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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

BARD PERIPHERAL VASCULAR, INC. REDACTED PUBLIC VERSION

Plaintiff,
C.A. No. 15-218-SLR
V.
JURY TRIAL DEMANDED
ANGIODYNAMICS, INC.
Defendant.

SUPPLEMENTAL COMPLAINT

Plaintiff Bard Peripheral Vascular, Inc. ( “BPV” or “Plaintiff”) complains and alleges as
follows against Defendant AngioDynamics, Inc. (“Defendant”):

NATURE OF THE ACTION

1. The underlying Complaint in this action was filed on March 10, 2015, alleging
infringement of three patents. Plaintiff BPV brings this Supplemental Complaint to reflect the
change in ownership of the patents asserted in the underlying Complaint that occurred on July
12,2017. On that date, C. R. Bard, Inc. assigned the patents to BPV, a wholly-owned subsidiary
of C. R. Bard.

2. This is an action for patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. 88 1, et seq.

3. Plaintiff has filed this lawsuit to stop Defendant’s unlawful infringement of
Plaintiff’s patented inventions and to obtain damages, an injunction, and other relief.

THE PARTIES

4. BPV is a corporation organized and existing under the laws of the State of
Arizona with its principal place of business located at 1625 West 3™ Street, Tempe AZ, 85281.
Upon information and belief, Defendant is a corporation organized under the laws of the State of

Delaware with its principal place of business at 14 Plaza, Latham, NY 12110. Defendant makes,
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sells, offers for sale, and/or uses medical products, including implantable power-injectable port
products throughout the United States, including within this District.

5. BPV is an innovator and market leader in vascular access devices.

6. BPV has manufactured and distributed implantable power-injectable port
products, including PowerPort® products, since 2012. BPV’s PowerPort® products were first
introduced in 2006 by a sister company, Bard Access Systems, Inc. (“BAS”). In 2012, BAS
transferred a number of businesses to BPV, including the port business. The groundbreaking
innovations of the PowerPort® products are covered by the Asserted Patents.

7. BPV competes directly with Defendant in the market for implantable power-
injectable port products in the United States.

JURISDICTION AND VENUE

8. This Court has exclusive subject matter jurisdiction pursuant to 28 U.S.C. 8§
1331 and 1338(a).

9. Venue is proper in this judicial district under 28 U.S.C. 88 1391(b)-(c) and
1400(b).

10. This Court has personal jurisdiction over Defendant because, among other
reasons, Defendant is incorporated in Delaware and Defendant has conducted and conducts
business in this District. Additionally, upon information and belief, Defendant has committed
and continues to commit acts of patent infringement in this District, and has harmed and
continues to harm Plaintiff in this District by selling or offering for sale infringing products in
this District and by inducing its customers’ infringement in this District.

THE PATENTS-IN-SUIT

11. On July 2, 2013, the United States Patent and Trademark Office (the “PTO”) duly
and legally issued U.S. Patent No. 8,475,417 (the *417 patent”), entitled “Assemblies for
Identifying a Power Injectable Access Port.” A true and accurate copy of the 417 patent is

attached hereto as Exhibit 1.
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12, On October 1, 2013, the PTO duly and legally issued U.S. Patent No. 8,545,460
(the 460 patent”), entitled “Infusion Apparatuses and Related Methods.” A true and accurate
copy of the *460 patent is attached hereto as Exhibit 2.

13. On August 12, 2014, the PTO duly and legally issued U.S. Patent No. 8,805,478
(the *478 patent™), entitled “Methods of Performing a Power Injection Procedure Including
Identifying Features of a Subcutaneously Implanted Access Port for Delivery of Contrast
Media.” A true and accurate copy of the *478 patent is attached hereto as Exhibit 3.

14, C. R. Bard, Inc. was the owner by assignment of the *417 patent, the 460 patent,
and the 478 patent (the “Asserted Patents”™).

15. C. R. Bard, Inc. assigned all rights in the Asserted Patents to BPV on July 12,
2017, including all money damages awarded in connection with any patent infringement suit to
BPV.

16. Since July 12, 2017, BPV is the owner by assignment of the Asserted Patents.

17. Pursuant to 35 U.S.C. § 287(a), Plaintiff has marked its PowerPort® products with
respect to the *417 and *460 patents.

FIRST CAUSE OF ACTION

18. Plaintiff realleges and incorporates paragraphs 1 — 17 as through fully set forth
herein.

19. Defendant has infringed, and continues to infringe, claims 1, 5, 6, 8, 12, and 13 of
the *417 patent by making, using, selling, offering for sale within the United States, and/or
importing into the United States, implantable power-injectable port products, including its Smart
Port® products, Xcela Port products, Xcela Plus Port products, and BioFlo Port products, as set
forth in Final Infringement Contentions served on Defendant on May 19, 2017.

20. Defendant has had constructive notice of the *417 patent by virtue of Plaintiff’s

marking of its products, and actual notice at least by the filing of this Complaint.
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24. Upon information and belief, Defendant has committed and continues to commit
all of the above acts of infringement despite its lack of a good-faith belief that the claims of the
’417 patent are noninfringed, invalid, or unenforceable.

25.  Defendant has committed and continues to commit all of the above acts of
infringement without license or authorization.

26.  As aresult of Defendant’s infringement of the *417 patent, Plaintiff has suffered
damages and will continue to suffer damages.

27. Defendant’s infringement of the 417 patent has been and continues to be willful

and deliverate. [

28.  Under 35 U.S.C. § 283, Plaintiff is entitled to a permanent injunction against
further infringement. Defendant’s wrongful conduct has caused and will continue to cause
Plaimntiff to suffer irreparable harm resulting from the loss of its lawful patent right to exclude
others from making, using, selling, offering to sell, and/or importing Plaintiff’s patented
mventions. BPV has suffered harm to goodwill, lost customers, lost market share, tarnishment to
brand, and price erosion due to Defendant’s low-quality competing implantable power-injectable
port products, including its Smart Port® products, Xcela Port products, Xcela Plus Port products,
and BioFlo Port products. Upon information and belief, Defendant will continue to infringe the

’417 unless permanently enjoined by this Court.
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SECOND CAUSE OF ACTION

29. Plaimntiff realleges and incorporates paragraphs 1 — 28 as through fully set forth
herein.

30. Defendant has infringed, and continues to infringe, claims 1, 2, and 4 of the *460
patent by making, using, selling, offering for sale within the United States, and/or importing into
the United States, implantable power-injectable port products, including its Smart Port®
products, Xcela Port products, Xcela Plus Port products, and BioFlo Port products, as set forth in
Final Infringement Contentions served on Defendant on May 19, 2017.

31. Upon information and belief, Defendant has committed and continues to commit
all of the above acts of infringement despite its lack of a good-faith belief that the claims of the
’460 patent are noninfringed, invalid, or unenforceable.

32.  Defendant has had constructive notice of the 460 patent by virtue of Plaintiff’s

marking of its products, and actual notice at least by the filing of this Complaint.

36.  Defendant has committed and continues to commit all of the above acts of
infringement without license or authorization.

37.  Asaresult of Defendant’s infringement of the 460 patent, Plaintiff has suffered
damages and will continue to suffer damages.

38. Defendant’s infringement of the ’460 patent has been and continues to be willful

ond detivertc. |

9]
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39.  Under 35 U.S.C. § 283, Plaintiff is entitled to a permanent injunction against
further infringement. Defendant’s wrongful conduct has caused and will continue to cause
Plaintiff to suffer irreparable harm resulting from the loss of its lawful patent right to exclude
others from making, using, selling, offering to sell, and/or importing Plaintiff’s patented
mventions. BPV has suffered harm to goodwill, lost customers, lost market share, tarnishment to
brand, and price erosion due to Defendant’s low-quality competing implantable power-injectable
port products, including its Smart Port® products, Xcela Port products, Xcela Plus Port products,
and BioFlo Port products. Upon information and belief, Defendant will continue to infringe the

’460 patent unless permanently enjoined by this Court.

THIRD CAUSE OF ACTION

40.  Plantiff realleges and incorporates paragraphs 1 — 39 as through fully set forth
herein.

4]. Upon information and belief, Defendant has infringed, and continues to infringe,
claims 1, 3. 5, 8, 9, and 11 of the *478 patent by making, using, selling, offering for sale within
the United States, and/or importing into the United States, implantable power-injectable port
products, including Smart Port® products Xcela Port products, Xcela Plus Port products, and
BioFlo Port products, as set forth in Final Infringement Contentions served on Defendant on

May 19, 2017.

44. Since becoming aware of the patent, Defendant has known that the use of its

Smart Port® products infringes the *478 patent.
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45, Upon information and belief, Defendant’s customers, including radiologists,
physicians, nurses, surgeons, medical technicians, and other medical professionals, are infringing
claims 1, 3, 5, 8, 9, and 11 of the *478 through their use of Defendant’s Smart Port® products,
Xcela Port products, Xcela Plus Port products, and BioFlo Port products.

46. Upon information and belief, Defendant has specifically intended to induce its
customers to use the Smart Port® products so as to infringe the *478 patent, including through
activities relating to marketing, advertising, promotion, support, and distribution of the Smart
Port® products, Xcela Port products, Xcela Plus Port products, and BioFlo Port products.

47. For example, Defendant provides information and materials on how to use the
Smart Port products for power injection procedures on its website, at
http://www.angiodynamics.com/products/smart-port-ct.

48. Defendant provides instructions to its customers titled “Guidelines for Health
Care Providers” regarding its Smart Port® products. The “Guidelines for Health Care
Providers” is available at http://www.angiodynamics.com/uploads/pdf/071310-
083617_MLC%20240.pdf and is attached hereto as Exhibit 4. The “Guidelines for Health Care
Providers” includes a 14-step “Procedure for Power Injection” that instructs Defendant’s
customers on how to use its Smart Port® products for power injection.

49. Defendant actively publicizes other promotional and instructional materials for
Smart Port® products through numerous means, including through its website at
http://www.angiodynamics.com/. Specific examples of these materials can be found on
Defendant’s website at http://www.angiodynamics.com/uploads/pdf/020515-

100211 MLC%20220 SmartPort-brochure-RevJ-ipad.pdf (attached hereto as Exhibit 5);
http://www.angiodynamics.com/uploads/pdf/052014-085404 107102_Rev_D.pdf (English

version attached hereto as Exhibit 6).
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50. Upon information and belief, Defendant has committed and continues to commit
all of the above acts of infringement despite its lack of a good-faith belief that the claims of the
’478 patent are noninfringed, invalid, or unenforceable.

51. Defendant has committed and continues to commit all of the above acts of
infringement without license or authorization.

52.  Asaresult of Defendant’s infringement of the *478 patent, Plaintiff has suffered
damages and will continue to suffer damages.

53. Defendant’s infringement of the 478 patent has been and continues to be willful
and deliberate. |

54.  Under 35 U.S.C. § 283, Plaintiff is entitled to a permanent injunction against
further infringement. Defendant’s wrongful conduct has caused and will continue to cause
Plaintiff to suffer irreparable harm resulting from the loss of its lawful patent right to exclude
others from making, using, selling, offering to sell, and/or importing Plaintiff’s patented
mventions. BPV has suffered harm to goodwill, lost customers, lost market share, tarnishment to
brand, and price erosion due to Defendant’s low-quality competing implantable power-injectable
port products, including Smart Port® products, Xcela Port products, Xcela Plus Port products,
and BioFlo Port products. Upon information and belief, Defendant will continue to infringe the
’478 patent unless permanently enjoined by this Court.

DEMAND FOR JURY TRIAL

Pursuant to Rule 38(b) of the Federal Rule of Civil Procedure, Plaintiff hereby demands
trial by jury on all issues raised by the Complaint.

PRAYER FOR RELIEF

WHEREFORE, Plantiff respectfully requests that the Court enter judgment in favor of

Plaintiff and prays that the Court grant the following relief to Plaintiff:
{00950602:v1 } 8
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A. A judgment that Defendant has infringed claims 1, 5, 6, 8, 12, and 13 of the *417
patent;

B. A judgment that Defendant has infringed claims 1, 2, and 4 of the *460 patent;

C. A judgment that Defendant has induced infringement of claims 1, 3, 5, 8, 9, and
11 of the 478 patent;

D. An injunction barring Defendant and its officers, directors, agents, servants,
employees, affiliates, attorneys, and all others acting in privity or in concert with it, and its
parents, subsidiaries, divisions, successors, and assigns, from further acts of infringement of the
Asserted Patents;

E. Anaward of damages adequate to compensate for Defendant’s infringement of
the Asserted Patents, including all pre-judgment and post-judgment interest at the maximum rate
permitted by law;

F. Anaccounting for infringing sales not presented at trial and an award of
additional damages for any such infringing sales;

G. An award of trebled damages under 35 U.S.C. § 284;

H. A declaration that this case is exceptional under 35 U.S.C. § 285;

I.  Anaward of Plaintiff’s costs and attorneys’ fees under 35 U.S.C. § 285; and

J.  Any other remedy to which Plaintiff may be entitled.

ASHBY & GEDDES

/s/ John G. Day

John G. Day (#2403)

Tiffany Geyer Lydon (#3950)
Andrew C. Mayo (#5207)

500 Delaware Avenue, 8th Floor
P.O. Box 1150

Wilmington, DE 19899
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(302) 654-1888
jday@ashby-geddes.com
tlydon@ashby-geddes.com
amayo@ashby-geddes.com
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ASSEMBLIES FOR IDENTIFYING A POWER
INJECTABLE ACCESS PORT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/380,124, filed Apr. 25, 2006, which claims
the benefit of priority to U.S. Provisional Patent Application
No. 60/737,466, filed Nov. 15, 2005, and to U.S. Provisional
Patent Application No. 60/675,309, filed Apr. 27, 2005, each
of which applications is hereby incorporated by reference in
its entirety into this application.

BACKGROUND

A wide variety of medical procedures require infusion of a
fluid into a patient. For example, vascular imaging technolo-
gies may require use of a contrast media that is injected into
the patient. More specifically, computed tomography (CT) is
an imaging technology that utilizes a contrast media and may
be employed for the noninvasive evaluation and assessment
of'avascular system (i.e., CT angiography or CTA). Multide-
tector computed tomography (MDCT) is one specific type of
CT that may be utilized for CTA. For proper imaging of a
vascular system via CT, intravenous contrast media injection
protocols are coordinated and selected for the anatomic area
of interest.

More particularly, conventionally, a so-called “power
injector” system may be employed for injecting contrast
media at a high pressure into a peripherally inserted intrave-
nous (IV) line. For example, such power injectors or injection
systems may be commercially available from Medrad, Inc., a
subsidiary of Schering AG, Germany and may be marketed as
STELLANT® injection systems. Because CT procedures are
often defined in terms of a desired flow rate of contrast media,
such power injection systems are, in general, controllable by
selecting a desired flow rate. Accordingly, such power injec-
tion systems may develop pressure (within the maximum
pressure capability of the power injection system) as is nec-
essary to maintain the selected flow rate. Accordingly, as may
be appreciated, obstructions in the IV lines or use of [V lines
that are not structured to withstand the pressures of a desired
injection rate may cause the power injector to generate a
pressure that exceeds a suitable pressure limit for the IV line.
After intravenous injection, a bolus of contrast material, may
flow within the vascular system of the patient to the right side
of the heart, through the lungs, into the left side of the heart,
and through the remaining circulatory system. After the bolus
of contrast media is injected into the patient, portions of the
contrast media may remain in the right side of the heart. Thus,
the overall effectiveness of contrast enhancement may
depend on a multitude of factors. For example, a patient’s
characteristics (e.g., body size; circulation, including cardiac
output and circulating volume, and renal function), the con-
trast characteristics (e.g., volume, injection rate, iodine con-
centration, etc.), and the CT technique (e.g., access and route
of administration, scan delay, scan speed, and injection pat-
tern) may each influence the overall degree of contrast
enhancement.

By way of background, conventionally, relatively long
scan times have been accompanied by relatively long contrast
media delivery times. However, because scan times continue
to decrease, relatively fast delivery of contrast media may be
desired. Explaining further, in coronary CTA, a large enough
volume of contrast material must be administered at a suffi-
ciently high rate to reach and maintain a suitable concentra-
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tion throughout a selected scan time (e.g., a 15 second scan
time), and within a selected region of the anatomy (e.g., an
axial scan distance of 20 cm, which may include the left
ventricle and outflow tract). It also may be desirable that
contrast density values are sufficient to facilitate the segmen-
tation techniques used in multidimensional post-processing.
A typical contrast media used in coronary CTA may have an
iodine density of about 300 milligrams per milliliter to about
350 milligrams per milliliter. Also, since contrast media may
beradioactive, reducing the overall quantity of contrast media
required to perform an imaging process may be advanta-
geous.

The pressure required for contrast injection depends on
many factors, including flow rate, contrast viscosity, configu-
ration of infusion tubing, such as tube diameter and length,
and any obstruction or restriction to flow (e.g., kinks, curves,
fittings, compression). As mentioned above, to maintain the
flow rate required for a CT or MRI study, a power injector
may generate high pressures. Ruptures can occur when the
injection pressure exceeds the tolerance of the vascular access
device(s). Other problems may occur due to timing errors
between the scan and the contrast. In order to maximize the
rapid scanning capacity of the newer vascular imaging
devices, the starting of the scanning process can be delayed a
predetermined amount of time after injection of the contrast
media has begun. If the scan starts too early, just as the
contrast is arriving at the heart, arteries can appear smaller
than they really are when the image is post-processed. On the
other hand, if scanning is delayed too long, image artifacts
can arise from diluted contrast in the cardiac veins. The win-
dow of opportunity for optimal scans may be very small,
because contrast media circulates quickly through cardiac
arteries and into cardiac veins.

Some diagnostic or medical procedures may advanta-
geously employ a subcutaneous vascular access port for intro-
ducing a fluid into the vasculature of a patient. Access portals,
or ports, provide a convenient method to repeatedly deliver
medicants to remote areas of the body without utilizing sur-
gical procedures. The port is implantable within the body, and
permits the infusion of medications, parenteral solutions,
blood products, contrast media, or other fluids. Additionally,
the port may be used to aspirate blood from the patient. Such
access ports typically include a cannula-impenetrable hous-
ing which encloses one or more fluid cavities or reservoirs
and defines for each such fluid cavity an access aperture
communicating through the housing. A cannula-penetrable
septum is positioned adjacent to and seals each access aper-
ture. An outlet stem communicates with one or more of the
fluid cavities for dispensing medication therefrom to a pre-
determined location in the body of the patient through an
implanted catheter attached to the access port. Once the
access port and the catheter have been implanted beneath the
skin of a patient, quantities of fluid, such as medication,
blood, etc., may be dispensed through one such fluid cavity
by, for example, a cannula (e.g., a needle), passed through the
skin of the patient and penetrating the septum into one of the
respective fluid cavities. This medication is directed through
the distal end of the catheter to an entry point into the venous
system of the body of the patient. Further, blood may be
aspirated through the subcutaneous access port. Thus, use of
an access port may allow for vascular access without needle
sticks into the vasculature of a patient.

However, conventional access ports and attendant infusion
systems have not been suitable for performing power injec-
tion.

Particularly, the use of power injection systems in combi-
nation with conventional vascular access ports has achieved
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less than ideal results. Thus, it may be appreciated that vas-
cular access ports for infusion systems and infusion-related
apparatuses structured for performing power injection may
be advantageous.

SUMMARY

One aspect of the instant disclosure relates to a method of
flowing fluid through an access port. More particularly, a
vascular access port may be provided and a fluid may be
caused to flow through the access port at a rate of at least about
1 milliliter per second.

A further aspect of the instant disclosure relates to a
method of flowing fluid through an infusion set. For example,
an infusion set may be provided and a fluid may be flowed
through the infusion set at a rate of at least about 1 milliliter
per second.

Another aspect of the instant disclosure relates to an access
port for providing subcutaneous access to a patient. Specifi-
cally, an access port may comprise a housing defining an
aperture for capturing a septum, wherein the housing and
septum define a reservoir. In addition, the septum may include
a tenon region wherein the housing of the access port defines
a complimentary mortise region structured for accepting at
least a portion of the tenon region of the septum. Optionally,
the housing may include a ring structure proximate to at least
a portion of a side periphery of the septum.

An additional aspect of the instant disclosure relates to an
access port for providing subcutaneous access to a patient. In
one embodiment, an access port may comprise a housing
defining an aperture for capturing a septum, the housing and
septum defining a reservoir. In addition, the housing and
septum may be structured for accommodating a flow rate
through the reservoir of at least about 1 milliliter per second.
In another embodiment, an access port may include a housing
and septum, as described above, wherein the housing and the
septum are structured for accommodating a pressure devel-
oped within the reservoir of at least about 35 psi.

Yet another aspect of the instant disclosure relates to an
infusion set for use in subcutaneously accessing a patient. For
example, in one embodiment, an infusion set may comprise a
tubing section defining a lumen and a cannula in fluid com-
munication with the lumen of the tubing section. Also, the
cannula may be configured for insertion through a septum of
an access port, and the tubing section and the cannula may be
structured for allowing a fluid to flow at a rate of at least about
1 milliliter per second. Optionally the cannula may be con-
figured for puncturing a septum of an access port and the
tubing section and the cannula may be structured for accom-
modating a pressure of at least about 400 psi. For example, the
tubing section and the cannula may be structured for accom-
modating a pressure of about 600 psi.

A further aspect of the instant disclosure relates to infusion
tubing for use in accessing a vascular system of a patient. In
one embodiment, infusion tubing may comprise a plurality of
layers, wherein the tubing is structured for accommodating a
fluid flow rate of at least about 1 milliliter per second. In
another embodiment, infusion tubing may comprise a plural-
ity of layers, wherein at least one layer of the plurality of
layers extends beyond at least another of the plurality of
layers and is structured for forming a cannula for puncturing
a septum of an access port. In yet an additional embodiment,
an infusion set for use in subcutaneously accessing a patient
may comprise a tubing section defining a lumen and a cannula
in fluid communication with the lumen of the tubing section,
wherein the cannula is configured for insertion through a
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septum of an access port. Additionally, the tubing section and
cannula may be structured for accommodating a pressure of
at least about 400 psi.

Another aspect of the instant disclosure relates to a method
of identifying an access port as being suitable for power
injection. More specifically, an access port including a sep-
tum may be provided. Further, the access port may be iden-
tified as being suitable for power injection.

Yet a further aspect of the instant disclosure relates to an
access port for providing subcutaneous access to a patient.
Particularly, an access port may comprise a housing config-
ured for capturing a septum, the septum configured for insert-
ing a cannula therethrough and into a reservoir defined within
the housing and at least one structural element configured for
resisting deformation of the septum in response to a pressure
developed within the reservoir.

In an additional aspect of the instant disclosure, a method
of operation of an access port may comprise providing a
housing configured for capturing a septum, the septum con-
figured for inserting a cannula (which can include a needle, a
Huber needle, a trocar with an associated cannula, or any
combination thereof) therethrough and into a reservoir
defined within the housing, and developing a pressure within
the reservoir of the housing. Further, such a method may
comprise limiting deformation of the septum in response to
the pressure developed within the reservoir.

In addition, one aspect of the instant disclosure relates to a
septum comprising a gel or a viscous liquid. For example, in
one embodiment, a septum for assembly with a housing to
form an access port for providing subcutaneous access to a
patient may comprise a body including an upper surface and
a lower surface and at least one gel region positioned gener-
ally between the upper surface and the lower surface. Another
embodiment may comprise a septum for assembly with a
housing to form an access port for providing subcutaneous
access to a patient may comprise a body, a layer formed over
at least a portion of the body, and a gel region positioned at
least partially between the layer and the body.

The above-described infusion apparatuses and related
methods may be beneficially employed for effecting or facili-
tating power injection processes. For instance, such methods
and apparatuses may be employed for infusing a fluid (e.g., a
contrast media) at a rate of between about 1 milliliter per
second and about 5 milliliters per second.

Features from any of the above mentioned embodiments
may be used in combination with one another in accordance
with the instant disclosure. In addition, other features and
advantages of the instant disclosure will become apparent to
those of ordinary skill in the art through consideration of the
ensuing description, the accompanying drawings, and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the instant disclosure will become apparent
upon review of the following detailed description and draw-
ings, which illustrate representations (not necessarily drawn
to scale) of various aspects of the instant disclosure, wherein:

FIG. 1 shows an exploded, perspective view of an access
port according to the instant disclosure;

FIG. 2 shows a schematic, side cross-sectional view of the
access port shown in FIG. 1;

FIG. 3 shows a schematic, top elevation view of a cap
including a ring feature as shown in FIGS. 1 and 2;

FIG. 4 shows a schematic, top elevation view of another
embodiment of a cap including a ring feature;
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FIG. 5 shows a schematic, top elevation view of a further
embodiment of a cap including a ring feature;

FIG. 6 shows a schematic, side cross-sectional view of an
implanted access port with a cannula extending through the
septum of the access port;

FIG. 7 shows a graph depicting pressures at selected
regions within an infusion system for a given flow rate;

FIG. 8 shows a schematic, side cross-sectional view of an
access port including a septum with a tenon region and a
housing with a mortise region;

FIG. 9 shows a schematic, side cross-sectional view of
another embodiment of an access port including a septum
with a tenon region and a housing defining a mortise region;

FIG. 10 shows a schematic, side cross-sectional view of a
further embodiment of an access port including a tenon region
and a housing defining a mortise region;

FIG. 11 shows a schematic, side cross-sectional view of an
access port, wherein at least a portion of a side periphery of
the septum is affixed to the housing;

FIG. 12 shows a schematic, side cross-sectional view of an
access port including a structural element extending between
the septum and the housing;

FIG. 13 shows a schematic, side cross-sectional view of an
access port including a structural element with a barbed end
positioned within the septum;

FIG. 14 shows a schematic, side cross-sectional view of an
access port including a structural element extending between
an upper surface of the septum and the housing;

FIG. 15 shows a schematic, side cross-sectional view of an
access port as shown in FIG. 14 and also including a support
element positioned adjacent to an upper surface of the sep-
tum;

FIG. 16 shows a schematic, side cross-sectional view of an
access port including a septum with an extension leg that
extends to the housing;

FIG. 17 shows a schematic, side cross-sectional view of an
access port including a septum with an extension leg com-
prising an enlarged end that couples to a recessed form in the
housing;

FIG. 18 shows a schematic, side cross-sectional view of an
access port including a septum in a structural element posi-
tioned adjacent to an upper surface of the septum;

FIG. 19 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element
extending laterally through the septum;

FIG. 20 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element posi-
tioned proximate to an upper surface of the septum;

FIG. 21 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element posi-
tioned proximate to a lower surface of the septum;

FIG. 22 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in a generally triangular pattern;

FIG. 23 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in two generally rectangular patterns;

FIG. 24 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in a first plurality of substantially parallel lines
and a second plurality of substantially parallel lines;

FIG. 25 shows a partial, top elevation view of an access port
as shown in FIGS. 18-21, wherein structural elements are
arranged as two intersecting substantially straight members;

FIG. 26 shows a partial, top elevation view of a septum
including a structural element positioned within the septum;
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FIG. 27 shows a perspective view of a sectioned septum, as
shown in FIG. 26;

FIG. 28 shows a partial, top elevation view of a septum
including a plurality of structural elements;

FIG. 29 shows a schematic, side cross-sectional view of an
access port including a septum exhibiting curvature;

FIG. 30 shows a top elevation view of one embodiment of
a septum frame;

FIG. 31 shows a schematic, side cross-sectional view of
one embodiment of a septum including the frame shown in
FIG. 30 and another material at least partially surrounding the
frame;

FIG. 32 shows a schematic, side cross-sectional view of
another embodiment of a septum including a frame that is at
least partially surrounded by another material;

FIG. 33 shows a schematic, side cross-sectional view of yet
an additional embodiment of a septum including a frame that
is at least partially surrounded by another material;

FIGS. 34 and 35 show a respective schematic view of
different patterns that may be generated by radiopaque mate-
rial comprising a septum;

FIG. 36 shows a perspective view of one embodiment of an
infusion set according to the instant disclosure;

FIG. 37 shows a perspective view of another embodiment
of an infusion set according to the instant disclosure;

FIGS. 38 and 39 show a side cross-sectional view and an
end cross-sectional view of one embodiment of tubing includ-
ing an inner layer and an outer layer;

FIG. 40 shows a schematic, side cross-sectional view of
tubing including an inner layer, an outer layer, and at least one
reinforcing element;

FIG. 41 shows a schematic, side cross-sectional view of
another embodiment of tubing including an inner layer, an
outer layer, and at least one reinforcing element;

FIGS. 42 and 43 show an end cross-sectional view and a
schematic, side cross-sectional view, respectively, of tubing
including four layers;

FIGS. 44 and 45 show schematic, side cross-sectional
views of a tubing section including a plurality of layers,
wherein at least one layer of the plurality of layers extends
from a distal end of the tubing to form a slender hollow region
for insertion through a septum of an access port;

FIG. 46 shows a perspective view of one embodiment of an
infusion system configured for inserting a flexible catheter
through a septum of an access port;

FIG. 47 shows a schematic, partial, side cross-sectional
view of the infusion system shown in FIG. 46;

FIG. 48 shows a perspective view of another embodiment
of'an infusion system configured for inserting a flexible cath-
eter through a septum of an access port;

FIG. 49 shows a schematic, partial, side cross-sectional
view of the infusion system shown in FIG. 48;

FIG. 50 shows a perspective view of the infusion system
shown in FIG. 48, wherein the insertion assembly is removed
from the hub;

FIG. 51 shows a perspective view of one embodiment of an
access port according to the instant disclosure;

FIG. 52 shows a top elevation view of the access port
shown in FIG. 51;

FIG. 53 shows a simplified representation of a transverse
cross-section of the access port shown in FIGS. 51 and 52;

FIG. 54 shows a schematic, side cross-sectional view of
one embodiment of a septum including at least one gel region;

FIG. 55 shows a schematic, side cross-sectional view of
another embodiment of a septum including at least one gel
region;
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FIG. 56 shows a schematic, side cross-sectional view of a
further embodiment of a septum including at least one gel
region;

FIG. 57 shows a side cross-sectional view of a first mold
and a second mold, wherein a gel region is positioned
between the first mold and the second mold;

FIG. 58 shows a schematic, side cross-sectional view of an
embodiment of a septum including at least one chamber to
capture a gel; and

FIG. 59 shows a schematic, side cross-sectional view of an
additional embodiment of a septum including at least one gel
region.

DETAILED DESCRIPTION

One aspect of the instant disclosure relates to vascular
access ports. More particularly, in one embodiment, the
instant disclosure contemplates that a vascular access port
may be structured for accommodating a fluid flow rate of at
least about 1 milliliter per second. Further, the instant disclo-
sure contemplates that a vascular access port may be struc-
tured to withstand at least about 180 pounds per square inch
(psi) of pressure developed within the reservoir defined by the
septum and the access port housing. In one embodiment, an
access port may be structured for operating within a range of
pressures of about 80 psito about 180 psi. Such an access port
may be advantageous for use in infusing a fluid into a patient
(e.g., infusing contrast media into a patient for CT or MR
imaging).

Generally, an access port may comprise a housing that
captures a septum that may be repeatedly pierced or punc-
tured with a hollow slender element (e.g., a cannula, or
needle), which can include a Huber needle, a trocar with a
circumferentially disposed cannula, or any other suitable
access mechanism, without limitation. The words “cannula”
or “needle,” as used herein, encompass any slender element
(e.g., a cannula, a needle, a trocar, with a circumferentially
disposed cannula, etc.) as known in the art or described
herein, without limitation. Such a septum may comprise a
material (e.g., silicone) that seals, under suitable compres-
sion, passages formed by puncturing the septum with such an
access mechanism. Thus, the septum may be at least partially
compressed to facilitate closure of passages formed by punc-
turing the septum with the access mechanism. The instant
disclosure contemplates that the housing and septum may be
structured so that a flow rate from the reservoir of the access
port may be at least about 1 milliliter per second without
damaging the housing or septum or compromising the struc-
tural integrity of the reservoir (e.g., causing the septum to
become separated from the housing).

In one embodiment, an access port may comprise a cap and
base which define, in combination, a housing in which a
septum may be positioned to form a reservoir. For example,
FIGS. 1 and 2 show, respectively, an exploded perspective
view and a side cross-sectional view of an access port 50
including a base 56, a cap 54, a septum 80, and an outlet stem
70. As shown in FIGS. 1 and 2, cap 54 and base 56, may be
configured for capturing a septum 80 between cap 54 and 56.
Generally, cap 54 and base 56 may collectively form a hous-
ing 60 for capturing septum 80 and at least partially defining
reservoir 66. Explaining further, cap 54 may include an aper-
ture 55 through which a portion of septum 80 may extend and
base 56 may include a recess 57 configured to accept at least
a portion of septum 80. Thus, a portion of septum 80 may be
placed within recess 57 of base 56 and aperture 55 of cap 54
may be positioned about septum 80 to collectively define a
reservoir 66 within access port 50, the reservoir 66 being in
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fluid communication with a lumen of outlet stem 70. In other
embodiments, a plurality of reservoirs may be collectively
defined by a housing and at least one septum, without limita-
tion. For example, any access port known in the art including
a plurality of reservoirs (or one reservoir) may include any
aspects) of the instant disclosure, without limitation. As
shown in FIG. 1, a portion of outlet stem 70 may be positioned
within and coupled to an aperture 58 formed within base 56.

Although FIG. 1 shows that access port 50 may include an
outlet stem 70, other embodiments of access port 50 may not
include an outlet stem 70. Therefore, FIG. 2 shows access port
50 without an outlet stem 70. Put another way, the instant
disclosure contemplates that access port 50 may, optionally,
include an outlet stem 70 or may be otherwise configured. For
instance, in one embodiment, outlet stem 70 may be formed
as a part of with base 56, if desired. In another embodiment,
a catheter may be operably coupled to the access port 50 (e.g.,
to aperture 58) without outlet stem 70. In yet a further
embodiment, access port 50 may simply include at least one
outlet passage (e.g., aperture 58) in fluid communication with
the reservoir 66 and extending through the housing 60 and
structured for allowing fluid flow through, if desired. As
shown in FIG. 2, a portion of septum 80 may be positioned
between cap 54 and base 56 and may be configured to with-
stand, without damage or deforming to an extent that com-
promises the reservoir 66 (i.e., blowing out), a selected mag-
nitude of pressure developed within reservoir 66.

For example, as shown in FIGS. 1 and 2, cap 54 may
optionally include a circumferential ring structure 30 that is
formed adjacent to a side periphery of septum 80. Ring struc-
ture 30 may be structured to inhibit deformation of the cap 56
in response to a pressure developed within reservoir 66 of
access port 50. As shown in FIG. 3, in a top elevation view of
cap 54, ring structure 30 may be generally circular. Further,
ring structure 30 may be substantially congruent to a side
peripheral shape of septum 80 or may exhibit a different
shape than the side periphery of septum 80. In addition, the
size of ring structure 30 may be selected to provide a selected
rigidity to a region of cap 54 adjacent to of aperture 55 of cap
54. Such a configuration may inhibit deformation of the cap
54 in response to pressure developed within reservoir 66. For
example, as shown in FIG. 2, a lateral thickness T, vertical
thickness T, or both may be selected for providing a selected
rigidity to aregion of cap 54 adjacent to a periphery of septum
80 (i.e., adjacent to aperture 55). In one embodiment, the
overall height H (FIG. 2) of access port 50 may be less than
about 0.600 inches.

In other embodiments, ring structure 30 may be generally
rectangular, generally triangular, generally oval, generally
polygonal, or of another geometrical shape, without limita-
tion. For example, F1G. 4 shows a top elevation view of a ring
structure 30 that is generally triangular. Further, FIG. 5 shows
a generally rectangular ring structure 30.

Explaining further, housing 60 of access port 50 may com-
prise a biocompatible material such as polysulfone, titanium,
or any other suitably biocompatible material. Thus, cap 54
and base 56 may couple to one another generally along a
mating line and may be secured or affixed to one another.
More particularly, in one embodiment, both cap 54 and base
56 may comprise titanium and may be welded, brazed, sol-
dered, or otherwise affixed to one another. Such a configura-
tion may provide suitable mechanical strength for capturing
septum 80 between cap 54 and base 56. Optionally, cap 54
and base 56 may be coupled to one another by at least one
fastening element (e.g., at least one bolt, at least one screw, at
least one rivet, etc.), at least one adhesive, or a combination of
such coupling mechanisms. Similarly, in one embodiment,
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outlet stem 70 and base 56 may each comprise titanium and
may be welded or otherwise bonded or coupled to one
another.

In further detail, FIG. 6 shows an access port 50 implanted
within a patient 67. In one embodiment, sutures may be used
to affix the access port 50 within the patient 67, if desired.
After the housing 60 is implanted in a patient 67, the upper
surface of the septum 80 may be generally flush or aligned
with the surface of the skin surface 76 of the patient 67 and
may be repeatedly punctured for creating a percutaneous
passageway from the exterior of the skin of the patient into the
reservoir 66. The outlet stem 70 may create a fluid-commu-
nicative passageway extending from the reservoir 66 and
through the outlet stem 70, catheter 73, and into the interior of
the patient 67. Generally, catheter 73 may be coupled to the
outlet stem 70 for fluid communication with the reservoir 66
and for conducting fluid to a desired remote location from the
reservoir 66 and within patient 67. In one embodiment, cath-
eter 73 may extend from the access port 50 to at least partially
within a vena cava of the patient. Such a configuration may
allow for infusion of a contrast media proximate to the heart
of a patient. Because such a contrast media may be harmful
(e.g., radioactive or otherwise injurious) infusion directly into
a vena cava of a patient may reduce an overall quantity of
contrast media required to perform a selected imaging proce-
dure.

As shown in FIG. 6, a cannula 90 may be inserted through
the septum 80 and fluid may be injected into the reservoir 66.
For example, fluid may be injected into reservoir 66 at a rate
that causes pressure (i.e., a positive pressure) to be developed
within reservoir 66. For example, a positive pressure, labeled
“Pz” in FIG. 6, may develop within reservoir 66 and may act
upon the portion of septum 80 defining, in part, reservoir 66.
Such a pressure P, acting on a portion of septum 80 may
develop force upon the septum 80. Likewise, force may be
developed on surfaces of the base 56 that are acted upon by
pressure Pr. In one embodiment, cap 54 may be coupled to
base 56 and structured to suitably position septum 80 and
couple septum 80 to housing 60 against force applied to the
septum 80. Therefore, the septum 80, cap 54, and base 56 may
be structured for accommodating attendant forces developed
by pressure P,. In one embodiment, access port 50 may be
structured for accommodating (without damage) a pressure
Py of at least about 185 psi with reservoir 66. In another
embodiment, access port 50 may be structured for accommo-
dating (i.e., without damage) a range of pressures of about 37
psi to about 65 psi with reservoir 66.

In further detail, during power injection, a fluid flow F may
be caused to flow through cannula 90. A fluid flow rate (de-
picted in FIG. 6 by arrows labeled “F”’) may be at least about
1 milliliter per second. In another embodiment, a fluid flow
rate F may be between about 1 milliliter per second to about
5 milliliters per second. During power injection, a pressure P,
may be developed within cannula 90 may be at least about 30
psi. Accordingly, cannula 90 may be structured to withstand
the forces associated with the above-discussed pressure, flow
rate, or both. As discussed in further detail below, the cannula
may comprise a portion of an infusion set (e.g., a safety
winged infusion set (SWIS)) or another infusion system con-
figured for use with an access port and a power injection
system, without limitation.

More particularly, FIG. 7 shows a graph depicting pressure
measurements at different locations within an infusion sys-
tem including an infusion set (as discussed in greater detail
below) in fluid communication with an access port during
infusion of a fluid at a rate of 5 milliliters per second. As
shown in FIG. 7, a pressure generally within a syringe barrel
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of'a power injector may be about 265 psi. Further, a pressure
generally at the entrance of an infusion set may be about 225
psi and a pressure generally within a reservoir of an access
port may be about 40 psi. Thus, the pressure drop through an
infusion set may be about 185 psi. As shown in FIG. 7, a
pressure generally at the distal end of a catheter extending
from the access port may be about 0 psi. Many factors may
influence a pressure (and a pressure drop) developed within
an infusion system (e.g., infusion set, access port, etc.) during
flow of a fluid through the infusion system, such as, for
example, fluid viscosity, tubing inner diameter (i.e., lumen
cross-sectional size), length of the flow path, and flow rate.
Accordingly, as will be appreciated by the above discussion
of'the access port 50 shown in FIGS. 1-3, such access port 50
may be structured to accommodate a selected flow rate and
associated pressure P, developed within reservoir 66 of
access port 50.

In another embodiment, the septum, housing, or both may
be structured to mechanically secure or constrain at least a
portion of the septum. For example, in one embodiment, the
septum may include at least one coupling feature configured
to mate or couple with a complementary coupling feature
included by the housing. For example, male and female fea-
tures (e.g., without limitation, ribs, flanges, interlocking fea-
tures, tenon and mortise type features, tongue-in-groove fea-
tures, T-slot features, dovetail features, snap-fit features, tabs
and slots or other coupling features as known in the art) may
comprise the at least one coupling feature included by the
septum and the at least one complementary feature included
by the housing, without limitation. “Tenon,” as used herein,
means a projecting member for at least partial insertion into a
mortise to make a joint. “Mortise,” as used herein, means a
recess, hole, groove, or slot formed within a material for
receiving at least a portion of a tenon to make a joint.

