equipment or systems in terms of the
main number of essential technical measurements
required for a specified operational capacity.

* Method: A prescribed way of doing things.

» Procedures: Documents that explain the
responsibilities and authorities related to particular
tasks, indicate the methods and tools to be used, and
may include copies of, or reference to, software
facilities or paper forms.

~T~



Terminology - Who

* First Party: The entity supplying the
product.

* Second Party: The customer or purchaser
who, in some situations, audits it suppliers

for conformity against a particular quality
standard.

* Third Party: An independent organization
involved in auditing the quality system of
the supplier.



Terminology — How

« Record: Provide objective evidence that the
Quality System has been effectively
implemented. (A piece of evidence that 1s
not subject to change)

* Quality System: The organizational
structure, responsibilities, procedures,
processes, and resources for implementing
quality management.

~9~



Terminology - How

* Quality Management: That aspect of the overall
management function that determines and
implements quality policy,

* Quality policy: The overall intention and direction
of an organization regarding quality as formally
expressed by top management. Management’s
declared targets and approach to the achievement
of quality.

~10~



Terminology — System

* Certification Body: An organization which
determines if a supplier of products or
processes meets certification against

“established specifications or standards.

 Notified Body: An organization authorized
by a European Community member states’
government or recognized accrediting body
to conduct conformity assessment activities.



Terminology — Electrical Safety

Applied-part (Patient lead) Leakage: The leakage that
flows from or into an applied part or between applied
parts.

Current Draw: The current consumed by the product.

Dielectric Withstand: The ability of insulation to
withstand high voltage.

Earth Leakage Current: Essentially the current that
flows down through the ground conductor in the line
cord back to earth.

Enclosure Leakage Current: The current that would flow
from any accessible enclosure part if a person was to
touch 1it.



Electrical Safety Concerns

e The leakage current limit 1s the single most
important EMI-related concern in medical
device design because it 1s almost
impossible to adequately filter signal and
power lines given the current limit.



Electrical Safety Concerns

» The reasons for using current limits in
standards:

— Microshock hazards: ground loop
— In nature, EMI 1s a current.

~1'4~



Electrical Interference

 Five major threats to medical electronic
equipment

Emission: regulatory issue

RFI: analog circuits

ESD: digital circuits

Power disturbance: spikes and sags

Self-compatibility: internal components



Electrical Interference

 All mnterference problems have three major parts
to cause a problem, a source, a receptor, and a
path coupling the source to the receptor.

» Identify the problemss With FAT-ID.

— Frequency

— Amplitude

— Time

— Impedance : 2nfL, 1/2=fC
— Dimensions



EMI Sources

RFI (radio frequency interference): test for 3-10
v/m, some as high as 200 v/m.

ESD (electrostatic discharge): can have 1 ns rise
time and up to 10 amp, test for 0.5 KV — 15 KV.

Power disturbance:
Voltage
Frequency
‘Waveform
Transients
Noise



EMI Paths

e (Conducted:

* For RFTI: act as antenna <1/20 wavelength (~ 30
MHz)

« For ESD: direct discharge to signal wire or ground
* Sole for power disturbance.

 Radiated:

* For RFT: act as antenna >1/20 wavelength

* For ESD: via magnetic field coupling or electrical
field.

e Both



EMI Receptors

* RFI receptors: Analog circuit, especially
differential input of amplifier, which has low
signal level, high input impedance, low bandwidth,
and extremely low leakage current.

* ESD receptors: Permanent damage to FET, some
ICs. Transient effects

* Power disturbance receptors: Electrical Fast
Transient (EFT) to power supply, electronics.



_ 5.54/P
R

Examples o

E =220 LR
10

What 1s the electric field strength from a 1 watt
handheld radio from 1 m away? (E~5.5 V/m > 3
V/m)

What is the induced voltage for an uncident wave
of 3 v/m onto a long patient cable at 30 MHz? (v =
3V)

The measured current on a 3 m cable at 100 MHz,
10 m away 1s 20 uA, the field strength is 94 uV/m.



Grounding for Electrical Safety

A Ground is simply a return
path for current flow.

There 1s no such thing as a
““zero potential” ground in the
real world.

Current must return to its
source, and will take multiple
paths with amplitudes inversely
proportional to the impedances
in these paths.




Ditferent Types of Grounds

Function
Safety

Power
(neutral)

L1 ghfning
ESD
Digital
Analog
EMI

Frequency Amplitude Duration

50/60 Hz 10-100 A
50/60Hz 10-100 A

300 kHz 100 kA
300 MHz mA —A
1-300 MHz mA - A
DC-100 kHz uA —mA
DC-Daylight uA - mA

ms — hrs

Continuous

50 ms
50 ns
Continuous
Continuous

Continuous



Ditferent Types of Grounds

* Jsolated Ground: a
dedicated grounding
conductor is carried

- back to the power
source.

o Earth Ground

ignatiGround
@
N A\
SignaiGround
'g ®
S N
SignalGround
i
; &
N\ A\
SignetOround
Groumd plene =~
po—" 10N\ -
M 4
A} N

Poor-Ground noise
corrupts signal

Unsafel-Isolated
ground rod creatss
shock hazard

Best-Single point
round. Electrical
ode must be

observed

Good-Low impedance
ground plane
connecting
enclosures



Cautions for Ground Loops!

* A ground loop exists whenever

multiple ground paths exist.
Ground loops are a serious m
problem for sensitive analog @

circuits facing low frequency.

* It can be minimized by using

single point grounding or by
using isolation method
(transformer or optical) to

break the path.

AN AR

Optical Isolation



To make a good Ground!

A ground needs to be low
impedance over the entire frequency
range of interest.

For low frequency, single-point
grounds are the preferred approach,
while for high frequency, multipoint
grounds with ground planes are the
preferred approach. (10kHz)

Use a strap of 5:1 length to width
ratio or less.

Long-term bonding integrity of

mating surfaces needs to be ensured.

Impedance

One direct ground
PCB ground \
| S T T A R R TR AT VA et |

L L A L \

Chassis ground
Several capacitive grounds



Safety Standards Equivalencies and
Implementation Date

ESD IEC 801-2  EN 61000-4-2

RFI IEC 801-3  EN 61000-4-3

EFT IEC 801-4  EN 61000-4-4

Surge IEC 801-5  EN 61000-4-5

Conducted RF IEC 801-6  EN 61000-4-6

Emissions CISPR 11 EN 55011

Medical Devices [EC 601-1-2 EN 60601

Harmonics [EC 555 EN 60555

[TE Immunity CISPR 24 EN 55024 »_

EU EN 60601-1 06/13/1998

Canada  CSA-C22.2601.1-M90  101/01/2000
UsS UL 2601-1 12/31/2004




Rational for the Safety Standards

 AAMI: ES-1 1s a baseline standard. It seeks to reduce
the risk of inadvertent electric shock from medical
devices. In particular, it concerns itself with the risk
of injury from the small currents that inevitably flow
~ {rom or to electromedical apparatus.

* IEC: 601-1 1s a safety standards relating to the design
of the equipment, installation requirements to ensure
the safety of electrical equipment in some clinical
applications, user guidelines to ensure that the
equipment was maintained and used safely.



The Purpose of Safety Testing

* To ensure a device is safe for both the patient and
the caregiver.

* Both ES-1 and 601-1 are intended mainly for the

- product design and development. Safety testing is
especially crucial in the design stages because
safety must be designed into equipment, not just
tested afterwards.

- * But anything can go wrong, so we do need safety
test.

~28~



kb2t (AAMI vs. IEC)

¢ R E RTB
— 38 R 1E

— Isolated, Non-isolated, Likely to contact, no
patient contact

— CF, BF, B
o JRIEAR
— NC and SFC

~29~
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T T PR Eh

Bclosure nisk arrert Patiert-applied| Patiert isolation Eathrisk aurent
NE Codoomected | Pemmnart nskourert | nskanet (sik|Gereral  |Qlher Permmonant
battary powarad (source curmant) anot)

isoltad | NC 100 100 10 NA 0 250 5000
SKC 30 5000 0 0 1,000 5000 10,000

Noisolaed | NC 100 100 10 NA 50 250 5000
SRC 30 5000 100 NA 1,000 5000 10,000

Likeltto | NC 100 100 NA NA 50 2,500 5000
contact petient| SFC 30 5,000 NA NA 1,000 5000 10000
Nopatiert | NC 100 100 NA NA 0 2500 5000
oatat | SKC 0 5000 NA NA 1,000 5000 10,000
F NC 100 10 0 2500 5000
SKC 0 0 1000 000 10000

BF NC 100 100 0 250 0
SKC X0 0 1000 000 10000

B NC 100 100 0 2500 X0
SRC 50 0 1000 000 10000




Al I8 B

Earth leakage current: current that flows in the line cord back to
earth.

