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FEATURE

Biological Safety:
More Than Just Test Data

Twenty-five years ago, when I
was in charge of biocompati-
bility at a global manufactur-

er that specialized in medical
devices, my biocompatibility test

data package could fit
comfortably in a stan-
dard-size manilla fold-
er. However, our bio-
compatibility process
was probably more
comprehensive than
what many manufac-
turers have today.

What we used in
1983 was a biocompati-
bility plan that we
developed for every
product, material, man-
ufacturing material
and component that we
used. ISO 10993-1: 2003,

Biological evaluation of medical
devices—Part 1: Evaluation and
Testing, states, “The biological evalu-
ation shall be planned, carried out
and documented …” The reason for
planning is that even a standard
such as ISO 10993-1: 2003 and guid-
ance provided by the U.S. Food and
Drug Administration (FDA) such as
the G95 Memorandum, “Required
Bio-compatibility Training and

Toxicology Profiles for
Evaluation of Medical
De-vices, May 1, 1995
(G95-1)” cannot address
the wide range of medical
devices that are being
introduced into the mar-

ket today. There is a need to also
research vertical standards, guid-
ance documents and literature with
regard to the types of devices on the
market. Any totally novel device
must be studied so that the biological
hazards of use are well understood
and the risk of those hazards occur-
ring are well characterized. Add to
this the need to address the require-
ments of various international mar-
kets, and planning for biocompatibil-
ity becomes a business necessity, not
just a regulatory requirement.

Document Process
In our biological safety program,
each material was qualified and
characterized using a consistent doc-
umented process. Internal accept-
ance criteria were developed as a
result of examining comparative
data on various materials. We also
requalified the material after we
molded components, taking into
account process variability, both in
terms of specifications and material
condition and storage.

In situations where solvent bond-
ing was employed, we examined the
chemicals under consideration and
their impact on safety. By this stage,
a sizable evaluation file had been

Hazards of new medical
devices must be studied
so the risks are clear.
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Permanent tissue implants, such
as this device, warrant a biologi-
cal safety evaluation plan. Photo
courtesy of NAMSA.
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established, and we had yet to con-
duct any biological testing, except for
perhaps in vitro studies such as cyto-
toxicity or hemolysis. All of this pre-
liminary work was designed to char-
acterize the material for suitability
for use.

Evaluation Conditions
“Use” implies both biological safety
and GMP processing. Surprisingly,
lengthy evaluation usually was not
required to discover interesting fea-
tures of the device that impacted its
use. The key to evaluating materials
early in the process is that evalua-
tion conditions should be exaggerat-
ed and in many cases driven to
exhaustion. Since risk looks at poten-
tial hazards, evaluation of these haz-
ards should take place under exag-
gerated protocols, whether we are
talking about extraction conditions
or test design.

When we finally got to the finished
device, we chose The United States
Pharmacopeia (USP) Class II, a prac-
tice to prequalify a material, as the
basis for our biological testing, which
was a common practice at that time.
In the end, our evaluation was proba-
bly as extensive, and I dare say more
comprehensive than, some I review
today, even though USP requirements
pale in comparison with ISO 10993-1.
However, USP guidelines were suffi-
cient to understand the potential risk
and in most cases eliminated risky
materials and components before
they were actually incorporated into
the bill of materials for the product.

ISO 10993-1: 2003 states, “Eval-
uation may include both a study of
relevant experience and actual test-
ing. Such an evaluation may result in
the conclusion that no testing is need-
ed if the material has a demonstrable
history of use in a specified role that
is equivalent to that of the device
under design.”

What we had back in 1983, and

what NAMSA Advisory Services still
promotes today is a plan for biological
evaluation for the product we are
studying. While it was rare for compa-
nies to develop plans like this in 1983,

it is an absolutely critical step in the
process today. Biological safety evalu-
ation plans are an essential tool in:

1. Communicating the plan to

The ISO materials biocompatibility matrix categorizes devices
based on the type and duration of body contact. It also presents a
list of potential biological effects. For each device category, cer-
tain effects must be considered and addressed in the regulatory
submission for that device. ISO 10993-1 does not prescribe a spe-
cific battery of tests for any particular medical device. Rather, it
provides a framework that can be used to design a biocompatibility
testing program. Source: NAMSA 4 Stage Biocompatibility
Approach Matrix, developed per guidance from Tables 1 & 2 of ISO
10993-1 and the FDA Blue Book Memorandum G-95.
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team members, company associates
and medical device regulators

2. Leveraging information that is
known about the constituents of
the device

3. Identifying and characterizing
biological and toxicological hazards
associated with the product in an
effort to characterize risk

4. Defining a plan for assuring bio-
logical safety

5. Explaining how your company
uses the requirements of ISO 10993-
1: 2003 to assure biological safety

The goal of safety evaluation can
be summarized in the five principles
listed above. Team members or other
associates need to examine and chal-
lenge the plan in order to assure that
it is comprehensive and that it
achieves what is necessary to assure
safety. Although test data is often
seen as the consummate information
required for demonstrating safety,
why do regulatory agencies often
challenge such data? Frequently it is
because they don’t understand the
overall rationale behind the device
manufacturer’s submission.

