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Incidents in Medical Devices

 Potential hazards

 Electrical

 Mechanical 

 Biological



Physiologic Effects of Electricity 



 Macroshock

 Externally applied current spreads throughout body with small part 

through the heart

 Microshock

 Internally applied current resulting in all current passing through the heart

Macroshock and Microshock



Skin and Body Resistance 

 Resistance of skin limits currents that can flow into the body 

when person comes in contact with voltage source

 For 1 cm2 of contact with dry intact skin, resistance range: 15k to 1M

 Depends on body part and amount of moisture or sweat present

 For wet or broken skin, resistance drop as low as 1% that of dry skin 

 Internal resistance is much lower

 200 for each limb and 100 for trunk, i.e., 500 between any two limbs

 Medical procedures that lower or eliminate skin resistance 

increase vulnerability to macroshock

 Biopotential electrode gel reduces skin resistance

 Electronic thermometers or implantable devices bypass skin



Importance of Earth Connection



Mechanical Safety

 Mechanical Strength

 The enclosure of the device must be sufficiently strong to retain its integrity 

under conditions of normal wear and tear (inward force and impact)

 Handles of portable equipment are tested with a force of four times the 

weight of the product

 Parts which support patients, or patient limbs, e.g. foot rests are designed 

with safety factors (specific for each application) to ensure their durability

 Hand held part are submitted to drop test from a height of 1m

 Portable equipment drop test (e.g., 10kg is dropped from height of 5cm)

 Mobile equipment is made to travel at 0.4m/s down a step of 2cm – This 

test is repeated 20 times (step test)

 After these tests equipment should not cause a safety hazard

 that is it should comply with the requirements of the standard.



Mechanical Safety

 Moving Parts

 Moving parts which could produce a safety hazard must be suitably 
guarded to  prevent access, unless exposure is essential to the operation of 
the equipment

 If movement of the equipment, or parts of the equipment can cause injury to 
the patient, this movement can only be achieved by continuous operation of 
the control by the operator

 Any electrically controlled mechanical movement must have an emergency 
switch

 Sharp Edges

 The device must not have sharp edges, corners, etc.

 Stability

 Medical devices must not overbalance when tilted to an angle of 10°.



Mechanical Safety: Examples



Biological Safety

 Application of new technologies in medicine leads to 

therapeutic and diagnostic advancements, yet also causes risks 

for patients to acquire health-care associated infections

 Almost half of all infections contracted by patients in hospital were fully 

or partly associated with medicotechnical measures

 It is important to know precautions to prevent the transmission 

of infectious agents from inanimate medicotechnical sources



Goals of Hygiene Measures

 Hygiene measures in the context of medical technology devices 

must pursue the following goals: 

 Protection of employees during handling

 Protection of patients during use of medical devices against transmission 

of germs, which can lead to:

 Contamination

 Colonization

 Infection

 Disinfection aims to prevent transmission of pathogens 

 Complete freedom from germs (sterility) is not guaranteed in disinfection

 Sterilization aims to guarantee complete killing of germs



Causes of Infection

 Natural bacterial colonization present in human skin can be divided 

into permanent and temporary

 Permanent germs are always present, whereas temporary germs are 

acquired and therefore change according to what the person has been 

handling or what work he/she has been carrying out 

 Washing the hands eliminates the majority (> 90%) of this acquired 

contamination but leaves the permanent bacterial colonization undisturbed

 Disinfecting the hands or skin should completely eliminate acquired germs, 

but it also has an adverse effect on the permanent skin colony

 Skin and mucous membranes are mechanical barriers which, when 

intact, prevent microorganisms from penetrating into our bodies

 Damage to skin and mucous membranes is always accompanied by 

increased risk of infection



Causes of Infection

 First Step: germ manages to attach to skin or mucous membranes

 If this colonization persists, although it does not result in illness, the patient or 
member of staff would become an (undetected) source of further 
transmission 

 Second Step: germ is able to deploy its pathogenic properties and 
this would lead to an infection

 depending on state of health of affected individual, this can result in illness 
which varies in its severity 

 Requirements for infection to develop are:

 Infectious agent

 Person susceptible to infection

 Contact which enables the germs to colonize individual such that infection 
can develop



Chemical Disinfection

 Chemical disinfection 

 Disinfection of hands, skin, and mucous membranes

 Disinfection of surfaces

 Disinfection of instruments



Thermal Disinfection 

 Items are subjected to effect of saturated steam 

 Steam flow process

 Air is forced out of chamber and items using saturated steam

 Disinfection temperature is 100–105 C, applied for at least 15 min

 Fractionated vacuum process (vacuum–steam–vacuum (VSV))

 steam which is largely free of air and foreign gases is necessary 

 Disinfection chamber must be vacuum-tight



Application Times and Ranges of Action

 A – suitable for killing vegetative bacteria, including 

mycobacteria, as well as fungi, including fungal spores

 B – suitable for inactivating viruses

 C – suitable for killing spores of the anthrax pathogen



Comparison of Chemical and Physical 

Disinfection Processes



Sterilization

 Processes validated to perform required sterilization function

 Physical processes

 Steam sterilization

 Hot air sterilization

 Physicochemical processes

 Ethylene oxide gas sterilization

 Formaldehyde gas sterilization

 H2O2 low-temperature plasma sterilization



Targeted Measures to Prevent 

Transmission of Germs and Infections



Targeted Measures to Prevent 

Transmission of Germs and Infections



Targeted Measures to Prevent 

Transmission of Germs and Infections



Suggested Readings and Assignments

 Chapters 3 of Recommended Reference

 Problem set posted on web site


