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(57) Claim
1. A method of assuring secure, sterile connections between rigid barbed

connectors on sterilizable medical equipment and sterilizable tubing,
comprising the steps of:

a) assembling said connectors and said tubing prior to
sterilization;
b) compressing said tubing onto said connectors by the

application of heat to produce a tight, non-releasable connection; and
<) sterilizing said connection.
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(57) Abstract

A tight, sterile connection between flexible tubing
and a connector on a medical device is produced by pre-
assembling the tubing and the connector, heat-shrinking the
tubing onto the connector, and then sterilizing the connection
while maintaining compression of the tubing against the
connector.
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METHOD AND APPARATUS FOR CONNECTING TUBING TO BARBED CONNECTORS FOR MEDICAL
EQUIPMENT.

Field of the invention
This invention relates to connections connecting flexible tubing to

apparatus such as medical devices, and more particularly to strong, fluid-

tight attachment methods using heat-shrinkable materials.

Background of the invention

Many disposable devices, such as oxygenators, blood pumps and other
apparatus commonly used in medical procedures have rigid, barbed
polycarbonate connectors to which flexible polyvinyl chloride (PVC) hoses or
tubing are connected in use. Conventionally, the uscr slips the tubing over the
barbs of the connector and then sccures it in place by cinching a plastic cable
tie around the tubing at the connector.

Although this conventional fastening method is satisfactory in most
instances, its security is, at least to some extent, dependert upon the skill of
the clinical technician assembling the equipment. Consequently, there is still
some risk of human error or material weakness leading to failure, leakage or
loss of sterility of the connection, particularly if the connection is, perhaps
inadvertently, jostled or subjected to stress in a disengaging direction.
Summary of the invention

The present invention solves the problem of the prior art by pre-
assembling the tubing and the devices at the manufacturing site. This in turn
allows novel connection methods to be used to provide a mechanically secure,
fluid-tight and sterile connection between the tubing and the barbed
connector.

The method contemplated by this invention (which is not restricted to
use at the manufacturing site but could, under appropriate circumstances, be
used in the field as well) provides a simple, secure attachment of PVC tubing
to barbed polycarbonate through the use of heat-shrinkable materials. Some
of these materials, generally various types of PVC, can be conventionally
formulated to shrink at temperatures higher than the typical sterilization
temperature of about 55°C., or to shrink at temperatures lower than
sterilization temperatures. The former type exhibits some cold-flow
characteristics at sterilization temperatures.
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Depending upon the type of heat-shrinkable material used, the
invention solves the problem of the prior art in one of two ways: either by
using PVC tubing which shrinks at a high temperature, or by using non-
shrinkable PVC tubing within a sleeve shrinkable by the sterilization process.
In the latter case, the PVC tubing can advantageously be anchored to the heat-
shrunk sleeve by the interposition of an anchor member which bites into both
the tubing and the sleeve.

Brief description of the drawings

Figs. 1a and 1b are longitudinal cross sections, respectively, of a
connector before and after using one embodiment of the invention; and

Figs. 2a and 2b are longitudinal cross sections, respectively, of a
connector before and after using another embodiment of the invention.
Description of the preferred embodiments

Fig. 1 shows a connection 10 in which a conventional connector 12 is
connected to a piece of PVC tubing 14 shrinkable at high heat in accordance
with one embodiment of the invention.

The tubing 14 is initially connected to the connector 12 by slipping it
over the barbs 16 of the connector 12 in the conventional manner (Fig. 1a). At
this time, the tubing 14 is of uniform diameter and slips easily over the barbs
16. In order to secure the tubing 14 to the connector 12, the tubing end which
has been slipped over the connector 12 is heated to about 80°C. At that
temperature, the heat-shrink material of which the tubing 14 is made
contracts and shrinks into firm contact with the barbs 16 (Fig. 1b). Once so
shrunk, the tubing 14 can no longer be removed from the connector 12. If this
process is used, it is imperative that only the portion of the tubing 14 which
overlies the connector 12 be exposed to shrink temperatures, as any shrinkage
of tubing 14 beyond the connector 12 would result in an unacceptable
constriction of the tubing's lumen.