Generally, in one embodiment, the septum may include at
least one tenon region (i.e., at least one coupling feature) for
coupling to a complementary mortise region formed by the
housing. Thus, the housing may include a recess (i.e., at least
one complementary feature) for accepting at least a portion of
the tenon region of the septum. For example, FIG. 8 shows a
side cross-sectional view of one embodiment of a septum 180
including a tenon region 270. Particularly, tenon region 270
includes tapered surface 187 of septum 180, which may
increase in height (i.e., from lower surface 183 of septum 180)
along an increasing radial direction (i.e., relative to a radial
distance from a central axis of septum 180; that is, in a
direction from rim 159 of cap 154 toward side surface 157 of
base 156). Thus, as shown in FIG. 8, a height CG,;,, of
septum 180 (measured at a radially innermost extent of tenon
region 270) is less than a height CG,, ;- of septum 180 (at a
radially outermost extent of tenon region 270). Further, tenon
region 270 may be a continuous peripheral feature (i.e., an
annular feature) of septum 180 or may comprise one or more
circumferentially separate regions, without limitation. Fur-
ther, as shown in FIG. 8, housing 160 (including cap 154 and
base 156) may generally define a complementary mortise
region (e.g., a circumferentially extending recess) for accept-
ing at least a portion of tenon region 270. More particularly, a
complementary mortise region may be defined by side sur-
face 157 of base 156, lower flange surface 273 of base 156,
and tapered surface 172 of cap 154. Such a configuration may
secure, capture, or retain a portion of tenon region 270 of
septum 180 within the mortise region of housing 160 even if
a selected maximum pressure is developed within reservoir
166 of access port 150.

In another embodiment, an access port may comprise a
septum including a tenon region including a plurality of
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tapered surfaces. For example, FIG. 9 shows a schematic side
cross-sectional view of a septum 180 including a tenon region
270 comprising tapered surface 187, tapered surface 189, and
tapered surface 191. Further, as shown in FIG. 9, housing 160
may generally define a complementary mortise region
tapered recess for accepting at least a portion of tenon region
270. More particularly, a complementary mortise region may
be defined within housing 160 by side surface 157 of base
156, lower flange surface 273 ofbase 156, tapered surface 172
of cap 154, tapered surface 193 of base 156, and tapered
surface 195 of cap 154. Such a configuration may secure,
capture, or retain at least some of tenon portion 270 of septum
180 within a tapered recess of housing 160 even if a selected
maximum pressure is developed within reservoir 166 of
access port 150.

In summary, it should be understood that a portion of a
septum may comprise, generally, at least one tenon region for
coupling with a complementary mortise region formed in a
housing. In another embodiment, generally, at least a portion
of a housing may comprise a tenon for coupling with a
complementary mortise formed in a septum. As described
above, a tenon region and a complimentary mortise region
may comprise one or more tapered surfaces. In another
embodiment, a tenon region and complementary mortise
region may comprise a T-slot or other nontapered geometry,
without limitation. For example, FIG. 10 shows a schematic,
side cross-sectional view of one embodiment of an access
port 150 comprising a septum 180 including a tenon region
270. Further, a complementary mortise region may be defined
within housing 160 for accepting at least a portion of tenon
region 270. As shown in FIG. 10, a mortise region may be at
least partially defined by an annular extension or protrusion
203 of'base 156. Such a configuration may secure, capture, or
retain at least a portion of tenon region 270 of septum 180
within housing 160 and suitably seal reservoir 166 even if an
anticipated maximum pressure is developed within reservoir
166. It should be further understood that any of the tenon
region and mortise region embodiments shown in FIGS. 8-10
may be described in terms of extensions, ridges, protrusions,
recesses, grooves, slots, etc., without limitation.

A further aspect contemplated by the instant disclosure
relates to coupling or affixing at least a portion of a peripheral
region of a septum to a housing. Such a configuration may
maintain the integrity of the access port during use of the
access port for infusing a fluid at a flow rate of at least about
1 milliliter per second. For example, in one embodiment, at
least a portion of a side periphery of a septum may be affixed
to at least a portion of a housing. FIG. 11 shows a side
cross-sectional view of an access port 50 wherein at least a
portion of a periphery of septum 80 adjacent to housing 60 is
affixed to one or both of cap 54 and base 56 adjacent to septum
80. More particularly, as shown in FIG. 11, a periphery of
septum 80 (adjacent to cap 54 and base 56) may include upper
side region 97, upper annular region 93, lower annular region
91, and lower side region 95. Thus, in one embodiment, an
adhesive, (e.g., glue, epoxy, cement, tape, or any other adhe-
sive as known in the art) may affix at least a portion of one or
more of upper side region 97, upper annular region 93, lower
annular region 91, and lower side region 95 to the cap 54 or
base 56, respectively. Such a configuration may secure sep-
tum 80 to housing 60 and may provide a relatively robust
access port 50 suitable for power injection. It should further
be appreciated that affixing at least a portion of a peripheral
region of a septum may encompass affixing at least a portion
of'a tenon region (of either a septum or housing) to a mortise
region (of either a housing or septum), without limitation.
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As described above, septum deformation is a design con-
sideration with respect to performing power injection via an
access port. Further, one aspect of the instant disclosure
relates to a septum that is structurally reinforced or otherwise
limited against deformation exceeding a selected magnitude.
More specifically, the instant disclosure contemplates that at
least one structural element may be configured to inhibit or
limit deformation of a septum of an access port in response to
pressure developed within a chamber or reservoir of the
access port. Some embodiments of an access port including at
least one structural element for limiting deformation of a
septum are disclosed in U.S. Patent Application No. 60/737,
466, filed 15 Nov. 2005, the disclosure of which is incorpo-
rated, in its entirety, by this reference. Any of the access ports
encompassed by U.S. Patent Application No. 60/737,466
may be structured for power injection.

In one embodiment, the instant disclosure contemplates
that a septum may be structurally coupled to a housing non-
peripherally. Put another way, one aspect of the instant dis-
closure relates to coupling a nonperipheral portion of a sep-
tum to a housing of an access port. For example, FIG. 12
shows one embodiment of an access port 110 according to the
instant disclosure including a cap 54 and a base 56 that cap-
ture a septum 120 to form a reservoir 66. Optionally, cap 54
may include a ring feature proximate to a periphery of the
septum, as described above. In addition, outlet stem 70 may
allow for fluid communication with reservoir 66 to perform
infusion or fluid sampling processes. As shown in FIG. 12, a
structural element 112 may extend between septum 120 and
housing 60. More particularly, structural element 112 extends
generally from lower surface 121 of septum 120 to upper
surface 165 of' base 56. Thus, if pressure (positive/negative) is
developed within reservoir 66, structural element 112 may
inhibit deflection or deformation of lower surface 121 of
septum 120 toward or away from upper surface 165 of base
56. Generally, a structural element may inhibit deformation
of'a septum in relation to one or more selected directions (i.e.,
either toward or away from upper surface 165 of base 56).

Generally, a structural element (e.g., structural element
112) may comprise any of the following: at least one wire, at
least one pin or columnar element, or at least one filament,
without limitation. Such a structural element may comprise
titanium, steel (e.g., stainless steel), polymers (e.g., DEL-
RIN®, nylon, polyester, KEVLAR®, polytetrafiuoroethyl-
ene (PTFE) (expanded or nonexpanded), polyurethane, etc.),
or other materials as known in the art. In other embodiments,
a structural element may comprise a composite, such as a
fiber-reinforced matrix. In one embodiment, a structural ele-
ment may comprise fibers (glass, carbon, etc.) dispersed or
aligned within a silicone matrix.

Further, structural element 112 may be coupled to septum
120 by an adhesive, welding, snap-fitting, molding the sep-
tum 120 about a portion of the structural element 112, other-
wise imbedding a portion of structural element 112 within
septum 120, or as otherwise suitable. Similarly, structural
element 112 may be coupled to base 56 by an adhesive,
welding, or imbedding a portion of structural element 112
within base 56. It may also be appreciated that, optionally,
structural element 112 may exhibit a modulus of elasticity
that exceeds a modulus of elasticity of septum 120. Such a
configuration may allow for structural element 112 to resist
deformation of septum 120 in response to a pressure devel-
oped within reservoir 66 (e.g., during a “power injection”
process).

FIG. 13 shows a schematic cross-sectional view of an
access port 110 according to the instant disclosure including
another embodiment of structural element 112. Particularly,
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as shown in FIG. 13, structural element 112 may include a
barbed end 116, which is positioned at least partially within
septum 120. Such a configuration may couple structural ele-
ment 112 to septum 120 and may resist against deformation of
the septum 120 in response to pressure developed within
reservoir 166. Furthermore, as shown in FIG. 13, the barbed
end 116 of structural element 112 may, optionally, be pointed.
Further, the point of barbed end 116 may be oriented toward
upper surface 123 of septum 120. Such a structure may deflect
a cannula that is inserted through septum 120 and contacts
barbed end 116 so that the cannula is directed away from
structural element 112. Optionally, in another embodiment,
structural element 112 may extend through base 56 and may
be affixed to lower surface 113 of base 56.

In another embodiment of an access port, a structural ele-
ment may extend through a septum. For example, FIG. 14
shows a schematic, side cross-sectional view ofan access port
110 including a structural element 112 that extends from
lower surface 121 of septum 120 to upper surface 123 of
septum 120. As shown in FIG. 14, structural element 112 may
also extend to upper surface 165 of base 56, to mechanically
couple septum 120 to housing 60. Optionally, structural ele-
ment 112 may include at least one barb, which may be posi-
tioned within septum 120 and configured for coupling septum
120 to housing 60. In addition, structural element 112 may be
affixed, if desired, to at least one of upper surface 123 and
lower surface 121 of septum 120. As may be appreciated, it
may be advantageous for upper surface 123 of septum 120 to
be mechanically coupled to housing 60 to resist deformation
of septum 120 in response to a pressure developed within
reservoir 66.

The instant disclosure further contemplates that a struc-
tural element may be employed in combination with a support
element extending over a selected area of the upper surface of
the septum. Such a support element may be positioned adja-
cent to an upper surface of a septum and may be configured to
contact the upper surface of the septum with a selected sur-
face area (e.g., when the septum deforms). For example, FIG.
15 shows a schematic, side cross-sectional view of an access
port 110 including a structural element 112 that extends from
housing 60 to an upper surface 123 of septum 120. Further-
more, structural element 112 is coupled to a support element
114, which is positioned adjacent to upper surface 123 of
septum 120. Such a configuration may provide a selected
amount of contact area between support element 114 and
upper surface 123 of septum 120. Such a selected contact area
between support element 114 and septum 120 may reduce
otherwise undesirably high stresses within septum 120 when
a pressure develops within reservoir 66 by distributing such
stresses over a selected area or region of septum 120. In
addition, support element 114 may be observable (e.g., visu-
ally or by palpation) and, therefore, may be avoided when
inserting a cannula through septum 120. Additionally, the
support element 114 can be used to identify the port 110 as
being power injectable.

In another embodiment of an access port, a structural ele-
ment may comprise a portion of a septum affixed to a housing
of an access port to resist deformation of the septum. For
example, FIG. 16 shows a schematic, side cross-sectional
view of an access port 110 including a septum 120, which
comprises an extension leg 124 (i.e., a structural element) that
is coupled to housing 60. More particularly, as shown in FIG.
16, extension leg 124 may extend generally from lower sur-
face 121 of septum 120 to upper surface 165 of base 56.
Extension leg 124 may abut and may be affixed to upper
surface 165 of base 56. Such a configuration may resist
against deformation of septum 120 in response to pressure
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developed within reservoir 166. In one embodiment, exten-
sion leg 124 may be substantially centered (i.e., positioned
generally at a centroid of lower surface 121) with respect to
lower surface 121 of septum 120. Substantially centering
extension leg 124 with respect to lower surface 121 of septum
120 may limit deformation of lower surface 121 of septum
120 to a greater extent than other positions of extension leg
124 may limit deformation of lower surface 121 of septum
120. Additionally, it should be appreciated that while FIG. 16
shows one extension leg 124, the instant disclosure contem-
plates that at least one extension leg (i.e., one or more exten-
sion legs) may extend from or be coupled to septum 120,
without limitation. In another embodiment, at least one exten-
sion leg may be coupled to a housing of an access port by an
interference fit or a so-called “snap-fit.” More particularly, as
shown in FIG. 17, extension leg 124 includes a bulbous or
rounded end 125 that is configured to fit within a recess 155
formed in base 56. Recess 155 may comprise an opening
formed in upper surface 165 of base 56 that is smaller than a
maximum lateral dimension of rounded end 125, so that
rounded end 125 may be forced through such an opening and
“snap” into a portion of recess 155. Optionally, extension leg
124 may be affixed (e.g., adhesively affixed, welded, pinned,
or affixed by other suitable methods to recess 155 formed in
base 56. Such a configuration may couple septum 120 to base
60 of access port 110 and may resist or limit deformation of
septum 120 in response to pressure developed within reser-
voir 66.

Another aspect of the instant disclosure contemplates that
at least a portion of an upper surface of a septum may be
constrained or limited in its deformation. In one embodiment,
at least one structural element may be positioned upon or
adjacent to an upper surface of a septum to limit deformation
of'the septum in a direction toward the structural element. Put
another way, at least one structural element may extend lat-
erally upon or adjacent to at least a portion of an upper surface
of a septum. For example, FIG. 18 shows a schematic, side
cross-sectional view of an access port 110 including a septum
130 and a structural element 132 positioned adjacent to an
upper surface 133 of septum 130. Optionally, structural ele-
ment 132 may be bonded or affixed to upper surface 133 of
septum 130. Structural element 132 may be structured to
resist deformation of septum 130 in a direction generally
away from reservoir 166. In one embodiment, structural ele-
ment 132 may substantially overlay or cover upper surface
133 of septum 130. Optionally, structural element 132 may be
at least partially embedded within septum 130. In one
embodiment, structural element 132 may be penetrable by a
cannula (e.g., a needle). In another embodiment, structural
element 132 may cover a selected portion (i.e., at least a
portion) of upper surface 133 of septum 130, which may
allow for openings or apertures formed in structural element
132 through which a cannula may be inserted into upper
surface 133 of septum 130. It may be appreciated that, option-
ally, a modulus of elasticity of structural element 132 may
exceed a modulus of elasticity of septum 130, so that defor-
mation of septum 130 may be inhibited to a selected degree by
structural element 132. Further, although a thickness (labeled
“t”) of structural element 132 is shown in FIG. 18 as being
substantially uniform, the instant disclosure contemplates
that a thickness “t” of structural element 132 may vary, with-
out limitation. For example, thickness “t” of structural ele-
ment 132 may be maximum proximate to a centroid of the
upper surface 133 of septum 130. In addition, as shown in
FIG. 18, structural element 132 may be positioned between
cap 54 and septum 130. Structural element 132 may be affixed
to one or both of cap 54 and septum 130, if desired. For
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example, structural element 132 may be adhesively affixed,
welded, mechanically fastened, or otherwise suitably coupled
to one or both of cap 54 and septum 130. Furthermore, struc-
tural element 132 may comprise a metal (e.g., titanium, steel,
etc.), a polymer (e.g., DELRIN® polyurethane, nylon, etc.),
or any other suitable material. In another embodiment, as
discussed further below, structural element 132 may com-
prise a relatively tightly woven fabric that resists tissue
ingrowth (if positioned in potential contact with an internal
cavity of the body). In a further embodiment, a structural
element 132 may comprise a substantially flufty or compress-
ible polyester that may promote tissue healing of punctures
created by a cannula passing through septum 130 of access
port 110 (if positioned in potential contact with an internal
cavity of the body).

In a further embodiment, the instant disclosure contem-
plates that at least one structural element may be at least
partially embedded within a septum and may extend laterally
through at least a portion of the septum. For example, FIG. 19
shows a schematic, side cross-sectional view ofan access port
110 including a septum 120 and a structural element 140
extending laterally (i.e., across an opening in the housing 60
closed by the septum 120) through the septum 120. As shown
in FIG. 19, structural element 140 may be affixed to housing
60 (e.g., cap 54 or base 56). More particularly, as shown in
FIG. 19, structural element 140 may be affixed to cap 154 at
connection regions 147 and 143. In addition, a selected level
of'tension may be developed within structural element 140, if
desired, to provide for a desired level of resistance to defor-
mation (i.e., flexibility) of septum 120. Such a configuration
may provide a selected degree of resistance to deformation of
septum 120 in a direction generally perpendicular to a direc-
tion of extension of structural element 140.

In another embodiment, a structural element may be posi-
tioned proximate to an upper surface of a septum to limit
deformation of the septum. For example, FIG. 20 shows a
schematic, side cross-sectional view of an access port 110
including a septum 130 positioned within a housing 60 and a
structural element 150 positioned proximate to an upper sur-
face 133 of septum 130. As shown in FIG. 20, structural
element 150 extends laterally over at least a portion of upper
surface 133 of septum 130. Thus, structural element 150 may
allow septum 130 to deform a selected distance (e.g., a gap
labeled “G”) prior to contact with structural element 150.
Further, structural element 150 may be affixed to cap 54 and
may be selectively tensioned to exhibit a selected degree of
flexibility in response to contact between septum 130 and
structural element 150. In one embodiment, structural ele-
ment 150 may exhibit a flexibility or spring constant that
exceeds a bulk flexibility or spring constant of septum 130 in
response to a pressure developed within reservoir 66.

In another embodiment, a structural element may be posi-
tioned proximate to or abutting a lower surface of a septum to
limit deformation of the septum. For example, FIG. 21 shows
a schematic, side cross-sectional view of an access port 110
including a septum 120 positioned within a housing 60 and a
structural element 170 positioned proximate to a lower sur-
face 121 of septum 120. As shown in FIG. 21, structural
element 170 may extend laterally over at least a portion of
lower surface 121 of septum 120. Further, structural element
170 may be affixed to lower surface 121 or septum 120 or
otherwise coupled to lower surface 121 of septum 120. Thus,
structural element 170 may inhibit deformation of septum
120. Further, structural element 170 may be affixed to base 56
(or otherwise coupled to housing 60) to provide adequate
resistance to deformation of septum 120. Optionally, struc-
tural element 170 may be selectively tensioned to exhibit a
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selected flexibility in response to forces applied to the struc-
tural element 170. Optionally, structural element 170 may
exhibit a flexibility or spring constant that exceeds a bulk
flexibility or spring constant of septum 120.

Referring to FIGS. 18-21, it will be appreciated that struc-
tural elements 132, 140, 150, or 170 may comprise, in some
embodiments, elongated elements, such as, for instance,
wire, ribbon, thread, fibers, columnar elements, or the like.
Accordingly, such at least one elongated element may be
arranged in a selected pattern adjacent or proximate to an
upper surface of a septum. Further, in one embodiment, a
structural element positioned proximate to or abutting a lower
surface of a septum, proximate to or abutting an upper surface
of'a septum, or within a septum, may comprise a mesh (e.g.,
a metal or plastic mesh, a fabric, a fiber mesh, etc.). For
instance, in one embodiment, a structural element may com-
prise a fabric comprising fibers or threads that seal against one
another (e.g., fibers or threads coated with silicone). Such a
configuration may allow for a cannula to pass through the
fabric and for the fabric to seal about the cannula, but may also
allow for the fibers or threads to seal against one another when
the cannula is removed. In addition, it will be understood that,
based upon the instant disclosure, structural elements 132,
140, 150, or 170 as shown in FIGS. 18-21 may be arranged in
a variety of configurations.

For example, FIG. 22 shows a partial top elevation view of
one embodiment of an access port 110, as shown in FIGS.
18-21, wherein structural elements 132, 140, 150, 170 are
arranged to form a generally triangular shape or pattern. In a
further example, FIG. 23 shows a partial top elevation view of
an access port 110 as shown in FIGS. 18-21, wherein struc-
tural elements 132,140, 150, 170 are arranged in two partially
intersecting generally rectangular shapes or pattern. In yet a
further embodiment, FIG. 24 shows a partial top elevation
view of an access port 110, as shown in FIGS. 18-21, wherein
structural elements 132, 140, 150, 170 are arranged as a
pattern comprising a first plurality of substantially parallel
lines and a second plurality of substantially parallel lines,
wherein the first plurality of substantially parallel lines is
substantially perpendicular to and intersects with the second
plurality of substantially parallel lines. In an additional
embodiment, FIG. 25 shows a partial top elevation view of an
access port 110, as shown in FIGS. 18-21, wherein structural
elements 132, 140, 150, 170 are arranged as a pattern com-
prising two substantially straight (i.e., linear) members that
intersect with one another. As shown in FIG. 25, structural
elements 132,140,150, 170 may be substantially perpendicu-
lar to one another. As shown in FIGS. 22-25, structural ele-
ments 132, 140, 150, 170 may be affixed to cap 54 at selected
connection regions. Such configurations may allow for vary-
ing degrees of limitation of deformation of a septum, while
allowing ample access to a surface of a septum for perforation
by a cannula (e.g., a needle).

In another embodiment, the instant disclosure contem-
plates that a structural element may be at least partially
embedded within a septum and may be in the form, configu-
ration, or shape of a two-dimensional or plane (e.g., a circle,
ellipse, triangle, rectangle, etc.) within the septum. For
example, FIG. 26 shows a partial top elevation view of a
septum 120 and a structural element 141 extending within the
septum 120. In further detail, FIG. 27 shows a perspective
view of a sectioned septum 120 including a structural element
141 embedded within the septum 120. As shown in FIGS. 26
and 27, in one embodiment, structural element 141 may be
generally circular. More generally, one or more structural
elements 141 may be at least partially embedded within a
septum (e.g., a septum 120 or 130, as discussed above), if
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desired. For example, a plurality of structural elements 141
may be embedded within a septum 120 and arranged substan-
tially concentrically with respect to one another, as shown in
FIG. 28 inapartial, top elevation view. Structural element 141
may be generally elongated (as shown in FIGS. 26-28) or
may, more generally, exhibit a shape and size configured to
resist deformation of the septum 120, without limitation.
Thus, it should be appreciated that one or more structural
elements 141 may embody, for example, a washer or a disk
that is frustoconical, domed, or otherwise shaped. In another
embodiment, at least one structural element 141 may form,
generally, a toroid. Further, at least one structural element 141
may exhibit at least one selected characteristic (e.g., exhibit-
ing a selected size, shape, elasticity, strength, etc.) to impart a
desired level of resistance to deformation (i.e., flexibility) of
septum 120. Such a configuration may provide a selected
level of resistance to deformation of septum 120 in response
to a pressure developed within a reservoir of an access port.

In another aspect of the instant disclosure, a septum may
exhibit a curvature that resists deformation in response to a
pressure developed within a reservoir of an access port. For
example, FIG. 29 shows a septum 120 including a generally
concave upper surface 123 and a generally convex lower
surface 121. Explaining further, generally concave upper sur-
face 123 and a generally convex lower surface 121 may be
exhibited by septum 120 in the absence of external forces
(i.e.,inanunstressed, equilibrium state). Such a configuration
may provide resistance of the septum 120 to deformation due
to a pressure developed within reservoir 66 of access port 110,
because the upper surface 123 of septum 120 would be forced
to flatten (i.e., via deformation of septum 120) before extend-
ing beyond the upper surface of housing 60. In other embodi-
ments, a septum may be compressed (e.g., by way of a tenon
and mortise coupling or another peripheral coupling configu-
ration between a septum and a housing) so that a curvature of
the septum may be reduced or eliminated when the septum is
assembled within the housing. However, such a configuration
may increase the bulk flexibility or spring constant of the
septum. Optionally, a structural element (as described above)
may be included within the septum or upon a surface of the
septum and may also be fabricated to exhibit concavity or
convexity in the absence of external forces. Such a configu-
ration may facilitate a favorable compressive stress field
within the septum when coupled to a housing and may
enhance resistance of the septum to deformation.

In a further configuration, a septum may include a struc-
tural frame or skeleton and a more pliant material configured
to seal punctures created by a cannula. More specifically, a
frame may comprise a material with a shore A hardness of at
least about 80. Optionally, a frame may include a plurality of
whiskers, fibers, or particles to stiffen or strengthen the frame.
In one embodiment, nylon fibers, barium sulfate, or the like
may be dispersed within a frame. Further, such a frame may
be at least partially surrounded by a more pliant material
exhibiting a Shore A hardness of about 50 or less (e.g., a Shore
A hardness of about 40 to about 50). FIG. 30 shows top
elevation view of a frame 178 including a plurality of spokes
179 extending from a generally common origin or region as
well as rings 181 and 185. As shown in FIG. 30, spokes 179 in
combination with one or both of rings 181 and 185 form
apertures 188. According to the instant disclosure, a relatively
pliant material configured to seal punctures formed by a can-
nula passing through the material may at least partially sur-
round such a frame 178. For instance, FIG. 31 shows a sche-
matic side cross-sectional view of septum 177 comprising a
frame 178 and another material 190 molded partially about
frame 178. Thus, material 190 may substantially surround
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spokes 179 and may extend within apertures 188. Further, as
shown in FIG. 31, ring 181 may form a tenon region 270 for
coupling with a housing (as described above) as well as an
upper septum surface 191 and a lower septum surface 193. As
may be appreciated with reference to shown in FIG. 31,
during use, a cannula may pass through a continuous upper
layer of material 190 and a continuous lower layer of material
190. Such a configuration may provide suitable sealing capa-
bility for septum 177. It will be appreciated that many varia-
tions are contemplated by the instant disclosure. For example,
FIGS. 32 and 33 show side cross-sectional views of different
embodiments of a septum 177 including a frame 178 and
another material 190 at least partially surrounding the frame
178. Thus, a frame and a material at least partially surround-
ing the frame may exhibit arcuate or substantially planar
surfaces and may be formed of selected thickness and com-
prising selected materials (e.g., silicone, etc.).

In a further aspect of a septum according to the instant
disclosure, a septum may include a radiopaque material and
may be configured to form a selected pattern when an x-ray is
taken through the septum. For example, FIGS. 34 and 35
show schematic views of patterns 199 that may be generated
by correspondingly positioned radiopaque material within a
septum. Such a configuration may be useful for identifying
the access port as being capable of accommodating particular
power injection processes or for locating the septum of an
access port.

The instant disclosure further contemplates that any infu-
sion apparatus or device that is used in combination with an
access port for infusing fluid at a rate of at least about 1
milliliter per second may be configured accordingly. For
example, an infusion set for accessing a vascular access port
may include a needle or cannula for puncturing a septum of
the access port, a distal end for coupling to an injection
apparatus, and tubing (e.g., at least one tubing section)
extending between the cannula and the distal end. Generally,
any components comprising an infusion set may be config-
ured to withstand a selected flow rate and associated pressure
developed by such a selected flow rate.

FIG. 36 shows one embodiment of an infusion set 310
including a base member 340, a cannula 350, a tubing section
314, and connector 312. Tubing 314 may be affixed or other-
wise coupled to connector 312 and base 342 generally at
joints 313 and 339, respectively. Also, as shown in FIG. 36, a
clamp device 316 may be suitably configured for allowing or
preventing fluid flow through tubing 314. Further, each of the
base member 340, cannula 350, tubing section 314, and end
connector 312 may be structured for accommodating a fluid
flow rate of at least about 1 milliliter per second through the
infusion set 310. In further detail, tubing section 314 may
exhibit sufficient strength for withstanding at least about 200
psi without damage. Optionally, tubing section 314 may with-
stand at least about 300 psi without damage. Further a pres-
sure at which a portion of the infusion set bursts (i.e., a burst
pressure of the infusion set 310) may be atleast about 400 psi;
optionally, such a burst pressure may be at least 600 psi. In
one embodiment, tubing section 314 may be substantially
optically clear or may be at least partially transparent. In one
embodiment, generally, tubing section 314 may comprise a
polymer, such as TECOTHANE®. More specifically, tubing
section may comprise a polymer, such as TECOTHANE®
55D or a polymer, such as TECOTHANE® 95A. For
example, if tubing section 314 has an inner diameter (i.e., a
lumen) of about 0.048 inches (+0.003 inches) (i.e., 19 GA),
tubing section 314 may comprise a polymer, such as TECO-
THANE® 55D. In other examples, if tubing section 314 has
an inner diameter (i.e., a lumen) of about 0.041 inches or
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0.034 inches (+£0.003 inches) (i.e., 20 GA or 22 GA, respec-
tively), tubing section 314 may comprise a polymer, such as
TECOTHANE® 95A. Optionally, any polymer, such as
TECOTHANE® type material may be at least substantially
free of a plasticizer, such as, for instance, Di(2-Ethylhexyl)
Phthalate (“DEHP”). In one embodiment, connector 312 may
comprise polyvinylchloride (“PVC”) and may be, optionally,
at least substantially free of plasticizer. The materials dis-
closed above are merely examples; more generally, tubing
section 314, connector 312, base member 340, and cannula
350 may comprise any material (e.g., thermoplastic, polyure-
thane, metal, etc.) suitable for providing a robust and effective
infusion set 310.

During use of the infusion set 310, a mechanical injector
may be operably coupled to connector 312 via fastening
structure 311. For example, fastening structure may comprise
aluer-type connection or any other fluid connection structure.
Thus, a fluid may be flowed through the infusion set at a flow
rate of at least about 1 milliliter per second via an injection
apparatus. As discussed above, a pressure drop through the
infusion set 310 may be at least about 100 psi; optionally, a
pressure drop through infusion set 310 may be at least about
185 psi.

In another embodiment, an infusion set may include two
connectors. In one configuration, one connector may be struc-
tured for performing power injection and another connector
may be structured for allowing syringe access. For example,
FIG. 37 shows an infusion set 309 including a base member
340, a cannula 350, a tubing section 324, an intermediate
connector 322, a tubing section 314, and an end connector
312. Tubing 314 may be affixed or otherwise coupled to
connector 312 and connector 322 generally at joints 313 and
323, respectively. Similarly, tubing 324 may be affixed or
otherwise coupled to connector 322 and base member 340
generally at joints 325 and 329, respectively. Infusion set 309
may be structured for fluid flow rates and pressures as dis-
cussed above in relation to infusion set 310. Accordingly,
tubing sections 314 and 324 may comprise materials (e.g., a
polymer, such as TECOTHANE® and sizes as discussed
above in relation to infusion set 310, without limitation. Simi-
larly, connectors 312 and 322 may comprise any materials
(e.g., PVC) discussed above in relation to infusion set 310,
without limitation. As shown in FIG. 37, a clamp device 316
may be suitably configured for allowing or preventing fluid
flow through tubing 314. Likewise, clamp device 326 may be
suitably configured for allowing or preventing fluid flow
through tubing 324. In addition, connector 312 may include a
fastening structure 311 (e.g., a luer connection, another
threaded connection, or any other fastening structure as
known in the art) for releasably affixing or coupling the con-
nector 312 to an injection apparatus. Also, connector 322 may
include a fastening structure 321 (e.g., a luer connection,
another threaded connection, or any other fastening structure
as known in the art) for releasably affixing or coupling the
connector 322 to an injection apparatus.

Generally, the instant disclosure contemplates that, in one
embodiment, connector 312 may be used for power injection,
while connector 322 is capped. In another embodiment, a
valve mechanism may selectively allow flow through tubing
sections 314 and 324 via fluid flow through connector 312,
while preventing leakage from connector 322. In addition, if
infusion set 309 is not being used for power injection, a cap
including a septum may be coupled to connector 322, con-
nector 312, or both. Such a configuration may allow for a
syringe to puncture the septum and infuse medication or
remove a blood sample. Such a configuration may provide a
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convenient infusion set with separate connectors for power
injection and syringe access, respectively.

In a further aspect contemplated by the instant disclosure,
tubing that is used in connection with power injection may be
structured for withstanding a selected pressure during use
(e.g., power injection) and, optionally, may be configured to
resist kinking. Generally, the instant disclosure contemplates
that tubing may comprise a plurality of layers. In one embodi-
ment, tubing may comprise a relatively high strength layer
and at least one relatively flexible layer. Thus, any layers of
tubing may comprise PTFE, polypropylene, polyetherether-
ketone (“PEEK”), polyimide silicone, fluorinatedethyl-
enepropylene (FEP), perfluoroalkoxy (PFA), ethylenetet-
rafluoroethylene (ETFE), polyurethane (e.g., thermoplastic
polyurethanes, including ISOPLAST®, TECOFLEX®,
TECOTHANE®, CARBOTHANE®, TECOPLAST®, or
TECOPHILIC® type polyurethanes), or combinations of the
foregoing. In one embodiment, the layers may be bonded to
one or more adjacent layers. In another embodiment, each of
the layers may be movable or slidable relative to one or more
adjacent layers.

For example, FIGS. 38 and 39 show a side cross-sectional
view and an end cross-sectional view of tubing 401 including
an inner layer 420 and an outer layer 422. Generally, at least
one of inner layer 420 and outer layer 422 may exhibit rela-
tively high strength and the other of inner layer 420 and outer
layer 422 may be relatively flexible or vice versa. In one
embodiment, inner layer 420 may exhibit relatively high
strength and may comprise, for example, PEEK, ULTEM®,
polyimide, or the like. Further, outer layer 422 may be rela-
tively flexible and may comprise, for example, FEP, PTFE,
PEBAX®, ETFE, silicone or the like. Conversely, outer layer
422 may exhibit relatively high strength and may comprise,
for example, PEEK, ULTEM®, polyimide, or the like, while
inner layer 420 may be relatively flexible and may comprise,
for example, FEP, PTFE, PEBAX®, ETFE, silicone, or the
like. Further, optionally, tubing may comprise a first layer
exhibiting a modulus of elasticity and at least another layer
exhibiting a modulus of elasticity that is less than the modulus
of elasticity of the first layer. For example, a relatively high
strength material may exhibit a modulus of elasticity of at
least about 400,000 psi. Furthermore, a relatively flexible
material may exhibit a modulus of elasticity below about
390,000 psi. Inanother embodiment, at least one of layers 420
and 422 may comprise a composite material (e.g., a compos-
ite including particulate or fiber reinforcement). For example,
in one embodiment, tubing may comprise polyurethane or
PTFE including glass or carbon reinforcing fibers or particles.
In one embodiment, each of the layers 420 and 422 may be
movable or slidable relative to one or more adjacent layers.
Such a configuration may withstand a selected internal pres-
sure without damage to the tubing and may also resist kink-
ing.

In another embodiment, a reinforcing element may be
incorporated within at least one of the plurality of layers
comprising tubing. For example, FIG. 40 shows a schematic
side cross-sectional view of tubing 403 including inner layer
430 and outer layer 432, wherein at least one reinforcing
element 434 is incorporated within outer layer 432. Option-
ally, at least one reinforcing element 434 may be incorporated
within any layer or layers of a plurality of layers comprising
tubing, without limitation. As shown in FIG. 40, reinforcing
element 434 may comprise a coil, in one embodiment. One of
ordinary skill in the art will appreciate that many variations
are possible, for example, at least one reinforcing element
may comprise amesh (e.g., a wire mesh, a fabric, a fiber mesh,
etc.). Inanother embodiment, at least one reinforcing member



Case 1:15-cv-00218-JFB-SRF Document 193 Filed 08/04/17 Page 64 of 216 PagelD #:

18447

US 8,475,417 B2

21

may comprise one or more elongated members extending
longitudinally within at least one layer comprising tubing
(e.g., aligned with the direction of extension of the tubing). In
another embodiment, at least one reinforcing member may
comprise one or more rings. Such a configuration may pro-
vide radial stiffness, strength, or both to a tubing section.

Referring to FIG. 40, in one embodiment, inner layer 430
may exhibit relatively high strength and may comprise, for
example, PEEK or polyimide. Further, outer layer 432 may be
relatively flexible and may comprise, for example, FEP,
PTFE, ETFE, silicone, or polyurethane. Further, layers 430
and 432 may have a thickness (e.g., a radial thickness) of
between about 0.005 inches and about 0.001 inches. As men-
tioned above, layers 430 and 432 may be bonded to one
another or may be movable (slidable, twistable, etc.) with
respect to one another. Optionally, a coating 433 may be
applied to at least a portion of exterior surface of layer 432.
Such a coating 433, in one embodiment, may comprise a
polymer, such as TEFLON® and may have a thickness of
between about 0.001 inches and about 0.002 inches.

In a further embodiment, FIG. 41 shows a schematic side
cross-sectional view of tubing 405, including inner layer 440
and outer layer 442, wherein at least one reinforcing element
444 is incorporated within inner layer 440. As shown in FIG.
41, reinforcing element 444 may comprise a coil, in one
embodiment. In other embodiments, reinforcing element
may comprise any structure discussed above in relation to
reinforcing element 434, without limitation. In addition, in
one embodiment, inner layer 440 may be relatively flexible
and may comprise, for example, FEP, PTFE, ETFE, or poly-
urethane. Further, outer layer 442 may exhibit relatively high
strength and may comprise, for example, PEEK or polyimide.
Further, layers 430 and 432 may have a thickness (e.g., a
radial thickness) of between about 0.005 inches and about
0.010 inches. Optionally, a coating 443 may be applied to at
least a portion of exterior surface of layer 442. Such a coating
443, in one embodiment, may comprise a polymer, such as
TEFLON® and may have a thickness of between about 0.001
inches and about 0.002 inches.

In an additional embodiment, tubing may include four
layers. For example, FIGS. 42 and 43 show a cross-sectional
end view and a side cross-sectional view of another embodi-
ment of tubing 400. More particularly, as shown in FIGS. 42
and 43, tubing 400 includes layers 402, 404, 406, and 408. As
shown in FIG. 42, layer 402 defines a lumen 410. In one
embodiment, lumen 410 may have a substantially circular
cross-sectional shape and may exhibit a diameter of about
0.024 inches. In another embodiment, each of the layers 402,
404, 406, and 408 may be movable or slidable relative to one
or more adjacent layers. In addition, layer 402 may comprise
a material exhibiting a relatively high tensile strength. Such a
configuration may withstand relatively high pressures within
lumen 410. For example, layer 402 may comprise PEEK,
polyimide, etc. Typically, such relatively high strength mate-
rials may exhibit a modulus of elasticity of at least about
400,000 psi. Furthermore, each of layers 404, 406, and 408
may comprise a material that is relatively flexible. Such layers
404, 406, and 408 may each exhibit a tensile strength that is
less than the tensile strength of layer 402. For example, each
of layers 404, 406, and 408 may comprise a fluoropolymer,
PEBAX®, polyethylene terephthalate (“PET™), silicone, etc.
Typically, such relatively flexible materials may exhibit a
modulus of elasticity below about 390,000 psi. However, any
layers may comprise PTFE, polypropylene, silicone, FEP,
PFA, ETFE, polyurethane (e.g., thermoplastic polyurethanes,
including ISOPLAST®, TECOFLEX®, TECOTHANE®,
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CARBOTHANE®, TECOPLAST®, or TECOPHILIC®
type polyurethanes), or combinations of the foregoing, with-
out limitation.

In a further aspect of the instant disclosure, at least one
layer comprising a tubing section may extend distally from a
slender hollow structure for accessing a reservoir of an access
port through a septum. Put another way, at least one layer may
extend from a tubing section and may be structured for punc-
turing a septum of an access port. For instance, FIGS. 44 and
45 show a schematic side cross-sectional view of tubing 400,
401, 403, 405, and an access port 50. Tubing 400, 401, 403,
405 (as described above) includes a slender hollow region
450. Further, slender hollow region 450 may be relatively stiff
and suited for penetrating a septum 80 of an access port 50, as
shown in FIG. 45. Thus, a slender hollow region 450 extend-
ing from a distal end of tubing 400, 401, 403, 405 (which
comprises a plurality of layers) may form a needle or cannula
for fluid communication between a lumen of tubing 400, 401,
403, 405, and a reservoir 66 of access port 50. More particu-
larly, a slender hollow region 450 may comprise one or more
layers exhibiting a relatively high strength of relatively high-
strength layers (e.g., PEEK) forming tubing 400, 401, 403,
405. In one embodiment, an innermost layer of tubing 400,
401, 403, 405 may form slender hollow region 450. Such a
configuration may be advantageous and may, for example,
reduce the complexity of manufacturing an infusion set.

Many different embodiments of vascular access appara-
tuses or infusion systems may incorporate one or more
aspects of the instant disclosure. Some embodiments of a
vascular access apparatuses or infusion systems are disclosed
in U.S. Patent Application No. 60/675,309, filed Apr. 27,
2005, the disclosure of which is incorporated, in its entirety,
by this reference. Any of the infusion systems, apparatuses, or
methods, taken alone or in combination, described in U.S.
Patent Application No. 60/675,309, may be structured or
otherwise suited for performing power injection (e.g., accom-
modating a fluid flow rate of at least about 1 milliliter per
second, without limitation).

For example, the instant disclosure contemplates that an
infusion system configured for establishing fluid communi-
cation between a flexible tube and areservoir of an access port
may be structured for power injection. Such an infusion sys-
tem may include a slender pointed element that facilitates
placement of the flexible tube through a septum of the access
port and is removable from the infusion system once the
flexible tube is appropriately positioned.

Particularly, FIG. 46 shows in one embodiment an infusion
system 510 in an exploded assembly view, including an inser-
tion assembly 520, a safety clip 530, a hub 540 flexible tubing
590, extension tube 570, clamp device 560, and tube connec-
tor 580. In further detail, FIG. 47 shows a partial side cross-
sectional view of infusion system 510. As shown in FIG. 47,
insertion assembly 520 comprises a base 528 and a slender
pointed element 522 (e.g., a needle, a trocar, or a cannula)
secured thereto. As shown in FIG. 47, slender pointed ele-
ment 522 includes a pointed end 525. In a particular embodi-
ment, the instant disclosure may utilize a slender pointed
element having a “non-coring” pointed end (i.e., pointed end
525 is not “open” or hollow) to avoid damaging a septum of
aport into which the slender pointed element is inserted. The
slender pointed element 522 may comprise any conventional
needle, trocar, or cannula material, such as a stainless steel
(e.g., AISI 304 stainless steel), or may, in another embodi-
ment, comprise a relatively hard plastic. In one embodiment,
base 528 may be injection molded or otherwise formed about
slender pointed element 522 to capture a portion of the slen-
der pointed element within the base 528, as best seen in FIG.
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47. Further, base 528 may optionally include a recess 524
structured for accommodating other mechanisms (e.g., safety
clip 530), if such a recess is desirable. Base 528 may also,
optionally, include a coupling feature 526 (e.g., a protrusion)
structured for coupling to a coupling feature 544 (e.g., a
recess) formed in hub 540. Hub 540, as shown in FIG. 47, may
generally include hub body 550, manifold element 561, sep-
tum 548 and cap 546. In one embodiment, hub body 550 may
comprise TECOFLEX® (e.g., such as TECOFLEX® 85A-
B20). Further, hub body 550 may define wing structures 541
and 543 (FIG. 46), which may be configured for affixing the
hub to skin of a patient (e.g., by taping wing structures 541
and 543 to a patient, adhesively affixing wing structures 541
and 543 to a patient, or otherwise affixing wing structures 541
and 543 to a patient). Wing structures 541 and 543 may be
employed for manipulation of the hub, such as, for example,
when inserting the slender pointed element 522 and flexible
catheter 590 into an implanted port or when removing the
slender pointed element 522 from an implanted port. Hub
body 550 may optionally include a recess 542, if such a recess
is desirable. As shown in FIG. 47, recess 542 may have a
retaining lip 559 for retaining safety clip 530 therein, while
long slender element 522 is positioned through the safety clip,
as discussed in further detail hereinbelow.