Enclosure leakage current: current that flows from any accessible
enclosure part to a person with touch.

Patient lead leakage: leakage current from or into an applied part.

Dielectric withstand: the ability of insulation to withstand high
voltage.

Ground-bond continuity: the ability of the ground system
connections to handle current.

Residual voltage: the voltage present in any plug conductor one
second after the plug 1s disconnected from the line.

Accessible-parts voltage: the voltage present on any accessible part
including parts covered by service or access door.

Retained energy: the energy stored in any accessible part.
Current draw: the current consumed by the product.

Power consumption: the power consumed by the product.

b)



B3R 7

* NC: Normal Condition

240/120 VAC @ 50/60 Hz, add 10% as a safety margin

Power switch on/off

— Power polarity normal/reversed (cord-connected only)

Patient grounded/not grounded

« SFC: Single Fault Condition

Power ground (earth) conductor open
Short circuit of either barrier of double insulation
Failure of a single component that can produce a hazardous current

Application of line voltage to an input or output part or to
accessible conductive hardware of the enclosure

Application of line voltage on a patient-applied part



—

Rated line
Voltage

SSR1

BAE-; 83 B %
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FAE- a2 R

® ChaSSiS Source Current POWER | Polarity | Ground | SW34 Command(1)

Off Normal Intact 0 |CLR_A

te St CLR SW34

On Normal Intact 0 SET SSR1

Off Normal Open 0 |CLR_SSRI

 Patient Source Current SET SW2

On Normal Open 0 |SET SSRI1 (SET SW2)

Q. Patient Sink Current Off |Reversed| Intact 0 [CLR_SSRI

CLR_A
SET SWI

On Reversed | Intact 0 |SET SSR1(SET SWI)

off Reversed ] Open 0 JCLR_SSRI (SET_SW1)
SET SW2

On Reversed | Open 0 ISET SSR1 (SET SWI1; SET SW2)




& YE- LabVIEW

MAIN{
/* Initialization */
CLR A = e
CLR_SW34; CLR_ASWA; CLR_ASWA; =
CLR_ASWB R — - -
FOR I= O TO 7 '_‘f;g_m'_f":i' : Generator High Voltage
COMMAND(I) o
FORJ=0TO3 Eir_ O —" l
Warm-up S = .__.I oz [ooo00000000000
SET SWC(J) vt = | || Eossssss000059
MEASURE e oot |
CLR_ASWC l
NEXT J —
NEXT I = Nl —
CLR_SSR1 [o] [o00000] [oo] [ 0 o

CLR_A } DMM Testing Apparatus

MEASURE : # HEDMM € 8% 814 £ &
ERARYTHRMBAERRE 54
EH B EHESF o



FANE- PB R

. The millivoltmeter shall measure true rms volts; however, it
may be calibrated to rms microamperes by the conversion
factor of one microampere per millivolt (see section 4.5.3).
The millivoltmeter shall have an input impedence of at
least 1 megohm and have a bandwidth of dc to at least
1Mhz (-3 dB) ; in the band from dc to 100kHz, the
indicated measurement shall not be more than 5 percent in
error, and it shall resolve a signal as small as ImV.

@ty HP 3458AsHP 34401A
TEEHELER < 0.1 Q (CNLA <2 Q)
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FEAEREA
KR EN  GATYEG/I- S8 — B — %034 213 %
Addr. : Rm213, No.1l, Sec. 1, Jen-Ai Road, Taipei
RIEEHE M AREB LI LR LB L AR B2 LT
Irganization: Institute of Biomedical Engineering, National
Taiwan University and Department of Biomedical Engineering,
National Taiwan University Hospital
FREZLE BAARBTIHLROKB%E%E Laboratory:
Electrical Safety Testing Laboratory for Medical Instruments
P E 4% 0613 Registration: 0613
KBMETARTA T RIEA - L ¥ (X2 A) Laboratory Head: CHEN,
PO-QUANG, LIN, CHII-WANN

T3E 0 (02)23912217

Laboratory

4 A (02)23940049 MR FH K - O #nr
O #H% @ —H%AH
HEIEE ARG I ER RS i [ BERMGFRED
Registration Test Items Test Methods Range Best Test capability
Items Recognized
EDO0405 BRI 1. AAMIES-1 I FREBEIBE  Enclosure leakage test =10,000uA |Equipment Accuracy:
BERMEM [Electromedical (1993) AAMIES] §-3,5-6 H% of reading
LEZHH apparatus 28R ER RIS Patient lead leakage test £10,000uA |#% of reading
Electromedical AAMIES! 8§-4
for electrical 2. IEC60601-1(1. 5| R WAH Enclosure leakage test, IEC60601 89 [0-5000 uA | 1% of reading
safety (1988) 2. MR BT Safety Ground Leakage test, IEC60601 §l0-5000 uA 1% of reading
19
3. ERRIE A Patient lead leakage test , [EC60601 [0-200 uA H% ofreading
§9.1E, 19.2A, 193,194
4. $E M PH HL R, Impedance of protective earth test 0-20 ohms H% of reading
IEC60601 88f
5.5 F ERERIE Residual voltage test, < 60V(peak) [H% ofreading
IEC60601 §5b
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~ History

m1976; 94th Congress

m 1996, FDA's Center for Devices and Radiological
Health (CDRH)

m 510(k) Process Reengineering Team

5 * Representatives from CDRH

% - » Center for Biologics Evaluation and Research (CBER)

g - FDA's Office of Chief Counsel.

5 m 1997, the 105th Congress: FDA Modernization Act
of 1997 (FDAMA)

~ D~



.- Regulation

m Devices pose the least amount of risk
 General controls

m More complex and riskier devices
« Performance standards

m Most complicated and riskiest devices

 Premarket approval



New 510(Kk) paradigm

mSpecial 510k (Design control activity)

* As submission for substantial equivalence (SE)
determination

« 26 days vs 111days (traditional 510K)
mAbbreviated 510(k) (Special controls)

* Performance standards
* Postmarket surveillance
- Patient registries

* Device-specific guidance documents
 Labeling recommendations.
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f Regulation gap (European Union )

m Medical Devices Directive (MDD; 93/42/EEC)
(European Union )

o * Four different routes to quality assurance for a Class llb

device, three for a Class lll product.

o ~+ Annexes 1, 1V, V, and VI of the MDD for separating

o design control from manufacturing or production control

(not accepted by USA)

* Class | sterile and measuring devices, (Annex V,
production quality assurance) with a self-declaration by
the manufacturer

mEN ISO 9001 and EN 46001
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:.vRegulathIl gap (Union States)

= Current Good Manufacturing Practices (cGMP) and quality
system regulation (QSR). (FDA)

= Premarket notification 510(k) evaluation and premarket
approval (PMA) review.

m Final Design Control Inspectional Strategy.

m The quality assurance system in both the European Union
and the United States must cover both production and
design control for Class Il (both lla and 11b) and Class lli
products.(ISO 9001; 1SO 13486) |

. Class | without design control requirements, and with manufacturers
to satisfy the QSR by meeting 1SO 9002 and 1ISO 13488
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- Comparison

- mlISO 9001; 1SO 13486--EN 1SO 9001 and EN 46001
i m 1SO 9002 and ISO 13488-- EN 46002
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Figure 13.1 Physiological effects of elé_ctricity. Threshold or estimated
mean values are given for each effect in a 70-kg male for 1- to 3-s exposure
to 60-Hz current applied to copper wires grasped by the hands.
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»» . Important susceptibility parameters

; mSex

‘ - mFrequency

. mDuration

E mBody weight

mPoint of entry: macroshock vs microshock




Point of entry

Catheter

“(b).
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‘Distribution of electric power
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. Microshock

!
§ Hot ® 1
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cuit
Neutral °.
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.;l | | 1 ground
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Broken
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‘Microshock

