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This invention discloses a donor blood donation and Sam 
pling system including a donor needle adapted for drawing 
blood from a body, a blood collection bag coupled to a blood 
collection conduit which is coupled to the donor needle, a 
blood sampling conduit also coupled to the donor needle, 
and a sampling tube assembly arranged for selectable fluid 
engagement with the blood sampling conduit and for select 
able clamping engagement with at least said blood collection 
conduit. A donor blood donation and sampling method is 
also disclosed. 
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US 7,087,047 B2 
1. 

PREDONATION BLOOD SAMPLNG 
APPARATUS 

FIELD OF THE INVENTION 

The present invention relates generally to a donor blood 
sampling system and to apparatus and methodologies for 
blood collection. 

BACKGROUND OF THE INVENTION 

It is know that approximately 0.1–0.3% of donated blood 
units are bacterially contaminated. Although this percentage 
is much higher than blood contaminated by viruses, such as 
HIV, nevertheless no routine test is currently performed to 
detect bacterial contamination. This poses a serious problem 
because a severely contaminated blood unit can cause sepsis 
in a recipient. 

In general, blood is sampled from the vein for viral 
contamination-testing and typing after completion of dona 
tion. However, it is generally believed that the bacterial 
contamination stems from skin-embedded bacteria inacces 
sible to the sanitizing agents normally used before Veni 
puncture. Therefore, systems have already been proposed in 
the prior art wherein a first volume of blood, typically in the 
order of 25–50 ml, is sampled to determine blood type and 
to detect for the presence of viruses. The sampling Volume 
washes away most of the bacterial contamination before the 
blood is collected in the donor bag. 

Such a system should satisfy the following criteria: 
1. The sampled blood should not be anticoagulated 
2. The collected blood must be anticoagulated. 
3. Neither the donor nor collected blood should be exposed 

to the atmosphere during sampling. 
4. The system should be simple and user friendly. 

FIG. 1 illustrates a prior art predonation system, commer 
cially available from NPBI, Netherlands. This system 
includes a small sampling bag 10 (with a volume of 30–50 
ml) attached to a tubing branch 12 connected via a Y-con 
nector 14 between a donor needle 16, attached to an 
upstream tube 32, and a main collection bag 18. Satellite 
bags 17 and 19 may be connected to bag 18 for processing 
the blood after collection. A needle 20 is attached to the 
distal side of sampling bag 10 through which blood is 
withdrawn while the rest of the system is isolated therefrom 
by means of external clamps 22 on tubing branch 12 and a 
donor tube 24 leading to main collection bag 18. 
As stated above, the sampled blood should not be anti 

coagulated, whereas the collected blood must be anticoagu 
lated. Accordingly, an anticoagulant used in collection bag 
18 must be prevented from entering sampling bag 10. This 
means that tubing branch 12 must be sealed at all times 
before donation. This is achieved by means of a breakaway 
cannula 26 which is an externally openable closure in tubing 
branch 12 leading to sampling bag 10. 

In the prior art system, the following steps are performed: 
1. Clamp donor tube 24. 
2. Break breakaway cannula 26. 
3. Perform venipuncture and collect first blood in sampling 

bag 10. 
4. Clamp tubing branch 12. 
5. Open donor tube clamp 22. 
6. Collect blood in main bag 18. 
7. Connect a vacuum tube holder to needle 20. 
8. Sample blood from sampling bag 10. 

Another prior art system that operates in a similar manner 
is commercially available from Macopharma, France. 
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2 
Although the prior art systems approximately satisfy the 
four criteria mentioned hereinabove, nevertheless, they are 
labor intensive and cumbersome. 

Various types of apparatus and techniques for blood 
collection and sampling are known in the art and in the 
patent literature. 
The following patents are believed to represent the current 

state of the art: 

U.S. Pat. Nos. 5,928,166; 5,702,383; 5,620,008; 4,774,964; 
3,877.465; and Israel Patent No. 101,680. 
The following PCT publications are also believed to 

represent the current state of the art: 

Published PCT Patent Application Nos. WO91/00115; WO 
97/.45714. 
The following products were known prior to the date of 

the present invention: 

Teva Medical SamplinkTM System; Beckton Dickinson 
VacutainerTM. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a simple, inex 
pensive and very easy-to-use donor blood sampling system 
which solves the abovementioned problems of the prior art 
and also to provide improved apparatus and methodology 
for blood collection. 

In contrast to the prior art, in a preferred embodiment of 
the present invention, the donor tube and tubing branch are 
preferably connected to the tube leading to the donor needle 
via a unique flow controller. The flow controller provides 
simple, straightforward blood flow control. The flow con 
troller has only two operating positions. In a first position, 
this being the position in which the system is provided to the 
end-user, blood can flow to the sampling bag via the tubing 
branch, and the donor tube is substantially sealed from blood 
flowing therein. A user can place the flow controller into a 
second position, wherein blood can flow to the main col 
lection bag via the donor tube, and the tubing branch is 
substantially sealed from blood flowing therein. In the 
present invention, no sampled blood flows towards the 
collection bag and no anticoagulant agent can contaminate 
the sampling bag. Neither the donor nor collected blood is 
ever exposed to the atmosphere during sampling. The sys 
tem is very simple and user friendly. 

There is thus provided in accordance with a preferred 
embodiment of the present invention a donor blood sam 
pling system including sampling apparatus attached to a 
tubing branch, a donor needle attached to an upstream tube, 
the donor needle being adapted for drawing blood from a 
body, and a main collection bag attached to a donor tube, 
characterized by a flow controller including an inlet flow 
member including an inlet port connected to the upstream 
tube, and an outlet flow member connected to the inlet flow 
member and including a first outlet port connected to the 
tubing branch, and a second outlet port connected to the 
donor tube, the flow controller having a first position and a 
second position, wherein in the first position, blood can flow 
to the sampling apparatus via the first outlet port and the 
tubing branch, the second outlet port and the donor tube 
being substantially sealed from blood flowing therein, and 
wherein in the second position, blood can flow to the main 
collection bag via the second outlet port and the donor tube, 
the first outlet port and the tubing branch being substantially 
sealed from blood flowing therein. 
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In accordance with a preferred embodiment of the present 
invention a seal is positioned between the inlet flow and 
outlet flow members that substantially seals the outlet ports 
from each other. 

In accordance with a preferred embodiment of the present 5 
invention the outlet flow member is arranged for rotation 
with respect to the inlet flow member between the first and 
second positions. 

Further in accordance with a preferred embodiment of the 
present invention the inlet flow member includes a rim that 10 
extends from the inlet flow member, the rim defining a 
receiving Volume inwards of a perimeter of the rim, and the 
outlet flow member sealingly and rotatingly sits in the 
receiving Volume. 

Still further in accordance with a preferred embodiment of 15 
the present invention the outlet ports are positioned gener 
ally symmetrically about a central axis of the flow controller 
and the inlet port is positioned offset from the central axis. 

Additionally in accordance with a preferred embodiment 
of the present invention, the seal includes an inner seal 20 
connected to an outer seal, wherein a central axis of the inner 
seal is offset from a central axis of the outer seal. 

Still further in accordance with a preferred embodiment of 
the present invention the seal sits in a groove formed in the 
inlet flow member. 25 

In accordance with a preferred embodiment of the present 
invention the seal is formed with a channel having two 
branches arranged for fluid communication with the inlet 
port and the outlet ports, wherein when one of the branches 
is in fluid communication with the inlet port and one of the 30 
outlet ports, the other branch is not in fluid communication 
with the other outlet port, thereby substantially preventing 
fluid flow to the other outlet port. 

Further in accordance with a preferred embodiment of the 
present invention a Volume-limiting clamp is clamped to the 35 
sampling bag. 

In accordance with a preferred embodiment of the present 
invention the sampling apparatus includes a sampling bag. 

In accordance with another preferred embodiment of the 
present invention the sampling apparatus includes a sam- 40 
pling device that clamps on the tubing branch and is opera 
tive to divert blood into a collection tube. 

Further in accordance with a preferred embodiment of the 
present invention the flow controller includes a base formed 
with a pivot edge and pockets for receiving therein the 45 
tubing branch and the donor tube, and a lever pivotedly 
attached to the base about the pivot edge, the lever including 
a pair of protrusions that are arranged to press against and 
substantially seal one of the tubing branch and the donor 
tube. 50 

Still further in accordance with a preferred embodiment of 
the present invention the lever includes a pair of lips adapted 
to fixedly Snap onto ridges protruding from the base. 

There is also provided in accordance with another pre 
ferred embodiment of the present invention a donor blood 55 
donation and sampling system a donor needle adapted for 
drawing blood from a body, a blood collection bag coupled 
to a blood collection conduit which is coupled to the donor 
needle, a blood sampling conduit also coupled to the donor 
needle and a sampling tube assembly arranged for selectable 60 
fluid engagement with the blood sampling conduit and for 
selectable clamping engagement with at least the blood 
collection conduit. 

There is further provided in accordance with yet another 
preferred embodiment of the present invention a donor 65 
blood donation and sampling method. The method includes 
drawing blood from a body, providing a blood collection bag 

4 
which is coupled to a blood collection conduit which is, in 
turn, coupled to the donor needle, coupling a blood sampling 
conduit to the donor needle and arranging a sampling tube 
assembly in selectable fluid engagement with the blood 
sampling conduit for selectable clamping engagement with 
at least the blood collection conduit, thereby providing 
blood to the sampling tube assembly prior to providing 
blood to the blood collection bag. 

Further in accordance with a preferred embodiment of the 
present invention the donor blood donation and sampling 
system also includes a blood Supply conduit coupled to the 
donor needle and wherein the blood collection conduit and 
the blood sampling conduit are each coupled to the blood 
Supply conduit. 

Still further in accordance with a preferred embodiment of 
the present invention the donor blood donation and sampling 
further includes a connector coupling the blood collection 
conduit and the blood sampling conduit to the blood Supply 
conduit. 

Additionally in accordance with a preferred embodiment 
of the present invention the sampling tube assembly is 
arranged to receive pre-donation blood directly from the 
donor needle via the a blood sampling conduit. 

Preferably the donor blood donation and sampling system 
also includes an expansion container connected to at least 
one of the blood sampling conduit and a Supply conduit 
leading to the blood sampling conduit and the blood collec 
tion conduit, the expansion container being operative to 
enable an initial blood flow from the needle at least toward 
the expansion container, thereby enabling an operator to 
readily sense Successful communication of the donor needle 
with blood in the vein of a donor. 

Moreover in accordance with a preferred embodiment of 
the present invention the expansion container is located 
between the needle and the sampling tube assembly. 

Alternatively the expansion container is located down 
stream of the sampling tube assembly. 

Further in accordance with a preferred embodiment of the 
present invention the donor blood donation and sampling 
system also includes a breakaway cannula located on the 
blood collection conduit. 

Still further in accordance with a preferred embodiment of 
the present invention the sampling tube assembly includes a 
needle having first and second sharpened points at its 
opposite ends, a clamping assembly for selectable clamping 
engagement of a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causes 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, a vacuum sampling tube receiving 
Socket for removably receiving a vacuum sampling tube in 
fluid engagement with the needle at the second sharped 
point, thereby providing fluid communication between 
blood in the blood sampling conduit and the interior of the 
vacuum sampling tube and resilient material disposed about 
the first sharpened point for preventing inadvertent piercing 
of the blood sampling conduit by the needle prior to clamp 
ing engagement therewith. 

Further in accordance with a preferred embodiment of the 
present invention the resilient material includes a sealing 
material, which operates in association with the blood Sam 
pling conduit and the needle for preventing leakage of blood 
from the blood sampling conduit after piercing thereof by 
the needle. Preferably the resilient material includes a foam 
material. 

Additionally in accordance with a preferred embodiment 
of the present invention the sampling tube assembly further 
includes a needle having first and second sharpened points 
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at its opposite ends, a clamping assembly for selectable 
clamping engagement of a blood sampling conduit in fluid 
engagement with the needle, the clamping engagement 
causes piercing of the blood sampling conduit by the first 
sharpened point of the needle, a vacuum sampling tube 
receiving socket for removably receiving a vacuum Sam 
pling tube in fluid engagement with the needle at the second 
sharped point, thereby providing fluid communication 
between blood in the blood sampling conduit and the interior 
of the vacuum sampling tube. Sealing material is also 
disposed about the first sharpened point and operates in 
association with the blood sampling conduit and the needle 
for preventing leakage of blood from the blood sampling 
conduit after piercing thereof by the needle. 

