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(57) Abstract

A method and apparatus for use in respect of samples which are assessed for quality prior to testing in a clinical analyzer. The
method and apparatus identify parameters such as gel level and height of fluid above the gel in blood samples, where appropriate, for the
purposes of positioning the specimen for determination of interferents. Such interferents include hemoglobin (Hb), total bilirubin and lipids.
These interferents are determined by measurement of absorption of different wavelengths of light in serum or plasma, or other specimens,
which are then compared with values obtained through calibration using reference measurements for the respective interferents in serum
or plasma or other type of specimen. Determinations of temperature of the specimen, as well as specimen type, for example whether the
specimen is urine or plasma or serum, may also be carried out.
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APPARATUS AND METHOD
FOR RAPID SPECTROPHOTOMETRIC PRE-TEST SCREEN
OF SPECIMEN FOR A BLOOD ANALYZER

TECHNICAL FIELD

This invention relates to spectrophotometry and the spectrophotometric analysis
of blood samples. In particular, this invention relates to a method and apparatus
for providing a rapid pre-test determination of interferent concentration, specimen
type and physical properties of a blood sample for a blood analyzer by

measurement of absorbance or reflectance.

BACKGROUND ART

Clinical laboratory tests are routinely performed on the serum or plasma of whole
blood. In a routine assay, red blood cells are separated from plasma by
centrifugation, or red blood cells and various plasma proteins are separated from

serum by clotting prior to centrifugation.

Haemoglobin (Hb), bilirubin (Bili) and light-scattering substances like lipid
particles are typical substances which will interfere with, and affect
spectrophotometric and other blood analytical measurements. Such substances

are referred to as interferents.

Many tests conducted on plasma or serum samples employ a series of reactions
which terminate after the generation of chromophores which facilitate detection
by spectrophotometric measurements at one or two wavelengths. Measurement
of interfering substances prior to conducting such tests is important in providing

meaningful and accurate test results. In fact if a sample is sufficiently
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contaminated with interferents, tests are normally not conducted as the results

will not be reliable.

In analytical laboratories bar codes are increasingly being used to identify
samples, and such laboratories routinely analyze a variety of biologic fluids, for

example, the most common being blood and urine.

Specimen integrity dir/ectly affects the accuracy of test results. Numerous factors
can compromise specimen integrity such as, having the right sample eg., blood
rather than urine; in the case of a blood sample, whether it is serum or plasma;
the presence of interferents in a plasma or serum sample; the volume of the
sample; the sample temperature; and the location of the upper surface of a gel
barrier, which is also referred to herein as the gel level, in a blood sample, where
the gel is an inert material used to separate serum or plasma from clotted or
packed blood cells, respectively. Finally, it is critical that the sample tested be

properly matched to the results of any assessments on the sample.

Current methods used for quality assurance and specimen integrity rely
principally on visual inspection of the specimen with or without comparison to a
reference chart, depending upon which variable is being assessed. Visual
inspection of samples is sometimes employed on a retrospective basis where
there is disagreement between test results and clinical status of the patient in

order to help explain such discrepancies.

A sample of plasma or serum is normally transferred from the original tube to a
secondary tube. These secondary tubes may be amber coloured to protect photo
sensitive constituents. Amber colouring makes visual inspection virtually

impossible. On occasion, labels cover portions of the tube further restricting a full
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visual examination. Further, it is sometimes difficult to distinguish between urine

and plasma or serum samples, even in transparent tubes.

Pre-test screening of specimens by visual inspection is semi-quantitative at best,
and highly subjective and may not provide the quality assurance required.

Furthermore, visual inspection of specimens is a time consuming, rate limiting
process. Conseque;ntly, state-of-the-art blood analyzers in fully and semi-
automated laboratories do not employ visual inspection of specimens. However,
other methods such as direct sampling are not rapid enough or cost effective. In
order to obtain a measurement of the sample of the piasma or serum, specimen

tubes must be uncapped, a direct sample of the specimen taken and diluted prior

to measurement.

DISCLOSURE OF INVENTION

The disadvantages of the prior art may be overcome by providing a rapid and
accurate method and apparatus for monitoring blood specimens before samples

are presented for analysis.

