United States Patent 19
Coggeshall

(i 3,785,772
[45]1 Jam. 15, 1974

[54] BLOOD ANALYZER
[75]1 Inventor: Jehm C. Coggeshall, Des Plaines, Ili.

[73]1 Assignees: Milroy R. Blowitz; Max Pastin;
Magnor, Inc., Chicago, Ill. ; part
interest to each

[22] Filed: Dec. 8, 1971
{211 Appl. No.: 206,131

Related U.S. Application Data
[63] Continuation of Ser. No. 4,983, Jan. 22, 1970,

3,591,493 7/1971  Zeineh....cooonvevrcrcncrncnne. 210/22
3,660,037 5/1972  Sokol 23/230 B X
3,682,596 8/1972  Stone 23/230 B X

Primary Examiner—Morris O. Wolk
Assistant Examiner—Sidney Marantz
Attorney—Leo J. Aubel

[57] ABSTRACT

A pair of syringes respectively coupled by way of a
pair of three-way valves to a source of blood and a

abandoned. source of reagent, so that withdrawing the plungers
) : fills the syringes respectively with blood and reagent.
[52] US.Cl..... 23/253 R, 23/230 B, 99/103.5,  The three-way valves are switched and a motor mech-
99/127, 128/1, 210/22 anism is activated simultaneously to move the plung-
[51] Int. Cl.oovcrirnenne, .. GO1n 31/00, GO1n 33/16  ers into the syringes to move the blood and the rea-
[58] Field of Search ...................... 23/230 B, 253 R;  gent through a pair of chambers separated by a semi-
210/22 permeable membrane. A selected substance in the
: blood is dialyzed through the membrane and reacts
[56] References Cited with the reagent to furnish a product, the concentra-
UNITED STATES PATENTS tion of which is measured to determine the concentra-
o tion of the selected substance in the blood.
3,211,645 - 10/1965 - Ferrari ccccoviivivesieniceieenn, 23/230B
3,130,156 4/1964  Neff......ilvioenoiienennes 210/22 X 4 Claims, 11 Drawing Figures
45 22 21 62 6572
0 a6 20 63 -
P =—" e
‘j i — [ == )
A P”J g2 43ag| [ 13/ 2 o ‘ﬁ‘:, ]
[% = == o[t ! |i Il7o
r N Y IO [E—
§ I 150 sl 80a 8l, 82
| ) - T e 2o~
T =] B
TW o T Lo \40‘ 80 9 A \fl\:-———""—""—“—"“;J
/ ; 4 79
s el 92/1, READ OUT DETEGTOR [Z ** 85 5 ~_ s




3,785,772

PATENTEDJAN 15 1974

SHEET 1 0F 3

00l |
2 &r 26 b,
6L —3 N 9ll gg ¥0123130 |5 1n0O av3y ] 0
7 13 g8 7 4
g —— . 6 08 Am 2
= === 1
/(,UN__ o}l % E—— M 3
7 e (&)
28 \Is ©0g’ G
o] ) _TJ" 3o OO T _:: IS m,l m
} I _, 1 _ . L
ISz ] e 2 e / B R
by 99 .\m_ vl |bv ev 2b mW
, —— - iR
19 €2 — L mﬂ _ m_ ) =
c9 toz 1 e J?%
_ . 0
Nmmm 29 1e 22 Gob N Q-h
C =5 ) 02>\ . m_/ _NJNW b 05
19 o o €2 e J\m 6t / 2ty It
—umTvo~onl =Y AN :
7 LTI TN w _m_m
19 €9 99 ‘==l — o ] LA TS
1L, el 29 N_I_. g |9 ,
s ame oo Koo =90 N
8Ll se AL fit — U , / |
L €L 91 gf ==Ly = |7 ﬂL { 2t L
og” v i€ 2¢ &b _
/
r yy) N
r/ 3 mu\/ EUHr\@N. O_ \\
R T 914




