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Summary 
 
The medical device market has been growing quite rapidly over the past decade, and inarguably medical 
devices are becoming more important in the health sector.  
 
Medical devices are usually divided into different classes sorted by risk, a preliminary step required so that 
manufactures of medical devices can comply with regulations and apply quality assurance systems for their 
products. The International Organization for Standardization (known by the acronym ISO) has developed a 
standard for a quality management system for medical devices classed ISO 13485. This standard is based on 
ISO 9001-2000, and helps companies implement and maintain a quality management system. The most 
important medical device standards concern the biocompatibility series, ISO 10993; clinical trials, ISO 14155; 
and risk management, ISO 14971. 
 
The purpose of a biological evaluation of medical devices is to ensure – from a biological and toxicological 
perspective – that the device is safe for both the patient and the user. A material used in a medical device may 
appear suitable based on the physical properties, costs, and its availability, but it might contain toxic chemical 
components. Therefore, the standards advise manufacturers to screen candidate materials at an early stage of 
development to eliminate those that are toxic, and to select those that are sufficiently biocompatible and non-
toxic for their intended use. Consequently, a precise characterization of a material is an essential step, but the 
final assessment must be performed on the finished product under actual conditions of use. Sets of tests may be 
necessary to determine the potential adverse effects of medical devices. ISO 10993-1 offers a test matrix to 
guide for qualified toxicologists to also take into consideration the chemical composition of the medical device, 
any material information, and residual chemicals for the manufacturing and cleansing process as well as from 
sterilization. Furthermore, a thorough evaluation of any existing non-clinical and clinical data or human 
exposure data, as well as any historical data from similar devices or experience relevant for the medical device 
shall be included before any further testing is considered. 
 
The evaluation of biocompatibility shall include the already available relevant experience of the product and the 
actual testing done on the final product. The assessment of already available information for the medical device 
may result in the conclusion that no testing is needed. The materials or final product shall be considered for 
biological re-evaluation if any changes occur, such as a change in the source (e.g., a new supplier). 
 
Test methods used for the biological evaluation shall be sensitive, precise and accurate. The test results should 
be reproducible (inter-laboratory) as well as repeatable (intra-laboratory). Currently the biological testing for 
medical devices relies mostly on animal models. However, as scientific knowledge advances our understanding 
of basic mechanisms, preference should be given to in vitro models. 
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The spectrum of medical devices: From surgical gloves to sutures  
The Global Harmonization Task force defines a medical device as an instrument, apparatus, implement, 
machine, appliance, implant, in vitro reagent or calibrator, software, material, or other similar or related article. 
In practice, medical devices encompass everything from surgical instruments, to catheters, to surgical gloves, to 
blood bags, to absorbable sutures. They are generally intended for use, alone or in combination, in human 
beings for one or more of these specific purposes: 



 
! Diagnosis, prevention, treatment, or alleviation of disease or for an injury 
! Investigation, replacement, modification, or support of the anatomy or of a physiological process 
! Supporting or sustaining life 
! Control of conception 
! Disinfection of medical devices 
! Providing information for medical or diagnostic purposes by means of in vitro examination of specimens 

derived from the human body. 
 

Additionally, a medical device does not achieve its primary intended action in or on the human body by 
pharmacological, immunological or metabolic means, although such means may play a supportive role. 
 
The medical device market  
The medical device market is relatively huge, with revenue of $310 billion US in 2010, and it is expected in 
2017 to increase to $434 billion, an annual growth rate of seven%. It is expected to exceed growth in the $290 
billion pharmaceutical industry in 2010, which is expected to reach $370 billion 2017. The medical device 
industry covers a wide spectrum of products, and the lifetime of these products is relatively short — therefore, 
there is a high rate of research and development. Medical devices are included in new areas as well, for example 
tissue engineering products, advanced therapy medicinal products, and combination products. 
 
Differences between medical devices and drugs  
Medical devices are physical objects, based on complex components and assemblies. They are generally based 
on mechanical and electrical features, in contrast to drugs, where we have pure molecules based on 
pharmacology and chemistry — and now encompass biotechnology and genetic engineering. Whereas medical 
devices mostly involve physical interaction with the body or a body part, drugs are administered via the mouth, 
skin, eyes, lungs, or by injection. They work through metabolic, pharmacologic, or immunological means. 
Unlike medical devices, they tend to require far less significant user interaction. 