Still further in accordance with a preferred embodiment of 
the present invention the sampling tube assembly includes a 
needle having first and second sharpened points at its 
opposite ends, a clamping assembly for selectable clamping 
engagement with a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causes 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, a vacuum sampling tube receiving 
Socket for removably receiving a vacuum sampling tube in 
fluid engagement with the needle at the second sharped 
point, thereby providing fluid communication between 
blood in the blood sampling conduit and the interior of the 
vacuum sampling tube. The clamping assembly operates, 
upon selectable clamping engagement of a blood sampling 
conduit, to simultaneously block at least one of the blood 
sampling conduit and a blood collection conduit engaged 
thereby. 

Additionally the sampling tube assembly operates, upon 
selectable clamping engagement with the blood sampling 
conduit, to simultaneously block and pierce the blood Sam 
pling conduit. Alternatively, the sampling tube assembly 
operates, upon selectable clamping engagement with the 
blood sampling conduit and a blood collection conduit, to 
simultaneously pierce the blood sampling conduit and block 
the blood collection conduit. 

Further in accordance with a preferred embodiment of the 
present invention the sampling tube assembly includes a 
needle having first and second sharpened points at its 
opposite ends, a clamping assembly for selectable clamping 
engagement with a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causes 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, a vacuum sampling tube receiving 
Socket for removably receiving a vacuum sampling tube in 
fluid engagement with the needle at the second sharped 
point, thereby providing fluid communication between 
blood in the blood sampling conduit and the interior of the 
vacuum sampling tube. The assembly also includes a retain 
ing assembly for retaining the sampling tube assembly in 
engagement with at least the blood sampling conduit prior to 
clamping engagement therewith. 

Still further in accordance with a preferred embodiment of 
the present invention the retaining, assembly is operative for 
retaining the blood sampling conduit and the blood collec 
tion conduit. 

Preferably the blood collection conduit includes a break 
away cannula. Additionally the retaining assembly also 
retains the breakaway cannula. 

Further in accordance with a preferred embodiment of the 
present invention the clamping assembly is also operative 
upon selectable clamping engagement with the blood Sam 
pling conduit to block the blood collection conduit. 
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Additionally or alternatively the clamping assembly also 

operates, upon selectable clamping engagement with the 
blood sampling conduit, to break the breakaway cannula, 
thereby permitting blood flow therethrough to the blood 
collection bag. 

Preferably the clamping assembly is also operative upon 
selectable clamping engagement with the blood sampling 
conduit to break the breakaway cannula, thereby permitting 
blood flow therethrough. 

Further in accordance with a preferred embodiment of the 
present invention the sampling tube assembly includes a 
plurality of retaining protrusions which serve to retain the 
sampling tube assembly in engagement with the blood 
collection conduit and with the blood sampling conduit, 
even before closure of a clamping assembly of the sampling 
tube assembly. 

Still further in accordance with a preferred embodiment of 
the present invention the sampling tube assembly includes a 
clamping assembly which operatively engages both the 
sampling conduit and the collection conduit, the clamping 
assembly having first and second separately hinged clamp 
ing elements. The first clamping element includes engage 
ment protrusions which, when closed, engage the sampling 
conduit and produce piercing thereof the second clamping 
element including a protrusion which, when the clamping 
element is closed, produces blocking of the collection con 
duit. 

Additionally in accordance with a preferred embodiment 
of the present invention the closing and locking of the first 
clamping element automatically produces closing and lock 
ing of the second clamping element. 

Preferably the first and second clamping elements are 
provided in locked together mutual engagement. 

Additionally the second clamping element is unlocked 
from the first clamping element and opened, thus enabling 
blood to flow from the needle via the collection conduit to 
the collection bag. Preferably the second clamping element 
is unlocked from the first clamping element. The first 
clamping element remains in operative engagement with the 
sampling conduit Such that the sampling tube assembly 
remains in piercing engagement therewith, thus preventing 
leakage of blood therefrom. 

Further in accordance with a preferred embodiment of the 
present invention the clamping assembly is operative to have 
the following functionalities: breaking of the breakaway 
cannula to enable blood flow therethrough from the supply 
conduit to the collection conduit, blocking of the sampling 
conduit upstream of a piercing needle of the sampling tube 
assembly and piercing of the sampling conduit. 

Additionally in accordance with a preferred embodiment 
of the present invention the clamping assembly is operative 
to have the following functionalities: breaking of the break 
away cannula to enable blood flow therethrough from the 
Supply conduit to the sampling conduit and blocking of the 
collection conduit. 

Preferably the breaking of the breakaway cannula is 
effected by engagement of a protruding breaking tooth 
formed on the clamping assembly with a portion of the 
breakaway cannula. 

Further in accordance with a preferred embodiment of the 
present invention the blocking is effected by cooperation of 
first and second protrusions and isolates the collection bag 
from a remainder of the system. 

Still further in accordance with a preferred embodiment of 
the present invention the clamping assembly is also opera 
tive to have the following functionality: following filling of 
the sampling bag, by manipulating a clamping element with 
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respect to a remainder of the clamping assembly and causing 
the piercing and blocking of the sampling conduit as well as 
simultaneously unblocking the collection conduit. 

There is also provided in accordance with another pre 
ferred embodiment of the present invention a sampling tube 
assembly for use in a donor blood sampling system and 
being arranged for selectable fluid engagement with a blood 
sampling conduit. The sampling tube assembly includes a 
needle having first and second sharpened points at its 
opposite ends, a clamping assembly for selectable clamping 
engagement of a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causes 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, a vacuum sampling tube receiving 
Socket for removably receiving a vacuum sampling tube in 
fluid engagement with the needle at the second sharped 
point, thereby providing fluid communication between 
blood in the blood sampling conduit and the interior of the 
vacuum sampling tube. The sampling tube assembly also 
includes resilient material disposed about the first sharpened 
point for preventing inadvertent piercing of the blood Sam 
pling conduit by the needle prior to clamping engagement 
therewith. 

There is further provided in accordance with yet another 
preferred embodiment of the present invention a donor 
blood sampling method for selectable fluid engagement with 
a blood sampling conduit. The method includes providing a 
sampling tube assembly, providing a needle having first and 
second sharpened points at its opposite ends, employing a 
clamping assembly for selectable clamping engagement of 
the blood sampling conduit in fluid engagement with the 
needle, the clamping engagement causing piercing of the 
blood sampling conduit by the first sharpened point of the 
needle, operating a vacuum sampling tube receiving Socket 
for removably receiving a vacuum sampling tube in fluid 
engagement with the needle at the second sharped point, 
thereby providing fluid communication between blood in the 
blood sampling conduit and the interior of the vacuum 
sampling tube and providing resilient material disposed 
about the first sharpened point for preventing inadvertent 
piercing of the blood sampling conduit by the needle prior 
to clamping engagement therewith. 

Further in accordance with a preferred embodiment of the 
present invention the resilient material includes a sealing 
material operative in association with the blood sampling 
conduit and the needle for preventing leakage of blood from 
the blood sampling conduit after piercing thereof by the 
needle. Preferably the resilient material includes a foam 
material. 

There is provided in accordance with a preferred embodi 
ment of the present invention a sampling tube assembly for 
use in a donor blood sampling system. The assembly is 
arranged for selectable fluid engagement with a blood Sam 
pling conduit and includes a needle having first and second 
sharpened points at its opposite ends, a clamping assembly 
for selectable clamping engagement of a blood sampling 
conduit in fluid engagement with the needle, the clamping 
engagement causes piercing of the blood sampling conduit 
by the first sharpened point of the needle, a vacuum sam 
pling tube receiving socket for removably receiving a 
vacuum sampling tube in fluid engagement with the needle 
at the second sharped point, thereby providing fluid com 
munication between blood in the blood sampling conduit 
and the interior of the vacuum sampling tube and sealing 
material disposed about the first sharpened point and being 
operative in association with the blood sampling conduit and 
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8 
the needle for preventing leakage of blood from the blood 
sampling conduit after piercing thereof by the needle. 

There is also provided in accordance with another pre 
ferred embodiment of the present invention a donor blood 
donation and sampling method for selectable fluid engage 
ment with a blood sampling conduit. The method includes 
providing a sampling tube assembly, providing a needle 
having first and second sharpened points at its opposite ends, 
employing a clamping assembly for selectable clamping 
engagement of a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causes 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, operating a vacuum sampling tube 
receiving socket for removably receiving a vacuum sam 
pling tube in fluid engagement with the needle at the second 
sharped point, thereby providing fluid communication 
between blood in the blood sampling conduit and the interior 
of the vacuum sampling tube and providing sealing material 
disposed about the first sharpened point and being operative 
in association with the blood sampling conduit and the 
needle for preventing leakage of blood from the blood 
sampling conduit after piercing thereof by the needle. 

Preferably the resilient material includes a foam material. 
There is further provided in accordance with yet another 

preferred embodiment of the present invention a sampling 
tube assembly for use in a donor blood sampling system and 
being arranged for selectable fluid engagement with a blood 
sampling conduit. The sampling tube assembly includes a 
needle having first and second sharpened points at its 
opposite ends, a clamping assembly for selectable clamping 
engagement with a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causes 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, a vacuum sampling tube receiving 
Socket for removably receiving a vacuum sampling tube in 
fluid engagement with the needle at the second sharped 
point, thereof providing fluid communication between blood 
in the blood sampling conduit and the interior of the vacuum 
sampling tube. The clamping assembly is operative upon 
selectable clamping engagement of a blood sampling con 
duit to simultaneously block at least one of the blood 
sampling conduit and a blood collection conduit engaged 
thereby. 

There is also provided in accordance with another pre 
ferred embodiment of the present invention a donor blood 
sampling method for selectable fluid engagement with a 
blood sampling conduit. The method includes providing a 
needle having first and second sharpened points at its 
opposite ends, employing a clamping assembly for select 
able clamping engagement with a blood sampling conduit in 
fluid engagement with the needle, the clamping engagement 
causes piercing of the blood sampling conduit by the first 
sharpened point of the needle, operating a vacuum sampling 
tube receiving socket for removably receiving a vacuum 
sampling tube in fluid engagement with the needle at the 
second sharped point, thereof providing fluid communica 
tion between blood in the blood sampling conduit and the 
interior of the vacuum sampling tube and operating the 
clamping assembly to selectably engage a blood sampling 
conduit to simultaneously block at least one of the blood 
sampling conduit and a blood collection conduit engaged 
thereby. 

Further in accordance with a preferred embodiment of the 
present invention the clamping assembly is operative upon 
selectable clamping engagement with the blood sampling 
conduit to simultaneously block and pierce the blood Sam 
pling conduit. 
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Alternatively the clamping assembly is operative upon 
selectable clamping engagement with the blood sampling 
conduit and a blood collection conduit to simultaneously 
pierce the blood sampling conduit and block the blood 
collection conduit. 

There is further provided in accordance with yet another 
preferred embodiment of the present invention a sampling 
tube assembly for use in a donor blood sampling system. The 
assembly is arranged for selectable fluid engagement with a 
blood sampling conduit and wherein the sampling tube 
assembly includes a needle having first and second sharp 
ened points at its opposite ends, a clamping assembly for 
selectable clamping engagement with a blood sampling 
conduit in fluid engagement with the needle, the clamping 
engagement causes piercing of the blood sampling conduit 
by the first sharpened point of the needle, a vacuum sam 
pling tube receiving socket for removably receiving a 
vacuum sampling tube in fluid engagement with the needle 
at the second sharped point, thereby providing fluid com 
munication between blood in the blood sampling conduit 
and the interior of the vacuum sampling tube and a retaining 
assembly for retaining the sampling tube assembly in 
engagement with at least the blood sampling conduit prior to 
clamping engagement therewith. 

There is provided in accordance with yet another pre 
ferred embodiment of the present invention a donor blood 
sampling method for selectable fluid engagement with a 
blood sampling conduit. The method includes providing a 
needle having first and second sharpened points at its 
opposite ends, operating a clamping assembly for selectable 
clamping engagement with a blood sampling conduit in fluid 
engagement with the needle, the clamping engagement 
causes piercing of the blood sampling conduit by the first 
sharpened point of the needle, operating a vacuum sampling 
tube receiving socket for removably receiving a vacuum 
sampling tube in fluid engagement with the needle at the 
second sharped point, thereby providing fluid communica 
tion between blood in the blood sampling conduit and the 
interior of the vacuum sampling tube and employing a 
retaining assembly for retaining the sampling tube assembly 
in engagement with at least the blood sampling conduit prior 
to clamping engagement therewith. 

