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Abstract

Quality is a key focus for clinical laboratories, since it is viewed as a prerequisite for patient safety. It permeates all three phases of the total testing
process (preanalytical, analytical and postanalytical), and relies heavily on the quality of diagnostic products, such as in vitro (IVD) devices (instru-
ments, assays, reagents and specimen collection tubes) and medical devices (blood collection needles and sets). The diagnostic industry has imple-
mented strict criteria to assure that the quality of their products throughout their life cycle meets the needs of their customers. This is accomplished
through established processes to develop products that meet customer needs, as well as regulatory requirements needed to assure their safety and
efficacy while adhering to good clinical practices and maintaining high level of safety of human subjects that participate in clinical trials. At the same
time, the commercial companies follow good manufacturing practices to reduce variability within their manufacturing processes and deliver pro-
ducts that are within established specifications. However, the highest level of quality can only be achieved when instrument/assay manufacturers

work closely with specimen containment manufacturers to assure total system performance.
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Introduction

Clinical laboratories routinely use commercial diag-
nostic products during the testing process. Diag-
nostic products can be divided into two major ca-
tegories: in vitro diagnostic (IVD) devices, such as
laboratory instruments, reagents, assays and blo-
od collection tubes, and medical devices, such as
specimen collection devices (needles and sets).
According to the United States (US) Code of Fede-
ral Regulations (CFR), IVD devices are “those rea-
gents, instruments, and systems intended for use
in diagnosis of disease or other conditions, includi-
ng a determination of the state of health, in order
to cure, mitigate, treat, or prevent disease or its
sequelae. Such products are intended for use in
the collection, preparation, and examination of
specimens taken from the human body” (1). The
main difference between medical and IVD devices

is that IVD devices are used in vitro for testing of
samples derived from the human body, while me-
dical devices are used in vivo.

The quality of diagnostic products is an essential
element of total laboratory testing quality. Labora-
tory professionals expect commercial companies
to manufacture high quality products. In order to
meet these customer expectations, diagnostic com-
panies have processes in place to assure that they
successfully manage products throughout their li-
fe cycle, i.e.

a) design products that meet customer needs;

b) manufacture them within developed specifica-
tions and very little variability;

c) assure safety and efficacy of their use;
d) conform with regional regulatory requirements
for their release for clinical use while meeting
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established professional standards and guideli-
nes; and

e) monitor the product performance after it is re-
leased into the marketplace until its disconti-
nuation from the market (Figure 1).

Each of these phases contains many steps, and it is
possible for errors to occur at any of the numerous
hand-offs, which could be detrimental for the qua-
lity of the product. In order to avoid this, diagnos-
tic companies have developed robust operating
processes supported by standard operating pro-
cedures, which are designed to eliminate variabili-
ty, errors and rework.

Product design

All diagnostic products are developed through a
series of phases and gates which begin with a bu-
siness idea and then develop into a new product
(2). In order to design a high quality product, it is
essential to address customer needs. This is usually
accomplished through extensive customer interac-
tions, either directly (face-to-face interviews) or in-
directly (surveys). This “voice of customer” is vital
for the development product attributes, some of
which are necessary to achieve expected product
quality. Once this targeted product profile is defi-
ned, the product development process can pro-

Product Product safetyigi
) Efficacy
Design Manufacture
Assessment
- Voice of - Design « Clinical
customer manufacturability testing plan
- Targeted - Equipment « Clinical
product design trial design
profile « Process and execution
+ Product developement - Data analysis
specifications and validation
- Material - Inspection
selection control plans

- Change control
Ficugre 1. Product life cycle.
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ceed towards defining product specifications (to-
lerances), which are also an essential component
of quality. If these specifications are too wide, the
variability of manufactured product might exceed
those needed to assure expected quality. On the
other hand, specifications that are too narrow may
present a problem for the manufacturability of the
product, since this might be beyond the capability
of the manufacturing process. During this period, it
is critical to test these specifications in the context
of product performance and assure that at their
extremes the performance of the product is still ac-
ceptable (i.e. that the quality of the product is uni-
form). This is usually an iterative process, which is
completed using prototypes or research reagents.

