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(57) ABSTRACT 

A rotor assembly for performing photometric analyses 
using whole blood samples. Following static loading of 
a gross blood sample within a centrally located, re 
movable, cell sedimentation bowl, the red blood cells 
in the gross sample are centrifugally separated from 
the plasma, the plasma displaced from the sedimenta 
tion bowl, and measured subvolumes of plasma dis 
tributed to respective sample analysis cuvettes posi 
tioned in an annular array about the rotor periphery. 
Means for adding reagents to the respective cuvettes 
are also described. 

7 Claims, 1 Drawing Figure 
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WHOLE BLOOD ANALYSIS ROTOR ASSEMBLY 
HAVING REMOVABLE CELLULAR 

SEDMENTATION BOWL 

BACKGROUND OF THE INVENTION 

The invention described herein relates generally to 
photometers and more particularly to an improved 
whole blood analysis rotor assembly for a multi-station 
dynamic photometer of the rotary cuvette type. It was 
made in the course of, or under, a contract with the 
U.S. Atomic Energy Commission. 
Fast photometric analyzers incorporating multi 

station rotary cuvette systems are becoming widely 
used in various laboratories because of their ability to 
rapidly and accurately analyze large numbers of sam 
ples. Of particular interest are blood tests including glu 
cose, LDH, SGOT, SGPT, BUN, total protein, alkaline, 
phosphatase, bilirubin, calcium, chloride, sodium, po 
tassium, and magnesium. Since such tests are normally 
performed on blood plasma, blood cells must be re 
moved from whole blood samples prior to analysis. Cu 
vette rotors designed to accept and automatically pro 
cess whole blood samples must, therefore, be capable 
of separating plasma from cellular material. In addi 
tion, such rotors must be designed for receiving a sam 
ple in a loading operation, measuring discrete sub 
volumes of separated plasma from each sample analysis 
cuvette and transferring the subvolumes into respective 
Cuvettes. 
One rotor assembly which has been designed to ac 

cept and automatically process whole blood samples is 
described in copending application Ser. No. 489,305 of 
common assignee. That rotor is difficult to clean since 
red cells are closely packed within capillary sized pas 
sageways during a centrifugal separation operation de 
signed to separate the plasma and cellular components. 
Also, because of its design which requires that part 
(about half) of a sample be wasted, blood volumes are 
required greatly in excess of that used in the actual 
analyses. 

It is, accordingly, a general object of the invention to 
provide an improved rotor for a multi-station photo 
metric analyzer which is suitable for use in performing 
whole blood analyses. 
Another more particular object of the invention is to 

provide an improved rotor for a multi-station photo 
metric analyzer suitable for receiving a whole blood 
sample, centrifuging the whole blood sample to sepa 
rate it into cellular and plasma components, measuring 
discrete plasma subvolumes, and transferring the sub 
volumes to respective sample analysis cuvettes. 
Another particular object of the invention is to pro 

vide an improved rotor for a multi-station photometric 
analyzer suitable for receiving a whole blood sample 
wherein sedimented cellular components are readily 
removable following sample analysis. 

Still another object of the invention is to provide an 
improved rotor for a multi-station photometric analy 
zer suitable for receiving a whole blood sample wherein 
the volume of blood required for analysis is minimized. 
Other objects of the invention will be apparent from 

an examination of the following written description of 
the invention and the appended drawings. 

SUMMARY OF THE INVENTION 

In accordance with the invention, an improved rotor 
assembly is provided for use in performing whole blood 
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2 
analyses in a multi-station photometric analyzer. In 
cluded in the rotor assembly is a generally disk-shaped 
main rotor body and a removable sedimentation bowl 
nested within the main rotor body and adapted to ro 
tate with that body as a unit. Features defined by the 
main rotor body include: an annular plasma distribu 
tion manifold for receiving plasma displaced from the 
sedimentation bowl, volume measuring chambers and 
passageways for receiving plasma from the distribution 
manifold, means for receiving plasma overflow from 
the distribution manifold, sample analysis cuvettes dis 
posed in a circular array about the rotor periphery and 
means for loading reagents into the sample analysis cu 
vettes. The removable sedimentation bowl includes a 
hollow disk-shaped base portion and an upstanding an 
nular neck portion through which whole blood samples 
are statically loaded into the base portion and through 
which separated plasma is displaced under dynamic op 
erating conditions. Using the subject improved rotor 
assembly, cellular components are removed from 
whole blood samples and retained in the sedimentation 
bowl which can be cleaned between operations or dis 
posed of and replaced with a new bowl. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENT 

