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1.2

Section 1
INTRODUCTION

INTENDED USE

QBC® II Plus (Figure 1.1) is a hematology screening system for obtaining eight
guantitative clinical values from a centrifuged tube of blood:

Hematocrit (HCT)

Platelet Count (PLT)

White Blood Cell Count (WBC)

Granulocyte Count (% and number)
Lymphocyte-Monocyte Count (% and number) and
Hemoglobin (HB).

e 0 & O & O

Figure 1.1. QBC II Plus Centrifugal Hematology System.

The platelet and white blood cell counts and those of the granulocyte and
lymphocyte/monocyte subpopulations are estimated counts derived from electro-
optical measurements of the packed cell volumes in a specially-designed QBC
blood tube. Some disease states are characterized by the presence of abnormal
white cell types, which may yield normal quantitative relationships of granu-
locytes to lymphocytes/monocytes. The QBC II Plus system cannot discriminate
between normal and abnormal cell types.

SUMMARY AND EXPLANATION

It has been known for many years that the thin grayish-white buffy coat in the
hematocrit tube consists of packed leukocytes and platelets; and that plate-
lets, being less dense, settle in a separate layer above the leukocytes (Fig-
ure 1.2)}.Y In the 1930's Wintrobe? and 0lef3 described methods for estimating
elevated white cell and platelet populations based on the milky appearance and
thickness of the buffy coat. Quantitative measurements, however, proved dif-
ficult because of the very small size and non-homogeneity of the cell layers.
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1.3

The CBC or complete blooed count is perhaps the most frequently requested and
clinically useful test performed on blood. QBC II Plus provides the physician
with CBC-type information within approximately 7 minutes of blood
collection. It also enables the physician to quickly identify specimens
which have normal or abnormal quantitative relationships of granulocytes to
lymphocytes/monocytes and thus to detect specimens which reguire further
investigation and testing.

PRINCIPLES OF THE PROCEDURE

Two different types of precisien bore, 75 mm glass tubes are utiiized for QBC
tests: one type for venous blood and a different type for capillary blood.
The Venous-Blood Tube (Figure 1.3) incorporates a black calibration line and
is normally filled by means of the semi-automatic QBC Pipetter supplied with
the System. Filled volume is 111.1 plL.

HED
PLASMA LEVEL
CLOSURE LINES FLOAT
t: | 1T
{FILL END) BLACK
FILL LINE

1111 kL

Figure 1.3. QBC Tube for Venous Blood.

To simplify blood collection from a finger puncture, the QBC Capillary-Blood
Tube (Figure 1.4) is provided with 55 plL and 65 pL black fi1l lines. The tube
is filled by capillary action to any level between the two Tines. As subse-
quently described, the exact fill volume is measured during the tube reading
procedure.

BLACK

FILL LINES
FLOAT 55—65 ul CLOSURE
— [T HE | =

(FILL END}

Figure 1.4. QBC Tube for Capiliary Blood.
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1.4

A total of six (68) interfaces in venous-blood tubes and seven (7) interfaces
in capillary-blood tubes must be located and entered. In capillary-blood
tubes, the length of the plasma column or 7th interface reading is measured in
order to determine total fi1l volume. The latter measurement is utilized by
the Reader in computing the capillary-blood hematology parameters.

Hemoglobin concentration {s displayed in the "HB(g/dL)" pane! readout by
pressing the "MODE" button twice while the primary hematology values are on
display.

WARNINGS AND PRECAUTIONS
The QBC II Plus system is intended for In Vitro Diagnostic Use.

Carefully observe all warnings and precautions in this Manual and on Tabeling
accompanying QBC Blood Tubes concerning the safe handling of blood specimens
and blood tubes. The use of protective laboratory gloves when handling blood
is strongly recommended.

WARNING
BLOOD SPECIMENS MAY CONTAIN THE HEPATITIS B
VIRUS OR HUMAN _IMMUNODEFICIENCY VIRUS (HIV).
ALWAYS HANDLE BLOOD SPECIMENS AND BLOOD-DERIVED
CONTROLS AS POTENTIAL BIOHAZARDS CAPABLE OF
TRANSMITTING INFECTION.