Metal Patient

: frame touches

: ‘ . Metal
2 . . A window rail bed
o Wire pacing _Metal i

§ clcctrpdc

3
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3

grounded
object
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- Microshock
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"Microshock

Isolation
. Hot transformer -
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- Electrical safety standard

m National Fire Protection Association (NFPA)

m Association for the Advancement of Medical Instrumentation
(AAMI_ SCL-P 10.75)

m National Electrical Manufacturer Association (NEMA)
m FAD-MDS-201-0035
m |[EEE 711-2




v “Patient electrical environment

m NEC (national electric code) 517-80,81, frequency <1000
Hz, 1000Q2 resistir

m General-care area
« <500mV, 4 single or 2 duplex receptacles
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 Equalpotential grounding
m Critical-care area

« <100mV, 6 single or 3 duplex receptacles
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Protection against shock

- mlsolating patient from electrical conductor
m Equalpotential of all conductor surface

m Equalpotential grounding

» Connection resistance< 0.1Q
* Receptacle ground < 20mV
* Receptacle to conductor <100mV



Equalpotential grounding

- ' Patient grounding point
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' Protection by equipment design

m Reduction leakage current: lead & layout
m Double-insulated equipment
m Operation at low voltage

NEINE tc e Lot s T R R

m Current limiters
m Electrical isolation




-Electrical isolation

Isolation barrier
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Testing of electrical system

mTest of receptacle
~mTest of interground voltage
mTest of isolated power system
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Figure 3-1. Chassis should be grounded fo

level through stray imp
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r safety. Otherwise, it may reach a dangerous voltage

ulation breakdown (right).



Power distribution

_ — SERVICE ENTRANCE

¥y _
B ] =7
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Figure 3-2. Standard 115-V ac power distribution circuit has three leads.



Power distribution with ground

SERVICE ENTRANCE

——— ——1 LOAD ENCLOSURE
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Figure 3-3. Combination 115/230-V ac power distribution circuit has four leads.



Signal grounding

T I 3 1 2 3
T T 7
SERIES CONNECTION PARALLEL CONNECTION

Figure 3-4. Two types of single-point grounding connections.
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Parallel ground with multi-point

Figure 3-5. Multipoint grounding connections.

CIRCUIT CIRCUIT CiIRCUIT
1 2 3
R, Y4 R, A A R, Yh

NV WA

Tohti b+l )
Figure 3-6. Common ground system is a series ground connection and is undesirable from a
noise standpoint but has the advantage of simple wiring. CIRCUIT CIRCUIT CIRCUIT

1 2 3
Ry Rz Rj

GROUND PLANE
G

7
Figure 3-8. Multipoint ground system is a good choice at frequencies above 10 MHz. Impe-
~ 28~ dances R,—R, and L,-L, should be minimized.
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Grounding within board

— \ NOISY
] — I GROUND HARDWARE
SIGNAL (RELAYS, GROUND*
i _ I GROUND MOTORS, (CHASSIS,
(LOW-LEVEL HIGH-POWER RACKS,
——  NOISY — CIRCUITS) CIRCUITS) CABINETS)

— 1 C&= [
T = -] L

i—

e —
! [
=
=
DIGITAL =
*AC POWER GROUND CONNECTED TO
L HARDWARE GROUND WHEN REQUIRED
Figure 3-12. These three classes of grounding connections should be kept separate 10 avoid noise
Figure 3-11. A printed wiring board with three separate ground systems, one for the digital logic, coupling.

one for the low-level analog circuits, and one for the “noisy™ circuits.



Grounding

example

9 "READ" AMPLIFIERS

S idassd

9 "WRITE" CIRCUITS

DIGITAL DIGITAL
INTERFACE CONTROL
LOGIC LOGIC
1 1 ]
CAPSTAN UPPER REEL Lozvsen
' MOTOR MOTOR MF:)T&“
CIRCUIT CIRCUIT —oTon

|

|

]

l‘ — NOISY GROUND

POWER
SUPPLIES

£

—

AELAYS
&

SOLENOIDS
_ — -HARDWARE GROUND

TP PP,

1

SIGNAL GROUNDS - ~ =

Figure 3-13. Typical grounding system for nine-track digital tape recorder.




System grounding

RACK 1 RACK 2

PANEL PANEL

vy ral* i’
Bk JI ik

\ INCORRECT

GROUND GROUND
STRAPS STRAPS GROUND
+V

é 2P

PRIMARY ~—_ ELECTRONICS GROUND
POWER
GROUND

Figure 3-14. Electronic circuits mounted in equipment racks should have separate ground
connections. Rack 1 shows correct grounding; rack 2 shows incorrect grounding.



QUARDED METER
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o
e
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Guarded meters -

In
GUARDED METER ]
——— . ] v
10 Rcy ° J_
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CIRCUITRY NOISE VOLTAGE APPEARS ACROSS A ¢y
l Ay | Figure 348. Guard connccted i low side of meter allows noise curremt to flow in line resisronce
R,
= | | '
hea I ALz |
wow] l GUARDED WETER
A4 AR é L
= P —surol I 3
anounu! N l
—O
/J I “(
7 =
SOURCE
GROUND
Figure 3-45. When a guarded meter is used, a common problem is where to connect the guard 77
terminal. NOISE VOLTAGE APPEARS ACROSS R, AND A,
Figure 3.49. Guard connected 1o local ground i incffective; noise curremt flows through R,
R,y ond Z,.
oURe GUARDED METER
SOURCE fer ”[— | GUARDED METER
" I " ulour— 1
] s ] A B, |
gn. | ' | Ao l
<
Ac2 ' LIt | ":§ I I
LOW| I ' A2 I
l Rca Low|
| [ AAA- i |
v ) GuAnDf ' '
M T
% | l ™ ( ) auaro| '
™\ GROUND , A I ‘—L’I" |
A\
S B————— |
e s N\ GROUND /
= 4 R
re 3-46. When measuring voltage across R,, best connection for the guard is to the ==
13 ' & 7 ==
low-impedonce side of R,; noise current does not affect amplifier.
P y _~ 33 ~ GUARD NOT CONNECTED

Figere 3-80. Guard not connected; noise currenes due 1o V,, and V., flow through Rey R, 2,
ond Z,



- Static electric discharge




Human body discharge

RDOSRNNNNN

Figure 12-3, Human body cepacitance and resistance.

<0.1,H

i

RANGE OF VALUES
Cob 50 to 250 pF
Rp 500 f110 10 kal
Vb 01020 kV

Figure 12-4. Electrostatic discharge model of the human body.
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Figure 12-5. Typical electrostatic discharge current waveform.



Discharge from different enclosure

METALLIC
ENCLOSURE

/ 4
ARC [ o772 )

i

ESD
CURRENT

’7////////////////////////////////////////////////////////4

Figure 12-7. Electrostatic discharge to a metallic enclosure that does not have electrical contact

across the seams.
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Figure 12-8. Electrostatic discharge to a metallic enclosure that completely encloses a circuit. The

circuit has no external connections.



Discharge from internal circuit

\\\‘

|« SECONDARY SHIELD
CONNECT TO CKT. COMMON

R T TS

Y

7

(&)] ®)
Figure 129. Capacitive coupling between a metallic enclosure and a circuit (A). A secondary
shield (B) can be used 1o block the capacitive coupling between a circuit and a metatlic enclovere.
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SINGLE POINT GROUND
CONNECTION BETWEEN
CIRCUIT AND ENCLOSURE

.

II//////I///II/I/I/I/I/I/ﬁ

CIRCUIT

i

L

LLLTSLISLL LI FIS SIS PSSV YY,

UANEEUNARNNNY AY SNNNNNENKNAONRNY
““““““‘\“““‘\“‘\V

\“\\“ ANAENNRNRY KON

N

A

£ £ Z 2 7 /
Figure 12-10. Electrostatic discharge 10 a metallic enclosure containing a circuit with an external Figere 1211, Electrostatic discharge 1o & metallic enclosure comaining

. @ circuit with a single-
ground connection. ~ 37 ~ Point connection between the enclosure and the cireuir.



ischarge between meters

NN NNNNNNNWN NANNANNNNRNNNANNANNY
ARC
2

N

N
CABLE TO HOUSING BOND
PWB PWR
N
\\ NANNN NNNNNNANNNNAN ANNNNNNNNNNNNNN NN
lesp ) 1 -

Figure 12-12. Two enclosures connected with a shielded cable, in an attempt (o turn the two inio
one continuous énclosure.
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COMMON ~MODE

CHOKE

- V" —

[Tintglipia ]

L] ] T

| | i

] M i

o 1

N
—-———d I
SINGLE POINT GROUND
CONNECTION BETWEEN
CIRCUIT AND ENCLOSURE

A e e

Figure 12-13. A common-mode choke can be used on the interface cable to drop the ESD-
induced noise voltage (V,,).



