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(57) ABSTRACT 

An apparatus for introducing a specimen into a How cytom 
eter comprises: a syringe having a holloW barrel containing 
the specimen, a plunger partially Within the barrel and a 
needle that extends into a volume of a noZZle of the How 
cytometer; a one-Way port in the noZZle forming a seal 
against the needle; a mounting platform coupled to both the 
syringe and to the How cytometer; and a syringe pump 
coupled to the plunger, the syringe pump comprising a 
motor, a drive mechanism coupled to the motor; and a 
clamping mechanism coupled to the drive mechanism, 
Wherein the motor operates the drive mechanism so as to 
cause the clamping mechanism to depress the plunger into 
the barrel. 
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METHOD AND APPARATUS FOR 
SYRINGE-BASED SAMPLE INTRODUCTION 

WITHIN A FLOW CYTOMETER 

FIELD OF THE INVENTION 

[0001] The present invention relates to ?oW cytometers 
and ?oW cytometry for analyzing and sorting individual 
particles. More particularly, the present invention relates to 
sample introduction apparatus for a ?oW cytometer, the 
sample introduction apparatus including a syringe directly 
coupled to the ?oW cytometer. 

BACKGROUND OF THE INVENTION 

[0002] FloW cytometers have been in clinical and research 
use for many years. Basically, the systems act to position 
small amounts of a substance Within a sheath ?uid. This 
sheath ?uid may either form droplets or may exist in a 
stream for optical analysis. Through hydrodynamic focusing 
and laminar ?oW, the sample is forced into a single ?le of 
individual cells and the like and is surrounded by a sheath 
?uid. In many applications, the sheath ?uid together With its 
entrained substance exits a nozzle in a jet and either free falls 
or is channeled in an optically transparent pathWay for 
analysis. Analysis and possible sorting of the particles as 
they traverse the optically transparent pathWay have been 
employed in the determination of the variety of character 
istics of individual particles. This analysis is most useful in 
analyzing or determining characteristics of biological cells 
for the collection of information Which Would be useful in 
areas of research, hematology, immunology and the like. 
The researcher, for example, may be interested in determin 
ing speci?c characteristics of the individual cells so that 
such cells may be classi?ed, identi?ed, quanti?ed and per 
haps sorted for further investigations or analysis. 

[0003] FIG. 1 is a schematic illustration of the operation of 
a typical ?oW cytometer. The ?oW cytometer 1 shoWn in 
FIG. 1 includes a nozzle system 42 that acts to introduce a 
?oW of a substance Within a sheath ?uid. To accomplish this, 
the nozzle system 42 includes nozzle container 2 Which 
establishes nozzle volume 3. The nozzle volume 3 has 
sheath ?uid port 24 Within it so that a sheath ?uid may be 
introduced to it from a sheath reservoir 5 via a sheath ?uid 
line 4. In addition, a substance introduction port 9 is 
included so that a substance may be introduced from sub 
stance reservoir 8 into the sheath ?uid. The sheath ?uid and 
its entrained substance are then hydrodynamically focused 
so that single cells and the like may be emitted from a nozzle 
tip 6 into free fall area 7 or an analysis area. By alloWing the 
sheath ?uid to exit from the nozzle volume 3, a jet 12 is 
created. This jet occurs Within free fall area 7 or an analysis 
area Where it may be analyzed or further processed. 

[0004] In a sorting ?oW cytometer, as shoWn in FIG. 1, a 
vibration in jet 12 may be initiated by an oscillator 10. 
Oscillator 10 acts to initiate variations Within jet 12 so that 
its oscillations may act to form droplets 13 from the sheath 
?uid at droplet separation point 69 as those skilled in the art 
readily understand. Each of the droplets 13 may be di?fer 
entially analyzed in an analysis area to assess Whether they 
contain a particular item or substance such as a cell or a cell 