Hub 540 may be structured for allowing the slender pointed
element 522 of insertion assembly 520 to pass through the
hub 540 and through septum 548, which is positioned within
the hub 540. Put another way, manifold element 561 may
define a plurality of passageways and at least one septum 548
through which fluid communication with the plurality of pas-
sageways may be accomplished. Explaining further, a mani-
fold element 561 may be configured for housing septum 548
to provide a seal a port or opening of a plenum defined by
manifold element 561. Optionally, a cap element 546 may be
positioned to capture septum 548 between cap element 546
and manifold element 561. Cap 546 may include an aperture
547 for allowing a slender pointed element to pass there-
through and through septum 548. Thus, slender pointed ele-
ment 522 (e.g., an appropriately sized trocar, non-coring
needle, or non-coring cannula) may be inserted through and
removed from septum 548 without compromising the ability
of septum 548 to seal. Further, the presence of cap 546 may
allow for so-called “power injection” to occur via manifold
element 561, wherein pressures within manifold element 561,
tubing 570, and flexible catheter 590 may reach at least about
200 psi or higher. Septum 548 may be structured according to
any septum embodiments disclosed herein (e.g., including at
least one structured element, for performing power injection,
etc.), without limitation.

As shown in FIG. 47, flexible catheter 590 may be affixed
to manifold element 561 and extension tube 570 may be
affixed to manifold element 561. In one example, extension
tube 570 and flexible catheter 590 may be chemically bonded
to manifold element 561. In another example, an adhesive
may affix extension tube 570 to surface 552 a part of manifold
element 561. Similarly, an adhesive may affix flexible cath-
eter 590 to inner surface 562 another port of manifold element
561. Further, the hub body 550 may be formed (e.g., injection
molded, cured, or otherwise over-molded) over the manifold
element 561 (and, optionally the septum 548, the cap 546, or
both) and at least a portion of the extension tube 570 as shown
in FIG. 47. In another embodiment, the hub body 550 may be
formed over at least a portion of the flexible catheter 590, if
desired.

Generally, as mentioned above, any tubing disclosed in the
instant disclosure may comprise a portion of infusion system
510. Further, tubing clamps and connection devices as known
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in the art, may be employed for extension tubing 570, clamp
device 560, and tube connector 580.

Flexible catheter 590 may comprise any material that is
suitable for power injection. For example, in one embodi-
ment, flexible catheter 590 may comprise a polymer, such as
TECOTHANE® (e.g.,, TECOTHANE® TT1055 D). As
shown in FIG. 47, flexible catheter 590 may include an elon-
gated lumen therein. Further, flexible catheter 590 may have,
proximate to opening 593 thereof, a transition region 595
wherein a cross-sectional size (transverse to the lumen 594)
of the flexible catheter 590 increases as a function of increas-
ing distance from opening 593. Optionally, transition region
595 may include two distinct tapers, although the instant
disclosure contemplates more generally that at least one
taper, at least one arcuate surface, or combinations thereof
may define transition region 595. Generally, at least one aper-
ture (e.g., one or more than one) may be provided proximate
opening 593 that extends through the tubular body of flexible
catheter 590 and communicates with lumen 594. As shown in
FIG. 47, flexible catheter 590 may include two apertures 592
in fluid communication with lumen 594.

As shown in FIG. 47, slender pointed element 522 may
extend through safety clip 530, through aperture 547 of cap
546, and into flexible catheter 590. Slender pointed element
522 may be structured for allowing fluid communication
within flexible catheter 590. More particularly, slender
pointed element 522 may be sized so as to allow for clearance
between the exterior of the slender pointed element 522 and
the interior (i.e., the lumen) of the flexible catheter 590. In one
embodiment, slender pointed element 522 may include at
least one longitudinally extending indentation (with respect
to a nominal cross-sectional shape of the slender pointed
element 522). For example, slender pointed element 522 may
have a pointed end 525 and may include longitudinally
extending indentations extending along (i.e., along a longitu-
dinal axis of) slender pointed element 522. In another
embodiment, slender pointed element 522 may be generally
circular, and longitudinally extending indentations may form
a substantially triangular cross section of the slender pointed
element 522 over the portion of the slender pointed element
that they are formed.

In a further embodiment, an infusion system may be struc-
tured so that a slender pointed element passes through an
extension tube, a flexible catheter, or both. Explaining further,
appropriate placement and configuration of a septum may
allow for a slender pointed element to pierce or pass into an
extension tube, a flexible catheter, or both. FIGS. 48 and 49
show another embodiment of a hub 540 including recess 542,
sleeve 620, and septum 548. In addition, at least a portion of
each of extension tube 570 and flexible catheter 590 may
extend partially within hub body 550. Further, flexible cath-
eter 590 extends partially within extension tube 570. Put
another way, flexible catheter 590 may at least partially over-
lap with extension tube 570 and vice versa. In another
embodiment, a single tubular element may extend through
hub 540 and function as both the flexible catheter 590 and
extension tube 570, if desired. Further, optionally, septum
548 may at least partially surround a portion of extension
tubing 570. Such a configuration may facilitate sealing of
septum 548 upon removal of slender pointed element 522
therefrom. Sleeve 620 may compress septum 548 so as to
facilitate sealing of septum 548 upon removal of slender
pointed element 522 from the region of the septum 620 that
the sleeve 620 surrounds. Septum 548 may be structured
according to any septum embodiments disclosed herein (e.g.,
including at least one structured element, etc.) for performing
power injection, without limitation.
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Further, FIG. 50 shows a perspective view of safety clip
530 positioned generally about pointed end 525 of slender
pointed element 522. Safety clip 530 includes legs 533 and
535 each having a curved end region, respectively, and a hole
534 sized for passing there through slender pointed element
522. In further detail, initially slender pointed element 522
may be passed through hole 534 and between legs 533 and
535 may be positioned and configured so as to allow the
slender pointed element 522 to extend there past. Further,
when the slender pointed 522 element is positioned therein
and safety clip 530 is positioned within recess 542, safety clip
530 may be sized so that it will fit within the retaining lip 543
(FIG. 49) of recess 542 (F1G. 49). However, legs 533 and 535
may be biased so that if the pointed end 525 of the slender
pointed element 522 is moved toward hole 534 and does not
extend past the curved end regions of the legs 533 and 535,
legs 533 and 535 will move toward one another to effectively
capture the pointed end 525 of the slender pointed element
522. Safety clip 530 may comprise any self-actuating device
for capturing a pointed end 525 of a slender pointed element
522. Such a safety clip 530 may reduce the chance of inad-
vertent insertion of the slender pointed element 522 into
another person, particularly the medical practitioner that is
installing and removing the slender pointed element 522.

The instant disclosure further recognizes that because the
consequences of improperly pressurizing an access port (and
a catheter affixed to the access port, if any) or an infusion set
may be problematic, it may be advantageous to provide at
least one identification attribute to components of an infusion
system so that all of such components may be suitable for
withstanding an anticipated maximum flow rate and pressure
associated with a selected infusion process. Put another way,
an access port that is configured for accommodating a flow
rate of at least about 1 milliliter per second may include at
least one identification attribute. Such an at least one identi-
fication attribute may be observed (e.g., visually, by palpa-
tion, ultrasonically, radiographically, etc.) or otherwise
detected. The term, “identification,” as used herein and in
connection with any infusion devices (an access port, infu-
sion set, etc.), means the ability to correlate selected informa-
tion of interest with a perceivable feature.

The instant disclosure contemplates that any of the identi-
fication features or attributes, taken alone or in combination,
described in U.S. Patent Application No. 60/658,518, filed 4
Mar. 2005, may identify an access port as being structured for
power injection. Also, embodiments of an access port includ-
ing at least one identification attribute are disclosed in U.S.
patent application Ser. No. 11/320,223, filed 28 Dec. 2005,
the disclosure of which is incorporated, in its entirety, by this
reference. The instant disclosure contemplates that any of the
identification features or attributes, taken alone or in combi-
nation, described in U.S. patent application Ser. No. 11/320,
223 may identify an access port as being structured for power
injection. Further, an access port may be identified by a maxi-
mum rate at which fluid may safely be infused. For example,
atleast one identification attribute may indicate that an access
port is configured for accommodating a fluid flow rate of at
least about 1 milliliter per second, without limitation.

Referring to an access port encompassed by the instant
disclosure, at least one attribute of a housing of an access port
may provide at least one identification attribute for identify-
ing the access port as being structured for power injection at
a rate of at least about 1 milliliter per second. In one embodi-
ment, at least one physical attribute (e.g., size, shape, etc.) of
an access port may identify the access port as suitable for
power injection or may identify a maximum flow rate or
pressure that may be safely accommodated by the access port.
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Thus, one aspect of the instant disclosure relates to a
method of identifying an access port (e.g., subcutaneously
implanted or otherwise situated, without limitation) as being
suited for power injection. More particularly, an access port
including a septum may be provided. Further, at least one
attribute of the access port may be perceived. In addition, the
subcutaneously implanted access port may be identified as
being suitable for power injection in response to perceiving
the at least one attribute of the access port.

In one embodiment, at least one attribute for identification
may comprise at least one feature of an access port housing.
In further detail, FIG. 51 shows a perspective view of an
assembled access port 50. As shown in FI1G. 51, a side periph-
ery 295 (e.g., one or more side walls and, optionally, exposed
surfaces of suture plugs 291) of access port 50 may be gen-
erally triangular. Thus, cap 54 and base 56 may collectively
form a generally triangular housing 60 ofaccess port 50. Also,
the instant disclosure contemplates that side periphery 295
may taper or arcuately extend between an upper surface 61 of
cap 54 and lower surface 51 of base 56. As shown in FIG. 51,
a transverse cross section (taken in a selected plane substan-
tially parallel to lower surface 51, if planar, of base 56) of
access port 50 may be larger proximate to lower surface 51 of
base 56 and may be relatively smaller proximate to an upper
surface of cap 54. FIG. 52 shows a top elevation view of the
access port 50 shown in FIG. 52 and illustrates a generally
triangular shape defined by side periphery 295. Additionally,
FIG. 53 shows a simplified representation of a transverse
cross section of access port 50. As shown in FIG. 53, side
periphery 295 of access port 50 may define three side regions
303 that extend between associated vertex regions 301. In
addition, in one embodiment and as shown in FIG. 53, side
periphery 295 may define a substantially equilateral generally
triangular shape. As may be appreciated, side regions 303
may arcuately extend between associated vertex regions 301;
thus, side regions 303 may form “sides” of a generally trian-
gular shape. Further, although vertex regions 301 are
rounded, it will be appreciated that such vertex regions 301
form an intersection between adjacent side regions 303.
Accordingly, it will be appreciated that the phrase “generally
triangular,” as used herein, encompasses any generally three-
sided geometry wherein adjacent sides intersect at or within
vertex regions, without limitation. For example, “generally
triangular” encompasses three-sided polygons, circular tri-
angles, equilateral triangles, etc., without limitation.

Furthermore, in a further embodiment, at least one attribute
for identification may comprise a radiographic marker. More
particularly, an access port may exhibit an observable pattern,
symbol, marker, or other indicium that indicates that the
access port is structured for accommodating a particular flow
rate, pressure, or both. In another embodiment, at least one
attribute for identification may comprise a perceptible aspect,
such as a visually perceivable feature. For example, at least
one color, at least one symbol, at least one typographical
character (e.g., a letter, a number, etc.), a pattern, or any other
indicium that may be visually perceivable or otherwise per-
ceptible may be used. In a yet additional embodiment, an
ultrasound detectable feature may be incorporated within an
access port. In a further additional embodiment, an access
port may comprise an RFID tag.

It will be appreciated that other equipment and devices
(e.g., infusion sets, tubing, injectors, etc.) may be identifiable
in relation to a suitable maximum flow rate or maximum
pressure. For example, particular infusion apparatuses may
include one or more of the above-mentioned identification
attributes or features. Such a configuration may allow for
different components (e.g., tubing, needles, access ports,
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mechanical injectors, etc.) to be matched with one another.
For example, substantially similar or matching identification
attributes shared by a power injection apparatus, an infusion
set, and an access port may indicate suitability for use with
one another to perform a selected power injection process.

Another aspect of identification of an access port may
relate to identification of a patient within which an access port
is implanted. More specifically, a patient may be provided
with an identification card that carries perceptible (e.g., visu-
ally, via magnetic strip, bar code, manually, or by other suit-
able mechanisms) information regarding an implanted port.
Thus, such an identification card may be presented to a health
care worker, the information carried by the identification card
may be perceived, and the access port may be identified.
Upon identifying the access port, characteristics of the access
port may be ascertained, such as, for instance, a maximum
flow rate, a maximum pressure, suitability for a particular
procedure or procedures, etc. In another embodiment, a wrist-
band or bracelet may be provided to a patient within whom an
access port is implanted. In a further embodiment, a key chain
including an information carrying device, such as, for
example, a magnetic strip, a bar code, a computer readable
media or device (e.g., a compact disk, “flash” memory, a disk
drive, etc.), or any other suitable information carrying device.
In another embodiment, a sticker containing the port infor-
mation can be applied to the chart of the patient. In further
embodiments, labeling on the infusion set can be used to
identify the set as power injection compatible.

A further aspect of the instant disclosure relates to a septum
comprising a gel or viscous liquid. The term “gel,” as used
herein, means a colloid with at least one solid component
suspended within at least one liquid component, wherein the
solid particles (e.g., polymer particles) are attracted or other-
wise linked to one another (e.g., entangled or cross-linked) by
covalent, ionic, or dispersion (physical) forces. Thus, in one
embodiment, a gel may be a colloid in which the solid dis-
perse phase forms a network in combination with the fluid
continuous phase to produce a viscous or semi-rigid sol. A gel
may exhibit stress-strain behavior that is elastic, viscoelastic,
or plastic, without limitation. The term “viscous liquid,” as
used herein, means a liquid exhibiting a viscosity of about
20,000 centipoises or higher.

One or more passageways formed through a septum posi-
tioned within a housing to form an access port may allow for
leaking of fluid through the one or more passageways if the
reservoir of the access port is pressurized. The instant disclo-
sure contemplates that a gel region may be generally posi-
tioned between an upper surface of a septum and a lower
surface of a septum, to facilitate a cannula extending through
the septum from the upper surface to the lower surface to also
pass through at least a portion of the gel region.

For example, in one embodiment, a septum may include a
gel that is at least substantially surrounded by a body material.
For instance, FIG. 54 shows a schematic, side cross-sectional
view of a septum 610 including a body 612 and a gel region
620 positioned within body 612. Gel region 620 may be
structured so that a cannula inserted through upper surface
614 and extending through lower surface 616 will pass
through a portion of gel region 620. In one embodiment, gel
region 620 may comprise a silicone gel. In another embodi-
ment, a gel region may comprise an initially an uncured liquid
(i.e., has arelatively low viscosity) that may be cured to cause
the liquid to form a gel. In a further embodiment, gel region
620 may comprise a viscous liquid, or a viscoelastic material.

In one example, gel region 620 may comprise an elastomer,
such as, DOW CORNING® 7-9600 Soft Filling Elastomer,
Parts A & B, which is commercially available from DOW
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CORNING Corporation of Midland, Mich. In another
embodiment, gel region 620 may comprise Silicone Gel
MED-6340, which is commercially available from NuSil
Technology of Carpinteria, Calif. In yet a further embodi-
ment, gel region 620 may comprise an elastomer exhibiting a
Shore A hardness of about 20 to about 30, such as, for
instance, DOW CORNING® C6-515 Liquid Silicone Rub-
ber, Parts A & B or DOW CORNING® C6-530 Liquid Sili-
cone Rubber Parts A & B, either of which is available from
DOW CORNING Corporation of Midland, Mich. Further,
optionally, body 612 of septum 610 may comprise a silicone
material with a Shore A hardness of about 50 to about 60. In
another embodiment, body 612 and/or upper surface 614 of
septum 610 may comprise a silicone material with a Shore A
hardness of about 60 to about 80. Optionally, body 612 and/or
upper surface 614 of septum 610 may comprise a fluoropoly-
mer (e.g., PTFE, etc.) or polyurethane.

One of ordinary skill in the art will understand that, upon
removal of a cannula extending through at least a portion of
gel region 620, a passageway or channel formed through gel
region 620 may rebound, recover, seal, or heal. Further, gel
region 620 may seal passageways formed through body 612
and upper surface 614. For example, gel region 620 may
inhibit or prevent fluid leakage from a reservoir of an access
port through the septum 610 when a pressure within the
reservoir exceeds an ambient pressure external to the access
port (e.g., during a power injection process, any process for
flowing a fluid through an access port as described above, or
any process for flowing a fluid through an access port as
known in the art, without limitation). In addition, gel region
620 may be formulated and/or body 612 may be structured so
that a cannula passing through septum 610 will resist trans-
ferring or removing any of the material comprising gel region
620 outside of a selected boundary or envelope. In one
embodiment, body 612 may be structured to remove a mate-
rial comprising gel region 620 from a cannula passing
through the body 612.

Any of the septum embodiments discussed herein may
include at least one gel region. For example, FIG. 55 shows a
schematic, side cross-sectional view of a septum 611 includ-
ing a body 612 and a gel region 620. As discussed above, gel
region 620 may be structured so that a cannula inserted
through upper surface 614 and extending through lower sur-
face 616 will pass through a portion of gel region 620. Such a
configuration may provide a robust septum that resists leak-
ing even if a multitude of passages are formed through the
septum with a cannula. Furthermore, providing a septum
comprising a gel may improve a sealing ability or quality of
the septum. Accordingly, a septum including a gel material
may exhibit a reduced thickness (i.e., from an upper surface to
a lower surface) in comparison to a conventional septum. For
example, FIG. 56 shows a septum 613 including a body 612
and a gel region 620, wherein a thickness T is less than a
conventional thickness of a conventional septum. In one
embodiment, athickness T of septum 613 may be about 0.500
inches or less.

The instant disclosure contemplates a variety of different
manufacturing methods may be employed for forming a sep-
tum comprising a gel. For example, generally, a body of a
septum may be formed to substantially surround at least one
gel region or a recess or chamber may be formed by a septum
body that is filled with a gel. In one embodiment, a gel region
may be suspended within a mold for forming a body of a
septum. More particularly, FIG. 57 shows a schematic, side
cross-sectional view of a first mold 652 and a second mold
654, wherein gel region 620 is positioned between (e.g.,
suspended) first mold 652 and second mold 654. As shown in
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FIG. 57, gel region 620 is positioned by a frame element 630,
which abuts parting surface 655 of second mold 654. As
shown in FIG. 57, frame element 630 may be positioned by
pins 606. In other embodiments, frame element 630 may be
suitably positioned, without limitation. In a particular
embodiment, parting surface 653 of first mold 652 may be
positioned proximate to parting surface 655 of second mold
654 (i.e., parting surfaces 653 and 655 may be separated by
frame element 630) to form a chamber defined by cavity 658
and cavity 656. Further, a hardenable material (e.g., a curable
material, such as a curable silicone, a thermoplastic, a resin,
etc.) may be injected into the chamber and hardened. Thus,
the hardenable material may surround or encapsulate gel
region 620 and may exhibit a geometry that is complimentary
to cavities 656 and 658.

Generally, frame element 630 may be coupled to or affixed
to gel region 620. In one embodiment, frame element 630
may couple or engage at least a portion of a periphery of gel
region 620. In another embodiment, frame element 630 may
be substantially planar and gel region 620 may rest upon or
may be formed upon frame element 630. Further, in one
embodiment, frame element 630 may extend at least partially
through gel region 620. Optionally, frame element 630 may
cover or extend across mold cavity 656 of second mold 654.
In one example, frame element 630 may comprise a mesh
(e.g., ametal or polymer mesh, a fabric, a fiber mesh, etc.). In
another example, frame element 630 may comprise a sheet or
layer of silicone and may be, optionally, perforated. If frame
element 630 comprises a mesh or is perforated, fluid commu-
nication (of a hardenable material) between cavity 658 and
cavity 656 may occur, which may be desirable for avoiding
shifting of gel region 620 and/or frame element 630 during
encapsulation. Once gel region 620 is encapsulated, selected
portions of frame element 630 may be trimmed or cut, if
desired.

In another method of forming a septum including at least
one gel region, a septum body may be formed to include at
least one chamber, which may be filled with a gel. For
example, FIG. 58 shows a septum body 612 defining chamber
621. Optionally, opening 623 may be defined by body 612.
Accordingly, a gel may be introduced within chamber 621 via
the opening 623 and the opening, optionally, may be closed.
For example, an uncured gel may be introduced within cham-
ber 621. Further, the uncured gel may be cured by heating or
by other suitable methods. Such a configuration may form a
gel region as described above in relation to FIG. 55. In one
embodiment, chamber 621 may be formed by an air injection
molding process, ablow molding process or any other process
known in the art for creating a chamber 621 within body 612.
In another embodiment, body 612 may be formed about a
removable plug or filler (e.g., a silicone plug, steel, or alumi-
num insert). Such a plug or filler may be coated with a non-
stick coating (e.g., TEFLON®), silicone, or any nonstick coat-
ing known inthe art). Thus, chamber 621 may be formed upon
removal of the plug or filler. In other embodiments, portions
of a septum may be formed, filled with a gel (or a liquid
precursor to a gel), and bonded to one another to form a
septum. In a further embodiment, body 612 may be initially
formed and may enclose chamber 621 within body 612. In
addition, body 612 may be cut to form an opening to allow
chamber 621 to be filled with a gel. Such an opening of body
612 may be closed or sealed to capture or form a gel region.
In yet a further embodiment, a solid body may be formed and
a chamber may be formed by slicing the solid body. In such a
configuration, filling the chamber may cause the solid body to
deform to form a domed or raised region, if desired. [t will be
appreciated that many different approaches may be employed
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for forming a chamber 621 within body 612 and subsequently
filling the chamber with a gel.

In an additional embodiment, a septum may include a gel
region positioned between a body and a layer of material
bonded to or formed over at least a portion of the gel region
and at least a portion of the body. For example, FIG. 59 shows
a schematic, side cross-sectional view of a septum 615
including a body 632, a gel region 620, and a layer 626. As
shown in FIG. 59, gel region 620 may be positioned within a
recess 633 formed in the body 632 and layer 626 may extend
over a portion of gel region 620 and a portion of body 632.
One of ordinary skill in the art will understand that gel region
620 may be positioned or formed within recess 633 of body
632 and then layer 626 may be formed or positioned over gel
region 620 and body 632. Further, layer 626 may be bonded
(e.g., adhesively bonded, bonded via curing, bonded via
welding, or as otherwise known in the art) or otherwise
affixed to body 632 to capture gel region 620. In one embodi-
ment, septum 615 may be formed by a multiple head (e.g., a
two head) injection molding apparatus. More particularly,
such a molding apparatus may be capable of forming the body
632, forming the gel region 620 within the body 632, and
forming (e.g., over molding) the layer 626 over the gel region
620 and body 632 by suitable mold configurations and mate-
rial injections. Layer 626, in one embodiment, may comprise
a silicone-based material exhibiting a Shore A hardness of
between about 60 and about 80. Body 632, in one embodi-
ment, may comprise a silicone-based material exhibiting a
Shore A hardness of between about 40 and about 50. Accord-
ingly, during use of septum 615 (installed within a housing to
form an access port) a cannula may pass through layer 626, at
least a portion of gel region 620, and body 632. Such a
configuration may facilitate positioning of a cannula extend-
ing through layer 626, at least a portion of gel region 620, and
body 632.

While certain representative embodiments and details have
been shown for purposes of illustrating aspects of the instant
disclosure, it will be apparent to those skilled in the art that
various changes in the methods and apparatus disclosed
herein may be made without departing form the scope of the
instant disclosure, which is defined in the appended claims.
For example, other access port sizes and shapes may be
employed; and various other embodiments structures may be
employed for forming at least one identifiable feature of an
access port of the instant disclosure. The words “including”
and “having,” (including their variants) as used herein includ-
ing the claims, shall have the same meaning as the word
“comprising.”

What is claimed is:

1. An assembly for identifying a power injectable vascular

access port, comprising:

a vascular access port comprising a body defining a cavity,
a septum, and an outlet in communication with the cav-
ity;

a first identifiable feature incorporated into the access port
perceivable following subcutaneous implantation of the
access port, the first feature identifying the access port as
suitable for flowing fluid at a fluid flow rate of at least 1
milliliter per second through the access port;

a second identifiable feature incorporated into the access
port perceivable following subcutaneous implantation
of the access port, the second feature identifying the
access port as suitable for accommodating a pressure
within the cavity of at least 35 psi, wherein one of the
first and second features is a radiographic marker per-
ceivable via x-ray; and
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a third identifiable feature separated from the subcutane-
ously implanted access port, the third feature confirming
that the implanted access port is both suitable for flowing
fluid at a rate of at least 1 milliliter per second through
the access port and for accommodating a pressure within
the cavity of at least 35 psi.

2. The assembly according to claim 1, wherein the other of
the first and second features is a structural feature of the body
or septum of the access port perceivable via palpation.

3. The assembly according to claim 2, wherein the struc-
tural feature comprises a body having a particular geometric
shape.

4. The assembly according to claim 1, wherein the radio-
graphic marker is a radiographic pattern included in the sep-
tum of the access port.

5. The assembly according to claim 1, wherein the radio-
graphic marker is one or more radiographic letters.

6. The assembly according to claim 1, wherein the third
feature comprises visually perceptible information provided
on an element selected from the group consisting essentially
of'a key chain, a bracelet, a wrist band, a sticker provided on
a patient’s chart, a patientID card, a label provided on pack-
aging of the access port, and combinations thereof.

7. The assembly according to claim 1, wherein the third
feature is incorporated in an infusion set packaged with the
vascular access port.

8. An assembly for identifying a power injectable vascular
access port, comprising:

avascular access port comprising a body defining a cavity,
a septum, and an outlet in communication with the cav-
ity;

a first identifiable feature incorporated into the access port
perceivable following subcutaneous implantation of the
access port, the first feature identifying the access port as
suitable for flowing fluid at a fluid flow rate of at least 1
milliliter per second through the access port;

a second identifiable feature incorporated into the access
port separate from the first identifiable feature, the sec-
ond feature perceivable following subcutaneous implan-
tation of the access port to identify the access port as
suitable for flowing fluid at a fluid flow rate of at least 1
milliliter per second through the access port, wherein
one of the first and second features is a radiographic
marker perceivable via x-ray; and

a third identifiable feature separated from the subcutane-
ously implanted access port, the third feature confirming
that the implanted access port is suitable for flowing
fluid at a rate of at least 1 milliliter per second through
the access port.

9. The assembly according to claim 8, wherein the other of
the first and second features is a structural feature of the body
or septum of the access port perceivable via palpation.

10. The assembly according to claim 9, wherein the struc-
tural feature comprises a body having a particular geometric
shape.

11. The assembly according to claim 8, wherein the radio-
graphic marker is a radiographic pattern included in the sep-
tum of the access port.

12. The assembly according to claim 8, wherein the radio-
graphic marker is one or more radiographic letters.
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13. The assembly according to claim 8, wherein the third
feature comprises visually perceptible information provided
on an element selected from the group consisting essentially
of'a key chain, a bracelet, a wrist band, a sticker provided on
a patient’s chart, a patient ID card, a label provided on pack-
aging of the access port, and combinations thereof.

14. The assembly according to claim 8, wherein the third
feature is incorporated in an infusion set packaged with the
vascular access port.

15. An assembly for identifying a power injectable vascular
access port, comprising:

a vascular access port comprising a body defining a cavity,
a septum, and an outlet in communication with the cav-
ity;

a first identifiable feature incorporated into the access port
perceivable following subcutaneous implantation of the
access port, the first feature identifying the access port as
suitable for flowing fluid at a fluid flow rate of at least 1
milliliter per second through the access port;

a second identifiable feature incorporated into the access
port perceivable following subcutaneous implantation
of the access port, the second feature identifying the
access port as suitable for accommodating a pressure
within the cavity of at least 35 psi, wherein one of the
first and second features is an RFID tag; and

a third identifiable feature separated from the subcutane-
ously implanted access port, the third feature confirming
that the implanted access port is both suitable for flowing
fluid at a rate of at least 1 milliliter per second through
the access port and for accommodating a pressure within
the cavity of at least 35 psi.

16. An assembly for identifying a power injectable vascular

access port, comprising:

a vascular access port comprising a body defining a cavity,
a septum, and an outlet in communication with the cav-
ity;

a first identifiable feature incorporated into the access port
perceivable following subcutaneous implantation of the
access port, the first feature identifying the access port as
suitable for flowing fluid at a fluid flow rate of at least 1
milliliter per second through the access port;

a second identifiable feature incorporated into the access
port perceivable following subcutaneous implantation
of the access port, the second feature identifying the
access port as suitable for accommodating a pressure
within the cavity of at least 35 psi, wherein one of the
first and second features is an ultrasound-detectable fea-
ture; and

a third identifiable feature separated from the subcutane-
ously implanted access port, the third feature confirming
that the implanted access port is both suitable for flowing
fluid at a rate of at least 1 milliliter per second through
the access port and for accommodating a pressure within
the cavity of at least 35 psi.
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INFUSION APPARATUSES AND RELATED
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Patent Applica-
tion No. 60/737,466, filed 15 Nov. 2005, the disclosure of
which is incorporated, in its entirety, by this reference. This
application further claims the benefit of U.S. Patent Applica-
tion No. 60/675,309, filed 27 Apr. 2005, the disclosure of
which is incorporated, in its entirety, by this reference.

BACKGROUND

A wide variety of medical procedures require infusion of a
fluid into a patient. For example, vascular imaging technolo-
gies may require use of a contrast media that is injected into
the patient. More specifically, computed tomography (CT) is
an imaging technology that utilizes a contrast media and may
be employed for the noninvasive evaluation and assessment
of'avascular system (i.e., CT angiography or CTA). Multide-
tector computed tomography (MDCT) is one specific type of
CT that may be utilized for CTA. For proper imaging of a
vascular system via CT, intravenous contrast media injection
protocols are coordinated and selected for the anatomic area
of interest.

More particularly, conventionally, a so-called “power
injector” system may be employed for injecting contrast
media at a high pressure into a peripherally inserted intrave-
nous (IV) line. For example, such power injectors or injection
systems may be commercially available from Medrad, Inc., a
subsidiary of Schering AG, Germany and may be marketed as
STELLANT® injection systems. Because CT procedures are
often defined in terms of a desired flow rate of contrast media,
such power injection systems are, in general, controllable by
selecting a desired flow rate. Accordingly, such power injec-
tion systems may develop pressure (within the maximum
pressure capability of the power injection system) as is nec-
essary to maintain the selected flow rate. Accordingly, as may
be appreciated, obstructions in the IV lines or use of [V lines
that are not structured to withstand the pressures of a desired
injection rate may cause the power injector to generate a
pressure that exceeds a suitable pressure limit for the IV line.
After intravenous injection, a bolus of contrast material, may
flow within the vascular system of the patient to the right side
of the heart, through the lungs, into the left side of the heart,
and through the remaining circulatory system. After the bolus
of contrast media is injected into the patient, portions of the
contrast media may remain in the right side of the heart. Thus,
the overall effectiveness of contrast enhancement may
depend on a multitude of factors. For example, a patient’s
characteristics (e.g., body size; circulation, including cardiac
output and circulating volume, and renal function), the con-
trast characteristics (e.g., volume, injection rate, iodine con-
centration, etc.), and the CT technique (e.g., access and route
of administration, scan delay, scan speed, and injection pat-
tern) may each influence the overall degree of contrast
enhancement.

By way of background, conventionally, relatively long
scan times have been accompanied by relatively long contrast
media delivery times. However, because scan times continue
to decrease, relatively fast delivery of contrast media may be
desired. Explaining further, in coronary CTA, a large enough
volume of contrast material must be administered at a suffi-
ciently high rate to reach and maintain a suitable concentra-
tion throughout a selected scan time (e.g., a 15 second scan
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time), and within a selected region of the anatomy (e.g., an
axial scan distance of 20 cm, which may include the left
ventricle and outflow tract). It also may be desirable that
contrast density values are sufficient to facilitate the segmen-
tation techniques used in multidimensional post-processing.
A typical contrast media used in coronary CTA may have an
iodine density of about 300 milligrams per milliliter to about
350 milligrams per milliliter. Also, since contrast media may
beradioactive, reducing the overall quantity of contrast media
required to perform an imaging process may be advanta-
geous.

The pressure required for contrast injection depends on
many factors, including flow rate, contrast viscosity, configu-
ration of infusion tubing, such as tube diameter and length,
and any obstruction or restriction to flow (e.g., kinks, curves,
fittings, compression). As mentioned above, to maintain the
flow rate required for a CT or MRI study, a power injector
may generate high pressures. Ruptures can occur when the
injection pressure exceeds the tolerance of the vascular access
device(s). Other problems may occur due to timing errors
between the scan and the contrast. In order to maximize the
rapid scanning capacity of the newer vascular imaging
devices, the starting of the scanning process can be delayed a
predetermined amount of time after injection of the contrast
media has begun. If the scan starts too early, just as the
contrast is arriving at the heart, arteries can appear smaller
than they really are when the image is post-processed. On the
other hand, if scanning is delayed too long, image artifacts
can arise from diluted contrast in the cardiac veins. The win-
dow of opportunity for optimal scans may be very small,
because contrast media circulates quickly through cardiac
arteries and into cardiac veins.

Some diagnostic or medical procedures may advanta-
geously employ a subcutaneous vascular access port for intro-
ducing a fluid into the vasculature of a patient. Access portals,
or ports, provide a convenient method to repeatedly deliver
medicants to remote areas of the body without utilizing sur-
gical procedures. The port is implantable within the body, and
permits the infusion of medications, parenteral solutions,
blood products, contrast media, or other fluids. Additionally,
the port may be used to aspirate blood from the patient. Such
access ports typically include a cannula-impenetrable hous-
ing which encloses one or more fluid cavities or reservoirs
and defines for each such fluid cavity an access aperture
communicating through the housing. A cannula-penetrable
septum is positioned adjacent to and seals each access aper-
ture. An outlet stem communicates with one or more of the
fluid cavities for dispensing medication therefrom to a pre-
determined location in the body of the patient through an
implanted catheter attached to the access port. Once the
access port and the catheter have been implanted beneath the
skin of a patient, quantities of fluid, such as medication,
blood, etc., may be dispensed through one such fluid cavity
by, for example, a cannula (e.g., a needle), passed through the
skin of the patient and penetrating the septum into one of the
respective fluid cavities. This medication is directed through
the distal end of the catheter to an entry point into the venous
system of the body of the patient. Further, blood may be
aspirated through the subcutaneous access port. Thus, use of
an access port may allow for vascular access without needle
sticks into the vasculature of a patient.

However, conventional access ports and attendant infusion
systems have not been suitable for performing power injec-
tion.

Particularly, the use of power injection systems in combi-
nation with conventional vascular access ports has achieved
less than ideal results. Thus, it may be appreciated that vas-
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cular access ports for infusion systems and infusion-related
apparatuses structured for performing power injection may
be advantageous.

SUMMARY

One aspect of the instant disclosure relates to a method of
flowing fluid through an access port. More particularly, a
vascular access port may be provided and a fluid may be
caused to flow through the access port at a rate of at least about
1 milliliter per second.

A further aspect of the instant disclosure relates to a
method of flowing fluid through an infusion set. For example,
an infusion set may be provided and a fluid may be flowed
through the infusion set at a rate of at least about 1 milliliter
per second.

Another aspect of the instant disclosure relates to an access
port for providing subcutaneous access to a patient. Specifi-
cally, an access port may comprise a housing defining an
aperture for capturing a septum, wherein the housing and
septum define a reservoir. In addition, the septum may include
a tenon region wherein the housing of the access port defines
a complimentary mortise region structured for accepting at
least a portion of the tenon region of the septum. Optionally,
the housing may include a ring structure proximate to at least
a portion of a side periphery of the septum.

An additional aspect of the instant disclosure relates to an
access port for providing subcutaneous access to a patient. In
one embodiment, an access port may comprise a housing
defining an aperture for capturing a septum, the housing and
septum defining a reservoir. In addition, the housing and
septum may be structured for accommodating a flow rate
through the reservoir of at least about 1 milliliter per second.
In another embodiment, an access port may include a housing
and septum, as described above, wherein the housing and the
septum are structured for accommodating a pressure devel-
oped within the reservoir of at least about 35 psi.

Yet another aspect of the instant disclosure relates to an
infusion set for use in subcutaneously accessing a patient. For
example, in one embodiment, an infusion set may comprise a
tubing section defining a lumen and a cannula in fluid com-
munication with the lumen of the tubing section. Also, the
cannula may be configured for insertion through a septum of
an access port, and the tubing section and the cannula may be
structured for allowing a fluid to flow at a rate of at least about
1 milliliter per second. Optionally the cannula may be con-
figured for puncturing a septum of an access port and the
tubing section and the cannula may be structured for accom-
modating a pressure of at least about 400 psi. For example, the
tubing section and the cannula may be structured for accom-
modating a pressure of about 600 psi.

A further aspect of the instant disclosure relates to infusion
tubing for use in accessing a vascular system of a patient. In
one embodiment, infusion tubing may comprise a plurality of
layers, wherein the tubing is structured for accommodating a
fluid flow rate of at least about 1 milliliter per second. In
another embodiment, infusion tubing may comprise a plural-
ity of layers, wherein at least one layer of the plurality of
layers extends beyond at least another of the plurality of
layers and is structured for forming a cannula for puncturing
a septum of an access port. In yet an additional embodiment,
an infusion set for use in subcutaneously accessing a patient
may comprise a tubing section defining a lumen and a cannula
in fluid communication with the lumen of the tubing section,
wherein the cannula is configured for insertion through a
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septum of an access port. Additionally, the tubing section and
cannula may be structured for accommodating a pressure of
at least about 400 psi.

Another aspect of the instant disclosure relates to a method
of identifying an access port as being suitable for power
injection. More specifically, an access port including a sep-
tum may be provided. Further, the access port may be iden-
tified as being suitable for power injection.

Yet a further aspect of the instant disclosure relates to an
access port for providing subcutaneous access to a patient.
Particularly, an access port may comprise a housing config-
ured for capturing a septum, the septum configured for insert-
ing a cannula therethrough and into a reservoir defined within
the housing and at least one structural element configured for
resisting deformation of the septum in response to a pressure
developed within the reservoir.

In an additional aspect of the instant disclosure, a method
of operation of an access port may comprise providing a
housing configured for capturing a septum, the septum con-
figured for inserting a cannula (which can include a needle, a
Huber needle, a trocar with an associated cannula, or any
combination thereof) therethrough and into a reservoir
defined within the housing, and developing a pressure within
the reservoir of the housing. Further, such a method may
comprise limiting deformation of the septum in response to
the pressure developed within the reservoir.

In addition, one aspect of the instant disclosure relates to a
septum comprising a gel or a viscous liquid. For example, in
one embodiment, a septum for assembly with a housing to
form an access port for providing subcutaneous access to a
patient may comprise a body including an upper surface and
a lower surface and at least one gel region positioned gener-
ally between the upper surface and the lower surface. Another
embodiment may comprise a septum for assembly with a
housing to form an access port for providing subcutaneous
access to a patient may comprise a body, a layer formed over
at least a portion of the body, and a gel region positioned at
least partially between the layer and the body.

The above-described infusion apparatuses and related
methods may be beneficially employed for effecting or facili-
tating power injection processes. For instance, such methods
and apparatuses may be employed for infusing a fluid (e.g., a
contrast media) at a rate of between about 1 milliliter per
second and about 5 milliliters per second.