As part of this process, it is also important to select
the proper materials that will be used to manufac-
ture the product, since product quality is directly
dependent on the quality of the raw materials
used for its production. Once the specifications
are defined, the product design is developed and
manufacturability is assessed.

Product manufacturing

As mentioned previously, manufacturing quality
of the diagnostic products is dependent on the
consistency and repeatability of the manufacturi-

Product
Discontinuation

Product
Maintenance

Regulatory
Approval

- Regulatory « Post market - Early
requirements surveillance (product issues)
- Standard « Address + Per plan
« Guidelines product issues
« Regulatory
submission
- Regulatory
approval
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ng processes. In order to maintain this consistency,

there are several key areas of focus, such as:

« Manufacturability of the Design

« Manufacturing Equipment Design

« Manufacturing Process Development and Vali-
dation

« Inspection Control Plans
« Change Control

The manufacturability of the design is an importa-
nt element that will subsequently determine the
complexity, capability (Cpk) and consistency of the
manufacturing equipment. Many companies em-
ploy Design for Manufacturability and Assembly
(DFMA) techniques to ensure the Voice of Manufac-
turing is heard early in the design phase. DFMA is a
systematic methodology used to assess if the desi-
gn can be manufactured and assembled at the tar-
geted cost, quality and operational equipment ef-
fectiveness targets. A manufacturing friendly desi-
gn will reduce the number of product design chan-
ges and manufacturing design changes that may
be required post product release. Necessary desi-
gn changes identified early in development are sig-
nificantly less costly and time consuming than tho-
se identified in the later stages of the process. The
complexity of the design (i.e. product tolerances,
number of components, surface treatments) has a
direct correlation on the quality of the product.

The manufacturing equipment design also has a di-
rect impact on product quality. Equipment designs
that account for the full variability in components
for in the handling and assembly process result in re-
duced final product variability. Robust assembly tes-
ting using components at the minimum and maxi-
mum of their tolerance will ensure the component
variability is factored into the equipment design.

During manufacturing process development and
validation activities, the manufacturing process ste-
ps that impact the critical to quality (CTQs) charac-
teristics of the product are defined through Desig-
ned Experiments (DOEs). DOEs are used to define
the ranges of the Key Process Input Variables (KPI-
Vs) and their impact on the CTQs. KPIVs are manu-
facturing process variables (pressure, temperature
etc.) that have the greatest effect on output variab-
les (impact strength, peel force) of the product bei-

ng manufactured. The process validation will chal-
lenge these ranges in the operation qualification
(OQ) phase to ensure the entire operating range as
well as the interactions between processing para-
meters. Once verified through the OQ phase, the
performance qualification (PQ) phase will challenge
the short term capability (Cpk) of the process as
well as the projected long term capability (Ppk)
through multiple process runs by trained operators.

Through risk management techniques, such as Pro-
cess Failure Modes Effects Analysis (oFMEA), poten-
tial process risks are identified and mitigated. pFMEA
is a systematic method of evaluating a manufacturi-
ng process in order to identify potential failure mo-
des inherent to the process, assessing the potential
impact of those failure modes, and determining
methods to eliminate/prevent or mitigate their oc-
currence. Mitigation can be accomplished through
equipment design along with the inspection con-
trol plan. A properly powered inspection plan ensu-
res that identified product CTQs are challenged at a
set frequency. The inspection process must be qua-
lified through an appropriate Measurement System
Analysis (MSA) that challenges the operator influen-
ce, measuring technique as well as the variability in
the parts that are measured. MSA is a specially de-
signed experiment that seeks to identify the com-
ponents of variation in the measurement.