3,785,772

PATENTED JAN 15 1974

SHEET 2 GF 3

— sl
i \ﬁﬁgl > T T > P T ‘ \\W~mmM\
20! vl 01| 8019 = 8% oIl
\MWVWN T s S \Lwﬁ =7 =
©gQ) ©L01] _ =
B
=l 8 914
.
1
!
iol LO|
20! g 101"
. 901
L 9Old G
001 ) ]
@ @ G8

i ——————— - _
24 R /_r/ TIO w_Alm
L A
: t ! R

! /////“_ _\w\\\\\

i T ko ,ﬂ_wm
“le e «9

Jf\

8




PATENTEDJAK 15 1974 3,785,772
SHEET 30F 3

100  Ola

XSSP SIS S T SN
BLLZO V& B FOF &7 T T

FIG. 9 01 FIG. 10 ©

1Ol

|Q6d.

:\
106

N
101




1 .
BLOOD ANALYZER
" This is a continuation application of Ser. No. 4,983
filed Jan. 22, 1970, now abandoned.

it is an important object of the present invention to
provide a blood analyzer both to withdraw a blood
specimen and to analyze it essentially in the same time
it now takes for a technician just to withdraw the blood.

Another object of the present invention is to provide
a blood analyzer which, after determining the concen-
trations of various substances in the blood, furnishes a
container of blood for further use as desired.

Still another object of the present invention is to re-
duce the cost of making blood tests.

Yet another object of the present invention is to pro-
vide a blood analyzer which produces a product, the
concentration of which is directly proportional to the
concentration of a selected substance in the blood.

A further object is to provide a portable blood analy-
zer capable of both withdrawing a blood sample and
analyzing it. ‘

In summary, there is provided a blood analyzer for
use with a source of reagent capable of reacting with a
selected substance in blood to provide a product pro-
portional in concentration to the concentration of the
selected substance, the analyzer comprising a pair of
syringes each having a movable plunger, a separating
device including a conduit and a semipermeable mem-
brane dividing the conduit into a pair of chambers each
having an inlet and an outlet, a pair of three-way valves
respectively having first ports respectively coupled to
the sources of blood and reagent and second ports re-
spectively coupled to the syringes and third ports re-
spectively coupled to the inlets of the chambers, each
of the valves having a first condition wherein the first
and second ports thereof are in communication and the
third port is blocked and a second condition wherein
the second and third ports are in communication and
the first port is blocked, the plungers being withdrawn
while the valves are in the first condition thereof to
draw into one of the syringes a quantity of the blood
and into the other of the syringes a quantity of the rea-
gent, a driving device for simultaneously moving the
plungers into the syringes while the valves are in the
second condition thereof to move the quantities of
blood and reagent respectively through the chambers,
whereby the selected substance in the blood is dialyzed
through the semipermeable membrane and reacts with
the reagent to furnish a product proportional in con-
centration to the concentration of the selected sub-
stance in the blood, and a sensing device coupled in the
path of the reagent having the selected substance
therein and operative to indicate the concentration of
the product in the reagent and thus the concentration
of the selected substance in the blood.

With the foregoing and other objects in view which
will appear as the description proceeds, the invention
consists of certain novel features of construction, ar-
rangement and a combination of parts hereinafter fully
described, illustrated in the accompanying drawings,
and particularly pointed out in the appended claims.

For the purpose of facilitating an understanding the
invention, there is illustrated. in the accompanying
drawings the preferred embodiment thereof, from an
inspection of which, when considered in connection
with the following description, the invention, its mode
of construction, assembly and operation, and many of
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its advantages should be readily understood and appre-
ciated.

Referring to the drawings in which the same charac-
ters of reference are employed to indicate correspond-

"ing or similar parts throughout the several figures of the

drawings: »

FIG. 1 is a top plan view of a blood analyzer incorpo-
rating the features of the present invention;

FIG. 2 is a side elevational view of the blood analyzer
of FIG. 1;

FIG. 3 is a bottom plan view of the blood analyzer of
FIG. 1; ‘

FIG. 4 is a plan view of one of the elements of the

separating device in the blood analyzer;

FIG. 5 is an end elevational view of the element of
FIG. 4;

FIG. 6 is a plan view of another element in the sepa-
rating device;

FIG. 7 is a cross-sectional view of the element shown
in FIG. 7, taken along the lines 7—7 thereof;

FIG. 8 is an enlarged cross-sectional view of the sepa-
rating device, taken along the lines 8—8 in FIG. 3;

FIG. 9 is an enlarged cross-sectional view of the sepa-
rating device, taken along the lines 9—9 in FIG. 3,

FIG. 10 is an enlarged cross-sectional view of the sep-
arating device taken along the lines 16—10 in FIG. 3;
and )

FIG. 11is an enlarged cross-sectional view of the sep-
arating device, taken along the lines 11--11 in FIG. 3.