Further in accordance with a preferred embodiment of the 
present invention the retaining assembly is operative for 
retaining the blood sampling conduit and the blood collec 
tion conduit. 

Still further in accordance with a preferred embodiment of 
the present invention the blood collection conduit includes a 
breakaway cannula and wherein the retaining assembly also 
retains the breakaway cannula. Preferably, the clamping 
assembly is also operative upon selectable clamping engage 
ment with the blood sampling conduit to block the blood 
collection conduit. 

Additionally in accordance with a preferred embodiment 
of the present invention the clamping assembly is also 
operative upon selectable clamping engagement with the 
blood sampling conduit to break the breakaway cannula. 
thereby permitting blood flow therethrough. 

Preferably the clamping assembly is also operative upon 
selectable clamping engagement with the blood sampling 
conduit to break the breakaway cannula, thereby permitting 
blood flow therethrough. 

Moreover in accordance with a preferred embodiment of 
the present invention the sampling tube assembly also 
includes a needle having first and second sharpened points 
at its opposite ends, a clamping assembly for selectable 
clamping engagement of a blood sampling conduit in fluid 
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10 
engagement with the needle, the clamping engagement 
causes piercing of the blood sampling conduit by the first 
sharpened point of the needle, a vacuum sampling tube 
receiving socket for removably receiving a vacuum sam 
pling tube in fluid engagement with the needle at the second 
sharped point, thereby providing fluid communication 
between blood in the blood sampling conduit and the interior 
of the vacuum sampling tube and resilient material disposed 
about the first sharpened point for preventing inadvertent 
piercing of the blood sampling conduit by the needle prior 
to clamping engagement therewith. 

Further in accordance with a preferred embodiment of the 
present invention the resilient material includes a sealing 
material operative in association with the blood sampling 
conduit and the needle, for preventing leakage of blood from 
the blood sampling conduit after piercing thereof by the 
needle. Preferably the resilient material includes a foam 
material. 

Still further in accordance with a preferred embodiment of 
the present invention the sampling tube assembly further 
includes a needle having first and second sharpened points 
at its opposite ends, a clamping assembly for selectable 
clamping engagement of a blood sampling conduit in fluid 
engagement with the needle, the clamping engagement 
causes piercing of the blood sampling conduit by the first 
sharpened point of the needle, a vacuum sampling tube 
receiving socket for removably receiving a vacuum sam 
pling tube in fluid engagement with the needle at the second 
sharped point, thereby providing fluid communication 
between blood in the blood sampling conduit and the interior 
of the vacuum sampling tube and sealing material disposed 
about the first sharpened point and being operative in 
association with the blood sampling conduit and the needle 
for preventing leakage of blood from the blood sampling 
conduit after piercing thereof by the needle. 

Further in accordance with a preferred embodiment of the 
present invention the sampling tube assembly also includes 
a needle having first and second sharpened points at its 
opposite ends, a clamping assembly for selectable clamping 
engagement with a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causing 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, a vacuum sampling tube receiving 
Socket for removably receiving a vacuum sampling tube in 
fluid engagement with the needle at the second sharped 
point, thereby providing fluid communication between 
blood in the blood sampling conduit and the interior of the 
vacuum sampling tube. The clamping assembly being opera 
tive upon selectable clamping engagement of a blood Sam 
pling conduit to simultaneously block at least one of the 
blood sampling conduit and a blood collection conduit 
engaged thereby. 

Further in accordance with a preferred embodiment of the 
present invention the sampling tube assembly is operative 
upon selectable clamping engagement with the blood Sam 
pling conduit to simultaneously block and pierce the blood 
sampling conduit. 

Still further in accordance with a preferred embodiment of 
the present invention the sampling tube assembly is opera 
tive upon selectable clamping engagement with the blood 
sampling conduit and a blood collection conduit to simul 
taneously pierce the blood sampling conduit and block the 
blood collection conduit. 

Additionally in accordance with a preferred embodiment 
of the present invention the sampling tube assembly includes 
a needle having first and second sharpened points at its 
opposite ends, a clamping assembly for selectable clamping 
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engagement with a blood sampling conduit in fluid engage 
ment with the needle, the clamping engagement causing 
piercing of the blood sampling conduit by the first sharpened 
point of the needle, a vacuum sampling tube receiving 
Socket for removably receiving a vacuum sampling tube in 
fluid engagement with the needle at the second sharped 
point, thereby providing fluid communication between 
blood in the blood sampling conduit and the interior of the 
vacuum sampling tube and a retaining assembly for retain 
ing the sampling tube assembly in engagement with at least 
the blood sampling conduit prior to clamping engagement 
therewith. 

Further in accordance with a preferred embodiment of the 
present invention the retaining assembly is operative for 
retaining the blood sampling conduit and the blood collec 
tion conduit. 

Additionally in accordance with a preferred embodiment 
of the present invention the blood collection conduit 
includes a breakaway cannula. Preferably the retaining 
assembly also retains the breakaway cannula. 

Still further in accordance with a preferred embodiment of 
the present invention the clamping assembly is also opera 
tive upon selectable clamping engagement with the blood 
sampling conduit to block the blood collection conduit. 

Additionally in accordance with a preferred embodiment 
of the present invention the clamping assembly is also 
operative upon selectable clamping engagement with the 
blood sampling conduit to break the breakaway cannula, 
thereby permitting blood flow therethrough to the blood 
collection bag. 

Preferably the clamping assembly is also operative upon 
selectable clamping engagement with the blood sampling 
conduit to break the breakaway cannula, thereby permitting 
blood flow therethrough. 

Moreover in accordance with a preferred embodiment of 
the present invention the sampling tube assembly includes a 
plurality of retaining protrusions which serve to retain the 
sampling tube assembly in engagement with the blood 
collection conduit and with the blood sampling conduit, 
even before closure of a clamping assembly of the sampling 
tube assembly. 

Additionally in accordance with a preferred embodiment 
of the present invention the sampling tube assembly includes 
a clamping assembly which operatively engages both the 
sampling conduit and the collection conduit, the clamping 
assembly having first and second separately hinged clamp 
ing elements, the first clamping element including engage 
ment protrusions which, when closed, engage the sampling 
conduit and produce piercing thereof, the second clamping 
element including a protrusion which, when the clamping 
element is closed, produces blocking of the collection con 
duit. Preferably the first clamping element automatically 
produces closure and locking of the second clamping ele 
ment. 

Additionally the first and second clamping elements are 
provided in locked together mutual engagement. 

Alternatively the second clamping element may be 
unlocked from the first clamping element and opened, thus 
enabling blood to flow from the needle via the collection 
conduit to the collection bag. 

Still further in accordance with a preferred embodiment of 
the present invention the second clamping element is 
unlocked from the first clamping element, the first clamping 
element remains in operative engagement with the sampling 
conduit Such that the sampling tube assembly remains in 
piercing engagement therewith, thus preventing leakage of 
blood therefrom. 
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Further in accordance with a preferred embodiment of the 

present invention the clamping assembly is operative to have 
the following functionalities: breaking of the breakaway 
cannula to enable blood flow therethrough from the supply 
conduit to the collection conduit, blocking of the sampling 
conduit upstream of a piercing needle of the sampling tube 
assembly and piercing of the sampling conduit. 

Still further in accordance with a preferred embodiment of 
the present invention the clamping assembly is operative to 
have the following functionalities: breaking of the break 
away cannula to enable blood flow therethrough from the 
Supply conduit to the sampling conduit and blocking of the 
collection conduit. Preferably, breaking of the breakaway 
cannula is effected by engagement of a protruding breaking 
tooth formed on the clamping assembly with a portion of the 
breakaway cannula. 

Additionally or alternatively the blocking is effected by 
cooperation of first and second protrusions and isolates the 
collection bag from a remainder of the system. 
Moreover in accordance with a preferred embodiment of 

the present invention the clamping assembly is also opera 
tive to have the following functionality, following filling of 
the sampling bag. by manipulating a clamping element with 
respect to a remainder of the clamping assembly, causing 
piercing and blocking of the sampling conduit as well as 
simultaneously unblocking collection conduit. 

There is also provided in accordance with yet another 
preferred embodiment of the present invention a donor 
blood donation and sampling system including a donor 
needle adapted for drawing blood from a body, a blood 
collection bag coupled to a blood collection conduit which 
is coupled to the donor needle, a breakaway cannula located 
on the blood collection conduit and a blood sampling 
conduit also coupled to the donor needle. 

There is further provided in accordance with a preferred 
embodiment of the present invention a donor blood donation 
and sampling method. The method includes providing a 
donor needle adapted for drawing blood from a body, 
coupling a blood collection bag to a blood collection conduit 
which is coupled to the donor needle, locating a breakaway 
cannula on the blood collection conduit and coupling a 
blood sampling conduit to the donor needle. 

There is also provided in accordance with another pre 
ferred embodiment of the present invention a blood donor 
donation and sampling system. The system includes Sam 
pling apparatus attached to a tubing branch, a donor needle 
attached to an upstream tube, the donor needle being adapted 
for drawing blood from a body and a main collection bag 
attached to a donor tube. Preferably, the blood donor dona 
tion and sampling system is characterized by a flow con 
troller including an inlet flow member including an inlet port 
connected to the upstream tube and an outlet flow member 
connected to the inlet flow member and including a first 
outlet port connected to the tubing branch, and a second 
outlet port connected to the donor tube, the flow controller 
having a first position and a second position, wherein in the 
first position, blood can flow to the sampling apparatus via 
the first outlet port and the tubing branch, the second outlet 
port and the donor tube being substantially sealed from 
blood flowing therein, and wherein in the second position, 
blood can flow to the main collection bag via the second 
outlet port and the donor tube, the first outlet port and the 
tubing branch being substantially sealed from blood flowing 
therein. 

There is also provided in accordance with a preferred 
embodiment of the present invention a blood donor donation 
and sampling method. The method includes providing Sam 

69



US 7,087,047 B2 
13 

pling apparatus attached to a tubing branch, attaching a 
donor needle to an upstream tube, the donor needle being 
adapted for drawing blood from a body and attaching a main 
collection bag to a donor tube. Preferably, the method further 
includes providing a flow controller and providing an outlet 
flow member connected to the inlet flow member and 
comprising a first outlet port connected to the tubing branch, 
and a second outlet port connected to the donor tube, the 
flow controller having a first position and a second position, 
wherein in the first position, blood can flow to the sampling 
apparatus via the first outlet port and the tubing branch, the 
second outlet port and the donor tube being substantially 
sealed from blood flowing therein, and wherein in the 
second position, blood can flow to the main collection bag 
via the second outlet port and the donor tube, the first outlet 
port and the tubing branch being Substantially sealed from 
blood flowing therein. The flow controller includes an inlet 
flow member including an inlet port connected to the 
upstream tube. 

Further in accordance with a preferred embodiment of the 
present invention the sampling system further includes a seal 
positioned between the inlet flow and outlet flow members 
that substantially seals the outlet ports from each other. 

Preferably the outlet flow member is arranged for rotation 
with respect to the inlet flow member between the first and 
second positions. 

Still further in accordance with a preferred embodiment of 
the present invention the inlet flew member includes a rim 
that extends from the inlet flow member, the rim defining a 
receiving Volume inwards of a perimeter of the rim, and the 
outlet flow member sealingly and rotatingly sits in the 
receiving Volume. 

Additionally in accordance with a preferred embodiment 
of the present invention the outlet ports are positioned 
generally symmetrically about a central axis of the flow 
controller and the inlet port is positioned offset from the 
central axis. 

Moreover in accordance with a preferred embodiment of 
the present invention the seal includes an inner seal con 
nected to an outer seal, wherein a central axis of the inner 
seal is offset from a central axis of the outer seal. 

Preferably the seal sits in a groove formed in the inlet flow 
member. 