Exercise care when using QBC Tubes. Tubes are made of glass and may break.
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SECTION 2
INSTALLATION PROCEDURES AND SPECIAL REQUIREMENTS

This Section summarizes instructions for installation, assembly and pre-test prep-
aration of the QBC II Plus System.

NOTE: In the United States, installation of the System will normally be performed
by a Becton Dickinson representative. To arrange for installation service or to
obtain technical assistance, call the Technical Service Department of Becton
Dickinson Primary Care Diagnostics: 1-800~631-8064. OQutside the United States,
contact your (QBC distributor or nearest Becton Dickinson office.

2.1 SYSTEMS AND PACKAGING DETAILS

QBC II Plus Systems are available in 120 volt/60 Hz power ratings as follows:

Reader QBC Centrifuge
System No. (for use in) Model No. Model No.
4451 {United States) 4452 42067
4450 (International) 4452 4207

The 4451 and 4450 Systems differ only in packaging and minor accessories. The
QBC II Plus Reader is equipped with circuitry and a communications port for
operation with an Epson printer (see Section 2.2.3).

The following accessories are packaged with the QBC II Plus Reader in addition
to this Manual:

e (BC Venous-Blood Pipetter, including spare 0-Rings and grease;

e Spare Parts and Accessories Kit containing the following items: Venous and
Capillary Calibration Check Tubes; spare lamps, spare fuses; forceps for
handling Toose floats;

¢ Countertop Test Guide and Wall Chart; and

¢ Dust Cover.

A complete re-order 1list of components, accessories, test disposables and
spare parts for the QBC II Plus System is provided in Appendix C of this Manual.
For Warranty information, see Appendix D.

2.2 INSTALLATION REQUIREMENTS
2.2.1 Laboratory Environment

Locate the Reader, Centrifuge and test accessories of the QBC II Plus System on a
level countertop surface in a clean, dust-free laboratory area. Keep all com-
ponents of the System out of direct sunlight.

The operating area should be as free as possible from excessive electrical in-
terference from solid state speed-controlled centrifuges, ultrasonic cleaners,
diathermy equipment, and data processors, including computers and data terminals.

IMPORTANT:  For optimum test results, ambient room temperature must be main-

tained between 68° and 90°F {20° and 32°C). See Section 7 for instructions on
special temperature reguirements of QBC hematology tests.
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2.2.2 Power Requirements

Plug the power cords of the QBC II Plus Reader and QBC Centrifuge into grounded
electrical receptacles rated for the 1line voltage and frequency specified on
their respective data plates.

CAUTION
Connect power cords only to 3-wire grounded receptacles deliver-
ing the voltage and freguency specified on the data plate on the
back of each instrument. When only a 2-wire receptacle is avail-
able, have it replaced with a properly grounded 3-wire receptacle
by a qualified serviceman and in accordance with the National
Electrical Code. Do not remove the grounding prong from the
power cord. If an extension cord is required, use only a 3-wire
grounded cord having the proper voltage and current rating.

For proper functioning of the QBC II Plus Reader and QBC Centrifuge, voltage
output of the power source must be between 105 and 130 volts. If the line vol-
tage is known to fluctuate outside these Timits, notify the Installer. The use
of a special voltage regulator may be required.

2.2.3 Printer Utilization

A Becton Dickinson Catalog No. 4482 Printer Package or equivalent components
are required for automatic recording of (QBC II Plus test results on pressure-
sensitive labels. The Printer Package contains an Epson LX-series Printer,
Printing Labels, Epson Manual, and a Reader-to-Printer Cable Assembly.

Note: An Epson LX-series Printer can be purchased locally; however, the special
Reader-to-Printer Ribbon Cable Assembly (Catalog No. 4407) is required and must
be ordered separately from Becton Dickinson via your local distributor.

a. Connecting Reader-to-Printer Cable

To install the special Ribbon Cable Assembly supplied in the Catalog No. 4482
Printer Package (or ordered separately under Catatog No. 4407), refer to Fig-
ure 2.1 and perform the following:

1) Insert the 25-pin plug of the Ribbon
Cable Assembly inte the "PRINTER" con-
nector in the back panel of the Reader.

