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OVERVIEW Clinical laboratory testing provides the information needed
for the diagnosis and treatment of disease. Hitachi’s automated analyzers
for clinical testing have undergone rapid advancement since the shipping
of the first system manufactured (Japan) in 1971. Efforts to increase the
reliability of clinical data and measurement sensitivity haverapidly increased
the test menu that can be measured in clinical chemistry testing and
immunoassay. Furthermore, the integration of automated chemistry
analyzers and immunoassay systems has made it possible to do both
chemistry testing and immunoassay with a single system, thus reducing the
workload in clinical laboratories. Now, as policies for control of medical
expenses are becoming increasingly strict, thereis a demand for even more
efficiency in the automated analyzer and for higher quality in the test data.
To meet that demand, Hitachi continues to improve the functionality of the
automated analyzer.

INTRODUCTION

TESTING for the constituents of blood and urine
providesevidencefor diagnosis, and has been effective
inthe early detection and prediction of illness. Hitachi
extended spectrometer technology to clinical testing,
and in 1971 it shipped the 400 model, Japan's first
domestically produced automated chemistry analyzer.
The automated chemistry analyzer rapidly measures
enzymes, lipids, electrolytes, proteins and other such
components in blood and urine, a process known as
biochemical testing. The system is widely used by
many hospitals and clinics for diagnosis and
comprehensive health examinations.

In the 1980s, there was a high demand for
measurement of hormones and cancer markers and
other such disease-specific labels. Many of such
componentsexist in the blood serum only in very small
amounts. For that reason, immunoassay technigues
were devel oped. Immunoassay usesthe highly specific
antigen-antibody reaction, and thus features highly
sensitive measurement. Immunoassay was initialy
positioned as special testing. A special automated
analyzer was developed for immunology and its use
rapidly spread. With the increasing use of
immunoassay, a high demand developed for a system

Fig. 1—Next-generation cobas 6000 Analyzer Series Automated

Analyzer.

The cobas ¢ 501 analyzer for clinical chemistry testing (left)
and the cobas e 601 analyzer for immunoassay (right) are
combined. The system is marketed worldwide by Roche
Diagnostics.

that integrates biochemical testing and immunoassay
to reduce the clinical testing workload. In response to
that demand, Hitachi led the world in developing an
integrated automated analyzer product.

The current environment of strict policies
concerning the cost of medical care demands
improvements in the automated analyzer for even
higher efficiency and test data quality. Hitachi
continuesto improve automated analyzer functionality
to meet that demand.
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NEXT-GENERATION AUTOMATED
ANALYZER WITH EXPANDED TEST MENU

Hitachi, in collaboration with Roche Diagnostics,
has developed the biochemical and immunoassay
automated analyzer for clinical testing, and that system
holds the top share of the world market. The most
recent next-generation automated analyzer, the cobas*
6000 analyzer seriesV), isshownin Fig. 1.

The cobas 6000 analyzer series combined the cobas
¢ 501 analyzer for biochemical testing and the cobase
601 analyzer for immunoassay into asingleintegrated
system. |t was equi pped with new technol ogy and new
functions, and the number of test menus that it could
test rapidly increased. Now, in October 2007, the
system can measure over 150 test menus in
biochemical and immunoassay testing.(? This single

*cobasis aregistered trademark of Roche Diagnostics.

TasLe 1. Changesin Test Menus
Each generation of automated analyzer adds new test menus.

system covers about 95% of the workload for
biochemistry and immunoassay testing.

The progression in the number of test menus that
can be analyzed for the Hitachi model 400 automated
analyzer and the Hitachi model 705 automated
analyzer(®, a world-wide best seller that was first
shipped in 1980, is shown in Table 1. With the most
recent generation cobas 6000 anal yzer series, therewas
avery largeincrease in analysis test menus.

INCREASING CLINICAL DATA RELIABILITY

We take the cobas 6000 analyzer series as an
example of our efforts to increase the reliability of
clinical data.