 
Medical devices are a heterogeneous group, ranging from patches to artificial organs. Drugs, on the other hand, 
tend to differ only in molecular structure. 

 
Another key difference is that with medical devices, the duration and nature of exposure varies widely; drugs 
typically have a short half-life in the body. Also, while medical devices have a short market life (typically 18-24 
months), drugs have a long market life. 

 
Classification systems are risk-based and vary by country; some are separated into these categories: 

 
-General medical devices 
-Active medical devices for implantation  
-In vitro diagnostic devices 
 

Comparing and contrasting the process for medical device approval in the United States and the 
European Union 

 
Mandate 
The US mandate is characterized by its oversight of public health. The EU mandate is focused safety overseen 
through competent authorities, device approval (through notified bodies), and facilitation of trade. These 
approaches may influence dealings with industry clients, and affect the attention paid to the balance between 
effectiveness and risk of safety concerns. 

  
Centralization 



The US system is centralized; the governmental Food and Drug Administration (FDA) oversees medical device 
regulation. The EU system, in contrast, is decentralized; around 60 parties regulate in concert with authorities. 
Theoretically, the standardization and coordination of pre-marketing and post-marketing evaluation are simpler 
and easier to enforce in the United States. 
 
Data requirements 
The data requirements for high-risk devices are different, as well. In the US, the approval process requires 
reasonable assurance of safety and effectiveness for approval of high-risk devices, “substantial equivalence” for 
510(k) clearance.1 The EU generally requires performance-based analysis to prove that the device works as 
intended. EU assessments are made by manufacturers and notified bodies; this process provides less insight into 
clinical end points for high-risk devices. 

 
Transparency 
The US approval process is subject to proprietary limits with public reporting of pre-marketing review of 
approved devices, recalls, and adverse events. In the EU, reviews by Notified Bodies are not made public. Post-
marketing data is shared among competent authorities, but not with the public. Thus, there is greater public 
access to evidence in the United States. 

 
Funding 
In the US, a combination of federal appropriations (80%) and user fees (20%) covers the cost of the approval of 
medical devices. In the EU, funding of the various authorities varies from country to country … and Notified 
Bodies are paid directly by sponsors. This can be a drawback, because Notified Bodies may be vulnerable to 
conflicts of interest with industry clients. However, under the system in the United States, the FDA may be 
influenced by changes in federal funding and the political climate. 
  
Access 
In terms of access, in the US, clinical pre-marketing testing of high-risk devices delays patient access to these 
devices (there are no differences for low- and moderate-risk devices). In contrast, EU patients may have access 
to certain high-risk devices sooner than in the US, subject to limitations by payers. While EU patients have 
faster access to certain devices, these products are marketed with less rigorous proof of effectiveness and may 
have a greater chance of later-identified adverse events. 

 
Classification of Medical Devices 
 
In the US, medical devices are classified as class I (mostly exempted from clearance, but subject to general 
control requirements), II, or III (pre-market approval) devices — with class II devices are representing the 
highest risk. In the EU, medical devices are classified as class I (low-risk), IIa, IIb or class III (intervention of 
notified body is compulsory to control the design and the manufacture) devices, while active implantable 
medical devices are not classified, and in vitro diagnostic devices have their own classification system. Japan 
has a letter-based classification system. 
 