2) Secure the plug to the connector by
manually tightening the knurled Cap-

T0

tive Screws to the Jacksockets of the PRINTER )
connector. Note: the Captive S5crews JACK - -

are slotted and can be tightened with SOCKETS (2} //"

a SCPEWdr‘iVEY‘. // CAPTIVE

3) Connect the unattached connector of

_~7 SCREWS(2)
the Ribbon Cable to the plug on the

Epson Printer as described in Epson's
operating manual. Figure 2.1. Ribbon Cable Connec-
tion From Reader to Printer.
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b. Printer and Electrical Ratings

Interface circuitry and control codes in the QBC II Plus Reader are compatibie
only with Epson LX-series Printers. Do NOT attempt to connect any other printer.

If an Epson LX-series Printer is purchased locally, be sure the electrical rat-
ing of the Printer is compatible with the electrical rating of the Reader.

c. Operating Instructions

See Appendix B for operating details with a Reader-Printer system. Instructions
for operating the Epson printer are provided in the manufacturer's handbook.

2.3 ASSEMBLY OF CENTRIFUGE ROTOR

The rotor of the QBC Centrifuge must be assembled onto the motor shaft of the
instrument before use. Complete instructions are contained in the Operator's
Manual supplied with the Centrifuge.

2.4 CALIBRATION CHECK TUBES
2.4.1 Description and Use

Two Caiibration Check Tubes - one for Venous Mode and one for Capillary Mode -~
are included in the Spare Parts and Accessories Kit supplied with the QBC II Plus
Reader. Each Check Tube consists of a 75 mm glass capillary tube containing
alternating black and white segments of plastic in a stable Tiquid medium.
Both ends are internally sealed to prevent fluid Jeakage; one end is capped
with a standard QBC tube closure. When inserted in the Reader the white plastic
segments fluoresce a pale green. Note: The Check Tubes are not designed to
duplicate the color or appearance of cell layers in blood-filled QBC tubes.

The Check Tubes are provided to verify acceptable performance of the Reader
prior to hematology tests of patient samples. Procedures for daily use of the
Check Tubes are described in Section 4.6.1.

2.4.2 Determining and Recording Calibration Tolerances

Upon installation of the QBC II Plus Reader, tolerances for each Check Tube must
be determined and recorded on the Package Insert within each Check Tube vial.
The recorded tolerance values are then used in the dajly performance checks of
the Reader (see Section 4.6.1).

Detailed procedures for determining calibration tolerance values are described
in the Package Insert within the Check Tube vials. The procedures should
normatly be performed by the primary operator of the Reader after suitable train-
ing and under the guidance of the Becton Dickinson Installer. New calibration
tolerance values should always be established when there is a change in operators.

IMPORTANT: The Hemoglobin (HB) value obtained from reading the Calibration Check
Tubes may flash on and off due to a software program in the Reader, which is
designed to detect red-cell abnormalities in whole bTood. Flashing HB values,
however, should always be used when calculating the mean check values faor hemo-
globin as described in the direction inserts packaged with the Calibration Check
Tubes.
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Section 3
PRINCIPLES OF OPERATION AND SPECIFICATIONS

3.1 SYSTEM COMPONENTS

3.2

As previousiy described, the QBC II Plus System consists of an electro-optical
Reader and a high speed QBC Centrifuge for producing packed, differentiated
cell Tayers. Standard accessories include a Work Station and Venous-Blood
Pipetter. Each of the above components is described in subsequent paragraphs
of this Section.

QBC II PLUS READER

The QBC II Plus Reader (Figure 3.1) is a microprocessor-controlied electro-
optical instrument for measuring packed cell volumes and converting these
measurements into the hematocrit, blood cell counts, and hemoglobin.

* " BUTTON
MODE FOCUSING

EYEPIECE
MICROSGOPE

POWER SWITCH .
~+——— TRANSPORT
KNOB

CONTROL-DISPLAY
PANEL

TUBE HOLDER
MECHANISM

"ENTER" BUTTON

THRUST

"CLEAR" BUTTON PIVOT

Figure 3.1. External Features of QBC II Plus Reader.

Major functional sections of the Reader are the mechanical-optical system and
interconnecting microprocessor electronics system for mode selection, data in-
put, information processing, and readout display.