“Referring now” to the drawings, there is shown a
blood analyzer 10 incorporating therein the novel fea-
tures of the instant invention. The blood analyzer 18 is
provided with a base 11 which, in the form shown, is an
elongated rectangular slab constructed of plastic. Fas-
tened onto the base 11 is a syringe support 12 which,
in turn, has mounted thereon a pair of laterally-spaced
apart clamps 13 and 14. Snap-fitted into the clamp 13
is a syringe 20 which is of standard construction in the
medical field. The syringe 20 includes a plunger 21 car-
rying on the outer end thereof a head 22, the forward
portion of the syringe 20 having a nose 23, as is usual.
A second syringe 30 disposed parallel to the syringe 20
is snap-fitted into its clamp 14 and is essentially of the
same construction as the syringe 28, having a plunger
31 which carries a head 32, the front of the syringe 3¢
being provided with a nose 33. The clamps 13 and 14
enable the technician to remove and replace the syrin-
ges 20 and 30 at will.

The blood analyzer 10 further comprises a driving as-
sembly designated generally by the numeral 40. The
driving assembly includes a pair of longitudinally-
spaced-apart rails 42 and a carriage 43 which is defined

‘by a horizontally-disposed table 44 and an upstanding

plate 45. Formed in the table 44 is a pair of laterally-
spaced-apart bores (not shown) respectively receiving
the rails 42, which, in the form shown, are round. The
rails 42 thus provides a guide along which the carriage
43 is longitudinally movable. A pair of screws 46 inter-
connect the upstanding plate 45 respectively with the
heads 22 and 32. As can be best seen by the phantom
lines in FIG. 2, longitudinal movement of the carriage
43 results in corresponding simultaneous longitudinal
movement of both the plungers 21 and 31.

The driving assembly 40 further includes a motor 47
suitably bolted to the underside of the base 11 and hav-.
ing wires 48 connectable to a source of power. The
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shaft 49 of the motor 47 passes through a bearing (not
shown) mounted in an opening in the base 11 and pro-
trudes upwardly therefrom. The outer end of the shaft
49 carries a pinion 50 which engages a rack 51, the
rack, in turn, being suitably secured to the underside of
the carriage table 44. The motor 47 is so constructed
that, when de-energized, the shaft 49 is free to rotate
counterclockwise, as viewed in FIG. 1, and, when ener-
gized, is rotated clockwise, as viewed in FIG. 1. Thus,
when the motor 47 is de-energized, the user can grasp
the carriage 43 and move it rearwardly to withdraw the
plungers 21 and 31. He can then energize the motor 47
to cause the pinion 50 to rotate clockwise, to move the
rack 51 forwardly and thereby carry into their respec-
tive syringes 20 and 30 the plungers 21 and 31.

Also mounted on the upper side of the base 11 is a
pair of sockets 60 and 70 respectively mounting a valve
seat 61 and a valve seat 71 and associated valves 62 and
72. The valve seat 61 is a three-way device, having a
first port 63, a second port 64, and a third port 65. The
valve 62 is rotatable in the valve seat 61, so that it may
be placed in a first condition wherein the port 64.com-
municates with the port 63 to accommodate fluid flow
therebetween and the port 65 is blocked; and so that it
may be placed in a second condition wherein the port
65 communicates with the port 63 to accommodate
fluid flow therebetween and the port 64 is blocked. The
port 63 is coupled to the nose 23 of the syringe 20 by
means of rubber tubing 66. The port 65 is coupled to
one inlet of a separating device 100, the construction
of which will be explained in detail hereinafter.