Referring now to the drawing, which is a top, cut 
away, isometric view of a rotor assembly made in ac 
cordance with the invention, the rotor assembly is seen 
to include a sedimentation bowl 1 and a disk-shaped 
main rotor body 2. The sedimentation bowl is shaped 
to nest concentrically within the rotor body at the level 
of the rotor body base and to rotate upon a turntable 
(not shown) with the rotor body as a unit. As shown, 
the sedimentation bowl comprises a shallow, hollow, 
disk-shaped base portion 3 and an upstanding annular 
neck portion 4 through which whole blood samples 
may be statically loaded into the base portion and sepa 
rated plasma displaced under dynamic operating condi 
tions. Neck portion 4 is provided with a slightly tapered 
inner surface having a larger diameter at its end which 
is fixed to base portion 3 to ensure movement of dis 
placing liquid into the base portion during a plasma dis 
placing operation. The main rotor body in the pre 
ferred embodiment is a vertically stacked, laminar con 
struction comprising a base 5, a divider plate 6, a cham 
ber plate 7, and capping plate 8. The base plate 5 is an 
annulus of transparent material which provides lower 
windows for the sample analysis cuvettes which is sized 
to provide an opening for receiving sedimentation bowl 
1. Divider plate 6 is annular shaped and extends cen 
tripetally beyond the inner periphery of the base 5, per 
mitting upward projection of the neck portion 4 there 
through. The divider plate 6 functions as a vertical re 
tainer for the sedimentation bowl and as a lower wall 
for an annular plasma distribution manifold 9 formed 
in the centripetal region between divider plate 6 and a 
tapered portion of the chamber plate 7. 
The chamber plate 7 is, in comparison with the outer 

laminations, a thick annulus which provides a matrix 
defining the main functional chambers and inner con 
necting passageways as described below. The annular 
plasma distribution manifold 9 is formed by relieving a 
shallow conical portion of the matrix from the lower 
centripetal edge of the chamber plate. Plasma distribu 
tion manifold 9 extends from axially below to axially 
above the upper extremity of neck portion 4 when, as 
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shown, sediment bowl 1 is fully inserted within the 
main rotor body in operating position. A multiplicity 
(only one shown) of plasma volumetric measuring 
chambers 10 are disposed in a circular array and dis 
placed axially above and radially overlapping the distri 
bution manifold 9. Plasma inlet ports 11 extend axially 
and provide liquid communication between distribu 
tion manifold 9 and each measuring chamber 10 to per 
mit passage of plasma from the plasma distribution 
manifold to the respective measuring chambers. Ports 
11 are precisely located on a common radius to facili 
tate equal filling of chambers 10 under centrifugal con 
ditions. The measuring chambers 10 are vented to man 
ifold 9 by means of vent ports 12 located centripetal to 
the plasma inlet ports 11. 
A circular array of sample analysis cuvettes 13 is lo 

cated peripherally within the divider plate 6 and cham 
ber plate 7. Sample analysis cuvettes 13 are equal in 
number to, and are somewhat angularly offset from re 
spective plasma measuring chambers 10. One refer 
ence cuvette, which is not in communication with a 
plasma measuring chamber 10, may be provided for 
photometric blank solutions. Corresponding measuring 
chambers 10 and sample analysis cuvettes 13 are in 
communication through corresponding folded passage 
ways 14 which extend from the centrifugal extremity of 
each measuring chamber 10 and the centripetal ex 
tremity of each sample analysis cuvette 13. Each pas 
sageway 14 comprises three interconnected, radially 
extended segments which describe an N shaped path 
with a first segment 14a extending from the measuring 
chamber radially outward to a point about equal to the 
radius at which sample analysis cuvettes 13 are dis 
posed, a second segment 14b extending radially inward 
from the centrifugal end of the first segment to a point 
centripetal to the circle upon which commonly lie the 
plasma inlet ports 11, and a third segment 14c extend 
ing radially outward from the centripetal end of the 
second segment to a sample analysis cuvette 13. At 
least one plasma overflow chamber 15 is defined within 
the matrix of the divider plate 6 in a generally periph 
eral location. The overflow chamber 15 is in communi 
cation with plasma distribution manifold 9 by means of 
an overflow passageway 16 which enters the distribu 
tion manifold 9 at a point just centripetal to the circle 
upon which lie plasma inlet ports 11. Overflow passage 
way 16 extends from plasma distribution manifold 9 
upward to the top of the chamber plate 7, and then cen 
trifugally to enter the overflow chamber 15. 
As shown, each sample analysis cuvette 13 is pro 

vided with a cleanout passageway 17 extending from its 
lower centripetal extremity to the cavity which is 
formed in base 5 upon removal of sedimentation bowl 
1 from its operating position. Plasma overflow chamber 
15 may likewise be provided with a cleanout passage 
way. 
Capping plate 8 is superimposed on chamber plate 7 

partially to provide a top closure for the measuring 
chambers 10, sample analysis cuvettes 13, passageways 
14, plasma overflow chamber 15 and overflow passage 
ways 16. The capping plate also provides a matrix for 
forming reagent loading ports 18 (only 1 shown) which 
permit direct loading access to each sample analysis cu 
vette from the topside of the rotor assembly. Second 
cleanout passageways 19 extend between the reagent 
loading ports 18 and the centripetal extremity 20 of an 
nular capping plate 8 to provide for fluid cleaning of 
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4 
the sample analysis cuvettes as do the first cleanout 
passageways 17. 