3.2.1 Mechanical-Optical System

Mechanical and optical components of the QBC II Plus Reader are shown in
Figures 3.2 and 3.3.
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A centrifuged QBC blood tube is inserted into the Tube Carriage Mechanism and
viewed through the Microscope as the tube is rotated about its longitudinal
axis at approximately 1400 rpm. Rotational movement is imparted to the tube
by a motor-driven roller within the Carriage Assembly. The Carriage Assembly
can be moved axially, in and out, along a threaded shaft (lead screw) and
guide rod. By means of miter gears Tinked to the external Transport Knob,
the threaded shaft can be turned to move the complete Carriage Assembly and
rotating blood tube under the Microscope lens. As the blood tube is moved, a
position transducer (optical encoder) transmits electrical pulses proportion-
al to the axial distance that the blood tube is moved.

TUBE '  EYEPIECE
CARRIAGE OPTICAL
ASSEMBLY ENCODER TRAKNI?(';BOHT MICROSCOPE ILLUMINATOR
2/ LAMP
T CONDENSING
UBE LAMP L/ lEns
RETICLE
ARROW 7~ FILTER
7
RETICLE ()
LAMP
TUBE
BEAM - CARRIAGE
SPLITTER ASSEMBLY
QBC TUBE ROLLER THRUST
' PIVOT
ROTATING
QBC TUBE
Figure 3.2. Figure 3.3.
Tube Reader Mechanical System Tube Reader Optical System.

An illuminator Yamp, through a lens and filter system, continuously radiates
blue-violet Tight at an excitation wavelength sufficient to cause the stained
white cells and platelets to fluoresce. A barrier filter within the microscope
effectively blocks the transmission of blue-violet from the viewer's eye.
Momentary white Tight from a Tube Lamp illuminates the interface between the
dark and light layers of red cells (2nd interface).

By causing the blood tube to rotate around its Jongitudinal centerline, cell

layer boundaries are viewed around their entire perimeters, thereby optically
averaging irregularities at their interfaces.
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The microprocessor monitors the position ("VEN" or "CAP") of the MODE button
and selects the correct program for computing test values from measurements of
venous-blood or capillary-blood tube. QBC hematology parameters are functions of
the following linear measurements (see Figure 3.5):

e Hematocrit: L; and Lo ® Platelet Count: Ls

e WBC: Ly and L4 ¢ Hemoglobin: Derived from L4,
¢ GRANS: Lg Ls, L3, Lg and Lg
e | YMPH/MONO: Ly

Stored constants utilized in the computation of hematocrit correct for: shrinkage
of the red cells due to potassium oxalate; volumetric expansion of the packed
cells by the float, and float and closure geometry. Mean cell volumes and float
expansion factors are applied in the WBC and Platelet Count computations. Hemo-
globin is derjved from an algorithm based on the hematocrit (L; and L;) and the
lengths of the packed white-cell and platelet layers (Ls, L4 and Ls).

The derivation of test values from QBC Capillary-Blood Tubes utilizes the same
length measurements described above but different calculation functions based
on length of the plasma column Lg (see Figure 3.6).

The microprocessor also controls the readout displays, internal auxiliary
light, and error detection systems. The Tlatter systems actuate service and
procedure alert "flags", which are displayed when an irregular condition is
detected in the computer memory or in the tube-reading procedure. For a dis-
cussion of service and alert flags, see Sections 4.1 and 4.3.3.

3.2.3 Control-Display Panel

The control-display panel of the Reader
(Figure 3.7) incorporates the following
switch buttons:

¢ POWER: Energizes the Reader and initi-
ates an automatic self-test sequence of
lamps and microprocessor (see Section
4.1). Illuminated green when ON.

e MODE: 1IN positioen - activates the "VEN"
mode indicator Tight and programs the
Reader for venous blgod tests. OQUT po-

sition - activates the "CAP" mode indi-
cator light and programs the Reader for
capillary blood tests. Alsoc activates

a display of the Hemoglobin value.

e ENTER: Supplies data to the computer,
locating the beginning and end of each
packed cell Tayer.

e CLEAR: Erases test values from the dis-
plays, 1initiates a self-test sequence,
and resets the Reader for a new test.