Further in accordance with a preferred embodiment of the 
present invention the seal is formed with a channel having 
two branches arranged for fluid communication with the 
inlet port and the outlet ports, wherein when one of the 
branches is in fluid communication with the inlet port and 
one of the outlet ports, the other branch is not in fluid 
communication with the other outlet port, thereby substan 
tially preventing fluid flow to the other outlet port. 

Still further in accordance with a preferred embodiment of 
the present invention the sampling system further includes a 
Volume-limiting clamp clamped to the sampling bag. 

Preferably the sampling apparatus includes a sampling 
bag. 

Further in accordance with a preferred embodiment of the 
present invention the sampling apparatus includes a Sam 
pling device that clamps on the tubing branch and is opera 
tive to divert blood into a collection tube. 

Additionally in accordance with a preferred embodiment 
of the present invention the flow controller includes a base 
formed with a pivot edge and pockets for receiving therein 
the tubing branch and the donor tube and a lever pivotedly 
attached to the base about the pivot edge, the lever including 
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14 
a pair of protrusions that are arranged to press against and 
substantially seal one of the tubing branch and the donor 
tube. 

Preferably, the lever includes a pair of lips adapted to 
fixedly Snap onto ridges protruding from the base. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated 
more fully from the following detailed description, taken in 
conjunction with the drawings in which: 

FIG. 1 is a simplified pictorial illustration of a donor 
blood sampling system of the prior art; 

FIG. 2 is a simplified pictorial illustration of a donor 
blood sampling system constructed and operative in accor 
dance with a preferred embodiment of the present invention; 

FIG. 3 is a simplified pictorial, exploded illustration of a 
flow controller useful in the donor blood sampling system of 
FIG. 2, constructed and operative in accordance with a 
preferred embodiment of the present invention; 

FIGS. 4 and 5 are simplified top-view and sectional 
illustrations, respectively, of the flow controller of FIG. 3, 
FIG. 5 being taken along lines V V in FIG. 4; 

FIG. 6 is a simplified pictorial illustration of the donor 
blood sampling system of FIG. 2, with a volume-limiting 
clamp on a sampling bag, in accordance with a preferred 
embodiment of the present invention; 

FIGS. 7, 8, 9 and 10 are simplified pictorial illustrations 
of flow controllers useful in the system of FIG. 2, con 
structed and operative in accordance with four different 
preferred embodiments of the present invention, wherein a 
seal is arranged for rotation with respect to inlet and outlet 
flow members of a flow controller between first and second 
positions; 

FIG. 11 is a simplified sectional illustration of a portion of 
the seal of the embodiment of FIG. 10, taken along lines 
XI XI in FIG. 10; 

FIGS. 12 and 13 are simplified sectional and top-view 
illustrations of a flow controller useful in the donor blood 
sampling system of FIG. 2, constructed and operative in 
accordance with yet another preferred embodiment of the 
present invention; 

FIGS. 14A, 14B, 14C, 14D and 14E are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with yet another 
preferred embodiment of the present invention; 

FIGS. 15A, 15B, 15C, 15D and 15E are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with another further 
preferred embodiment of the present invention; 

FIGS. 16A, 16B, 16C, 16D and 16E are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with yet another 
preferred embodiment of the present invention; 

FIGS. 17A, 17B. 17C, 17D, 17E and 17F are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with still another 
preferred embodiment of the present invention; 

FIGS. 18A, 18B, 18C, 18D, 18E. and 18F are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with yet another 
preferred embodiment of the present invention; 

FIGS. 19A, 19B, 19C, 19D, 19E and 19F are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with still another 
preferred embodiment of the present invention; 
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FIGS. 20A, 20B, 20O, 20D and 20E are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with yet another 
preferred embodiment of the present invention; 

FIGS. 21A, 21B, 21C, 21D, 21E and 21F are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with still another 
preferred embodiment of the present invention; 

FIGS. 22A, 22B, 22C, 22D and 22E are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with yet another 
preferred embodiment of the present invention; and 

FIGS. 23A, 23B, 23C, 23D, 23E and 23F are simplified 
illustrations of apparatus and a methodology for blood 
collection and sampling in accordance with another pre 
ferred embodiment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Reference is now made to FIG. 2 which illustrates a donor 
blood sampling system 30 constructed and operative in 
accordance with a preferred embodiment of the present 
invention. As in the prior art system described hereinabove, 
system 30 preferably includes a small sampling bag 10 
attached to a tubing branch 12, a donor needle 16 attached 
to an upstream tube 32, and a main collection bag 18 
attached to a donor tube 24. Satellite bags 17 and 19 may 
also be provided. 

In contrast to the prior art, in system 30, donor tube 24 aid 
tubing branch 12 are preferably connected to tube 32 via a 
flow-controller 40. Flow controller 40 provides simple, 
straightforward blood flow control. Flow controller 40 has 
only two operating positions. In a first position, this being 
the position in which system 30 is provided to the end-user, 
blood can flow to sampling bag 10 via tubing branch 12, and 
donor tube 24 is substantially sealed from blood flowing 
therein. A user can place flow controller 40 into a second 
position, wherein blood can flow to bag 18 via donor tube 
24, and tubing branch 12 is substantially sealed from blood 
flowing therein, as described in detail hereinbelow. 

Reference is now made to FIGS. 3-5 which illustrate flow 
controller 40, constructed and operative in accordance with 
a preferred embodiment of the present invention. Flow 
controller 40 preferably includes an inlet flow member 42 
with an inlet port 44 connected to upstream tube 32 (FIG. 2). 
Inlet flow member 42 preferably includes a rim 46 that 
extends therefrom in a direction generally opposite to inlet 
port 44. A receiving volume 48 is defined inwards of a 
perimeter of rim 46, in which sealingly and rotatingly sits an 
outlet flow member 50. 

Outlet flow member 50 preferably includes a first outlet 
port 52 connected to tubing branch 12 (FIG. 2), and a second 
outlet port 54 connected to donor tube 24 (FIG. 2). Outlet 
ports 52 and 54 are preferably positioned generally sym 
metrically about a central axis 56 (FIG. 5) of flow controller 
40 and inlet port 44 is preferably positioned offset from the 
central axis 56. A seal 58 is preferably positioned between 
inlet and outlet flow members 42 and 50 that substantially 
seals outlet ports 52 and 54 from each other. In a preferred 
embodiment, seal 58 sits in a groove 60 formed in inlet flow 
member 42, and includes an inner seal 62 connected to an 
outer seal 64. A central axis 66 of inner seal 62 is preferably 
offset from a central axis 68 of outer seal 64 (FIG. 5), 
generally the same amount of offset as the offset arrange 
ment of inlet port 44 with respect to axis 56. 
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Outlet flow member 50 is arranged for rotation about axis 

56 with respect to inlet flow member 42 between first and 
second positions. In the first position, shown in FIG. 5, blood 
can flow to sampling bag 10 via first outlet port 52 and 
tubing branch 12, second outlet port 54 and donor tube 24 
being substantially sealed from blood flowing therein. Inlet 
flow member 42 can be rotated about axis 56 with respect to 
outlet flow member 50, generally in the direction of an arrow 
70 (FIG. 5) to a second position. In this position, blood can 
flow to main collection bag 18 via second outlet port 54 and 
donor tube 24, first outlet port 52 and tubing branch 12 being 
substantially sealed from blood flowing therein. 

Thus, in the present invention, the steps for sampling and 
collecting blood are reduced and simplified to the following: 
1. Perform venipuncture and commence drawing blood with 

flow controller 40 in first position. (Blood initially flows 
to sampling bag 10.) 

2. After sampling bag 10 has filled, place flow controller 40 
into second position. 

3. Collect blood in bag 18. 
4. During or after donation, Sample blood from sampling bag 

10, as is now described with reference to FIG. 2. 
Referring to FIG. 2, in a most preferred embodiment, a 

sampling device 72 is attached to tubing branch 12 upstream 
of sampling bag 10. Sampling device 72 is preferably 
constructed in accordance with the device described in 
published PCT patent application WO97/.45714, assigned to 
the present assignee, the disclosure of which is incorporated 
herein by reference. Sampling device 72 clamps conve 
niently and easily on tubing branch 12 and allows sampling 
blood from tubing branch 12 into a collection tube, e.g., a 
vacuum tube, such as a familiar VACUTAINER tube. Sam 
pling bag 10 needs no special attachments. It is further noted 
that sampling device 72 can be used to sample blood without 
any sampling bag 10, the blood being diverted into the 
vacuum tube. 

Referring to FIG. 6, it is seen that sampling bag 10 may 
be provided with a volume-limiting clamp 76 that limits the 
amount of blood collected in Sampling bag 10. Sampling bag 
10 may be provided with graduations 78 to indicate a 
position for placing clamp 76. 

Reference is now made to FIGS. 7, 8, 9 and 10 which are 
simplified pictorial illustrations of flow controllers, con 
structed and operative in accordance with four different 
preferred embodiments of the present invention, wherein a 
seal 80 is arranged for rotation with respect to inlet and 
outlet flow members 82 and 84 of a flow controller between 
first and second positions. Outlet flow member 84 comprises 
a first outlet port 86 and a second outlet port 88. 

Seal 80 is preferably formed with a channel 90 having two 
branches 92 and 94 arranged for fluid communication with 
inlet port 82 and outlet ports 86 and 88, wherein when one 
of the branches is in fluid communication with inlet port 82 
and one of the outlet ports (86 or 88), the other branch is not 
in fluid communication with the other outlet port, thereby 
substantially preventing fluid flow to the other outlet port, as 
is now described in more detail. 

In the embodiment of FIG. 7, the branches 92 and 94 
together form a Y-shaped channel 90, with upper members 
96 and 98 each extending into a lower member 100. In other 
words, branch 92 comprises flow from upper member 96 to 
lower member 100, and branch 94 comprises flow from 
upper member 98 to lower member 100. 

In the embodiment of FIG. 8, branches 92 and 94 are two 
separate, generally linear branches. 
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In the embodiment of FIG. 9, branches 92 and 94 are two 
separate, generally arcuate branches cut out on the perimeter 
of a disc 102. 

In the embodiment of FIG. 10, which is basically the same 
as that of FIG. 9, disc 102 is mounted on a central axle 103. 
Disc 102 is preferably formed with a cross section shaped 
like a trough 106, as seen in the sectional view of FIG. 11. 
Disc 102 is preferably formed of an elastomer. In all of the 
embodiments of FIGS. 7–10, seal 80 rotates generally about 
its center point. 

Reference is now made to FIG. 12 which illustrates a flow 
controller 120 useful in the donor blood sampling system of 
FIG. 2, constructed and operative in accordance with yet 
another preferred embodiment of the present invention. 
Elements common to flow controllers 40 and 120 are 
designated by the same numerals. Flow controller 120 
preferably includes a base 122 formed with a pivot edge 124. 
Base 122 is preferably formed with pockets 126 and 128 for 
receiving therein tubing branch 12 and donor tube 24, 
respectively. A branched connector 129 (FIG. 13) is prefer 
ably provided for connecting upstream tube 32 to tubing 
branch 12 and donor tube 24. 
A lever 130 is preferably pivotedly attached to base 122 

about pivot edge 124. Lever 130 preferably includes a pair 
of protrusions 132 that are arranged to press against and 
substantially seal either tubing branch 12 or donor tube 24. 
In FIG. 12, it is seen that one of the protrusions 132 presses 
against and Substantially seals tubing branch 12, while the 
other protrusion 132 does not seal donor tube 24, thereby 
allowing blood flow through donor tube 24. Lever 130 may 
be provided with a pair of lips 134 that can fixedly snap onto 
ridges 136 protruding from base 122, as shown in FIG. 12. 

Reference is now made to FIGS. 14A, 14B, 14C, 14D and 
14E, which are simplified illustrations of apparatus and a 
methodology for blood collection and sampling in accor 
dance with one preferred embodiment of the present inven 
tion. As seen in FIG. 14A, a collection bag 210, such as a 
conventional collection bag commercially available from 
Teva Medical Ltd. of Ashdod, Israel, is connected to a 
rotatable sampling valve 212 via a collection conduit 214. A 
collection needle 216 is coupled to sampling valve 212 via 
a Supply conduit 218. A sampling conduit 220 is also 
coupled to sampling valve 212. Valve 212 is operative to 
selectably couple the supply conduit 218 to either but not 
both of collection conduit 214 and sampling conduit 220. 
As seen in FIG. 14B, when the needle 216 is initially 

inserted into a donor's vein, and the valve 212 is initially 
positioned so as to couple Supply conduit 218 to sampling 
conduit 220 due to air in supply conduit 218, the donors 
blood fills only a small portion of supply conduit 218, 
adjacent needle 216. 
As seen in FIG. 14C, a sampling tube assembly 222, such 

as a sampling tube assembly described in applicant's Pub 
lished PCT Patent Application WO 97/45714, the disclosure 
of which is hereby incorporated by reference, may be 
attached to sampling conduit 220. When a vacuum sampling 
tube 224 is operatively engaged with assembly 222, as 
shown in FIG. 14D, blood from the donor fills the tube 224 
as well as sampling conduit 220 and Supply conduit 218. 

