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XPerts in Power - Module 17
Medical Safety

Diana Izvorska
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Where does Healthcare Equipment get used?
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LABORATORY PRODUCTS PATIENT VICINITY PRODUCTS

HOSPITALS, 
PHARMCEUTICAL RESEARCH,
OUTSIDE DIAGNOSTIC LABS

HOSPITALS, 
OUT PATIENT CLINICS, 

DOCTOR’S OFFICES,
HOMES, SHOPPING MALLS, 

AIRCRAFT, ETC
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World Governing Bodies
• USA - Food and Drug Administration (FDA)

• Europe - European Union Medical Devices Directive (MDD 93/42/EEC)

• Japan - Ministry of Health, Labor and Welfare (MHLW)

• Canada - Therapeutic Product Directive

Conformance Route – Europe
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Class I Devices - Generally, require just Internal Control of 
Production and compilation of a Technical File. The Technical File 
then has to be held in case of a request by a Competent Authority. 
The final step is Self Certification and Registration with a Competent 
Authority.
Class IIa Devices - Require a Quality Management System to ISO 
13485:2003 or ISO 9001:2000 or Annex V and compilation of a 
Technical File. The final step is an audit by a Notified Body.
Class IIb Devices - Require a Quality Management System to ISO 
13485:2003 and compilation of a Technical File. The final step is an 
audit by a Notified Body.
Class III Devices - Being the highest risk devices, it is necessary to 
implement a Quality Management System to ISO 13485:2003 and 
compilation of a Design Dossier which is a more detailed Technical 
File. The final step is an audit by a Notified Body.

Conformance Route – USA
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Structure of 60601-1

IEC60601-1: EU EN60601-1:2006, US ANSI/AAMI ES60601-1:2005, CAN CSA-
C22.2 No60601-1:08
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General Philosophy – Two Means of Protection

• Requires product to have two Means of 
Protection (MOP) to meet requirements.

• IEC60601-1 permits three building blocks to 
meet two MOPs.  These are insulation, 
protective earthing and protective 
impedance.

• IEC60601-1 is based on same concept as 
risk management. It uses one or more of the 
following risk-control measures:

– Forces inherent safety design
– Imposes protective measures in medical 

device
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Protection against Electrical Shock
• Electrical current passing through the body 

can cause electric shock.  This is dependent 
on the voltage and the body impedance.

• The fundamental principle is to limit the 
accessible current, therefore protecting 
against shock.

• This is achieved by placing high impedance 
(insulation) in the current path, or limiting the 
accessible voltage (earthling).
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Electric Shock Harm
Harm Thresholds (not limits)

Startle reaction: 0.5mA, 50/60Hz (Hand)

Inability to let-go: 10mA, 15-100Hz (Arm)

Ventricular fibrillation: 35mA, 15-100Hz (hand-foot)

0.01mA, 50/60Hz (Heart, direct)

Body impedance is normally 1000 ohms (dry hand-to-hand body impedance)
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• Class 1 Equipment - Equipment in which protection against 
electric shock does not rely on basic insulation only, but 
which includes an additional safety precaution in that means 
are provided for the connection of the equipment to the 
protective earth connector in the fixed wiring of the 
installation in such a way that accessible metal parts cannot 
become live in the event of a failure of the basic insulation.  

• Class II Equipment - Equipment in which protection against 
electric shock does not rely on basic insulation only, but in 
which additional safety precautions such as double insulation 
or reinforced insulation are provided, there being no 
provision for protective earthing or reliance upon installation 
conditions.

Terminology – Electrical Classification
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• Creepage Distance - This is the shortest path along the surface on insulating 
material between two conductive parts.

• Air-clearance Distance - This is the shortest path in air between two conductive 
parts.

Terminology – Creepage and Clearance
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Terminology - Fault Conditions

• Normal Condition (NC) is an event 
considered likely to happen ,i.e. reverse 
polarity of supply mains

• Single Fault Condition (SFC) is a single 
event that could occur, i.e. interruption 
of protective earth.
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Terminology – Dielectric Strength
• Also known as withstand voltage, it is the amount of voltage an insulation barrier 

will withstand before it breaks down.  It is based on the working voltage used in 
the product, for example a PSU operating at 230VAC will have a primary to 
secondary withstand voltage of 4000VACrms
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• Earth Leakage Current - Current flowing from the mains parts through or across 
the insulation into the protective earth conductor”

Terminology – Leakage Current
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Enclosure Leakage Current - Current flowing from the enclosure, or parts 
thereof, excluding applied parts, accessible to the operator or patient in normal 
use, through an external conductive connection other than the protective earth 
conductor to earth or to another part of the enclosure

Terminology – Leakage Current
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• Patient Leakage Current - Current
flowing from the applied part via the
patient to earth, originating from the
unintended appearance of a voltage
from an external source on the
patient.