They also fail to understand why
certain tests were performed a cer-
tain way. (Submitting biocompatibili-
ty data to regulatory agencies, includ-
ing the FDA, without a biological
safety evaluation plan risks a page
(or so) of questions and clarifications
from the regulatory agencies.)

Leveraging
In today’s competitive environment,
leveraging information can help
reduce cost, and, more importantly,
time. Twenty-five years ago, we spent
a lot of time developing systems that
leveraged information. For example,
once the use of a specific thermoplas-
tic in the development of a portion of
a hip implant has been qualified, if
that same thermoplastic now
becomes part of a shoulder implant,

it would behoove the manufacturer to
leverage the information that has
been acquired in the development of
the hip implant. Use of this informa-
tion for both therapeutic applications
not only allows you to leverage test
results, it also allows you to influence
actual clinical use of the material as
a shoulder implant.

Hazard IDs
Hazard identification is an essential
step in assuring safety. For many of
us, this process begins and ends with
Tables 1 and 2 of ISO 10993-1 or the
tables that appear in the FDA Blue
Book Memorandum G-95. It is indeed
inappropriate to rely on either docu-
ment to define the risk associated
with your product. I can assure you
the FDA does not solely evaluate bio-
logical risk based on the tables in the
blue book memorandum. For exam-
ple, the agency has published its
guidance for evaluating immunotoxi-

city in which it provides
guidance on evaluation of
such risk for medical
devices. In this guidance, it
does not require testing
(Note: It has been and con-
tinues to be FDA’s policy not
to mandate testing), but sug-
gests that certain immun-
otoxic risks be further evalu-
ated. Also consider situa-
tions in which a device is
coming in contact with the
patient’s central nervous
system. The risk of neurotox-
icity must be considered
even though tests that evalu-
ate such toxicity are not part
of any of the tables previous-
ly mentioned.

The range of effects of
potential biological hazards
is wide and can include
short-term effects, such as
acute systemic toxicity, irri-
tation, hemolysis, and throm-

bogenicity, as well as long-term
effects, such as chronic toxicity, sensi-
tization, genotoxicity, carcinogenicity
and teratogenicity. Most orthopedic
devices need to be evaluated for both
short-term and long-term effects.
This is because intended use drives
hazard identification.

The use of a skin electrode to help
record an electrocardiogram presents
little hazard to a patient compared to
a knee implant, which will remain
with the patient for the rest of
his/her life. Current knowledge of the
material or device provided by scien-
tific literature, previous clinical
experience, and other relevant data
can either mitigate the hazard or
enhance it.

An example of the latter is in the
manufacture of tissue heart valves
where both formaldehyde and glu-
taraldehyde can be used in the pro-
cessing of this device.

In the orthopedic industry, the
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processing of metal parts often increas-
es the risk of biological reactivity, as
these parts must be formed and
machined, which inherently creates
particulate matter.

In addition, such processes may use
manufacturing materials that could
increase biological risk to the patient.

Therefore, information characteriz-
ing the chemical identity and biologi-
cal response of materials is useful in
assessing a medical device for its
intended use.

Safety Plan
Most importantly, the biological safety
evaluation plan defines how the firm
will assure the safety of its product. An
effective plan starts with material
selection, as ours did back in 1983. The
principles here were to pick materials
whose properties were most suitable
for the performance of the device.
Given those requirements, materials
were characterized and qualified so
that the risk of an adverse biological
effect arising from the use of that
material would be negligible.

After qualifying the material, the
component was qualified. We then
examined the molding process—speci-
fications such as molding cycle time,
generations of regrind permitted, melt
flow range and other parameters that
could have an effect on the material
and whether the processed material
could change the safety profile of the
material. Once completed, we had a
tremendous amount of confidence in
the safety of that component and mate-
rial. We could now apply that informa-
tion across a range of devices and uses.
Combining the information from the
raw material supplier and final prod-
uct test results assured device safety
by mitigating the biological risk previ-
ously identified. This is exactly what
the FDA desires.

Part of communicating the biologi-
cal safety plan to team members is the

definition of tasks, milestones and key
events in the schedule of bringing this
device to market or in advancing the
project schedule. Gannt charts and
timelines drive schedules. Yet most
companies wait to communicate with
the regulatory agencies, like the FDA,
until late in the process, and when
they do, they are less than clear. The
plan also can be used in preliminary
discussions with these agencies, so
they can better understand the firm’s
thought process.

If the firm wants to work closely
with FDA, they can use the test plan
as an effective communication tool
with the agency.

Even if the company passes on the
opportunity to work with FDA early on,
this evaluation plan is the perfect
instrument for proper communication of
the firm’s rationale for assuring safety.

In addition, the plan acts as docu-
mentation of prevalent thought within
the firm, the firm’s vendors and the
firm’s consultants.

In conclusion, the next time your
needs turn to biological safety don’t

initiate testing until you have docu-
mented a plan for ensuring biological
safety. A biological test plan is working
paper, not paperwork. �
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The range of effects of potential biological
hazards is wide and can include short-term

effects, such as acute systemic toxicity,
irritation, hemolysis and thrombogenicity,

as well as long-term effects, such as
chronic toxicity, sensitization, genotoxicity,
carcinogenicity and teratogenicity. Most
orthopedic devices need to be evaluted

for both short-term and long-term effects.