The valve seat 71 also has three ports 73, 74, and 75,
the port 73 being coupled to the nose 33 of the syringe
30 by means of rubber tubing 76. The valve 72 is rotat-
able in the valve seat 71, so that it may be placed in a
first condition wherein the port 74 communicates with
the port 73 to accommodate fluid flow therebetween
and the port 75 is blocked, and so that it may be placed
in a second condition wherein the port 75 communi-
cates with the port 73 to accommodate fluid flow there-
between and the port 74 is blocked. The second port
74 is coupled by way of a tubing 77 to a hypodermic
needle 78, and which needle is insertable in the circula-
tory system of the patient in the usual manner. The port
75 is coupled to a second inlet of the separating device
100 by means of rubber tubing 79.

Disposed beneath the base 11 and removably held in
place thereon by means of a pair of clamps 80a and 844
is a pair of containers 80 and 84. One outlet of the sep-
arating device 100 is coupled to the container 80 by
means of one branch 82 of a length of rubber tubing 81,
and the other outlet is coupled to the container 84 by
means of rubber tubing 85. The container 80 is coupled

to the port 64 of the valve seat 61 by means of the .

branch 83 of the length of rubber tubing 81.

In use, a container 80 filled with a fresh reagent is
snapped into the clamp 80a and an empty container 84
is snapped into the clamp 84a. The valves 62 and 72 are
placed in their first conditions, and the plungers 21 and
31 are disposed well within their respective syringes 20
and 30. The technician grasps the carriage 43 and pulls
it rearwardly to withdraw the plungers 21 and 31 and
thereby fill the syringe 20 with the reagent from the
container 80 and to fill the syringe 30 with blood from
the patient’s circulatory system. This movement is rea-
sonably rapid and, as explained previously, is not inhib-
ited by the motor 47. Upon completion of the strokes
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of the plungers 21 and 31, the valves 62 and 72 are ro-
tated into their respective second conditions, and the
motor 47 is energized. Accordingly, the pinion 50 will
rotate and move the rack 51 forwardly at a given veloc-
ity to move the plungers 21 and 31 into their respective
syringes 20 and 30 at that velocity. The quantity of rea-
gent in the syringe 20 moves through the tubing 66 and
the tubing 67 into one inlet of the separating device
100, and the quantity of blood moves through the tub-
ing 76 and the tubing 79 into the second inlet of the
separating device 100. The quantities of blood and rea-
gent move throuigh the separating device 100 at the
same flow rate and, as will be explained in detail here-
inafter, the substance in the blood to be analyzed will
react with the reagent. The effluent from an outlet of
the separating device 100 consists of blood which fills
the container 84. The effluent from the other outlet of
the separating device 100 consists of a product repre-
sentative of the concentration of the selected substance
in the blood plus the used reagent which fills the con-
tainer 80. A probe 90 is located in the path of the prod-
uct flowing into the container 80 and is coupled to a de-
tector 91 which, in combination with a read-out device
92, indicates the concentration of the selected sub-
stance in the blood. The container 80, which is now
filled with used reagent, may be discarded and replaced
by a container of fresh reagent for use in the next blood
analysis. The container 84, filled with blood, can either
be discarded or used for further analysis, if desired.
Referring now to FIGS. 4 to 7, the details of the sepa-
rating device 100 will be described. In FIGS. 4 and 5
there is shown a block 101 which may be formed of
plastic. Milled out of the block 101 is a complex cavity
102 having a constant depth. The cavity 102 includes
a pair of narrow portions 103 adjacent to the ends of
the block 101, a wide portion 104 located centrally,
and a pair of flared portions 105 joining the narrow
portions 103 to the wide portion 104. In forming the
separating device 100, there is provided a second block
101a, which is essentially a duplicate of the block 101.
As shown in FIGS. 6 and 7, the separating device 100
also includes a plate 106 having centrally therein a
square window 107. The length of the window 107 is
equal to the length of the wide portion 104 in the block
101, and the width of the window 107 is equal to the
width of the wide portion 104. Another. plate 106a of
essentially the same construction is provided.
Referring now to FIGS. 8 to 11, the details of the sep-
arating device 100, as assembled, will be described.
The plates 106 and 106a are secured together with a
semipermeable membrane 108 mounted therebetween
in registry with the windows 107 and 107a. The
secured-together plates 106 and 1064 are disposed be-
tween the two blocks 101, having their cavities 102 and
102a in facing relationship. The windows 107 and 107a
in the plates 106 and 1064 are in exact registry with the
wide portions 104 and 104a of the cavities 102 and
102a. The two blocks 101 and 101a and the plates 106
and 106a are secured together by a set of six (See FIG.
3) fasteners 109. The space between the wide portion
104 of the cavity 102 and the membrane 108 defines
a first chamber 110 and the portion between the mem-
brane 108 and the wide portion 104a of the cavity 1024
defines a second chamber 110a. The space defined by
one (the one to the left as viewed in FIG. 8) of the nar-
row portions 1803 and the adjacent plate 106 has
mounted therein an outlet tube 116 surrounded by a
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seal 115, Similarly, there is mounted in the space de-
fined by the narrow portion 103a and the plate 1064 an
outlet tube 1164 surrounded by a seal 1154. The tubes
116 and 116a protrude outwardly from the blocks 101
and 101a: Similarly, inlet.tubes 112 and 1124 are
mounted in the narrow portions 103 at the other ends
of the cavities in the blocks 101 and 181aq, seals 111
and 1ila respectlvely surrounding the tubes 112 and
112ea.