Reduction of Sample Carry-over
The concentration range of blood constituents may
extend to the 6th decimal place, so measuresto reduce

The latest cobas 6000 analyzer series can measure over 150 biochemical and immunoassay test menus with a

single system.
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selective electrode

@ : immunoassay testing, cobas 6000 e 601 analyzer

% : currently under development
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Fig. 2—Ultrasonic Mixer.(¥)
The reaction solution is mixed by a vertical rotational flow
induced within the reaction vessel.
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Fig. 3—Non-contact Mixing of the Reaction Solution.
High-speed photographs of a pigmented aqueous solution being
mixed in special reaction incubator and reaction vessel.

carry-over between samplesare required when samples
from many patients are processed consecutively
through the same sample pipette mechanism or the
same reagent mixing mechanism in an automated
analyzer.

To reduce sample carry-over, the cobas ¢ 501
analyzer implements a non-contact type of reagent
mixing®. A piezoelectric deviceis used to subject the
sideof thereaction vessal to high-frequency ultrasonic
sound waves, which create a rotating flow within the
reaction vessel to mix the reagents (see Fig. 2).

In earlier systems, the mixing of sample and reagent
was done by inserting a stirring rod into the liquid.
The non-contact method eliminates sample carry-over
by liquid adhering to the stirring rod®: (6). (1), Stirring
by ultrasonic waves®) isillustrated in Fig. 3.

Immunoassay requires even more rigorous
reduction of sample carry-over than does biochemical
testing. For exampl e, inthe case of test itemsthat have
awide range of concentrations in blood, such as the
HCG (human chorionic gonadotropin stimulating
hormone) used in pregnancy testing, alarge carry-over
from a highly concentrated sampl e to the next patient
sample could lead to falseresults. The sameistruefor
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Fig. 4—Pressure Monitoring as Sample is Drawn.®
The pressure waveform within the sample probe is compared to
a normal waveformto detect clogging in the sample probe.

items that are evaluated as positive or negative, such
asinfectious items.

The parts of the cobas e 601 analyzer that comein
contact with the sample are disposable. Disposable
sampl e pipette tips and reaction vessel are used and
the mixing method involves no contact, so sample
carry-over is eliminated.

Reduction of Problems Caused by Sample
Intake

Patient samples may contain fibrin or other solid
materials that can clog the sample probe and prevent
the drawing in of the prescribed amount of sample. To
detect the drawing in of foreign material or other such
abnormalities, a pressure sensor is placed in the flow
path between the sample probe and the syringe to
monitor the flow pressure (see Fig. 4). The changein
pressure within the sample probe is analyzed to
automatically detect abnormalities such as clogging
of the sample probel®). Confirming that the specified
amount of sample is drawn ensures the reliability of
test results.

Reduction of Problems Caused by Reagents

To reduce the problems caused by the handling of
reagents, and thus ensure the reliability of analysis
data, we use premeasured reagent packs® (see Fig.
5). The prepared reagent packs eliminate human error
in the preparation of reagents, and so reduce problems.
Also, because the packs can be simply set into the
system, the work of preparing the reagents and
inserting them into the system can be eliminated. The
reagent pack isfitted with acover called thelid so that
itisalways sealed. Optimization of the reagent pipette
probe structure alows direct drawing of the reagent
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Fig. 5—Cobas ¢ Packs.
Cobas ¢ 501 analyzer reagent packs are shown. Reagents are
drawn directly from the sealed reagent pack.

from the sealed reagent pack. That improves the
stability of the reagent after the seal of the pack is
broken, thus ensuring the reliability of the test data.

