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EXTRA CORPOREAL BLOOD ACCESS SITE 

The subject matter of the present invention is an ex 
tra-corporeal blood access site for use in withdrawing 
blood samples from, or in administering medicants to, 
a patient’s blood ?owing through a tube external of the 
patient. Typical uses of the invention are in blood 
passage tubes between a patient and an arti?cial kidney 
or between a patient and a blood-oxygenator during 
open heart surgery. 

In blood-passage tubing sets provided for or with arti 
?cial kidneys, for example, it is desirable, and in fact 
deemed necessary at the present state of the art, to pro 
vide one or more blood access sites to easily enable, by 
means of a syringe and hypodermic needle, withdrawal 
of blood samples or the injection of heparin or other 
medicants into the blood. In the design and construc 
tion of such blood access sites it is desirable to accom 
plish the following to the greatest extent possible. First, 
the blood access site should enable easy passage of the 
syringe needle therethrough for withdrawal of the 
blood sample or injection of the medicant. Second, and 
as an adjunct to the aforesaid, the site should provide 
optimum protection against the needle passing entirely 
through the tube with resultant hazard of the needle en 
tering into the hand of the medical attendant adminis 
tering the needle. Third, the site should be rapidly self 
sealing such that upon withdrawal of the needle there 
is immediately and thereafer maximum assurance 
against any leakage of blood through the hole made by 
the needle and, even more importantly, maximum as 
surance against any leakage of air into the blood. 
Fourth, the site should be such that it does not contami 
nate the blood, this by not just having minimum toxicity 
but also by providing optimum assurance against there 
being debris from the needle puncture. Fifth, the con 
struction of the blood access site should be such as to 
cause minimum turbulence to the flow of the blood 
past the site since turbulence increases the hazard of 
blood coagulation. 
The principle object of the present invention is to 

provide an extra-corporeal blood access site which ac 
complishes the combination of the aforesaid desirable 
features. Brie?y, this is accomplished in accordance 
with the invention by a blood access site which com 
prises a blood passage tube of relatively rigid material 
having an opening in a wall thereof, the opening being 
sealed by a relatively soft resilient needle-penetrable 
material which is under radially inward compression 
from substantially the entire periphery thereof. As will 
be discussed in detail hereinafter, a key feature of the 
invention is that the relatively soft resilient needle 
penetrable material is in radial inward compression 
from substantially its entire periphery. This optimizes 
self-sealing. 
FIG. 1 is a top'view of a preferred embodiment of the 

invention; I .. 

FIG. 2 is a view taken on the line 2-2 of FIG. 1; and 
FIG. 3 is a view taken on the line 3-3 of FIG. 2. 
Referring now to the drawings, the blood access site 

shown comprises a tube 1 of relatively hard material, 
preferably a rigid organic resin, having a cylindrical 
opening 2, through a wall thereof. The bore of the tube 
is enlarged at the ends thereof, as shown at 3 and 4, to 
accommodate the ends, 5 and 6 respectively, of the 
tubing through which the blood circulates. The ends of 
the tubing are secured into the enlarged bore ends by 
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2 
cement as shown at 7. The bore ends can be slightly ta 
pered, as shown, to facilitate inserting of the ends of the 
tubing therein and‘ to accommodate the cement. Gen 
erally the tubing used is of plasticized polyvinyl chlo 
ride and a suitable cement is polyvinyl chloride dis 
solved in cyclohexanone or other suitable solvent. The 
diameter of the inner ends of the enlarged bore por 
tions is substantially the same as the outer diameter of 
the tubing and the diameter of the cylindrical center 
portion of the bore, into which the opening 2 extends, 
is substantially the same as the inner diameter of the 
tubing. Hence, there is no signi?cant change in the di 
ameter of the blood passage as would tend to cause tur 
bulence. 

In the preferred embodiment shown, the external 
shape of the tube 1 is such that it has a T-shaped cross 
section, this by reason of a pair of outwardly extending 
?anges 8 and 9. The ?anges provide increased protec 
tion for the ?ngers of the medical attendant administer 
ing the syringe needle to the blood access site against 
accidental puncture by the needle. 
Within and sealing the opening 2 is a body 10 of soft 

resilient needle-penetrable material which is under ra 
dially inward compression from the entire cylindrical 
periphery thereof. This compression is accomplished 
by forming the cylindrical body 10 to a larger diameter 
than that of the opening 2 and then forcefully pressing 
the body into the opening thereby to cause the radial 
inward compression. The wall thickness of the portion 
of the tube wall through which the opening 2 extends 
is substantially the same as that of the body 10. 
As can be seen from the drawings, in the most pre 

ferred embodiment the thickness of the body 10 (i.e. 
the dimension axially of the opening) in its compressed 
state is about the same as the width or diameter of the 
body. Different ratios can be used but it is preferable 
that the thickness of the body in its compressed state 
be at least equal to one-half its diameter but not greater 
than one and one-half times its diameter. Where the 
thickness is greater, needle penetration is more difficult 
with no attendant advantage. If the thickness is less 
than one-half the diameter, then there can be resultant 
bulging or arching of the soft resilient body in a direc 
tion axially of the opening thereby relieving the radially 
inward compression on the body. In all cases it is desir 
able that the thickness of the body 10 in its compressed 
state be greater than the length of the tapered end por 
tion of the syringe needle used since this assures that at 
such time as the point of the needle enters the blood, 
the upper end of the tapered needle portion will be 
within and hence sealed by the compressed resilient 
body 10. Taking into account the different sizes of sy 
ringe needles that might be used, it is preferred that the 
thickness of the body in its compressed state be at least 
about 0.15 inches. 