In one aspect of the invention, the bar code on the specimen tube is read to
identify the specimen, as well, the bar code reading, determination of the gel level
of the specimen and the height of fluid above the gel provide the basis for
positioning the specimen container so that spectral data can be obtained. The
spectral data is used in a novel way to determine if the specimen which is
presented for analysis contains interferents and if so, to what extent; to determine
specimen type, for example if it is urine or plasma or serum; and to determine the

temperature of the specimen.
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In another aspect of the invention, there is provided an apparatus which
incorporates: A. a device to read any bar code present on a specimen container
and thereby identify and provide information with respect to positioning the
specimen; B. a device to determine the location of the upper surface of a gel
barrier of the specimen and the height of fluid above the gel; and C. A
spectrophotometric device to irradiate and measure radiation from the specimen
so as to determine if the specimen which is presented for analysis contains
interferents and if ;o, to what extent; to determine specimen type; and to
determine the temperature of the specimen. This apparatus is capable of these
determinations where the sample tube containing the specimen has a sampie

identification label on the exterior surface.

In a further aspect of the invention, there is provided a method for the following:
to read any bar code present on specimen container and thereby identify and
provide information with respect to positioning the specimen; to determine the
location of the upper surface of a gel barrier of the specimen and the height of
fluid above the gel; to determine if the specimen which is presented for analysis
contains interferents and if so, to what extent; to determine specimen type; and
to determine the temperature of the specimen. The method of this invention
allows for these determinations where the sample tube containing the specimen

has a sample identification label on the exterior surface.

In yet another aspect of the invention, there is provided an apparatus and a
method for the determinations described herein where the radiation from the
spectrophotometer, or other appropriate source, is transmitted through the label,

container and specimen.

In one embodiment, the bar code reading as well as the gel level and height of

fluid above the gel are first determined. This determination provides information
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essential for proper positioning of the sample for the following determinations.
The concentration of interferents such as hemoglobin (Hb), total bilirubin
(calibrated for unconjugated bilirubin, conjugated bilirubin, and delta bilirubin, the
sum of results for these three gives total bilirubin) and lipids are determined by
measurement of absorption of different wavelengths of light in serum or plasma
specimens which are then compared with values obtained through calibration
using reference measurements for the respective interferents in serum or plasma
specimens. This is t;ue also for determination of temperature of the sample. A
determination of specimen type, for example whether the specimen is urine or
plasma or serum, is also made. This determination is made by recordal of
spectral data for different samples then through statistical analysis, the spectra
are classified according to sample type. In addition a bar code reading is carried
out either simultaneously, before or after the determination of the other
parameters. To those skilled in the ar, it is clear that aithough certain sequences
of determinations are outlined here, any combination or sequence of

combinations is within the scope of this invention.

In another embodiment, the bar code reading as well as the gel level and height
of fluid above the gel are first determined. This determination provides
information essential for proper positioning of the sample for the following
determinations. The concentration of interferents such as hemoglobin (Hb), total
bilirubin (calibrated for unconjugated bilirubin, conjugated bilirubin, and delta
bilirubin, the sum of results for these three gives total bilirubin) and lipids are
determined by measurement of reflectance of different wavelengths of light in
serum or plasma specimens which are then compared with values obtained
through calibration using reference measurements for the respective interferents
in serum or plasma specimens. This is true also for determination of
temperature of the sample. A determination of specimen type, for example

whether the specimen is urine or plasma or serum, is also made. This
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determination is made by recordal of spectral data for different samples then
through statistical analysis, the spectra are classified according to sample type.
In addition a bar code reading is carried out either simultaneously, before or after
the determination of the other parameters. To those skilled in the art, it is clear
that although certain sequences of determinations are outlined here, any

combination or sequence of combinations is within the scope of this invention.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a longitudinal cross-section of a sample holder adapted for use
with LED and radiation source.

Figure 2 is a top view of the complete sample holder of Figure 1.

Figure 3  is a longitudinal cross-section of a sample holder adapted for use
with a laser and radiation source.

Figure 4 s a top view of the complete sample holder of Figure 3.

DESCRIPTION OF PREFERRED EMBODIMENTS

In operation, the apparatus first conducts a determination of the bar code and its
position on the tube, and, based on the latter determination the tube is presented
to the specimen holder 2 in a position so that the bar code does not interfere with

the measurement process.

