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510(k) Summary

Company Name: DermaPort, Inc.
25102 Rye Canyon Loop ;
Suite 110 8OV 3 ¢ 200
Santa Clarita, CSA 91355

Contact: Buzz Moran, President

Phone: (661) 362-7900

Fax: (661) 362-7902

Email: bmoran{@dermaport.com

Summary Date: April 30, 2007

Trade Name: DermaPort Percutaneous Vascular Access System (PVAS)

Common Name: Hemodialysis Catheter, Implanted

Classification Name: 21 CFR 876.5540 Blood Access Device and Accessories, Class II1,
Product Code: MSD

Predicate Device(s):
510(k) Number: K994105
Manufacture:  MEDCOMP®
Trade Name: Medcomp Hemo-Flow Catheter

510(k) Number: K062901
Manufacture: Med-Conduit Inc.
Trade Name: HemoCath 11

1.0 Description of Device
The DermaPort Percutancous Vascular Access System {(PVAS) is designed to facilitate
catheter placement, reposition, and exchange procedures while maintaining the catheter
attachment, bacterial barrier, and fixation functions of the predicate catheter fibrous cuft.
The main component of the PVAS is a metal port which is implanted into the subcutaneous
tunnel at the catheter exit site on the chest wall. The hemodialysis catheter passes through the
metal port which acts as a percutaneous conduit, into the subcutaneous tunnel, and then into
the central venous system in the usual fashion. The metal surface of the PVAS port has a
porous, tissue integrating coating which allows ingrowth of tissue to anchor the PVAS port.

The PVAS port holds the hemodialysis catheter n place.
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The DermaPort Percutaneous Vascular Access System (PVAS) consists of the following

types of components:

1.

2
3
4
5
6.
7
3
9

10.

11.
12.
13.
14,
15.

Implanted Hemodialysis 14.5 F Catheter (24 cm, 28 cm or 32 cm lengths)
Guidewire; 0.038 inch (70 cm or 100 cm lengths)
16F Tcaraway Set Griplock Hub

1 2F Polyethytene Dilator

14F Polyethylene Dilator

Clear Female Dust Cover

Injection Caps

18 GA x 2.7" Cyrolite Introducer Needle
Tunneler with Tri ball tip

Tunneler Sleeve

DermaPort Blade

Commercially available alcoho! pad
Commercially available adhesive wound dressing
Peel-away Sheath

DermaPort Percutaneous Vascular Access System (PVAS) Port

The catheter is identical to the HemoFlow catheter, with the exception that the fabric cuff on

the HemoFlow catheter is omitted. The HemoFlow catheter is cleared to market by the FDA
via 510(k) number K994105.

The Percutancous Vascular Access System (PVAS™) has been developed to support central

vascular access for hemodialysis and apheresis. The PVAS port consists of a percutaneous

tubular conduit, through which a standard 14.5F polyurethane hemodialysis catheter enters

the subcutaneous tunnel. An integral seal surrounds the catheter and prevents microbial

migration along the catheter. The PVAS port is encloscd by a silicone anchor that braces the

assembly to the skin, and an associated brake holds the catheter in place within the port. A

tissue integrating biomaterial surrounds the port, providing anatomical fixation and

prevention of microbial mugration in a manner analogous to the fabric cuff of a tunneled

catheter.
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2.0 Intended Use of Device

The indication for use of the PVAS s consistent with the classification of 21 CFR 876.5540

Blood Access Device and Accessories, and the predicate Medcomp Hemo-Flow Catheter.

The indication for use is:
The DermaPort Percutaneous Vascular Access System (PVAS™) is indicated for
long-term (greater than 30 days) vascular access for hemodialysis and apheresis. The
system 18 inserted percutaneously and the catheter is typically placed in the internal
jugular vein of an adult patient. The subclavian vein is an alternate catheter insertion

site.

3.0 Technological Characteristics
The PVAS technical characteristics and construction are substantially equivalent to the
predicate device. The difference in construction was qualified with bench and animal

testing,
4.0 Conclusions

The DermaPort, Inc. PVAS is substantially equivalent to the predicate device. No new

questions of safety or effectiveness are raised.
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Food and Drug Administration
9200 Corporate Boulevard

WOV 3 Y ,
M. Buzz Moran v 3 6 2007 Rockville MD 20850

President

DermaPort, Inc.