Features from any of the above mentioned embodiments
may be used in combination with one another in accordance
with the instant disclosure. In addition, other features and
advantages of the instant disclosure will become apparent to
those of ordinary skill in the art through consideration of the
ensuing description, the accompanying drawings, and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the instant disclosure will become apparent
upon review of the following detailed description and draw-
ings, which illustrate representations (not necessarily drawn
to scale) of various aspects of the instant disclosure, wherein:

FIG. 1 shows an exploded, perspective view of an access
port according to the instant disclosure;

FIG. 2 shows a schematic, side cross-sectional view of the
access port shown in FIG. 1;

FIG. 3 shows a schematic, top elevation view of a cap
including a ring feature as shown in FIGS. 1 and 2;

FIG. 4 shows a schematic, top elevation view of another
embodiment of a cap including a ring feature;
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FIG. 5 shows a schematic, top elevation view of a further
embodiment of a cap including a ring feature;

FIG. 6 shows a schematic, side cross-sectional view of an
implanted access port with a cannula extending through the
septum of the access port;

FIG. 7 shows a graph depicting pressures at selected
regions within an infusion system for a given flow rate;

FIG. 8 shows a schematic, side cross-sectional view of an
access port including a septum with a tenon region and a
housing with a mortise region;

FIG. 9 shows a schematic, side cross-sectional view of
another embodiment of an access port including a septum
with a tenon region and a housing defining a mortise region;

FIG. 10 shows a schematic, side cross-sectional view of a
further embodiment of an access port including a tenon region
and a housing defining a mortise region;

FIG. 11 shows a schematic, side cross-sectional view of an
access port, wherein at least a portion of a side periphery of
the septum is affixed to the housing;

FIG. 12 shows a schematic, side cross-sectional view of an
access port including a structural element extending between
the septum and the housing;

FIG. 13 shows a schematic, side cross-sectional view of an
access port including a structural element with a barbed end
positioned within the septum;

FIG. 14 shows a schematic, side cross-sectional view of an
access port including a structural element extending between
an upper surface of the septum and the housing;

FIG. 15 shows a schematic, side cross-sectional view of an
access port as shown in FIG. 14 and also including a support
element positioned adjacent to an upper surface of the sep-
tum;

FIG. 16 shows a schematic, side cross-sectional view of an
access port including a septum with an extension leg that
extends to the housing;

FIG. 17 shows a schematic, side cross-sectional view of an
access port including a septum with an extension leg com-
prising an enlarged end that couples to a recessed form in the
housing;

FIG. 18 shows a schematic, side cross-sectional view of an
access port including a septum in a structural element posi-
tioned adjacent to an upper surface of the septum;

FIG. 19 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element
extending laterally through the septum;

FIG. 20 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element posi-
tioned proximate to an upper surface of the septum;

FIG. 21 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element posi-
tioned proximate to a lower surface of the septum;

FIG. 22 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in a generally triangular pattern;

FIG. 23 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in two generally rectangular patterns;

FIG. 24 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in a first plurality of substantially parallel lines
and a second plurality of substantially parallel lines;

FIG. 25 shows a partial, top elevation view of an access port
as shown in FIGS. 18-21, wherein structural elements are
arranged as two intersecting substantially straight members;

FIG. 26 shows a partial, top elevation view of a septum
including a structural element positioned within the septum;
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FIG. 27 shows a perspective view of a sectioned septum, as
shown in FIG. 26;

FIG. 28 shows a partial, top elevation view of a septum
including a plurality of structural elements;

FIG. 29 shows a schematic, side cross-sectional view of an
access port including a septum exhibiting curvature;

FIG. 30 shows a top elevation view of one embodiment of
a septum frame;

FIG. 31 shows a schematic, side cross-sectional view of
one embodiment of a septum including the frame shown in
FIG. 30 and another material at least partially surrounding the
frame;

FIG. 32 shows a schematic, side cross-sectional view of
another embodiment of a septum including a frame that is at
least partially surrounded by another material;

FIG. 33 shows a schematic, side cross-sectional view of yet
an additional embodiment of a septum including a frame that
is at least partially surrounded by another material;

FIGS. 34 and 35 show a respective schematic view of
different patterns that may be generated by radiopaque mate-
rial comprising a septum;

FIG. 36 shows a perspective view of one embodiment of an
infusion set according to the instant disclosure;

FIG. 37 shows a perspective view of another embodiment
of an infusion set according to the instant disclosure;

FIGS. 38 and 39 show a side cross-sectional view and an
end cross-sectional view of one embodiment of tubing includ-
ing an inner layer and an outer layer;

FIG. 40 shows a schematic, side cross-sectional view of
tubing including an inner layer, an outer layer, and at least one
reinforcing element;

FIG. 41 shows a schematic, side cross-sectional view of
another embodiment of tubing including an inner layer, an
outer layer, and at least one reinforcing element;

FIGS. 42 and 43 show an end cross-sectional view and a
schematic, side cross-sectional view, respectively, of tubing
including four layers;

FIGS. 44 and 45 show schematic, side cross-sectional
views of a tubing section including a plurality of layers,
wherein at least one layer of the plurality of layers extends
from a distal end of the tubing to form a slender hollow region
for insertion through a septum of an access port;

FIG. 46 shows a perspective view of one embodiment of an
infusion system configured for inserting a flexible catheter
through a septum of an access port;

FIG. 47 shows a schematic, partial, side cross-sectional
view of the infusion system shown in FIG. 46;

FIG. 48 shows a perspective view of another embodiment
of'an infusion system configured for inserting a flexible cath-
eter through a septum of an access port;

FIG. 49 shows a schematic, partial, side cross-sectional
view of the infusion system shown in FIG. 48;

FIG. 50 shows a perspective view of the infusion system
shown in FIG. 48, wherein the insertion assembly is removed
from the hub;

FIG. 51 shows a perspective view of one embodiment of an
access port according to the instant disclosure;

FIG. 52 shows a top elevation view of the access port
shown in FIG. 51;

FIG. 53 shows a simplified representation of a transverse
cross section of the access port shown in FIGS. 51 and 52;

FIG. 54 shows a schematic, side cross-sectional view of
one embodiment of a septum including at least one gel region;

FIG. 55 shows a schematic, side cross-sectional view of
another embodiment of a septum including at least one gel
region;
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FIG. 56 shows a schematic, side cross-sectional view of a
further embodiment of a septum including at least one gel
region;

FIG. 57 shows a side cross-sectional view of a first mold
and a second mold, wherein a gel region is positioned
between the first mold and the second mold;

FIG. 58 shows a schematic, side cross-sectional view of an
embodiment of a septum including at least one chamber to
capture a gel; and

FIG. 59 shows a schematic, side cross-sectional view of an
additional embodiment of a septum including at least one gel
region.

DETAILED DESCRIPTION

One aspect of the instant disclosure relates to vascular
access ports. More particularly, in one embodiment, the
instant disclosure contemplates that a vascular access port
may be structured for accommodating a fluid flow rate of at
least about 1 milliliter per second. Further, the instant disclo-
sure contemplates that a vascular access port may be struc-
tured to withstand at least about 180 pounds per square inch
(psi) of pressure developed within the reservoir defined by the
septum and the access port housing. In one embodiment, an
access port may be structured for operating within a range of
pressures of about 80 psito about 180 psi. Such an access port
may be advantageous for use in infusing a fluid into a patient
(e.g., infusing contrast media into a patient for CT or MR
imaging).

Generally, an access port may comprise a housing that
captures a septum that may be repeatedly pierced or punc-
tured with a hollow slender element (e.g., a cannula, or
needle), which can include a Huber needle, a trocar with a
circumferentially disposed cannula, or any other suitable
access mechanism, without limitation. The words “cannula”
or “needle,” as used herein, encompass any slender element
(e.g., a cannula, a needle, a trocar, with a circumferentially
disposed cannula, etc.) as known in the art or described
herein, without limitation. Such a septum may comprise a
material (e.g., silicone) that seals, under suitable compres-
sion, passages formed by puncturing the septum with such an
access mechanism. Thus, the septum may be at least partially
compressed to facilitate closure of passages formed by punc-
turing the septum with the access mechanism. The instant
disclosure contemplates that the housing and septum may be
structured so that a flow rate from the reservoir of the access
port may be at least about 1 milliliter per second without
damaging the housing or septum or compromising the struc-
tural integrity of the reservoir (e.g., causing the septum to
become separated from the housing).

In one embodiment, an access port may comprise a cap and
base which define, in combination, a housing in which a
septum may be positioned to form a reservoir. For example,
FIGS. 1 and 2 show, respectively, an exploded perspective
view and a side cross-sectional view of an access port 50
including a base 56, a cap 54, a septum 80, and an outlet stem
70. As shown in FIGS. 1 and 2, cap 54 and base 56, may be
configured for capturing a septum 80 between cap 54 and 56.
Generally, cap 54 and base 56 may collectively form a hous-
ing 60 for capturing septum 80 and at least partially defining
reservoir 66. Explaining further, cap 54 may include an aper-
ture 55 through which a portion of septum 80 may extend and
base 56 may include a recess 57 configured to accept at least
a portion of septum 80. Thus, a portion of septum 80 may be
placed within recess 57 of base 56 and aperture 55 of cap 54
may be positioned about septum 80 to collectively define a
reservoir 66 within access port 50, the reservoir 66 being in

20

25

30

35

40

45

50

55

60

65

8

fluid communication with a lumen of outlet stem 70. In other
embodiments, a plurality of reservoirs may be collectively
defined by a housing and at least one septum, without limita-
tion. For example, any access port known in the art including
a plurality of reservoirs (or one reservoir) may include any
aspects) of the instant disclosure, without limitation. As
shown in FIG. 1, a portion of outlet stem 70 may be positioned
within and coupled to an aperture 58 formed within base 56.

Although FIG. 1 shows that access port 50 may include an
outlet stem 70, other embodiments of access port 50 may not
include an outlet stem 70. Therefore, FIG. 2 shows access port
50 without an outlet stem 70. Put another way, the instant
disclosure contemplates that access port 50 may, optionally,
include an outlet stem 70 or may be otherwise configured. For
instance, in one embodiment, outlet stem 70 may be formed
as a part of with base 56, if desired. In another embodiment,
a catheter may be operably coupled to the access port 50 (e.g.,
to aperture 58) without outlet stem 70. In yet a further
embodiment, access port 50 may simply include at least one
outlet passage (e.g., aperture 58) in fluid communication with
the reservoir 66 and extending through the housing 60 and
structured for allowing fluid flow through, if desired. As
shown in FIG. 2, a portion of septum 80 may be positioned
between cap 54 and base 56 and may be configured to with-
stand, without damage or deforming to an extent that com-
promises the reservoir 66 (i.e., blowing out), a selected mag-
nitude of pressure developed within reservoir 66.

For example, as shown in FIGS. 1 and 2, cap 54 may
optionally include a circumferential ring structure 30 that is
formed adjacent to a side periphery of septum 80. Ring struc-
ture 30 may be structured to inhibit deformation of the cap 56
in response to a pressure developed within reservoir 66 of
access port 50. As shown in FIG. 3, in a top elevation view of
cap 54, ring structure 30 may be generally circular. Further,
ring structure 30 may be substantially congruent to a side
peripheral shape of septum 80 or may exhibit a different
shape than the side periphery of septum 80. In addition, the
size of ring structure 30 may be selected to provide a selected
rigidity to a region of cap 54 adjacent to of aperture 55 of cap
54. Such a configuration may inhibit deformation of the cap
54 in response to pressure developed within reservoir 66. For
example, as shown in FIG. 2, a lateral thickness T, vertical
thickness T, or both may be selected for providing a selected
rigidity to aregion of cap 54 adjacent to a periphery of septum
80 (i.e., adjacent to aperture 55). In one embodiment, the
overall height H (FIG. 2) of access port 50 may be less than
about 0.600 inches.

In other embodiments, ring structure 30 may be generally
rectangular, generally triangular, generally oval, generally
polygonal, or of another geometrical shape, without limita-
tion. For example, F1G. 4 shows a top elevation view of a ring
structure 30 that is generally triangular. Further, FIG. 5 shows
a generally rectangular ring structure 30.

Explaining further, housing 60 of access port 50 may com-
prise a biocompatible material such as polysulfone, titanium,
or any other suitably biocompatible material. Thus, cap 54
and base 56 may couple to one another generally along a
mating line and may be secured or affixed to one another.
More particularly, in one embodiment, both cap 54 and base
56 may comprise titanium and may be welded, brazed, sol-
dered, or otherwise affixed to one another. Such a configura-
tion may provide suitable mechanical strength for capturing
septum 80 between cap 54 and base 56. Optionally, cap 54
and base 56 may be coupled to one another by at least one
fastening element (e.g., at least one bolt, at least one screw, at
least one rivet, etc.), at least one adhesive, or a combination of
such coupling mechanisms. Similarly, in one embodiment,
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outlet stem 70 and base 56 may each comprise titanium and
may be welded or otherwise bonded or coupled to one
another.

In further detail, FIG. 6 shows an access port 50 implanted
within a patient 67. In one embodiment, sutures may be used
to affix the access port 50 within the patient 67, if desired.
After the housing 60 is implanted in a patient 67, the upper
surface of the septum 80 may be generally flush or aligned
with the surface of the skin surface 76 of the patient 67 and
may be repeatedly punctured for creating a percutaneous
passageway from the exterior of the skin of the patient into the
reservoir 66. The outlet stem 70 may create a fluid-commu-
nicative passageway extending from the reservoir 66 and
through the outlet stem 70, catheter 73, and into the interior of
the patient 67. Generally, catheter 73 may be coupled to the
outlet stem 70 for fluid communication with the reservoir 66
and for conducting fluid to a desired remote location from the
reservoir 66 and within patient 67. In one embodiment, cath-
eter 73 may extend from the access port 50 to at least partially
within a vena cava of the patient. Such a configuration may
allow for infusion of a contrast media proximate to the heart
of a patient. Because such a contrast media may be harmful
(e.g., radioactive or otherwise injurious) infusion directly into
a vena cava of a patient may reduce an overall quantity of
contrast media required to perform a selected imaging proce-
dure.

As shown in FIG. 6, a cannula 90 may be inserted through
the septum 80 and fluid may be injected into the reservoir 66.
For example, fluid may be injected into reservoir 66 at a rate
that causes pressure (i.e., a positive pressure) to be developed
within reservoir 66. For example, a positive pressure, labeled
“Pz” in FIG. 6, may develop within reservoir 66 and may act
upon the portion of septum 80 defining, in part, reservoir 66.
Such a pressure P, acting on a portion of septum 80 may
develop force upon the septum 80. Likewise, force may be
developed on surfaces of the base 56 that are acted upon by
pressure Pr. In one embodiment, cap 54 may be coupled to
base 56 and structured to suitably position septum 80 and
couple septum 80 to housing 60 against force applied to the
septum 80. Therefore, the septum 80, cap 54, and base 56 may
be structured for accommodating attendant forces developed
by pressure P,. In one embodiment, access port 50 may be
structured for accommodating (without damage) a pressure
Py of at least about 185 psi with reservoir 66. In another
embodiment, access port 50 may be structured for accommo-
dating (i.e., without damage) a range of pressures of about 37
psi to about 65 psi with reservoir 66.

In further detail, during power injection, a fluid flow F may
be caused to flow through cannula 90. A fluid flow rate (de-
picted in FIG. 6 by arrows labeled “F”’) may be at least about
1 milliliter per second. In another embodiment, a fluid flow
rate F may be between about 1 milliliter per second to about
5 milliliters per second. During power injection, a pressure P,
may be developed within cannula 90 may be at least about 30
psi. Accordingly, cannula 90 may be structured to withstand
the forces associated with the above-discussed pressure, flow
rate, or both. As discussed in further detail below, the cannula
may comprise a portion of an infusion set (e.g., a safety
winged infusion set (SWIS)) or another infusion system con-
figured for use with an access port and a power injection
system, without limitation.

More particularly, FIG. 7 shows a graph depicting pressure
measurements at different locations within an infusion sys-
tem including an infusion set (as discussed in greater detail
below) in fluid communication with an access port during
infusion of a fluid at a rate of 5 milliliters per second. As
shown in FIG. 7, a pressure generally within a syringe barrel
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of'a power injector may be about 265 psi. Further, a pressure
generally at the entrance of an infusion set may be about 225
psi and a pressure generally within a reservoir of an access
port may be about 40 psi. Thus, the pressure drop through an
infusion set may be about 185 psi. As shown in FIG. 7, a
pressure generally at the distal end of a catheter extending
from the access port may be about 0 psi. Many factors may
influence a pressure (and a pressure drop) developed within
an infusion system (e.g., infusion set, access port, etc.) during
flow of a fluid through the infusion system, such as, for
example, fluid viscosity, tubing inner diameter (i.e., lumen
cross-sectional size), length of the flow path, and flow rate.
Accordingly, as will be appreciated by the above discussion
of'the access port 50 shown in FIGS. 1-3, such access port 50
may be structured to accommodate a selected flow rate and
associated pressure P, developed within reservoir 66 of
access port 50.

In another embodiment, the septum, housing, or both may
be structured to mechanically secure or constrain at least a
portion of the septum. For example, in one embodiment, the
septum may include at least one coupling feature configured
to mate or couple with a complementary coupling feature
included by the housing. For example, male and female fea-
tures (e.g., without limitation, ribs, flanges, interlocking fea-
tures, tenon and mortise type features, tongue-in-groove fea-
tures, T-slot features, dovetail features, snap-fit features, tabs
and slots or other coupling features as known in the art) may
comprise the at least one coupling feature included by the
septum and the at least one complementary feature included
by the housing, without limitation. “Tenon,” as used herein,
means a projecting member for at least partial insertion into a
mortise to make a joint. “Mortise,” as used herein, means a
recess, hole, groove, or slot formed within a material for
receiving at least a portion of a tenon to make a joint.

Generally, in one embodiment, the septum may include at
least one tenon region (i.e., at least one coupling feature) for
coupling to a complementary mortise region formed by the
housing. Thus, the housing may include a recess (i.e., at least
one complementary feature) for accepting at least a portion of
the tenon region of the septum. For example, FIG. 8 shows a
side cross-sectional view of one embodiment of a septum 180
including a tenon region 270. Particularly, tenon region 270
includes tapered surface 187 of septum 180, which may
increase in height (i.e., from lower surface 183 of septum 180)
along an increasing radial direction (i.e., relative to a radial
distance from a central axis of septum 180; that is, in a
direction from rim 159 of cap 154 toward side surface 157 of
base 156). Thus, as shown in FIG. 8, a height CG,;,, of
septum 180 (measured at a radially innermost extent of tenon
region 270) is less than a height CG,, ;- of septum 180 (at a
radially outermost extent of tenon region 270). Further, tenon
region 270 may be a continuous peripheral feature (i.e., an
annular feature) of septum 180 or may comprise one or more
circumferentially separate regions, without limitation. Fur-
ther, as shown in FIG. 8, housing 160 (including cap 154 and
base 156) may generally define a complementary mortise
region (e.g., a circumferentially extending recess) for accept-
ing at least a portion of tenon region 270. More particularly, a
complementary mortise region may be defined by side sur-
face 157 of base 156, lower flange surface 273 of base 156,
and tapered surface 172 of cap 154. Such a configuration may
secure, capture, or retain a portion of tenon region 270 of
septum 180 within the mortise region of housing 160 even if
a selected maximum pressure is developed within reservoir
166 of access port 150.

In another embodiment, an access port may comprise a
septum including a tenon region including a plurality of
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tapered surfaces. For example, FIG. 9 shows a schematic side
cross-sectional view of a septum 180 including a tenon region
270 comprising tapered surface 187, tapered surface 189, and
tapered surface 191. Further, as shown in FIG. 9, housing 160
may generally define a complementary mortise region
tapered recess for accepting at least a portion of tenon region
270. More particularly, a complementary mortise region may
be defined within housing 160 by side surface 157 of base
156, lower flange surface 273 ofbase 156, tapered surface 172
of cap 154, tapered surface 193 of base 156, and tapered
surface 195 of cap 154. Such a configuration may secure,
capture, or retain at least some of tenon portion 270 of septum
180 within a tapered recess of housing 160 even if a selected
maximum pressure is developed within reservoir 166 of
access port 150.

In summary, it should be understood that a portion of a
septum may comprise, generally, at least one tenon region for
coupling with a complementary mortise region formed in a
housing. In another embodiment, generally, at least a portion
of a housing may comprise a tenon for coupling with a
complementary mortise formed in a septum. As described
above, a tenon region and a complimentary mortise region
may comprise one or more tapered surfaces. In another
embodiment, a tenon region and complementary mortise
region may comprise a T-slot or other nontapered geometry,
without limitation. For example, FIG. 10 shows a schematic,
side cross-sectional view of one embodiment of an access
port 150 comprising a septum 180 including a tenon region
270. Further, a complementary mortise region may be defined
within housing 160 for accepting at least a portion of tenon
region 270. As shown in FIG. 10, a mortise region may be at
least partially defined by an annular extension or protrusion
203 of'base 156. Such a configuration may secure, capture, or
retain at least a portion of tenon region 270 of septum 180
within housing 160 and suitably seal reservoir 166 even if an
anticipated maximum pressure is developed within reservoir
166. It should be further understood that any of the tenon
region and mortise region embodiments shown in FIGS. 8-10
may be described in terms of extensions, ridges, protrusions,
recesses, grooves, slots, etc., without limitation.

A further aspect contemplated by the instant disclosure
relates to coupling or affixing at least a portion of a peripheral
region of a septum to a housing. Such a configuration may
maintain the integrity of the access port during use of the
access port for infusing a fluid at a flow rate of at least about
1 milliliter per second. For example, in one embodiment, at
least a portion of a side periphery of a septum may be affixed
to at least a portion of a housing. FIG. 11 shows a side
cross-sectional view of an access port 50 wherein at least a
portion of a periphery of septum 80 adjacent to housing 60 is
affixed to one or both of cap 54 and base 56 adjacent to septum
80. More particularly, as shown in FIG. 11, a periphery of
septum 80 (adjacent to cap 54 and base 56) may include upper
side region 97, upper annular region 93, lower annular region
91, and lower side region 95. Thus, in one embodiment, an
adhesive, (e.g., glue, epoxy, cement, tape, or any other adhe-
sive as known in the art) may affix at least a portion of one or
more of upper side region 97, upper annular region 93, lower
annular region 91, and lower side region 95 to the cap 54 or
base 56, respectively. Such a configuration may secure sep-
tum 80 to housing 60 and may provide a relatively robust
access port 50 suitable for power injection. It should further
be appreciated that affixing at least a portion of a peripheral
region of a septum may encompass affixing at least a portion
of'a tenon region (of either a septum or housing) to a mortise
region (of either a housing or septum), without limitation.
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As described above, septum deformation is a design con-
sideration with respect to performing power injection via an
access port. Further, one aspect of the instant disclosure
relates to a septum that is structurally reinforced or otherwise
limited against deformation exceeding a selected magnitude.
More specifically, the instant disclosure contemplates that at
least one structural element may be configured to inhibit or
limit deformation of a septum of an access port in response to
pressure developed within a chamber or reservoir of the
access port. Some embodiments of an access port including at
least one structural element for limiting deformation of a
septum are disclosed in U.S. Patent Application No. 60/737,
466, filed 15 Nov. 2005, the disclosure of which is incorpo-
rated, in its entirety, by this reference. Any of the access ports
encompassed by U.S. Patent Application No. 60/737,466
may be structured for power injection.

In one embodiment, the instant disclosure contemplates
that a septum may be structurally coupled to a housing non-
peripherally. Put another way, one aspect of the instant dis-
closure relates to coupling a nonperipheral portion of a sep-
tum to a housing of an access port. For example, FIG. 12
shows one embodiment of an access port 110 according to the
instant disclosure including a cap 54 and a base 56 that cap-
ture a septum 120 to form a reservoir 66. Optionally, cap 54
may include a ring feature proximate to a periphery of the
septum, as described above. In addition, outlet stem 70 may
allow for fluid communication with reservoir 66 to perform
infusion or fluid sampling processes. As shown in FIG. 12, a
structural element 112 may extend between septum 120 and
housing 60. More particularly, structural element 112 extends
generally from lower surface 121 of septum 120 to upper
surface 165 of' base 56. Thus, if pressure (positive/negative) is
developed within reservoir 66, structural element 112 may
inhibit deflection or deformation of lower surface 121 of
septum 120 toward or away from upper surface 165 of base
56. Generally, a structural element may inhibit deformation
of'a septum in relation to one or more selected directions (i.e.,
either toward or away from upper surface 165 of base 56).

Generally, a structural element (e.g., structural element
112) may comprise any of the following: at least one wire, at
least one pin or columnar element, or at least one filament,
without limitation. Such a structural element may comprise
titanium, steel (e.g., stainless steel), polymers (e.g., DEL-
RIN®, nylon, polyester, KEVLAR®, polytetrafiuoroethyl-
ene (PTFE) (expanded or nonexpanded), polyurethane, etc.),
or other materials as known in the art. In other embodiments,
a structural element may comprise a composite, such as a
fiber-reinforced matrix. In one embodiment, a structural ele-
ment may comprise fibers (glass, carbon, etc.) dispersed or
aligned within a silicone matrix.

Further, structural element 112 may be coupled to septum
120 by an adhesive, welding, snap-fitting, molding the sep-
tum 120 about a portion of the structural element 112, other-
wise imbedding a portion of structural element 112 within
septum 120, or as otherwise suitable. Similarly, structural
element 112 may be coupled to base 56 by an adhesive,
welding, or imbedding a portion of structural element 112
within base 56. It may also be appreciated that, optionally,
structural element 112 may exhibit a modulus of elasticity
that exceeds a modulus of elasticity of septum 120. Such a
configuration may allow for structural element 112 to resist
deformation of septum 120 in response to a pressure devel-
oped within reservoir 66 (e.g., during a “power injection”
process).

FIG. 13 shows a schematic cross-sectional view of an
access port 110 according to the instant disclosure including
another embodiment of structural element 112. Particularly,
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as shown in FIG. 13, structural element 112 may include a
barbed end 116, which is positioned at least partially within
septum 120. Such a configuration may couple structural ele-
ment 112 to septum 120 and may resist against deformation of
the septum 120 in response to pressure developed within
reservoir 166. Furthermore, as shown in FIG. 13, the barbed
end 116 of structural element 112 may, optionally, be pointed.
Further, the point of barbed end 116 may be oriented toward
upper surface 123 of septum 120. Such a structure may deflect
a cannula that is inserted through septum 120 and contacts
barbed end 116 so that the cannula is directed away from
structural element 112. Optionally, in another embodiment,
structural element 112 may extend through base 56 and may
be affixed to lower surface 113 of base 56.

In another embodiment of an access port, a structural ele-
ment may extend through a septum. For example, FIG. 14
shows a schematic, side cross-sectional view ofan access port
110 including a structural element 112 that extends from
lower surface 121 of septum 120 to upper surface 123 of
septum 120. As shown in FIG. 14, structural element 112 may
also extend to upper surface 165 of base 56, to mechanically
couple septum 120 to housing 60. Optionally, structural ele-
ment 112 may include at least one barb, which may be posi-
tioned within septum 120 and configured for coupling septum
120 to housing 60. In addition, structural element 112 may be
affixed, if desired, to at least one of upper surface 123 and
lower surface 121 of septum 120. As may be appreciated, it
may be advantageous for upper surface 123 of septum 120 to
be mechanically coupled to housing 60 to resist deformation
of septum 120 in response to a pressure developed within
reservoir 66.

The instant disclosure further contemplates that a struc-
tural element may be employed in combination with a support
element extending over a selected area of the upper surface of
the septum. Such a support element may be positioned adja-
cent to an upper surface of a septum and may be configured to
contact the upper surface of the septum with a selected sur-
face area (e.g., when the septum deforms). For example, FIG.
15 shows a schematic, side cross-sectional view of an access
port 110 including a structural element 112 that extends from
housing 60 to an upper surface 123 of septum 120. Further-
more, structural element 112 is coupled to a support element
114, which is positioned adjacent to upper surface 123 of
septum 120. Such a configuration may provide a selected
amount of contact area between support element 114 and
upper surface 123 of septum 120. Such a selected contact area
between support element 114 and septum 120 may reduce
otherwise undesirably high stresses within septum 120 when
a pressure develops within reservoir 66 by distributing such
stresses over a selected area or region of septum 120. In
addition, support element 114 may be observable (e.g., visu-
ally or by palpation) and, therefore, may be avoided when
inserting a cannula through septum 120. Additionally, the
support element 114 can be used to identify the port 110 as
being power injectable.

In another embodiment of an access port, a structural ele-
ment may comprise a portion of a septum affixed to a housing
of an access port to resist deformation of the septum. For
example, FIG. 16 shows a schematic, side cross-sectional
view of an access port 110 including a septum 120, which
comprises an extension leg 124 (i.e., a structural element) that
is coupled to housing 60. More particularly, as shown in FIG.
16, extension leg 124 may extend generally from lower sur-
face 121 of septum 120 to upper surface 165 of base 56.
Extension leg 124 may abut and may be affixed to upper
surface 165 of base 56. Such a configuration may resist
against deformation of septum 120 in response to pressure
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developed within reservoir 166. In one embodiment, exten-
sion leg 124 may be substantially centered (i.e., positioned
generally at a centroid of lower surface 121) with respect to
lower surface 121 of septum 120. Substantially centering
extension leg 124 with respect to lower surface 121 of septum
120 may limit deformation of lower surface 121 of septum
120 to a greater extent than other positions of extension leg
124 may limit deformation of lower surface 121 of septum
120. Additionally, it should be appreciated that while FIG. 16
shows one extension leg 124, the instant disclosure contem-
plates that at least one extension leg (i.e., one or more exten-
sion legs) may extend from or be coupled to septum 120,
without limitation. In another embodiment, at least one exten-
sion leg may be coupled to a housing of an access port by an
interference fit or a so-called “snap-fit.” More particularly, as
shown in FIG. 17, extension leg 124 includes a bulbous or
rounded end 125 that is configured to fit within a recess 155
formed in base 56. Recess 155 may comprise an opening
formed in upper surface 165 of base 56 that is smaller than a
maximum lateral dimension of rounded end 125, so that
rounded end 125 may be forced through such an opening and
“snap” into a portion of recess 155. Optionally, extension leg
124 may be affixed (e.g., adhesively affixed, welded, pinned,
or affixed by other suitable methods to recess 155 formed in
base 56. Such a configuration may couple septum 120 to base
60 of access port 110 and may resist or limit deformation of
septum 120 in response to pressure developed within reser-
voir 66.

Another aspect of the instant disclosure contemplates that
at least a portion of an upper surface of a septum may be
constrained or limited in its deformation. In one embodiment,
at least one structural element may be positioned upon or
adjacent to an upper surface of a septum to limit deformation
of'the septum in a direction toward the structural element. Put
another way, at least one structural element may extend lat-
erally upon or adjacent to at least a portion of an upper surface
of a septum. For example, FIG. 18 shows a schematic, side
cross-sectional view of an access port 110 including a septum
130 and a structural element 132 positioned adjacent to an
upper surface 133 of septum 130. Optionally, structural ele-
ment 132 may be bonded or affixed to upper surface 133 of
septum 130. Structural element 132 may be structured to
resist deformation of septum 130 in a direction generally
away from reservoir 166. In one embodiment, structural ele-
ment 132 may substantially overlay or cover upper surface
133 of septum 130. Optionally, structural element 132 may be
at least partially embedded within septum 130. In one
embodiment, structural element 132 may be penetrable by a
cannula (e.g., a needle). In another embodiment, structural
element 132 may cover a selected portion (i.e., at least a
portion) of upper surface 133 of septum 130, which may
allow for openings or apertures formed in structural element
132 through which a cannula may be inserted into upper
surface 133 of septum 130. It may be appreciated that, option-
ally, a modulus of elasticity of structural element 132 may
exceed a modulus of elasticity of septum 130, so that defor-
mation of septum 130 may be inhibited to a selected degree by
structural element 132. Further, although a thickness (labeled
“t”) of structural element 132 is shown in FIG. 18 as being
substantially uniform, the instant disclosure contemplates
that a thickness “t” of structural element 132 may vary, with-
out limitation. For example, thickness “t” of structural ele-
ment 132 may be maximum proximate to a centroid of the
upper surface 133 of septum 130. In addition, as shown in
FIG. 18, structural element 132 may be positioned between
cap 54 and septum 130. Structural element 132 may be affixed
to one or both of cap 54 and septum 130, if desired. For
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example, structural element 132 may be adhesively affixed,
welded, mechanically fastened, or otherwise suitably coupled
to one or both of cap 54 and septum 130. Furthermore, struc-
tural element 132 may comprise a metal (e.g., titanium, steel,
etc.), a polymer (e.g., DELRIN® polyurethane, nylon, etc.),
or any other suitable material. In another embodiment, as
discussed further below, structural element 132 may com-
prise a relatively tightly woven fabric that resists tissue
ingrowth (if positioned in potential contact with an internal
cavity of the body). In a further embodiment, a structural
element 132 may comprise a substantially flufty or compress-
ible polyester that may promote tissue healing of punctures
created by a cannula passing through septum 130 of access
port 110 (if positioned in potential contact with an internal
cavity of the body).

In a further embodiment, the instant disclosure contem-
plates that at least one structural element may be at least
partially embedded within a septum and may extend laterally
through at least a portion of the septum. For example, FIG. 19
shows a schematic, side cross-sectional view ofan access port
110 including a septum 120 and a structural element 140
extending laterally (i.e., across an opening in the housing 60
closed by the septum 120) through the septum 120. As shown
in FIG. 19, structural element 140 may be affixed to housing
60 (e.g., cap 54 or base 56). More particularly, as shown in
FIG. 19, structural element 140 may be affixed to cap 154 at
connection regions 147 and 143. In addition, a selected level
of'tension may be developed within structural element 140, if
desired, to provide for a desired level of resistance to defor-
mation (i.e., flexibility) of septum 120. Such a configuration
may provide a selected degree of resistance to deformation of
septum 120 in a direction generally perpendicular to a direc-
tion of extension of structural element 140.

In another embodiment, a structural element may be posi-
tioned proximate to an upper surface of a septum to limit
deformation of the septum. For example, FIG. 20 shows a
schematic, side cross-sectional view of an access port 110
including a septum 130 positioned within a housing 60 and a
structural element 150 positioned proximate to an upper sur-
face 133 of septum 130. As shown in FIG. 20, structural
element 150 extends laterally over at least a portion of upper
surface 133 of septum 130. Thus, structural element 150 may
allow septum 130 to deform a selected distance (e.g., a gap
labeled “G”) prior to contact with structural element 150.
Further, structural element 150 may be affixed to cap 54 and
may be selectively tensioned to exhibit a selected degree of
flexibility in response to contact between septum 130 and
structural element 150. In one embodiment, structural ele-
ment 150 may exhibit a flexibility or spring constant that
exceeds a bulk flexibility or spring constant of septum 130 in
response to a pressure developed within reservoir 66.

In another embodiment, a structural element may be posi-
tioned proximate to or abutting a lower surface of a septum to
limit deformation of the septum. For example, FIG. 21 shows
a schematic, side cross-sectional view of an access port 110
including a septum 120 positioned within a housing 60 and a
structural element 170 positioned proximate to a lower sur-
face 121 of septum 120. As shown in FIG. 21, structural
element 170 may extend laterally over at least a portion of
lower surface 121 of septum 120. Further, structural element
170 may be affixed to lower surface 121 or septum 120 or
otherwise coupled to lower surface 121 of septum 120. Thus,
structural element 170 may inhibit deformation of septum
120. Further, structural element 170 may be affixed to base 56
(or otherwise coupled to housing 60) to provide adequate
resistance to deformation of septum 120. Optionally, struc-
tural element 170 may be selectively tensioned to exhibit a
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selected flexibility in response to forces applied to the struc-
tural element 170. Optionally, structural element 170 may
exhibit a flexibility or spring constant that exceeds a bulk
flexibility or spring constant of septum 120.

Referring to FIGS. 18-21, it will be appreciated that struc-
tural elements 132, 140, 150, or 170 may comprise, in some
embodiments, elongated elements, such as, for instance,
wire, ribbon, thread, fibers, columnar elements, or the like.
Accordingly, such at least one elongated element may be
arranged in a selected pattern adjacent or proximate to an
upper surface of a septum. Further, in one embodiment, a
structural element positioned proximate to or abutting a lower
surface of a septum, proximate to or abutting an upper surface
of'a septum, or within a septum, may comprise a mesh (e.g.,
a metal or plastic mesh, a fabric, a fiber mesh, etc.). For
instance, in one embodiment, a structural element may com-
prise a fabric comprising fibers or threads that seal against one
another (e.g., fibers or threads coated with silicone). Such a
configuration may allow for a cannula to pass through the
fabric and for the fabric to seal about the cannula, but may also
allow for the fibers or threads to seal against one another when
the cannula is removed. In addition, it will be understood that,
based upon the instant disclosure, structural elements 132,
140, 150, or 170 as shown in FIGS. 18-21 may be arranged in
a variety of configurations.

For example, FIG. 22 shows a partial top elevation view of
one embodiment of an access port 110, as shown in FIGS.
18-21, wherein structural elements 132, 140, 150, 170 are
arranged to form a generally triangular shape or pattern. In a
further example, FIG. 23 shows a partial top elevation view of
an access port 110 as shown in FIGS. 18-21, wherein struc-
tural elements 132,140, 150, 170 are arranged in two partially
intersecting generally rectangular shapes or pattern. In yet a
further embodiment, FIG. 24 shows a partial top elevation
view of an access port 110, as shown in FIGS. 18-21, wherein
structural elements 132, 140, 150, 170 are arranged as a
pattern comprising a first plurality of substantially parallel
lines and a second plurality of substantially parallel lines,
wherein the first plurality of substantially parallel lines is
substantially perpendicular to and intersects with the second
plurality of substantially parallel lines. In an additional
embodiment, FIG. 25 shows a partial top elevation view of an
access port 110, as shown in FIGS. 18-21, wherein structural
elements 132, 140, 150, 170 are arranged as a pattern com-
prising two substantially straight (i.e., linear) members that
intersect with one another. As shown in FIG. 25, structural
elements 132,140,150, 170 may be substantially perpendicu-
lar to one another. As shown in FIGS. 22-25, structural ele-
ments 132, 140, 150, 170 may be affixed to cap 54 at selected
connection regions. Such configurations may allow for vary-
ing degrees of limitation of deformation of a septum, while
allowing ample access to a surface of a septum for perforation
by a cannula (e.g., a needle).

In another embodiment, the instant disclosure contem-
plates that a structural element may be at least partially
embedded within a septum and may be in the form, configu-
ration, or shape of a two-dimensional or plane (e.g., a circle,
ellipse, triangle, rectangle, etc.) within the septum. For
example, FIG. 26 shows a partial top elevation view of a
septum 120 and a structural element 141 extending within the
septum 120. In further detail, FIG. 27 shows a perspective
view of a sectioned septum 120 including a structural element
141 embedded within the septum 120. As shown in FIGS. 26
and 27, in one embodiment, structural element 141 may be
generally circular. More generally, one or more structural
elements 141 may be at least partially embedded within a
septum (e.g., a septum 120 or 130, as discussed above), if
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desired. For example, a plurality of structural elements 141
may be embedded within a septum 120 and arranged substan-
tially concentrically with respect to one another, as shown in
FIG. 28 inapartial, top elevation view. Structural element 141
may be generally elongated (as shown in FIGS. 26-28) or
may, more generally, exhibit a shape and size configured to
resist deformation of the septum 120, without limitation.
Thus, it should be appreciated that one or more structural
elements 141 may embody, for example, a washer or a disk
that is frustoconical, domed, or otherwise shaped. In another
embodiment, at least one structural element 141 may form,
generally, a toroid. Further, at least one structural element 141
may exhibit at least one selected characteristic (e.g., exhibit-
ing a selected size, shape, elasticity, strength, etc.) to impart a
desired level of resistance to deformation (i.e., flexibility) of
septum 120. Such a configuration may provide a selected
level of resistance to deformation of septum 120 in response
to a pressure developed within a reservoir of an access port.

In another aspect of the instant disclosure, a septum may
exhibit a curvature that resists deformation in response to a
pressure developed within a reservoir of an access port. For
example, FIG. 29 shows a septum 120 including a generally
concave upper surface 123 and a generally convex lower
surface 121. Explaining further, generally concave upper sur-
face 123 and a generally convex lower surface 121 may be
exhibited by septum 120 in the absence of external forces
(i.e.,inanunstressed, equilibrium state). Such a configuration
may provide resistance of the septum 120 to deformation due
to a pressure developed within reservoir 66 of access port 110,
because the upper surface 123 of septum 120 would be forced
to flatten (i.e., via deformation of septum 120) before extend-
ing beyond the upper surface of housing 60. In other embodi-
ments, a septum may be compressed (e.g., by way of a tenon
and mortise coupling or another peripheral coupling configu-
ration between a septum and a housing) so that a curvature of
the septum may be reduced or eliminated when the septum is
assembled within the housing. However, such a configuration
may increase the bulk flexibility or spring constant of the
septum. Optionally, a structural element (as described above)
may be included within the septum or upon a surface of the
septum and may also be fabricated to exhibit concavity or
convexity in the absence of external forces. Such a configu-
ration may facilitate a favorable compressive stress field
within the septum when coupled to a housing and may
enhance resistance of the septum to deformation.

In a further configuration, a septum may include a struc-
tural frame or skeleton and a more pliant material configured
to seal punctures created by a cannula. More specifically, a
frame may comprise a material with a shore A hardness of at
least about 80. Optionally, a frame may include a plurality of
whiskers, fibers, or particles to stiffen or strengthen the frame.
In one embodiment, nylon fibers, barium sulfate, or the like
may be dispersed within a frame. Further, such a frame may
be at least partially surrounded by a more pliant material
exhibiting a Shore A hardness of about 50 or less (e.g., a Shore
A hardness of about 40 to about 50). FIG. 30 shows top
elevation view of a frame 178 including a plurality of spokes
179 extending from a generally common origin or region as
well as rings 181 and 185. As shown in FIG. 30, spokes 179 in
combination with one or both of rings 181 and 185 form
apertures 188. According to the instant disclosure, a relatively
pliant material configured to seal punctures formed by a can-
nula passing through the material may at least partially sur-
round such a frame 178. For instance, FIG. 31 shows a sche-
matic side cross-sectional view of septum 177 comprising a
frame 178 and another material 190 molded partially about
frame 178. Thus, material 190 may substantially surround
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spokes 179 and may extend within apertures 188. Further, as
shown in FIG. 31, ring 181 may form a tenon region 270 for
coupling with a housing (as described above) as well as an
upper septum surface 191 and a lower septum surface 193. As
may be appreciated with reference to shown in FIG. 31,
during use, a cannula may pass through a continuous upper
layer of material 190 and a continuous lower layer of material
190. Such a configuration may provide suitable sealing capa-
bility for septum 177. It will be appreciated that many varia-
tions are contemplated by the instant disclosure. For example,
FIGS. 32 and 33 show side cross-sectional views of different
embodiments of a septum 177 including a frame 178 and
another material 190 at least partially surrounding the frame
178. Thus, a frame and a material at least partially surround-
ing the frame may exhibit arcuate or substantially planar
surfaces and may be formed of selected thickness and com-
prising selected materials (e.g., silicone, etc.).

