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(57) Claim

1. A syringe assembly for obtaining· a fixed maximum volume fhiid 
sample which comprises:

a cylindrical syringe barrel open at a first end and adapted to 
receive a hypodermic needle at a second end;

a cylindrical plug element arranged at a selected longitudinal . 
position in the said syringe barrel defining the said fixed maximum volume 
for the said sample as the interior volume of the said barrel between the 
said second, end and the said plug element, the said plug element being 
arranged to permit flow of air therethrough and to prevent flow of fluid 
therethrough, and a plunger arranged in the said barrel between the said 
plug element and the said first end, the said plunger including a piston 
having an air channel therethrough, a plunger rod extending out of the said 
first end and valve means for closing the said air channel when the said 
plunger rod is drawn in the direction of the said first end.

8. A method for drawing a fixed maximum volume, air-free blood

sample which comprises:
providing a syringe having a plug element at a fixed position in a
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syringe barrel, the said plug element being air-permeable and fluid­
s'impermeable and having a plunger arranged in the «tW^barrel on the said of 

the said plug element away from the needle end of the said syringe;
inserting the needle of the said syringe into a blood vessel; and 

drawing the said plunger away from the said plug thereby to draw air 
through the said plug element until blood fills the said syringe barrel 
between the said needle and the said plug element.
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ABSTRACT

A syringe assembly for obtaining a fixed maximum volume fluid sample 
5 which comprises:

a cylindrical syringe barrel open at a first end and adapted to 
receive a hypodermic needle at a second end;

a cylindrical plug element arranged at a selected longitudinal 
position in the said syringe barrel defining the said fixed maximum volume

10 for the said sample as the interior volume of the said barrel between the 
said second end and the said plug element, the said plug element being 
arranged to permit flow of air therethrough and to prevent flow of fluid 
therethrough, and a plunger arranged in the said barrel between the said 
plug element and the said first end, the said plunger including a piston

• * ‘15 having an air channel therethrough, a plunger rod extending out of the said
'/./ first end and valve means ’for closing the said air channel when the said
’plunger rod is drawn in'the direction of the said first end.
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■ BACKGROUND OF THE INVENTION

'/> = ' The present invention relates to a novel arterial
( (i ‘ : : —
* blood sample syringe for use in connection with blood gas

‘/Λ analysis. More specifically, the syringe of the present

5 invention is designed to substantially reduce or eliminate 

ί error in blood sampling procedures through the. use of a pre-
c ε ί f, ' :

· set means that defines the maximum volume of blood that can 

be delivered to the syringe either by aspiration, or by arte­

rial blood pressure. Further, the syringe of the present

10 invention provides improvement in elimination of air contami­

nation in connection with obtaining an arterial blood sample.

Earlier U.S. Patent No. 4,133,304 discloses an 

apparatus for obtaining a fixed volume blood sample, which
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Includes a sample gathering capillary tube which Is vented by the use of a 

fibrous thread, which can be removed to seal the capillary tube. The 
earlier device in one embodiment provides an arrangement for blood 
aspiration through the use of a piston which surrounds the capillary tube.

5 The prior art device has a rather complex construction and is
difficult to use in connection with some blood-gas analyzing equipment 
which require that a blood sample be ejected into the analyzing equipment.

SUMMARY OF INVENTION
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According to the present invention, there is provided a syringe 
assembly for; obtaining a fixed maximum volume fluid sample which comprises: 

a cylindrical syringe barrel open at a first end and adapted to
receive a hypodermic needle at a second end;

a cylindrical plug element arranged at a selected longitudinal
position in the said syringe barrel defining the said fixed maximum volume 
for the said sample as the interior volume of the said barrel between the 
said second end and the said plug element, the said plug element being 
arranged to permit flow of air therethrough and to prevent flow of fluid 
therethrough, and a plunger arranged in the said barrel between the said 
plug element and the said first end, the said plunger including a piston 
having an air channel therethrough, a plunger rod extending out of the said 
first end and valve means for closing the said air channel when the said 
plunger rod is drawn in the direction of the said first end.

In a preferred embodiment of the invention the air permeable, fluid 
impermeable plug element has a sealing member formed of a material arranged 
to allow penetration of fluid into the material prior to sealing and 
thereby trap a small volume of fluid, such as blood in the sealing 
material. The material may comprise a porous polyethylene with a pore size 
which allows entry of fluid and a water soluble sealant additive within the 
polyethylene.