25102 Rye Canyon Loop, Suite 110
SANTA CLARITA CA 91355

Re: K071202
Trade/Device Name: DermaPort Percutaneous Vascular Access System (PVAS™)
Regulation Number: 21 CFR §876.5540
Regulation Name: Blood access device and accessories
Regulatory Class: 11
Product Code: MSD
Dated: November 14, 2007
Received: November 15, 2007

Dear Mr. Moran:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications for
use stated in the enclosure) to legally marketed predicate devices marketed in interstate commerce
prior to May 28, 1976, the enactment date of the Medical Device Amendments or to devices that
have been reclassified in accordance with the provisions of the Federal Food, Drug, and Cosmetic
Act (the Act). You may, therefore, market the device, subject to the general controls provisions of
Act. However, you are responsible to determine that the medical devices you use as components in
the kit have either been determined as substantially equivalent under the premarket notification
process (Section 510(k) of the act), or were on the market prior to May 28, 1976, the enactment date
of the Medical Device Amendments. Please note: If you purchase your device components in bulk
(i.e., unfinished) and further process (e.g., sterilize) you must submit a new 510(k) before including
these components in your kit. The general controls provisions of the Act include requirements for
annual registration, listing of devices, good manufacturing practice, labeling, and prohibitions
against misbranding and adulteration.

If your device is classified (see above) into either class IT (Special Controls) or class III (PMA), it
may be subject to additional controls. Existing major regulations affecting your device can be found
in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may publish further
announcements concerning your device in the Federal Register.

Please be advised that FIDA’s issuance of a substantial equivalence determination does not mean that
FDA has made a determination that your device complies with other requirements of the Act or any
Federal statutes and regulations administered by other Federal agencies. You must comply with all
the Act’s requirements, including, but not limited to: registration and listing (21 CFR Part 807);
labeling (21 CFR Part 801); good manufacturing practice requirements as set forth in the quality
systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic product radiation
control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.
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In addition, we have determined that your device kit contains an alcohol pad which is subject to
regulation as a drug.

Our substantially equivalent determination does not apply to the drug component of your device.
We recommend you first contact the Center for Drug Evaluation and Research before marketing
your device with the drug component. For information on applicable Agency requirements for
marketing this drug, we suggest you contact:

Director, Diviston of Drug Labeling Compliance (HFD-310)
Center for Drug Evaluation and Research

Food and Drug Administration

5600 Fishers Lane

Rockville, Maryland 20857

(301) 594-0101

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your device and thus, permits your device to
proceed to the market.

If you desire specific advice for your device on our labeling regulation, please contact the Office of
Compliance at (240) 276-0115. Also, please note the regulation entitled, “Misbranding by reference
to premarket notification” (21 CFR Part 807.97). You may obtain other general information on your
responsibilities under the Act from the Division of Small Manufacturers, International and
Consumer Assistance at its toll free number (800} 638-2041 or (240) 276-3150, or at its Internet
address http://www.fda.gov/cdrh/industry/support/index.html.

ancy C. Brogdon %/

Director, Division of Reproductive, Abdominal,
and Radiological Devices

Office of Device Evaluation

Center for Devices and
Radiological Health

Sincerely yours,

Enclosure



Indications for Use

510(k) Number (if known): &Q Zl20 2.

Device Name: DermaPort Percutaneous Vascular Access System (PVAS)

Indications for Use:

The DermaPort Percutaneous Vascular Access System (PVAS™) is indicated for
long-term (greater than 30 days) vascular access for hemodialysis and apheresis. The
system is inserted percutaneously and the catheter is typically placed in the internal

jugular vein of an adult patient. The subclavian vein is an allernate catheter insertion

site.
Prescription Use X AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

(\\ OB’W
Divisbh Sign-0ff) _
(D’;ws:-;- - of Reproductive, Abdominal and

Ragivionica! Devices k D’l m o9,
510(k) Numoer s :
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April 28, 2009 Food and Drug Administration
Rockville MD 20867
DERMAPORT, INC '
800 LEVANGER LANE -
STOUGHTON WISCONSIN 53589