In a further aspect of a septum according to the instant
disclosure, a septum may include a radiopaque material and
may be configured to form a selected pattern when an x-ray is
taken through the septum. For example, FIGS. 34 and 35
show schematic views of patterns 199 that may be generated
by correspondingly positioned radiopaque material within a
septum. Such a configuration may be useful for identifying
the access port as being capable of accommodating particular
power injection processes or for locating the septum of an
access port.

The instant disclosure further contemplates that any infu-
sion apparatus or device that is used in combination with an
access port for infusing fluid at a rate of at least about 1
milliliter per second may be configured accordingly. For
example, an infusion set for accessing a vascular access port
may include a needle or cannula for puncturing a septum of
the access port, a distal end for coupling to an injection
apparatus, and tubing (e.g., at least one tubing section)
extending between the cannula and the distal end. Generally,
any components comprising an infusion set may be config-
ured to withstand a selected flow rate and associated pressure
developed by such a selected flow rate.

FIG. 36 shows one embodiment of an infusion set 310
including a base member 340, a cannula 350, a tubing section
314, and connector 312. Tubing 314 may be affixed or other-
wise coupled to connector 312 and base 342 generally at
joints 313 and 339, respectively. Also, as shown in FIG. 36, a
clamp device 316 may be suitably configured for allowing or
preventing fluid flow through tubing 314. Further, each of the
base member 340, cannula 350, tubing section 314, and end
connector 312 may be structured for accommodating a fluid
flow rate of at least about 1 milliliter per second through the
infusion set 310. In further detail, tubing section 314 may
exhibit sufficient strength for withstanding at least about 200
psi without damage. Optionally, tubing section 314 may with-
stand at least about 300 psi without damage. Further a pres-
sure at which a portion of the infusion set bursts (i.e., a burst
pressure of the infusion set 310) may be atleast about 400 psi;
optionally, such a burst pressure may be at least 600 psi. In
one embodiment, tubing section 314 may be substantially
optically clear or may be at least partially transparent. In one
embodiment, generally, tubing section 314 may comprise a
polymer, such as TECOTHANE®. More specifically, tubing
section may comprise a polymer, such as TECOTHANE®
55D or a polymer, such as TECOTHANE® 95A. For
example, if tubing section 314 has an inner diameter (i.e., a
lumen) of about 0.048 inches (+0.003 inches) (i.e., 19 GA),
tubing section 314 may comprise a polymer, such as TECO-
THANE® 55D. In other examples, if tubing section 314 has
an inner diameter (i.e., a lumen) of about 0.041 inches or
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0.034 inches (+£0.003 inches) (i.e., 20 GA or 22 GA, respec-
tively), tubing section 314 may comprise a polymer, such as
TECOTHANE® 95A. Optionally, any polymer, such as
TECOTHANE® type material may be at least substantially
free of a plasticizer, such as, for instance, Di(2-Ethylhexyl)
Phthalate (“DEHP”). In one embodiment, connector 312 may
comprise polyvinylchloride (“PVC”) and may be, optionally,
at least substantially free of plasticizer. The materials dis-
closed above are merely examples; more generally, tubing
section 314, connector 312, base member 340, and cannula
350 may comprise any material (e.g., thermoplastic, polyure-
thane, metal, etc.) suitable for providing a robust and effective
infusion set 310.

During use of the infusion set 310, a mechanical injector
may be operably coupled to connector 312 via fastening
structure 311. For example, fastening structure may comprise
aluer-type connection or any other fluid connection structure.
Thus, a fluid may be flowed through the infusion set at a flow
rate of at least about 1 milliliter per second via an injection
apparatus. As discussed above, a pressure drop through the
infusion set 310 may be at least about 100 psi; optionally, a
pressure drop through infusion set 310 may be at least about
185 psi.

In another embodiment, an infusion set may include two
connectors. In one configuration, one connector may be struc-
tured for performing power injection and another connector
may be structured for allowing syringe access. For example,
FIG. 37 shows an infusion set 309 including a base member
340, a cannula 350, a tubing section 324, an intermediate
connector 322, a tubing section 314, and an end connector
312. Tubing 314 may be affixed or otherwise coupled to
connector 312 and connector 322 generally at joints 313 and
323, respectively. Similarly, tubing 324 may be affixed or
otherwise coupled to connector 322 and base member 340
generally at joints 325 and 329, respectively. Infusion set 309
may be structured for fluid flow rates and pressures as dis-
cussed above in relation to infusion set 310. Accordingly,
tubing sections 314 and 324 may comprise materials (e.g., a
polymer, such as TECOTHANE® and sizes as discussed
above in relation to infusion set 310, without limitation. Simi-
larly, connectors 312 and 322 may comprise any materials
(e.g., PVC) discussed above in relation to infusion set 310,
without limitation. As shown in FIG. 37, a clamp device 316
may be suitably configured for allowing or preventing fluid
flow through tubing 314. Likewise, clamp device 326 may be
suitably configured for allowing or preventing fluid flow
through tubing 324. In addition, connector 312 may include a
fastening structure 311 (e.g., a luer connection, another
threaded connection, or any other fastening structure as
known in the art) for releasably affixing or coupling the con-
nector 312 to an injection apparatus. Also, connector 322 may
include a fastening structure 321 (e.g., a luer connection,
another threaded connection, or any other fastening structure
as known in the art) for releasably affixing or coupling the
connector 322 to an injection apparatus.

Generally, the instant disclosure contemplates that, in one
embodiment, connector 312 may be used for power injection,
while connector 322 is capped. In another embodiment, a
valve mechanism may selectively allow flow through tubing
sections 314 and 324 via fluid flow through connector 312,
while preventing leakage from connector 322. In addition, if
infusion set 309 is not being used for power injection, a cap
including a septum may be coupled to connector 322, con-
nector 312, or both. Such a configuration may allow for a
syringe to puncture the septum and infuse medication or
remove a blood sample. Such a configuration may provide a
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convenient infusion set with separate connectors for power
injection and syringe access, respectively.

In a further aspect contemplated by the instant disclosure,
tubing that is used in connection with power injection may be
structured for withstanding a selected pressure during use
(e.g., power injection) and, optionally, may be configured to
resist kinking. Generally, the instant disclosure contemplates
that tubing may comprise a plurality of layers. In one embodi-
ment, tubing may comprise a relatively high strength layer
and at least one relatively flexible layer. Thus, any layers of
tubing may comprise PTFE, polypropylene, polyetherether-
ketone (“PEEK”), polyimide silicone, fluorinatedethyl-
enepropylene (FEP), perfluoroalkoxy (PFA), ethylenetet-
rafluoroethylene (ETFE), polyurethane (e.g., thermoplastic
polyurethanes, including ISOPLAST®, TECOFLEX®,
TECOTHANE®, CARBOTHANE®, TECOPLAST®, or
TECOPHILIC® type polyurethanes), or combinations of the
foregoing. In one embodiment, the layers may be bonded to
one or more adjacent layers. In another embodiment, each of
the layers may be movable or slidable relative to one or more
adjacent layers.

For example, FIGS. 38 and 39 show a side cross-sectional
view and an end cross-sectional view of tubing 401 including
an inner layer 420 and an outer layer 422. Generally, at least
one of inner layer 420 and outer layer 422 may exhibit rela-
tively high strength and the other of inner layer 420 and outer
layer 422 may be relatively flexible or vice versa. In one
embodiment, inner layer 420 may exhibit relatively high
strength and may comprise, for example, PEEK, ULTEM®,
polyimide, or the like. Further, outer layer 422 may be rela-
tively flexible and may comprise, for example, FEP, PTFE,
PEBAX®, ETFE, silicone or the like. Conversely, outer layer
422 may exhibit relatively high strength and may comprise,
for example, PEEK, ULTEM®, polyimide, or the like, while
inner layer 420 may be relatively flexible and may comprise,
for example, FEP, PTFE, PEBAX®, ETFE, silicone, or the
like. Further, optionally, tubing may comprise a first layer
exhibiting a modulus of elasticity and at least another layer
exhibiting a modulus of elasticity that is less than the modulus
of elasticity of the first layer. For example, a relatively high
strength material may exhibit a modulus of elasticity of at
least about 400,000 psi. Furthermore, a relatively flexible
material may exhibit a modulus of elasticity below about
390,000 psi. Inanother embodiment, at least one of layers 420
and 422 may comprise a composite material (e.g., a compos-
ite including particulate or fiber reinforcement). For example,
in one embodiment, tubing may comprise polyurethane or
PTFE including glass or carbon reinforcing fibers or particles.
In one embodiment, each of the layers 420 and 422 may be
movable or slidable relative to one or more adjacent layers.
Such a configuration may withstand a selected internal pres-
sure without damage to the tubing and may also resist kink-
ing.

In another embodiment, a reinforcing element may be
incorporated within at least one of the plurality of layers
comprising tubing. For example, FIG. 40 shows a schematic
side cross-sectional view of tubing 403 including inner layer
430 and outer layer 432, wherein at least one reinforcing
element 434 is incorporated within outer layer 432. Option-
ally, at least one reinforcing element 434 may be incorporated
within any layer or layers of a plurality of layers comprising
tubing, without limitation. As shown in FIG. 40, reinforcing
element 434 may comprise a coil, in one embodiment. One of
ordinary skill in the art will appreciate that many variations
are possible, for example, at least one reinforcing element
may comprise amesh (e.g., a wire mesh, a fabric, a fiber mesh,
etc.). Inanother embodiment, at least one reinforcing member
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may comprise one or more elongated members extending
longitudinally within at least one layer comprising tubing
(e.g., aligned with the direction of extension of the tubing). In
another embodiment, at least one reinforcing member may
comprise one or more rings. Such a configuration may pro-
vide radial stiffness, strength, or both to a tubing section.

Referring to FIG. 40, in one embodiment, inner layer 430
may exhibit relatively high strength and may comprise, for
example, PEEK or polyimide. Further, outer layer 432 may be
relatively flexible and may comprise, for example, FEP,
PTFE, ETFE, silicone, or polyurethane. Further, layers 430
and 432 may have a thickness (e.g., a radial thickness) of
between about 0.005 inches and about 0.001 inches. As men-
tioned above, layers 430 and 432 may be bonded to one
another or may be movable (slidable, twistable, etc.) with
respect to one another. Optionally, a coating 433 may be
applied to at least a portion of exterior surface of layer 432.
Such a coating 433, in one embodiment, may comprise a
polymer, such as TEFLON® and may have a thickness of
between about 0.001 inches and about 0.002 inches.

In a further embodiment, FIG. 41 shows a schematic side
cross-sectional view of tubing 405, including inner layer 440
and outer layer 442, wherein at least one reinforcing element
444 is incorporated within inner layer 440. As shown in FIG.
41, reinforcing element 444 may comprise a coil, in one
embodiment. In other embodiments, reinforcing element
may comprise any structure discussed above in relation to
reinforcing element 434, without limitation. In addition, in
one embodiment, inner layer 440 may be relatively flexible
and may comprise, for example, FEP, PTFE, ETFE, or poly-
urethane. Further, outer layer 442 may exhibit relatively high
strength and may comprise, for example, PEEK or polyimide.
Further, layers 430 and 432 may have a thickness (e.g., a
radial thickness) of between about 0.005 inches and about
0.010 inches. Optionally, a coating 443 may be applied to at
least a portion of exterior surface of layer 442. Such a coating
443, in one embodiment, may comprise a polymer, such as
TEFLON® and may have a thickness of between about 0.001
inches and about 0.002 inches.

In an additional embodiment, tubing may include four
layers. For example, FIGS. 42 and 43 show a cross-sectional
end view and a side cross-sectional view of another embodi-
ment of tubing 400. More particularly, as shown in FIGS. 42
and 43, tubing 400 includes layers 402, 404, 406, and 408. As
shown in FIG. 42, layer 402 defines a lumen 410. In one
embodiment, lumen 410 may have a substantially circular
cross-sectional shape and may exhibit a diameter of about
0.024 inches. In another embodiment, each of the layers 402,
404, 406, and 408 may be movable or slidable relative to one
or more adjacent layers. In addition, layer 402 may comprise
a material exhibiting a relatively high tensile strength. Such a
configuration may withstand relatively high pressures within
lumen 410. For example, layer 402 may comprise PEEK,
polyimide, etc. Typically, such relatively high strength mate-
rials may exhibit a modulus of elasticity of at least about
400,000 psi. Furthermore, each of layers 404, 406, and 408
may comprise a material that is relatively flexible. Such layers
404, 406, and 408 may each exhibit a tensile strength that is
less than the tensile strength of layer 402. For example, each
of layers 404, 406, and 408 may comprise a fluoropolymer,
PEBAX®, polyethylene terephthalate (“PET™), silicone, etc.
Typically, such relatively flexible materials may exhibit a
modulus of elasticity below about 390,000 psi. However, any
layers may comprise PTFE, polypropylene, silicone, FEP,
PFA, ETFE, polyurethane (e.g., thermoplastic polyurethanes,
including ISOPLAST®, TECOFLEX®, TECOTHANE®,
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CARBOTHANE®, TECOPLAST®, or TECOPHILIC®
type polyurethanes), or combinations of the foregoing, with-
out limitation.

In a further aspect of the instant disclosure, at least one
layer comprising a tubing section may extend distally from a
slender hollow structure for accessing a reservoir of an access
port through a septum. Put another way, at least one layer may
extend from a tubing section and may be structured for punc-
turing a septum of an access port. For instance, FIGS. 44 and
45 show a schematic side cross-sectional view of tubing 400,
401, 403, 405, and an access port 50. Tubing 400, 401, 403,
405 (as described above) includes a slender hollow region
450. Further, slender hollow region 450 may be relatively stiff
and suited for penetrating a septum 80 of an access port 50, as
shown in FIG. 45. Thus, a slender hollow region 450 extend-
ing from a distal end of tubing 400, 401, 403, 405 (which
comprises a plurality of layers) may form a needle or cannula
for fluid communication between a lumen of tubing 400, 401,
403, 405, and a reservoir 66 of access port 50. More particu-
larly, a slender hollow region 450 may comprise one or more
layers exhibiting a relatively high strength of relatively high-
strength layers (e.g., PEEK) forming tubing 400, 401, 403,
405. In one embodiment, an innermost layer of tubing 400,
401, 403, 405 may form slender hollow region 450. Such a
configuration may be advantageous and may, for example,
reduce the complexity of manufacturing an infusion set.

Many different embodiments of vascular access appara-
tuses or infusion systems may incorporate one or more
aspects of the instant disclosure. Some embodiments of a
vascular access apparatuses or infusion systems are disclosed
in U.S. Patent Application No. 60/675,309, filed Apr. 27,
2005, the disclosure of which is incorporated, in its entirety,
by this reference. Any of the infusion systems, apparatuses, or
methods, taken alone or in combination, described in U.S.
Patent Application No. 60/675,309, may be structured or
otherwise suited for performing power injection (e.g., accom-
modating a fluid flow rate of at least about 1 milliliter per
second, without limitation).

For example, the instant disclosure contemplates that an
infusion system configured for establishing fluid communi-
cation between a flexible tube and areservoir of an access port
may be structured for power injection. Such an infusion sys-
tem may include a slender pointed element that facilitates
placement of the flexible tube through a septum of the access
port and is removable from the infusion system once the
flexible tube is appropriately positioned.

Particularly, FIG. 46 shows in one embodiment an infusion
system 510 in an exploded assembly view, including an inser-
tion assembly 520, a safety clip 530, a hub 540 flexible tubing
590, extension tube 570, clamp device 560, and tube connec-
tor 580. In further detail, FIG. 47 shows a partial side cross-
sectional view of infusion system 510. As shown in FIG. 47,
insertion assembly 520 comprises a base 528 and a slender
pointed element 522 (e.g., a needle, a trocar, or a cannula)
secured thereto. As shown in FIG. 47, slender pointed ele-
ment 522 includes a pointed end 525. In a particular embodi-
ment, the instant disclosure may utilize a slender pointed
element having a “non-coring” pointed end (i.e., pointed end
525 is not “open” or hollow) to avoid damaging a septum of
aport into which the slender pointed element is inserted. The
slender pointed element 522 may comprise any conventional
needle, trocar, or cannula material, such as a stainless steel
(e.g., AISI 304 stainless steel), or may, in another embodi-
ment, comprise a relatively hard plastic. In one embodiment,
base 528 may be injection molded or otherwise formed about
slender pointed element 522 to capture a portion of the slen-
der pointed element within the base 528, as best seen in FIG.
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47. Further, base 528 may optionally include a recess 524
structured for accommodating other mechanisms (e.g., safety
clip 530), if such a recess is desirable. Base 528 may also,
optionally, include a coupling feature 526 (e.g., a protrusion)
structured for coupling to a coupling feature 544 (e.g., a
recess) formed in hub 540. Hub 540, as shown in FIG. 47, may
generally include hub body 550, manifold element 561, sep-
tum 548 and cap 546. In one embodiment, hub body 550 may
comprise TECOFLEX® (e.g., such as TECOFLEX® 85A-
B20). Further, hub body 550 may define wing structures 541
and 543 (FIG. 46), which may be configured for affixing the
hub to skin of a patient (e.g., by taping wing structures 541
and 543 to a patient, adhesively affixing wing structures 541
and 543 to a patient, or otherwise affixing wing structures 541
and 543 to a patient). Wing structures 541 and 543 may be
employed for manipulation of the hub, such as, for example,
when inserting the slender pointed element 522 and flexible
catheter 590 into an implanted port or when removing the
slender pointed element 522 from an implanted port. Hub
body 550 may optionally include a recess 542, if such a recess
is desirable. As shown in FIG. 47, recess 542 may have a
retaining lip 559 for retaining safety clip 530 therein, while
long slender element 522 is positioned through the safety clip,
as discussed in further detail hereinbelow.

Hub 540 may be structured for allowing the slender pointed
element 522 of insertion assembly 520 to pass through the
hub 540 and through septum 548, which is positioned within
the hub 540. Put another way, manifold element 561 may
define a plurality of passageways and at least one septum 548
through which fluid communication with the plurality of pas-
sageways may be accomplished. Explaining further, a mani-
fold element 561 may be configured for housing septum 548
to provide a seal a port or opening of a plenum defined by
manifold element 561. Optionally, a cap element 546 may be
positioned to capture septum 548 between cap element 546
and manifold element 561. Cap 546 may include an aperture
547 for allowing a slender pointed element to pass there-
through and through septum 548. Thus, slender pointed ele-
ment 522 (e.g., an appropriately sized trocar, non-coring
needle, or non-coring cannula) may be inserted through and
removed from septum 548 without compromising the ability
of septum 548 to seal. Further, the presence of cap 546 may
allow for so-called “power injection” to occur via manifold
element 561, wherein pressures within manifold element 561,
tubing 570, and flexible catheter 590 may reach at least about
200 psi or higher. Septum 548 may be structured according to
any septum embodiments disclosed herein (e.g., including at
least one structured element, for performing power injection,
etc.), without limitation.

As shown in FIG. 47, flexible catheter 590 may be affixed
to manifold element 561 and extension tube 570 may be
affixed to manifold element 561. In one example, extension
tube 570 and flexible catheter 590 may be chemically bonded
to manifold element 561. In another example, an adhesive
may affix extension tube 570 to surface 552 a part of manifold
element 561. Similarly, an adhesive may affix flexible cath-
eter 590 to inner surface 562 another port of manifold element
561. Further, the hub body 550 may be formed (e.g., injection
molded, cured, or otherwise over-molded) over the manifold
element 561 (and, optionally the septum 548, the cap 546, or
both) and at least a portion of the extension tube 570 as shown
in FIG. 47. In another embodiment, the hub body 550 may be
formed over at least a portion of the flexible catheter 590, if
desired.

Generally, as mentioned above, any tubing disclosed in the
instant disclosure may comprise a portion of infusion system
510. Further, tubing clamps and connection devices as known
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in the art, may be employed for extension tubing 570, clamp
device 560, and tube connector 580.

Flexible catheter 590 may comprise any material that is
suitable for power injection. For example, in one embodi-
ment, flexible catheter 590 may comprise a polymer, such as
TECOTHANE® (e.g.,, TECOTHANE® TT1055 D). As
shown in FIG. 47, flexible catheter 590 may include an elon-
gated lumen therein. Further, flexible catheter 590 may have,
proximate to opening 593 thereof, a transition region 595
wherein a cross-sectional size (transverse to the lumen 594)
of the flexible catheter 590 increases as a function of increas-
ing distance from opening 593. Optionally, transition region
595 may include two distinct tapers, although the instant
disclosure contemplates more generally that at least one
taper, at least one arcuate surface, or combinations thereof
may define transition region 595. Generally, at least one aper-
ture (e.g., one or more than one) may be provided proximate
opening 593 that extends through the tubular body of flexible
catheter 590 and communicates with lumen 594. As shown in
FIG. 47, flexible catheter 590 may include two apertures 592
in fluid communication with lumen 594.

As shown in FIG. 47, slender pointed element 522 may
extend through safety clip 530, through aperture 547 of cap
546, and into flexible catheter 590. Slender pointed element
522 may be structured for allowing fluid communication
within flexible catheter 590. More particularly, slender
pointed element 522 may be sized so as to allow for clearance
between the exterior of the slender pointed element 522 and
the interior (i.e., the lumen) of the flexible catheter 590. In one
embodiment, slender pointed element 522 may include at
least one longitudinally extending indentation (with respect
to a nominal cross-sectional shape of the slender pointed
element 522). For example, slender pointed element 522 may
have a pointed end 525 and may include longitudinally
extending indentations extending along (i.e., along a longitu-
dinal axis of) slender pointed element 522. In another
embodiment, slender pointed element 522 may be generally
circular, and longitudinally extending indentations may form
a substantially triangular cross section of the slender pointed
element 522 over the portion of the slender pointed element
that they are formed.

In a further embodiment, an infusion system may be struc-
tured so that a slender pointed element passes through an
extension tube, a flexible catheter, or both. Explaining further,
appropriate placement and configuration of a septum may
allow for a slender pointed element to pierce or pass into an
extension tube, a flexible catheter, or both. FIGS. 48 and 49
show another embodiment of a hub 540 including recess 542,
sleeve 620, and septum 548. In addition, at least a portion of
each of extension tube 570 and flexible catheter 590 may
extend partially within hub body 550. Further, flexible cath-
eter 590 extends partially within extension tube 570. Put
another way, flexible catheter 590 may at least partially over-
lap with extension tube 570 and vice versa. In another
embodiment, a single tubular element may extend through
hub 540 and function as both the flexible catheter 590 and
extension tube 570, if desired. Further, optionally, septum
548 may at least partially surround a portion of extension
tubing 570. Such a configuration may facilitate sealing of
septum 548 upon removal of slender pointed element 522
therefrom. Sleeve 620 may compress septum 548 so as to
facilitate sealing of septum 548 upon removal of slender
pointed element 522 from the region of the septum 620 that
the sleeve 620 surrounds. Septum 548 may be structured
according to any septum embodiments disclosed herein (e.g.,
including at least one structured element, etc.) for performing
power injection, without limitation.
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Further, FIG. 50 shows a perspective view of safety clip
530 positioned generally about pointed end 525 of slender
pointed element 522. Safety clip 530 includes legs 533 and
535 each having a curved end region, respectively, and a hole
534 sized for passing there through slender pointed element
522. In further detail, initially slender pointed element 522
may be passed through hole 534 and between legs 533 and
535 may be positioned and configured so as to allow the
slender pointed element 522 to extend there past. Further,
when the slender pointed 522 element is positioned therein
and safety clip 530 is positioned within recess 542, safety clip
530 may be sized so that it will fit within the retaining lip 543
(FIG. 49) of recess 542 (F1G. 49). However, legs 533 and 535
may be biased so that if the pointed end 525 of the slender
pointed element 522 is moved toward hole 534 and does not
extend past the curved end regions of the legs 533 and 535,
legs 533 and 535 will move toward one another to effectively
capture the pointed end 525 of the slender pointed element
522. Safety clip 530 may comprise any self-actuating device
for capturing a pointed end 525 of a slender pointed element
522. Such a safety clip 530 may reduce the chance of inad-
vertent insertion of the slender pointed element 522 into
another person, particularly the medical practitioner that is
installing and removing the slender pointed element 522.

The instant disclosure further recognizes that because the
consequences of improperly pressurizing an access port (and
a catheter affixed to the access port, if any) or an infusion set
may be problematic, it may be advantageous to provide at
least one identification attribute to components of an infusion
system so that all of such components may be suitable for
withstanding an anticipated maximum flow rate and pressure
associated with a selected infusion process. Put another way,
an access port that is configured for accommodating a flow
rate of at least about 1 milliliter per second may include at
least one identification attribute. Such an at least one identi-
fication attribute may be observed (e.g., visually, by palpa-
tion, ultrasonically, radiographically, etc.) or otherwise
detected. The term, “identification,” as used herein and in
connection with any infusion devices (an access port, infu-
sion set, etc.), means the ability to correlate selected informa-
tion of interest with a perceivable feature.

The instant disclosure contemplates that any of the identi-
fication features or attributes, taken alone or in combination,
described in U.S. Patent Application No. 60/658,518, filed 4
Mar. 2005, may identify an access port as being structured for
power injection. Also, embodiments of an access port includ-
ing at least one identification attribute are disclosed in U.S.
patent application Ser. No. 11/320,223, filed 28 Dec. 2005,
the disclosure of which is incorporated, in its entirety, by this
reference. The instant disclosure contemplates that any of the
identification features or attributes, taken alone or in combi-
nation, described in U.S. patent application Ser. No. 11/320,
223 may identify an access port as being structured for power
injection. Further, an access port may be identified by a maxi-
mum rate at which fluid may safely be infused. For example,
atleast one identification attribute may indicate that an access
port is configured for accommodating a fluid flow rate of at
least about 1 milliliter per second, without limitation.

Referring to an access port encompassed by the instant
disclosure, at least one attribute of a housing of an access port
may provide at least one identification attribute for identify-
ing the access port as being structured for power injection at
a rate of at least about 1 milliliter per second. In one embodi-
ment, at least one physical attribute (e.g., size, shape, etc.) of
an access port may identify the access port as suitable for
power injection or may identify a maximum flow rate or
pressure that may be safely accommodated by the access port.
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Thus, one aspect of the instant disclosure relates to a
method of identifying an access port (e.g., subcutaneously
implanted or otherwise situated, without limitation) as being
suited for power injection. More particularly, an access port
including a septum may be provided. Further, at least one
attribute of the access port may be perceived. In addition, the
subcutaneously implanted access port may be identified as
being suitable for power injection in response to perceiving
the at least one attribute of the access port.

In one embodiment, at least one attribute for identification
may comprise at least one feature of an access port housing.
In further detail, FIG. 51 shows a perspective view of an
assembled access port 50. As shown in FI1G. 51, a side periph-
ery 295 (e.g., one or more side walls and, optionally, exposed
surfaces of suture plugs 291) of access port 50 may be gen-
erally triangular. Thus, cap 54 and base 56 may collectively
form a generally triangular housing 60 ofaccess port 50. Also,
the instant disclosure contemplates that side periphery 295
may taper or arcuately extend between an upper surface 61 of
cap 54 and lower surface 51 of base 56. As shown in FIG. 51,
a transverse cross section (taken in a selected plane substan-
tially parallel to lower surface 51, if planar, of base 56) of
access port 50 may be larger proximate to lower surface 51 of
base 56 and may be relatively smaller proximate to an upper
surface of cap 54. FIG. 52 shows a top elevation view of the
access port 50 shown in FIG. 52 and illustrates a generally
triangular shape defined by side periphery 295. Additionally,
FIG. 53 shows a simplified representation of a transverse
cross section of access port 50. As shown in FIG. 53, side
periphery 295 of access port 50 may define three side regions
303 that extend between associated vertex regions 301. In
addition, in one embodiment and as shown in FIG. 53, side
periphery 295 may define a substantially equilateral generally
triangular shape. As may be appreciated, side regions 303
may arcuately extend between associated vertex regions 301;
thus, side regions 303 may form “sides” of a generally trian-
gular shape. Further, although vertex regions 301 are
rounded, it will be appreciated that such vertex regions 301
form an intersection between adjacent side regions 303.
Accordingly, it will be appreciated that the phrase “generally
triangular,” as used herein, encompasses any generally three-
sided geometry wherein adjacent sides intersect at or within
vertex regions, without limitation. For example, “generally
triangular” encompasses three-sided polygons, circular tri-
angles, equilateral triangles, etc., without limitation.

Furthermore, in a further embodiment, at least one attribute
for identification may comprise a radiographic marker. More
particularly, an access port may exhibit an observable pattern,
symbol, marker, or other indicium that indicates that the
access port is structured for accommodating a particular flow
rate, pressure, or both. In another embodiment, at least one
attribute for identification may comprise a perceptible aspect,
such as a visually perceivable feature. For example, at least
one color, at least one symbol, at least one typographical
character (e.g., a letter, a number, etc.), a pattern, or any other
indicium that may be visually perceivable or otherwise per-
ceptible may be used. In a yet additional embodiment, an
ultrasound detectable feature may be incorporated within an
access port. In a further additional embodiment, an access
port may comprise an RFID tag.

It will be appreciated that other equipment and devices
(e.g., infusion sets, tubing, injectors, etc.) may be identifiable
in relation to a suitable maximum flow rate or maximum
pressure. For example, particular infusion apparatuses may
include one or more of the above-mentioned identification
attributes or features. Such a configuration may allow for
different components (e.g., tubing, needles, access ports,
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mechanical injectors, etc.) to be matched with one another.
For example, substantially similar or matching identification
attributes shared by a power injection apparatus, an infusion
set, and an access port may indicate suitability for use with
one another to perform a selected power injection process.

Another aspect of identification of an access port may
relate to identification of a patient within which an access port
is implanted. More specifically, a patient may be provided
with an identification card that carries perceptible (e.g., visu-
ally, via magnetic strip, bar code, manually, or by other suit-
able mechanisms) information regarding an implanted port.
Thus, such an identification card may be presented to a health
care worker, the information carried by the identification card
may be perceived, and the access port may be identified.
Upon identifying the access port, characteristics of the access
port may be ascertained, such as, for instance, a maximum
flow rate, a maximum pressure, suitability for a particular
procedure or procedures, etc. In another embodiment, a wrist-
band or bracelet may be provided to a patient within whom an
access port is implanted. In a further embodiment, a key chain
including an information carrying device, such as, for
example, a magnetic strip, a bar code, a computer readable
media or device (e.g., a compact disk, “flash” memory, a disk
drive, etc.), or any other suitable information carrying device.
In another embodiment, a sticker containing the port infor-
mation can be applied to the chart of the patient. In further
embodiments, labeling on the infusion set can be used to
identify the set as power injection compatible.

A further aspect of the instant disclosure relates to a septum
comprising a gel or viscous liquid. The term “gel,” as used
herein, means a colloid with at least one solid component
suspended within at least one liquid component, wherein the
solid particles (e.g., polymer particles) are attracted or other-
wise linked to one another (e.g., entangled or cross-linked) by
covalent, ionic, or dispersion (physical) forces. Thus, in one
embodiment, a gel may be a colloid in which the solid dis-
perse phase forms a network in combination with the fluid
continuous phase to produce a viscous or semi-rigid sol. A gel
may exhibit stress-strain behavior that is elastic, viscoelastic,
or plastic, without limitation. The term “viscous liquid,” as
used herein, means a liquid exhibiting a viscosity of about
20,000 centipoises or higher.

One or more passageways formed through a septum posi-
tioned within a housing to form an access port may allow for
leaking of fluid through the one or more passageways if the
reservoir of the access port is pressurized. The instant disclo-
sure contemplates that a gel region may be generally posi-
tioned between an upper surface of a septum and a lower
surface of a septum, to facilitate a cannula extending through
the septum from the upper surface to the lower surface to also
pass through at least a portion of the gel region.

For example, in one embodiment, a septum may include a
gel that is at least substantially surrounded by a body material.
For instance, FIG. 54 shows a schematic, side cross-sectional
view of a septum 610 including a body 612 and a gel region
620 positioned within body 612. Gel region 620 may be
structured so that a cannula inserted through upper surface
614 and extending through lower surface 616 will pass
through a portion of gel region 620. In one embodiment, gel
region 620 may comprise a silicone gel. In another embodi-
ment, a gel region may comprise an initially an uncured liquid
(i.e., has arelatively low viscosity) that may be cured to cause
the liquid to form a gel. In a further embodiment, gel region
620 may comprise a viscous liquid, or a viscoelastic material.

In one example, gel region 620 may comprise an elastomer,
such as, DOW CORNING® 7-9600 Soft Filling Elastomer,
Parts A & B, which is commercially available from DOW
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CORNING Corporation of Midland, Mich. In another
embodiment, gel region 620 may comprise Silicone Gel
MED-6340, which is commercially available from NuSil
Technology of Carpinteria, Calif. In yet a further embodi-
ment, gel region 620 may comprise an elastomer exhibiting a
Shore A hardness of about 20 to about 30, such as, for
instance, DOW CORNING® C6-515 Liquid Silicone Rub-
ber, Parts A & B or DOW CORNING® C6-530 Liquid Sili-
cone Rubber Parts A & B, either of which is available from
DOW CORNING Corporation of Midland, Mich. Further,
optionally, body 612 of septum 610 may comprise a silicone
material with a Shore A hardness of about 50 to about 60. In
another embodiment, body 612 and/or upper surface 614 of
septum 610 may comprise a silicone material with a Shore A
hardness of about 60 to about 80. Optionally, body 612 and/or
upper surface 614 of septum 610 may comprise a fluoropoly-
mer (e.g., PTFE, etc.) or polyurethane.

One of ordinary skill in the art will understand that, upon
removal of a cannula extending through at least a portion of
gel region 620, a passageway or channel formed through gel
region 620 may rebound, recover, seal, or heal. Further, gel
region 620 may seal passageways formed through body 612
and upper surface 614. For example, gel region 620 may
inhibit or prevent fluid leakage from a reservoir of an access
port through the septum 610 when a pressure within the
reservoir exceeds an ambient pressure external to the access
port (e.g., during a power injection process, any process for
flowing a fluid through an access port as described above, or
any process for flowing a fluid through an access port as
known in the art, without limitation). In addition, gel region
620 may be formulated and/or body 612 may be structured so
that a cannula passing through septum 610 will resist trans-
ferring or removing any of the material comprising gel region
620 outside of a selected boundary or envelope. In one
embodiment, body 612 may be structured to remove a mate-
rial comprising gel region 620 from a cannula passing
through the body 612.

Any of the septum embodiments discussed herein may
include at least one gel region. For example, FIG. 55 shows a
schematic, side cross-sectional view of a septum 611 includ-
ing a body 612 and a gel region 620. As discussed above, gel
region 620 may be structured so that a cannula inserted
through upper surface 614 and extending through lower sur-
face 616 will pass through a portion of gel region 620. Such a
configuration may provide a robust septum that resists leak-
ing even if a multitude of passages are formed through the
septum with a cannula. Furthermore, providing a septum
comprising a gel may improve a sealing ability or quality of
the septum. Accordingly, a septum including a gel material
may exhibit a reduced thickness (i.e., from an upper surface to
a lower surface) in comparison to a conventional septum. For
example, FIG. 56 shows a septum 613 including a body 612
and a gel region 620, wherein a thickness T is less than a
conventional thickness of a conventional septum. In one
embodiment, athickness T of septum 613 may be about 0.500
inches or less.

The instant disclosure contemplates a variety of different
manufacturing methods may be employed for forming a sep-
tum comprising a gel. For example, generally, a body of a
septum may be formed to substantially surround at least one
gel region or a recess or chamber may be formed by a septum
body that is filled with a gel. In one embodiment, a gel region
may be suspended within a mold for forming a body of a
septum. More particularly, FIG. 57 shows a schematic, side
cross-sectional view of a first mold 652 and a second mold
654, wherein gel region 620 is positioned between (e.g.,
suspended) first mold 652 and second mold 654. As shown in
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FIG. 57, gel region 620 is positioned by a frame element 630,
which abuts parting surface 655 of second mold 654. As
shown in FIG. 57, frame element 630 may be positioned by
pins 606. In other embodiments, frame element 630 may be
suitably positioned, without limitation. In a particular
embodiment, parting surface 653 of first mold 652 may be
positioned proximate to parting surface 655 of second mold
654 (i.e., parting surfaces 653 and 655 may be separated by
frame element 630) to form a chamber defined by cavity 658
and cavity 656. Further, a hardenable material (e.g., a curable
material, such as a curable silicone, a thermoplastic, a resin,
etc.) may be injected into the chamber and hardened. Thus,
the hardenable material may surround or encapsulate gel
region 620 and may exhibit a geometry that is complimentary
to cavities 656 and 658.

Generally, frame element 630 may be coupled to or affixed
to gel region 620. In one embodiment, frame element 630
may couple or engage at least a portion of a periphery of gel
region 620. In another embodiment, frame element 630 may
be substantially planar and gel region 620 may rest upon or
may be formed upon frame element 630. Further, in one
embodiment, frame element 630 may extend at least partially
through gel region 620. Optionally, frame element 630 may
cover or extend across mold cavity 656 of second mold 654.
In one example, frame element 630 may comprise a mesh
(e.g., ametal or polymer mesh, a fabric, a fiber mesh, etc.). In
another example, frame element 630 may comprise a sheet or
layer of silicone and may be, optionally, perforated. If frame
element 630 comprises a mesh or is perforated, fluid commu-
nication (of a hardenable material) between cavity 658 and
cavity 656 may occur, which may be desirable for avoiding
shifting of gel region 620 and/or frame element 630 during
encapsulation. Once gel region 620 is encapsulated, selected
portions of frame element 630 may be trimmed or cut, if
desired.

In another method of forming a septum including at least
one gel region, a septum body may be formed to include at
least one chamber, which may be filled with a gel. For
example, FIG. 58 shows a septum body 612 defining chamber
621. Optionally, opening 623 may be defined by body 612.
Accordingly, a gel may be introduced within chamber 621 via
the opening 623 and the opening, optionally, may be closed.
For example, an uncured gel may be introduced within cham-
ber 621. Further, the uncured gel may be cured by heating or
by other suitable methods. Such a configuration may form a
gel region as described above in relation to FIG. 55. In one
embodiment, chamber 621 may be formed by an air injection
molding process, ablow molding process or any other process
known in the art for creating a chamber 621 within body 612.
In another embodiment, body 612 may be formed about a
removable plug or filler (e.g., a silicone plug, steel, or alumi-
num insert). Such a plug or filler may be coated with a non-
stick coating (e.g., TEFLON®), silicone, or any nonstick coat-
ing known inthe art). Thus, chamber 621 may be formed upon
removal of the plug or filler. In other embodiments, portions
of a septum may be formed, filled with a gel (or a liquid
precursor to a gel), and bonded to one another to form a
septum. In a further embodiment, body 612 may be initially
formed and may enclose chamber 621 within body 612. In
addition, body 612 may be cut to form an opening to allow
chamber 621 to be filled with a gel. Such an opening of body
612 may be closed or sealed to capture or form a gel region.
In yet a further embodiment, a solid body may be formed and
a chamber may be formed by slicing the solid body. In such a
configuration, filling the chamber may cause the solid body to
deform to form a domed or raised region, if desired. [t will be
appreciated that many different approaches may be employed
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for forming a chamber 621 within body 612 and subsequently
filling the chamber with a gel.

In an additional embodiment, a septum may include a gel
region positioned between a body and a layer of material
bonded to or formed over at least a portion of the gel region
and at least a portion of the body. For example, FIG. 59 shows
a schematic, side cross-sectional view of a septum 615
including a body 632, a gel region 620, and a layer 626. As
shown in FIG. 59, gel region 620 may be positioned within a
recess 633 formed in the body 632 and layer 626 may extend
over a portion of gel region 620 and a portion of body 632.
One of ordinary skill in the art will understand that gel region
620 may be positioned or formed within recess 633 of body
632 and then layer 626 may be formed or positioned over gel
region 620 and body 632. Further, layer 626 may be bonded
(e.g., adhesively bonded, bonded via curing, bonded via
welding, or as otherwise known in the art) or otherwise
affixed to body 632 to capture gel region 620. In one embodi-
ment, septum 615 may be formed by a multiple head (e.g., a
two head) injection molding apparatus. More particularly,
such a molding apparatus may be capable of forming the body
632, forming the gel region 620 within the body 632, and
forming (e.g., over molding) the layer 626 over the gel region
620 and body 632 by suitable mold configurations and mate-
rial injections. Layer 626, in one embodiment, may comprise
a silicone-based material exhibiting a Shore A hardness of
between about 60 and about 80. Body 632, in one embodi-
ment, may comprise a silicone-based material exhibiting a
Shore A hardness of between about 40 and about 50. Accord-
ingly, during use of septum 615 (installed within a housing to
form an access port) a cannula may pass through layer 626, at
least a portion of gel region 620, and body 632. Such a
configuration may facilitate positioning of a cannula extend-
ing through layer 626, at least a portion of gel region 620, and
body 632.

While certain representative embodiments and details have
been shown for purposes of illustrating aspects of the instant
disclosure, it will be apparent to those skilled in the art that
various changes in the methods and apparatus disclosed
herein may be made without departing form the scope of the
instant disclosure, which is defined in the appended claims.
For example, other access port sizes and shapes may be
employed; and various other embodiments and structures
may be employed for forming at least one identifiable feature
of'an access port of the instant disclosure. The words “includ-
ing” and “having,” (including their variants) as used herein
including the claims, shall have the same meaning as the word
“comprising.”