fragment. For a sorting application, sorting equipment may 
be included to differentially charge each droplet Which 
contains a cell or particle of interest and thus de?ect them 
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electrostatically. Typically, the sorting equipment comprises 
an electrical charging apparatus 16 including an electrode 
penetrating volume 3 and one or more electrostatic de?ec 
tion plates 26. If oscillator 10 is not present or not opera 
tional, then the ?oW cytometer produces a continuous jet 
?oW. In this case, the jet may simply be analyzed in an 
analysis area and collected in some receptacle for eventual 
disposal. 
[0005] Importantly, most ?oW cytometers act to sense a 
speci?c property of the substance being analyzed. As shoWn 
in FIG. 1, this occurs through the use of some type of 
substance property sensor 62. Substance property sensor 62 
may be positioned so that it senses light emissions occurring 
from the substance Within jet 12. The signals then sensed 
may be utilized by analysis equipment 15 in a variety of 
different Ways depending upon the particular substance or 
application involved. The light emissions from the substance 
may occur at one Wavelength or frequency or may occur 
throughout a sub stance Wavelength band. In order to analyze 
the substance, it is frequently common to cause the sub 
stance to ?uoresce and then analyze its emissions. This may 
be created naturally or by stimulating the substance after it 
exits from nozzle container 2 through some type of sub 
stance stimulation source 65. Substance stimulation source 
65 should be directed toWards the substance possibly at 
location of jet 12. As those skilled in the art Would readily 
understand, substance stimulation source 65 may emit elec 
tromagnetic radiation and thus serve as an electromagnetic 
source such as a laser Which causes the substance to ?uo 
resce. This ?uorescence may occur Within a ?uorescence 
emission band. 

[0006] A knoWn problem in the use of conventional ?oW 
cytometers arises from cross contamination betWeen suc 
cessive sample substances and contamination from non 
sterile instrument parts. For example, FIG. 2 illustrates a 
portion of the ?uidics system of a conventional ?oW cytom 
eter. As illustrated in FIG. 2, the nozzle container 2 receives 
a sheath ?uid received from sheath ?uid lines 4 via sheath 
?uid ports 24 and receives a substance to be analyzed from 
substance introduction port 9 via a substance introduction 
port 9. Sheath ?uid exits the nozzle container 2 through the 
nozzle tip 6. The reservoir 8 of the substance to be analyzed 
is contained Within a pressurized container 20. Gas pressure 
is introduced into pressurized container 20 from gas line 18 
and the pressure is controlled or shut off by gas pressure 
valve 19. The pressure in the container 20 forces the 
substance of the reservoir 8 to be forced into the substance 
introduction port 9 and the ?oW of the substance Within the 
substance introduction port 9 is controlled or shut off by 
valve 17. Alternatively, instead of using a pressurized vessel 
20, the sample substance may be caused to ?oW Within the 
substance introduction port by means of a mechanical pump, 
such as a syringe pump. 

[0007] Within the conventional ?oW cytometer diagram 
matically illustrated in FIG. 2, to remove the reservoir 
comprising a ?rst substance so that a second substance may 
be analyzed in its place, the valve 17 and the valve 19 are 
shut off so as to isolate the container 20. The container 20 is 
then replaced With another container having a reservoir of 
the second substance. Also, the substance introduction port 
9 and the valve 17 must be either replaced or else thoroughly 
cleaned and sterilized. The non replaceable elements of the 
nozzle container 2 must be thoroughly ?ushed and sterilized. 
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When replacing the various parts, such as the container 20 
or the sample introduction port, care must also be exercised 
to ensure that the replacement parts are clean and sterile. 

[0008] The above-described precautions that must be 
undertaken to prevent the contamination of an analyZed 
substance or to prevent cross contamination betWeen sub 
stances can decrease the overall usage e?iciency of a con 
ventional ?oW cytometer. The exercise of these contamina 
tion precautions can also delay the start of and increase the 
costs of analyses obtained from the conventional ?oW 
cytometer. Occasionally, Within clinical or hospital settings, 
important or even critical patient treatment decisions depend 
upon the rapid completion of analyses of biological samples, 
such as blood or other bodily ?uids. Thus, ine?iciencies in 
analytical capabilities can have detrimental health conse 
quences for patients. Furthermore, these biological speci 
mens are often WithdraWn from a patient using a syringe and 
then subsequently transferred to holding vessels, such as the 
pressurized container 20 (FIG. 2) of a conventional ?oW 
cytometer. Each such transfer creates neW opportunities for 
contamination or possible spoilage of the sample. Both time 
and contamination problems could be reduced if the speci 
men is transferred to the analytical instrument, such as a 
?oW cytometer, in the same syringe used to obtain the 
specimen. 

