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Biocompatibility

The ability of a medical device or material to perform with 
an appropriate host response in a specific situation.
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[1] Use of International Standard ISO 10993-1, “Biological evaluation of medical devices – Part 1: Evaluation 
and testing within a risk management process”, FDA, September 4, 2020
[2] ISO 10993-1:2018. Biological evaluation of medical devices – Part 1: Evaluation and testing within a risk 
management process

Due to differences in patient reactions to the same material, 
it is possible that some patients may have adverse tissue 
reactions even to well-established biocompatible materials.



How Is Biocompatibility Assessed?
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History of Biological Safety Evaluation

9

EU Medical 
Device 

Regulation 
(2017)

FDA’s 
guidance on 

the use of 
ISO 10993-1 

(2016)

FDA G95-1 
Memorandum

(1995)

EU Medical 
Device 

Directive 
(1993, 2007)

ISO 10993-1 
(1992, 1997, 
2003, 2009, 

2018)

FDA/ 
Tripartite 

(1987)

US 
Pharmacopeia 

(1820)



United States Pharmacopoeia (USP)
• 1980’s: Use of drug container and pharmaceutical based methods

• Examination of material chemistry / extractables
• USP <87> Biological reactivity tests, In Vitro = Cytotoxicity
• USP <88> Biological reactivity tests, In Vivo = acute systemic toxicity, intracutaneous 

reactivity, and implantation
• USP Classes I - VI
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USP Plastics Designations
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FDA/Tripartite Biocompatibility Guidance G87-1
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FDA/Tripartite Biocompatibility Guidance G87-1

• FDA released General Program Memorandum G87-1 Tripartite 
Biocompatibility Guidance – April 24, 1987

• Common approach for evaluating toxicity of medical devices
• Provided framework for application of 7 principles for toxicity evaluation
• Formally introduced device categories based on nature and duration of 

contact
• Introduction of additional biological tests/effects
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Device Categorization (G87-1)

• Non-Contacting Devices
• External Devices

• Intact Skin
• Breach or Compromised Surfaces

• Externally Communicating Devices
• Intact Natural Channels
• Blood Path, Indirect
• Blood Path, Direct

• Internal/Implant Devices
• Bone
• Tissue and Tissue Fluid
• Blood
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Intended Use vs. Risk
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International Standardization
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The 1990s and Beyond: Standardization through ISO
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ISO 10993-1: Biological Evaluation of Medical Devices

• 1992 – Guidance on selection of tests
• 1997, 2003 – Evaluation and testing
• 2009 – Evaluating and testing with a Risk Management Process

• The term “risk” appears for the first time
• Risk-based vs. test-based

• 2018 – Extended and more detailed (especially physical and 
chemical characterization)
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ISO 10993-1: Biological Evaluation of Medical Devices
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Primary aim: “… the protection of humans from potential 
biological risks arising from the use of medical devices.”

Scope: “… the assessment of the biological safety of the 
medical device.”

Biological safety: “freedom from unacceptable biological 
ris k … in the contex t of the intended us e”

Biological risk: “combination of the probability of harm to 
health occurring as  a res ult of advers e reactions  
as s ociated with medical device … or material … 
interactions , and the s everity of that harm” 



European Union Guidance
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EU Medical Device Directive

• Particular attention must be paid to: 
• Choice of materials, with regards to toxicity
• Compatibility between the materials and biological tissues, cells, and 

bodily fluids, accounting for intended purpose 

• Minimize risk posed by contaminants and residues, with attention 
to type of tissue, as well as duration and frequency of exposure

• Specific mention of carcinogenic, mutagenic or toxic to 
reproduction substances
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FDA Guidance
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FDA Guidance
• 1995: Blue Book Memorandum #G95-1

• Replaced the G87-1 Memorandum
• FDA’s recognition and description of use of ISO 10993-1:1992
• Introduced FDA’s modified tables, including consideration for 

additional tests

• 2016-2020: New Biocompatibility Guidance
• Replaced the G95-1 Memorandum 
• Expanded on ISO 10993-1:2009, particularly if novel materials or 

manufacturing processes are used
• Specific endpoint considerations and recommendations for sample 

preparation
• Considerations for hazards from mechanical failure
• Use of risk-based approaches to determine if testing is needed
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FDA Guidance: Sources for Risk Assessment
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EU Regulations
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EU Medical Device Regulation

• Compliance with ISO 10993
• Added requirements for:

• Concentration thresholds of certain substances, unless justified
• Devices incorporating non-viable human tissues or cells

• Considerations for endocrine-disrupting substances, 
nanomaterials, and devices composed of absorbed or locally 
dispersed in the body
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FDA and Medical Device Materials



Medical Device Materials
• Concerns about small number of 

patients may have biological 
responses to certain types of 
materials in implantable or insertable 
devices