Finally, a robust change control process for properly
qualified product and process changes should be
implemented. Changes to product design / mate-
rials must also be revalidated so product perfor-
mance is not adversely affected. Additionally, chan-
ges to the manufacturing process need to be revali-
dated to ensure that validated processing parame-
ters are unaffected as well as theirimpact on CTQs.

Establishment of safety and
efficacy of use

Once the manufacturability of a product has been
achieved, several lots of product are made using
the established manufacturing process. This asse-
sses the performance of the product in real use and
is achieved by evaluating safety and efficacy (i.e.
determine that the product will not cause harm to
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humans and will perform as intended). At the onset
of this activity, it is necessary to develop a clinical
testing plan which will define the scope of testing
(analytes, instruments, specimen collection tubes)
and is executed through investigations with hu-
man subjects or materials derived from human
subjects (i.e. clinical trials). The quality of the data
obtained from these clinical trials is an important
component of the quality of a diagnostic product.
If the clinical trials are not conducted in a control-
led and regulated manner using good clinical prac-
tices, the information on product performance will
not reflect its true performance in a clinical envi-
ronment. First, the trial sample size, such as the
number of subjects or specimens that are tested in
these trials, must be sufficient (i.e. have the approp-
riate statistical power) to allow generation of con-
clusions with a high degree of certainty. Second,
the trial has to be designed to generate meaningful
data, and this design has to be executed tin such a
manner to assure data integrity. This involves study
monitoring and appropriate data management.
Lastly, the data must be analyzed utilizing the sta-
tistical methodology to generate appropriate resul-
ts. During this entire process, it is also imperative to
guarantee the safety of the subjects that are parti-
cipating in the clinical trials. Institutional Review
Boards or Ethics Committees review each study de-
sign prior to implementation to assure that subjec-
ts will not be exposed to undue risk by their partici-
pation in the study. Subjects are also made aware
of study risks prior to participation, since risks are
disclosed in the informed consent that is signed by
the participants before the start of the trial.

Regulatory requirements

Before clinical use, diagnostic products must recei-
ve approval for use from the relevant regulatory bo-
dy. The approval process is highly dependent on
the type of device in question. Medical and IVD de-
vices are usually divided into different classes, ba-
sed on the risk in use. It is necessary to apply the
correct regulations for each device class, which vary
geographically (Table 1). Typically, Class Il medical
devices represent the highest risk, and Class | the
lowest. Depending on the device risk there are dif-
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ferent regulatory requirements that the device ma-
nufacturers need to comply with in order to obtain
approval for their distribution to the market (see
Table 1). As an example, blood collection devices
(needles and blood collection sets), which are medi-
cal devices most commonly used in laboratory tes-
ting, are classified as Class Il (United States) and Cla-
ss lla (European Union). In the US, in order to sell a
new blood collection tube, the manufacturer needs
to conduct clinical trials and mechanical testing to
assure that the device is safe for use. These data are
submitted to the Food and Drug Administration
(FDA) for approval prior to launch. According to the
EU Directive, it is enough that the manufacturer has
the product performance and assembly data on file
and certification that confirms the device sterility.

The requlatory landscape for medical and IVD
devices is highly variable and constantly changing.
In some regions, regulatory requirements are evol-
ving and transparent, and in others, static and un-
clear. Most major markets are strictly regulated wi-
th an emphasis on pre-market control.

In today’s rapid business environment, it is impor-
tant to utilize standards for assuring product com-
pliance and to facilitate acceptance of medical de-
vices worldwide.

This is also increasing the demand for better regu-
latory guidance to ensure that products are safe
and effective before entering the market.

FDA relies on the current Good Manufacturing
Practice (GMP) requirements of 21 CFR part 820
Quiality System Regulation (QSR). Outside the me-
dical industry, the international standards of the
Quality Management System (QMS) are based on
ISO 9001, and for the Medical Device industry, ISO
13485. ISO 13485 “Medical Devices, Requirements
for Regulatory Purposes” is the standard recogni-
zed by many countries as the way to obtain GMP.