At this stage as shown in FIG. 14E, sampling tube 224 is 
disengaged from assembly 222 and valve 212 may be 
operated to decouple Supply conduit 218 from sampling 
conduit 220 and to couple supply conduit 218 to collection 
conduit 214, for filling collection bag 210. 

Reference is now made to FIGS. 15A, 15B, 15C, 15D and 
15E, which are simplified illustrations of apparatus and a 
methodology for blood collection and sampling in accor 
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dance with another preferred embodiment of the present 
invention. As seen in FIG. 15A, a collection bag 310, such 
as a conventional collection bag commercially available 
from Teva Medical Ltd. of Ashdod, Israel, is connected to a 
rotatable sampling valve 312 via a collection conduit 314. A 
collection needle 316 is coupled to sampling valve 312 via 
a supply conduit 318. A sampling conduit 320 is also 
coupled to sampling valve 312. Valve 312 is operative to 
selectably couple the supply conduit 318 to either but not 
both of collection conduit 314 and sampling conduit 320. As 
distinct from the embodiment of FIGS. 14A-14E, in the 
embodiment of FIGS. 15A-15E an expandable element 321 
is provided along supply conduit 318. This expandable 
element 321 is typically a relatively small collapsed plastic 
bag, which when expanded, can hold 2–3 ml of fluid. 
As seen in FIG. 15B, when the needle 316 is initially 

inserted into a donor's vein, and the valve 312 is initially 
positioned so as to couple Supply conduit 318 to sampling 
conduit 320, due to provision of the expandable element 
321, the donor's blood fills the expandable element 321, the 
supply conduit 318 upstream thereof and only a small 
portion of supply conduit 318 downstream thereof. 
As seen in FIG. 15C, a sampling tube assembly 322, such 

as a sampling tube assembly described in applicant's Pub 
lished PCT Patent Application WO97/.45714, the disclosure 
of which is hereby incorporated by reference, may be 
attached to sampling conduit 320. When a vacuum sampling 
tube 324 is operatively engaged with assembly 322, as 
shown in FIG. 15D, blood from the donor fills the tube 324 
as well as sampling conduit 320, the expandable element 
321 and the entire supply conduit 318. 
At this stage, as shown in FIG.15E, sampling tube 324 is 

disengaged from assembly 322 and valve 312 may be 
operated to decouple Supply conduit 318 from sampling 
conduit 320 and to couple supply conduit 318 to collection 
conduit 314, for filling collection bag 310. During filling of 
collection bag 310, expandable element 321 may, contract 
Somewhat. 

Reference is now made to FIGS. 16A, 16B, 16C, 16D and 
16E, which are simplified illustrations of apparatus and a 
methodology for blood collection and sampling in accor 
dance with yet another preferred embodiment of the present 
invention. As seen in FIG. 16A, a collection bag 410, such 
as a conventional collection bag commercially available 
from Teva Medical Ltd. of Ashdod, Israel, is connected to a 
rotatable sampling valve 412 via a collection conduit 414. A 
collection needle 416 is coupled to sampling valve 412 via 
a Supply conduit 418. A sampling conduit 420 is also 
coupled to sampling valve 412. Valve 412 is operative to 
selectably couple the supply conduit 418 to either but not 
both of collection conduit 414 and sampling conduit 420. As 
distinct from the embodiment of FIGS. 15A-15E, in the 
embodiment of FIGS. 16A-16E an expandable element 421 
is provided at the end of sampling conduit 420. This 
expandable element 421 is typically a relatively small col 
lapsed plastic bag, which when expanded, can hold 2–3 ml 
of fluid. 
As seen in FIG. 16B, when the needle 416 is initially 

inserted into a donor's vein, and the valve 412 is initially 
positioned so as to couple Supply conduit 418 to sampling 
conduit 420, due to provision of the expandable element 
421, the donor's blood fills the expandable element 421, 
sampling conduit 420 and Supply conduit 418. 
As seen in FIG.16C, a sampling tube assembly 422, such 

as a sampling tube assembly described in applicant's Pub 
lished PCT Patent Application WO97/.45714, the disclosure 
of which is hereby incorporated by reference, may be 
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attached to sampling conduit 420. When a vacuum sampling 
tube 424 is operatively engaged with assembly 422, as 
shown in FIG. 16D, blood from the donor fills the tube 424 
as well as sampling conduit 420, the expandable element 
421 and supply conduit 418. 

At this stage, as shown in FIG.16E, sampling tube 424 is 
disengaged from assembly 422 and valve 412 may be 
operated to decouple Supply conduit 418 from sampling 
conduit 420 and to couple supply conduit 418 to collection 
conduit 414, for filling collection bag 410. During filling of 
collection bag 410, expandable element 421 may contract 
Somewhat. 

Reference is now made to FIGS. 17A, 17B. 17C, 17D, 
17E and 17F, which are simplified illustrations of apparatus 
and a methodology for blood collection and sampling in 
accordance with yet another preferred embodiment of the 
present invention. As seen in FIG. 17A, a collection bag 510, 
Such as a conventional collection bag commercially avail 
able from Teva Medical Ltd. of Ashdod, Israel, is connected 
to a conventional breakaway cannula 512 via a collection 
conduit 514. A collection needle 516 is coupled to break 
away cannula 512 via a supply conduit 518 and via a 
Y-connector 520. 
A sampling conduit 522 is also coupled to Y-connector 

520 and extends via a clamp 524 to a sampling bag 526. 
Clamp 524, which is entirely conventional, when opened 
allows blood to flow from collection needle 516 via Y-con 
nector 520 and sampling conduit 522 to sampling bag 526. 
When clamp 524 is closed, all fluid communication between 
the sampling bag 526 and the collection needle 516 is 
prevented. 

Breakaway cannula 512 is operative, when intact, to block 
fluid communication between Y-connector 520 and collec 
tion bag 510 and is operative, when broken, to allow blood 
from collection needle 516 to flow through collection con 
duit 514 to collection bag 510. 
As seen in FIG. 17B, when the needle 516 is initially 

inserted into a donor's vein, while the breakaway cannula 
512 is still intact and clamp 524 is open, the donor's blood 
fills the sampling bag 526. 
As seen in FIG. 17C, when the sampling bag 526 is filled, 

the clamp 524 is closed, thus blocking further fluid com 
munication between the sampling bag 526 and the remainder 
of the apparatus shown in FIG. 17C. 

FIG. 17D shows operative engagement of a sampling tube 
assembly 528 to sampling conduit 522 downstream of clamp 
524 and upstream of sampling bag 526. As noted above, the 
sampling tube assembly 528 is preferably constructed and 
operative in accordance with teachings contained in appli 
cant’s Published PCT Patent Application. WO 97/45714. the 
disclosure of which is hereby incorporated by reference. 
Such engagement includes attachment of the sampling tube 
assembly 528 to sampling conduit 522 as well closure of a 
clamping element 530, causing piercing of the sampling 
conduit 522 by a needle 532 in sampling tube assembly 528, 
thereby providing fluid communication with blood from 
sampling bag 526 and from conduit 522 downstream of 
clamp 524 and the interior of the needle 532. 

FIG. 17E shows operative engagement of a vacuum 
sampling tube 534 with sampling tube assembly 528. As a 
result of this engagement, needle 532 (FIG. 17D) commu 
nicates with the interior of the tube 534 and allows blood 
from sampling bag 526 and from conduit 522 downstream of 
clamp 524 to fill the tube 534. This at least partially empties 
sampling bag 526. 
At this stage, as shown in FIG. 17F, sampling tube 534 

may be disengaged from assembly 528 and breakaway 
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cannula 512 may be broken as indicated at reference 
numeral 536 to allow blood flow from needle 516, via 
Y-connector 520, via broken breakaway cannula 512 and 
collection conduit 514 to fill collection bag 510. 

Reference is now made to FIGS. 18A, 18B, 18C, 18D, 
18E and 18F, which are simplified illustrations of apparatus 
and a methodology for blood collection and sampling in 
accordance with still another preferred embodiment of the 
present invention. As seen in FIG. 18A, a collection bag 610, 
Such as a conventional collection bag commercially avail 
able from Teva Medical Ltd. of Ashdod, Israel, is connected 
to a conventional breakaway cannula 612 via a collection 
conduit 614. A collection needle 616 is coupled to break 
away cannula 612 via a Supply conduit 618 and via a 
Y-connector 620. 

A sampling conduit 622 is also coupled to Y-connector 
620 and extends via a clamp 624 to a sampling bag 626. FIG. 
18A also shows pre-attachment of a sampling tube assembly 
628 to sampling conduit 622 downstream of clamp 624 and 
upstream of sampling bag 626. As noted above, the sampling 
tube assembly 628 is preferably constructed and operative in 
accordance with teachings contained in applicant’s Pub 
lished PCT Patent Application WO97/.45714, the disclosure 
of which is hereby incorporated by reference. 

It is a particular feature of the present invention that the 
sampling tube assembly 628 includes the following structure 
which is not described in the aforesaid Published PCT Patent 
Application WO 97/45714. namely the provision of a plu 
rality of retaining protrusions 629, which serve to retain the 
sampling tube assembly 628 in engagement with the sam 
pling conduit 622, even before closure of a clamping ele 
ment 630 thereof. 

Clamp 624, which is entirely conventional, when opened 
allows blood to flow from collection needle 616 via Y-con 
nector 620 and sampling conduit 622 to sampling bag 626 
and to sampling tube assembly 628. When clamp 624 is 
closed, all fluid communication between the sampling bag 
626 and the sampling tube assembly 628 on the one hand 
and the collection needle 616 on the other hand is prevented. 

Breakaway cannula 612 is operative, when intact, to block 
fluid communication between Y-connector 620 and collec 
tion bag 610 and is operative, when broken, to allow blood 
from collection needle 616 to flow through collection con 
duit 614 to collection bag 610. 
As seen in FIG. 18B, when the needle 616 is initially 

inserted into a donor's vein, while the breakaway cannula 
612 is still intact and clamp 624 is open, the donor's blood 
fills the sampling bag 626. 
As seen in FIG. 18C, when the sampling bag 626 is filled, 

the clamp 624 is closed, thus blocking further fluid com 
munication between the sampling bag 626 and the sampling 
tube assembly 628 on the one hand and the remainder of the 
apparatus shown in FIG. 18C on the other hand. 

FIG. 18D shows operative engagement of the sampling 
tube assembly 628 to sampling conduit 622. As noted above, 
with reference to FIG. 18A, the sampling tube assembly 628 
is pre-attached to sampling conduit 622. 

In this connection, an additional feature of the sampling 
tube assembly 628, which is not described in the aforesaid 
Published PCT Patent Application WO 97/45714, is noted. 
A resilient material, such as a piece of foam rubber 631, is 
preferably provided around a sharp end of a needle 632 
forming part of sampling tube assembly 628 in order to 
prevent inadvertent and premature puncturing of sampling 
conduit 622 by needle 632. The provision of foam rubber 
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631 has another advantage, namely, providing a seal against 
leakage from sampling conduit 622, once it has been punc 
tured by needle 632. 
As seen in FIG. 18D, closure of clamping element 630, 

causes piercing of the sampling conduit 622 by needle 632 
in sampling tube assembly 628, thereby providing fluid 
communication with blood from sampling bag 626 and from 
conduit 622 downstream of clamp 624 and the interior of the 
needle 632. 