Re; Premarket Notification Number: K(071202

Dear Manufacturer:

The Food and Drug Administration (FDA) is currently in the process of evaluating the
classification of class III devices that are currently marketed through clearance of a premarket
notification (510(k}) submission. These devices were found to be substantially equivalent to a
preamendments class III device type for which no date has yet been established for requiring the
submission of a premarket approval application (PMA). (A class III preamendments device type
is a device type that was legally on the market before May 28, 1976, and that was subsequentiy
classified into class I11.) FDA premarket notification (510(k}) records indicate that you received
clearance to market a device belonging to one of the class 111 device types being evaluated.
Accordingly, FDA 1s requesting that you submit specific information, discussed below, to
support these classification efforts. These classification efforts will culminate in a decision
either to call for a PMA for these class 11l devices, or to reclassify these devices into Class II
(special controls) or Class I (general controls). FDA will reach this decision based on all
available and reviewed information pertaining to each device type. For certain device types,
classification panel hearings may be held to assist in these efforts. Any future proposed
decisions will apply to the device type as a whole, not solely to your individual device.

As stated, FDA, in accordance with Section 515(i) of the Federal Food, Drug, and Cosmetic Act
(the act) (21 U.S.C. § 360e(1)), is requiring manufacturers who were marketing, or have
clearance to market through a 510(k) substantial equivalence decision, the class Il device types
referenced above as of April 9, 2009, to submit certain information. The enclosed Federal
Register notice details the specific device types, the requested information, and the submission
instructions. You are required to submit this information by August 7, 2009, to:

Division of Dockets Management (HFA-305)
Food and Drug Administration

5630 Fishers Lane, Room 1061

Rockville, MD, 20852.

Please note that items posted to this docket will be redacted in accordance with the Freedom of
Information Act (FOIA) (5 U.S.C. § 552), and posted to the docket. To ensure your posted
documents are redacted, prior to posting, please denote submissions uploaded to the docket as
such by typing the following words in the top of the “General Comments” box:
"CONFIDENTIAL MATERIAL DO NOT POST TO THE WEB AS REQUESTED BY
SUBMITTER. STATUS SHOULD BE CONFIDENTIAL.”



If you have information showing that you have received this letter in error, or that our records
supporting this letter are inaccurate, such that you are relieved of the obligation to submit the
requested information, please send an explanation of the error, noting your 510(k) number, to:

Attn.: 510(k) Staff, 515(i) Submission
Document Mail Center, HFZ-401

Center for Devices and Radiological Health
9200 Corporate Boulevard

Rockville, MD, 20850

Please note that in lieu of submitting the above requested information, you may also petition FDA
to reclassify the device type in accordance with Section 513(e) of the act (21 U.S.C. 360c(c)) and
our regulations found in 21 CFR Part 860. In general, FDA’s review of reclassification petitions
can be completed more efficiently when manufacturers collaborate and submit a single
reclassification petition that includes all relevant and accurate information for the given device
type. This collaboration can be organized by contacting other manufacturers of the pertinent
device through either a professional association or other affiliation.

Additional information or inquiries relevant to this classification mandate can be obtained by
" referencing the FDA Class III website at: http://www.fda.gov/cdrh/classiii.html, or by contacting
Sarah K. Morabito at (240) 276-3975.

“

Sincerely yours,

Donna-Bea Tillman, Ph.D.
Director
Office of Device Evaluation
Center for Devices and
Radiological Health
Enclosure
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C DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard

Mr. Buzz Moran NOV 3 0 2007 Rockville MD 20850

President
DermaPort, Inc.
25102 Rye Canyon Loop, Suite 110
SANTA CLARITA CA 91355
) .

-

~ Re: K071202 ' .