The ISO 13485 standard is utilized as the QMS stan-
dard that is applicable to many regions around the
world for regulatory compliance. The implementa-
tion of a QMS is required for marketing of medical
devices in different regions. While the United Sta-
tes relies on FDA investigators to assure complian-
ce to the QSR, other regions must rely on ISO
13485 certification for regulatory compliance.
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Other more important standards for medical devi-
ces provide guidance for risk management (ISO
14971), product sterility (ISO 11607, ISO 11135 and
ISO 11137), material biocompatibility (ISO 10993)
and clinical trials (ISO 14155). Although ISO stan-
dards are very commonly used worldwide, there
are other standards that are used by regulatory
agencies to assess performance of diagnostic pro-
ducts. Examples are guidelines produces by the
Clinical Standards Laboratory Institute (CLSI) such
as EP07-A2 (3), EP09-A2 (4), EP17-A (5), EP25-A (6),
GP34-P (7). For instance, EP07-A2 outlines proce-
dures for manufacturers to screen potentially in-
terfering substances, quantify interference effects,
and confirm interference in patient samples. On
the other hand, EP17-A provides guidance for de-
termining the lower limit of detection of clinical la-
boratory methods, for verifying claimed limits,
and for the proper use and interpretation of these
limits. Many countries outside of Europe and the
United States depend on regulatory standards to
assure their organization’s compliance, as they do
not have adequate resources to conduct inspec-
tions outside their borders.

The 1SO 13485 certification assures that medical
device companies comply with a known regulato-
ry standard. The QMS of the medical device com-
pany is also certified by a registrar who routinely
audits the organization to verify that compliance is
maintained.

Maintaining the ISO certification is only a part of
the process. Regionally, there are various require-
ments and additional processes must be in place.
Some of these include regulatory submission acti-
vities, adverse event reporting and communicatio-
ns with regulatory agencies.

A variety of International Standards are utilized by
many companies to address business, quality, cli-
nical and regulatory needs, and play a significant
role in raising the levels of safety, reliability and ef-
ficiency. International standards are also useful to
industrial and business organizations, governmen-
ts and regulatory bodies and ultimately, the end
user. These standards provide an implicit pathway
of ensuring a level of product quality.

TasLE 1. Classification of medical devices.

United States* European Union**

+ Class | (General Controls) « Class | (Technical File only)
« Class Il (Special Controls) « Class | sterile (additional
- Class Il (Pre-market Certification)
Approval) » Class | measuring (additional
Certification)
+ Class lla (additional
Conformity Assessment)
«+ Class llb (additional
Conformity Assessment)
« Class lll (additional
Conformity Assessment)

* According to US Code of Federal Regulations, Class | devices
present minimal potential for harm to the user and are often sim-
pler in design than Class Il or Class Il devices. These devices are
subject only to general controls. General controls cover such is-
sues as manufacturer registration with the FDA, good manufactu-
ring techniques, proper branding and labeling, notification of the
FDA before marketing the device, and general reporting proce-
dures. These controls are deemed sufficient to provide reasonab-
le assurance of the safety and effectiveness of the device.

Class Il devices are those for which general controls alone are in-
sufficient to assure safety and effectiveness, and additional exis-
ting methods are available to provide such assurances. Therefo-
re, Class Il devices are also subject to special controls in addition to
the general controls of Class | devices. Special controls may include
special labeling requirements, mandatory performance standards,
and postmarket surveillance. Devices in Class Il are held to a hig-
her level of assurance than Class | devices that they will perform
as indicated and will not cause injury or harm to patient or user.

Class lll devices are those for which insufficient information exists
to assure safety and effectiveness solely through the general or
special controls sufficient for Class | or Class Il devices. Such a de-
vice needs premarket approval, a scientific review to ensure the
device’s safety and effectiveness, in addition to the general con-
trols of Class I.