Protect for discharge

INPUT INPUT
CABLE CABLE
AN\\N AAAARARRTAL AR AR U j W
N 3
N
\
N
N N b
N PWB PWB N
\ W ‘
N N \
ANNANANNRANRNNNNN \\\\\\\\1 A A A A AR SRR,
- - ESD ESD
ESD CURRENT CURRENT CURRENT
FROM CABLE
(A) (B)
(A) )]

Figure 12-14. Improper connection between PWB and chassis (A) forces ESD currents on cables

Figure 12-15. A capacitor (A diode (B b d 1o b the ESD
to flow through the PWB. Proper connection (B) diverts ESD current from PWB. pacior (4) or surge diode (B) ean be used to bypass the current from

the cable to ground.
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Health Care Facility

. Hospitals

. Nursing homes

. Residential custodial care facilities
. Clinics

. Medical and dental offices

Codes and Standards

. IEEE Std 602-1996 IEEE recommended practice for electric systems in health

care facilities

. IEEE Std 141-1993 IEEE recommended practice for electric power distribution

for industrial plants

. IEEE Std 1100-1992 IEEE recommended practice for powering and grounding

sensitive electronic equipment

. NFPA 70-1996  The electrical wiring and design recommendations
. NFPA 99-1996  Healthcare facilities
. NFPA 70B-1994 Electrical equipment maintenance

7. NFPA 101-1994  Life safety code

8.
9.

NFPA 110-1993 Emergency and standby power systems
ANSI/NEMA(The National Electrical Manufactures Association) standards

10. Electrical requirements for healthcare facilities published by the Joint

11.

Commission for the Accreditation of Health Care Organizations(JCAHO)
Minimum requirements for construction and equipment of hospitals and medical



facilities published by The Department of Health and Human Services

12. Guidelines for construction and equipment of hospitals and medical facilities

published by The American Institute of Architects(AIA)
13.

Considerations in the Design of Electrical System

1. Safety of life
(1) Safety for general care patients
(2) Safety for critical care patients
(3) Safety for patients and staffs in wet locations
(4) Safety for the general public
(5) Safety for maintenance and operating personal
. Preservation of property
. Continuity of high-quality electric power
. Reliability of electrical system
. Flexibility of electrical system
. Expandability of electrical system
. Maintainability of electrical system

00 ~1 A WL Hh W N

. Economics of electrical system

Electrical System Planning Procedures

1. Basic overall system planning
Preliminary design data gathered from :
(1) Administrators and staff of the health care facility
(2) The local utility
(3) Authorities
(4) Codes and standards
(5) Facility design guidelines
(6) Architectural plans
(7) Existing site conditions
2. Consult with the project architect

3. Consult with the health care facility administrators * nursing and medical staff.» and
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-- Surge arresters
-- Voltage regulators
-- Ttansient voltage sure suppressors
-- Shielded isolation transformers
-- Power conditioners
-- Static(electronic) UPS
--Rotary(mechanic/electrical) UPS
(4) High transient loads
W Radiology machines
M Large motors
4. Current considerations
(1) Full-load current requirements
(2) Short-circuit current requirements
5. Grounding
(1) System grounding—solid neutral grounding
B Selection of system grounding points
-- Generator
-- Power transformer bank
M Neutral circuit arrangements
-- Independently grounded
-- Bus ground connection
(2) Equipment grounding
B Reduce electrical shock hazards
B Properly install the metal junctions and terminations
W Circuit size to carry the ground-fault current
(3) System and load characteristics
W System is solidly grounded for phase to neutral loads
W System may be solidly grounded, high-resistance grounded, or ungrounded
for phase-to-phase loads
6. System protection and coordination
(1) Minimize the extent and duration of the power interruption, and hazards of
property damage and personnel injury due to the high energy released during
short-circuit conditions
(2) Selected to ignore full-load current, permissible overload current, and starting
(or inrush) currents, but should detect abnormal currents and operate quickly
(3) Protective devices should be “coordinated” to clear the closet area of the fault
before “line-side” devices open
(4) Protective equipment



Fuse

Circuit breaker

Surge arrester

Current limiting reactor
Ground fault protective device

(5) Protection requirements

Rating of voltage
Frequency

Current interrupting rating
Current withstand rating
The site to be applied

(6) Ground-fault protection

Added to supplement the phase overcurrent devices to provide arcing
ground-fault protection

Types of ground current

-- Insulation leakage current

-- Bolted-fault ground current

-- Arcing fault ground current

-- Lighting discharge through a surge arrester to ground

-- Static discharge

-- Capacitive charging current

(7) Design basics

Construct a single-line diagram

Record pertinent data

Determine short-circuit currents

Determine equipment operating and protection ratings

Determine the protective device ratings

Obtain characteristic time-current cures of all involved protective device
detectors

Develop time-current plots- to determine device settings for optimal
coordination

Determine if zone selective interlocking is required

7. Criteria of electrical equipment selection

(1) Reliability, protection and coordination requirements

(2) The rapidity of vital services to be replaced following an outage

(3) Initial cost including installation, maintenance facilities, maintenance cost,

availability, and cost of space

(4) Listing and labeling of equipment according to standards



. Procedures of acceptance testing

(1) All the electrical components should be thoroughly cleaned

(2) All the components are properly installed by visual inspection

(3) All the components should be acceptance tested by an specialist organization

Planning for Patient Care

. Wiring devices

(1) Wiring devices on emergency power should be easily identified by distinctive
color

(2) All receptacles are recommendatorily mounted 24 in(610 mm) above the floor

. Hospital grade receptacles

(1) The receptacles, plugs, and cable connectors should be UL listed ‘Hospital
Grade” for grounding path integrity of mechanical and electrical characteristic

(2) 20 A receptacles is better than 15 A receptacles for greater flexibility

. Hospital grade isolated ground receptacles

(1) Normally used in the area of digital electronic equipment

. Hospital grade tamper-resistant receptacles

(1) Normally used in pediatric locations and psychiatric locations

. Hospital grade ground-fault-fault circuit interrupter receptacles and ground-fault

circuit interrupter circuit breakers

(1) Normally used in wet locations

(2) Isolated power system should be used if interruption of power is not acceptable

. Anesthetizing location receptacles

. Mobile x-ray plugs and receptacles

(1) X-ray plugs and receptacles should be noninterchangeable with any other

~ equipment plugs

(2) X-ray devices come in 50 A or 60 A models

(3) These receptacles have a spring-eject type features that guarantees that the plug
is fully inserted

(4) These receptacles should be mounted at a minimum of 30 in(735 mm) above
the floor

. Wallplates

(1) UL listed wallplate is suitable for health care facility

(2) Wallplate should be made impact-resistant construction, and manufactured of



high-impact plastics, stainless steel(type 304 or better)
9. Prefabricated headwall units
(1) It is preferable selected for future flexibility, serviceability, shortened
construction schedule, superior appearance, expenditure deferral, and cost
savings
(2) Electrical service
Patient and general lighting
Examination lighting
Power receptacles
Ground jacks
Isolated and grounded electrical distribution systems
Clocks and timers
- Portable x-ray outlets
Night lighting
Low-voltage electrical lighting systems
Emergency electrical sevices

(3) Medical gas service
Oxygen
Compressed air
Vacuum

Medical gas outlets should never be mounted directly above electrical
outlets
(4) Communication service
H  Nurse call
B Emergency call
B Telephone outlet
(5) Miscellaneous service
B monitor bracket
B Hyperthemia provision
B Renal dialysis provisions