What is claimed is:

1. A system for identifying a power injectable vascular

access port, comprising:

a vascular access port comprising a body defining a cavity,
a septum, and an outlet in communication with the cav-
ity;

a first identifiable feature incorporated into the access port
perceivable following subcutaneous implantation of the
access port, the first feature comprising a radiographic
marker identifying the access port as suitable for flowing
fluid at a fluid flow rate of at least 1 milliliter per second
through the access port; and

a second identifiable feature separated from the subcuta-
neously implanted access port, the second feature visu-
ally observable following subcutaneous implantation to
confirm that the implanted access port is suitable for
flowing fluid at a rate of at least 1 milliliter per second
through the access port.
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2. The system according to claim 1, wherein the second
identifiable feature comprises visually perceptible informa-
tion provided on an element selected from the group consist-
ing essentially of a key chain, a bracelet, a wrist band, a
sticker provided on a patient’s chart, a patient ID card, a label 5
provided on packaging of the access port, and combinations
thereof.

3. The system according to claim 1, wherein the second
identifiable feature is included on an infusion set couplable to
the vascular access port. 10

4. The system according to claim 1, wherein the radio-
graphic marker is selected from the group consisting essen-
tially of an observable pattern, a symbol, a typographical
character, an indicium, and combinations thereof.

koK ok ok %
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METHODS OF PERFORMING A POWER
INJECTION PROCEDURE INCLUDING
IDENTIFYING FEATURES OF A
SUBCUTANEOUSLY IMPLANTED ACCESS
PORT FOR DELIVERY OF CONTRAST
MEDIA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 11/380,124, filed Apr. 25, 2006, now U.S. Pat. No.
8,545,460, which claims the benefit of priority to U.S. Pro-
visional Patent Application No. 60/737,466, filed Nov. 15,
2005, and to U.S. Provisional Patent Application No. 60/675,
3009, filed Apr. 27, 2005, each of which applications is hereby
incorporated by reference in its entirety into this application.

BACKGROUND

A wide variety of medical procedures require infusion of a
fluid into a patient. For example, vascular imaging technolo-
gies may require use of a contrast media that is injected into
the patient. More specifically, computed tomography (CT) is
an imaging technology that utilizes a contrast media and may
be employed for the noninvasive evaluation and assessment
of'avascular system (i.e., CT angiography or CTA). Multide-
tector computed tomography (MDCT) is one specific type of
CT that may be utilized for CTA. For proper imaging of a
vascular system via CT, intravenous contrast media injection
protocols are coordinated and selected for the anatomic area
of interest.

More particularly, conventionally, a so-called “power
injector” system may be employed for injecting contrast
media at a high pressure into a peripherally inserted intrave-
nous (IV) line. For example, such power injectors or injection
systems may be commercially available from Medrad, Inc., a
subsidiary of Schering AG, Germany and may be marketed as
STELLANT® injection systems. Because CT procedures are
often defined in terms of a desired flow rate of contrast media,
such power injection systems are, in general, controllable by
selecting a desired flow rate. Accordingly, such power injec-
tion systems may develop pressure (within the maximum
pressure capability of the power injection system) as is nec-
essary to maintain the selected flow rate. Accordingly, as may
be appreciated, obstructions in the IV lines or use of [V lines
that are not structured to withstand the pressures of a desired
injection rate may cause the power injector to generate a
pressure that exceeds a suitable pressure limit for the IV line.
After intravenous injection, a bolus of contrast material, may
flow within the vascular system of the patient to the right side
of the heart, through the lungs, into the left side of the heart,
and through the remaining circulatory system. After the bolus
of contrast media is injected into the patient, portions of the
contrast media may remain in the right side of the heart. Thus,
the overall effectiveness of contrast enhancement may
depend on a multitude of factors. For example, a patient’s
characteristics (e.g., body size; circulation, including cardiac
output and circulating volume, and renal function), the con-
trast characteristics (e.g., volume, injection rate, iodine con-
centration, etc.), and the CT technique (e.g., access and route
of administration, scan delay, scan speed, and injection pat-
tern) may each influence the overall degree of contrast
enhancement.

By way of background, conventionally, relatively long
scan times have been accompanied by relatively long contrast
media delivery times. However, because scan times continue
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to decrease, relatively fast delivery of contrast media may be
desired. Explaining further, in coronary CTA, a large enough
volume of contrast material must be administered at a suffi-
ciently high rate to reach and maintain a suitable concentra-
tion throughout a selected scan time (e.g., a 15 second scan
time), and within a selected region of the anatomy (e.g., an
axial scan distance of 20 cm, which may include the left
ventricle and outflow tract). It also may be desirable that
contrast density values are sufficient to facilitate the segmen-
tation techniques used in multidimensional post-processing.
A typical contrast media used in coronary CTA may have an
iodine density of about 300 milligrams per milliliter to about
350 milligrams per milliliter. Also, since contrast media may
beradioactive, reducing the overall quantity of contrast media
required to perform an imaging process may be advanta-
geous.

The pressure required for contrast injection depends on
many factors, including flow rate, contrast viscosity, configu-
ration of infusion tubing, such as tube diameter and length,
and any obstruction or restriction to flow (e.g., kinks, curves,
fittings, compression). As mentioned above, to maintain the
flow rate required for a CT or MRI study, a power injector
may generate high pressures. Ruptures can occur when the
injection pressure exceeds the tolerance of the vascular access
device(s). Other problems may occur due to timing errors
between the scan and the contrast. In order to maximize the
rapid scanning capacity of the newer vascular imaging
devices, the starting of the scanning process can be delayed a
predetermined amount of time after injection of the contrast
media has begun. If the scan starts too early, just as the
contrast is arriving at the heart, arteries can appear smaller
than they really are when the image is post-processed. On the
other hand, if scanning is delayed too long, image artifacts
can arise from diluted contrast in the cardiac veins. The win-
dow of opportunity for optimal scans may be very small,
because contrast media circulates quickly through cardiac
arteries and into cardiac veins.

Some diagnostic or medical procedures may advanta-
geously employ a subcutaneous vascular access port for intro-
ducing a fluid into the vasculature of a patient. Access portals,
or ports, provide a convenient method to repeatedly deliver
medicants to remote areas of the body without utilizing sur-
gical procedures. The port is implantable within the body, and
permits the infusion of medications, parenteral solutions,
blood products, contrast media, or other fluids. Additionally,
the port may be used to aspirate blood from the patient. Such
access ports typically include a cannula-impenetrable hous-
ing which encloses one or more fluid cavities or reservoirs
and defines for each such fluid cavity an access aperture
communicating through the housing. A cannula-penetrable
septum is positioned adjacent to and seals each access aper-
ture. An outlet stem communicates with one or more of the
fluid cavities for dispensing medication therefrom to a pre-
determined location in the body of the patient through an
implanted catheter attached to the access port. Once the
access port and the catheter have been implanted beneath the
skin of a patient, quantities of fluid, such as medication,
blood, etc., may be dispensed through one such fluid cavity
by, for example, a cannula (e.g., a needle), passed through the
skin of the patient and penetrating the septum into one of the
respective fluid cavities. This medication is directed through
the distal end of the catheter to an entry point into the venous
system of the body of the patient. Further, blood may be
aspirated through the subcutaneous access port. Thus, use of
an access port may allow for vascular access without needle
sticks into the vasculature of a patient.
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However, conventional access ports and attendant infusion
systems have not been suitable for performing power injec-
tion.

Particularly, the use of power injection systems in combi-
nation with conventional vascular access ports has achieved
less than ideal results. Thus, it may be appreciated that vas-
cular access ports for infusion systems and infusion-related
apparatuses structured for performing power injection may
be advantageous.

SUMMARY

One aspect of the instant disclosure relates to a method of
flowing fluid through an access port. More particularly, a
vascular access port may be provided and a fluid may be
caused to flow through the access port at a rate of at least about
1 milliliter per second.

A further aspect of the instant disclosure relates to a
method of flowing fluid through an infusion set. For example,
an infusion set may be provided and a fluid may be flowed
through the infusion set at a rate of at least about 1 milliliter
per second.

Another aspect of the instant disclosure relates to an access
port for providing subcutaneous access to a patient. Specifi-
cally, an access port may comprise a housing defining an
aperture for capturing a septum, wherein the housing and
septum define a reservoir. In addition, the septum may include
a tenon region wherein the housing of the access port defines
a complimentary mortise region structured for accepting at
least a portion of the tenon region of the septum. Optionally,
the housing may include a ring structure proximate to at least
a portion of a side periphery of the septum.

An additional aspect of the instant disclosure relates to an
access port for providing subcutaneous access to a patient. In
one embodiment, an access port may comprise a housing
defining an aperture for capturing a septum, the housing and
septum defining a reservoir. In addition, the housing and
septum may be structured for accommodating a flow rate
through the reservoir of at least about 1 milliliter per second.
In another embodiment, an access port may include a housing
and septum, as described above, wherein the housing and the
septum are structured for accommodating a pressure devel-
oped within the reservoir of at least about 35 psi.

Yet another aspect of the instant disclosure relates to an
infusion set for use in subcutaneously accessing a patient. For
example, in one embodiment, an infusion set may comprise a
tubing section defining a lumen and a cannula in fluid com-
munication with the lumen of the tubing section. Also, the
cannula may be configured for insertion through a septum of
an access port, and the tubing section and the cannula may be
structured for allowing a fluid to flow at a rate of at least about
1 milliliter per second. Optionally the cannula may be con-
figured for puncturing a septum of an access port and the
tubing section and the cannula may be structured for accom-
modating a pressure of at least about 400 psi. For example, the
tubing section and the cannula may be structured for accom-
modating a pressure of about 600 psi.

A further aspect of the instant disclosure relates to infusion
tubing for use in accessing a vascular system of a patient. In
one embodiment, infusion tubing may comprise a plurality of
layers, wherein the tubing is structured for accommodating a
fluid flow rate of at least about 1 milliliter per second. In
another embodiment, infusion tubing may comprise a plural-
ity of layers, wherein at least one layer of the plurality of
layers extends beyond at least another of the plurality of
layers and is structured for forming a cannula for puncturing
a septum of an access port. In yet an additional embodiment,
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an infusion set for use in subcutaneously accessing a patient
may comprise a tubing section defining a lumen and a cannula
in fluid communication with the lumen of the tubing section,
wherein the cannula is configured for insertion through a
septum of an access port. Additionally, the tubing section and
cannula may be structured for accommodating a pressure of
at least about 400 psi.

Another aspect of the instant disclosure relates to a method
of identifying an access port as being suitable for power
injection. More specifically, an access port including a sep-
tum may be provided. Further, the access port may be iden-
tified as being suitable for power injection.

Yet a further aspect of the instant disclosure relates to an
access port for providing subcutaneous access to a patient.
Particularly, an access port may comprise a housing config-
ured for capturing a septum, the septum configured for insert-
ing a cannula therethrough and into a reservoir defined within
the housing and at least one structural element configured for
resisting deformation of the septum in response to a pressure
developed within the reservoir.

In an additional aspect of the instant disclosure, a method
of operation of an access port may comprise providing a
housing configured for capturing a septum, the septum con-
figured for inserting a cannula (which can include a needle, a
Huber needle, a trocar with an associated cannula, or any
combination thereof) therethrough and into a reservoir
defined within the housing, and developing a pressure within
the reservoir of the housing. Further, such a method may
comprise limiting deformation of the septum in response to
the pressure developed within the reservoir.

In addition, one aspect of the instant disclosure relates to a
septum comprising a gel or a viscous liquid. For example, in
one embodiment, a septum for assembly with a housing to
form an access port for providing subcutaneous access to a
patient may comprise a body including an upper surface and
a lower surface and at least one gel region positioned gener-
ally between the upper surface and the lower surface. Another
embodiment may comprise a septum for assembly with a
housing to form an access port for providing subcutaneous
access to a patient may comprise a body, a layer formed over
at least a portion of the body, and a gel region positioned at
least partially between the layer and the body.

The above-described infusion apparatuses and related
methods may be beneficially employed for effecting or facili-
tating power injection processes. For instance, such methods
and apparatuses may be employed for infusing a fluid (e.g., a
contrast media) at a rate of between about 1 milliliter per
second and about 5 milliliters per second.

Features from any of the above mentioned embodiments
may be used in combination with one another in accordance
with the instant disclosure. In addition, other features and
advantages of the instant disclosure will become apparent to
those of ordinary skill in the art through consideration of the
ensuing description, the accompanying drawings, and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the instant disclosure will become apparent
upon review of the following detailed description and draw-
ings, which illustrate representations (not necessarily drawn
to scale) of various aspects of the instant disclosure, wherein:

FIG. 1 shows an exploded, perspective view of an access
port according to the instant disclosure;

FIG. 2 shows a schematic, side cross-sectional view of the
access port shown in FIG. 1;
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FIG. 3 shows a schematic, top elevation view of a cap
including a ring feature as shown in FIGS. 1 and 2;

FIG. 4 shows a schematic, top elevation view of another
embodiment of a cap including a ring feature;

FIG. 5 shows a schematic, top elevation view of a further
embodiment of a cap including a ring feature;

FIG. 6 shows a schematic, side cross-sectional view of an
implanted access port with a cannula extending through the
septum of the access port;

FIG. 7 shows a graph depicting pressures at selected
regions within an infusion system for a given flow rate;

FIG. 8 shows a schematic, side cross-sectional view of an
access port including a septum with a tenon region and a
housing with a mortise region;

FIG. 9 shows a schematic, side cross-sectional view of
another embodiment of an access port including a septum
with a tenon region and a housing defining a mortise region;

FIG. 10 shows a schematic, side cross-sectional view of a
further embodiment of an access port including a tenon region
and a housing defining a mortise region;

FIG. 11 shows a schematic, side cross-sectional view of an
access port, wherein at least a portion of a side periphery of
the septum is affixed to the housing;

FIG. 12 shows a schematic, side cross-sectional view of an
access port including a structural element extending between
the septum and the housing;

FIG. 13 shows a schematic, side cross-sectional view of an
access port including a structural element with a barbed end
positioned within the septum;

FIG. 14 shows a schematic, side cross-sectional view of an
access port including a structural element extending between
an upper surface of the septum and the housing;

FIG. 15 shows a schematic, side cross-sectional view of an
access port as shown in FIG. 14 and also including a support
element positioned adjacent to an upper surface of the sep-
tum;

FIG. 16 shows a schematic, side cross-sectional view of an
access port including a septum with an extension leg that
extends to the housing;

FIG. 17 shows a schematic, side cross-sectional view of an
access port including a septum with an extension leg com-
prising an enlarged end that couples to a recessed form in the
housing;

FIG. 18 shows a schematic, side cross-sectional view of an
access port including a septum in a structural element posi-
tioned adjacent to an upper surface of the septum;

FIG. 19 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element
extending laterally through the septum;

FIG. 20 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element posi-
tioned proximate to an upper surface of the septum;

FIG. 21 shows a schematic, side cross-sectional view of an
access port including a septum and a structural element posi-
tioned proximate to a lower surface of the septum;

FIG. 22 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in a generally triangular pattern;

FIG. 23 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in two generally rectangular patterns;

FIG. 24 shows a partial, top elevation view of an access
port, as shown in FIGS. 18-21, wherein structural elements
are arranged in a first plurality of substantially parallel lines
and a second plurality of substantially parallel lines;
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FIG. 25 shows a partial, top elevation view of an access port
as shown in FIGS. 18-21, wherein structural elements are
arranged as two intersecting substantially straight members;

FIG. 26 shows a partial, top elevation view of a septum
including a structural element positioned within the septum;

FIG. 27 shows a perspective view of a sectioned septum, as
shown in FIG. 26;

FIG. 28 shows a partial, top elevation view of a septum
including a plurality of structural elements;

FIG. 29 shows a schematic, side cross-sectional view of an
access port including a septum exhibiting curvature;

FIG. 30 shows a top elevation view of one embodiment of
a septum frame;

FIG. 31 shows a schematic, side cross-sectional view of
one embodiment of a septum including the frame shown in
FIG. 30 and another material at least partially surrounding the
frame;

FIG. 32 shows a schematic, side cross-sectional view of
another embodiment of a septum including a frame that is at
least partially surrounded by another material;

FIG. 33 shows a schematic, side cross-sectional view of yet
an additional embodiment of a septum including a frame that
is at least partially surrounded by another material;

FIGS. 34 and 35 show a respective schematic view of
different patterns that may be generated by radiopaque mate-
rial comprising a septum;

FIG. 36 shows a perspective view of one embodiment of an
infusion set according to the instant disclosure;

FIG. 37 shows a perspective view of another embodiment
of an infusion set according to the instant disclosure;

FIGS. 38 and 39 show a side cross-sectional view and an
end cross-sectional view of one embodiment of tubing includ-
ing an inner layer and an outer layer;

FIG. 40 shows a schematic, side cross-sectional view of
tubing including an inner layer, an outer layer, and at least one
reinforcing element;

FIG. 41 shows a schematic, side cross-sectional view of
another embodiment of tubing including an inner layer, an
outer layer, and at least one reinforcing element;

FIGS. 42 and 43 show an end cross-sectional view and a
schematic, side cross-sectional view, respectively, of tubing
including four layers;

FIGS. 44 and 45 show schematic, side cross-sectional
views of a tubing section including a plurality of layers,
wherein at least one layer of the plurality of layers extends
from a distal end of the tubing to form a slender hollow region
for insertion through a septum of an access port;

FIG. 46 shows a perspective view of one embodiment of an
infusion system configured for inserting a flexible catheter
through a septum of an access port;

FIG. 47 shows a schematic, partial, side cross-sectional
view of the infusion system shown in FIG. 46;

FIG. 48 shows a perspective view of another embodiment
of'an infusion system configured for inserting a flexible cath-
eter through a septum of an access port;

FIG. 49 shows a schematic, partial, side cross-sectional
view of the infusion system shown in FIG. 48;

FIG. 50 shows a perspective view of the infusion system
shown in FIG. 48, wherein the insertion assembly is removed
from the hub;

FIG. 51 shows a perspective view of one embodiment of an
access port according to the instant disclosure;

FIG. 52 shows a top elevation view of the access port
shown in FIG. 51;

FIG. 53 shows a simplified representation of a transverse
cross-section of the access port shown in FIGS. 51 and 52;
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FIG. 54 shows a schematic, side cross-sectional view of
one embodiment of a septum including at least one gel region;

FIG. 55 shows a schematic, side cross-sectional view of
another embodiment of a septum including at least one gel
region;

FIG. 56 shows a schematic, side cross-sectional view of a
further embodiment of a septum including at least one gel
region;

FIG. 57 shows a side cross-sectional view of a first mold
and a second mold, wherein a gel region is positioned
between the first mold and the second mold;

FIG. 58 shows a schematic, side cross-sectional view of an
embodiment of a septum including at least one chamber to
capture a gel; and

FIG. 59 shows a schematic, side cross-sectional view of an
additional embodiment of a septum including at least one gel
region.

DETAILED DESCRIPTION

One aspect of the instant disclosure relates to vascular
access ports. More particularly, in one embodiment, the
instant disclosure contemplates that a vascular access port
may be structured for accommodating a fluid flow rate of at
least about 1 milliliter per second. Further, the instant disclo-
sure contemplates that a vascular access port may be struc-
tured to withstand at least about 180 pounds per square inch
(psi) of pressure developed within the reservoir defined by the
septum and the access port housing. In one embodiment, an
access port may be structured for operating within a range of
pressures of about 80 psito about 180 psi. Such an access port
may be advantageous for use in infusing a fluid into a patient
(e.g., infusing contrast media into a patient for CT or MR
imaging).

Generally, an access port may comprise a housing that
captures a septum that may be repeatedly pierced or punc-
tured with a hollow slender element (e.g., a cannula, or
needle), which can include a Huber needle, a trocar with a
circumferentially disposed cannula, or any other suitable
access mechanism, without limitation. The words “cannula”
or “needle,” as used herein, encompass any slender element
(e.g., a cannula, a needle, a trocar, with a circumferentially
disposed cannula, etc.) as known in the art or described
herein, without limitation. Such a septum may comprise a
material (e.g., silicone) that seals, under suitable compres-
sion, passages formed by puncturing the septum with such an
access mechanism. Thus, the septum may be at least partially
compressed to facilitate closure of passages formed by punc-
turing the septum with the access mechanism. The instant
disclosure contemplates that the housing and septum may be
structured so that a flow rate from the reservoir of the access
port may be at least about 1 milliliter per second without
damaging the housing or septum or compromising the struc-
tural integrity of the reservoir (e.g., causing the septum to
become separated from the housing).

In one embodiment, an access port may comprise a cap and
base which define, in combination, a housing in which a
septum may be positioned to form a reservoir. For example,
FIGS. 1 and 2 show, respectively, an exploded perspective
view and a side cross-sectional view of an access port 50
including a base 56, a cap 54, a septum 80, and an outlet stem
70. As shown in FIGS. 1 and 2, cap 54 and base 56, may be
configured for capturing a septum 80 between cap 54 and 56.
Generally, cap 54 and base 56 may collectively form a hous-
ing 60 for capturing septum 80 and at least partially defining
reservoir 66. Explaining further, cap 54 may include an aper-
ture 55 through which a portion of septum 80 may extend and
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base 56 may include a recess 57 configured to accept at least
a portion of septum 80. Thus, a portion of septum 80 may be
placed within recess 57 of base 56 and aperture 55 of cap 54
may be positioned about septum 80 to collectively define a
reservoir 66 within access port 50, the reservoir 66 being in
fluid communication with a lumen of outlet stem 70. In other
embodiments, a plurality of reservoirs may be collectively
defined by a housing and at least one septum, without limita-
tion. For example, any access port known in the art including
a plurality of reservoirs (or one reservoir) may include any
aspects) of the instant disclosure, without limitation. As
shown in FIG. 1, a portion of outlet stem 70 may be positioned
within and coupled to an aperture 58 formed within base 56.

Although FIG. 1 shows that access port 50 may include an
outlet stem 70, other embodiments of access port 50 may not
include an outlet stem 70. Therefore, FIG. 2 shows access port
50 without an outlet stem 70. Put another way, the instant
disclosure contemplates that access port 50 may, optionally,
include an outlet stem 70 or may be otherwise configured. For
instance, in one embodiment, outlet stem 70 may be formed
as a part of with base 56, if desired. In another embodiment,
a catheter may be operably coupled to the access port 50 (e.g.,
to aperture 58) without outlet stem 70. In yet a further
embodiment, access port 50 may simply include at least one
outlet passage (e.g., aperture 58) in fluid communication with
the reservoir 66 and extending through the housing 60 and
structured for allowing fluid flow through, if desired. As
shown in FIG. 2, a portion of septum 80 may be positioned
between cap 54 and base 56 and may be configured to with-
stand, without damage or deforming to an extent that com-
promises the reservoir 66 (i.e., blowing out), a selected mag-
nitude of pressure developed within reservoir 66.

For example, as shown in FIGS. 1 and 2, cap 54 may
optionally include a circumferential ring structure 30 that is
formed adjacent to a side periphery of septum 80. Ring struc-
ture 30 may be structured to inhibit deformation of the cap 56
in response to a pressure developed within reservoir 66 of
access port 50. As shown in FIG. 3, in a top elevation view of
cap 54, ring structure 30 may be generally circular. Further,
ring structure 30 may be substantially congruent to a side
peripheral shape of septum 80 or may exhibit a different
shape than the side periphery of septum 80. In addition, the
size of ring structure 30 may be selected to provide a selected
rigidity to a region of cap 54 adjacent to of aperture 55 of cap
54. Such a configuration may inhibit deformation of the cap
54 in response to pressure developed within reservoir 66. For
example, as shown in FIG. 2, a lateral thickness T, vertical
thickness T, or both may be selected for providing a selected
rigidity to aregion of cap 54 adjacent to a periphery of septum
80 (i.e., adjacent to aperture 55). In one embodiment, the
overall height H (FIG. 2) of access port 50 may be less than
about 0.600 inches.

In other embodiments, ring structure 30 may be generally
rectangular, generally triangular, generally oval, generally
polygonal, or of another geometrical shape, without limita-
tion. For example, F1G. 4 shows a top elevation view of a ring
structure 30 that is generally triangular. Further, FIG. 5 shows
a generally rectangular ring structure 30.

Explaining further, housing 60 of access port 50 may com-
prise a biocompatible material such as polysulfone, titanium,
or any other suitably biocompatible material. Thus, cap 54
and base 56 may couple to one another generally along a
mating line and may be secured or affixed to one another.
More particularly, in one embodiment, both cap 54 and base
56 may comprise titanium and may be welded, brazed, sol-
dered, or otherwise affixed to one another. Such a configura-
tion may provide suitable mechanical strength for capturing
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septum 80 between cap 54 and base 56. Optionally, cap 54
and base 56 may be coupled to one another by at least one
fastening element (e.g., at least one bolt, at least one screw, at
least one rivet, etc.), at least one adhesive, or a combination of
such coupling mechanisms. Similarly, in one embodiment,
outlet stem 70 and base 56 may each comprise titanium and
may be welded or otherwise bonded or coupled to one
another.

In further detail, FIG. 6 shows an access port 50 implanted
within a patient 67. In one embodiment, sutures may be used
to affix the access port 50 within the patient 67, if desired.
After the housing 60 is implanted in a patient 67, the upper
surface of the septum 80 may be generally flush or aligned
with the surface of the skin surface 76 of the patient 67 and
may be repeatedly punctured for creating a percutaneous
passageway from the exterior of the skin of the patient into the
reservoir 66. The outlet stem 70 may create a fluid-commu-
nicative passageway extending from the reservoir 66 and
through the outlet stem 70, catheter 73, and into the interior of
the patient 67. Generally, catheter 73 may be coupled to the
outlet stem 70 for fluid communication with the reservoir 66
and for conducting fluid to a desired remote location from the
reservoir 66 and within patient 67. In one embodiment, cath-
eter 73 may extend from the access port 50 to at least partially
within a vena cava of the patient. Such a configuration may
allow for infusion of a contrast media proximate to the heart
of a patient. Because such a contrast media may be harmful
(e.g., radioactive or otherwise injurious) infusion directly into
a vena cava of a patient may reduce an overall quantity of
contrast media required to perform a selected imaging proce-
dure.

As shown in FIG. 6, a cannula 90 may be inserted through
the septum 80 and fluid may be injected into the reservoir 66.
For example, fluid may be injected into reservoir 66 at a rate
that causes pressure (i.e., a positive pressure) to be developed
within reservoir 66. For example, a positive pressure, labeled
“Pz” in FIG. 6, may develop within reservoir 66 and may act
upon the portion of septum 80 defining, in part, reservoir 66.
Such a pressure P, acting on a portion of septum 80 may
develop force upon the septum 80. Likewise, force may be
developed on surfaces of the base 56 that are acted upon by
pressure Pr. In one embodiment, cap 54 may be coupled to
base 56 and structured to suitably position septum 80 and
couple septum 80 to housing 60 against force applied to the
septum 80. Therefore, the septum 80, cap 54, and base 56 may
be structured for accommodating attendant forces developed
by pressure P,. In one embodiment, access port 50 may be
structured for accommodating (without damage) a pressure
Py of at least about 185 psi with reservoir 66. In another
embodiment, access port 50 may be structured for accommo-
dating (i.e., without damage) a range of pressures of about 37
psi to about 65 psi with reservoir 66.

In further detail, during power injection, a fluid flow F may
be caused to flow through cannula 90. A fluid flow rate (de-
picted in FIG. 6 by arrows labeled “F”’) may be at least about
1 milliliter per second. In another embodiment, a fluid flow
rate F may be between about 1 milliliter per second to about
5 milliliters per second. During power injection, a pressure P,
may be developed within cannula 90 may be at least about 30
psi. Accordingly, cannula 90 may be structured to withstand
the forces associated with the above-discussed pressure, flow
rate, or both. As discussed in further detail below, the cannula
may comprise a portion of an infusion set (e.g., a safety
winged infusion set (SWIS)) or another infusion system con-
figured for use with an access port and a power injection
system, without limitation.
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More particularly, FIG. 7 shows a graph depicting pressure
measurements at different locations within an infusion sys-
tem including an infusion set (as discussed in greater detail
below) in fluid communication with an access port during
infusion of a fluid at a rate of 5 milliliters per second. As
shown in FIG. 7, a pressure generally within a syringe barrel
of'a power injector may be about 265 psi. Further, a pressure
generally at the entrance of an infusion set may be about 225
psi and a pressure generally within a reservoir of an access
port may be about 40 psi. Thus, the pressure drop through an
infusion set may be about 185 psi. As shown in FIG. 7, a
pressure generally at the distal end of a catheter extending
from the access port may be about 0 psi. Many factors may
influence a pressure (and a pressure drop) developed within
an infusion system (e.g., infusion set, access port, etc.) during
flow of a fluid through the infusion system, such as, for
example, fluid viscosity, tubing inner diameter (i.e., lumen
cross-sectional size), length of the flow path, and flow rate.
Accordingly, as will be appreciated by the above discussion
of'the access port 50 shown in FIGS. 1-3, such access port 50
may be structured to accommodate a selected flow rate and
associated pressure P, developed within reservoir 66 of
access port 50.

In another embodiment, the septum, housing, or both may
be structured to mechanically secure or constrain at least a
portion of the septum. For example, in one embodiment, the
septum may include at least one coupling feature configured
to mate or couple with a complementary coupling feature
included by the housing. For example, male and female fea-
tures (e.g., without limitation, ribs, flanges, interlocking fea-
tures, tenon and mortise type features, tongue-in-groove fea-
tures, T-slot features, dovetail features, snap-fit features, tabs
and slots or other coupling features as known in the art) may
comprise the at least one coupling feature included by the
septum and the at least one complementary feature included
by the housing, without limitation. “Tenon,” as used herein,
means a projecting member for at least partial insertion into a
mortise to make a joint. “Mortise,” as used herein, means a
recess, hole, groove, or slot formed within a material for
receiving at least a portion of a tenon to make a joint.

Generally, in one embodiment, the septum may include at
least one tenon region (i.e., at least one coupling feature) for
coupling to a complementary mortise region formed by the
housing. Thus, the housing may include a recess (i.e., at least
one complementary feature) for accepting at least a portion of
the tenon region of the septum. For example, FIG. 8 shows a
side cross-sectional view of one embodiment of a septum 180
including a tenon region 270. Particularly, tenon region 270
includes tapered surface 187 of septum 180, which may
increase in height (i.e., from lower surface 183 of septum 180)
along an increasing radial direction (i.e., relative to a radial
distance from a central axis of septum 180; that is, in a
direction from rim 159 of cap 154 toward side surface 157 of
base 156). Thus, as shown in FIG. 8, a height CG,;,, of
septum 180 (measured at a radially innermost extent of tenon
region 270) is less than a height CG,,, of septum 180 (at a
radially outermost extent of tenon region 270). Further, tenon
region 270 may be a continuous peripheral feature (i.e., an
annular feature) of septum 180 or may comprise one or more
circumferentially separate regions, without limitation. Fur-
ther, as shown in FIG. 8, housing 160 (including cap 154 and
base 156) may generally define a complementary mortise
region (e.g., a circumferentially extending recess) for accept-
ing at least a portion of tenon region 270. More particularly, a
complementary mortise region may be defined by side sur-
face 157 of base 156, lower flange surface 273 of base 156,
and tapered surface 172 of cap 154. Such a configuration may
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secure, capture, or retain a portion of tenon region 270 of
septum 180 within the mortise region of housing 160 even if
a selected maximum pressure is developed within reservoir
166 of access port 150.

In another embodiment, an access port may comprise a
septum including a tenon region including a plurality of
tapered surfaces. For example, FIG. 9 shows a schematic side
cross-sectional view of a septum 180 including a tenon region
270 comprising tapered surface 187, tapered surface 189, and
tapered surface 191. Further, as shown in FIG. 9, housing 160
may generally define a complementary mortise region
tapered recess for accepting at least a portion of tenon region
270. More particularly, a complementary mortise region may
be defined within housing 160 by side surface 157 of base
156, lower flange surface 273 ofbase 156, tapered surface 172
of cap 154, tapered surface 193 of base 156, and tapered
surface 195 of cap 154. Such a configuration may secure,
capture, or retain at least some of tenon portion 270 of septum
180 within a tapered recess of housing 160 even if a selected
maximum pressure is developed within reservoir 166 of
access port 150.

In summary, it should be understood that a portion of a
septum may comprise, generally, at least one tenon region for
coupling with a complementary mortise region formed in a
housing. In another embodiment, generally, at least a portion
of a housing may comprise a tenon for coupling with a
complementary mortise formed in a septum. As described
above, a tenon region and a complimentary mortise region
may comprise one or more tapered surfaces. In another
embodiment, a tenon region and complementary mortise
region may comprise a T-slot or other nontapered geometry,
without limitation. For example, FIG. 10 shows a schematic,
side cross-sectional view of one embodiment of an access
port 150 comprising a septum 180 including a tenon region
270. Further, a complementary mortise region may be defined
within housing 160 for accepting at least a portion of tenon
region 270. As shown in FIG. 10, a mortise region may be at
least partially defined by an annular extension or protrusion
203 of'base 156. Such a configuration may secure, capture, or
retain at least a portion of tenon region 270 of septum 180
within housing 160 and suitably seal reservoir 166 even if an
anticipated maximum pressure is developed within reservoir
166. It should be further understood that any of the tenon
region and mortise region embodiments shown in FIGS. 8-10
may be described in terms of extensions, ridges, protrusions,
recesses, grooves, slots, etc., without limitation.

A further aspect contemplated by the instant disclosure
relates to coupling or affixing at least a portion of a peripheral
region of a septum to a housing. Such a configuration may
maintain the integrity of the access port during use of the
access port for infusing a fluid at a flow rate of at least about
1 milliliter per second. For example, in one embodiment, at
least a portion of a side periphery of a septum may be affixed
to at least a portion of a housing. FIG. 11 shows a side
cross-sectional view of an access port 50 wherein at least a
portion of a periphery of septum 80 adjacent to housing 60 is
affixed to one or both of cap 54 and base 56 adjacent to septum
80. More particularly, as shown in FIG. 11, a periphery of
septum 80 (adjacent to cap 54 and base 56) may include upper
side region 97, upper annular region 93, lower annular region
91, and lower side region 95. Thus, in one embodiment, an
adhesive, (e.g., glue, epoxy, cement, tape, or any other adhe-
sive as known in the art) may affix at least a portion of one or
more of upper side region 97, upper annular region 93, lower
annular region 91, and lower side region 95 to the cap 54 or
base 56, respectively. Such a configuration may secure sep-
tum 80 to housing 60 and may provide a relatively robust
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access port 50 suitable for power injection. It should further
be appreciated that affixing at least a portion of a peripheral
region of a septum may encompass affixing at least a portion
of'a tenon region (of either a septum or housing) to a mortise
region (of either a housing or septum), without limitation.

As described above, septum deformation is a design con-
sideration with respect to performing power injection via an
access port. Further, one aspect of the instant disclosure
relates to a septum that is structurally reinforced or otherwise
limited against deformation exceeding a selected magnitude.
More specifically, the instant disclosure contemplates that at
least one structural element may be configured to inhibit or
limit deformation of a septum of an access port in response to
pressure developed within a chamber or reservoir of the
access port. Some embodiments of an access port including at
least one structural element for limiting deformation of a
septum are disclosed in U.S. Patent Application No. 60/737,
466, filed 15 Nov. 2005, the disclosure of which is incorpo-
rated, in its entirety, by this reference. Any of the access ports
encompassed by U.S. Patent Application No. 60/737,466
may be structured for power injection.

In one embodiment, the instant disclosure contemplates
that a septum may be structurally coupled to a housing non-
peripherally. Put another way, one aspect of the instant dis-
closure relates to coupling a nonperipheral portion of a sep-
tum to a housing of an access port. For example, FIG. 12
shows one embodiment of an access port 110 according to the
instant disclosure including a cap 54 and a base 56 that cap-
ture a septum 120 to form a reservoir 66. Optionally, cap 54
may include a ring feature proximate to a periphery of the
septum, as described above. In addition, outlet stem 70 may
allow for fluid communication with reservoir 66 to perform
infusion or fluid sampling processes. As shown in FIG. 12, a
structural element 112 may extend between septum 120 and
housing 60. More particularly, structural element 112 extends
generally from lower surface 121 of septum 120 to upper
surface 165 of' base 56. Thus, if pressure (positive/negative) is
developed within reservoir 66, structural element 112 may
inhibit deflection or deformation of lower surface 121 of
septum 120 toward or away from upper surface 165 of base
56. Generally, a structural element may inhibit deformation
of'a septum in relation to one or more selected directions (i.e.,
either toward or away from upper surface 165 of base 56).

Generally, a structural element (e.g., structural element
112) may comprise any of the following: at least one wire, at
least one pin or columnar element, or at least one filament,
without limitation. Such a structural element may comprise
titanium, steel (e.g., stainless steel), polymers (e.g., DEL-
RIN®, nylon, polyester, KEVLAR®, polytetrafiuoroethyl-
ene (PTFE) (expanded or nonexpanded), polyurethane, etc.),
or other materials as known in the art. In other embodiments,
a structural element may comprise a composite, such as a
fiber-reinforced matrix. In one embodiment, a structural ele-
ment may comprise fibers (glass, carbon, etc.) dispersed or
aligned within a silicone matrix.

Further, structural element 112 may be coupled to septum
120 by an adhesive, welding, snap-fitting, molding the sep-
tum 120 about a portion of the structural element 112, other-
wise imbedding a portion of structural element 112 within
septum 120, or as otherwise suitable. Similarly, structural
element 112 may be coupled to base 56 by an adhesive,
welding, or imbedding a portion of structural element 112
within base 56. It may also be appreciated that, optionally,
structural element 112 may exhibit a modulus of elasticity
that exceeds a modulus of elasticity of septum 120. Such a
configuration may allow for structural element 112 to resist
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deformation of septum 120 in response to a pressure devel-
oped within reservoir 66 (e.g., during a “power injection”
process).

FIG. 13 shows a schematic cross-sectional view of an
access port 110 according to the instant disclosure including
another embodiment of structural element 112. Particularly,
as shown in FIG. 13, structural element 112 may include a
barbed end 116, which is positioned at least partially within
septum 120. Such a configuration may couple structural ele-
ment 112 to septum 120 and may resist against deformation of
the septum 120 in response to pressure developed within
reservoir 166. Furthermore, as shown in FIG. 13, the barbed
end 116 of structural element 112 may, optionally, be pointed.
Further, the point of barbed end 116 may be oriented toward
upper surface 123 of septum 120. Such a structure may deflect
a cannula that is inserted through septum 120 and contacts
barbed end 116 so that the cannula is directed away from
structural element 112. Optionally, in another embodiment,
structural element 112 may extend through base 56 and may
be affixed to lower surface 113 of base 56.

In another embodiment of an access port, a structural ele-
ment may extend through a septum. For example, FIG. 14
shows a schematic, side cross-sectional view ofan access port
110 including a structural element 112 that extends from
lower surface 121 of septum 120 to upper surface 123 of
septum 120. As shown in FIG. 14, structural element 112 may
also extend to upper surface 165 of base 56, to mechanically
couple septum 120 to housing 60. Optionally, structural ele-
ment 112 may include at least one barb, which may be posi-
tioned within septum 120 and configured for coupling septum
120 to housing 60. In addition, structural element 112 may be
affixed, if desired, to at least one of upper surface 123 and
lower surface 121 of septum 120. As may be appreciated, it
may be advantageous for upper surface 123 of septum 120 to
be mechanically coupled to housing 60 to resist deformation
of septum 120 in response to a pressure developed within
reservoir 66.

The instant disclosure further contemplates that a struc-
tural element may be employed in combination with a support
element extending over a selected area of the upper surface of
the septum. Such a support element may be positioned adja-
cent to an upper surface of a septum and may be configured to
contact the upper surface of the septum with a selected sur-
face area (e.g., when the septum deforms). For example, FIG.
15 shows a schematic, side cross-sectional view of an access
port 110 including a structural element 112 that extends from
housing 60 to an upper surface 123 of septum 120. Further-
more, structural element 112 is coupled to a support element
114, which is positioned adjacent to upper surface 123 of
septum 120. Such a configuration may provide a selected
amount of contact area between support element 114 and
upper surface 123 of septum 120. Such a selected contact area
between support element 114 and septum 120 may reduce
otherwise undesirably high stresses within septum 120 when
a pressure develops within reservoir 66 by distributing such
stresses over a selected area or region of septum 120. In
addition, support element 114 may be observable (e.g., visu-
ally or by palpation) and, therefore, may be avoided when
inserting a cannula through septum 120. Additionally, the
support element 114 can be used to identify the port 110 as
being power injectable.

In another embodiment of an access port, a structural ele-
ment may comprise a portion of a septum affixed to a housing
of an access port to resist deformation of the septum. For
example, FIG. 16 shows a schematic, side cross-sectional
view of an access port 110 including a septum 120, which
comprises an extension leg 124 (i.e., a structural element) that
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is coupled to housing 60. More particularly, as shown in FIG.
16, extension leg 124 may extend generally from lower sur-
face 121 of septum 120 to upper surface 165 of base 56.
Extension leg 124 may abut and may be affixed to upper
surface 165 of base 56. Such a configuration may resist
against deformation of septum 120 in response to pressure
developed within reservoir 166. In one embodiment, exten-
sion leg 124 may be substantially centered (i.e., positioned
generally at a centroid of lower surface 121) with respect to
lower surface 121 of septum 120. Substantially centering
extension leg 124 with respect to lower surface 121 of septum
120 may limit deformation of lower surface 121 of septum
120 to a greater extent than other positions of extension leg
124 may limit deformation of lower surface 121 of septum
120. Additionally, it should be appreciated that while FIG. 16
shows one extension leg 124, the instant disclosure contem-
plates that at least one extension leg (i.e., one or more exten-
sion legs) may extend from or be coupled to septum 120,
without limitation. In another embodiment, at least one exten-
sion leg may be coupled to a housing of an access port by an
interference fit or a so-called “snap-fit.” More particularly, as
shown in FIG. 17, extension leg 124 includes a bulbous or
rounded end 125 that is configured to fit within a recess 155
formed in base 56. Recess 155 may comprise an opening
formed in upper surface 165 of base 56 that is smaller than a
maximum lateral dimension of rounded end 125, so that
rounded end 125 may be forced through such an opening and
“snap” into a portion of recess 155. Optionally, extension leg
124 may be affixed (e.g., adhesively affixed, welded, pinned,
or affixed by other suitable methods to recess 155 formed in
base 56. Such a configuration may couple septum 120 to base
60 of access port 110 and may resist or limit deformation of
septum 120 in response to pressure developed within reser-
voir 66.