The separating device 100 is mounted on the under-
side of the base 11 as previously explained, with the
inlet tubes 112 and 1124 facing the right and respec-
tively connected to the tubing 79 and 67. The outlet

10

tubes 116 and 1164 are respectively coupled to the tub- -

ing 85 and the branch 82 of the tubing 81. When the
valves 62 and 72 are placed in their second conditions
and the motor is energized to move the plungers 21 and
31 into their respective syringes 20 and 30, the blood
travels through the tubing 76 and 79, through the inlet
tube 112, and the flared channel 114 into the chamber
110, where the blood is moved at a given flow rate past
one surface of the semipermeable membrane 108. Si-
multaneously, the reagent in the syringe 20 is moved
through the tubing 66 and 67, through the inlet tube
1124 and the flared channel 1144 and into the chamber
110a, wherein the reagent is moved past the outer sur-
face of the membrane 108 at the same flow rate. The
dialyzable substance in the blood in the chamber 110
passes through the membrane 108 and into the cham-
ber 110a where it reacts with the reagent. The probe
90, the detector 91, and the read-out device 92 co-
operate to measure the concentration of the product
which, in turn, is converted into an indication of the
concentration of the selected substance in blood. The
blood then travels through ‘the flared channel 118,
through the outlet tube 116 and into the container 84.
The used reagent and the product travel through the
flared channel 118a, through the outlet tube 1164 and
into the container 80. The flared channels 114, 1144,
118 and 1184 minimize turbulence in the blood and the
reagent as they flow past the membrane 108.

The selected substance in the blood passes through
the membrane 108 according to the following flow
equation: '

gl'é g:-i-%%E_Cz—.—»E—}-

IZ 2
[} 108 Eo

wherein C, represents the concentration of the selected
substance in the blood to be analyzed, C, represents the
concentration of that substance after time t in the
chamber 110, C; represents the concentration of that
substance after time ¢ in the chamber 110a, E,
represents the concentration of the enzyme in reagent,
E represents the concentration of the reagent after time
t in the chamber 1104, P represents the concentration
of the product formed after time ¢ in the chamber 110a,
and K,, K, and K; are rate constants dependent upon
the identity of the enzyme.

It can be shown that the product P has a concentra-
tion directly proportional to the concentration C, of the
-substance in the blood. Thus, by measuring the concen-
tration of the product P and properly calibrating the
detector 91 and the read-out device 92, a measurement
of the concentration of the substance in the blood can
be obtained. The following is the derivation of the for-
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mula relating the concentration of the product to the
concentration of the desired substance in the blood:

The Michaelis-Menten equation for determining the
velocity v of an enzymatic reaction is:

V= (K;;EOCz/Cz + Km)

n
wherein K,, is a constant dependent upon the identity
of the enzymie.