Typical Patient Care areas

1. Light care bed locations
2. Acute care bed locations
3. Coronary care areas



4. Intensive care areas

5. Emergency suites

6. Surgical room

7. Pediatrics

8. Nurseries

9. Psychiatric care areas
10. Rehabilitation areas

Emergency Power Systems

1. Engine-driven generator set
(1) Must meet the 10 sec power restoration requirements
(2) 5 kW(6.25 kVA) ~ 2000 kW(2500 kVA)
(3) The preferred location is the ground floor of the facility
(4) Vibration isolation
-- Do not attach a generator set directly to a concrete floor
-- Do not directly attach any rigid system
(5) Exhaust system
(6) Air supply
-- Generators are normally rated for operation in a 40°C ambient temperature
-- Dry-type air filters are preferred
(7) Cooling
(8) Cranking
-- Battery electric systems and compressed air systems used for cranking
standby generator sets
(8) Governor
-- Regulates the amount of fuel delivered to the engine at various loads to
keep the speed or frequency relatively constant
-- Electric governor has the advantage of a faster response time
(9) Fuel supply |
-- A day(ready) tank is specified to hold at least the amount of fuel that
would be burned in 1 h at rated load
-- A common recommendation is 14 days of fuel bulk storage capacity
installed '
-- Water condensation and contamination is the primary problem with long
term storage of fuel



-- A check for water in the fuel storage tank should be made every two
weeks
(10) Voltage regulators
(11) Exciters
-- Static exciter
-- Rotating brushless exciter
. Engine generator control
(1) Monitor and control the status and operation of the engine generator system
(2) Safety shutdown control for overspeed, low lubricating oil pressue and
excessive engine coolant temperature
(3) Indicator lights and/or alarms for overcrank(failure to start), battery charger
malfunction, low fuel level, low water temperature, low coolant level,
emergency generator set operating, excessive engine room temperature, remote
radiator fan failure
(4) Engine generator panel may include voltmeter, ammeter, frequency meter,
voltmeter/ammeter phase selector switch, current transformer, overcurrent
protective device, vibration isolators, remote annunciator interface
. Engine cranking battery
-- NFPA 110-1996 require the battery capacity to be sufficient for two successive
cranking, that is, two 75 sec cranking cycles or two 45 sec continuous periods
-- The battery load is usually several hundred amperes for a few seconds
-- Lead-acid batteries are lower initial cost, but easily voltage drift apart
-- Nickel-cadmium batteries are lower maintenance, long life, more physically
rugged batteries, but have ‘’memory effect”
. Battery charger
. Synchronizing and paralleling control systems for multigenerator set installations

6. The automatic and nonautomatic transfer switch

Synchronizing and paralleling control system

. Handle the synchronizing, load sharing, isochronous operation, and load control

operations

. Design considerations

(1) The reasons for paralleling two or more generator sets are for economy,
reliability, and minimizing downtime

(2) Random access paralleling



B To make emergency power available within 10 sec to the emergency branch
transfer switches and their respective loads
(3) Dividing the load
B The essential electrical system load should be divided into parcels, or locks,
that can be safely connected to the alternate source bus without overloading
the engine generator sets
(4) Establishing load priorities
B Each load block is assigned a priority rating
(5) Load shedding
(6) Load switching means
(7) Typical system operation
(8) Sensing
B Voltage relays
-- RMS method is preferred
-- Must differentiate between transient and long term conditions
M Frequency relays
-- Determined by waveform distortion, line voltage regulation, line
transients, and ambient temperature on the relay trip settings
B Reverse power relay
-- Measure the power output of each engine generator set
-- Electro-mechanical and electronic reverse power relays
B Synchronizing
-- Phase angle: 5°
-- Frequency: 0.5 hz
-- Voltage: 5%
Rotation
(9) Control logic power sources
(10)Instrumentation
H Ammeter
B Voltmeter
B Frequency meter
B Wattmeter
B Varmeter
(11)Generator power circuit breaker
B Provide protection to separately excited generators against overload and
short circuits
M Operate as a switch to make on inrush loads and break continuous current as

well as stalled motor currents

10



M Must be capable of repetitive operations

Automatic and nonautomatic transfer switches

1. Reliability and economics are the prevailing factors in determining the best
selection for the application
2. The main characteristics to be considered :
(1) Types of load to be transferred
(2) Voltage rating
(3) Continuous current rating
B Defined to continue at its maximum value for 3 h or more(NFPA 70-1996)
B ATS available in continuous ratings ranging from 30 ~ 4000 A
(4) Overload and fault current withstand ratings
(5) Type of overcurrent protective device ahead of the transfer switch
(6) Source monitoring
B Continuously monitor the voltage of and, optionally, the frequency of all
phases of electric utility company
B Monitoring protects against operation at reduced voltage
(7) Time delays such as transfer or transfer-back
B  Adjustable momentary outage time delay, usually set at 1 sec
B Timer delay retransfer to the normal source, normally set at 30 min
B Time delay for cooldown the generator set, usually set at 5 min
B Adjustable timer(0 ~ 5 min) to sequence transfer of the loads to the alternate
source '
(8) Input/output control signals
-- operate to signal starting of the alternate source generator set
(9) Main switching mechanism
(10) Ground fault protection considerations
(11) System operation
B An electrically operated, double-throw transfer switch, and a control panel
(12) Bypass/isolation switches
(13) Nonautomatic transfer switches operation
(14) Multiple transfer switches versus on large transfer switch per system
(15) Need to transfer neutral

11
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T ETNERREBITROAERESREEEHE  NFU—KRERBETH
FrE [BEMBREKC —ELE  AEBEASRTESHEEMARCER
FENRER HESIIBAESCENEREE  REEFERLERE
Ventricular fibrillation¥ %R » EERERUERF K BEBFTSZAREC
RIEEREFURERSR—  BESEAMRRECHER TR -

BREUNORZEREAHAE  AMERAZLEFRRNEE - £BF
B HUMBRERBHFERERRR  EENERERESLE
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BRSBTS BORR  BEBLACYR—EXBES - TEBR
RENTE SN EANNE  EERTEE VAR B KBRS
FAMSHETIE S R SR

[1] PEPIMEAEREIE R Resistive heating of tissue

ARERFCEETH K - BRIUSEBEBRE - FInKeyien
HLRTEEEFEAETSE  HEEETE—%  EEFRAtE
BRI K > BEERIAZERERN  EASEERBERLIIA - B
ERHPAELRBERMSEBRNTRE - LEEFENTE » EHFER
AEHLERE - HEHEERRKTRBAEEAEETRANEAE 4
YpR&ch . M¥K Blood @ [ A4E#, Cardiac tissue * FIERELA Thoracic wall
K hfi#B#% Lung tissue$s - EAEHRIRESTIEARAFENN -

[2] HARELPIERZ FIB{ER Stimulation of nerve and muscle

ST Z R IIRERVBERIMES Electrical stimulatorsEIE2F| B E S HA
TR R EIER  RERBEBROBEDINR > il L BERS
Defibrillators » ¥R F B R# 28 TENS, Transcutaneous electrical nerve
stimulators » /[ fBET{EEE Pacemakers% » AT ENENERE A A
B BRI AR R RE » K8 AR BRI
RRE > BRERITIAGBIIZEARS | RIEILAEEIHE - BNk Ihsess
K BOLEIREE Cardiac fibrillation #EIELC » HEMLEA/IER &
RERKI—THIE 1 KHz Db > RIS FREERISIER - E58d
A GHEIN AR EE £ HIEE  LRERE FRFsiaS IR
EREY > BERMRENEHA  FEEBUNEREENS  (PRE5 -
T[] Fr BTSSR R B K -

[3] E{{ﬁ%Zﬁ}ﬁﬂE% Electrochemical action

NERRRREREHNENEYENRS  ERELESMEIERTIR
HENRERTEE  HREVEBVESR  BRAWERENRERLERE
BPBRE > EEAEERPRE  HeELENSRERSE £
EEFIBIER  ERERERNIEELSEIER  NERERG
RARZRBEET SR TELE  —ERENRER  FELEEERY
AFERETF  IEEBTERER NS SRR TR T - ER=
RIEFE—EBEREE  BEFSERAERSHRAENNERE » 5%
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FURKZMEBR » G0 - B2 ESHEFERE > BERE—BIFEA 3
B 45RZBHERERMER  HRUBHEERMBEREERNE
THEVER - BS75/E Bedsores ' Rt E EM BRGNS ERERE KT
BRESN  BEOE—EEEWEE -