Another aspect of the instant disclosure contemplates that
at least a portion of an upper surface of a septum may be
constrained or limited in its deformation. In one embodiment,
at least one structural element may be positioned upon or
adjacent to an upper surface of a septum to limit deformation
of'the septum in a direction toward the structural element. Put
another way, at least one structural element may extend lat-
erally upon or adjacent to at least a portion of an upper surface
of a septum. For example, FIG. 18 shows a schematic, side
cross-sectional view of an access port 110 including a septum
130 and a structural element 132 positioned adjacent to an
upper surface 133 of septum 130. Optionally, structural ele-
ment 132 may be bonded or affixed to upper surface 133 of
septum 130. Structural element 132 may be structured to
resist deformation of septum 130 in a direction generally
away from reservoir 166. In one embodiment, structural ele-
ment 132 may substantially overlay or cover upper surface
133 of septum 130. Optionally, structural element 132 may be
at least partially embedded within septum 130. In one
embodiment, structural element 132 may be penetrable by a
cannula (e.g., a needle). In another embodiment, structural
element 132 may cover a selected portion (i.e., at least a
portion) of upper surface 133 of septum 130, which may
allow for openings or apertures formed in structural element
132 through which a cannula may be inserted into upper
surface 133 of septum 130. It may be appreciated that, option-
ally, a modulus of elasticity of structural element 132 may
exceed a modulus of elasticity of septum 130, so that defor-
mation of septum 130 may be inhibited to a selected degree by
structural element 132. Further, although a thickness (labeled
“t”) of structural element 132 is shown in FIG. 18 as being
substantially uniform, the instant disclosure contemplates
that a thickness “t” of structural element 132 may vary, with-
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out limitation. For example, thickness “t” of structural ele-
ment 132 may be maximum proximate to a centroid of the
upper surface 133 of septum 130. In addition, as shown in
FIG. 18, structural element 132 may be positioned between
cap 54 and septum 130. Structural element 132 may be affixed
to one or both of cap 54 and septum 130, if desired. For
example, structural element 132 may be adhesively affixed,
welded, mechanically fastened, or otherwise suitably coupled
to one or both of cap 54 and septum 130. Furthermore, struc-
tural element 132 may comprise a metal (e.g., titanium, steel,
etc.), a polymer (e.g., DELRIN® polyurethane, nylon, etc.),
or any other suitable material. In another embodiment, as
discussed further below, structural element 132 may com-
prise a relatively tightly woven fabric that resists tissue
ingrowth (if positioned in potential contact with an internal
cavity of the body). In a further embodiment, a structural
element 132 may comprise a substantially flufty or compress-
ible polyester that may promote tissue healing of punctures
created by a cannula passing through septum 130 of access
port 110 (if positioned in potential contact with an internal
cavity of the body).

In a further embodiment, the instant disclosure contem-
plates that at least one structural element may be at least
partially embedded within a septum and may extend laterally
through at least a portion of the septum. For example, FIG. 19
shows a schematic, side cross-sectional view ofan access port
110 including a septum 120 and a structural element 140
extending laterally (i.e., across an opening in the housing 60
closed by the septum 120) through the septum 120. As shown
in FIG. 19, structural element 140 may be affixed to housing
60 (e.g., cap 54 or base 56). More particularly, as shown in
FIG. 19, structural element 140 may be affixed to cap 154 at
connection regions 147 and 143. In addition, a selected level
of'tension may be developed within structural element 140, if
desired, to provide for a desired level of resistance to defor-
mation (i.e., flexibility) of septum 120. Such a configuration
may provide a selected degree of resistance to deformation of
septum 120 in a direction generally perpendicular to a direc-
tion of extension of structural element 140.

In another embodiment, a structural element may be posi-
tioned proximate to an upper surface of a septum to limit
deformation of the septum. For example, FIG. 20 shows a
schematic, side cross-sectional view of an access port 110
including a septum 130 positioned within a housing 60 and a
structural element 150 positioned proximate to an upper sur-
face 133 of septum 130. As shown in FIG. 20, structural
element 150 extends laterally over at least a portion of upper
surface 133 of septum 130. Thus, structural element 150 may
allow septum 130 to deform a selected distance (e.g., a gap
labeled “G”) prior to contact with structural element 150.
Further, structural element 150 may be affixed to cap 54 and
may be selectively tensioned to exhibit a selected degree of
flexibility in response to contact between septum 130 and
structural element 150. In one embodiment, structural ele-
ment 150 may exhibit a flexibility or spring constant that
exceeds a bulk flexibility or spring constant of septum 130 in
response to a pressure developed within reservoir 66.

In another embodiment, a structural element may be posi-
tioned proximate to or abutting a lower surface of a septum to
limit deformation of the septum. For example, FIG. 21 shows
a schematic, side cross-sectional view of an access port 110
including a septum 120 positioned within a housing 60 and a
structural element 170 positioned proximate to a lower sur-
face 121 of septum 120. As shown in FIG. 21, structural
element 170 may extend laterally over at least a portion of
lower surface 121 of septum 120. Further, structural element
170 may be affixed to lower surface 121 or septum 120 or
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otherwise coupled to lower surface 121 of septum 120. Thus,
structural element 170 may inhibit deformation of septum
120. Further, structural element 170 may be affixed to base 56
(or otherwise coupled to housing 60) to provide adequate
resistance to deformation of septum 120. Optionally, struc-
tural element 170 may be selectively tensioned to exhibit a
selected flexibility in response to forces applied to the struc-
tural element 170. Optionally, structural element 170 may
exhibit a flexibility or spring constant that exceeds a bulk
flexibility or spring constant of septum 120.

Referring to FIGS. 18-21, it will be appreciated that struc-
tural elements 132, 140, 150, or 170 may comprise, in some
embodiments, elongated elements, such as, for instance,
wire, ribbon, thread, fibers, columnar elements, or the like.
Accordingly, such at least one elongated element may be
arranged in a selected pattern adjacent or proximate to an
upper surface of a septum. Further, in one embodiment, a
structural element positioned proximate to or abutting a lower
surface of a septum, proximate to or abutting an upper surface
of'a septum, or within a septum, may comprise a mesh (e.g.,
a metal or plastic mesh, a fabric, a fiber mesh, etc.). For
instance, in one embodiment, a structural element may com-
prise a fabric comprising fibers or threads that seal against one
another (e.g., fibers or threads coated with silicone). Such a
configuration may allow for a cannula to pass through the
fabric and for the fabric to seal about the cannula, but may also
allow for the fibers or threads to seal against one another when
the cannula is removed. In addition, it will be understood that,
based upon the instant disclosure, structural elements 132,
140, 150, or 170 as shown in FIGS. 18-21 may be arranged in
a variety of configurations.

For example, FIG. 22 shows a partial top elevation view of
one embodiment of an access port 110, as shown in FIGS.
18-21, wherein structural elements 132, 140, 150, 170 are
arranged to form a generally triangular shape or pattern. In a
further example, FIG. 23 shows a partial top elevation view of
an access port 110 as shown in FIGS. 18-21, wherein struc-
tural elements 132,140, 150, 170 are arranged in two partially
intersecting generally rectangular shapes or pattern. In yet a
further embodiment, FIG. 24 shows a partial top elevation
view of an access port 110, as shown in FIGS. 18-21, wherein
structural elements 132, 140, 150, 170 are arranged as a
pattern comprising a first plurality of substantially parallel
lines and a second plurality of substantially parallel lines,
wherein the first plurality of substantially parallel lines is
substantially perpendicular to and intersects with the second
plurality of substantially parallel lines. In an additional
embodiment, FIG. 25 shows a partial top elevation view of an
access port 110, as shown in FIGS. 18-21, wherein structural
elements 132, 140, 150, 170 are arranged as a pattern com-
prising two substantially straight (i.e., linear) members that
intersect with one another. As shown in FIG. 25, structural
elements 132,140,150, 170 may be substantially perpendicu-
lar to one another. As shown in FIGS. 22-25, structural ele-
ments 132, 140, 150, 170 may be affixed to cap 54 at selected
connection regions. Such configurations may allow for vary-
ing degrees of limitation of deformation of a septum, while
allowing ample access to a surface of a septum for perforation
by a cannula (e.g., a needle).

In another embodiment, the instant disclosure contem-
plates that a structural element may be at least partially
embedded within a septum and may be in the form, configu-
ration, or shape of a two-dimensional or plane (e.g., a circle,
ellipse, triangle, rectangle, etc.) within the septum. For
example, FIG. 26 shows a partial top elevation view of a
septum 120 and a structural element 141 extending within the
septum 120. In further detail, FIG. 27 shows a perspective
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view of a sectioned septum 120 including a structural element
141 embedded within the septum 120. As shown in FIGS. 26
and 27, in one embodiment, structural element 141 may be
generally circular. More generally, one or more structural
elements 141 may be at least partially embedded within a
septum (e.g., a septum 120 or 130, as discussed above), if
desired. For example, a plurality of structural elements 141
may be embedded within a septum 120 and arranged substan-
tially concentrically with respect to one another, as shown in
FIG. 28 inapartial, top elevation view. Structural element 141
may be generally elongated (as shown in FIGS. 26-28) or
may, more generally, exhibit a shape and size configured to
resist deformation of the septum 120, without limitation.
Thus, it should be appreciated that one or more structural
elements 141 may embody, for example, a washer or a disk
that is frustoconical, domed, or otherwise shaped. In another
embodiment, at least one structural element 141 may form,
generally, a toroid. Further, at least one structural element 141
may exhibit at least one selected characteristic (e.g., exhibit-
ing a selected size, shape, elasticity, strength, etc.) to impart a
desired level of resistance to deformation (i.e., flexibility) of
septum 120. Such a configuration may provide a selected
level of resistance to deformation of septum 120 in response
to a pressure developed within a reservoir of an access port.

In another aspect of the instant disclosure, a septum may
exhibit a curvature that resists deformation in response to a
pressure developed within a reservoir of an access port. For
example, FIG. 29 shows a septum 120 including a generally
concave upper surface 123 and a generally convex lower
surface 121. Explaining further, generally concave upper sur-
face 123 and a generally convex lower surface 121 may be
exhibited by septum 120 in the absence of external forces
(i.e.,inanunstressed, equilibrium state). Such a configuration
may provide resistance of the septum 120 to deformation due
to a pressure developed within reservoir 66 of access port 110,
because the upper surface 123 of septum 120 would be forced
to flatten (i.e., via deformation of septum 120) before extend-
ing beyond the upper surface of housing 60. In other embodi-
ments, a septum may be compressed (e.g., by way of a tenon
and mortise coupling or another peripheral coupling configu-
ration between a septum and a housing) so that a curvature of
the septum may be reduced or eliminated when the septum is
assembled within the housing. However, such a configuration
may increase the bulk flexibility or spring constant of the
septum. Optionally, a structural element (as described above)
may be included within the septum or upon a surface of the
septum and may also be fabricated to exhibit concavity or
convexity in the absence of external forces. Such a configu-
ration may facilitate a favorable compressive stress field
within the septum when coupled to a housing and may
enhance resistance of the septum to deformation.

In a further configuration, a septum may include a struc-
tural frame or skeleton and a more pliant material configured
to seal punctures created by a cannula. More specifically, a
frame may comprise a material with a shore A hardness of at
least about 80. Optionally, a frame may include a plurality of
whiskers, fibers, or particles to stiffen or strengthen the frame.
In one embodiment, nylon fibers, barium sulfate, or the like
may be dispersed within a frame. Further, such a frame may
be at least partially surrounded by a more pliant material
exhibiting a Shore A hardness of about 50 or less (e.g., a Shore
A hardness of about 40 to about 50). FIG. 30 shows top
elevation view of a frame 178 including a plurality of spokes
179 extending from a generally common origin or region as
well as rings 181 and 185. As shown in FIG. 30, spokes 179 in
combination with one or both of rings 181 and 185 form
apertures 188. According to the instant disclosure, a relatively
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pliant material configured to seal punctures formed by a can-
nula passing through the material may at least partially sur-
round such a frame 178. For instance, FIG. 31 shows a sche-
matic side cross-sectional view of septum 177 comprising a
frame 178 and another material 190 molded partially about
frame 178. Thus, material 190 may substantially surround
spokes 179 and may extend within apertures 188. Further, as
shown in FIG. 31, ring 181 may form a tenon region 270 for
coupling with a housing (as described above) as well as an
upper septum surface 191 and a lower septum surface 193. As
may be appreciated with reference to shown in FIG. 31,
during use, a cannula may pass through a continuous upper
layer of material 190 and a continuous lower layer of material
190. Such a configuration may provide suitable sealing capa-
bility for septum 177. It will be appreciated that many varia-
tions are contemplated by the instant disclosure. For example,
FIGS. 32 and 33 show side cross-sectional views of different
embodiments of a septum 177 including a frame 178 and
another material 190 at least partially surrounding the frame
178. Thus, a frame and a material at least partially surround-
ing the frame may exhibit arcuate or substantially planar
surfaces and may be formed of selected thickness and com-
prising selected materials (e.g., silicone, etc.).

In a further aspect of a septum according to the instant
disclosure, a septum may include a radiopaque material and
may be configured to form a selected pattern when an x-ray is
taken through the septum. For example, FIGS. 34 and 35
show schematic views of patterns 199 that may be generated
by correspondingly positioned radiopaque material within a
septum. Such a configuration may be useful for identifying
the access port as being capable of accommodating particular
power injection processes or for locating the septum of an
access port.

The instant disclosure further contemplates that any infu-
sion apparatus or device that is used in combination with an
access port for infusing fluid at a rate of at least about 1
milliliter per second may be configured accordingly. For
example, an infusion set for accessing a vascular access port
may include a needle or cannula for puncturing a septum of
the access port, a distal end for coupling to an injection
apparatus, and tubing (e.g., at least one tubing section)
extending between the cannula and the distal end. Generally,
any components comprising an infusion set may be config-
ured to withstand a selected flow rate and associated pressure
developed by such a selected flow rate.

FIG. 36 shows one embodiment of an infusion set 310
including a base member 340, a cannula 350, a tubing section
314, and connector 312. Tubing 314 may be affixed or other-
wise coupled to connector 312 and base 342 generally at
joints 313 and 339, respectively. Also, as shown in FIG. 36, a
clamp device 316 may be suitably configured for allowing or
preventing fluid flow through tubing 314. Further, each of the
base member 340, cannula 350, tubing section 314, and end
connector 312 may be structured for accommodating a fluid
flow rate of at least about 1 milliliter per second through the
infusion set 310. In further detail, tubing section 314 may
exhibit sufficient strength for withstanding at least about 200
psi without damage. Optionally, tubing section 314 may with-
stand at least about 300 psi without damage. Further a pres-
sure at which a portion of the infusion set bursts (i.e., a burst
pressure of the infusion set 310) may be atleast about 400 psi;
optionally, such a burst pressure may be at least 600 psi. In
one embodiment, tubing section 314 may be substantially
optically clear or may be at least partially transparent. In one
embodiment, generally, tubing section 314 may comprise a
polymer, such as TECOTHANE®. More specifically, tubing
section may comprise a polymer, such as TECOTHANE®
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55D or a polymer, such as TECOTHANE® 95A. For
example, if tubing section 314 has an inner diameter (i.e., a
lumen) of about 0.048 inches (+0.003 inches) (i.e., 19 GA),
tubing section 314 may comprise a polymer, such as TECO-
THANE® 55D. In other examples, if tubing section 314 has
an inner diameter (i.e., a lumen) of about 0.041 inches or
0.034 inches (+0.003 inches) (i.e., 20 GA or 22 GA, respec-
tively), tubing section 314 may comprise a polymer, such as
TECOTHANE® 95A. Optionally, any polymer, such as
TECOTHANE® type material may be at least substantially
free of a plasticizer, such as, for instance, Di(2-Ethylhexyl)
Phthalate (“DEHP”). In one embodiment, connector 312 may
comprise polyvinylchloride (“PVC”) and may be, optionally,
at least substantially free of plasticizer. The materials dis-
closed above are merely examples; more generally, tubing
section 314, connector 312, base member 340, and cannula
350 may comprise any material (e.g., thermoplastic, polyure-
thane, metal, etc.) suitable for providing a robust and effective
infusion set 310.

During use of the infusion set 310, a mechanical injector
may be operably coupled to connector 312 via fastening
structure 311. For example, fastening structure may comprise
aluer-type connection or any other fluid connection structure.
Thus, a fluid may be flowed through the infusion set at a flow
rate of at least about 1 milliliter per second via an injection
apparatus. As discussed above, a pressure drop through the
infusion set 310 may be at least about 100 psi; optionally, a
pressure drop through infusion set 310 may be at least about
185 psi.

In another embodiment, an infusion set may include two
connectors. In one configuration, one connector may be struc-
tured for performing power injection and another connector
may be structured for allowing syringe access. For example,
FIG. 37 shows an infusion set 309 including a base member
340, a cannula 350, a tubing section 324, an intermediate
connector 322, a tubing section 314, and an end connector
312. Tubing 314 may be affixed or otherwise coupled to
connector 312 and connector 322 generally at joints 313 and
323, respectively. Similarly, tubing 324 may be affixed or
otherwise coupled to connector 322 and base member 340
generally at joints 325 and 329, respectively. Infusion set 309
may be structured for fluid flow rates and pressures as dis-
cussed above in relation to infusion set 310. Accordingly,
tubing sections 314 and 324 may comprise materials (e.g., a
polymer, such as TECOTHANE® and sizes as discussed
above in relation to infusion set 310, without limitation. Simi-
larly, connectors 312 and 322 may comprise any materials
(e.g., PVC) discussed above in relation to infusion set 310,
without limitation. As shown in FIG. 37, a clamp device 316
may be suitably configured for allowing or preventing fluid
flow through tubing 314. Likewise, clamp device 326 may be
suitably configured for allowing or preventing fluid flow
through tubing 324. In addition, connector 312 may include a
fastening structure 311 (e.g., a luer connection, another
threaded connection, or any other fastening structure as
known in the art) for releasably affixing or coupling the con-
nector 312 to an injection apparatus. Also, connector 322 may
include a fastening structure 321 (e.g., a luer connection,
another threaded connection, or any other fastening structure
as known in the art) for releasably affixing or coupling the
connector 322 to an injection apparatus.

Generally, the instant disclosure contemplates that, in one
embodiment, connector 312 may be used for power injection,
while connector 322 is capped. In another embodiment, a
valve mechanism may selectively allow flow through tubing
sections 314 and 324 via fluid flow through connector 312,
while preventing leakage from connector 322. In addition, if
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infusion set 309 is not being used for power injection, a cap
including a septum may be coupled to connector 322, con-
nector 312, or both. Such a configuration may allow for a
syringe to puncture the septum and infuse medication or
remove a blood sample. Such a configuration may provide a
convenient infusion set with separate connectors for power
injection and syringe access, respectively.

In a further aspect contemplated by the instant disclosure,
tubing that is used in connection with power injection may be
structured for withstanding a selected pressure during use
(e.g., power injection) and, optionally, may be configured to
resist kinking. Generally, the instant disclosure contemplates
that tubing may comprise a plurality of layers. In one embodi-
ment, tubing may comprise a relatively high strength layer
and at least one relatively flexible layer. Thus, any layers of
tubing may comprise PTFE, polypropylene, polyetherether-
ketone (“PEEK”), polyimide silicone, fluorinatedethyl-
enepropylene (FEP), perfluoroalkoxy (PFA), ethylenetet-
rafluoroethylene (ETFE), polyurethane (e.g., thermoplastic
polyurethanes, including ISOPLAST®, TECOFLEX®,
TECOTHANE®, CARBOTHANE®, TECOPLAST®, or
TECOPHILIC® type polyurethanes), or combinations of the
foregoing. In one embodiment, the layers may be bonded to
one or more adjacent layers. In another embodiment, each of
the layers may be movable or slidable relative to one or more
adjacent layers.

For example, FIGS. 38 and 39 show a side cross-sectional
view and an end cross-sectional view of tubing 401 including
an inner layer 420 and an outer layer 422. Generally, at least
one of inner layer 420 and outer layer 422 may exhibit rela-
tively high strength and the other of inner layer 420 and outer
layer 422 may be relatively flexible or vice versa. In one
embodiment, inner layer 420 may exhibit relatively high
strength and may comprise, for example, PEEK, ULTEM®,
polyimide, or the like. Further, outer layer 422 may be rela-
tively flexible and may comprise, for example, FEP, PTFE,
PEBAX®, ETFE, silicone or the like. Conversely, outer layer
422 may exhibit relatively high strength and may comprise,
for example, PEEK, ULTEM®, polyimide, or the like, while
inner layer 420 may be relatively flexible and may comprise,
for example, FEP, PTFE, PEBAX®, ETFE, silicone, or the
like. Further, optionally, tubing may comprise a first layer
exhibiting a modulus of elasticity and at least another layer
exhibiting a modulus of elasticity that is less than the modulus
of elasticity of the first layer. For example, a relatively high
strength material may exhibit a modulus of elasticity of at
least about 400,000 psi. Furthermore, a relatively flexible
material may exhibit a modulus of elasticity below about
390,000 psi. Inanother embodiment, at least one of layers 420
and 422 may comprise a composite material (e.g., a compos-
ite including particulate or fiber reinforcement). For example,
in one embodiment, tubing may comprise polyurethane or
PTFE including glass or carbon reinforcing fibers or particles.
In one embodiment, each of the layers 420 and 422 may be
movable or slidable relative to one or more adjacent layers.
Such a configuration may withstand a selected internal pres-
sure without damage to the tubing and may also resist kink-
ing.

In another embodiment, a reinforcing element may be
incorporated within at least one of the plurality of layers
comprising tubing. For example, FIG. 40 shows a schematic
side cross-sectional view of tubing 403 including inner layer
430 and outer layer 432, wherein at least one reinforcing
element 434 is incorporated within outer layer 432. Option-
ally, at least one reinforcing element 434 may be incorporated
within any layer or layers of a plurality of layers comprising
tubing, without limitation. As shown in FIG. 40, reinforcing
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element 434 may comprise a coil, in one embodiment. One of
ordinary skill in the art will appreciate that many variations
are possible, for example, at least one reinforcing element
may comprise amesh (e.g., a wire mesh, a fabric, a fiber mesh,
etc.). Inanother embodiment, at least one reinforcing member
may comprise one or more elongated members extending
longitudinally within at least one layer comprising tubing
(e.g., aligned with the direction of extension of the tubing). In
another embodiment, at least one reinforcing member may
comprise one or more rings. Such a configuration may pro-
vide radial stiffness, strength, or both to a tubing section.

Referring to FIG. 40, in one embodiment, inner layer 430
may exhibit relatively high strength and may comprise, for
example, PEEK or polyimide. Further, outer layer 432 may be
relatively flexible and may comprise, for example, FEP,
PTFE, ETFE, silicone, or polyurethane. Further, layers 430
and 432 may have a thickness (e.g., a radial thickness) of
between about 0.005 inches and about 0.001 inches. As men-
tioned above, layers 430 and 432 may be bonded to one
another or may be movable (slidable, twistable, etc.) with
respect to one another. Optionally, a coating 433 may be
applied to at least a portion of exterior surface of layer 432.
Such a coating 433, in one embodiment, may comprise a
polymer, such as TEFLON® and may have a thickness of
between about 0.001 inches and about 0.002 inches.

In a further embodiment, FIG. 41 shows a schematic side
cross-sectional view of tubing 405, including inner layer 440
and outer layer 442, wherein at least one reinforcing element
444 is incorporated within inner layer 440. As shown in FIG.
41, reinforcing element 444 may comprise a coil, in one
embodiment. In other embodiments, reinforcing element
may comprise any structure discussed above in relation to
reinforcing element 434, without limitation. In addition, in
one embodiment, inner layer 440 may be relatively flexible
and may comprise, for example, FEP, PTFE, ETFE, or poly-
urethane. Further, outer layer 442 may exhibit relatively high
strength and may comprise, for example, PEEK or polyimide.
Further, layers 430 and 432 may have a thickness (e.g., a
radial thickness) of between about 0.005 inches and about
0.010 inches. Optionally, a coating 443 may be applied to at
least a portion of exterior surface of layer 442. Such a coating
443, in one embodiment, may comprise a polymer, such as
TEFLON® and may have a thickness of between about 0.001
inches and about 0.002 inches.

In an additional embodiment, tubing may include four
layers. For example, FIGS. 42 and 43 show a cross-sectional
end view and a side cross-sectional view of another embodi-
ment of tubing 400. More particularly, as shown in FIGS. 42
and 43, tubing 400 includes layers 402, 404, 406, and 408. As
shown in FIG. 42, layer 402 defines a lumen 410. In one
embodiment, lumen 410 may have a substantially circular
cross-sectional shape and may exhibit a diameter of about
0.024 inches. In another embodiment, each of the layers 402,
404, 406, and 408 may be movable or slidable relative to one
or more adjacent layers. In addition, layer 402 may comprise
a material exhibiting a relatively high tensile strength. Such a
configuration may withstand relatively high pressures within
lumen 410. For example, layer 402 may comprise PEEK,
polyimide, etc. Typically, such relatively high strength mate-
rials may exhibit a modulus of elasticity of at least about
400,000 psi. Furthermore, each of layers 404, 406, and 408
may comprise a material that is relatively flexible. Such layers
404, 406, and 408 may each exhibit a tensile strength that is
less than the tensile strength of layer 402. For example, each
of layers 404, 406, and 408 may comprise a fluoropolymer,
PEBAX®, polyethylene terephthalate (“PET™), silicone, etc.
Typically, such relatively flexible materials may exhibit a
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modulus of elasticity below about 390,000 psi. However, any
layers may comprise PTFE, polypropylene, silicone, FEP,
PFA, ETFE, polyurethane (e.g., thermoplastic polyurethanes,
including ISOPLAST®, TECOFLEX®, TECOTHANE®,
CARBOTHANE®, TECOPLAST®, or TECOPHILIC®
type polyurethanes), or combinations of the foregoing, with-
out limitation.

In a further aspect of the instant disclosure, at least one
layer comprising a tubing section may extend distally from a
slender hollow structure for accessing a reservoir of an access
port through a septum. Put another way, at least one layer may
extend from a tubing section and may be structured for punc-
turing a septum of an access port. For instance, FIGS. 44 and
45 show a schematic side cross-sectional view of tubing 400,
401, 403, 405, and an access port 50. Tubing 400, 401, 403,
405 (as described above) includes a slender hollow region
450. Further, slender hollow region 450 may be relatively stiff
and suited for penetrating a septum 80 of an access port 50, as
shown in FIG. 45. Thus, a slender hollow region 450 extend-
ing from a distal end of tubing 400, 401, 403, 405 (which
comprises a plurality of layers) may form a needle or cannula
for fluid communication between a lumen of tubing 400, 401,
403, 405, and a reservoir 66 of access port 50. More particu-
larly, a slender hollow region 450 may comprise one or more
layers exhibiting a relatively high strength of relatively high-
strength layers (e.g., PEEK) forming tubing 400, 401, 403,
405. In one embodiment, an innermost layer of tubing 400,
401, 403, 405 may form slender hollow region 450. Such a
configuration may be advantageous and may, for example,
reduce the complexity of manufacturing an infusion set.

Many different embodiments of vascular access appara-
tuses or infusion systems may incorporate one or more
aspects of the instant disclosure. Some embodiments of a
vascular access apparatuses or infusion systems are disclosed
in U.S. Patent Application No. 60/675,309, filed Apr. 27,
2005, the disclosure of which is incorporated, in its entirety,
by this reference. Any of the infusion systems, apparatuses, or
methods, taken alone or in combination, described in U.S.
Patent Application No. 60/675,309, may be structured or
otherwise suited for performing power injection (e.g., accom-
modating a fluid flow rate of at least about 1 milliliter per
second, without limitation).

For example, the instant disclosure contemplates that an
infusion system configured for establishing fluid communi-
cation between a flexible tube and areservoir of an access port
may be structured for power injection. Such an infusion sys-
tem may include a slender pointed element that facilitates
placement of the flexible tube through a septum of the access
port and is removable from the infusion system once the
flexible tube is appropriately positioned.

Particularly, FIG. 46 shows in one embodiment an infusion
system 510 in an exploded assembly view, including an inser-
tion assembly 520, a safety clip 530, a hub 540 flexible tubing
590, extension tube 570, clamp device 560, and tube connec-
tor 580. In further detail, FIG. 47 shows a partial side cross-
sectional view of infusion system 510. As shown in FIG. 47,
insertion assembly 520 comprises a base 528 and a slender
pointed element 522 (e.g., a needle, a trocar, or a cannula)
secured thereto. As shown in FIG. 47, slender pointed ele-
ment 522 includes a pointed end 525. In a particular embodi-
ment, the instant disclosure may utilize a slender pointed
element having a “non-coring” pointed end (i.e., pointed end
525 is not “open” or hollow) to avoid damaging a septum of
aport into which the slender pointed element is inserted. The
slender pointed element 522 may comprise any conventional
needle, trocar, or cannula material, such as a stainless steel
(e.g., AISI 304 stainless steel), or may, in another embodi-
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ment, comprise a relatively hard plastic. In one embodiment,
base 528 may be injection molded or otherwise formed about
slender pointed element 522 to capture a portion of the slen-
der pointed element within the base 528, as best seen in FIG.
47. Further, base 528 may optionally include a recess 524
structured for accommodating other mechanisms (e.g., safety
clip 530), if such a recess is desirable. Base 528 may also,
optionally, include a coupling feature 526 (e.g., a protrusion)
structured for coupling to a coupling feature 544 (e.g., a
recess) formed in hub 540. Hub 540, as shown in FIG. 47, may
generally include hub body 550, manifold element 561, sep-
tum 548 and cap 546. In one embodiment, hub body 550 may
comprise TECOFLEX® (e.g., such as TECOFLEX® 85A-
B20). Further, hub body 550 may define wing structures 541
and 543 (FIG. 46), which may be configured for affixing the
hub to skin of a patient (e.g., by taping wing structures 541
and 543 to a patient, adhesively affixing wing structures 541
and 543 to a patient, or otherwise affixing wing structures 541
and 543 to a patient). Wing structures 541 and 543 may be
employed for manipulation of the hub, such as, for example,
when inserting the slender pointed element 522 and flexible
catheter 590 into an implanted port or when removing the
slender pointed element 522 from an implanted port. Hub
body 550 may optionally include a recess 542, if such a recess
is desirable. As shown in FIG. 47, recess 542 may have a
retaining lip 559 for retaining safety clip 530 therein, while
long slender element 522 is positioned through the safety clip,
as discussed in further detail hereinbelow.

Hub 540 may be structured for allowing the slender pointed
element 522 of insertion assembly 520 to pass through the
hub 540 and through septum 548, which is positioned within
the hub 540. Put another way, manifold element 561 may
define a plurality of passageways and at least one septum 548
through which fluid communication with the plurality of pas-
sageways may be accomplished. Explaining further, a mani-
fold element 561 may be configured for housing septum 548
to provide a seal a port or opening of a plenum defined by
manifold element 561. Optionally, a cap element 546 may be
positioned to capture septum 548 between cap element 546
and manifold element 561. Cap 546 may include an aperture
547 for allowing a slender pointed element to pass there-
through and through septum 548. Thus, slender pointed ele-
ment 522 (e.g., an appropriately sized trocar, non-coring
needle, or non-coring cannula) may be inserted through and
removed from septum 548 without compromising the ability
of septum 548 to seal. Further, the presence of cap 546 may
allow for so-called “power injection” to occur via manifold
element 561, wherein pressures within manifold element 561,
tubing 570, and flexible catheter 590 may reach at least about
200 psi or higher. Septum 548 may be structured according to
any septum embodiments disclosed herein (e.g., including at
least one structured element, for performing power injection,
etc.), without limitation.

As shown in FIG. 47, flexible catheter 590 may be affixed
to manifold element 561 and extension tube 570 may be
affixed to manifold element 561. In one example, extension
tube 570 and flexible catheter 590 may be chemically bonded
to manifold element 561. In another example, an adhesive
may affix extension tube 570 to surface 552 a part of manifold
element 561. Similarly, an adhesive may affix flexible cath-
eter 590 to inner surface 562 another port of manifold element
561. Further, the hub body 550 may be formed (e.g., injection
molded, cured, or otherwise over-molded) over the manifold
element 561 (and, optionally the septum 548, the cap 546, or
both) and at least a portion of the extension tube 570 as shown
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in FIG. 47. In another embodiment, the hub body 550 may be
formed over at least a portion of the flexible catheter 590, if
desired.

Generally, as mentioned above, any tubing disclosed in the
instant disclosure may comprise a portion of infusion system
510. Further, tubing clamps and connection devices as known
in the art, may be employed for extension tubing 570, clamp
device 560, and tube connector 580.

Flexible catheter 590 may comprise any material that is
suitable for power injection. For example, in one embodi-
ment, flexible catheter 590 may comprise a polymer, such as
TECOTHANE® (e.g.,, TECOTHANE® TT1055 D). As
shown in FIG. 47, flexible catheter 590 may include an elon-
gated lumen therein. Further, flexible catheter 590 may have,
proximate to opening 593 thereof, a transition region 595
wherein a cross-sectional size (transverse to the lumen 594)
of the flexible catheter 590 increases as a function of increas-
ing distance from opening 593. Optionally, transition region
595 may include two distinct tapers, although the instant
disclosure contemplates more generally that at least one
taper, at least one arcuate surface, or combinations thereof
may define transition region 595. Generally, at least one aper-
ture (e.g., one or more than one) may be provided proximate
opening 593 that extends through the tubular body of flexible
catheter 590 and communicates with lumen 594. As shown in
FIG. 47, flexible catheter 590 may include two apertures 592
in fluid communication with lumen 594.

As shown in FIG. 47, slender pointed element 522 may
extend through safety clip 530, through aperture 547 of cap
546, and into flexible catheter 590. Slender pointed element
522 may be structured for allowing fluid communication
within flexible catheter 590. More particularly, slender
pointed element 522 may be sized so as to allow for clearance
between the exterior of the slender pointed element 522 and
the interior (i.e., the lumen) of the flexible catheter 590. In one
embodiment, slender pointed element 522 may include at
least one longitudinally extending indentation (with respect
to a nominal cross-sectional shape of the slender pointed
element 522). For example, slender pointed element 522 may
have a pointed end 525 and may include longitudinally
extending indentations extending along (i.e., along a longitu-
dinal axis of) slender pointed element 522. In another
embodiment, slender pointed element 522 may be generally
circular, and longitudinally extending indentations may form
a substantially triangular cross section of the slender pointed
element 522 over the portion of the slender pointed element
that they are formed.

In a further embodiment, an infusion system may be struc-
tured so that a slender pointed element passes through an
extension tube, a flexible catheter, or both. Explaining further,
appropriate placement and configuration of a septum may
allow for a slender pointed element to pierce or pass into an
extension tube, a flexible catheter, or both. FIGS. 48 and 49
show another embodiment of a hub 540 including recess 542,
sleeve 620, and septum 548. In addition, at least a portion of
each of extension tube 570 and flexible catheter 590 may
extend partially within hub body 550. Further, flexible cath-
eter 590 extends partially within extension tube 570. Put
another way, flexible catheter 590 may at least partially over-
lap with extension tube 570 and vice versa. In another
embodiment, a single tubular element may extend through
hub 540 and function as both the flexible catheter 590 and
extension tube 570, if desired. Further, optionally, septum
548 may at least partially surround a portion of extension
tubing 570. Such a configuration may facilitate sealing of
septum 548 upon removal of slender pointed element 522
therefrom. Sleeve 620 may compress septum 548 so as to
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facilitate sealing of septum 548 upon removal of slender
pointed element 522 from the region of the septum 620 that
the sleeve 620 surrounds. Septum 548 may be structured
according to any septum embodiments disclosed herein (e.g.,
including at least one structured element, etc.) for performing
power injection, without limitation.

Further, FIG. 50 shows a perspective view of safety clip
530 positioned generally about pointed end 525 of slender
pointed element 522. Safety clip 530 includes legs 533 and
535 each having a curved end region, respectively, and a hole
534 sized for passing there through slender pointed element
522. In further detail, initially slender pointed element 522
may be passed through hole 534 and between legs 533 and
535 may be positioned and configured so as to allow the
slender pointed element 522 to extend there past. Further,
when the slender pointed 522 element is positioned therein
and safety clip 530 is positioned within recess 542, safety clip
530 may be sized so that it will fit within the retaining lip 543
(FIG. 49) of recess 542 (F1G. 49). However, legs 533 and 535
may be biased so that if the pointed end 525 of the slender
pointed element 522 is moved toward hole 534 and does not
extend past the curved end regions of the legs 533 and 535,
legs 533 and 535 will move toward one another to effectively
capture the pointed end 525 of the slender pointed element
522. Safety clip 530 may comprise any self-actuating device
for capturing a pointed end 525 of a slender pointed element
522. Such a safety clip 530 may reduce the chance of inad-
vertent insertion of the slender pointed element 522 into
another person, particularly the medical practitioner that is
installing and removing the slender pointed element 522.

The instant disclosure further recognizes that because the
consequences of improperly pressurizing an access port (and
a catheter affixed to the access port, if any) or an infusion set
may be problematic, it may be advantageous to provide at
least one identification attribute to components of an infusion
system so that all of such components may be suitable for
withstanding an anticipated maximum flow rate and pressure
associated with a selected infusion process. Put another way,
an access port that is configured for accommodating a flow
rate of at least about 1 milliliter per second may include at
least one identification attribute. Such an at least one identi-
fication attribute may be observed (e.g., visually, by palpa-
tion, ultrasonically, radiographically, etc.) or otherwise
detected. The term, “identification,” as used herein and in
connection with any infusion devices (an access port, infu-
sion set, etc.), means the ability to correlate selected informa-
tion of interest with a perceivable feature.

The instant disclosure contemplates that any of the identi-
fication features or attributes, taken alone or in combination,
described in U.S. Patent Application No. 60/658,518, filed 4
Mar. 2005, may identify an access port as being structured for
power injection. Also, embodiments of an access port includ-
ing at least one identification attribute are disclosed in U.S.
patent application Ser. No. 11/320,223, filed 28 Dec. 2005,
the disclosure of which is incorporated, in its entirety, by this
reference. The instant disclosure contemplates that any of the
identification features or attributes, taken alone or in combi-
nation, described in U.S. patent application Ser. No. 11/320,
223 may identify an access port as being structured for power
injection. Further, an access port may be identified by a maxi-
mum rate at which fluid may safely be infused. For example,
atleast one identification attribute may indicate that an access
port is configured for accommodating a fluid flow rate of at
least about 1 milliliter per second, without limitation.

Referring to an access port encompassed by the instant
disclosure, at least one attribute of a housing of an access port
may provide at least one identification attribute for identify-
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ing the access port as being structured for power injection at
arate of at least about 1 milliliter per second. In one embodi-
ment, at least one physical attribute (e.g., size, shape, etc.) of
an access port may identify the access port as suitable for
power injection or may identify a maximum flow rate or
pressure that may be safely accommodated by the access port.

Thus, one aspect of the instant disclosure relates to a
method of identifying an access port (e.g., subcutaneously
implanted or otherwise situated, without limitation) as being
suited for power injection. More particularly, an access port
including a septum may be provided. Further, at least one
attribute of the access port may be perceived. In addition, the
subcutaneously implanted access port may be identified as
being suitable for power injection in response to perceiving
the at least one attribute of the access port.

In one embodiment, at least one attribute for identification
may comprise at least one feature of an access port housing.
In further detail, FIG. 51 shows a perspective view of an
assembled access port 50. As shown in FI1G. 51, a side periph-
ery 295 (e.g., one or more side walls and, optionally, exposed
surfaces of suture plugs 291) of access port 50 may be gen-
erally triangular. Thus, cap 54 and base 56 may collectively
form a generally triangular housing 60 ofaccess port 50. Also,
the instant disclosure contemplates that side periphery 295
may taper or arcuately extend between an upper surface 61 of
cap 54 and lower surface 51 of base 56. As shown in FIG. 51,
a transverse cross section (taken in a selected plane substan-
tially parallel to lower surface 51, if planar, of base 56) of
access port 50 may be larger proximate to lower surface 51 of
base 56 and may be relatively smaller proximate to an upper
surface of cap 54. FIG. 52 shows a top elevation view of the
access port 50 shown in FIG. 52 and illustrates a generally
triangular shape defined by side periphery 295. Additionally,
FIG. 53 shows a simplified representation of a transverse
cross section of access port 50. As shown in FIG. 53, side
periphery 295 of access port 50 may define three side regions
303 that extend between associated vertex regions 301. In
addition, in one embodiment and as shown in FIG. 53, side
periphery 295 may define a substantially equilateral generally
triangular shape. As may be appreciated, side regions 303
may arcuately extend between associated vertex regions 301;
thus, side regions 303 may form “sides” of a generally trian-
gular shape. Further, although vertex regions 301 are
rounded, it will be appreciated that such vertex regions 301
form an intersection between adjacent side regions 303.
Accordingly, it will be appreciated that the phrase “generally
triangular,” as used herein, encompasses any generally three-
sided geometry wherein adjacent sides intersect at or within
vertex regions, without limitation. For example, “generally
triangular” encompasses three-sided polygons, circular tri-
angles, equilateral triangles, etc., without limitation.