[0009] As a result of the above considerations, there is a 
need in the art for a simpli?ed sample introduction system 
for a ?oW cytometer that eliminates many of the sample 
transfer lines, vessels and valves, that can reduce the prepa 
ration time required to initiate an analysis With the ?oW 
cytometer and that alloWs a greater number of samples to be 
analyZed in a given time With minimal contamination con 
cerns. The present invention addresses such a need. 

SUMMARY OF THE INVENTION 

[0010] In order to address the above-noted needs in the art 
of sample introduction to ?oW cytometers, a method and 
apparatus for improved sample introduction herein dis 
closed. The method and apparatus of the instant invention 
include syringe-based sample introduction to a ?oW cytom 
eter. 

[0011] A ?rst object of the present invention is to provide 
a sample introduction apparatus for a ?oW cytometer that 
has the advantages of utiliZing feWer components and occu 
pying less space than are required Within a conventional 
?oW cytometer sample introduction apparatus. A second 
object of the present invention is to provide a sample 
introduction apparatus for a ?oW cytometer that has the 
advantage of reducing the opportunities for specimen con 
tamination relative to conventional ?oW cytometer sample 
introduction apparatus. Another object of the present inven 
tion is to provide a sample introduction apparatus for a ?oW 
cytometer that has the advantages of increasing analytical 
e?iciency and reducing preparation or set up time in relation 
to conventional ?oW cytometer sample introduction appa 
ratus. Yet another object of the present invention is to 
provide a ?oW cytometer having an improved sample intro 
duction apparatus that incorporates one or more of the 
advantages described above. A still further object of the 
present invention is to provide a method of sample intro 
duction to a ?oW cytometer that provides one or more of the 
advantages described above. 
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[0012] The aforementioned objects and advantages are 
realiZed through the disclosure, herein of a method and 
apparatus for a syringe-based sample introduction system 
for a ?oW cytometer. A preferred embodiment, in accordance 
With the present invention, of a ?oW cytometer sample 
introduction apparatus comprises a syringe having a barrel 
portion containing the specimen, a plunger portion Within 
the barrel portion and a needle portion that penetrates a 
noZZle container and extends into a noZZle volume of a ?oW 
cytometer; a one-Way port in the noZZle container forming a 
seal against the syringe needle; a mounting platform coupled 
to both the syringe and to the ?oW cytometer; a syringe 
pump coupled to the syringe plunger portion and comprising 
a motor, a clamping mechanism and a drive mechanism; a 
pressure sensor coupled to a sheath ?uid line of the ?oW 
cytometer; and a controller module electronically coupled to 
the pressure sensor and to the motor. The clamping mecha 
nism of the syringe pump may be coupled to either a ?ange 
portion of the syringe barrel portion, to the mounting plat 
form or to the ?oW cytometer itself. The controller module 
adjusts the force applied to the syringe plunger by the 
syringe pump in response to variations in sheath ?uid 
pressure relayed to it by the pressure sensor, thereby main 
taining a constant pressure differential betWeen the sheath 
?uid and the analyZed substance. 

[0013] A preferred embodiment, in accordance With the 
present invention, of a method for sample introduction to a 
?oW cytometer comprises the steps of: providing a syringe 
having a barrel portion containing the specimen, a plunger 
portion Within the barrel portion and a needle portion that 
penetrates a noZZle container and extends into a noZZle 
volume of a ?oW cytometer; providing a one-Way port in the 
noZZle container forming a seal against the syringe needle; 
providing a mounting platform coupled to both the syringe 
and to the ?oW cytometer for holding the syringe in place 
relative to the ?oW cytometer; providing a syringe pump 
coupled to the syringe plunger portion and comprising a 
motor, a clamping mechanism and a drive mechanism; 
providing a pressure sensor coupled to a sheath ?uid line of 
the ?oW cytometer; providing a controller module electroni 
cally coupled to the pressure sensor and to the motor; 
determining pressure variations in the sheath ?uid With the 
pressure sensor and relaying electronic signals determined 
by the pressure variations to the controller module and 
transmitting control signals from the controller module to 
the motor so as to cause the syringe pump to depress the 
plunger at a controlled rate so as to deliver the specimen into 
the noZZle at an appropriate rate and a knoWn volume. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic illustration of the operation of 
a conventional ?oW cytometer. 

[0015] FIG. 2 is a schematic illustration of a conventional 
?oW cytometer. 

[0016] FIG. 3 is a schematic illustration of a ?rst preferred 
embodiment of a sample introduction apparatus for a ?oW 
cytometer in accordance With the present invention. 