• Symptoms may be limited to region 
where the device is implanted, may 
not develop for several years 
following implantation, or may be 
limited to small subsets of patients

• Enhancing materials science 
understanding may lead to 
“identifying materials that may cause 
an exaggerated response in sensitive 
individuals and advance the 
development of safer materials”

• Finalized updated biocompatibility 
guidance  to clarify expectations in 
2016 28
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Medical Device Materials

• Described to stakeholders how FDA 
considers the safety of materials in 
medical devices

• FDA’s role in postmarket review of 
data associated with certain metal-
containing implants

• FDA’s issuance of paper on biological 
responses to metal implants

• FDA has initiated research efforts on 
knowledge gaps re: immunological 
responses
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Biological Responses to Metal Implants

• How a patient’s immune system may 
respond to metal and does response 
produce clinically significant signs, 
symptoms or adverse outcomes?
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Biological Responses to Metal Implants
• Corrosion and metal ion release

• Physiological environment
• Mechanical interactions
• Active implants – electrical stimulation
• Processing, e.g., surface finish

• Orthopedic devices
• Bone loss

• Neurologic devices (electrodes, nitinol coils)
• Effects on electrical signals from brain
• Nickel ion liberation 

• Cardiovascular devices
• Thrombus formation
• Coatings to facilitate responses

• Oral/dental implants
• Role of bacterial and fungal microbes

• Urogenital devices
• Copper ions and microbial biofilms in intrauterine devices
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Biological Responses to Metal Implants
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Clinical response is complicated and 
no simple explanation

Individual patient susceptibility 
plays an important role

Determination of whether the metal 
caused the systemic response is 
often not possible



Biological Responses to Metal Implants

• “… the mechanisms underlying the biological responses to 
metal implants are not fully understood. Because of this, it is 
difficult to distinguish between the device- and patient-related 
factors in addressing safety and effectiveness concerns.”

• “Because metal corrosion testing is typically done under 
idealized conditions, which enables comparisons between 
devices, it is still unclear how in vitro engineering performance 
correlates to the corrosion behavior with in vivo 
implantation.”

• “Limitations in biocompatibility assessments thus present 
unique challenges in premarket evaluation of the device.”
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Material Safety

• “… we have partnered with ECRI to 
study and publish safety profiles for 
materials that are commonly used in 
implantable medical devices and the 
effects of those materials on patients 
over time. These evaluations are part 
of the FDA’s broader initiative to 
improve the safety of medical devices 
through the use of safer materials and 
preventing patients at risk for an 
adverse response to select materials 
from receiving devices that contain 
them.”
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Material Safety
• Magnesium
• Polypropylene (e.g., in surgical 

mesh)
• Polyurethanes
• Siloxanes (e.g., in breast implants)
• PET (polyethylene terephthalate)
• PEG (polyethylene glycol) (e.g., as 

stent and catheter coatings)
• Silver (e.g. as antimicrobial agent)
• Acrylic acid derivatives (e.g., in 

dental resins)
• Polyhydroxy acids (PLA, PGA, etc.) 

(e.g., as bioresorbable polymers)
35



Material Safety

• What is the typical or expected local host response to the material?
• Does the material elicit a persistent or exaggerated response that may lead to systemic 

signs or symptoms – beyond known direct toxicity problems?
• Are there any patient-related factors that may predict, increase, or decrease the 

likelihood and/or severity of an exaggerated, sustained immunological/systemic 
response?

• Are there any material-related factors that may predict, increase, or decrease the 
likelihood and/or severity of an exaggerated, sustained immunological/systemic 
response?

• What critical information gaps exist and what research is needed to better understand 
this issue? 36



ECRI Report: Polyurethane
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ECRI is a Patient Safety Organization with >3.5 million safety 
events and reports from >1,800 healthcare provider 
organizations. Approx. 4% relate to medical devices.



ECRI Report: Polyurethane
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ECRI Report: Polyurethane Executive Summary
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• 82 articles included in review
• Local responses: Mild inflammation, catheter dysfunction, phlebitis, 

and thrombosis (moderate evidence)
• Unclear whether device malfunctions related to biocompatibility or 

device integrity
• No studies investigated systemic reactions
• Most common complication in ECRI data was related to “device 

malfunction or failure”
• Evidence gaps with patient or material related factors for local 

responses



Summary

• Biocompatibility relates to the ability of a device material to 
perform with an appropriate host response based on the specific 
situation. Some patients may still experience adverse tissue 
reactions, even to well-established biocompatible materials. 

• Potential biocompatibility risks are assessed using a risk 
management process. This does not always necessitate testing, 
particularly when applicable prior data or experience exists.
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Summary

• Biological evaluation should be taken in the benefit-risk
perspective.

• Biocompatibility is only one of a number of design characteristics; 
selecting a material based solely on its biocompatibility might 
result in a less functional device.
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