Figure 3.7. Control-Display
Panel of QBC II Plus Reader.
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The seven panel readouts will display test values momentarily after pressing "EN-
TER" at the fipal interface; the hemoglobin result is displayed by pressing the
"MODE" button twice. Units and digit-decimal format of QBC II Plus test para-
meters are as follows:

e HCT (%) XXX e GRANS (10%/L) XX. X
e HB (g/dL) XX. X e LYMPH/MONO (10%/L) XX.X
e PLT (10%/L) XXX e GRANS (%) XX
e WBC (109/L) XX. X e LYMPH/MONO (%) XX

Upon detection by the microprocessor of an irregularity in the tube reading
procedure, an alpha-numeric message will flash in the appropriate readout to
alert the operator of an error condition. (See discussion in Section 4.3.3.)

.3 QBC CENTRIFUGE

The QBC Centrifuge (Figure 3.8) is a
high-speed instrument, specifically de-
signed to meet the cell packing require-
ments of the QBC test methodology. Up to
12 blood tubes can be spun simultaneouslty
at a nominal speed of 12,000 RPM and rel-
ative centrifugal force of approximately
14,387 x g. Spin time is fixed at 5 min-
utes.

A detailed description of the QBC Centri-
fuge, dincluding set-up and operating in-
structions, is contained in the separate
Operator's Manual shipped with the Cen-
trifuge.

Figure 3.8. QBC Centrifuge.
.4 WORK STATION

The QBC Work Station (Figure 3.9) is a convenient test accessory to facilitate
the preparation and storage of QBC blood tubes.

The Work Station incorporates a platform
to hold a 10-test tray of 0QBC blood
tubes; a slotted receptacle for storage
of the QBC Venous-Blood Pipetter (see be-
Tow); various sized blood tube wells; and
a notched front rack for storage of cen-
trifuged QBC Biood Tubes.

Figure 3.9. QBC Work Station
and Venous-Blood Pipetter.
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3.5

3.6

VENCUS BLOOD PIPETTER

The semi-automatic Pipetter shown in the Work Station in Figure 3.9 is a
dedicated device, designed exclusively for filling QBC Venous-Blood Tubes.
The plunger of the Pipetter has two positions: fully retracted and fully
depressed. In the depressed position and with a QBC Venous-Blood Tube
inserted into the metal coupling of the Pipetter, the plunger is gradually
released to aspirate blood into the tube. Fill volume is fixed at 111.1 pi
and is non-adjustable.

SYSTEM SPECIFICATIONS
3.6.1 QBC II Plus Reader
o Tube-Viewing Microscope:
Magnification: 7.5x
Adjustable Eyepiece with Blocking Filter
e Test Environmental Requirements:
Temperature: 68° to 90°F (20° to 32°C)
Relative Humidity: 10% to 95% (non-condensing)

e Electrical

Reader
Model No. Volt. Freq. Watts Main Power Fuse
4452 120 60Hz 80 3AG 1-1/2 Amp Slo-Blo

Three-wire grounded cord and plug.

e Weights and Dimensions:
Reader Weight: 4.3 kg (9.5 1b)
Reader Dimensions: 36.2 cm deep x 34.3 cm wide x 25.4 cm high (14.25" x
13.5" x 10%)
Shipping Weight (including accessories): 6.8 kg (15 1b)
Shipping Container Dimensions: 49.5 cm x 54.6 cm x 44.5 cm (19.5" x 21.5" x
17.5")

.6.2 QBC Centrifuge*

e Speed: Nominal at Rated Voltage: 12,000 RPM
e Relative Centrifugal Force (RCF) at Nominal Speed: 14,387 x g
¢ Rotor Capacity:r 12 QBC Blood Tubes
e Timer: Internal Electronic - 5 minutes (fixed)
e Electrical
Model No. Volt. Freg. Amp.
4207 120 60Hz 4

*See QBC Centrifuge Operator's Manual for Complete Specifications.
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This

Section 4
OPERATING INSTRUCTIONS

Section contains general instructions for operating the various components and

accessories of the QBC II Plus System. Maintenance and Service procedures are con-
tained in Section 5.