[0017] FIG. 4 is a schematic illustration of a second 
preferred embodiment of a sample introduction apparatus 
for a ?oW cytometer in accordance With the present inven 
tion. 
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[0018] FIG. 5 is a diagram of a conventional syringe, With 
the various components labeled. 

[0019] FIG. 6 is a schematic illustration of a third pre 
ferred embodiment of a sample introduction apparatus for a 
?oW cytometer in accordance With the present invention. 

DETAILED DESCRIPTION 

[0020] The present invention relates to an improved 
method and apparatus for sample introduction into a ?oW 
cytometer. The following description is presented to enable 
one of ordinary skill in the art to make and use the invention 
and is provided in the context of a patent application and its 
requirements. Various modi?cations to the preferred 
embodiments Will be readily apparent to those skilled in the 
art and the generic principles herein may be applied to other 
embodiments. Thus, the present invention is not intended to 
be limited to the embodiments shoWn but is to be accorded 
the Widest scope consistent With the principles and features 
described herein. To more particularly appreciate the fea 
tures and advantages of the method and apparatus of the 
present invention, the reader is referred to the appended 
FIGS. 3-6 in conjunction With the folloWing discussion. 

[0021] FIG. 3 is a schematic draWing of a ?rst preferred 
embodiment of a sample introduction apparatus for a ?oW 
cytometer in accordance With the present invention. The 
sample introduction apparatus comprises a conventional 
syringe 102 having a needle portion 410 that penetrates the 
noZZle container 2 and extends into an interior noZZle 
volume (not shoWn) Within the noZZle container 2 via a 
one-Way port (not shoWn) in the noZZle container 2, Wherein 
the one-Way port forms a seal against the needle portion 410. 
The end of the syringe needle 410 is positioned above the 
noZZle tip of the noZZle container 2 Within the interior noZZle 
volume. The interior of the barrel portion 402 of the syringe 
102 is ?lled With a sample substance, generally a suspension 
of particles in a liquid, the liquid containing or comprising 
particles that are to be analyZed in the ?oW cytometer. In the 
novel instant invention, the syringe barrel portion 402 is the 
substance reservoir 8 (FIG. 1) and the syringe needle 
replaces the conventional substance introduction port 9 
(FIG. 1). The syringe 102 may be removed from the sample 
introduction apparatus and, in general, each substance to be 
analyZed Will be introduced via its oWn respective syringe 
102. In this fashion, cross contamination betWeen different 
sample substances is minimiZed. 

[0022] For clarity in discussion, FIG. 5 provides a draWing 
of a conventional syringe in isolation, With its various 
component parts labeled. The syringe 102 illustrated in FIG. 
5 has a cylindrical barrel 402 With an outlet or nose 405 at 
its forWard end and a ?ange or ear 40211 at its rear end. As 
is commonly knoWn, the syringe comprises a plunger 420, 
Which is illustrated in greater detail in inset box 422, that is 
partially contained Within the cylindrical barrel 402. A 
plunger gasket or pad 404 may be moved through the holloW 
interior of the barrel 402 by applying force upon plunger 
head 408 Which drives plunger stem 406 and, consequently, 
plunger gasket or pad 404. Typically, the nose 405 may be 
connected to an replaceable in?ux and dispensing accessory, 
such as needle 410, or possibly a tubing (not shoWn) so that 
a liquid held Within the cylindrical barrel 402 of the syringe 
can either be draWn into the syringe or dispensed out of the 
syringe. 
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[0023] Discussing, once again, the apparatus shoWn in 
FIG. 3, it may be observed that, in addition to the syringe, 
the novel sample introduction apparatus comprises a mount 
ing platform 202 coupled to the ?oW cytometer for holding 
the syringe in place relative to the noZZle container 2, a 
syringe pump 204 for controlling sample introduction from 
the syringe 102 into the noZZle volume 3, a pressure sensor 
212 disposed Within the sheath ?uid line 4 and a syringe 
pump controller 216 electronically coupled to the pressure 
sensor 212 via electrical line 214. The syringe pump 204 
shoWn in FIG. 3 comprises a ?rst plate 206 mechanically 
engaged to the ?ange 402a (FIG. 5), a second plate 210 
engaged to the syringe plunger head 408 (FIG. 5), a con 
ventional drive mechanism such as mechanical lead screW 
208 engaged to both the ?rst plate 206 and to the second 
plate 210 for applying a force that causes these tWo plates to 
approach one another and a motor 220 mechanically coupled 
to the drive mechanism 208. The motor 220 receives an 
electrical control signal from the controller 216 through 
electrical line 218. Preferably, the syringe pump 204 also 
comprises a force sensor, such as a spring device (not 
shoWn) betWeen the second plate and the syringe plunger 
head, for monitoring the amount of force applied to the 
syringe plunger head by the syringe pump. This information 
on the applied force, together With the knoWn cross sectional 
area of the syringe plunger pad (Which is the same as the 
cross sectional area of the holloW internal portion of the 
syringe barrel 402) enables the pressure of the substance 
Within the syringe to be calculated. 