BENEEERERAN  BEUL=BER  mM—REEERT  FiBnE
REEPIEKKENNE  ERREMOATRERE A SEEREAEEY
FHMHEHEIRE - FIUBERREUTS IBIER - BT R
R BEHRBRZBEMERNIER - BERVRERERTAHSE  HEBE
EAREEBENRRE - EEEBTEREETAERNERE  HEER5 %
HIfEk  WARAR—BREZIFESFNER  UTHIRESSREREERRN
SVERMEERES  EENEEREEHZEELRKR FHT RS -



BEERENAS [EERER]

EEBRENTAS IZOERES - H—RAVKKEERE  BIREEE A
PIFTE EHEE TR L EIREE Ventricular fibrillation - ERFE— i E e 28
BRAEEBESEERAREMTIEETESMENTELE  EENEIESERES
RERYEFNENAESE - LS EHEERNREES  LUSEHRM
—REEL - UEILURBRE F RS A REENC EL R EEE
MRS RSB EEMCEEASRHNENEERSERGF TN
BRETHNE2EE  EER2AEEMREARZZFEAERESSE -

1 KKERRRKE

KKBERERRN RN © BAREUKTE Heat » #R5 Fuel » EEBHIRE
Oxidizer » ZEFRREFET G5 [ AHRKKTRBR KK » KEFABINE
REEEZARERIRVESH:  ERRET BB TREEERTER R THI40 © #ikE)
HUSER R BE - IR BRNEERS - R B TR EE AT -
O KFMER  REEREESRRERRDEEE)E  ERBETRESR
EERTEENRE > EZRPEFTENERRD  RFWHEANELER
B FEESIRIAELRGIMAMBEEITRIF » EAEEBETBELS
Y ERESELEVEEFET  BREELRFIREMLRIE -

0O #l—: BERRE

O BHI= : BIIBSS 1RFmAEREH
0 BH=: FiREaE R

O 5 : PRRERETRER

0 B61h : MRETFERHEAE

2 {EAEEMKE

EMBES—MRRBRIEIR Electrocutions HEEN » ATHEERZR
M T ReRENEBBEEHERNRSZ —  RBRERY & WENST
REFFREMEZBRANDITRE > Fi5 1B EDBUBEEARTLUNS

[1] EE% Macroshocks : §KF 0.5 EZEI(mA) BIEFIE AR
5| R ERALN R EAHE - BT LARE Paralysis of the respiratory
muscles » BNEPEHRZEER » BEILKEIR Respiratory failure ENFE
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< BEREEEREAREN  £VRBOIAEKHERWESELRZRS
B0« FERTEETZRFEI Let-go current BIRESERMFETIEN » E—H8
FIAT#% (60H2) G » REZHEZEZR (20mA)EH @ (BEEEERIEME
—EM (10KH2)ER @ BMMEE T ZHRFERTESENHEEZZR (90mA)
TEEARENMBEYEAAZINERGE » T B H UL A E KR &
Neuromuscular stimulation » B2 S HFTEEBREEE Injurred by resistive
tissue heating BlIFTEERY/T#E Burns -

[2] BEH Microshocks : fEHEMR—EEZRE (1mA) LITZEBR B
REBAXBREANEAEYR LRI > 5318 .0 FIREE Ventricular
fibrillation » @40 : BHBH O PEIERAEFE A EE Catheter from an
external pacemaker ' E{FARMBRERIZ R SIEEIZE Pressure transducers
B AEE » S ORNOEEEEEBELS Intracardiac ECG electrodes » [IEX8
RS EM/ B - BT IEELEIREE Ventricular fibrillation » ZE30RK_ERBR
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IEC 60601 Medical Electrical Equipment

Part 1: General requirements for safety

IEC 60601-1

IEC 60601-1.1

IEC 60601-1.2

IEC 60601-1.3

IEC 60601-1.4

Part 1: General requirements for safety

Part 1: General requirements for safety, 1.
Collateral standard: Safety requirements for
medical electrical systems

Part 1: General requirements for safety, 2.
Collateral standard: Electromagnetic compatibility -
Requirements and tests

Part 1: General requirements for safety, 3.
Collateral standard: General requirements for
radiation protection in diagnostic X-ray equipment

Part 1: General requirements for safety, 4.

Collateral standard: Programmable electrical
medical systems



IEC 60601 Medical Electrical Equipment

Part 2: Particular requirements for safety

IEC 60601-2.1

IEC 60601-2.2

IEC 60601-2.3

IEC 60601-2.4

IEC 60601-2.5

IEC 60601-2.6

IEC 60601-2.7

IEC 60601-2.8

IEC 60601-2.9

(D

Part 2: Particular requirements for safety of medical
electron accelerators in the range 1MeV to 50 MeV,
General & Radiation safety for equipment

Part 2: Particular requirements for safety of high
frequency surgical equipment

Part 2: Particular requirements for safety of short-
wave therapy equipment

Part 2: Particular requirements for safety of cardiac
defibrillators and cardiac defibrillator-monitors

Part 2: Particular requirements for safety of
ultrasonic therapy equipment

Part 2: Particular requirements for safety of
microwave therapy equipment

Part 2: Particular requirements for safety of high-
voltage generators of diagnostic X-ray generators

Part 2: Particular requirements for safety of
therapeutic X-ray generators

Part 2: Particular requirements for safety of

dosimeters used in radiotherapy with electrically
connected radiation detectors



IEC 60601 Medical Electrical Equipment

Part 2: Particular requirements for safety

IEC 60601-2.10

IEC 60601-2.11

IEC 60601-2.12

IEC 60601-2.13

IEC 60601-2.14

IEC 60601-2.15

IEC 60601-2.16

IEC 60601-2.17

IEC 60601-2.18

IEC 60601-2.19

(I1)

Part 2: Particular requirements for safety of nerve
and muscle stimulators

Part 2: Particular requirements for safety of gamma
beam therapy equipment

Part 2: Particular requirements for safety of lung
ventilators for medical use

Part 2: Particular requirements for safety of
anesthetic machines

Part 2: Particular requirements for safety of
electroconvulsive therapy equipment

Part 2: Particular requirements for safety of
capacitor discharge X-ray generators

Part 2: Particular requirements for safety of
hemodialysis equipment

Part 2: Particular requirements for safety of remote-
controlled automatically driven gamma-ray after-

loading equipment

Part 2: Particular requirements for safety of
endoscopic equipment

Part 2: Particular requirements for safety of baby
incubators



IEC 60601 Medical Electrical Equipment

Part 2: Particular requirements for safety

IEC 60601-2.20

IEC 60601-2.21

IEC 60601-2.22

IEC 60601-2.23

IEC 60601-2.24

IEC 60601-2.25

IEC 60601-2.26

IEC 60601-2.27

IEC 60601-2.28

IEC 60601-2.29

(II1)

Part 2: Particular requirements for safety of
transport incubators

Part 2: Particular requirements for safety of infant
radiant warmers

Part 2: Particular requirements for safety of
diagnostic and therapeutic laser equipment

Part 2: Particular requirements for safety of
transcutaneous partial pressure monitoring
equipment

[unpublished]

Part 2: Particular requirements for safety of
electrocardiographs

Part 2: Particular requirements for safety of
electroencephalographs

Part 2: Particular requirements for safety of
electrocardiographic monitoring equipment

Part 2: Particular requirements for safety of X-ray
source assemblies and X-ray tube assemblies for

medical diagnosis

Part 2: Particular requirements for safety of
radiotherapy simulators



IEC 60601 Medical Electrical Equipment
Part 2: Particular requirements for safety
(IV)
IEC 60601-2.30 [unpublished]

IEC 60601-2.31 [unpublished]

IEC 60601-2.32 Part 2: Particular requirements for safety of
associated equipment of X-ray equipment



IEC xxx Other General Standards

IEC 513

IEC 878

IEC 930

IEC 1258

Fundamental aspects of safety standards for medical
equipment

Graphical symbols for electrical equipment in
medical practice

Guidelines for administrative, medical, and nursing
staff concerned with the safe use of medical electrical
equipment

Guidelines for the development and use of medical
equipment educational materials
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GUIDE TO SAFE USE OF ELECTRICITY IN PATIENT CARE
BAERZENRTEES

"RELABRABESBHRBES N ERAENREBAF RERARTHEER"
"R EYARAYBARBETHERERLHEN RSN EE L3 5"
THGE.