In operation, the syringe needle is caused to pass 
through the compressed resilient body 10, until the end 
of the needle is within the bore of the tube 1 and hence 
in the blood passing through the tube. After the medi 
cant is applied or the blood sample taken, the needle 
is withdrawn and by reason of the radially inward com 
pression and the resilience of the body, the opening left 
by the needle upon its withdrawal immediately be 
comes sealed. To better assure against any withdrawal 
of the body 10 when the needle is withdrawn, the wall 
of the opening 2 can be formed with projections, pref 
erably in the form of a spiral thread 12. In the particu 
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lar embodiment shown the continuous spiral thread has . 
a tapered cross-section tapered in a direction toward 
the bore of the tube thereby enabling easy insertion but 
difficult withdrawal of the body 10. It will be under 
stood, of course, that prior to insertion into the opening 
the resilient body 10 need not, and preferably should 
not, have a thread to mate with that of the opening 
since the mating shape is impressed into the body upon 
its insertion into the opening by reason of the resilience 
of the body. If desired, the body of resilient material 
can be further secured against withdrawal by cement 
ing it within the opening or by cementing or otherwise 
securing to the upper surface of the tube 1 a ring which 
lays over and extends to both sides of the periphery of 
the opening and the body and thereby mechanically 
blocks the withdrawal of the body from the opening. 
Any of a variety of organic resins, inert with respect 

to blood, can be used for the tube 1. Illustrative is poly 
carbonate resin as, for example, that sold under the 
trademark “Lexan” by the General Electric Company. 
Likewise, the resilient body 10 can be any of various 
organic elastomers, examples being silicone elastomer 
(silicone rubber) and polyurethane elastomer, the lat 
ter being preferred. Of course as is well known in the 
art, all materials selected for any device having contact 
with the blood, and hence all the materials selected for 
the blood access site of this invention, should have min 
imum toxicity. For this reason natural rubber, though 
it can be used, is inferior as the elastomer for the body 
'10. 
For the attainment of a radially inwardly compressed 

body 10 which provides optimum self-sealing together 
with relative ease of needle penetration, two factors 
must be taken into account, namely, (a) the elasticity 
of the material used for the body, and (b) the amount 
of compression applied which, in turn, is a function of 
or determined by the difference in the width of the 
body prior to and after insertion into the opening 2. For 
the ultimate in precise calculation in this respect it 
would be appropriate to use as the measure of elasticity 
of the material its modulus of elasticity. However, there 
is relatively close correlation between modulus of elas 
ticity and durometer resiliency, and as a practical mat-. 

'ter, and for simplicity, durometer resiliency on the 
Shore A scale can be used. The following data and cal 
culations relative to the most preferred embodiment 
will illustrate. 

In the preferred embodiment shown (in enlarged 
scale) the body 10 is polyurethane elastomer having a 
durometer resiliency on the Shore A scale of about 65. 
The diameter of the cylindrical body 10 prior to inser 
tion into the opening is 0.23 inches (thickness 0.14 
inches) and the diameter of the body after insertion 
into the opening, i.e. the diameter of the opening, is 
0.197 inches (thickness about 0.165 inches). 
From the aforesaid there can be calculated what will 

be referred to as the “compressive stress value” (CSV) 
on the basis of the following formula: 

CSV — R X ——D1 

where R is the durometer resiliency on the Shore A 
scale of the material used for the resilient body, D1 is 
the diameter or width of the body prior to its insertion 
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4 
into the opening and D2 is the diameter or width of the 
body after its insertion into the opening. 

Substituting the values given above for the preferred 
embodiment there results: 

CSV = 9.3 

In the practice of the invention it is preferred that the 
compressive stress value be between 8 and 10. It will be 
manifest that to fall within this range, the higher the du 
rometer resiliency of the material used the less should 
bev the compression applied and, vice versa, the lower 
the durometer resiliency of the material the greater 
should be the compression applied. 
As has been noted above, because the center portion 