[0024] In a preferred method of operation of the instant 
sample introduction apparatus (FIG. 3), the syringe pump 
204 sloWly depresses the plunger 408 and, thereby, the 
plunger 404 of the syringe 102, thus injecting sample 
substance into the noZZle volume 3. The dispense of the 
sample is fully controllable through the operation of the 
controller 216 upon the motor 220, the controller 216 
possibly being a computer that, through softWare, also 
controls or monitors the operation of other aspects of the 
?oW cytometer to Which the novel sample introduction 
apparatus is coupled. The pressure sensor 212 in the sheath 
?uid line 4 alloWs the controller to track the sheath ?uid 
pressure and, consequently, the sheath ?uid ?oW rate intro 
duced into the noZZle container 2. In response to possible 
changing sheath ?oW rates, the controller may vary the rate 
of depression of or the amount of force applied to the syringe 
plunger, thus alloWing the proper pressure differential, 
betWeen the sheath ?uid and the sample, to be maintained. 
Alternatively or additionally, the controller may vary or 
adjust the sheath ?uid pressure in the sheath ?uid line by 
conventional means such as regulating a pressure valve 
controlling a mechanical pump supplying the sheath ?uid, 
controlling a gas pressure applied to a pressure vessel 
containing the sheath ?uid reservoir, etc. In general, the 
sample ?uid pressure should be approximately 0.1-0.3 
pounds per square inch greater than the sheath ?uid pressure. 
Because, in general, the amount of sample dispensed from 
the syringe 102 is precisely knoWn for a knoWn linear 
movement of the plunger 404 With respect to the barrel 402 
(FIG. 5), the rate of volumetric sample introduction into the 
noZZle volume 3 may be precisely knoWn or controlled. 
Further, if the particle density Within the sample is knoWn, 
then the absolute number of particle events-per-second 
through the noZZle of the ?oW cytometer may be calculated 
from the rate of volumetric sample introduction. 
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[0025] Because a new syringe is used for each respective 
sample, the need for special sample introduction lines and 
associated valves and reservoirs is eliminated and any 
cross-contamination betWeen samples or contamination 
from non-sterile parts is minimized. To replace a ?rst sample 
With a second sample, the user performs a method compris 
ing the following sequence of steps: 

[0026] Step 1. Disengage top plate 210 from syringe 
plunger head; 

[0027] Step 2. Extract ?rst syringe 102, containing ?rst 
sample, from one-Way port in noZZle container 2; 

[0028] Step 3. Insert neW syringe 2, containing second 
sample, into one-Way port of noZZle container 2; 

[0029] Step 4. Engage top plate With plunger head of 
second syringe; 

[0030] Step 5. Optionally or as required, re-calibrate 
neW lead screW position in controller softWare. 

[0031] FIG. 4 is a schematic draWing of a second preferred 
embodiment of a sample introduction apparatus for a ?oW 
cytometer in accordance With the present invention. The 
second preferred embodiment shoWn in FIG. 4 differs from 
the ?rst preferred embodiment, already discussed With ref 
erence to FIG. 3, only in regards to the manner in Which the 
syringe pump components are con?gured. In the preferred 
embodiment shoWn in FIG. 4, the motor 220 is engaged to 
the same mounting platform 202 that holds the syringe 102 
in position relative to the nozzle container. Thus, the ?rst 
plate 206 is eliminated and the drive mechanism passes 
through the mounting platform 202 and the second plate 
210. The syringe pump mechanism illustrated in FIG. 4 also 
acts as a clamping mechanism for maintaining the syringe 
102 immobile relative to the mounting platform 202. 