 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  From	  the	  FDA	  website,	  http://www.fda.gov/medicaldevices/productsandmedicalprocedures/deviceapprovalsandclearances/510kclearances/default.htm	  :	  
“Section	  510(k)	  of	  the	  Food,	  Drug	  and	  Cosmetic	  Act	  requires	  device	  manufacturers	  who	  must	  register,	  to	  notify	  FDA	  of	  their	  intent	  to	  market	  a	  medical	  device	  
at	  least	  90	  days	  in	  advance.	  This	  is	  known	  as	  Premarket	  Notification	  -‐	  also	  called	  PMN	  or	  510(k).”	  
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Regulatory Requirements 
 
In the EU, for Class I devices the manufacturer to conduct the assessment; these are regarded as low-risk 
devices in most cases. For Class IIa, IIb, and III devices, the manufacturers must consult with the Notified 
Bodies. The Notified Bodies need to be involved at the production phase for IIa devices, and for IIb, they also 
control the design and the manufacturing of the devices. For class III devices, the Notified Bodies control the 
design and the manufacture of the devices, and at the end they must undergo a pre-market approval process. In 
comparison, in the US, Class I devices are mostly exempted from clearance, but subject to general control 
requirements. Class II devices, where the 510(k) clearance process is used. (Mostly for Class II devices, but also 
for some Class I devices.) For Class III devices, the marketing clearance is obtained during the pre-market 
approval process, and the project development process — processes that are more stringent than the 510(k) 
procedure.  
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For all this regulation, the essential requirements for medical devices are related to the ISO TC-194 to the ISO 
10993 series. 
 
Compliance with the essential requirements concerning safety and risk involves assessing the safety and risk of 
a device, minimizing adverse effects, ensuring the electrical and mechanical safety, providing comprehensive 
information with the product, and avoiding infection and contamination. Regulatory compliance concerning 
performance and utility consists of ensuring compliance with performance claims made by the manufacturer, 
and ensuring a device’s suitability for its intended purposes. 
 
ISO 14-971-2007 addresses the application of risk management ideals to medical devices, to consider potential 
hazards ranging from energy-related, to biological (bacterial, viral contamination) and chemical, to operational 
(errors in use), to information hazards (labeling, operating instructions). The risk management process has to be 
documented and includes risk analysis, risk evaluation, risk control, and post-production information. 
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The ISO working group has created a number of standards to guide various aspects of the oversight of medical 
devices – such as allowable limits of leachable substances, systemic toxicity, irritation/sensitization, and the 
effects on blood. 
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Risk analysis for 
toxicological 
hazards is based on 

a different set of ISO standards: 
 

ISO 10993-1 describes the general principles of the biological evaluation of materials and medical devices 
 

! Considerations for the biological evaluation include materials/chemicals for processing the device; 
additives, impurities and residues, leachable components, degradation productions, and physical 
properties: porosity, particle size, form and surface morphology — which could lead to certain types of 
local effects after implantation. 

 
ISO 10993-18 offers information for the quantitative and qualitative characterization of materials and medical 
devices 

 
ISO-10993-17 provides guidance for the determination of the allowable limits for leachable substances 
 
ISO-10993-1 2009: Evaluation and Testing within a risk management process:  
Part 1, the most important ISO standard, was re-published in 2009, based on the publication of ISO 14971 
which was published in 2007. The title reflects the thrust of the major change — the addition of the risk 
management component. The updated version included Annex B, which requests the identification of the 
biological hazards of the device, estimation, evaluation and control of risks, and control of the efficacy of the 
control measures.  
 
Snapshot of the ISO Systematic Approach (Flow chart, Slide 17):  
 
The systematic approach to determine the need for testing a medical device begins with the chemical 
characterization and the material equivalence evaluation. The flow chart modeling the systemic approach posits 
a series of questions, designed to help determine whether further biocompatibility testing is needed — for 
example, is there sufficient justification or data for a risk assessment available? If yes, does sufficient data exist 
to determine the chemical risk? If yes, does this data apply also for mixtures? If the answer to all of these 
questions is yes, we may come to a final conclusion without doing any biocompatibility test. If it’s a no, we 
have to perform further evaluation of the device based on the chemical nature of the materials, and on the type 