RAISING THE SENSITIVITY OF CLINICAL
DATA MEASUREMENT
Immunoassay Techniques

The concentration of blood constituents varies
greatly withthetype of condtituent. Examplesfor items
measured in biochemical testing and immunoassay are
presented in Fig. 6. Most components are measured
by biochemical analysis. On the other hand, hormones,
tumor labels and other such disease-specific
components are present in the blood only in minute
quantities. For that reason, analytical techniques that
are more highly sensitive and highly specific were
required. Immunoassay methods were developed to
meet that need.

Various immunoassay methods have been

TaBLE 2. Improved Test Sensitivity of Immunoserological TSH
The development of an analytical method increases the sensitivity
of immunoserological TSH (thyroid stimulating hormone).

; Sensitivity
Generation ulU/mL Measurement method
First generation 1.0 (F*ng,;‘)" Sotope-immunoassay
Second generation 0.1 ST LRy

(EIA)

Chemical luminescence

i immunoassay (CLIA)

Third generation

Electrogenerated chemiluminescence

s immunoassay (ECL)

Fourth generation

developed. Divided into four generations, there are
RIA (radioisotope-immunoassay), EIA (enzyme
immunoassay), CLIA (chemical luminescence
immunoassay) and ECL (electrogenerated
chemiluminescenceimmunoassay). In ECL, electrical
stimulation causes abound label reagent to emit light.
Hitachi and Roche Diagnostics collaborated in the
development of the cobas e 601 analyzer for
immunoassay based on el ectrochemical luminescence.

Taking the TSH (thyroid stimulating hormone) as
an example, the evolution of serological testing
methods are presented in Table 2(10), After the first
generation, the measurement sensitivity increased with
each new analytical method.

ECL Technology

The cobas e 601 analyzer combines ECL and
magnetic particlesto achieve highly sensitiveanaysis.
Magnetic particles are reacted with the sample or an
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Fig. 7—Principle of the Electrogenerated Chemiluminescence
Reaction.

The immunocomplex that is captured on the electrode emits
light when a certain voltage is applied.

Fig. 8—Magnetic Particles Captured on the Electrode.
The electrogenerated chemical |abel reagent bound to the
magnetic particles emits light by an electrochemical reaction.

ECL label reagent to form an immunocomplex. A
reaction solution that containstheimmunocomplex is
drawn to an electrode by the action of magnetism.
The principle of the ECL reaction isillustrated in
Fig. 71, To increase luminescence efficiency, the
Ru2* (tris-bipyridyl ruthenium metal cation) complex
isused asthe chemical luminescent label (12.(13).(14) and
TPA (tripropylamine) is used as the emitter(1>). Ru?*
undergoes an electrochemical oxidation reaction on
the electrode surface and transitionsto an excited state
viaRu3*. When the excited state returnsto the ground
state, light is emitted. The magnetic particles that are
captured on the electrode are immunocompl exes that
consist of sample and Ru metal complex (Ru2*) and
emit light at a specified voltage. The amount of light
emitted is proportional to the weight of the
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Fig. 9—ECL Measuring Cell.
The ECL (electrogenerated chemiluminescence) measuring cell
has a simple flow-through structure.

immunocomplex and thusthe weight of the sample. It
can therefore be used for quantitative measurement.

The collection of magnetic particles on the
electrode® isillustrated in Fig. 8.

ECL Measuring Cell

The patient sample includes high concentrations
of alarge variety of foreign substances other than the
target of the analysis. To achieve highly sensitive
analysis, itisnecessary to separate thetarget substances
from the other constituents and al so exclude the non-
bound labels from the measurement system. To
implement this process, which is called B/F (bound/
free) separation, with a simple system that does not
require a special mechanism, we adopted a detector
that uses the flow-through method. The detector,
which is called the ECL measuring cell(19), is shown
inFig. 9.

The magnetic particles that are bound to the
immunocomplex are captured uniformly on the surface
of the electrode with a magnet. A buffer solution that
contains TPA is introduced into the flow path with
strict control of the flow rate. In that way, the
extraneous materials and separation labels in the
sample are removed from the detection and
measurement system. When acertain voltageisapplied
to the magnetic particles that are bound to the
immunocomplex and collected on the electrode, the
light emitted by immunocomplex due to the
electrochemical luminescence reaction can be
measured.