In operation, diverse test reagents are pipetted into 
the sample analysis cuvettes 13 through the reagent 
loading ports 18 while the rotor is kept stationary. 
Whole blood is statically loaded within sedimentation 
bowl 1 and then centrifuged at about 4000 RPM to sed 
iment cellular components in the periphery of the hol 
low base portion of the bowl. A comparatively dense, 
water immiscible liquid, e.g., a halocarbon oil, is added 
to the sedimented blood under the same dynamic con 
ditions to displace plasma centripetally and upwardly 
through the neck portion 4 of the sedimentation bowl. 
The volume of displacing liquid is predetermined to 
slightly exceed the total volume of the measuring sys 
tem defined by chambers 10 and passageways 14, in 
order that the measuring system will fill, yet not over 
flow in volume exceeding that of the overflow chamber 
15. The displaced plasma spills over the top of neck 
portion 4 and is caught within distribution manifold 9. 
The plasma then passes through inlet ports 11 into 
plasma measuring chambers 10 and corresponding pas 
sageways 14 until it reaches the limiting centripetal 
level as defined by plasma overflow passagway 16. Ex 
cess plasma flows through overflow passageway 16 into 
the overflow chamber 15. The thus measured plasma 
subvolumes are displaced from the measuring cham 
bers 10 and passageways 14 into respective sample 
analysis cuvettes by intermittent application of air pres 
sure to the open center portion of capping plate 8, 
while maintaining rotation of the entire rotor assembly 
at about 1000 RPM. It is necessary to predetermine the 
combined volume of reagent and plasma samples to be 
sufficient for photometric measurement, without over 
filling the sample analysis cuvettes to the point where 
liquid could be lost by way of the cleanout passageways 
17. 
The above described preferred embodiment and 

method of operation is intended to be illustrative and 
should not be interpreted in a limiting sense. For exam 
ple, particulate suspensions other than whole blood 
could be processed to remove particulates and the clar 
ified supernatant analyzed. Also, the particular manner 
in which reagents are loaded into the sample analysis 
cuvettes could differ from that illustrated in that sepa 
rate reagent loading cavities could be provided which 
communicate by means of suitable passageways with 
respective sample analysis cuvettes. It is intended 
rather, that the invention be limited in scope only by 
the following claims. 
What is claimed is: 
1. A rotor assembly for a photometric solution analy 

zer of the rotary cuvette type suitable for use in analyz 
ing whole blood samples comprising: 

a. a generally disk-shaped main rotor body defining: 
i. an annular plasma distribution manifold; 
ii. a plurality of volume measuring chambers dis 
tributed in a circular array, said volume measur 
ing chambers being in liquid flow communication 
with said plasma distribution manifold; 

iii. means limiting the centripetal level of plasma in 
said volume measuring chambers during opera 
tion of said rotor; 

iv. a plurality of sample analysis cuvettes disposed 
in a circular array about the periphery of said 
main rotor body, said sample analysis cuvettes 
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being in liquid communication with said volume 
measuring chambers; and 

v. means for loading reagents into said sample anal 
ysis cuvettes, and 

b. a sedimentation bowl nested within said main rotor 
body and adapted to rotate with that body as a unit, 
said sedimentation bowl comprising: 
i. a hollow disk-shaped base portion, said base por 

tion having a centrally located top opening for 
receiving whole blood samples and discharging 
displaced plasma; and 

ii. an upstanding, open-ended, annular neck por 
tion integrally fixed to said base portion in regis 
ter with said top opening, the top end of said 
neck portion terminating within the center of 
said annular plasma distribution chamber within 
a plane axially intermediate to the axial extremi 
ties of such chamber. 

2. The rotor assembly of claim 1 wherein said sedi 
mentation bowl is removably nested within said main 
rotor body. 

3. The rotor assembly of claim 1 further including a 
plurality of passageways communicating between said 
sample analysis cuvettes and said volume measuring 
chambers, each of said passageways comprising three 
radially extending interconnected passageway seg 
ments; a first segment extending radially from a respec 
tive sample analysis cuvette to a point centripetal to the 
centripetal ends of said volume measuring chambers, a 
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6 
second segment extending from the centripetal end of 
said first segment to a point centrifugal to said volume 
measuring chambers, and a third segment extending 
from the centrifugal end of said second segment to the 
centrifugal end of a respective volume measuring 
chamber. 

4. The rotor assembly of claim 1 wherein said volume 
measuring chambers are axially displaced from said 
plasma distribution manifold with the centripetal ends 
of said volume measuring chambers radially overlap 
ping the centrifugal extremity of said plasma distribu 
tion manifold. 

5. The rotor assembly of claim 4 wherein axially ex 
tending plasma inlet ports communicate between said 
plasma distribution manifold and respective volume 
measuring chambers, said inlet ports being disposed on 
a common radius about the center of rotation of said 
rotor assembly. 

6. The rotor assembly of claim 5 wherein said means 
limiting the centripetal level of plasma in said volume 
measuring chambers comprises a plasma overflow 
chamber and a plasma overflow passageway communi 
cating between said plasma distribution manifold and 
said plasma overflow chamber. 

7. The rotor assembly of claim 6 wherein said over 
flow passageway communicates with said plasma distri 
bution manifold at a radius centripetal to the common 
radius on which said plasma inlet ports are disposed. 
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