With respect to measuring gel level and height of fluid 26 above the gel 24, the
specimen is placed in a specimen holder 2 of Figure 1, which will also contain a
linear array of LEDs 16 on one side of the tube, and a corresponding array of

silicon detectors 20 on the opposite side of the tube. The LEDs 16 are coupled
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by electrical connections 6 to an electronic driver 4. The detectors 20 are
coupled by electrical connections 7 to a microprossessor (not shown) which
analyzes output. The number of LEDs and detectors will depend on the length
of the tube, e.g., for a commonly used tube of length 10 cm, 22 LEDs and 20
detectors arranged 5 mm apart will be necessary to accommodate from a
completely filled tube to an empty tube. In operation the first detector at the top
of the column monitgrs as the three LED's opposite are flashed in succession:
one which is directly opposite, one 5 mm above, and one 5 mm below. The
measured distance between the LEDs and the detectors is used to determine
tube diameter. This measurement is performed electronically, mechanically or
optically, or in any combination of these. In a preferred embodiment this
measurement is performed by a combination of mechanical and electronic
operations. The fluid volume is calculated from the measured tube diameter and

the measured height of fluid above the gel barrier.

Alternatively, with respect to measuring gel level and height of fluid, a diode laser
28 provides the radiation source wherein the source is focussed through a series
of lenses 30 to spread the radiation 32 across the length of the sample tube. The
light being transmitted through the sample tube is passed through a further series
of lenses 34 and directed onto a PDA sensor 36. Again, through this apparatus
the tube is analyzed in 1Tmm increments and the results are correlated to liquid
height 26 and gel level 24. |t is readilly apparent that either approach also allows
for the determination of the hematocrit of any blood sample. This is achieved by
centrifuging a whole blood sample in a container into two phases, one being the
blood cells and the other being serum or plasma. The container is then scanned
by the present invention and the length of the container that each of the phases
occupies is thereby determined. With this data the ratio of the length amounts of

the cellular phase and of the serum or plasma phaseis converted to hematocrit

value.
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Based upon the results from the above determinations, the relative positions of
the tube and the fibre optics can be adjusted so as to optimize the position of the
fluid compartment for subsequent determinations. Consequently, there is space
11 between the walls of the sample holder 2 and the fibre optics 10 and 14 to

allow for such adjustments.

With respect to determination of sample type, temperature, as well as for
measurement of intérferents, reference is made to Figure 2. The sample 22 is
placed into a specimen holder 2 (see Figure 1 for longitudinal view) which is
located in a housing (not shown). A radiation source 8, capable of emitting
radiation in a range from about 400nm to 2,500nm, is optically connected by fibre
optics 10 to the sample. In operation where absorbance is measured the light
source is directed through the sample, and the transmitted radiation is detected
by a sensor 12, which is a photo diode array (PDA), that is located opposite the
source. In operation where reflectance is measured, the detectors are proximate
to the emission source (not shown). In both cases the detector is optically
connected by fibre optics 14, or any other suitable means. In this apparatus the
radiation source is split so that there is a reference beam which by-passes the
sample. The apparatus also contains a means for correlating a sensor response,
from the sample path relative to a sensor response from the reference path, to a
quantity of a known substance in said sample. The housing has a cavity for
receiving a sample and a lid for selectively opening and closing the cavity. The
radiation source is for emitting a beam of radiation, and the sensor is responsive

to receipt of radiation.

While the invention has been particularly shown and described with reference to
certain embodiments, it will be understood by those skilled in the art that various
other changes in form and detail may be made without departing from the spirit

and scope of the invention.
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WE CLAIM:
1. An apparatus for monitoring a specimen before said specimen is presented

for clinical analysis, said apparatus comprised of.

a)

b)

9)

h)

means for holding a specimen container wherein said means and
said container have a longitudinal axis;

a first radiation source disposed to direct radiation at said specimen
and a }first radiation detector disposed to allow collection of
transmitted or reflected radiation from said specimen;

electrical means to couple said first radiation source to an electronic
driver;

electrical means to couple said first radiation detector to a
computing means which analyzes output from said detector for
determination of at least one parameter about said specimen;
means to position said container in said axis of said holder based on
results from said analysis;

a second radiation source;

means to transmit radiation from said second radiation source to
said specimen,;

means to spectrophotometrically detect transmitted or reflected
radiation from said specmen; and

means for correlating said detected radiation to determine the

concentration of at least one interferent in said specimen.

2. The apparatus of claim 1 wherein said specimen is one of the group

consisting of blood, serum, plasma or urine.