** According to the EU Directive, for Class | medical devices, whi-
ch present lowest risk for harm to the user, the manufacturer has
to produce a technical file, which includes safety and efficacy as-
sessment as well as adherence to relevant standards. In addition,
manufacturers of Class | sterile products, as well as devices with a
measuring function must apply to a Notified Body for certification
of the aspects of manufacture relating to sterility or metrology.

Besides completion of a technical files and obtaining needed cer-
tificates, for Class Il and Ill devices it is also required to conduct
a conformity assessment by a Notified Body. The conformity as-
sessment involves more extensive document and facility reviews.

Post market surveillance

Once the product is launched, it is important to
monitor its performance over time in order to en-
sure constant product quality. This is known as
post market surveillance. It can be active, such as
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conducting occasional studies to assess perfor-
mance or by solicitating customer feedback or
passive by monitoring customer complaints (Figu-
re 2). Regardless of the way that the feedback on
product performance is obtained, if the indication
of product malfunction is confirmed, IVD compa-
nies immediately assess the degree of risk that this
malfunction can pose on the safety and efficacy of
the device as well as its root cause. If this risk is
deemed unacceptable, the product is withdrawn
from the market and steps are taken to assure that
this does not happen again. Product malfunction
is usually due to a manufacturing error, in which
case processes are put in place to prevent this er-
ror. However, it can sometimes result from an in-
herent flaw of the device. In that case, redesign
might be the only solution.

So far, we have described processes that IVD com-
panies use to assure quality of their offerings.
However, often this is not sufficient to achieve to-
tal quality in laboratory diagnostics. Owing to tec-
hnology advancements, analytical instruments for
the clinical laboratory are becoming increasingly
sophisticated and new and more sensitive assays
and reagent tests are developed ever faster. There-
fore, quality systems for monitoring laboratory te-
st accuracy and efficiency need to focus beyond
just the performance of individual analytical devi-
ces to encompass the entire laboratory testing
process. Laboratory professionals should obtain

accurate results from “the system”, including sam-
ple collection tubes, instruments and reagents.
The highest level of quality is achieved only when
instrument/assay manufacturers and sample col-
lection manufacturers cooperate to deliver total
system performance. Because of this, there is a risi-
ng need for the manufacturers of the instruments,
reagents/assays and the sample collection devi-
ces (such as evacuated tubes and sharps) to work
together to deliver total system performance (Fi-
gure 3).

Device manufacturers, tube vendors, and clinical
laboratory professionals alike need to understa-
nd the interactions between tubes, reagents and
instruments and the contribution of each to total
system performance and subsequently, accurate
results. Analytical device manufacturers and spe-
cimen containment vendors must work as par-
tners during installation of new laboratory syste-
ms and validate the entire laboratory testing pro-
cess from sample collection to reporting of re-
sults.

It may not be always practical or even possible for
tube manufacturers to test their products on all
assay platforms. Therefore, consistency of tube ad-
ditives and the effect of all tube components on
assay performance and test results throughout the
dynamic range of the assays should be verified on
at least two different instrument platforms. An ar-
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FiGURE 2. Product incident report (PIR) rates. Worldwide complaint rates for all products for BD Diagnostics — Preanalytical Systems.
Presented are monthly complaint rates and the linear complaint rate in PIRs / million units sold.
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ray of analytes for testing should be selected using
several criteria:

a) medical significance;
b) frequency of use;

¢) assay methodology;

d) chemical structure, etc.

in order to identify potential interferences. Similar
strategy should be applied to the selection of in-
strument platforms for testing. Likewise, when a
new assay or instrument platform is under deve-
lopment, the manufacturer should evaluate the
performance with specimens collected in tubes
from the major global suppliers of sample collec-
tion devices and assess incompatibilities that occur
inside and outside the tube. Additive components
present inside the tube can affect assay perfor-
mance. On the other hand, the mechanical compo-
nents of the specimen container, such as diameter,
height, wall material, stopper configuration and
material have to be compatible with the mechani-
cal components of the instrument analyzers. Addi-
tionally, the manufacturers of specimen contain-
ment devices should evaluate new tubes under
stressed conditions - partially filled tubes, extreme
temperatures and shipping conditions, and pro-
longed contact time of the sample with the tube
additives - to simulate “real life” conditions.