[0032] FIG. 6 is a schematic illustration of a third pre 
ferred embodiment of a sample introduction apparatus for a 
?oW cytometer in accordance With the present invention. 
The sample introduction apparatus shoWn in FIG. 6 is 
identical to that shoWn in and already discussed With refer 
ence to FIG. 4, except for the Way in Which the syringe 
needle is introduced into the noZZle volume. In the apparatus 
shoWn in FIG. 4, the syringe needle is directly introduced 
into the noZZle volume and operates as the substance intro 
duction port 9 (FIG. 1). HoWever, since there may be 
variations betWeen the siZes or tip shapes of different syringe 
needles, it is not alWays possible to assure that the correct 
hydrodynamic focusing of sheath ?uid With entrained sub 
stance particles Will be consistently observed for all 
syringes. The sample introduction apparatus illustrated in 
FIG. 6 overcomes this problem through the use of a holloW 
receptacle 222 that resides Within the noZZle volume and 
Within Which the syringe needle 410 ?ts. Preferably, the 
receptacle 222 has an interior gasket into Which the syringe 
needle snugly ?ts and against Which the needle forms a seal. 
The end of the receptacle is of the correct siZe and shape and 
at the correct location to assure proper hydrodynamic focus 
ing. Since biological particles of the substance to be ana 
lyZed are introduced to the sheath ?uid only from the end of 
the receptacle, changing from a ?rst syringe needle to a 
second syringe needle does not affect the ?uid ?oW prop 
erties as the jet exits the needle. 

[0033] An improved method and apparatus for sample 
introduction into a ?oW cytometer have been disclosed and 
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have been described according to some preferred explana 
tory embodiments. Those skilled in the art can noW appre 
ciate, from the foregoing description, that the broad tech 
niques of the embodiments of the present invention can be 
implemented in a variety of forms. For instance, although 
speci?c con?gurations of syringe pumps have been dis 
cussed in regards to the preferred embodiments, it should be 
noted that a syringe pump, as utiliZed in the present inven 
tion, is, in its most basic form and need only be an adjustable 
clamping mechanism that is engaged, at a ?rst end, to the 
plunger and that is also engaged, at a second end, to one of 
the syringe barrel, the mounting platform, or the ?oW 
cytometer. Therefore, While the embodiments of this inven 
tion have been described in connection With particular 
examples thereof, the true scope of the embodiments of the 
present invention should not be so limited since many 
variations and equivalents of the method and the apparatus 
may be carried out Without departing from the scope of the 
invention as speci?ed in the accompanying claims. 

What is claimed is: 
1. An apparatus for introducing a specimen into a ?oW 

cytometer, the apparatus comprising: 

a syringe having a holloW barrel containing the specimen, 
a plunger partially Within the barrel and a needle that 
extends into a volume of a noZZle of the ?oW cytom 

eter; 

a one-Way port in the noZZle forming a seal against the 
needle; 

a mounting platform coupled to both the syringe and to 
the ?oW cytometer; and 

a syringe pump coupled to the plunger and comprising: 

a motor, 

a drive mechanism coupled to the motor; and 

a clamping mechanism coupled to the drive mechanism 
and to an element of the group consisting of the 
syringe barrel, the mounting platform and the ?oW 
cytometer, Wherein the motor operates the drive 
mechanism so as to cause the clamping mechanism 
to depress the plunger into the barrel. 

2. The apparatus of claim 1, further comprising: 

a pressure sensor coupled to a sheath ?uid line of the ?oW 
cytometer; and 

a controller module electronically coupled to the pressure 
sensor and to the motor, Wherein the pressure sensor 
transmits a signal based upon sheath ?uid pressure in 
the sheath ?uid line to the controller module. 

3. The apparatus of claim 2, Wherein the controller 
module operates the motor in response to the signal to 
maintain a constant pressure differential betWeen the sheath 
?uid pressure and a pressure of the specimen. 

4. The apparatus of claim 2, Wherein the controller 
module varies the sheath ?uid pressure in response to the 
signal to maintain a constant pressure differential betWeen 
the sheath ?uid pressure and a pressure of the specimen. 