Secretariat: DIN  
Secretary: Dipl.-Ing. Karl Wenzelewski  
Chairperson: Dr. Albrecht Poth until end 2015  
ISO Central Secretariat contact: Mr. Stefan Marinkovic  
Creation date: 1988 
ISO/TC 194/WG 1 Systematic approach to biological evaluation and terminology  
ISO/TC 194/WG 2 Degradation aspects related to biological testing x 
ISO/TC 194/WG 3 Animal protection aspects  
ISO/TC 194/WG 4 Clinical investigations of medical devices in humans x 
ISO/TC 194/WG 5 Cytotoxicity  x 
ISO/TC 194/WG 6 Mutagenicity, carcinogenicity and reproductive toxicity x 
ISO/TC 194/WG 7 Systemic toxicity x 
ISO/TC 194/WG 8 Irritation, sensitization  x 
ISO/TC 194/WG 9 Effects on blood x 
ISO/TC 194/WG 10 Implantation x 
ISO/TC 194/WG 11 Allowable limits for leachable substances  x 
ISO/TC 194/WG 12 Sample preparation and reference materials  
ISO/TC 194/WG 13 Toxicokinetics x 
ISO/TC 194/WG 14 Material characterization  x 
ISO/TC 194/WG 15 Strategic approach to biological assessment  x 
ISO/TC 194/WG 16 Pyrogenicity  
ISO/TC 194/WG 17 Nanomaterials x 
ISO/TC 194/SC 1 Tissue product safety  



and duration of contact; we have to select the toxicological endpoints; we can do testing, or we can also justify 
the omission of certain testing. Then we can perform our final biological evaluation. 
 
Toxicological endpoints are cytotoxicity, sensitization, irritation or intracutaneous reactivity, systemic toxicity 
(acute), subacute/subchronic toxicity, genotoxicity, implantation and hemocompatibility. Further toxicological 
endpoints may be considered as well, e.g. chronic toxicity, carcinogenicity, toxicokinetics, immunotoxicity, and 
reproductive toxicity, based on a risk assessment approach. 
 
Pre-requisites for the selection of biocompatibility tests is dependent upon: 
 

! Degree, duration and frequency of application 
! Chemical and physical properties of the final product 
! Toxicologically relevant chemicals in the device composition 
! Biocompatibility studies may not be necessary if leachable components can be excluded or if the 

leachable components have a known and accepted toxicity profile (ISO 10993-17 can help with that) 
! Ratio of the surface of the medical device to the body mass of the patient 
! Inclusion of available literature or of already available non-clinical testing and/or clinical experience 

 
Table A.1 (Slide 19): Toxicological endpoints for consideration in the biological evaluation 
 
The more invasive, the longer the contact, the more toxicological endpoints you have to consider. The table 
below is not intended as a checklist; rather, it offers a framework to develop an assessment program.  
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In the US, the Environmental Protection Agency (EPA) asked the National Research Council (NRC) to develop 
a long-range vision for toxicity testing and a strategic plan.  
 
Material characterization is key in the evaluation of the biological devices. The biological evaluation process is 
important, because information on the release of chemicals will lead to the selection of the necessary 
toxicological studies, and data will also be used for the risk characterization — and we are able to establish a 
tolerable intake (TI) value according to 10993-17. 

 
Effects based on the manufacturing process that should be considered as well include processes that can lead to 
changes of the surface of the devices (e.g. by surface treatment or welding); additives (color pigments, 
lubricants, inks); contamination by cleaning, disinfection, and sterilizing agents; and degradation by 
manufacturing, clinical use or storage. 

 
It is also important to consider material changes, such as the abrasion and aging of materials — which can lead 
to the generation of particles and degradation of products in materials such as prostheses, for example. Friction 
can lead to irritation, for example in the application of catheters. Heat is another material change that can make 
an impact, as in thermal degradation or other material changes. 
 
Finally, interactions with the physiological environment need to be taken into account as well. Endoscopes can 
be affected by gastric fluid, wound dressing materials are in contact with sweat, and UV lights, detergents, the 
sterilization process — all of these interactions could change the material properties. 

 
ISO 10993 - 18 2005: Chemical characterization of materials 

 
A five-step procedure has been developed to determine chemical characterization of materials. Robust 
assessment of the toxicological evaluation requires analytical procedures, the development of adequate 
analytical methods, and validation of analytical methods including precision, specificity, etc. 
 