FIG. 18.E shows operative engagement of a vacuum 
sampling tube 634 with sampling tube assembly 628. As a 
result of this engagement, needle 632 (FIG. 18D) commu 
nicates with the interior of the tube 634 and allows blood 
from sampling bag 626 and from conduit 622 downstream of 
clamp 624 to fill the tube 634. This at least partially empties 
sampling bag 626. 
At this stage, as shown in FIG. 18F sampling tube 634 

may be disengaged from assembly 628 and breakaway 
cannula 612 may be broken as indicated at reference 
numeral 636 to allow blood flow from needle 616, via 
Y-connector 620, via broken breakaway cannula 612 and 
collection conduit 614 to fill collection bag 610. 

Reference is now made to FIGS. 19A, 19B, 19C, 19D, 
19E and 19F, which are simplified illustrations of apparatus 
and a methodology for blood collection and sampling in 
accordance with yet another preferred embodiment of the 
present invention. As seen in FIG. 19A, a collection bag 710, 
Such as a conventional collection bag commercially avail 
able from Teva Medical Ltd. of Ashdod, Israel, is connected 
to a conventional breakaway cannula 712 via a collection 
conduit 714. A collection needle 716 is coupled to break 
away cannula 712 via a supply conduit 718 and via a 
Y-connector 720. 
A sampling conduit 722 is also coupled to Y-connector 

720 and extends to a sampling bag 726. 
Breakaway cannula 712 is operative, when intact, to block 

fluid communication between Y-connector 720 and collec 
tion bag 710 and is operative, when broken, to allow blood 
from collection needle 716 to flow through collection con 
duit 714 to collection bag 710. 
As seen in FIG. 19B, when the needle 716 is initially 

inserted into a donor's vein, while the breakaway cannula 
712 is still intact, the donor's blood fills the sampling bag 
726. 

Reference is now made to FIG. 19C, which shows attach 
ment of a sampling tube assembly 728 to sampling conduit 
722 upstream of sampling bag 726. As noted above, the 
sampling tube assembly 728 is preferably constructed and 
operative in accordance with teachings contained in appli 
cant’s Published PCT Patent Application WO97/.45714, the 
disclosure of which is hereby incorporated by reference. 

It is a particular feature of the present invention that the 
sampling tube assembly 728 includes the following structure 
which is not described in the aforesaid Published PCT Patent 
Application WO97/.45714, namely the provision of a clamp 
ing protrusion 729 on a clamping element 730 of sampling 
tube assembly 728 which cooperates with a clamping pro 
trusion 731. The provision of clamping protrusions 729 and 
731 obviates the need for a separate clamp, such as clamp 
624 in the embodiment of FIGS. 18A-18F. The attachment 
of the sampling tube assembly 728 to the sampling conduit 
722 may take place at any suitable time, prior to or following 
insertion of needle 716 into the donor's vein. 
As seen in FIG. 19D, after the sampling bag 726 is filled, 

the clamping element 730 is closed, producing engagement 
between protrusions 729 and 731 for blocking further fluid 
communication between the sampling bag 726 and the 
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sampling tube assembly 728 on the one hand and the 
remainder of the apparatus shown in FIG. 19D on the other 
hand. This engagement is shown particularly in section 
B B of FIG. 19D. 

FIG. 19D also shows operative engagement of the sam 
pling tube assembly 728 to sampling conduit 722 down 
stream of protrusions 729 and 731 and upstream of sampling 
bag 726. Such engagement, by virtue of closing the clamp 
ing element 730, causes piercing of the sampling conduit 
722 by a needle 732 in sampling tube assembly 728, thereby 
providing fluid communication with blood from sampling 
bag 726 and from conduit 722 downstream of protrusions 
729 and 731. This piercing is shown particularly in section 
A A of FIG. 19D. 

FIG. 19E shows operative engagement of a vacuum 
sampling tube 734 with sampling tube assembly 728. As a 
result of this engagement, needle 732 (FIG. 19D) commu 
nicates with the interior of the tube 734 and allows blood 
from sampling bag 726 and from conduit 722 downstream of 
protrusions 729 and 731 to fill the tube 734. This at least 
partially empties sampling bag 726. 
At this stage, as shown in FIG. 19F, sampling tube 734 

may be disengaged from assembly 728 and breakaway 
cannula 712 may be broken as indicated at reference 
numeral 736 to allow blood flow from needle 716, via 
Y-connector 720, via broken breakaway cannula 712 and 
collection conduit 714 to fill collection bag 710. 

Reference is now made to FIGS. 20A, 20B, 200, 20D and 
20E, which are simplified illustrations of apparatus and a 
methodology for blood collection and sampling in accor 
dance with still another preferred embodiment of the present 
invention. As seen in FIG. 20A, a collection bag 810, such 
as a conventional collection bag commercially available 
from Teva Medical Ltd. of Ashdod, Israel, is connected to a 
conventional breakaway cannula 812 via a collection con 
duit 814. A collection needle 816 is coupled to breakaway 
cannula 812 via a supply conduit 818 and via a Y-connector 
820. 
A sampling conduit 822 is also coupled to Y-connector 

820 and extends to a sampling bag 826. FIG. 20A also shows 
pre-attachment of a sampling tube assembly 828 to sampling 
conduit 822 upstream of sampling bag 826. As noted above, 
the sampling tube assembly is preferably constructed and 
operative in accordance with teachings contained in appli 
cant’s Published PCT Patent Application WO97/.45714, the 
disclosure of which is hereby incorporated by reference. 

It is a particular feature of the present invention that the 
sampling tube assembly 828 includes the following structure 
which is not described in the aforesaid Published PCT Patent 
Application WO 97/.45714, namely: 

a. the provision of a plurality of retaining protrusions 829, 
which serve to retain the sampling tube assembly 828 in 
engagement with the sampling conduit 822, even before 
closure of a clamping element 830 thereof; and 

b. the provision of a clamping protrusion 831 on clamping 
element 830 of sampling tube assembly 828 which cooper 
ates with a clamping protrusion 832. The provision of 
clamping protrusions 831 and 832 obviates the need for a 
separate clamp, such as clamp 624 in the embodiment of 
FIGS 18A-18F. 
Breakaway cannula 812 is operative, when intact, to block 

fluid communication between Y-connector 820 and collec 
tion bag 810 and is operative, when broken, to allow blood 
from collection needle 816 to flow through collection con 
duit 814 to collection bag 810. 
As seen in FIG. 20B, when the needle 816 is initially 

inserted into a donor's vein, while the breakaway cannula 
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812 is still intact and clamping element 830 has not yet been 
closed, the donor's blood fills the sampling bag 826. 
As seen in FIG. 20O, after the sampling bag 826 is filled, 

the clamping element 830 is closed, thus blocking further 
fluid communication between the sampling bag 826 and the 
sampling tube assembly 828 on the one hand and the 
remainder of the apparatus shown in FIG. 20O on the other 
hand. This blocking, produced by mutual engagement of 
protrusions 831 and 832, is shown particularly in section 
B B of FIG. 200. 

FIG. 20O also shows operative engagement of the sam 
pling tube assembly 828 with sampling conduit 822 down 
stream of protrusions 831 and 832 and upstream of sampling 
bag 826. Such engagement, by virtue of closing the clamp 
ing element 830, causes piercing of the sampling conduit 
822 by a needle 833 in sampling tube assembly 828, thereby 
providing fluid communication with blood from sampling 
bag 826 and from conduit 822 downstream of protrusions 
831 and 832 and the interior of the needle 833. This piercing 
is shown particularly in section A A of FIG. 20O. 

In this connection, an additional feature of the sampling 
tube assembly 828, which is not described in the aforesaid 
Published PCT Patent Application WO 97/45714, is noted. 
A resilient material, such as a piece of foam rubber 834, is 
preferably provided around a sharp end of needle 833 
forming part of sampling tube assembly 828 in order to 
prevent inadvertent and premature puncturing of sampling 
conduit 822 by needle 833. The provision of foam rubber 
834 has another advantage, namely, providing a seal against 
leakage from sampling conduit 822, once it has been punc 
tured by needle 833. 

FIG. 20D shows operative engagement of a vacuum 
sampling tube 835 with sampling tube assembly 828. As a 
result of this engagement, needle 833 (FIG. 20O) commu 
nicates with the interior of the tube 835 and allows blood 
from sampling bag 826 and from conduit 822 downstream of 
protrusions 831 and 832 to fill the tube 835. This at least 
partially empties sampling bag 826. 
At this stage, as shown in FIG. 20E. sampling tube 835 

may be disengaged from assembly 828 and breakaway 
cannula 812 may be broken as indicated at reference 
numeral 836 to allow blood flow from needle 816, via 
Y-connector 820, via broken breakaway cannula 812 and 
collection conduit 814 to fill collection bag 810. 

Reference is now made to FIGS. 21A, 21B, 21C, 21D, 
21E and 21F, which are simplified illustrations of apparatus 
and a methodology for blood collection and sampling in 
accordance with still another preferred embodiment of the 
present invention. As seen in FIG.21A, a collection bag 910, 
Such as a conventional collection bag commercially avail 
able from Teva Medical Ltd. of Ashdod, Israel, is connected 
to a collection conduit 914. A collection needle 916 is 
coupled via a supply conduit 918 to a Y-connector 920, 
along with collection conduit 914. A sampling conduit 922 
is also coupled to Y-connector 920. 

FIG. 21A also shows pre-attachment of a sampling tube 
assembly 928 to sampling conduit 922. As noted above, the 
sampling tube assembly is preferably constructed and opera 
tive in accordance with teachings contained in applicants 
Published PCT Patent Application WO 97/45714, the dis 
closure of which is hereby incorporated by reference. 

It is a particular feature of the present invention that the 
sampling tube assembly 928 includes the following structure 
which is not described in the aforesaid Published PCT Patent 
Application WO 97/.45714, namely: 

a. the provision of a plurality of retaining protrusions 929, 
which serve to retain the sampling tube assembly 928 in 
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engagement with the collection conduit 914 and with the 
sampling conduit 922, even before closure of a clamping 
assembly 930 of sampling tube assembly 928; 

b. the provision of clamping assembly 930 which opera 
tively engages both the sampling conduit 922 and the 
collection conduit 914; 

c. the provision in clamping assembly 930 to have first 
and second separately hinged clamping elements, respec 
tively designated 931 and 932. Clamping element 931 
includes engagement protrusions 933 which, when closed, 
engage sampling conduit 922 and produce piercing thereof 
as described hereinbelow. Clamping element 932 includes a 
protrusion 934 which, when closed, produces blocking of 
the collection conduit 914. The provision of protrusion 934 
obviates the need for a breakaway cannula in series with 
collection conduit 914, as in the embodiment of FIGS. 
18A-18F 
Thus it may be appreciated that protrusion 934 is opera 

tive, when clamping element 932 is closed, to block fluid 
communication between Y-connector 920 and collection bag 
910 and is operative, when clamping element 932 is open, to 
allow blood from collection needle 916 to flow through 
collection conduit 914 to collection bag 910. 
As seen in FIG. 21B, prior to insertion of needle 916 into 

a donor's vein, both clamping elements 931 and 932 of 
clamping assembly 930 are closed and locked in a closed 
position. As shown particularly in FIG. 21B, locking of 
clamping element 931 in a closed position, may be provided 
by locking protrusions 935. As seen particularly in section 
A—A of FIG. 21B, locking of clamping element 932 in a 
closed position onto clamping element 931, may be pro 
vided by a locking protrusion 936 formed on clamping 
element 932. 

It is noted that closure and locking of clamping element 
932 automatically produces closure and locking of clamping 
element 931. Preferably, prior to use, clamping elements 931 
and 932 are provided in locked together mutual engagement. 

Operative engagement of engagement protrusions 933 of 
the sampling tube assembly 928 with sampling conduit 922 
causes piercing of the sampling conduit 922 by a needle 937 
in sampling tube assembly 928. This piercing is shown 
particularly in section A A of FIG. 21B. 

In this connection, an additional feature of the sampling 
tube assembly 928, which is not described in the aforesaid 
Published PCT Patent Application WO 97/45714, is noted. 
A resilient material, such as a piece of foam rubber 938, is 
preferably provided around a sharp end of needle 937 
forming part of sampling tube assembly 928 in order to 
prevent inadvertent and premature puncturing of sampling 
conduit 922 by needle 937. The provision of foam rubber 
938 has another advantage, namely, providing a seal against 
leakage from sampling conduit 922, once it has been punc 
tured by needle 937. 

Thus, prior to insertion of needle 916 into a donor's vein, 
sampling conduit 922 is pierced and collection conduit 914 
is blocked, as shown particularly in section A A of FIG. 
21B. 