Furthermore, in a further embodiment, at least one attribute
for identification may comprise a radiographic marker. More
particularly, an access port may exhibit an observable pattern,
symbol, marker, or other indicium that indicates that the
access port is structured for accommodating a particular flow
rate, pressure, or both. In another embodiment, at least one
attribute for identification may comprise a perceptible aspect,
such as a visually perceivable feature. For example, at least
one color, at least one symbol, at least one typographical
character (e.g., a letter, a number, etc.), a pattern, or any other
indicium that may be visually perceivable or otherwise per-
ceptible may be used. In a yet additional embodiment, an
ultrasound detectable feature may be incorporated within an
access port. In a further additional embodiment, an access
port may comprise an RFID tag.
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It will be appreciated that other equipment and devices
(e.g., infusion sets, tubing, injectors, etc.) may be identifiable
in relation to a suitable maximum flow rate or maximum
pressure. For example, particular infusion apparatuses may
include one or more of the above-mentioned identification
attributes or features. Such a configuration may allow for
different components (e.g., tubing, needles, access ports,
mechanical injectors, etc.) to be matched with one another.
For example, substantially similar or matching identification
attributes shared by a power injection apparatus, an infusion
set, and an access port may indicate suitability for use with
one another to perform a selected power injection process.

Another aspect of identification of an access port may
relate to identification of a patient within which an access port
is implanted. More specifically, a patient may be provided
with an identification card that carries perceptible (e.g., visu-
ally, via magnetic strip, bar code, manually, or by other suit-
able mechanisms) information regarding an implanted port.
Thus, such an identification card may be presented to a health
care worker, the information carried by the identification card
may be perceived, and the access port may be identified.
Upon identifying the access port, characteristics of the access
port may be ascertained, such as, for instance, a maximum
flow rate, a maximum pressure, suitability for a particular
procedure or procedures, etc. In another embodiment, a wrist-
band or bracelet may be provided to a patient within whom an
access port is implanted. In a further embodiment, a key chain
including an information carrying device, such as, for
example, a magnetic strip, a bar code, a computer readable
media or device (e.g., a compact disk, “flash” memory, a disk
drive, etc.), or any other suitable information carrying device.
In another embodiment, a sticker containing the port infor-
mation can be applied to the chart of the patient. In further
embodiments, labeling on the infusion set can be used to
identify the set as power injection compatible.

A further aspect of the instant disclosure relates to a septum
comprising a gel or viscous liquid. The term “gel,” as used
herein, means a colloid with at least one solid component
suspended within at least one liquid component, wherein the
solid particles (e.g., polymer particles) are attracted or other-
wise linked to one another (e.g., entangled or cross-linked) by
covalent, ionic, or dispersion (physical) forces. Thus, in one
embodiment, a gel may be a colloid in which the solid dis-
perse phase forms a network in combination with the fluid
continuous phase to produce a viscous or semi-rigid sol. A gel
may exhibit stress-strain behavior that is elastic, viscoelastic,
or plastic, without limitation. The term “viscous liquid,” as
used herein, means a liquid exhibiting a viscosity of about
20,000 centipoises or higher.

One or more passageways formed through a septum posi-
tioned within a housing to form an access port may allow for
leaking of fluid through the one or more passageways if the
reservoir of the access port is pressurized. The instant disclo-
sure contemplates that a gel region may be generally posi-
tioned between an upper surface of a septum and a lower
surface of a septum, to facilitate a cannula extending through
the septum from the upper surface to the lower surface to also
pass through at least a portion of the gel region.

For example, in one embodiment, a septum may include a
gel that is at least substantially surrounded by a body material.
For instance, FIG. 54 shows a schematic, side cross-sectional
view of a septum 610 including a body 612 and a gel region
620 positioned within body 612. Gel region 620 may be
structured so that a cannula inserted through upper surface
614 and extending through lower surface 616 will pass
through a portion of gel region 620. In one embodiment, gel
region 620 may comprise a silicone gel. In another embodi-
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ment, a gel region may comprise an initially anuncured liquid
(i.e., has arelatively low viscosity) that may be cured to cause
the liquid to form a gel. In a further embodiment, gel region
620 may comprise a viscous liquid, or a viscoelastic material.

Inone example, gel region 620 may comprise an elastomer,
such as, DOW CORNING® 7-9600 Soft Filling Elastomer,
Parts A & B, which is commercially available from DOW
CORNING Corporation of Midland, Mich. In another
embodiment, gel region 620 may comprise Silicone Gel
MED-6340, which is commercially available from NuSil
Technology of Carpinteria, Calif. In yet a further embodi-
ment, gel region 620 may comprise an elastomer exhibiting a
Shore A hardness of about 20 to about 30, such as, for
instance, DOW CORNING® C6-515. Liquid Silicone Rub-
ber, Parts A & B or DOW CORNING® C6-530 Liquid Sili-
cone Rubber Parts A & B, either of which is available from
DOW CORNING Corporation of Midland, Mich. Further,
optionally, body 612 of septum 610 may comprise a silicone
material with a Shore A hardness of about 50 to about 60. In
another embodiment, body 612 and/or upper surface 614 of
septum 610 may comprise a silicone material with a Shore A
hardness of about 60 to about 80. Optionally, body 612 and/or
upper surface 614 of septum 610 may comprise a fluoropoly-
mer (e.g., PTFE, etc.) or polyurethane.

One of ordinary skill in the art will understand that, upon
removal of a cannula extending through at least a portion of
gel region 620, a passageway or channel formed through gel
region 620 may rebound, recover, seal, or heal. Further, gel
region 620 may seal passageways formed through body 612
and upper surface 614. For example, gel region 620 may
inhibit or prevent fluid leakage from a reservoir of an access
port through the septum 610 when a pressure within the
reservoir exceeds an ambient pressure external to the access
port (e.g., during a power injection process, any process for
flowing a fluid through an access port as described above, or
any process for flowing a fluid through an access port as
known in the art, without limitation). In addition, gel region
620 may be formulated and/or body 612 may be structured so
that a cannula passing through septum 610 will resist trans-
ferring or removing any of the material comprising gel region
620 outside of a selected boundary or envelope. In one
embodiment, body 612 may be structured to remove a mate-
rial comprising gel region 620 from a cannula passing
through the body 612.

Any of the septum embodiments discussed herein may
include at least one gel region. For example, FIG. 55 shows a
schematic, side cross-sectional view of a septum 611 includ-
ing a body 612 and a gel region 620. As discussed above, gel
region 620 may be structured so that a cannula inserted
through upper surface 614 and extending through lower sur-
face 616 will pass through a portion of gel region 620. Such a
configuration may provide a robust septum that resists leak-
ing even if a multitude of passages are formed through the
septum with a cannula. Furthermore, providing a septum
comprising a gel may improve a sealing ability or quality of
the septum. Accordingly, a septum including a gel material
may exhibit a reduced thickness (i.e., from an upper surface to
a lower surface) in comparison to a conventional septum. For
example, FIG. 56 shows a septum 613 including a body 612
and a gel region 620, wherein a thickness T is less than a
conventional thickness of a conventional septum. In one
embodiment, athickness T of septum 613 may be about 0.500
inches or less.

The instant disclosure contemplates a variety of different
manufacturing methods may be employed for forming a sep-
tum comprising a gel. For example, generally, a body of a
septum may be formed to substantially surround at least one
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gel region or a recess or chamber may be formed by a septum
body that is filled with a gel. In one embodiment, a gel region
may be suspended within a mold for forming a body of a
septum. More particularly, FIG. 57 shows a schematic, side
cross-sectional view of a first mold 652 and a second mold
654, wherein gel region 620 is positioned between (e.g.,
suspended) first mold 652 and second mold 654. As shown in
FIG. 57, gel region 620 is positioned by a frame element 630,
which abuts parting surface 655 of second mold 654. As
shown in FIG. 57, frame element 630 may be positioned by
pins 606. In other embodiments, frame element 630 may be
suitably positioned, without limitation. In a particular
embodiment, parting surface 653 of first mold 652 may be
positioned proximate to parting surface 655 of second mold
654 (i.e., parting surfaces 653 and 655 may be separated by
frame element 630) to form a chamber defined by cavity 658
and cavity 656. Further, a hardenable material (e.g., a curable
material, such as a curable silicone, a thermoplastic, a resin,
etc.) may be injected into the chamber and hardened. Thus,
the hardenable material may surround or encapsulate gel
region 620 and may exhibit a geometry that is complimentary
to cavities 656 and 658.

Generally, frame element 630 may be coupled to or affixed
to gel region 620. In one embodiment, frame element 630
may couple or engage at least a portion of a periphery of gel
region 620. In another embodiment, frame element 630 may
be substantially planar and gel region 620 may rest upon or
may be formed upon frame element 630. Further, in one
embodiment, frame element 630 may extend at least partially
through gel region 620. Optionally, frame element 630 may
cover or extend across mold cavity 656 of second mold 654.
In one example, frame element 630 may comprise a mesh
(e.g., ametal or polymer mesh, a fabric, a fiber mesh, etc.). In
another example, frame element 630 may comprise a sheet or
layer of silicone and may be, optionally, perforated. If frame
element 630 comprises a mesh or is perforated, fluid commu-
nication (of a hardenable material) between cavity 658 and
cavity 656 may occur, which may be desirable for avoiding
shifting of gel region 620 and/or frame element 630 during
encapsulation. Once gel region 620 is encapsulated, selected
portions of frame element 630 may be trimmed or cut, if
desired.

In another method of forming a septum including at least
one gel region, a septum body may be formed to include at
least one chamber, which may be filled with a gel. For
example, FIG. 58 shows a septum body 612 defining chamber
621. Optionally, opening 623 may be defined by body 612.
Accordingly, a gel may be introduced within chamber 621 via
the opening 623 and the opening, optionally, may be closed.
For example, an uncured gel may be introduced within cham-
ber 621. Further, the uncured gel may be cured by heating or
by other suitable methods. Such a configuration may form a
gel region as described above in relation to FIG. 55. In one
embodiment, chamber 621 may be formed by an air injection
molding process, ablow molding process or any other process
known in the art for creating a chamber 621 within body 612.
In another embodiment, body 612 may be formed about a
removable plug or filler (e.g., a silicone plug, steel, or alumi-
num insert). Such a plug or filler may be coated with a non-
stick coating (e.g., TEFLON®), silicone, or any nonstick coat-
ing known inthe art). Thus, chamber 621 may be formed upon
removal of the plug or filler. In other embodiments, portions
of a septum may be formed, filled with a gel (or a liquid
precursor to a gel), and bonded to one another to form a
septum. In a further embodiment, body 612 may be initially
formed and may enclose chamber 621 within body 612. In
addition, body 612 may be cut to form an opening to allow
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chamber 621 to be filled with a gel. Such an opening of body
612 may be closed or sealed to capture or form a gel region.
In yet a further embodiment, a solid body may be formed and
a chamber may be formed by slicing the solid body. In such a
configuration, filling the chamber may cause the solid body to
deform to form a domed or raised region, if desired. [t will be
appreciated that many different approaches may be employed
for forming a chamber 621 within body 612 and subsequently
filling the chamber with a gel.

In an additional embodiment, a septum may include a gel
region positioned between a body and a layer of material
bonded to or formed over at least a portion of the gel region
and at least a portion of the body. For example, FIG. 59 shows
a schematic, side cross-sectional view of a septum 615
including a body 632, a gel region 620, and a layer 626. As
shown in FIG. 59, gel region 620 may be positioned within a
recess 633 formed in the body 632 and layer 626 may extend
over a portion of gel region 620 and a portion of body 632.
One of ordinary skill in the art will understand that gel region
620 may be positioned or formed within recess 633 of body
632 and then layer 626 may be formed or positioned over gel
region 620 and body 632. Further, layer 626 may be bonded
(e.g., adhesively bonded, bonded via curing, bonded via
welding, or as otherwise known in the art) or otherwise
affixed to body 632 to capture gel region 620. In one embodi-
ment, septum 615 may be formed by a multiple head (e.g., a
two head) injection molding apparatus. More particularly,
such a molding apparatus may be capable of forming the body
632, forming the gel region 620 within the body 632, and
forming (e.g., over molding) the layer 626 over the gel region
620 and body 632 by suitable mold configurations and mate-
rial injections. Layer 626, in one embodiment, may comprise
a silicone-based material exhibiting a Shore A hardness of
between about 60 and about 80. Body 632, in one embodi-
ment, may comprise a silicone-based material exhibiting a
Shore A hardness of between about 40 and about 50. Accord-
ingly, during use of septum 615 (installed within a housing to
form an access port) a cannula may pass through layer 626, at
least a portion of gel region 620, and body 632. Such a
configuration may facilitate positioning of a cannula extend-
ing through layer 626, at least a portion of gel region 620, and
body 632.

While certain representative embodiments and details have
been shown for purposes of illustrating aspects of the instant
disclosure, it will be apparent to those skilled in the art that
various changes in the methods and apparatus disclosed
herein may be made without departing form the scope of the
instant disclosure, which is defined in the appended claims.
For example, other access port sizes and shapes may be
employed; and various other embodiments structures may be
employed for forming at least one identifiable feature of an
access port of the instant disclosure. The words “including”
and “having,” (including their variants) as used herein includ-
ing the claims, shall have the same meaning as the word
“comprising.”

What is claimed is:
1. A method of performing a power injection procedure,
comprising:

taking an x-ray of a subcutaneously implanted access port
in a patient to determine whether the access port
includes a radiographic feature indicating that the access
port is suitable for flowing fluid at a rate of at least 1
milliliter per second through the access port, the access
port defining one or more fluid reservoirs, each fluid
reservoir accessible through a cannula-penetrable sep-
tum;
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identifying the indicating radiographic feature on the

x-ray; and

flowing a fluid through the access port at a rate of at least 1

milliliter per second.
2. The method according to claim 1, wherein the identify-
ing step comprises identifying a radiographic pattern
included in the cannula-penetrable septum of the access port.
3. The method according to claim 1, wherein the identify-
ing step comprises identifying a radiographic letter.
4. The method according to claim 1, further comprising the
step of confirming that the access port is suitable for flowing
fluid at a rate of at least 1 milliliter per second by palpating to
feel a structural feature of the access port indicating that the
access port is suitable for flowing fluid at a rate of at least 1
milliliter per second through the access port.
5. The method according to claim 1, further comprising the
step of confirming that the access port is suitable for flowing
fluid at a rate of at least 1 milliliter per second by visually
perceiving information outside of the body of the patient
included on an element selected from the group consisting of
a key chain, a bracelet, a wrist band, a sticker provided on a
patient’s chart, a patient ID card, a label provided on pack-
aging of the access port, and combinations thereof, the ele-
ment indicating that the access port is suitable for flowing
fluid at a rate of at least 1 milliliter per second through the
access port.
6. The method according to claim 1, further comprising the
step of confirming that the access port is suitable for flowing
fluid at a rate of at least 1 milliliter per second by detecting a
radiofrequency identification (RFID) tag associated with the
implanted access port, the RFID tag signaling that the access
port is suitable for flowing fluid at a rate of at least about 1
milliliter per second through the access port.
7. The method according to claim 1, further comprising the
step of confirming that the access port is suitable for flowing
fluid at a rate of at least 1 milliliter per second by detecting an
ultrasound-detectable feature associated with the implanted
access port, the ultrasound-detectable feature indicating that
the access port is suitable for flowing fluid at a rate of at least
1 milliliter per second through the access port.
8. A method of performing a power injection procedure,
comprising:
providing an access port including a cannula-impenetrable
housing and a radiographic feature indicating that the
access port is suitable for flowing fluid at a rate of at least
1 milliliter per second through the access port;

implanting the access port in a subcutaneous pocket
formed under a patient’s skin;

taking an image of the implanted access port via imaging

technology;

identifying the access port as being suitable for flowing

fluid at a rate of at least 1 milliliter per second through
the access port via the image of the radiographic feature
of the access port; and

injecting contrast media fluid through the access port at a

rate of at least 1 milliliter per second.
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9. The method according to claim 8, wherein the identify-
ing step comprises identifying a radiographic letter.

10. The method according to claim 8, further comprising
the step of confirming that the access port is suitable for
flowing fluid at a rate of at least 1 milliliter per second by
palpating to feel a structural feature of the access port indi-
cating that the access port is suitable for flowing fluid at a rate
of at least 1 milliliter per second through the access port.

11. The method according to claim 8, further comprising
the step of confirming that the access port is suitable for
flowing fluid at a rate of at least 1 milliliter per second by
visually perceiving information outside of the body of the
patient included on an element selected from the group con-
sisting of a key chain, a bracelet, a wrist band, a sticker
provided on a patient’s chart, a patient ID card, a label pro-
vided on packaging of the access port, and combinations
thereof, the element indicating that the access port is suitable
for flowing fluid at a rate of at least 1 milliliter per second
through the access port.

12. The method according to claim 8, further comprising
the step of confirming that the access port is suitable for
flowing fluid at a rate of at least 1 milliliter per second by
detecting an RFID tag associated with the implanted access
port, the RFID tag signaling that the access port is suitable for
flowing fluid at a rate of at least 1 milliliter per second through
the access port.

13. The method according to claim 8, further comprising
the step of confirming that the access port is suitable for
flowing fluid at a rate of at least 1 milliliter per second by
detecting an ultrasound-detectable feature associated with the
implanted access port, the ultrasound-detectable feature indi-
cating that the access port is suitable for flowing fluid at a rate
of at least 1 milliliter per second through the access port.

14. A method of performing a power injection procedure,
comprising:

implanting an access port including a fluid reservoir acces-

sible through a septum and a radiographic feature, the
radiographic feature indicating that the access port is
capable of handling pressures associated with power
injection;

taking an image of the implanted access port via imaging

technology;

identifying the access port as capable of handling pressures

associated with power injection via the image of the
radiographic feature of the access port;

palpating the access port to identify the location of the

septum,

inserting a needle through a septum, the needle connected

to tubing and in fluid communication therewith, the
needle and tubing structured to accommodate a fluid
pressure of at least 400 psi; and

injecting contrast media fluid through the tubing and

needle to induce a pressure within the access port in the
range of 37 psi and 65 psi.

ok ok k%
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GuidRRes for Health Care Providers

The Smart Port® power-injectable port is intended to facilitate frequent blood sampling or the delivery of medications,
nutritions, blood products and power injection of contrast media for imaging. Access is performed by percutaneous
needle insertion using an anticoring (huber point) needle.

HOW TO IDENTIFY THE SMART PORT®
POWER-INJECTABLE PORT

Each Smart Port® power-injectable port is packaged with a
Smart Port® Patient Education Packet that includes a Smart
Port® Patient Information Booklet, Smart Port® Patient
Identification Card, a Key Ring Card and Patient
D Bracelet. The patient should receive these
items at the time the port is implanted.

If the patient does not have at least one of the
above items needed to identify their port as being capable of
power injection of contrast media, the port can be identified
by the Smart Angle® identifier technology on the CT and CT
Low-Profile models or CT engraving on all models through
Chest X-Ray or CT Scout Scan

VORTEX

TECHNOLOGY

Tangential outlet and
clear-flow technology set

up efficient flushing action

to hyper-cleanse the entire
chamber, resist sludge build up,
and reduce occlusions

and infections.

IMPORTANT INFORMATION

Read all instructions prior to utilization of device.

The LifeGuard™ Safety Infusion Set 19 or 20 gauge non Y-site
needles must be utilized to access the Smart Port® implanted
port for power injection of contrast media.

The LifeGuard™ Safety Infusion Set 19 or 20 gauge needles
should be used in all procedures. These needles have been
designed and tested to ensure that septum life is preserved.

Contrast dye should be warmed to body temperature prior to
utilization for power injection. Failure to have contrast at body
temperature may lead to device failure.

Do not exceed the maximum flow rate of 5 mUsec. Failure
can result in over pressurization of the port device. The power
injection machine may not prevent over pressurization in the
presence of occlusion or resistance.

Do not exceed 300 psi Exceeding pressures of 300 psi could lead
to device rupture or catheter malposition.

Failure to assess the patency of the Smart Port® implanted port
prior to power injection may lead to device rupture or failure.

Absence of a blood return or a poor blood return can be a
sign of a potential complication such as occlusion, kinking,
breakage, Pinch-Off Syndrome, fibrin formation, thrombosis or

1. This should be prior to device usage. A
blood return should be present prior to usage of device for any
therapy or testing.

If the patient complains of pain, or if there is swelling when
the device is flushed or when medication or contrast media is
administered, evaluate the device for infiltration, proper needle
placement, and potential complications such as occlusion,
kinking, breakage, Pinch-Off Syndrome, thrombosis or
malposition. Failure to assess these complaints or observations
can lead to device failure.

Power injection machine pressure limiting (safety cut-off)
settings may not prevent over pressurization of an
occluded device.

10 mL syringes o larger are recommended for all flushing
or injection procedures. Use of smaller syringes may result in
system damage.

The catheter tip should be evaluated for proper location prior
to power injection.

Do not exceed 300 psi or 5 mUsec when using the LifeGuard™
Safety Infusion Set.

Power injection using the Smart Porte implanted port should be
performed by trained clinicians who are knowledgeable about
the utilization of the Smart Porte implanted port.

LIFEGUARD™ SAFETY INFUSION SETS

LifeGuard™ Non Y-site Models
Descrption
19Gax 75"

Parch
1975

196ax1 619100

26X 507 162050
206X 75" 62075
261 1520100

06x15" 1620150

55 Quantity of 20 per box

>> Maximum Setting for Flow Rates for
all models is 5 mUsec

>> Maximum Pressure Setting
is 300 psi

100% Guaranteed Against Sludge Buildup

Ask your AngioDynamics sales representative for details.

PATIENT EDUCATION PACKET

Patient Info Guide Contents:

>The Smart Port* Power Injectable
Port Advantage

> Description of the Smart Port®
Power Injectable Port

> Placement of The Smart Port®
Power Injectable Port

> Use of Smart Port* Power
Injectable Port

> Potential Problems with the Smart
Port* Power Injectable Port

> Care of the Smart Port* Power
Injectable Port

> Questions Regarding Your Smart
Port” Power Injectable Port

SMART PORT

Patient Education Guide

- H
21l

Patient ID Card/Key Ring

Patient Care Checklist

Patient ID Bracelet

Implant Record Stickers for Charts

PROCEDURE FOR POWER INJECTION

1 = The clinician should first
review the patient chart to ensure
that the patient has a Smart Porte
implanted port that is indicated
for power injection of contrast
media. The patient should have a
Smart Port® Patient Identification
Card, Smart Port® Patient
Information Guide or Smart Port®
Key Ring Card.

Note: The completed patient
identification card should be given
to the patient, who should be
instructed to carry it at all times.

2. the smart porte Implanted
Port should be accessed with a 19
or 20 gauge non y-site LifeGuard™
Safety Infusion Set for injection of
contrast media. The tubing on the
safety needle should be clamped.

3. Remove the injection cap
attached to the end of the
LifeGuard™ Safety Infusion Set.

4. Attach a 10 mL or larger
syringe to the luer hub end of the
LifeGuard™ Safety Infusion Set,
release the clamp and aspirate to
confirm blood return.

Note: Absence of blood return
or a poor blood return can be a
sign of a potential complication
such as occlusion, kinking,
breakage, Pinch-Off Syndrome,

Smart Port® CT

fibrin formation, thrombosis

or malposition. This should be
evaluated prior to catheter usage.
A blood return should be present
prior to usage of device. Note:

9. seithe power injection
machine per manufacturer's
recommendations for a
maximum pressure of 300 psi.

Testing aspiration for simulated

blood return is 0.5 mL/sec.

5 u Flush the Smart Port®

10. rerform the study. Do not
exceed 5 mL/sec or 300 psi during
injection of contrast dye.

Implantable Port with 10-20 mL

0.9% normal saline. The device
should flush without resistance.
Warning: Not assessing patency
may result in device failure.

6. Close the clamp of the
LifeGuard™ Safety Infusion

Set tubing.

7/ o remmn e i
LifeGuard™ Safety Infusion Set.

8. ttach the power injection
tubing per manufacturer’s
recommendations to the luer hub
end of the LifeGuard™ safety
Infusion Set. Release the clamp.

U o @seitiedtmp e
the power injection tubing from
the luer hub end of the LifeGuard™
Safety Infusion Set.

1 2- Place a new injection cap on
the LifeGuard™ Safety Infusion Set
luer hub.

1 3 = Flush the Smart Port®
Implantable Port with 10-20 mL
0.9% normal saline.

14. f1ush the smart port
Implantable Port with 3-5 mL of
10-100 units/mL heparinized saline.
Actual amount and strength depends
on facility policy.

ntroducer WMaterial port

SMART PORT® POWER-

Description Sie) Pty BodyiCamerer Catheter rort
= W ETTTETNJECTABLE PORT
Detached skone catheter s o sy
o 8 oo T o0 s 6 o o SYSTEM MAINTENANCE
[S— o s TSR s 6 o o After each delivery of medications
[—— o amsmow ISR pe o ow oo . or fluid: Flush with at least 20 mL
b o L b e L - of normal saline followed by 3-5 mL
e (lkorohds of heparinized saline solution.
Detached icone catheter o comoar TUWMSKONe o 96 6 omo o7
R P NV P o After blood withdrawal: Flush with
Atachedpoyurethone atherer 8 oA TmmPOutne o0 5 65 omo o7 a minimum of 10 mL of saline
e followed by 3-5 mL of heparinized
tached sikons cthter Taniumilicone 52 95 6 o !

Atachedsfcone athet o comsa  Jmsi 1632 oo ? saline solution.
Smart Port* CT Mini Port not in use: 3-5 mL of heparinized

rroduer Vateralport h i
Descrption Sier) Pty BodyiCamerer Catnetar port saline solution should be administered

e e every four weeks.
Detaced poreraracareter 7 Clow0__ TonumiCarbothane®__1422_65_55__ 0016 o
After power injection of contrast

Smart Port® CT Low-Profile media: Flush with 10-20 mL normal

Tntrducer Wiateral For saline, followed by 3-5 mL of
Description SieFr) Pty BodyiCatherer o owew Fort heparinized saline solution.
Detached polpwrerane et 7 oo TanmiCarbottnet 142266550016 04

OPERATING LIFEGUARD™ SAFETY INFUSION SET

1. Access the Port >> Grasp the wings with
thumb and middle finger, placing your index
finger on top of the needle head. >>Insert
needle perpendicular to the port. >>
Advance needle through the skin and
the septum until it makes contact with
the bottom of the reservoir.

P S o
\1J A\ 24 4

2. De-Access the Port >> Raise the needle trap to a 90° angle. >> Using your non-dominant hand, grasp the needle stick

guard and hold down firmly.

3. De-Access Part 2 >> While holding the needlestick guard firmly, grasp the flexible wings and pull upward until the needle
is completely encapsulated in the needle trap. >> Note: The needle trap allows for visual confirmation that the needle is fully
encapsulated and safe. Additionally, you may feel or hear it lock into the safe position.

4. De-Access Part 3 >> Flip the needlestick guard toward the needle trap. >> Dispose in Sharps Container port.

ANGIODYNAMICS®
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SMART PORT

POWER-INJECTABLE PORTS

VORTEX

TECHNOLOGY

@ angiodynamics
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Engineered -
for Life

Smart Port” High-Performance Titanium Power-Injectable Ports
are indicated up to 5mL/sec and 300 psi and are MRI-conditional—3 Tesla.

Standard CT

Designed with a Vortex” chamber
for improved fluid dynamics

Blue boot strain-relief mechanism
allows for placement flexibility and
protects against catheter kinking

L Silicone-filled suture holes
T available for ease of explants

T

Atraumatic radiopaque tip'

Fluoromax' radiopaque catheter
silicone and polyurethane options

Each Smart Port model features a
light-weight design and a CT-engraved
port body for better identification.

Low-Profile CT Mini CT
6.6F catheter reduces the Smallest profile titanium
risk of thrombosis CT-rated port indicated for

chest or peripheral placement
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The Vortex Technology Difference

Reduce chamber occlusions.
Increase nursing efficiency.
Reduce overall interventions. Vortex demonstrated

0
Superior Fluid Dynamics 7 3 A)

compared to conventional ports.

fewer port occlusions'

69%

fewer secondary
interventions'

Round Chamber

allows fluid to reach all surfaces
in the chamber, helping eliminate

dead spaces, resist sludge build-up, Use of Vortex port
and reduce occlusions. technology results in
—©
Tangential Outlet VORTEX $1 ,224
helps create a flushing action within the TECHNOLOGY : :
port to hyper cleanse the entire chamber average savings per patient
leading to a reduced rate of occlusions. over conventional ports.?

Identifying a Smart Port Power-Injectable Port

Smart Port power-injectable ports can be identified by the Smart
Angle” technology on the CT and CT Low-Profile models. The CT
engraving on all models can be identified through chest x-ray

or CT Scout Scan. Each Smart Port patient receives an education
packet—including an information booklet, ID card, key ring card
and ID bracelet.

' Stevens B, Barton SE, Brechbill M, et. al. A Randomized, Prospective Trial of Conventional Vascular Ports vs. The Vortex
“Clear-Flow” Reservoir Port in Adult Oncology Patients. JVAD 2000; (Summer).
2 Third party verification by Pinnacle Healthcare Management.
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Smart Port CT
Introducer Material Port
Description Size (Fr.) UPN UPN Body/Catheter Catheter Port
ID/OD D. h IntVol |Int Vol
w/ Safe Sheath (mm) ?FP) ch?g)t (:]L/C:q) n(:nl_;)
Titanium/Sili
Detached silicone catheter 8 H787CT75STSDO H787CT75STSDVI1 F:UZT(;J,\TaXI cone 14125 7.5 66 0.015 0.7
Detached polyurethane catheter 8 H787CT80STPDO  H787CT80STPDVI1" :;Lao”r':l\’/l“; i°'y”retha”e 1527 8 66 0020 07
Detached silicone catheter 10 H787CT965TSDO  H787CT9I6STSDVI1 :I'anr;g\’;‘;i""o”e 1632 96 66 002 07
Detached silicone catheter Titanium/Silicone
e eee heone. 8 H787CT75STSDNFO — FluoroMax 1425 75 66 0015 0.7
Detached polyurethane catheter 8 H787CT80STPDNFO o Titanium/Polyurethane 1527 8 66 0020 07
non filled suture holes FluoroMax e : ’
Detached silicone catheter Titanium/Silicone
non filled suture holes 10 H787CT96STSDNFO — FluoroMax 1.6/3.2 96 66 0.020 0.7
Attached silicone catheter 8 H787CT75STSAQ — sl 1425 75 66 0015 07
FluoroMax
Attached polyurethane catheter 8 H787CT80STPAO — Titanium/Polyurethane , 5/, ;g 66  0.020 0.7
FluoroMax
Attached silicone catheter 10 H787CTI6STSAO - ET e 1632 96 66 0020 07
FluoroMax
Smart Port CT Low-Profile
Detached polyurethane catheter 7 H787CT66LTPDO H787CT66LTPDVI1  Titanium/Carbothane  1.4/22 6.6 55 0.016 0.4
Smart Port CT mini
Detached polyurethane catheter 7 H787CT66PTPDO H787CT66PTPDVI1  Titanium/Carbothane  1.4/22 6.6 55 0.016 0.3

t Available on select models
11 Only available with 8.5F Introducer

IMPORTANT RISK INFORMATION

The following is a brief summary of important risk information
for the Smart Port power-injectable port line. For detailed
information on the categories referenced, please consult

the instructions for use packaged with each device. Observe
all instructions prior to use. Failure to do so may result in
patient complications.

INDICATIONS FOR USE: The Smart Port CT power injectable port
line is indicated for any patient requiring repeated access of the
vascular system for delivery of medications, nutritional
supplementation, fluids, blood, blood products, sampling of
blood and power injection of contrast media for imaging.

@ angiodynamics

Use of non Y site LifeGuard Safety Infusion Set (size = 20Ga

or 19Ga) is indicated for power injection of contrast media.

For power injection of contrast media, maximum recommended
infusion rate is 5Sml/sec.

INDICATIONS FOR USE: The Safe Sheath Ultralite is indicated for
the introduction of various types of pacing leads and catheters.
This device is intended for one time use only. Read instructions
prior to use.

CONTRAINDICATIONS: Smart Port CT should not be implanted in
the presence of known or suspected infections, bacteremia,
septicemia and peritonitis, or in patients who have exhibited prior

USA > 14 Plaza Drive, Latham, NY 12110 > tel: 800-772-6446 > fax: 518-798-1360 > Canada tel: 800-268-0184
International > Haaksbergweg 75 (Margriettoren), 1101 BR, Amsterdam Z-O > The Netherlands

tel: +31 (0)20 753 2949 > fax: +31 (0)20 753 2939

www.angiodynamics.com

*AngioDynamics, the AngioDynamics logo, Smart Port, Vortex, Smart Angle, Engineered for Life, and FluoroMax are trademarks
and/or registered trademarks of AngioDynamics, Inc.,an affiliate or a subsidiary. Safe Sheath is a trademark and/or registered trademark

of Pressure Products, Inc.

intolerance to the materials of construction, or patients whose
body size or tissue is insufficient to accommodate the size of the
port or catheter.

WARNINGS AND PRECAUTIONS: Please see package insert for
complete list of warnings and precautions.

POTENTIAL COMPLICATIONS: Consult package insert for a
complete list of potential complications.

CAUTION: Federal (USA) law restricts these devices to sale by or
on the order of a physician.

© 2014 AngioDynamics, Inc. MLC 220 Rev J
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INSTRUCTIONS FOR USE
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Important Information Regarding Smart Port® CT Power Injectable Ports
Procedure for Power Injection

Indications for Use

Contraindications

Warnings

How to Identify the Smart Port® CT Implantable Ports
Potential Complications

MRI Conditional 3T

Needles

IMPLANTATION INSTRUCTIONS
General Guidelines

Precautions

Port and Catheter Preparation

Port Placement Considerations

Catheter Placement Considerations
Implantation of Attachable Catheter
Implantation of Preattached Catheter 10
Post Operative Care 13

PROCEDURES FOR USE 13
Accessing the Smart Port® CT Power Injectable Ports 13
Blood Sampling 15
System Maintenance 15
Troubleshooting the Smart Port” CT Implantable Ports Catheter

Obstruction 15
Explantation of a Smart Port® CT Power Injectable Port 18
Discontinuing System Use 18

SYSTEM CARE GUIDELINES 19
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OVERVIEW

Introduction

AngioDynamics, Incorporated manufactures a complete line of implantable access ports.

system or a selected body site. These subcutaneous devices reduce the trauma associated
with multiple punctures or the inconvenience of an externalized catheter.

The port is intended to facilitate frequent blood sampling or the delivery of medications,
nutritions, blood products and power injection of contrast media for imaging. Access is
performed by percutaneous needle insertion using an noncoring (Huber point) needle.

Important Information Regarding Smart Port® CT Power Injectable
Ports

¢ Read all instructions prior to utilization of device.

. The LifeGuard™ Safety Infusion Set. 19 or 20 gauge non Y-site needles are
recommended to access the Smart Port™ CT implanted ports for power injection of
contrast media.

g Contrast dye should be warmed to body temperature prior to utilization for power
injection. Failure to have contrast at body temperature may lead to device failure.

. Maximum pressure limit settings for power injection have been established for each
Smart Port” CT implantable port. Refer to the Procedure for Power Injection
section in this booklet for additional information and instructions. Failure to follow
these guidelines can result in over pressurization of the port device. The power
injection machine may not prevent over pressurization in the presence of occlusion
or resistance.

. Do not exceed 300 p.s.i. Exceeding pressures of 300 p.s.i. could lead to device
rupture or catheter malposition.

: Failure to assess the patency of the Smart Port™ CT implanted port prior to power
injection may lead to device rupture or failure.

. Absence of a blood return or a poor blood return can be a sign of a potential
complication such as occlusion, kinking, breakage, Pinch-Off Syndrome, fibrin
formation, thrombaosis or malposition. This should be evaluated prior to device
usage. A blood return should be present prior to usage of device for any therapy or
testing.

. If the patient complains of pain, or if there is swelling when the device is flushed or
when medication or contrast media is administered, evaluate the device for
infiltration, proper needle placement, and potential complications such as occlusion,
kinking, breakage, Pinch-Off Syndrome, thrombosis or malposition. Failure to
assess these complaints or observations can lead to device failure.

. Power injection machine pressure limiting (safety cut-off ) settings may not prevent
over pressurization of an occluded device.
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6. Close the clamp on the Power Injectable Safety Infusion Set tubing,

7.  Remove the syringe from the Power Injectable Safety Infusion Set.

8. Auach the power injection tubing per manufacturer’s recommendations to the luer
hub end of the Power Injectable Safety Infusion Set. Release the clamp.

9. Set the power injection machine per manufacturer’s recommendations for a
maximum pressure of 300 p.s.i.

10.  Perform the study. Do not exceed 300 p.s.i. during injection of contrast dye. Refer
to the Procedure for Power Injection section in this booklet for additional
information and instructions.

11.  Close the clamp. Disengage the power injection tubing from the luer hub end of the
Power Injectable Safety Infusion Set.

12.  Place a new injection cap on the Power Injectable Safety Infusion Set luer hub.

13.  Flush the Smart Port® CT Implantable Port with 10-20 mL 0.9% normal saline.

14.  Flush the Smart Port™ CT Implantable Port with 3-5 mL of 10-100 units/mL
heparinized saline. Actual amount and strength depends on facility policy.

Indications for Use

The Smart Port™ CT power injectable port line is indicated for any patient requiring
repeated access of the vascular system, for delivery of medications, nutritional
supplementation, fluids, blood, blood products, and sampling of blood and power
injection of contrast media for imaging.

Contraindications

AngioDynamics port systems should not be implanted in the presence of known or
suspected infections, bacteremia, septicemia and peritonitis in patients who have
exhihited prior intolerance to the materials of construction, or patients whose body size or
tissue is insufTicient to accommodate the size of the port or catheter.

Warnings

* Do not use smaller than a 10 mL syringe. These syringes are recommended for all
flushing or injection procedures. Use of smaller syringes may result in system damage.

+ Contrast dye should be warmed to body temperature prior to utilization for power
injection. Failure to have contrast at body temperature may lead to device failure,

* Do not exceed the maximum pressure seftings that have been established for the
Smart Port® CT power injectable ports. Failure can result in over pressurization of the
port device. Power injection machine may not prevent over pressurization in the
presence of occlusion or resistance. Refer to the Procedure for Power Injection section
in this booklet for additional information and instructions.

= Do not exceed 300 p.s.i. Exceeding pressures of 300 p.s.i. could lead to device rupture
or catheter malposition.
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* Failure to assess the patency of the Smart Port™ CT Implanted Port prior 1o power
injection may lead to device rupture or failure.

* Absence of a blood return or a poor blood return can be a sign of a potential
complication such as occlusion, kinking, breakage, Pinch-Off Syndrome, fibrin
formation, thrombosis or malposition. This should be evaluated prior to device usage.
A blood return should be present prior to usage of device for any therapy or testing.

* Do not attempt to measure the patient’s blood pressure on the arm in which a
peripheral system is located, since catheter occlusion or other damage to the catheter
could occur.

+ [fthe patient complains of pain, or there is swelling when the device is flushed or
when medication or contrast media is administered, evaluate the device for infiltration,
proper needle placement, and potential complications such as occlusion, kinking,
breakage. Pinch-O(T Syndrome, thrombosis or malposition. Failure to assess these
complaints or observations can lead to device failure.

* Power injection machine pressure limiting (safety cut-oft ) settings may not prevent
over pressurization of an occluded device.

* Reuse of single-use devices creates a potential risk of patient or user infections.
Contamination of the device may lead to injury, illness or death of the patient.

* Reprocessing may compromise the integrity of the device and/or lead to device failure.

How to Identify the Smart Port® CT Implantable Ports

Refer to the patient’s chart for implant information (sticker).

2. Each Smart Port" CT power injectable port is packaged with a Patient Education
Packet, which includes a Patient Information Booklet, a Patient ldentification Card
and a Key Ring Card.

3. Smart Port” CT implantable ports are identifiable under X-ray or scout scan through

visualization of the CT markings located on the bottom of the port.

+ Identifying the power injection capability of a Smart Port” CT implantable port

should be verified with xray or scout scan prior to the power injection procedure.
If you need additional information, please contact the AngioDynamics Customer
Service department at 800-772-6446.
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SMART PORT® CT IMPLANTABLE PORT SYSTEM
CARE GUIDELINES

Site Preparation: Always access the system using aseptic technique.

Syringes: 10 mL syringes or larger are recommended for all flushing or injection
procedures. Use of smaller syringes may result in system damage.

Needles: The use of AngioDynamics non-coring (huber point) needles are recommended.
Use of AngioDynamics LifeGuard™ Safety Infusion sets (19 or 20 gauge non y-site) are
recommended for injection of contrast media.

Saline Flushes: Prior to drug administration, flush the system with saline solution to
remove heparin, If more than one drug is administered, flush the system with saline
solution between drugs. After patient treatment is completed, always flush the system to
cleanse the catheter and port chamber.

Heparin Flush Schedule: To keep the Smart Port® CT implantable portsystem patent,
the system must be flushed with heparinized saline at regular intervals.

Heparin Concentration: (10-100 units/mL) of heparinized saline. Typical volume of
3-5mL.

Venous Systems: “Heparin lock™ once every 4 weeks.

Note: Follow institutional guidelines for infusion set use. Center for Disease Control
(CDC) recommends that L.V, tubing be changed every 48 hours.

AngioDynamics and Smart Port are registered trademarks of AngioDynamics, Inc.

LifeGuard is a trademark of AngioDynamics, Inc.

Covered under U.S. Patent Nos. 5,951,512; 6,676,633; and D650,475; US. and foreign
patents pending.
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