3. The apparatus of claim 1 wherein said first radiation source is comprised

of a linear array of LEDs disposed along one side of said axis of said container
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and said first radiation detector is comprised of a corresponding array of silicon
detectors on the opposite side of the container to collect transmitted radiation and

wherein a spectrophotometer provides the second radiation source and detectors.

4. The apparatus of claim 1 further comprising one or more lenses to focus
said radiation from said first radiation source to spread said radiation across said
axis of said container, and further wherein said apparatus contains one or more
further lenses which éollect transmitted or reflected radiation from said specimen

and direct it to said spectrophotometric radiation detector.

5. The apparatus of claim 3 or 4 wherein said specimen container contains

a sample identification label on the exterior surface of said container.

6. The apparatus of claim 3 or 4 wherein said first radiation and radiation from
said spectrophotometer is transmitted through a label, a container and a

specimen.

7. A method for monitoring specimens before said specimens are presented
for clinical analysis comprising the steps of:
a) placing a specimen in a specimen container;
b) placing said specimen container into a holding means;
C) applying radiation from a first radiation source to said specimen and
collecting transmitted or reflected radiation from said specimen;
d) analyzing said collected radiation to determine at least one
parameter about said specimen; and
e) based on results from said one or more determinations, positioning
said container in said holder for further analysis wherein said further

analysis comprises the steps of:
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i) spectrophotometrically applying radiation from a second
radiation source to said specimen and detecting transmitted
or reflected radiation from said specimen; and

ii) correlating said spectrophotometrically detected radiation to
determine the concentration of at least one interferent in said

specimen.

8. The method of claim 7 wherein said container has a longitudinal axis and
said radiation from said first radiation source is focussed through one or more
lenses to spread said radiation across said axis of said container, said radiation
being transmitted through said container and wherein reflected or transmitted
radiation from said container is passed through one or more lenses and thereby

directed to said radiation detector.

9. The method of claim 7 wherein said container has a longitudinal axis and
said radiation from said first radiation source is applied through a linear array of
LEDs disposed along on one side of said axis of said container and said
transmitted or reflected radiation is collected by a corresponding array of silicon

detectors on the opposite side of said container.

10. The method of claim 8 or 9 wherein said specimen is one of the group

consisting of blood, serum, plasma or urine.

11. The method of cilaim 8 or 9 where said specimen container contains a
sample identification label on the exterior surface of said container and said
radiation from said first and second radiation sources is transmitted through said

label, container and specimen.
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12.  The method of claim 8 or 9 wherein a bar code is present on said

container and said bar code is read to identify said specimen.

13.  The method of claim 7, 8 or 9 wherein the parameter determined is one or
more of the group consisting of a gel level, the thickness of said gel, the height

of fluid above said gel, and the volume of fluid above said gel.

14.  The method of claim 7, 8 or 9 wherein said spectrophotometrically detected
radiation is used to determine the concentration of one or more of the group
consisting of hemoglobin, total bilirubin, unconjugated bilirubin, conjugated
bilirubin, delta bilirubin, biliverdin, and lipid.

15.  The method of claim 14 wherein said spectrophotometrically detected

radiation is used to determine the temperature of said specimen.

16. The method of claim 14 wherein said spectrophotometrically detected

radiation is used to determine the type of said specimen.

17. A method for monitoring biood specimens in specimen containers before
said specimens are presented for clinical analysis comprising the steps of:
a) reading any bar code on said container;
b) determining the location of a gel level of said specimen and the
height of any fluid located above said gel
C) on the basis of said determination positioning said container such
that spectral data can be obtained; and
d) interpreting said spectral data to determine the concentration of one

or more intereferents and specimen type and specimen temperature.
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18. The method of claim 17 wherein said determinations are made when said

container has a label on the exterior surface of said container and said

determinations are made through said label.

19. The method of claim 17 wherein said interferents are selected from the

rs
group consisting of hemaoglobin, total bilirubin, unconjugated bilirubin, conjugated

bilirubin, delta bilirubin, biliverdin, and lipid.

20. A method of determining the hematocrit of a blood sample comprising the

steps of:

a)

d)

centrifuging a whole blood sample in a tube having an axis, to
separate the sample into two phases, one being the blood cells and
the other the serum or plasma,

while maintaining said phases separate, optically scanning the
phases in said tube along said tube axis to determine a length of
said axis that each of said phases occupies;

calculating the ratio of the axis length amounts of th cellular phase
and of the serum or plasma phase; and

converting said ratio to hematocrit value.