5. The apparatus of claim 1, Wherein the drive mechanism 
comprises a lead screW and the clamping mechanism com 
prises a plate engaged to the plunger and another plate 
engaged to an element of the group consisting of the syringe 
barrel, the mounting platform and the ?oW cytometer. 
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6. An apparatus for introducing a specimen into a ?oW 
cytometer, the apparatus comprising: 

a syringe having a hollow barrel containing the specimen, 
a plunger partially Within the barrel and a needle that 
extends into a volume of a noZZle of the ?oW cytom 

eter; 

a holloW receptacle in the noZZle receiving and forming a 
seal against the needle; 

a mounting platform coupled to both the syringe and to 
the ?oW cytometer; and 

a syringe pump coupled to the plunger and comprising: 

a motor, 

a drive mechanism coupled to the motor; and 

a clamping mechanism coupled to the drive mechanism 
and to an element of the group consisting of the 
barrel, the mounting platform and the ?oW cytom 
eter, Wherein the motor operates the drive mecha 
nism so as to cause the clamping mechanism to 

depress the plunger into the barrel. 
7. The apparatus of claim 6, further comprising: 

a pressure sensor coupled to a sheath ?uid line of the ?oW 
cytometer; and 

a controller module electronically coupled to the pressure 
sensor and to the motor, Wherein the pressure sensor 
transmits a signal based upon sheath ?uid pressure in 
the sheath ?uid line to the controller module. 

8. The apparatus of claim 7, Wherein the controller 
module operates the motor in response to the signal to 
maintain a constant pressure differential betWeen the sheath 
?uid pressure and a pressure of the specimen. 

9. The apparatus of claim 7, Wherein the controller 
module varies the sheath ?uid pressure in response to the 
signal to maintain a constant pressure differential betWeen 
the sheath ?uid pressure and a pressure of the specimen. 

10. The apparatus of claim 6, Wherein the drive mecha 
nism comprises a lead screW and the clamping mechanism 
comprises a plate engaged to the plunger and another plate 
engaged to an element of the group consisting of the syringe 
barrel, the mounting platform and the ?oW cytometer. 

11. An apparatus according to claim 1, Wherein the 
volume of specimen introduced into the noZZle is deter 
mined or calculated from the distance by Which the plunger 
is depressed into the barrel. 

12. An apparatus according to claim 1, Wherein the rate of 
introduction of specimen into the noZZle is determined or 
calculated from the rate by Which the plunger is depressed 
into the barrel. 

13. An apparatus according to claim 12, Wherein a rate of 
particle introduction into the noZZle is determined or calcu 
lated from a particle density of the specimen. 
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14. A method for introducing a specimen into a ?oW 
cytometer comprises the steps of: 

providing a syringe having a holloW barrel containing the 
specimen, a plunger partially Within the barrel and a 
needle extending into a volume of a noZZle of the ?oW 
cytometer; 

providing a one-Way port in the noZZle container forming 
a seal against the needle; 

providing a mounting platform coupled to both the 
syringe and to the ?oW cytometer; 

providing a syringe pump coupled to the plunger and 
comprising: 

a motor; 

a drive mechanism coupled to the motor; and 

a clamping mechanism coupled to the drive mechanism 
and to an element of the group consisting of the 
barrel, the mounting platform and the ?oW cytom 
eter; and 

operating the motor so as to operate the drive mechanism 
so as to cause the clamping mechanism to depress the 
plunger into the barrel. 

15. The method of claim 14, further comprising the steps 
of: 

providing a pressure sensor coupled to a sheath ?uid line 
of the ?oW cytometer; 

providing a controller module electronically coupled to 
the pressure sensor and to the motor; 

determining variations in sheath ?uid pressure With the 
pressure sensor; and 

transmiting a signal based upon sheath ?uid pressure to 
the controller module. 

16. The method of claim 15, further comprising the step 
of using the controller module to operate the motor in 
response to the signal to maintain a constant pressure 
differential betWeen the sheath ?uid pressure and a pressure 
of the specimen. 

17. The method of claim 15, further comprising the step 
of using the controller module to control the sheath ?uid 
pressure in response to the signal to maintain a constant 
pressure differential betWeen the sheath ?uid pressure and a 
pressure of the specimen. 

18. The method of claim 14, further comprising the step 
of determining or calculating the volume of specimen intro 
duced into the noZZle from the distance by Which the plunger 
is depressed into the barrel. 

19. The method of claim 14, further comprising the step 
of determining or calculating the rate of introduction of 
specimen into the noZZle from the rate by Which the plunger 
is depressed into the barrel. 

20. The method of claim 19, Wherein a rate of particle 
introduction into the noZZle is determined or calculated from 
a particle density of the specimen. 