Before launching a new specimen collection devi-
ce to the market, specimen containment manufac-
turers should work together with instrument and/
or assay manufacturers to achieve total system
performance, optimum efficiency and TAT. IVD
companies that are concerned about total quality
in laboratory diagnostics have dedicated resour-
ces to assure total system performance. These in-
dividuals collaborate with colleagues from instru-
ment/assay/tube companies to address particular
customer complaints and find root cause and ways
to mitigate it. They are also involved in sharing in-
formation about new product generation maps
and working with their respective Research and
Development groups to assure mutual compatibi-
lity of products. In addition, total system perfor-
mance should be demonstrated based on joint cli-
nical studies and shared with customers. When is-
sues arise, such as assay interferences, it is crucial

Assay/reagent

Specimen
containment
device

Ficugre 3. Total system performance.

that all vendors who constitute a particular labora-
tory system work with their joint customers to re-
solve the issue. Total quality in laboratory diagnos-
tics can only be achieved through monitoring of
total system performance.

As described, IVD companies have instituted dis-
tinctive processes that are designed to assure
maximum quality of their offerings. Many of these
processes are overlapping and contain multiple
checks and balances that were designed to preve-
nt erosion of safety and product quality. This built-
in redundancy is deliberate, as it is a way to assure
steady maintenance of product quality through
multiple hand-offs during the product life cycle.
On the other hand, regulators play an important
role in maintaining needed IVD product quality by
setting performance standards enforced through
formal product approval processes before allowi-
ng their distribution in the marketplace. As discus-
sed previously, additional focus is now centered
on total system performance which includes the
interaction of the laboratory instrument, the assay
and the specimen containment device.
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Kvaliteta u laboratorijskoj dijagnostici: uloga komercijalnih tvrtki

Kvaliteta je klju¢na tocka u radu klinickih laboratorija, buduci da se smatra preduvjetom za omogucavanje sigurnosti bolesnika. Proteze se kroz
sve tri faze cjelokupnog laboratorijskog ispitivanja (prijeanaliticku, analiticku i poslijeanaliticku fazu) te u velikoj mjeri ovisi o kvaliteti dijagnos-
tickih proizvoda, kao Sto su IVD (engl. in vitro devices) (uredaji, testovi, reagensi i epruvete) te medicinski proizvodi (igle i pribor za uzimanje krvi).
Dijagnosticka industrija prati stroga pravila kako bi se omogucilo da kvaliteta njihovih proizvoda tijekom cijelog vijeka trajanja proizvoda odgo-
vara potrebama korisnika. To se postize uspostavljenim procesima za razvoj proizvoda koji odgovaraju potrebama korisnika. Takoder i zakonski
zahtjevi trebaju osigurati njihovu sigurnost i ucinkovitost propisujuci dobru klinicku praksu i odrZavanje visokog stupnja sigurnosti osoba koji
sudjeluju u klinickim pokusima. Istodobno, komercijalne tvrtke slijede dobre proizvodacke prakse, kako bi smanjile varijabilnost unutar svojih
proizvodackih procesa i isporucile proizvode koji odgovaraju dogovorenim specifikacijama. Medutim, najvisi se stupanj kvalitete moze postici
jedino u uskoj suradnji proizvodaca instrumenata/testova s proizvodacima epruveta, kako bi se osigurao zadovoljavajuci ucinak cjelokupnog sus-
tava.

Kljucne rijeci: prijeanaliticki sustavi; IVD proizvodi; laboratorijski uredaj; reagens; kvaliteta
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