ENTHRBEHRE:
* REHBEABRAERSB
* BRABAKE

* GREEBAERS

*RAEBREBAELE

* BB BAER

NG E AL NG R ARRREEN T A E AR L BEETEA:"
"(1) B CRAEEERZBEMEF Cardiac type procedure, "
Q) b FM g FEB2 BEA2F Body type procedure

THREMALNEES:
S Bk4% 3k Cardiac arrest
=% 1% )+ Respiratory arrest
¥ % 4% Burning & ulceration
£ 1% E£ Denervation

REXBGENTRRBT A

TR % % Power sources

BRAEBLHREsE H (Defibrillator / Electrosurgical unit)
B % 1& B8R T Leakage current

TEHARELEAT I XA RERA L

"ER Microshock, AR E R AR AL CHI N ANEH R, TASEALEMS"
"3 u ABPT i R0 £ 4R ¥R Cardiac fibrillation 2 36, ## € 5 Micro-electrocution."
"EETH Macroshock, 4R ER L H S BB AR BBEA K FHTALEIE"
"NERERAREF BEGER ERANALER A ERIEMAZM P TRAEET"

7% Macro-electrocution.



ERHFRABE L.
"E R MAE T Diaphram A AL, B HF KU EMFRFE LB AR I MR"
o fm B X B8 3R, X B R P MG IR FARE AR FRIF L.

"— TR A ey B H K Hotline B K& Neutral line, AT £ E T H# 4"
"MEEERGCHRBZETRBAAET QLA B EEAAE KL Hot € 22 TG, —4&F
BN ER2KE% Neutral line 77 B 2| MEHETR UM B TR aMH,"
"EREZKERLASKTRAIAEINS T —HREZRHHL AL Ground £ 45 Eik
KB/ ZEREAEFARAIABRFTLUE S8 E M TR KIE "

1 m.#4 & 7% Micro-electrocution /& & 4:

"RBAERBR TR Leakage current HM K EERLEH MBS L CEFT TR
" EmBEREER XERY EEMIR K Saline Ko RS RS TERAR,"

"HRERRER U LB RABE A EMRREE I RABHEREHEL"

LG TR ARG

"{#% A Cardiac-protected patient circuit 2 B 18 B E 4| E&G T o5, L ABAER"
"ERABLREEGINARAELETRBEER META TUHEFLD"

"{& A Partly isolated patient circuit % % %14 % 1% & ¥ Macroshock F¥ #|4E A, & $t Body-
protected patient circuit £ R — E BB EH KGR BRECREAFELLERER"
B THEFUBLEENMELLER

"Z# Unprotected patient circuit B]{£ 7 /%5 & &9 & & #& I T 15 £, £ % %] Microshock"
B PR 3E AR 1R

BRRBNZT2ERAGHELE:

* e R BRIA B LT &YW Grounding or earthing ?
* 4% B Cardiac-protected patient circuit 3% Body-protected patient circuit 54 484 4 Isolation

transformer _E{& A & 1R [E.

* {& A Cardiac-protected patient circuit 2 Body-protected patient circuit & %87 &
"FEBAREMNHEMEFHABRERZEN B A,F A LB E LR
BB % TmE TR %4 T Equipotential voltage area ] 8% $ 4 R ﬂ 8 5% 14
BENE—mES L.
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An Electromedical Safety Testing Laboratory in Compliance with

ISO Guide 25

HELE REA* ek SEFA S EET HKEY RAaN
Chii-Wann Lin, Po-Quang Chen, Chin-Te Chen, Chung-Ming Lu, Jia-Hung Chien, Chiu-Hung Yang, Chun-Kai, Huang
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Institute of Biomedical Engineering, College of Medicine and College of Engineering, National Taiwan University
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*Department of Biomedical Engineering, National Taiwan University Hospital
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RAYATRERRAKTENEMARGBRE-BHE
&4 AAMI ES-1 & IEC-60601 =% 223y "HBARET
HELRBERE - AR B RANEERRASHR
BZRZARERR ELERASHERTRELLALT
BEEROZCRBRARE -

Abstract — The goal of this report is to briefly summarize the
necessary procedures for the compliance with international
standards of quality system for laboratory management. A
testing laboratory for electromedical safety has accomplished by
implementing AAMI ES-1 and IEC 60601 standards. These
results will provide a comer stone for continuous development of
a third body for testing of medical devices, which required both
safety and functional fulfillment.
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1. ISO/IEC Guide 25, General requirements for the
competence of calibration and testing laboratories

2. ANSI/AAMI ES-1, Safe Current Limits for
Electromedical Apparatus, 1993 .

3. IEC 60601-1 Medical Electrical Equipment - General
Requirement for safety, 1996

4, HhELE ~ S Mo~ ZE— - A - itk “BRA
ZEUBTRIZEFHANRY FZEFERATR
EEHARTERTE, 63, 1998
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The Refinement of Management System for the Testing of Medical Devices

WELE AR A TE— $H B3
Chii-Wann Lin, Chin-Te Chen, Po-Quang Chen, Chang-Yi Wang, Yung-Zu Tseng, Hwa-Chang Liu

ERAEEERBL R G A RA
Institute of Biomedical Engineering, College of Medicine and College of Engineering, National Taiwan University
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*Department of Biomedical Engineering, National Taiwan University Hospital
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BB E - ¥ [SO/IEC Guide 25 2 X% ELRF
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Abstract — To have a better management system for
domestic medical devices, the medical electrical safety
testing laboratory has been setup and devoted to the safety of
electromedical apparatus with joined efforts of the Institute
of Biomedical Engineering, National Taiwan University and
Department of Biomedical Engineering, National Taiwan
University Hospital. To ensure the quality of services,
ISO/IEC Guide 25 is implemented and certified by CNLA.
This will be another corner stone for the management of
medical devices since the GMP. In this report, we will
identify and discuss the possible directions toward better
management system.
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An ISO Guide 25 Certified Testing laboratory for Clinical Engineering
Education
!Chii-Wann Lin, 2Po—Quang Chen, 2Chin-Te Chen, 2Chung-Ming Ly, 2Jia—Hung Chien,
2Chiu—Hung Yang, Chun-Kai, Huang, 'Cheng-Yi Wang, "Yung-Zu Tseng, 'Hwa-Chang
Liu

'Istitute of Biomedical Engineering, College of Medicine and College of Engineering,
National Taiwan University
2Department of Biomedical Engineering, National Taiwan University Hospital

Abstract

The establishment of a certified ISO Guide 25 testing laboratory for medical devices is
an important corner stone for a better national medical device management system and
practices of the assorted standards or guidelines. It can also contribute significantly to
the educational program for clinical engineer. As a starting point, a medical electrical
safety-testing laboratory according to the AAMI ES-1 (1993) and IEC 60601 (1988) has
been setup and devoted to the safety of electromedical apparatus with joined efforts of
the Institute of Biomedical Engineering, National Taiwan University and Department of
Biomedical Engineering, National Taiwan University Hospital. To ensure its quality of
services, ISO/IEC Guide 25 is implemented and certified by Chinese National
Laboratory Accreditation (CNLA). In view of the global harmonization, this painstaking
procedure for a medical device-testing laboratory can be fruitful in the aspects of quality
assurance for the imported devices and post-market surveillance. It also has positive
impact on the infrastructure of domestic medical device regulation and development. In
this report, we will discuss the necessary procedures to train a clinical engineer to
account for this need.



Introduction

In the wake of globalization, the effectiveness of medical devices can be a potential
problem for the general health care management system. The initiation of assorted
vertical and horizontal standards and guidelines by various groups, such as International
Standard Organization (ISO), International Electrotechnical Commission (IEC),
American National Standard Institute (ANSI), and Association for the Advancement of
Medical Instrumentation (AAMI), etc., can only stress the importance of minimal
quality assurance procedures. Even though a lot of these standards set for the scope of
medical devices design and development, it is required for the medical device
regulation/management system and law enhancement in some disputed cases. This
poses a great demand on the educational program of biomedical engineering (BME),
especially the clinical engineering (CE). As the existence of tremendous differences
between R&D laboratories and CE department in a hospital, the training programs for
these two directions should emphasize the common needs, which are the importance of
regulations for the graduate students. These important aspects of career path for a BME
and/or CE have been put into considerations to design courses in our newly established
Graduate Institute of Biomedical Engineering at National Taiwan University [1].