With the sampling tube assembly 928 in the operative 
orientation described hereinabove with respect to FIG. 21B, 
the needle 916 is inserted into the donor's vein and the 
donor's blood partly fills the supply conduit 918, as shown 
in FIG. 21C. 
As seen in FIG. 21D, after insertion of the needle 916 into 

the donor's vein when the sampling tube assembly 928 is in 
the operative orientation described hereinabove with refer 
ence to FIG. 21B, a vacuum sampling tube 939 is brought 
into operative engagement with Sampling tube assembly 
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928. As a result of this engagement, needle 937 (FIG. 21B) 
communicates with the interior of the tube 939 and allows 
blood from supply conduit 918 to fill the tube 939. 

At this stage, as shown in FIG. 21E, sampling tube 939 
may be disengaged from assembly 928. Thereafter, as shown 
in FIG. 21F, clamping element 932 may be unlocked from 
clamping element 931 and opened, thus enabling blood to 
flow from needle 916 via supply conduit 918 and collection 
conduit 914 to the collection bag 910. The clamping element 
931 preferably remains in operative engagement with sam 
pling conduit 922 such that needle 937 remains in operative 
engagement therewith, thus preventing leakage of blood 
therefrom. 

Reference is now made to FIGS. 22A, 22B, 22C, 22D and 
22E, which are simplified illustrations of apparatus and a 
methodology for blood collection and sampling in accor 
dance with still another preferred embodiment of the present 
invention. As seen in FIG. 22A, a collection bag 1010, such 
as a conventional collection bag commercially available 
from Teva Medical Ltd. of Ashdod, Israel, is connected to a 
collection conduit 1014. A collection needle 1016 is coupled 
via a supply conduit 1018 to a Y-connector 1020. A sampling 
conduit 1022 is also coupled to Y-connector 1020. Collec 
tion conduit 1014 is connected via a breakaway cannula 
1024 with Y-connector 1020. A sampling bag 1026 is also 
connected to sampling conduit 1022. 

FIG. 22A also shows pre-attachment of a sampling tube 
assembly 1028 to sampling conduit 1022 and to breakaway 
cannula 1024. As noted above, the sampling tube assembly 
1028 is preferably constructed and operative in accordance 
with teachings contained in applicant’s Published PCT 
Patent Application WO 97/45714, the disclosure of which is 
hereby incorporated by reference. 

It is a particular feature of the present invention that the 
sampling tube assembly 1028 includes the following struc 
ture which is not described in the aforesaid Published PCT 
Patent Application WO 97/.45714. namely: 

a. the provision of a plurality of retaining protrusions 
1029, which serve to retain the sampling tube assembly 1028 
in engagement with the sampling conduit 1022, even before 
closure of a clamping assembly 1030 of sampling tube 
assembly 1028; 

b. the provision of a receiving bore or recess 1031 in 
sampling tube assembly 1028 for receiving and retaining 
therewithin breakaway cannula 1024. The breakaway can 
nula 1024 may be retained within receiving bore or recess 
1031 by the use of adhesive or otherwise: 

c. the provision of clamping assembly 1030 which opera 
tively engages both the sampling conduit 1022 and the 
breakaway cannula 1024; 

d. the provision in clamping assembly 1030 to have first 
and second and third functionalities as follows: 

1. breaking of the breakaway cannula 1024 to enable 
blood flow therethrough from the supply conduit 1018 to the 
collection conduit 1014, by engagement of a protruding 
breaking tooth 1032 formed on clamping assembly 1030 
with a portion 1033 of the breakaway cannula 1024 which 
extends typically upstream of the bore or recess 1031 in the 
sampling tube assembly 1028; 

2. blocking of the sampling conduit 1022 upstream of a 
piercing needle 1034 of the sampling tube assembly 1028, 
by a protrusion 1035 in cooperation with a protrusion 1036 
formed in the sampling tube assembly 1028; and 

3. pressing of the sampling conduit 1022 by means of 
engagement protrusions 1037 which engage sampling con 
duit 1022 and produce piercing thereof as described here 
inbelow. 
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As seen in FIG. 22B, needle 1016 is inserted into a 

donor's vein prior to closing clamping assembly 1030. The 
donor's blood fills the sampling bag 1026, as well as the 
sampling conduit 1022 and the supply conduit 1018. 
As shown in FIG. 22C, when the sampling bag 1026 is 

filled, the clamping assembly 1030 is closed and locked in 
a closed position. As shown particularly in FIG. 22A and 
also in FIG. 22C, locking of clamping assembly 1030 in a 
closed position, may be provided by a locking tooth 1038 
which engages a cooperating socket 1039. 
As noted hereinabove, closing and locking of clamping 

assembly 1030 simultaneously provides the following, three 
functionalities: 

1. breaking of the breakaway cannula 1024 to enable 
blood flow therethrough from the supply conduit 1018 to the 
collection conduit 1014, by engagement of the protruding 
breaking tooth 1002 formed on clamping assembly 1030 
with portion 1033 of the breakaway cannula 1024 which 
extends typically upstream of the bore or recess 1031 in the 
sampling tube assembly 1028. This breaking allows blood to 
flow from the needle 1016, via the supply conduit 1018, the 
Y-connection 1020, the broken breakaway cannula 1024 and 
collection conduit 1014 to the collection bag 1010. 

2. blocking of the sampling conduit 1022 upstream of 
piercing needle 1034 of the sampling tube assembly 1028, 
by the protrusion 1035 in cooperation with the protrusion 
1036 formed in the sampling tube assembly 1028. This 
blocking isolates the sampling bag 1026 and the sampling 
tube assembly 1028 on the one hand from the remainder of 
the apparatus of FIG. 22C on the other hand. 

3. pressing of the sampling conduit 1022 by means of 
engagement protrusions 1037 which engage sampling con 
duit 1022 and produce piercing thereof as described here 
inbelow. This piercing is produced by needle 1034 which is 
located in sampling tube assembly 1028. This piercing is 
shown particularly in section B B of FIG. 22C. 

In this connection, an additional feature of the sampling 
tube assembly 1028, which is not described in the aforesaid 
Published PCT Patent Application WO 97/45714, is noted. 
A resilient material, such as a piece of foam rubber 1040, is 
preferably provided around a sharp end of needle 1034 
forming part of sampling tube assembly 1028 in order to 
prevent inadvertent and premature puncturing of sampling 
conduit 1022 by needle 1034. The provision of foam rubber 
1040 has another advantage, namely, providing a seal 
against leakage from sampling conduit 1022, once it has 
been punctured by needle 1034. 

Thus, following insertion of needle 1016 into a donors 
vein and filling of the sampling bag 1026, Sampling conduit 
1022 is pierced and collection conduit 1014 is unblocked by 
breakage of the breakaway cannula 1024, as shown particu 
larly in section A A of FIG. 22C. 
As seen in FIG. 22D, after carrying out of the three 

functionalities described hereinabove, a vacuum sampling 
tube 1041 is brought into operative engagement with Sam 
pling tube assembly 1028. As a result of this engagement, 
needle 1034 (FIG. 22C) communicates with the interior of 
the tube 1041 and allows blood from sampling bag 1026 to 
fill the tube 1041. 
At this stage, as shown in FIG. 22E. sampling tube 1041 

may be disengaged from assembly 1028. 
Reference is now made to FIGS. 23A, 23B, 23C, 23D, 

23E and 23F, which are simplified illustrations of apparatus 
and a methodology for blood collection and sampling in 
accordance with still another preferred embodiment of the 
present invention. As seen in FIG. 23A, a collection bag 
1110. Such as a conventional collection bag commercially 
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available from Teva Medical Ltd. of Ashdod, Israel, is 
connected to a collection conduit 1114. A collection needle 
1116 is coupled via a supply conduit 1118 to a Y-connector 
1120. A sampling conduit 1122 is coupled via a breakaway 
cannula 1124 to Y-connector 1120. Collection conduit 1114 5 
is also connected with Y-connector 1120. A sampling bag 
1126 is also connected to sampling conduit 1122. 

FIG. 23A also shows pre-attachment of a sampling tube 
assembly 1128 to collection conduit 1114 and to breakaway 
cannula 1124. As noted above, the sampling tube assembly 10 
1128 is preferably constructed and operative in accordance 
with teachings contained in applicant’s Published PCT 
Patent Application WO 97/45714, the disclosure of which is 
hereby incorporated by reference. 

It is a particular feature of the present invention that the 15 
sampling tube assembly 1128 includes the following struc 
ture which is not described in the aforesaid Published PCT 
Patent Application WO 97/.45714, namely: 

a. the provision of a plurality of retaining protrusions 
1129, which serve to retain the sampling tube assembly 1128 20 
in engagement with the collection conduit 1114, even before 
closure of a clamping assembly 1130 of sampling tube 
assembly 1128; 

b. the provision of a receiving bore or recess 1131 in 
sampling tube assembly 1128 for receiving and retaining 25 
therewithin breakaway cannula 1124. The breakaway can 
nula 1124 may be retained within receiving bore or recess 
1131 by the use of adhesive or otherwise: 

c. the provision of clamping assembly 1130 which opera 
tively engages both the collection conduit 1114 and the 30 
breakaway cannula 1124; 

d. the provision in clamping assembly 1130 to have first 
and second and third functionalities as follows: 

1. breaking of the breakaway cannula 1124 to enable 
blood flow therethrough from the supply conduit 1118 to the 35 
sampling conduit 1122 and thence to sampling bag 1126, by 
engagement of an edge 1132 formed on clamping assembly 
1130 with a portion 1133 of the breakaway cannula 1124 
which extends typically upstream of the bore or recess 1131 
in the sampling tube assembly 1128; 40 

2. piercing of the sampling conduit 1122 by means of 
engagement protrusions 1137 which engage sampling con 
duit 1122 and produce piercing thereof as described here 
inbelow, by employing a clamping element 1138 which is 
hinged to the remainder of clamping assembly 1130 and 45 
which is formed on the underside thereof with engagement 
protrusions 1139 and 1140 (as shown in FIG. 23D). The 
clamping element 1138 is moved, as described hereinbelow, 
from a first locking position as shown in FIG. 23A to a 
second locking position shown in FIG. 23D; and 50 

3. blocking of the collection conduit 1114, by a protrusion 
1135 in cooperation with a protrusion 1136 formed in the 
sampling tube assembly 1128, as shown in FIG. 23B. As 
shown in FIG. 23A, the protrusion 1135 is located on the 
lower portion of the clamping element 1138. 55 
As seen in FIG. 23B, prior to insertion of needle 1116 into 

a donor's vein, the clamping assembly 1130 is closed and 
locked in a closed position. As shown particularly in FIG. 
23A and also in FIG. 23C, locking of clamping assembly 
1130 in a closed position, may be provided by a locking 60 
tooth 1141 which engages a cooperating Socket 1142. 
As noted hereinabove, closing and locking of clamping 

assembly 1130 simultaneously provides the following two 
functionalities: 

1. breaking of the breakaway cannula 1124 to enable 65 
blood flow therethrough from the supply conduit 1118 to the 
sampling conduit 1122, by engagement of protruding break 

28 
ing edge 1132 formed on clamping assembly 1130 with 
portion 1133 of the breakaway cannula 1124 which extends 
upstream of the bore or recess 1131 in the sampling tube 
assembly 1128. This breaking allows blood to flow from the 
needle 1116, via the supply conduit 1118, the Y-connection 
1120, the broken breakaway cannula 1124 and sampling 
conduit 1122 to the sample bag 1126. 

2. blocking of the collection conduit 1114, by protrusion 
1135 in cooperation with a protrusion 1136 formed in the 
sampling tube assembly 1128. This blocking isolates the 
collection bag 1110 from the remainder of the apparatus of 
FIG. 23C. 

As seen in FIG. 23C, following closing and locking of the 
clamping assembly 1130 and generally simultaneous opera 
tion of the two functionalities described hereinabove, the 
needle 1116 is inserted into a vein of a donor, thus filling the 
sampling bag 1126. 