The rate of formatiofi of C, with respect to time ¢ is:

(dCyldt) = j— (CFIVy—v

wherein J represents the flux of the substance C,
across the semipermeable membrane 108, F repre-
sents the flow rate of the blood through their re-
spective chambers, and V represents the volume of
the chamber 110.

An application of Fick’s first law states that:
i = (DAILVY(Cy — Cp)

(3)
wherein D represents the diffusion coefficient of the
substance in blood, A4 répresents the cross-sectional
area of the semipermeable membrane 108, and L rep-

resents the thickness$ of the membrane.
Conservation of mass requires that:

C,= C, +0 Cy + P (EC, is negligible)

. 4)
Substituting equations (3) and (4) into equation (2):

(dCy/dt) = (DAILVY(Cy, —2C, — P) — (CoF/V) — v

(5)
The rate of formation of P is:

(dP[dty=v— (PF[V) (6)
wherein F represents the flow rate of the reagent
through the chamber 110a and V represents the
volume of the chamber 110q, it being assumed in
this derivation that the flow rates of the blood and
reagent and the volumes of the chambers 110 and
110a are the same.

Assuming (F/V) is many times greater than
(2DA/LV), and solving the equations (1), (5), and

(6) for P, the following result is obtained:
[ ] (%)
1+(K3Eo) (V)
It is desirable that equilibrium be 99 percent com-
pleted in less than three minutes, which requires that:

DACo

P==1r

(N

I —e (—180F/V) =099

(8)
and it is, therefore, necessary that F be greater than V.
Preferably, equilibrium is to be achieved in 30 seconds,
which requires F to be greater than 0.17 V. Also, in
order to maximize the sensitivity of the apparatus, it is
desirable that the second term in equation (7) be ap-
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proximately equal to 1.0, which requires that
(K3sEo/Kw) >> (F[V)
Accordingly:
P = (DAC,/LF)

9)

The dimensions of the chambers 110 and 110a were

obtained as follows. Assuming equlibrium has been

reached, differentiating P with respect to the area, and
obtaining the maximum:

(dAldV) = [AV]V + (Ko FIKE,)]

(10)
Again assuming (K3E,/K,,) >> (F/V), then:

(dAldV)= A

: an
Since V= Az, wherein z is the width of each chamber:

(dAldV) = (IIZ)

(12)
Setting equations (11) and (12) equal to each other,

-~

V=Az=1.0.
(13)
Substituting equation (13) into equation (7) after
equilibrium:
_D_oo< i )
“LF ., KmF (14)
4.5

Differentiating P with respect to F, setting (dP/dF)
equal to zero, and assuming K3E/K,>> F/V and solv-
ing for Fz: :

Fz= (Km/K3E0)2

(15)
Substituting equation (16) into equation (14) and as-
suming (K3E,/Ky,) is many times greater than F:

P = (DC/LY(K3E./Kn)?

(16)

Equation (13) expresses the fact that the maximum
product P, and thus the greatest efficiency, occurs for
unity volume. In one form of the invention, the area of
each of the chamers 110 and 110a, as measured in a
plane parallel to the membrane 108, was selected as 2
sq. cm., with each of the sides being 1.4 cm. in length.
Thus, the area of the window 107 in the plate 106 and
the area of the window 107a in the plate 106a were
each 2 sq. cm., and measured 1.4 cm. on a side. The
width of each of the chambers 110 and 110a was 0.5
cm. Thus, the depth of the cavity 102 in the block 101
and the depth of the corresponding cavity in the block
101a was 0.5 cm. In this form, therefore, the volume of
the chamber 110 and the volume of the chamber 110a
were unity (1). '