Note:

For detailed directions on blood collection, specimen preparation, and test

procedures, consult Sections 6 and 7.

4.1

4.2

4.3

4.3.

SELF-TEST SEQUENCE

Each time the "POWER" button of the Reader is activated a brief self-test se-
quence is initiated to check the operation of all Tamps and to verify certain
computer functions. The self-test sequence also occurs whenever the "CLEAR"
button is pressed.

In the Tamps check phase of self-test, numeral "8"s should appear in all digit
pasitions of the readouts, and all panel indicator and internal lamps should
momentarily light. Note: If a lamp segment in any readout digit is missing or
an internal Tlamp fails to Tight, see Sections 5.3.3 and 5.3.4 for replacement
procedures.

The computer check phase of self-test is satisfactory, provided a flashing
service flag "P1" or "P2" does not appear in the PLT (Platelet) display. If a
"P1" or "P2" flag appears, the Reader will not function until the problem is
corrected. When either flag appears, the operator should check for a trans-
ient condition by pressing the "CLEAR" button several times. If the service
flag persists, REQUEST TECHNICAL ASSISTANCE.

DAILY START-UP ROUTINE

Before daily testing of patient specimens, perform the following procedures in
the order listed:

1) Press the POWER switch ON and monitor the Self-Test Sequence for satisfact-
ory operation of all lamps and readout displays.

2) Run performance checks of the Reader in each mode ("VEN" and "CAP") accord-
ing to 4.6 of this Section. The checks include mandatory testing of Cali-
bration Tubes and optional testing of QBC Controls.

When satisfactory performance checks are completed, the Reader is ready for
bleod tube measurements.

OPERATING THE READER
1 Inserting and Removing Blood Tubes
Before inserting or removing a blood tube, always turn the Transport knob

counterclockwise until it stops and the tube holder mechanism is in the fully
down position as shown in Figure 4.1.
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To insert a blood tube: hold the tube near the open end and insert the closure
end upward into the Reader (Figure 4.2); then gently Tower and release the
tube so that the open end of the tube rests in the center of the thrust pivot.
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Figure 4.1. Figure 4.2.
Tube Holder Shown in Down Position. Inserting Blood Tube into Reader.

Referring to the inset in Figure 4.1, the Tube Transport Knob consists of a
small crank handle on a Targer knurled knob. Use the crank handle for fast
movement of the tube holder, e.g., when lowering the holder to remove a blood
tube or when moving a tube inward to start a reading. For fine adjustment,
use the knurled knob to align a cell interface with the reticle arrow.

4.3.2 Blood-Tube Reading Procedures

To read a blood tube, select the desired mode (VEN or CAP), insert the tube
and perform the Reading Sequence described in Figure 4.3.

IMPORTANT: When reading QBC blood tubes, the two Tlayers of Red Cells
must always be followed by an ORANGE-YELLOW layer of granulocyte cells
as shown in Figure 4.3. If a GREEN Tayer instead of an Orange-Yellow
layer appears directly above the Red Cells, DISCONTINUE THE READING PRO-
CEDURE AND- DISCARD THE TUBE. If a freshly prepared QBC tube of the same
patient specimen continues to exhibit a GREEN layer directly above the
Red Cells, test the specimen by another method.

CAUTION
TEST VALUES OBTAINED BY AN INCORRECT READING PROCEDURE
ARE INVALID AND MUST NOT BE USED FOR DIAGNOSTIC PURPOSES.

Test values for seven (QBC parameters, except Hemoglobin, will automatically
appear in the readouts momentarily after pressing "ENTER" at the 6th interface
in Venous~Blood Tubes and 7th interface in Capillary-Blood Tubes. Refer to
4.3.3 to obtain a display of Hemoglobin results. Test values from the complet-
ed reading will remain displayed until "ENTER" is pressed again (i.e., 1st
reading of next tube) or the "CLEAR" button is pressed. '

4.3.3 Obtaining Hemoglobin Value

a. Normal Reader Operation

Hemoglobin concentration is displayed using the MODE button. Before activa-
ting a hemoglobin display, test values for the 'primary' hematology parameters

4-2 Rev. A