The procedure to determine the chemical characterization entails effort to identify materials and component 
chemicals in a device, consideration of whether or not the material is equivalent to that already used in a device 
for the same use, to quantitative composition of the medical device. Step 4 addresses the worst-case scenario: 
whether or not, based on the toxicology data, there are any chemicals in amounts of concern if they leached out 
of the device. If yes, it will be necessary to obtain clinical exposure data through certain in vitro tests. 
 
 
Chemical Characterization: Flow-chart of the step-wise procedure 
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Traveling through these steps characterizes a medical device qualitatively and quantitatively, and reveals 
potential clinical exposure to the leachable components. The next step is to derive the tolerable intake (TI) level, 
guided by ISO 10993 - 17 2009, which specifies methods to determine the allowable limits for leachable 
components in medical devices and describes a systematic process to establish quantitatively the risk of 
hazardous compounds.  

 
The process to establish allowable limits of leachable substances laid out in ISO 10993 – 17 2009 is built 
on the following principles:  
 

! Evaluation of the biological risk of a leachable substance by collecting data and identifying critical health 
endpoints; determining the tolerable intake levels specific for the route of entry and duration of exposure 
and determining tolerable contact levels if irritation is an endpoint. 

 
! Determination of the tolerable exposure of the patient to the leachable substance under consideration of 

the patient body mass and the application of utilization and safety factors. 
 

! Consideration of various routes of exposure: absorption via skin, oral or inhalative uptake, or direct 
systemic application. 

 
! Inclusion of a risk/benefit analysis. 

 
The process detailed in the ISO 10993-17 flow chart walks through the steps and formulas needed to collect 
appropriate information and calculate the TI for non-cancer endpoints, tolerable contact levels (TCL) if the 
compound is irritating, and cancer TI if the compound is carcinogenic.  

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ISO 10993 – 17 2009: Flowchart for determination of allowable limits 
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Conducting a biological evaluation 
  

Biological safety evaluation and re-evaluation reports should include any of the following points that apply: 
 

! Changes in the manufacturing process (sterilization, cleansing, surface treatment, primary packaging) 
! Change of supplier 
! Changes in the material specification 
! Changes in the formulation of the device (e.g. new additive) 
! Changes in material storage (prolongation of durability) 
! Changes in the biological environment 
! Changes in the clinical application 

 
Biological safety evaluation report: Documentation should include the following: 



 
! General description of the medical device 
! Quantitative information on the composition of all components in contact with the patient 
! Evaluation of the available information on toxicity for every relevant material or chemical 
! Results of any biocompatibility testing 
! Evaluation of all data and a final conclusion confirming the material is biocompatible and safe for 

human use. Reports must conclude whether or not a device is safe or not safe for human use. 
 

What does the practical approach depend on? (Note: for the biological evaluation, this is more of a European 
approach. It works a little differently in the US.) 

 
! In general the approach is dependent on the materials and devices (e.g., polymers, metals are inert, and 

considered lower risk than composite materials and biodegradable materials) 
! Is dependent on the toxicological endpoints (e.g. non-carcinogenic and carcinogenic endpoints, 

respectively) 
! Screening tests can help in the selection of material components 
! Search for already available biocompatibility studies 
! Characterization of the composition of the device 
! Comparison of the new medical device with an already marketed device – toxicological equivalence 
! In case toxicological components are included in the device the amount should be determined (worst-

case assumption or determination of the amount with extraction testing) 
! Determination of the maximal exposure levels (consideration of cancer and non-cancer endpoints) 
! Biological evaluation and safety evaluation 
! In case the data seem not to be sufficient to do an adequate safety evaluation, for certain toxicological 

endpoints biocompatibility studies are conducted 
! Step-wise performance of biocompatibility studies (first in vitro/then in vivo) 
! Biological evaluation and safety assessment of the medical device under consideration of the results of 

the biocompatibility tests; must be documented in the report’s conclusion. 
 
Validation in the medical device area – ISO 17025 
 

! Request for testing procedures which are established in international or national guidelines and 
standards 

! Internal laboratory validation necessary for new adopted or established methods 
 
While the biological evaluation of the medical devices described above is a little different in Europe, Japan and 
the US, it does present an available step-wise procedure that can be used already to reduce the need for in vivo 
test for medical devices. 
 