In analyzing the blood to determine the concentra-
tion of glucose, the enzyme glucose oxidase may be
used in the reagent according to the following equa-
tion: For glucose oxidase, the reaction will be:

glucose oxidase, oIy conic acid + H,O,

in which case K3 = 0.00372 mol./min./mg. and K, =
0.003 mols./liter. The diffusion constant D for glucose

glucose + O,

5

10

15

35

40

50

55

60

65

8

is 7 X 107% sq. cm./sec. In an operative form of the in-
vention, the thickness L of the membrane 108 was 0.01
cm. For equilibrium to be 99 percent completed in 60
seconds, it is necessary for the third term in equation
(1), 1 = e(—60t/V) = 0.99 or 60F = 4.7, whereby the
flow rate F=0.08 cu. cm. per sec. Using equation (15),
(K n/K3E,)? = 0.04. Using the above values, E, = 2

mg./liter. Using equation (16), P =
[(7X107/0.01)](1/0.04) and, therefore, P = 0.0175
C,. :

It can thus be seen that the concentration of the
product P is directly proportional to the concentration
of glucose in blood. By properly calibrating the detec-

- tor 91 on the read-out device 92, an indicaton will be
obtained as to the concentration of glucose. Other sub-
stances in the blood such as urea, may be measured in
a corresponding fashion, by merely hanging the reagent
and/or the enzymes associated therewith. For urea, the
enzyme would be urease. An entire bank of probes 90,
detectors 91, and read-out devices 92 may be provided,
each giving an indication of a different substance in the
blood. In such case, the reagent would be a composite
of the various individual reagents and the requisite en-
zymes to provide a number of readings respectively in-
dicative of various substances in the blood.

In the above derivation of the formulas used in de-
signing the separating device 100, it was assumed that
the flow rates of the reagent and the blood were the
same. This is, of course, preferred since the same motor
and the motor linkage mechanism can be used to drive
the plungers 21 and 31, and the same size syringes 20
and 30 may be utilized. However, the concentration of
the selected substance in the blood may still be propor-
tional to the concentration of the product, if the blood
analyzer 1€ is constructed in such a manner that the
flow rates are different. Also, the volumes of the cham-
bers 110 and 110a were assumed to be the same and
equal to unity in the above derivation. Again, this oper-
ation is preferable since optimum efficiency is
achieved. However, the separating device 100 could be
designed, and the derivation could be modified, to pro-
vide different-sized chambers.

Also, although a specific type driving mechanism was
shown and described, it is clear that a variety of mecha-
nisms, may be utilized, the only requisite being that the
plungers are moved at a constant velocity into their re-
spective syringes. Also, the probe 90 is one which may
be sensitive to ion concentration, color, etc., depending
on the specific substance involved.

What has been described, therefore, is a blood analy-
zer 10 which is small enough and light enough to be
portable. It contains all of the needed parts, both to
withdraw a sample of blood and to analyze that sample.

It can withdraw the blood and analyze it in less than 3
minutes, preferably within 60 seconds, which is within
the time required now for a technician simply to with-
draw the blood.

While there has been described what is at present
considered to be the preferred embodiment of the pres-
ent invention, it is to be understood that various
changes and modifications can be made therein with-
out departing from the spirit and scope of the inven-
tion, and it is intended that all such changes and modifi-
cations be covered as fall within the scope of the ap-
pended claims.

What is claimed is:

1. A blood analyzer device comprising means for.
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withdrawing blood from a patient into the device and
means for concurrently drawing a supply of reagent
into the device, a cavity in the device with inlets and
outlets, a semipermeable membrane in the cavity for
defining at least two chambers in the cavity, each
chamber with an inlet and outlet, the reagent and the
blood being coupled in use to respective inlets and
being caused to flow through the chambers respectively
on opposite sides of the membrane, so that a selected
substance in the blood is dialyzed through the mem-
brane to react with the reagent, and means for sensing
the amount of said selected substance transferred from
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the blood into the reagent as the blood and reagent are
caused to flow through the chambers whereby the with-
drawing of the blood and the sensing operation are ac-
complished essentially during the same period of time.

2. A device as in claim 1 wherein the axes of the inlet
and the outlet of one of said chambers are colinear and
the axes of the inlet and the outlet of the other of said
chambers are colinear.

3. A device as in claim 1 wherein the volumes of said
chambers are substantially the same.

4. A device as in claim 1 wherein the flow rates are

about 0.17 of the volume of the chamber per second.
. * * * * *