INTEGRATED AUTOMATED ANALYZER

What has impelled progress in the automation of
clinical testing was the demand for systems that can
reduce laboratory workload. Previously, laboratory
testing involved the separate operation of an automated
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biochemical analyzer and an automated analyzer for
immunoassay. When multiple systemswere used, test
reliability required that patient samplesbedivided into
aportion for use in biochemical testing and a portion
for useinimmunoassay. That complicated the flow of
patient samples. The separate systems required
respective specialist for operation and maintenance.
The cobas 6000 analyzer seriesaddressed the problem
of laboratories that operated separate automated
analyzer systems for biochemical testing and
immunoassay by providing an integrated system.

Integrated Workflow

Biochemical testing accountsfor about 90% of the
total for both biochemical and immunoassay testing.
For that reason, we constructed a workflow in which
biochemical testing occupies the central position in
an overall laboratory workflow that integrates
biochemical testing and immunoassay.

Integrating the testing workflow eliminated the
need to divide samples for biochemical testing and
immunoassay and reduced the number of times the
samples had to be subdivided by pipetting by about
80%. It also reduced by about 30% the use of
consumabl es such asthetest tubes needed for dividing
samples. The integrated system allowed unified
management of the testing workflow, including sample
placement, test specification, test data management,
and creation of test reports, and thus greatly reduced
the laboratory workload.

Combining Modules

The cobas 6000 analyzer series adopts a module
combination approach to system configuration. The
cobas ¢ 501 analyzer for biochemical testing and the
cobas e 601 analyzer for immunoassay were flexibly
combined into a single integrated system. The
optimum modul e combination can be sel ected to match
the laboratory scale, and modules can easily be
expanded to meet future increases in number of tests
conducted. Laboratory administration using a single
integrated platform contributesto increased efficiency
in testing work, thus improving laboratory services.

CONCLUSIONS

Clinical testing hastheimportant role of providing
theinformation needed for the diagnosisand treatment
of illness. Since the shipment of the first automated
analyzer manufactured (Japan) in 1971, Hitachi has
made rapid progress in this field. Our efforts toward
increased reliability of clinical dataand measurement

sensitivity have resulted in a rapid increase in the
number of test items for clinical biochemistry and
immunoassay. At the same time, construction of an
integrated system made it possible to handle both
biochemical testing and immunoassay with a single
automated analyzer system and greatly advanced the
efficiency of testing tasks.

Clinical testing is of great importance, and the
development of technology for increased sensitivity,
automation, and higher reliability of analysis and
detection and its application in products are also
increasing in importance. In the future, we plan to
steadily broaden the scope of possibletestingtoinclude
new anaytica methods such as genetic testing and
methods for simultaneous analysis of multiple test
itemsaiming at tailor-made medical care. Wewill also
continuewith technical innovation for faster and more
efficient testing.

ACKNOWLEDGMENTS

We wish to express our deep gratitude to Mr. T.
Hartke, Ms. S. Rosenbl att and other members of Roche
Diagnosticsfor their cooperation in thewriting of this

paper.

For information on the cobas 6000 analyzer series, please contact Roche
Diagnostics.

REFERENCES

(1) cobas 6000 analyzer series, http://www.mylabonline.com/
products/cobas6000/c6000.php

(2) cobas 6000 analyzer series Test Menu,
http://www.labsystems.roche.com/content/products/cobas
6000/test_menu.html

(3) Application Cases(Il) Model 705 Hitachi Automated Analyzer,
Technical Data ACA No. 16 (1983) in Japanese.

(4) T.Mimuraetal.,“Clinical Chemistry Analyzer for Supporting
theClinical Laboratory,” Hitachi Hyoron 85, pp. 623-626 (Sep.
2003) in Japanese.