The amount of shrinkage of the tubing 14 can be controlled by varying
the time and temperature of the heat-shrinking process. In accordance with
the invention, it is necessary to overcompress the connection, i.c. to cause the
tubing 14 to shrink more tightly onto the connector 12 than it needs to do. The
reason for this is that when the equipment is sterilized following the making
of the connection, the tubing 14 becomes heated to about 55°C. At that
temperature, high temperature shrinkable PVC tubing does not shrink
further, but on the contrary, cold-flows to relax the compression bond with
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the connector 12. By overcompressing the connection during the heat-shrink
process, the connection 10 will have just the right amount ot compression
after sterilization.

Figs. 2a and 2b illustrate another embodiment ot the invention. In that
embodiment, a sleeve 18 of heat-shrink material is first slipped over the
connector 12 (Fig. 2a). The tubing 14 is now slipped over the barbs 16, and the
sleeve 18 is slipped over both the connector 12 and the tubing 14, care being,
taken that the left end of sleeve 18 in Figs. 2a and 2b remains to the lett of the
leftmost barb 16. 1f heat is now applied to the sleeve 18, it will shrink to the
position shown in Fig. 2b. The left end of the sleeve 18 shrinks onto the
connector 12 and the leftmost barb 16, so that the sleeve 18 becomes unable to
move to the right. Simultaneously, the shrinking of the right side ot the
sleeve 18 compresses the tubing 14 against the barbs 16 and secures it to the
connector 12.

The sleeve 18 and the tubing 14 mav advantageouslv be anchored to
one another by expanding a spring 20, preferably of square cross section, with
a relaxed inner diameter somewhat smaller than the outer diameter ot tubing,
14, and slipping it over the end of tubing 14. The sleeve 18 is then slipped
over both the tubing 14 and the spring 20 and is heat-shrunk as described
above. The heat shrinking of sleeve 18 and the application of heat to the
tubing 14 causes the spring 20 to become pressed both into the tubing 14 and
into the sleeve 18, thus anchoring the tubing 14 in the sleeve 18 and tightening
it around the connector 12.

The advantage of the latter construction is that conventional
nonshrinkable material may be used for the tubing 14 without compromusing
the integrity of the connection, and that the heat shrinking and sterilization
steps may be combined into a single heating. The tubing 14 need only be
compressible into firm contact with the barbs 16, so that the connection will be
free of leaks. The mechanical anchoring against disengagement of the
connector 12 and tubing 14 is provided, when necessary, by the slecve 18 and
spring 20.

[t is understood that the exemplary methods and apparatus for
connecting PVC tubing to barbed polycarbonate connectors described herein
and shown in the drawings represent only presently preferred embodiments
of the invention. Indeed, various modifications and additions mav be made
to such embodiments without departing from the spirit and scope of the
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invention. Thus, other modifications and additions may be obvious to those
skilled in the art and may be implemented to adapt the present invention for
use in a variety of different applications.
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CLAIMS:

1. A method of assuring secure, sterile connections between rigid barbed
connectors on sterilizable medical equipment and sterilizable tubing,
comprising the steps of:

a) assembling said connectors and said tubing prior to
sterilization;

b) compressing said tubing onto said connectors by the
application of heat to produce a tight, non-releasablc connection; and

c) sterilizing said connection.
2. The method of Claim 1, in which said tubing is composed ot a high

temperature heat-shrink material, and said tubing is compressed onto said
connection by heating said tubing to a temperature sufficient to heat-shrink
said material.

3. The method ot Claim 2, in which said tubing material heat-shrinks at
a temperature higher than temperature at which said sterilization is
performed by heat, but cold-flows at said sterilization temperature; said
method further comprising the steps of

d) heat-shrinking said tubing sufficiently to compress said tubing
onto said connectors with a pressure in excess of that needed for use; and

e) relaxing said compression sufficientlv during sterilization to
reduce said compression to the level needed for use.

4. The method of Claim 1, in which said connectors and tubing are pre-
assembled with a sleeve of heat-shrink material positioned substantially
concentrically around said assembled connector and tubing; and in which
said sleeve is exposed to sufficient heat to firmly shrink it against said
connectors and tubing.

5. The method of Claim 4, further comprising the step of interposing
between said sleeve and said tubing a spring configured to bite into said
sleeve and tubing upon heat-shrinkage of said sleeve to prevent longitudinal
movement of said tubing with respect to said sleeve.
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