of the bore into which the opening 2 extends is of the 
same diameter and aligned with the bores of the tubing 
ends, there is no signi?cant change in the diameter of 
the passage through which the blood flows and hence 
minimum turbulence to the blood. Further in this re 
gard it bears mention that it is preferred that the cylin 
drical body of resilient material be inserted into the 
opening 2 only to the extent that the center of the bot 
tom surface of thebody is aligned with, or in the same 
plane as, the top (as shown) of the bore. In other 
words, it is preferred that the bottom end of the body 
10 not enter'into the bore. Since the bore is cylindrical, 
this means that if the bottom end surface of the body 
10 is ?at, there will result two shallow arcuate recesses 
in the wall portions of the bore immediately below the 
bottom surface of the body 10, these shallow recesses 
being shown at 13 and 14 in FIG. 3. If it is desired to 
eliminate these recesses it is only necessary to provide 
the body 10 with a cylindrical bottom surface of a di 
ameter the same as that of the bore, and preferably also 
providing a suitable indicia on the top surface of the 
body, or other means, to assure that when the body is 
inserted into the opening the cylindrical bottom surface 
is aligned with the cylindrical bore. However, it is quite 
satisfactory to use a resilient body with a ?at bottom 
surface, as shown, since the shallow recesses 13 and 14 
in the bore cause no signi?cant turbulence, if any tur 
bulence at all, to the blood ?ow. It will be noted that 
in the preferred embodiment shown the opening 2 has 
a narrow radially inwardly extending shoulder lying in 
the plane of the top surface of the bore and against 
which the body 10 bottoms thereby better assuring that 
the body does not extend into the bore. 
Because the tube 1, and hence the bottom wall 

thereof, is of a relatively rigid material there is assur 
ance against the syringe needle penetrating completely 
through the tube and into the hand of the medical at 
tendant administering the needle. Further, the blood 
access site is such that it can be manufactured with rel 
ative ease and yet with optimum quality control. The 
tube 1 can be molded and the body 10 can either be cut 
from a rod of the resilient material, or molded ‘if de 
sired. But by far a more important feature and advan 
tage is that by way of the radially inwardly compressed 
body of resilient material, the blood access site enables 
easy penetration by the syringe needle and yet also pro 
vides excellent self-sealing upon needle withdrawal. 
Still further, where polyurethane is used as the radially 
compressed elastomeric body, as is preferred, there is 
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optimum assurance against blood contamination since 
it has been found that such a body, for reasons not yet 
fully understood, results in minimum, if any, debris 
from the needle puncture. 
Though by far the chief utility of the invention is as 

a blood access site, it can ?nd other medical uses such, 
for example, as an access site in the tubing used for car 
rying dialysate to or from an arti?cial kidney or in the 
tubing used for introducing fluid into a patient’s blood 
stream. Further, it will be understood that while the in 
vention has been described in detail by reference to a 
preferred embodiment thereof, various changes may be 
made all within the full and intended scope of the 
claims which follow. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1. An extra-corporeal blood access site comprising a 
blood-passage tube of relatively rigid material having a 
cylindrical opening through a wall thereof and a cylin 
drical body of a relatively soft resilient needle 
penetrable material in and sealing the opening in said 
tube, said body being under radially inward compres 
sion from substantially the entire cylindrical periphery 
thereof, said body having a compressive stress value 
(CSV) of from 8 to 10 calculated on the basis of the 
formula CSV = R X[(D1 —— D2)/D1] 
where R is the durometer resiliency on the Shore A 
scale of the material of said body, D1 is the diameter of 
said body prior to insertion into said opening and D2 is 
the diameter of said body after insertion into said open 
mg. 

2. An extra-corporeal blood access site as set forth in 
claim 1 wherein said body is polyurethane elastomer. 

3. An extra-corporeal blood access site as set forth in 
claim 1 wherein the thickness of said body in its com 
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pressed state is at least about 0.15 inches and is from 
about 0.5 to 1.5 times the diameter of said body and 
wherein the thickness of the wall portion of the tube 
through which the opening extends is at least as great 
as the thickness of said body. 

4. An extra-corporeal blood access site as set forth in 
claim 1 wherein said tube has a center bore portion into 
which said opening extends and enlarged bore portions 
at the ends thereof for securing the ends of tubing, said 
center portion having a diameter substantially the same 
as the internal diameter of said tubing and said en 
larged bore portions being such as to align the ends of 
said tubing with said center bore portion. 

5. An extra~corporeal blood access site as set forth in 
claim 1 wherein the wall of said opening has projec 
tions to assure against accidental withdrawal of said 
body from said opening. 

6. An extra-corporeal blood access site as set forth in 
claim 5 wherein said projections comprise a spiral 
thread in the wall of the opening. 

7. An extra-corporeal blood access site comprising a 
blood-passage tube of relatively rigid material having a 
cylindrical opening through a wall thereof and a cylin 
drical body of relatively soft resilient needle-penetrable 
material in and sealing the opening in said tube, said 
body being under radially inward compression from 
substantially the entire cylindrical periphery thereof, 
said cylindrical opening having a spiral thread on the 
wall thereof which spiral thread is impressed into said 
resilient body thereby to assure against accidental with 
drawal of said body from said opening. 

8. An extra-corporeal blood access site as set forth in 
claim 7 wherein said spiral thread has a tapered cross 
section, the taper being in the direction of the bore of 
the tube. 

* * * * * 