(5) M. Hanawa et a., “Introducing the Hitachi LABOSPECT
SeriesAutomated Biochemical Analyzer,” Journal of the Japan
Society for Clinical Laboratory Automation 30, p. 351 (2005)
in Japanese.

(6) T.ldaet a., “Setting of Ultrasonic Mixing Conditions of the
Hitachi LABOSPECT Automated Analyzer with Respect to
Reagent pH,” Journal of the Japan Society for Clinical
Laboratory Automation 31, p. 761 (2006) in Japanese.

(7) M.Yamaguchi et ., “Performance of the 9000 Series Hitachi
Automated Analyzer in Application to Regular Testing,”
Journal of the Japan Society for Clinical Laboratory
Automation 31, p. 742 (2006) in Japanese.

(8) 9000 Series Hitachi Automated Analyzer Product Catalog,
HTM-048P (2004) in Japanese.



(90 M. lijima et al., “The LABOSPECT Series: Hitachi’'s
Automatic Clinical Chemistry Analyzer to Realize the High
Quality Laboratory Testing,” Hitachi Hyoron 88, pp. 702—
707 (Sep. 2006) in Japanese.

(10) Y. Niiyama et al., “Multi-function Immunoassay System
Suitable for VariousAnalysis,” Hitachi Hyoron 79, pp. 767—
770 (Oct. 1997) in Japanese.

(11) ElecsysPrinzip, http://www.roche.de/diagnostics/lerncenter/
index.htm

(12) W.L.Wallaceet d., “Electrogenerated Chemiluminescence.
35. Temperature Dependence of the ECL Efficiency of Tris
(2,2-bipyriding) Rubidium(@*) in Acetonitrile and Evidence
for Very High Excited State Yields from Electron Transfer

Hitachi Review Vol. 57 (Jan. 2008) 7

Reactions,” The Journal of Physical Chemistry 83, pp. 1350-
1357 (1979).

(13) J. K. Leland et a., “Electrogenerated Chemiluminescence:
An Oxidative-reduction Type ECL Reaction Sequence Using
Tripropyl Amine,” Journal of the Electrochemical Society
137, pp. 3127-3131 (1990).

(24) J.N. Demaset dl., “ Quantum Efficiencieson Transition Metal
Complexes. 1l. Charge-transfer Luminescence,” Journal of
the American Chemical Society 93, pp. 2841-2847 (1971).

(15) K.Erleretal.,“ElecsysImmunoassay System Using Electro-
Chemiluminescence Detection,” HITACHI REVIEW 47, pp.
21-26 (1998).

ABOUT THE AUTHORS

Kyoko Imai

Joined Hitachi, Ltd. in 1981, and now works at the
Research and Development Division, Hitachi High-
Technologies Corporation. Sheis currently engaged
in the research and development of medical and
bioanalysis systems. Ms. Imai is a member of the
Japan Society of Clinical Chemistry.

Shigenori Watari

Joined Hitachi, Ltd. in 1986, and now works at the
Medical Systems Design 1st Department, Naka
Division, Hitachi High-Technologies Corporation.
Heiscurrently engaged in the design of medical
analysis systems.

Taku Sakazume

Joined Hitachi, Ltd. in 1992, and now works at the
Medical Systems Design 2nd Department, Naka
Division, Hitachi High-Technologies Corporation.
Heis currently engaged in the devel opment of
heterogeneous immunoassay system.

Satoshi Mitsuyama

Joined Hitachi, Ltd. in 1993, and now works at the
Biosystems Research Department, Central Research
Laboratory, Hitachi, Ltd. Heis currently engaged in
the research and development of clinical analyzer.
Mr. Mitsuyama is a member of the Society of
Instrument and Control Engineers, the Institute of
Electronics, Information and Communication
Engineers, Japanese Society for Medical and
Biological Engineering, and Japan Association for
Medical Informatics.