WO 97/19340 PCT/CA96/00758

1/2

16, _/

INEEN

LIl

{

!

!

ELECTRONIC] (¢ 4
DRIVER |

10

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 97/19340 PCT/CA96/00758

2/2
2
22
39 \ /
w TN 34
28 /,/' S - 26
20 ﬁ Oy
—, g/'
h \ 24
\ . /H
N /
A I

34

FIG. 4




INTERNATIONAL SEARCH REPORT

.onal Applicaion No

PCT/CA 96/00758

A. CLASSIFICATION UBJECT MATTER

OF §
PC 6 GOINZ21/27

According to Internauonal Patent Classificauon (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 6 GOIN

Mintmum documentation searched (classification system followed by classificaton symbols)

Documnentauon searched other than mummum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted dunng the international search (name of data base and, where practcal, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaunon of document, with incdication, where appropnate, of the relevant passages Relevant to claamn No.
X PATENT ABSTRACTS OF JAPAN 20
vol. 9, no. 239 (P-391), 25 September 1985
& JP 60 093348 A (MOCHIDA SEIYAKU), 25
May 1985,
A see abstract 2,3,9,10
A US 4 338 279 A (OLYMPUS OPTICAL) 6 July 1,2,7,
1982 10,17
see column 1, paragraph 1
see colum 2, line 51 - column 3, line 5
see column 5, line 52 - line 58
see column 6, line 3 - line 29; figure 1
A US 4 252 438 A (HAINA) 24 February 1981 1,2,7,
10,17
see abstract
see column 5, line 43 - Tine 57; figure 1
- / -

Further documents are histed in the conunuaton of box C.

Patent farmily members are listed 1n annex.

* Speaal categones of ated documents :

"A" document defining the general state of the art which is not
considered to be of parucular reievance

"E’ carlier document but published on or after the international
filing date

"L* document which may throw doubts on prnionty claim(s) or
whuch 15 cited to establish the publicaton date of another
ataton or other special reason (as specified)

"0" document refernng to an oral disciosure, use, exhibiuon or
other means

P* document published prior to the international filing date but
later than the priority date claimed

T

later document published after the international filing date
or prionty date and not in conflict with the application but
ated to understand the pninciple or theory underiying the
inventon

* document of particular relevance; the claimed invention

cannot be considered novel or cannot be constdered to
involve an inventve step when the document is taken alone

“ document of particular relevance; the daimed inventon

cannot be considered to involve an inventive step when the
document 1s combined with one or more other such docu-

ments, such combinaton being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

19 March 1997

Date of maihng of the international search report

26.03.97

Name and rnatiing address of the [SA

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+ 31-70) 340-2040, Tx. 31 651 epo nl,
Fax (+ 31-70) 340-3016

Authonized officer

Thomas, R.M.

Form PCT/ISA 210 (second sheet) {July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

1onal Applicaton No

PCT/CA 96/00758

C.(Conunuauon) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaton of document, with indication, where appropnate, of the relevant passages Relevant 1o claim No.

A DE 28 25 659 A (PIFFL) 20 December 1979 2-4,8-10
see page 4, line 3 - line 7

see page 4, line 17 - line 28; figures 1,2
A PATENT ABSTRACTS OF JAPAN 2,4,8,10
vol. 8, no. 278 (P-322) ([1715] , 19
December 1984

& JP 59 145964 A (DENKI KAGAKU KEIKI), 21
August 1984,

see abstract

A EP 0 479 622 A (TOA) 8 April 1992 2,5,10,
12,17
see column 1, paragraph 1 - paragraph 2

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent farmuly members

.tonal Application No

PCT/CA 96/00758

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4338279 A 06-07-82 JP 1473451 C 27-12-88
JP 55136957 A 25-10-80
JP 63021139 B 02-05-88
DE 3014250 A 16-10-80

US 4252438 A 24-02-81 DE 2727400 A 21-12-78
CH 629597 A 30-04-82
FR 2394797 A 12-01-79
GB 2002108 A,B 14-02-79
JP 54008589 A 22-01-79
NL 7806392 A 20-12-78
SE 7806964 A 19-12-78

DE 2825659 A 20-12-79 NONE

EP 0479622 A 08-04-92 AU 625029 A 25-06-92
CA 2050165 A 06-04-92
DE 69112752 D 12-10-95
DE 69112752 T 15-02-96
US 5286959 A 15-02-94

Form PCT/ISA/210 (patent family annex) {July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