The many faces of quality system can be quite confusing and tedious from the
engineering point of views. There are ISO-9000 series, ISO Guide 25, and ISO-14000
for the general concems of industrial requirements and Good Manufacture Practice
(GMP), Good Laboratory Practice (GLP), and Good Clinical Practice (GCP) for the
specific concerns of medical device communities ranging from manufactures to the
clinical applications. Even though, the essential elements of these quality systems are
extremely similar, the practical solutions for each individual system can have different
levels of sophistication during the implementation. These detailed implementations have
to document in Standard Operating Procedure (SOP) and execute by qualified engineers.
This represents both a management and technical challenges for BME and CE.

The establishment of a certified ISO Guide 25 testing laboratory for medical
devices is an important corner stone for a better national medical device management
system and practices of the assorted standards or guidelines. It can also contribute
significantly to the educational program for CE. As a starting point, a medical electrical
safety-testing laboratory according to the AAMI ES-1 (1993) and IEC 60601 (1988) has
been setup and devoted to the safety of electromedical apparatus with joined efforts of
the Institute of Biomedical Engineering, National Taiwan University and Department of
Biomedical Engineering, National Taiwan University Hospital [. To ensure its quality of
services, ISO/IEC Guide 25 is implemented and certified by Chinese National
Laboratory Accreditation (CNLA). In view of the global harmonization, this painstaking



procedure for a medical device-testing laboratory can be fruitful in the aspects of quality
assurance for the imported devices and post-market surveillance. It also has positive
impact on the infrastructure of domestic medical device regulation and development
with the supports from government (Department of Health, Executive Yuan) [3]. In this
report, we will discuss the necessary procedures to train a clinical engineer to account
for these needs.

Materials and Methods

The training program for a BME/CE to get acquainted with various standards and
its practices can be time consuming and exhaustive in all aspects. For the education
purpose, the needs to extract and condense the merits of these requirements are obvious.
Some topics are identified as follows and should be addressed in the training program.

1. Bio-ethics

2. Background introduction of Standards and Regulations

3. Comparisons of Quality Systems

4. Requirements and Compliance of Quality Medical Devices

5. Regulations

For laboratories engaged in calibration/testing, the details of these topics have two
major areas: quality management requirements and technical requirements. The key
concept to fulfill quality management requirement is to: plan, do and audit. These
requirements should be put in formal documents as quality manual, standard
procedure/working instruction, and records for proper management. The technical
issues of testing procedures really depend on the types of medical devices. As for an
electrical safety-testing laboratory, these include the compliance with environmental
requirements (as shown in Table 1) and safety current limits (as shown in Table 2). The
testing procedures can be either manual steps or automated via instrumentation control
[4]. The use of software should subject to the control of quality documents or product
development cycle. The measurement traceability should be installed whenever is
possible to ensure the accuracy or validity of services. The uncertainty in measurement
should be analyzed and documented for the peer reviews of laboratory capability. The
compliance of ISO Guide 25 has to be confirmed by internal and external auditing
procedures.

Table 1. Laboratory environmental conditions

Voltage Frequency Resistance Temperature Humidity Pressure
104 = 127 Vs 60+1 Hz <=2Q2 2315 C 50+20 %RH |700 - 1060 mbar




Table 2. Safety current limits of IEC 60601 and AAMI ES-1

Enclosure risk current |Patient-appli| Patient Earth risk current
Classi . Cord-conne [Permanen| ed risk isolation |General [Other [Perman
assification ;
cted/ t current | risk current ent
Battery (source (sink
powered current) current)
AA| Isolated | NC 100 100 10 NA 500 | 2,500 | 5,000
MI SFC 300 5,000 50 50 1,000 | 5,000 {10,000
Nonisolated | NC 100 100 10 NA 500 | 2,500 | 5,000
SFC 300 5,000 100 NA 1,000 | 5,000 | 10,000
Likelyto | NC 100 100 NA NA 500 | 2,500 | 5,000
contact | SFC 300 5,000 NA NA 1,000 | 5,000 | 10,000
patient
No patient | NC 100 100 NA NA 500 | 2,500 | 5,000
contact | SFC 500 5,000 NA NA 1,000 | 5,000 | 10,000
IEC CF NC 100 10 500 2500 | 5,000
SFC 500 50 1000 | 5000 | 10,000
BF NC 100 100 500 2500 | 5000
SFC 500 500 1000 | 5000 | 10000
B NC 100 100 500 2500 | 5000
SFC 500 500 1000 [ 5000 | 10000
Results

After completing all the documentation and necessary training sessions, one can
apply for the certification to any ISO Guide 58 certified institutes, which is Chinese
National Laboratory Accreditation (CNLA) in Taiwan. The registration items, test items,
test methods and range are listed as shown in Table 3. The certificate was awarded on
Now. 1, 1999 after one-year preparations.

Table 3. Applicable testing items, methods, and range of certified testing laboratory

Registration |Test Items [Test Methods Range Best Test
Items capability
Recognized

ED0405 Electrome [1. AAMI |1. Enclosure leakage test <10,000uA |Equipment
dical ES-1 AAMI ES1 §5-3, 5-6 Accuracy:

Electromedi |apparatus (1993) +1% of reading

cal for 2. Patient lead leakage test =10,000uA  |+1% of reading

electrical AAMI ES1 §5-4

safety 2. IEC |1.Enclosure leakage test, 0-5000 uA +1% of reading

6060 IEC60601§19

1-1 |2 Safety Ground Leakage test, {0-5000 uA %1% of reading

(1988 [EC60601 §19

) 3.Patient lead leakage test, 0-200 uA *1% of reading
IEC60601 §19.1E, 19.2A,
19.3, 19.4

4.Impedance of protective earth |0-20 ohms *1% of reading
test
IEC60601§18f




Discussions and Conclusions

The primary goal of this project is to further refine the infrastructure of our
national management system for medical devices. To consolidate this idea, we are now
trying to organize a union of certified medical device testing laboratory and dedicate to
the quality assurance of both imported and domestic medical devices. To accommodate
for the stringent needs of medical devices, a special requirement that take GLP into
account will be incorporated in the near future. These include device classification,
animal/clinical test protocol, data handling, etc. Through the learning processes of
establishment of an ISO Guide 25 certified laboratory, the accordance of BME and CE
can be further enhanced by the activities of design, verification, modification, and
quality management system. It is a valuable experience to share with those who are
interesting in such a program in the future.
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Medical Devices as an Entity
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Tests for Electrical Safety
Device Accident Case Studies
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® DC injury
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Guidelines for Group Projects

Each group will consist of two to three students who will be responsible for planning and leading
one half of a class period on a case study in engineering ethics. Groups will be formed and topics
assigned in consultation with the instructor. However, it is the responsibility of the student groups
to research the topics and obtain the information necessary for the class presentations. All students
in the class are required to complete the assigned readings for each case presented in both
powerpoint and web format.

You are allowed considerable leeway in the organization of the class period, but two requirements
should be kept in mind: all members of the group are expected to participate equally in the project,
and provision must be made for meaningful and significant class participation. You are
encouraged to be creative.

The groups are required to meet twice with the instructor to discuss progress on the projects. All
group members are required to attend. The first meeting will be held three to four weeks prior to
the presentation date. This meeting will consist of a discussion of the topic, progress to date on
research, and a general outline of the class presentation, including division of responsibilities
among the group members. The second meeting will be scheduled to occur during the week or two
before the class presentation. By the time this meeting takes place, the bulk of your research
should be completed and you should be finalizing the details of the presentation itself.

The group project constitutes forty percent of the overall course grade. The grade for the
project will be based upon three sources: an evaluation by each group member of the contribution to
the project of the other members in the group, an evaluation of the class presentation by the rest of
the class, and an evaluation of the project by the instructor. Each group is required to submit to the
instructor a bibliography of sources consulted, copies of handouts utilized in class, and a copy of
the technical media exhibit (e.g., video tape or computer file). Other supporting material (outlines,
notes, etc.) may also be turned in. Class attendance is expected at all times.