Terminology – Leakage Current
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Terminology – Patient Vicinity

• Patient Vicinity - An area in which patients are normally cared for, the
patient vicinity is the space with surfaces likely to be contacted by the
patient or an attendant who can touch the patient. This encloses a space
within the room 6 ft beyond the perimeter of the bed (examination table,
dental chair, treatment booth, and the like) in its intended location, and
extending vertically 7.5ft above the floor. (UL60601-1 definition).
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Terminology – Applied Parts
• Applied Part – Entirety of all parts of equipment 

including the patient leads which come 
intentionally into contact with the patient to be 
examined or treated.

• Patient circuit – Electrical circuit of which the 
patient forms a part.

• F – type Applied Part – Floating, isolated 
applied part which is isolated from all other 
parts of the equipment to such a degree that 
the patient leakage current allowable in single 
fault condition is not exceeded when voltage 
equals to 1.1 times the highest rated mains 
voltage is applied between the applied part and 
earth.
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Terminology – Applied Parts
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Insulation Diagrams
• These are used to identify:

– Insulation types, earthing types and reference voltages
– Physical requirements such as creepage and clearance
– Dielectric strength values (test requirements)
– Alternative constructions



8

Creepage and Clearance - Requirements
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Leakage Current - Requirements
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Dielectric Strength - Requirements
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Difference between IEC60601 and IEC60950
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What’s new in 3rd edition
• Revolutionary new device standard, first published in December 2005

• Introduction of Mean of Patient Protection (MOPP) and Means of Operator 
Protection (MOOP)

• Safety broadened from Basic Safety to Essential Performance

• Require application of Risk Management and RM process needs to be defined 
according to ISO14971

• Terminology brought in line with IEC60950

• Altitude multiplication factors included
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2nd Edition vs 3rd Edition
• Noise and vibration limits introduced

• Temperature of accessible parts more detailed, with time limit included

• Earth leakage current has changed.  2nd edition limits were 0.5mA NC, 1mA SFC, 3rd

edition is 5mA NC, 10mA SFC

• Touch current introduced – this was enclosure leakage current.  Requirements are 
unchanged.

• Total patient leakage current introduced

• MOOP and MOPP introduced   - MOOP follows IEC60950 requirements and MOPP 
follows IEC60601-1 2nd edition requirements

• Insulation & dielectric strength and creepage and clearance distances changed.

• Fire enclosure requirements changed

• Use of Y1 and Y2 capacitors has changed
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Risk Management and 60601
• 3rd edition states:
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What is Means of Protection (MOP)
• 60601 Safety Philosophy: Medical equipment shall 

be single fault safe, i.e. free of unacceptable risk 
under single fault conditions

• Means between hazardous voltages and 
patient/operator must be two MOP in normal 
conditions

• MOP divided into two categories:
– MOOP – means of operator protection (follows 

60950)
– MOPP – means of patient protection (follows 

60601-1 2nd edition)
• Philosophy of two means of protection has not 

changed – known as Level of Protection (LOP) in 2nd

edition
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Impact on PSUs
• Biggest impacts are:

– MOOP vs MOPP – effects, separation and dielectrics
– Risk management File required for every product
– Type of Y capacitors used for EMI suppression

• From section 8.5.1.2 :
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• From section 8.5.1.3 :
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How does this relate to Power Supplies?

• Under 2nd edition this would be 
acceptable as it provides 2 x LOPs.

• Under 3rd edition this would provide 1 x 
MOPP between input and output and 0 
x MOPP between input and earth, 
although it would provide 2 x MOOP 
between input and output and 1 x 
MOOP between input and ground.

• To ensure output can be considered 2 
x MOPP and input is 1 x MOPP then 
Y2 capacitor must be changed to a Y1 
and 2 x Y1 capacitors must be used to 
bridge primary and secondary.
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XP’s Position on 3rd Edition
• Our goal is to comply with 2 x MOPP.
• All products to be updated to 3rd edition provided it makes economic sense.
• New products to be designed so that input to output is considered 2 x MOPP and input 

to ground is considered 1 x MOPP.
• FMEA is being performed on all new products to help with risk management.
• Risk Management process established and RMF for each product
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How we have addressed Risk Management

• To satisfy with 3rd edition requirements risk 
management process is incorporated into 
design process

• Based around ISO14971

• Risk management file consists of 
approximately 14 pages

• Process developed with guidance from UL

• Factory certified to ISO13485
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www.xppower.com

http://www.xppower.com