Referring now to FIG. 23D, it is seen that following filling 
of the sampling bag 1126, the clamping element 1138 is 
moved from the first locking position (FIG. 23A) to the 
second locking position, with respect to the remainder of 
clamping assembly 1130, causing engagement of protru 
sions 1139 and 1140 with the sampling conduit 1122 and 
causing piercing and blocking thereof. Closing and locking 
clamping element 1138 also simultaneously causes unblock 
ing of collection conduit 1114 by virtue of repositioning of 
protrusions 1135 and 1136. 
The piercing is produced by a needle 1143 in Sampling 

tube assembly 1128. This piercing is shown particularly in 
Section A A of FIG. 23.C. 

In this connection, an additional feature of the sampling 
tube assembly 1128, which is not described in the aforesaid 
Published PCT Patent Application WO 97/45714, is noted. 
A resilient material, such as a piece of foam rubber 1144, is 
preferably provided around a sharp end of needle 1143 
forming part of sampling tube assembly 1128 in order to 
prevent inadvertent and premature puncturing of sampling 
conduit 1122 by needle 1143. The provision of foam rubber 
1144 has another advantage, namely, providing a seal 
against leakage from sampling conduit 1122, once it has 
been punctured by needle 1143. 

Blocking of sampling conduit 1122 isolates the sample 
bag 1126 and the sampling tube assembly 1128 from the 
remainder of the system shown in FIG. 23D. The unblocking 
of collection conduit 1114 and the blocking of sampling 
conduit 1122 by moving the clamping element 1138 from 
the first locking position (FIG. 23A) to the second locking 
position, is shown particularly at section B B in FIG. 23.D. 
As seen in FIG. 23E, after carrying out of the three 

functionalities described hereinabove, a vacuum sampling 
tube 1145 is brought into operative engagement with Sam 
pling tube assembly 1128. As a result of this engagement, 
needle 1143 (FIG. 23B) communicates with the interior of 
the tube 1145 and allows blood from sampling bag 1126 to 
fill the tube 1145. 

At this stage, as shown in FIG. 23F, sampling tube 1145 
may be disengaged from assembly 1128. 

It will be appreciated by persons skilled in the art that the 
present invention is not limited by what has been particu 
larly shown and described hereinabove. Rather the scope of 
the present invention includes both combinations and Sub 
combinations of the various features described hereinabove 
as well as variations and improvements therein as would 
occur to a person skilled in the art upon reading the 
foregoing description and which are not in the prior art. 
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What is claimed is: 

1. A donor blood donation and sampling system compris 
ing: 

a donor needle adapted for drawing blood from a body; 
a blood collection bag coupled to a blood collection 

conduit which is coupled to said donor needle; 
a blood sampling conduit also coupled to said donor 

needle; 
a sampling tube assembly including: 

a housing element; and 
a clamping assembly disposed within said housing 

element and arranged for selectable fluid engage 
ment with said blood sampling conduit and for 
selectable clamping engagement with at least said 
blood collection conduit, thereby selectably stopping 
blood flow in at least said blood collection conduit; 
and 

a blood Supply conduit coupled to said donor needle, said 
blood collection conduit and said blood sampling con 
duit each being coupled to said blood Supply conduit. 

2. A donor blood donation and sampling system according 
to claim 1 and also comprising a breakaway cannula located 
on said blood collection conduit. 

3. A donor blood donation and sampling system according 
to claim 2 and wherein said sampling tube assembly also 
comprises: 

a needle having first and second sharpened points at its 
opposite ends; 

a vacuum sampling tube receiving Socket for removably 
receiving a vacuum sampling tube in fluid engagement 
with said needle at said second sharpened point, 
thereby providing fluid communication between blood 
in said blood sampling conduit and the interior of said 
vacuum sampling tube; and 

resilient material disposed about said first sharpened point 
for preventing inadvertent piercing of said blood Sam 
pling conduit by said needle prior to clamping engage 
ment therebetween, 

wherein said clamping assembly is arranged for selectable 
clamping engagement of said blood sampling conduit 
in fluid engagement with said needle, said clamping 
engagement causing piercing of said blood sampling 
conduit by said first sharpened point of said needle and 
wherein said resilient material comprises a sealing 
material operative in association with said blood Sam 
pling conduit and said needle for preventing leakage of 
blood from said blood sampling conduit after piercing 
thereof by said needle. 

4. A donor blood donation and sampling system according 
to claim 3 and wherein said resilient material comprises a 
foam material. 

5. A donor blood donation and sampling system according 
to claim 3 and wherein said sampling tube assembly is 
operative upon selectable clamping engagement with said 
blood sampling conduit and a blood collection conduit to 
simultaneously pierce said blood sampling conduit and 
block said blood collection conduit. 

6. A donor blood donation and sampling system according 
to claim 3 and wherein said clamping assembly is also 
operative upon selectable clamping engagement with said 
blood sampling conduit to break said breakaway cannula, 
thereby permitting blood flow therethrough. 
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7. A donor blood donation and sampling system according 

to claim 3 and wherein said clamping assembly is operative 
to have the following functionalities: 

a. breaking of said breakaway cannula to enable blood 
flow therethrough from said blood supply conduit to 
said blood collection conduit; 

b. blocking of said blood sampling conduit upstream of 
said needle of said sampling tube assembly; and 

c. piercing of said blood sampling conduit. 
8. A donor blood donation and sampling system according 

to claim 1 wherein blood sampling conduit includes a 
breakaway cannula, and wherein said sampling tube assem 
bly comprises a clamping assembly which operatively 
engages both the sampling conduit and the collection con 
duit, said clamping assembly having first and second sepa 
rately hinged clamping elements, said first clamping element 
including engagement protrusions which, when closed, 
engage said sampling conduit and produce piercing thereof, 
said second clamping element including a protrusion which, 
when said clamping element is closed, produces blocking of 
said collection conduit. 

9. A donor blood donation and sampling system according 
to claim 8 wherein closure and locking of said first clamping 
element automatically produces closure and locking of said 
second clamping element and wherein said second clamping 
element may be unlocked from said first clamping element 
and opened, thus enabling blood to flow from said needle via 
said collection conduit to said collection bag. 

10. A donor blood donation and sampling system accord 
ing to claim 8 and wherein said clamping assembly is 
operative to have the following functionalities: 

a. breaking of said breakaway cannula to enable blood 
flow therethrough from said Supply conduit to said 
sampling conduit; and 

b. blocking of said collection conduit. 
11. A donor blood donation and sampling system accord 

ing to claim 1 and wherein said sampling tube assembly is 
arranged to receive pre-donation blood directly from said 
donor needle via said blood sampling conduit. 

12. A donor blood donation and sampling system accord 
ing to claim 1 and also comprising an expansion container 
connected to at least one of said blood sampling conduit and 
said Supply conduit leading to said blood sampling conduit 
and said blood collection conduit, said expansion container 
being operative to enable an initial blood flow from said 
needle at least toward said expansion container, thereby 
enabling an operator to readily sense Successful communi 
cation of said donor needle with blood in the vein of a donor. 

13. A donor blood donation and sampling system accord 
ing to claim 1 and wherein said clamping assembly is 
operative upon selectable clamping engagement with said 
blood sampling conduit to simultaneously block and pierce 
said blood sampling conduit. 

14. A donor blood donation and sampling system accord 
ing to claim 1 and wherein said sampling tube assembly 
comprises: 

a needle having first and second sharpened points at its 
opposite ends; 

a clamping assembly for selectable clamping engagement 
with a blood sampling conduit in fluid engagement with 
said needle, said clamping engagement causing pierc 
ing of said blood sampling conduit by said first sharp 
ened point of said needle; 

a vacuum sampling tube receiving socket for removably 
receiving a vacuum sampling tube in fluid engagement 
with said needle at said second sharpened point, 
thereby providing fluid communication between blood 
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in said blood sampling conduit and the interior of said 
vacuum sampling tube; and 

a retaining assembly for retaining said sampling tube 
assembly in engagement with at least said blood Sam 
pling conduit prior to clamping engagement therewith. 

15. A sampling tube assembly for use in a donor blood 
sampling system and being arranged for selectable fluid 
engagement with a blood sampling conduit, said sampling 
tube assembly comprising: 

a needle having first and second sharpened points at its 
opposite ends; 

a clamping assembly for selectable clamping engagement 
with a blood sampling conduit in fluid engagement with 
said needle, said clamping engagement causing pierc 
ing of said blood sampling conduit by said first sharp 
ened point of said needle; 

a vacuum sampling tube receiving Socket for removably 
receiving a vacuum sampling tube in fluid engagement 
with said needle at said second sharpened point, 
thereby providing fluid communication between blood 
in said blood sampling conduit and the interior of said 
vacuum sampling tube, 

said clamping assembly being operative upon selectable 
clamping engagement of said blood sampling conduit 
to simultaneously block at least one of said blood 
sampling conduit and a blood collection conduit 
engaged thereby and thus to selectably stop blood flow 
through at least one of said blood sampling conduit and 
said blood collection conduit. 

16. A donor blood donation and sampling method com 
prising: 

drawing blood from a body; 
providing a blood collection bag which is coupled to a 

blood collection conduit which is, in turn, coupled to a 
donor needle; 

coupling a blood sampling conduit to said donor needle; 
and 

arranging a sampling tube assembly in selectable fluid 
engagement with said blood sampling conduit, using a 
clamping assembly disposed within a housing element, 
for selectable clamping engagement with at least said 
blood collection conduit thus selectably stopping blood 
flow in at least said blood collection conduit and 
thereby providing blood to said sampling tube assem 
bly prior to providing blood to said blood collection 
bag. 

17. A donor blood donation and sampling method accord 
ing to claim 16 and also comprising a breakaway cannula 
located on said blood collection conduit. 

18. A donor blood donation and sampling method accord 
ing to claim 17 and wherein said clamping assembly is also 
operative upon selectable clamping engagement with said 
blood sampling conduit to break said breakaway cannula, 
thereby permitting blood flow therethrough to said blood 
collection bag. 

19. A donor blood donation and sampling method accord 
ing to claim 16 and wherein blood is supplied initially to said 
blood sampling conduit and thereafter to said blood collec 
tion conduit without an intermediate stage wherein blood is 
Supplied to neither said blood sampling conduit nor said 
blood collection conduit. 
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20. A donor blood donation and sampling method accord 

ing to claim 16 and wherein said sampling tube assembly 
comprises: 

a needle having first and second sharpened points at its 
opposite ends; 

a clamping assembly for selectable clamping engagement 
with a blood sampling conduit in fluid engagement with 
said needle, said clamping engagement causing pierc 
ing of said blood sampling conduit by said first sharp 
ened point of said needle; 

a vacuum sampling tube receiving socket for removably 
receiving a vacuum sampling tube in fluid engagement 
with said needle at said second sharpened point, 
thereby providing fluid communication between blood 
in said blood sampling conduit and the interior of said 
vacuum sampling tube, 

said clamping assembly being operative upon selectable 
clamping engagement of a blood sampling conduit to 
simultaneously block at least one of said blood Sam 
pling conduit and a blood collection conduit engaged 
thereby, 

and wherein said sampling tube assembly is operative 
upon selectable clamping engagement with said blood 
sampling conduit to simultaneously block and pierce 
said blood sampling conduit, 

and wherein said sampling tube assembly is operative 
upon selectable clamping engagement with said blood 
sampling conduit and a blood collection conduit to 
simultaneously pierce said blood sampling conduit and 
block said blood collection conduit. 

21. A donor blood sampling method for selectable fluid 
engagement with a blood sampling conduit, comprising: 

providing a needle having first and second sharpened 
points at its opposite ends; 

employing a clamping assembly for selectable clamping 
engagement with said blood sampling conduit in fluid 
engagement with said needle, said clamping engage 
ment causing piercing of said blood sampling conduit 
by said first sharpened point of said needle; 

operating a vacuum sampling tube receiving socket for 
removably receiving a vacuum sampling tube in fluid 
engagement with said needle at said second sharpened 
point, thereby providing fluid communication between 
blood in said blood sampling conduit and the interior of 
said vacuum sampling tube; and 

operating said clamping assembly to selectably engage 
said blood sampling conduit to simultaneously block at 
least one of said blood sampling conduit and a blood 
collection conduit engaged thereby and thus to select 
ably stop blood flow through at least one of said blood 
sampling conduit and said blood collection conduit. 

22. A donor blood sampling method according to claim 21 
and wherein said clamping assembly is operative upon 
selectable clamping engagement with said blood sampling 
conduit and a blood collection conduit to simultaneously 
pierce said blood sampling conduit and block said blood 
collection conduit. 
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