In accordance with the present invention there 1s provided a blood 
sampling device having a syringe barrel and an air- permeable and 
fluid-impermeable sealing member for obtaining a blood sample using 
arterial blood pressure in a volume defined by the position of the said 
sealing member in the said syringe barrel, characterized by a sealing

t
material arranged to allow penetration of blood into the said material 
prior to sealing thereby to trap a small volume of blood in the said 
sealing material.

{

«



- 3 -

There is still further provided a method for drawing a fixed maximum 
volume, air-free blood sample which comprises:

providing a syringe having a plug element at a fixed position in a 
syringe barrel, the said plug element being air-permeable and fluid-

5 impermeable and having a plunger arranged in the said barrel on the side of 
the said plug element away from the needle end of the said syringe.

inserting the needle of the said syringe into a blood vessel;
and drawing the said plunger away from the said plug thereby to draw

air through the said plug element until blood fills the said syringe barrel 
10 between the said needle and the said plug element.

BRIEF DESCRIPTION OF THE DRAWING
The figure is a longitudinal sectioned view of a syringe constructed 

in accordance with a preferred embodiment of the present invention.
;·,··. DESCRIPTION OF THE PREFERRED EMBODIMENT
• to . ' ■

, ,, 15 The drawing shows a cross-sectional view of a syringe assembly into * to
* ” accordance with the present invention.• · toto 0 ·to ·· : :
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-The syringe assembly uses a conventional cylindrical syringe

barrel 10 which has a first open end 16 and a second end 12

adapated to receive either a hyperdermic needle or a cap,

which is not shown. For this purpose, end 12 has a neck 14

5 for receiving a hyperdermic needle, and in the illustrated

embodiment also includes a Luer lock arrangement 18 for

securing attachment of a needle or plug to neck 14.

A plug element 20 is arranged at a fixed position

within barrel 101 The position of plug element 20 defines a

10 blood sample volume consisting of the interior space of bar­

rel 10 between plug element 20 and neck 14.
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Plug element 20 has an exterior member 22 made of

Kraton. Member 22 is formed to resiliently engage the inte­
€ r «■ f {’ f rior of barrel 10 to form a seal between barrel 10 and member

’ i'S
■ C C
t c f <: t '

22. Interior passage 26 is formed to extend longitudinally

through the center of plug element 20. Sealing member 24 is

* 1 t4 « ft J« »« I .
«If '* · ft

held firmly within an enlarged section of longitudinal pas­

sage 26 of member 22.
ft· ft ft

« ft » ft ft ·
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Sealing member 24 is arranged to pass air through

the center of plug 20 but to seal and prevent passage of

fluid such as blood. The particular sealing member 20 used
« ftfts « t
; U t

{
<<; ft t t vc ■'

in the embodiment shown in the drawing is of special design

and arranged to allow blood to penetrate the sealing member

to a partial thickness of the member prior to sealing. This

25 arrangement of sealing member 24 provides for relatively

complete elimination of air in the sample volume between

plug element 20 and neck 14 when blood enters the syringe

either by arterial blood pressure or aspiration, as will be

further explained.

-4-



A suitable material for plug element 24 is porous

polyethylene with a relatively large pore size which enables 

fluid to enter the sealing member 24. Within the polyethy­

lene, there is provided a water soluble sealant additive.

5 The sealant additive is dissolved in the water of a fluid,

such as blood, and upon dissolving causes a thickening of 

the fluid in the interior of sealing member 24 which prevents 

further flow of blood through the entire thickness of member 

24, thereby blocking passage 26. A suitable material for

10 member 24 can be obtained from Porex Technologies of Fairburn, 

Georgia and has a designation R44-NP10.

*·**· The syringe assembly shown in the drawing further

includes a plunger 28 having a plunger.rod 29 and a piston
c « c -
’ member 30. Piston 30 includes cylindrical member 31, also
f < t; ' ■ '

' 15 made of Kraton and also in sealing, engagement around its
f, Γ

periphery with the interior of barrel 10. Member 31 includes

a longitudinal interior air channel 32. A valve member 34t f c ~t t £ :<■ 11 t .
<· ,« is arranged within air channel 32 and connected to plunger

« t *·♦ fat
rod 29 by a non-circular connecting member 36. Accordingly,

« · ·
”20 in the relaxed condition illustrated air can freely flow

.through piston 30. When plunger rod 29 is drawn outwardly
«· »β : :

from syringe barrel 10, valve member 34 engages a shoulder
« ■ ■ ■ ■

U< 11 ί : ' ·
* c On cylindrical member 31 and seals the air channel 32 so

that air can no longer enter barrel 10 and a partial vacuum 

25 occurs within barrel 10. ·

The interior of barrel 10, particularly in the

sample chamber between plug element 20 and neck 14 is advan­

tageously provided with Heparin coating 38 to prevent blood

clotting when a sample is within the sample volume.