ISO 17025 standards mention some validation processes in the field of medical devices. Those standards 
requests testing procedures that are established in international or national guidelines and standards, and 
specifies that internal laboratory validation is necessary for newly adopted or established methods. It also covers 
the validation of new methods not included in normative documents. Validation is also needed for methods 
where guidelines are already available, but which are used outside of their intended scope. It is also needed 
when standard methods are modified, to confirm that the methods are fit for the intended use. 
 
ISO 17025 also addresses the determination of the performance of a method, providing guidance on the 
following suggested steps: 
 

! Use of reference materials 
! Comparison of results achieved with other methods 
! Inter-laboratory comparison 



! Systemic assessment of the factors influencing the results 
! Assessment of the uncertainty of the results based on scientific understanding of the theoretical 

principles of the method and practical experience 
 

Concerning the range and accuracy of values obtainable from validated methods, ISO 17025 highlights the 
following considerations: 
 

! Uncertainty of results 
! Limit of detection 
! Selectivity of the method (sensitivity/specificity) 
! Linearity of the method 
! Reproducibility of the method 
! Robustness of the method 

 
ISO 17025 already establishes certain elements that are now included in OECD and European validation 
procedures. 

 
Discussion 
 
Follow-up questions for this topic surrounded the divide between the growing support for evolving standards, 
and implementation. The revised ISO Part 1 standards incorporate language that specifically captures a tiered 
approach and a preference for in vitro over in vivo testing. But as a practical matter, the landscape now — in 
Europe, the US, and Japan in Europe, US or Japan – is not yet at the point of including in vitro testing as an end, 
though they may be used for supportive data.  

 
There are practical hurdles that prevent fuller implementation. For example, regarding biocompatibility testing, 
Part 1 of the ISO standards recommends starting with in vitro tests. In practice, though, manufacturers often feel 
they have no time to wait for the lengthy in vitro tests, because of marketing pressures. They tend to be 
interested in using tests all at once rather than the hierarchical, tiered approach.  

 
However, in vitro tests are used in the screening phases, as in the material selection phase, when cytotoxicity 
testing might help manufacturers gain a degree of comfort before they move ahead with a full evaluation. In 
terms of the utility of in vitro tests during the development process, manufacturing teams do that early on, 
making sure that they understand the in vitro characteristics of their products by the time they get to the 
registration step. 

 
The discussion also raised concerns that the acceptance of standards, in particular the ISO process, does not 
move fast enough for technology. It is thought that funding, staffing and management issues might prevent 
efforts to try to bring about change more rapidly.  
The ISO process is also slow because of its focus on reaching a common solution, which is often a lengthy and 
arduous process. The lack of a global harmonized approach hurts the ISO process as well. As an example, the 
US will not accept an in vitro test for irritation; developers are asked to do an in vivo test if you want to take a 
product to market.  

 
Whereas the ISO paradigm appears to be the most broadly useful and widely acceptable, there are other 
assessment paradigms, like USP (the US Pharmacopeial Convention) and ASTM (formerly known as the 
American Society for Testing and Materials), which also put out recommendations. The goal should be to 
harmonize these standards and reduce duplication of efforts. 

 
ASTM is now international as well, and it works to avoid duplicating ISO efforts. ASTM has traditionally held 
leadership in certain areas (methods for evaluating tissue engineered medical products, for example), and has 
developed a large catalogue of guidance and methods. Some ISO standards refer to ASTM methods. I think we 



think of ourselves as an adjunct to, working with ISO, and I think there is a place for both. The question is 
whether there is a place for both ASTM and ISO standards, working collaboratively, or if ASTM or another 
group has determined that a method is adequate for a certain endpoint outside the ISO standards, it can be 
included at ISO as well. 
 
Another advantage of ASTM is that it keeps a quicker pace, meeting twice a year and taking, on average, takes 
three years to get the work done. The OECD process exemplifies a more efficient approach, as well — with 
guidelines pasting through in a year or two, from development to acceptance directing formulating. The 
participants concluded that the ISO process is too time-consuming, and that process needs to speed up to better 
reflect the speed of technology.  
 
 