' ■ . · P
-5- ■ . ί
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When supplied to a technician or nurse who is to 

obtain a blood sample, the syringe shown in the drawing has 

plug element 20 at a pre-set position within barrel 10 which 

defines the volume of blood sample to be obtained. Plunger 

28 is at a position where piston 30 is spaced between plug 

element 20 and opened end 16 of barrel 10. It is important 

that the technician be instructed not to move plunger 28 

into barrel 10 in a manner which would disturb the pre-set · 

position of plug element 20.· A temporary mechanical stop may 

be provided to reinforce this instruction.

In order to obtain an arterial blood sample, for 

example for blood gas analysis, a needle is attached to neck 

14 and inserted into the patient's artery. For a normal 

adult patient, with adequate blood pressure, arterial blood 

pressure is usually sufficient to .cause blood to flow into 

barrel 10 through neck 14. As blood enters, it contacts and 

becomes mixed with the Heparin coating 38. During the blood 

collecting process, plug element 20 should be elevated with 

respect to neck 14 so that air in the sample chamber between 

element 20 and neck 14 can flow through sealing member 24 

and air passage 26 of plug element 20 and also through air 

channel 32 past valve 34 in piston member 31.

When the level of the blood sample reaches sealing 

member 24, air within the sample chamber is driven out as 

the blood enters the sealing member 24. Following partial 

penetration, for example, approximately 25% of the distance 

through sealing member 24, the water soluble sealant additive 

within sealing member 24 causes a thickening of the blood 

and sealing of the porous passageways, thereby preventing 

further flow of blood past plug element 20.
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Having obtained a blood sample, the technician may 

remove the needle from the patient's artery and can thereafter 

use plunger 28 to move plug element 20 toward neck 14 to expel 

the blood sample through neck 14 into a blood gas analyzer.

It should be noted that during the sampling process, 

contact between the blood sample and air has been carefully 

minimized, since air is quickly driven through sealing member 

24 and the portion of the blood sample that has contacted air 

enters sealing member 24 and is trapped therein. The portion 

of the blood sample injected into the analyzing device has 

not had contact with air and contains no remnant air bubbles, 

which might arise in a conventional syringe where there is 

an air space within neck 14 and the funnel portion of barrel 

10 prior to obtaining a sample.

In a■second mode of operation, the syringe shown 

in the drawing can be used to aspirate a blood sample from a 

patient with inadequate arterial blood pressure. For this 

purpose a needle is attached to neck 14 and inserted into an 

artery as in the self-venting'operation. In order to draw a 

blood sample under partial vacuum into syringe barrel 10, 

plunger 28 is drawn outwardly from syringe barrel 10 causing 

valve 34 to close air passage 32 within piston 30 and generat­

ing a (j artial vacuum within syringe barrel 10 on the side of 

piston 30 facing barrel end 12. Because piston 30 starts at 

a location part-way down barrel 10, a rather gentle vacuum 

is generated, which is sufficient for drawing the blood sam­

ple, but does not cause extraction of gases from the blood 

sample nor does it cause hemolysis of red blood cells. In 

the aspiration operation, air is drawn through sealing member

i

-Ί-
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24 thereby eliminating presence of air within the sample 

chamber once the blood level reaches and enters sealing 

member 24.

An important advantage of the present invention is 

the ability of the devices, as described, to provide for a 

fixed maximum volume of blood sample, determined by the pre­

set position of plug element 20, even when the device is 

used in the aspiration mode. Unlike prior arrangements, 

plug element 20 does not move within barrel 10 when blood is 

aspirated using the syringe.

Another important advantage of the invention is 

that it enables almost total elimination of air within the

sample volume. The arrangement illustrated enables natural 

flow of air, in either the self-venting mode or the aspira­

tion mode, through sealing member .20 until the blood sample 

actually enters and penetrates the sealing member pushing 

trapped air bubbles well into the sealing member. Another 

advantage of the invention is the fact that neither plug 

element 20 nor piston 30 move into the portion of barrel 10 

containing the blood sample until plunger 28 is used to expel 

the blood sample for analysis. Accordingly, the Heparin, 

coating 38 on the interior of barrel 10 is not disturbed by 

the passage of a piston element.

While there has been described what is believed to 

be the preferred embodiment of the present invention, those 

skilled in the art will recognize that other changes and 

modifications may be made thereto without departing from the 

spirit of the invention, and it is intended to claim all 

such changes and modifications as fall, within the true scope 

of the invention.
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The claims defining the invention are as follows:
1. A syringe assembly for obtaining· a fixed maximum volume fluid 

sample which comprises:
a cylindrical syringe barrel open at a first end and adapted to 

receive a hypodermic needle at a second end;
a cylindrical plug element arranged at a selected longitudinal 

position in the said syringe barrel defining the said fixed maximum volume 
for the said sample as the interior volume of the said barrel between the 
said second end and the said plug element, the sa’d plug element being 
arranged to permit flow of air therethrough and to prevent flow of fluid 
therethrough, and a plunger arranged in the said barrel between the said 
plug element and the said first end, the said plungei including a piston 
having an air channel therethrough, a plunger rod extending out of the said 
first end and valve means for closing the said air channel when the said 
plunger rod is drawn in the direction of the said first end.

2. The syringe assembly as claimed in claim 1 wherein no manual 
operation of the plug element is required to prevent the flow of fluid 
therethrough.

3. A syringe assembly as claimed in claim 1 or claim 2 wherein the 
said plug element comprises a cylindrical resilient member forming an air 
and fluid seal against the inside of the said barrel and having an internal 
passageway and a sealing member across the said passageway, the said 
sealing member being arranged to permit passage of gas and to prevent 
passage of fluid.

4. A syringe assembly as claimed in claim 3 wherein the said 
sealing member has a selected thickness in the direction of air flow 7 
through the said passageway and is arranged to seal only after fluid has 
penetrated the said sealing member a distance which is less than the said 
selected thickness whereby a small volume of the said fluid is trapped in 
the said sealing member.

5. A syringe assembly as claimed in claim 4 wherein the said 
sealing member comprises porous polyethylene having a pore size selected to 
permit entry of fluid and a water-soluble sealant additive within the said 
polyethylene.

6. A blood sampling device having a syringe barrel and an air- 
permeable and fluid-impermeable sealing member for obtaining a blood sample

"tmr$87u
,. /
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using arterial blood pressure in a volume defined by the position of the 
said sealing member in the said syringe barrel, characterized by a sealing 
material arranged to allow penetration of blood into the said material 
prior to sealing thereby to trap a small volume of blood in the said 
sealing material.

7. The device as claimed in claim 6 wherein the said sealing 
material comprises porous polyethylene having a pore size selected to 
permit entry of fluid and a water-soluble sealant additive within the said 
polyethylene.

• < u
* t r

< t ί 
« « r
tec

» t t 
» » ε 

« * t

« ft«
• « « 

ft ft ft

ft O 9 
0 ft ft ft

ft ft ft ft ft ftftftft ft
ft ftft 

ft · β 
» ft ft

«
ft ft ft «5 ft I 

I ft

fc
ft ft ft fc c c 

ft <

ft ft ft «ft ftft ft ft ft

8. A method for drawing a fixed maximum volume, air-free blood 
sample which comprises:

providing a syringe having a plug element at a fixed position in a
syringe barrel, the said plug element being air-permeable and fluid- 

5-1 A
impermeable and having a plunger arranged in the «+d^barrel on the said of 
the said plug element away from the needle end of the said syringe;

inserting the needle of the said syringe into a blood vessel; and 
drawing the said plunger away from the said plug thereby to draw air 
through the said plug element until blood fills the said syringe barrel 
between the said needle and the said plug element.

9. A syringe assembly for obtaining a fixed maximum volume fluid 
sample substantially as hereinbefore described with reference to the 
accompanying drawings.

10. A blood sampling device substantially as hereinbefore described
with reference to the accompanying drawings. ·

11. A method for drawing a fixed maximum volume, air-free blood 
sample substantially as hereinbefore described with reference to the 
accompanying drawings.

DATED this NINTH day of NOVEMBER 1989 
Sherwood Medical Company

ft

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON
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