Trade/Device Name: DermaPort Percutaneois Vascular Access System (PVAS™)
Regulation Number: 21 CFR §876.5540

Regulation Name: Blood access device and accessories

Regulatory Class: Tl

Product Code: MSD

Dated: November 14, 2007

Received: November 15, 2007

Dear Mr. Moran:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications for
use stated in the enclosure) to legally marketed predicate devices marketed in interstate commerce
prior to May 28, 1976, the enactment date of the Medical Device Amendments or to devices that
have been reclassified in accordance with the provisions of the Federal Food, Drug, and Cosmetic
Act (the Act). You may, therefore, market the device, subject to the general controls provisions of

Act. However, you are responsible to determine that the medical devices you use as components in
the kit have either been determined as substantially equivalent under the premarket notification
process (Section 510(k) of the act), or were on the market prior to May 28, 1976, the enactment daté
of the Medical Device Amendments. Please note: If you purchiase your device components in bulk
(i.e., unfinished) and further process (e.g., sterilize) you must submit a new 510(k) before including
these components in your kit. The general controls provisions of the ‘Act include requirements for
annual registration, listing of devices, good manufacturing practice, labeling, and prohibitions
against misbranding and adulteration. '

If your device is classified (see above) into either class TI (Special Controls) or class IIf (PMA), it
may be subject to additional controls. Existing major regulations affecting your device can be found

" in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may publish further

announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean that
FDA has made a determination that your device complies with other requirements of the Act or any
Federal statutes and regulations administered by other Federal agencies. You must comply with all -
the Act’s requirements, including,' but not limited to: registration and listing (21 CFR Part 807);
labeling (21 CFR Part 801); good manufacturing practice requirements as set forth in the quality
systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic product radiation
control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.
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In addition,.we have determined that your device kit contains an alcohol pad which is subject to
regulation as a drug.

Our substantially equivalent determination does not apply to the drug component of your device.
We recommend you first contact the Center for Drug Evaluation and Research before marketing -
your device with the drug component. For'information on applicable Agency requirements for
marketing this drug, we suggest you contact:

' Director, Division of Drug Labeling Compliance (HFD-310).
Center for Drug Evaluation and Research
Food and Drug Administration
5600 Fishers Lane
Rockville, Maryland 20857
(301) 594-0101

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your device and thus, permits your device to
proceed to the market.

If you desire specific advice for your device on our labeling regulation, please contact the Office of
Compliance at (240) 276-0115. Also, please note the regulation entitled, “Misbranding by reference
to premarket notification” (21 CFR Part 807.97). You may obtain other general information on your
responsibilities under the Act from the Division of Small Manufacturers, International and
Consumer Assistance at its toll free number (800) 638-2041 or (240) 276-3150, or at its Internet
address http://www.fda.gov/cdrh/industry/support/index html.

Sincerely yours

Nancy C. Brogdon 04/

Director, Division of Reproductive, Abdominal,
and Radiological Devices

Office of Device Evaluation

Center for Devices and
Radiological Health

Enclosure

a2



Indications for Usé

510(k) Number (if known): _ 45 Z/2.0 2.

Device Name: DermaPort Percutaneous Vascular Access System (PVAS)

Indications for Use:

The DermaPort Percutaneons Vascular Access System {PVAST™) is indicated for
long-term {greater than 30 days) vascular access for hemodialysis and apheresis. The
system is inserted percutaneously and the catheter is typically placed in the internal

jugular vein of an adult patient. The subclavian vein is.an alternate catheter insertion

site.
PrescriptionUse _ X =~ ' AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW. THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Divistoh Sign- _

-}Jivis.‘- -n of Reproductive, Abdorminal and _

Radiologica) Dg\:ic_es D’l llbﬁ\ . | N

510(k) Number —— o Page L of 1
Confidential - g - | ' Page 2

gl $ AT 3



Mr. Buzz Moran

President

DermaPort, Inc. NOV 3 0 2007
25102 Rye Canyon Loop, Suite 110

SANTA CLARITA CA 91355

Re: K071202
Trade/Device Name: DermaPort Percutaneous Vascular Access System (PVAS)
Regulation Number: 21 CFR §876.5540
Regulation Name: Blood access device and accessories
Regulatory Class: HI
Product Code: MSD
Dated: November 14, 2007
Received: November 15, 2007

Dear Mr. Moran:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications for
use stated in the enclosure) to legally marketed predicate devices marketed in interstate commerce
prior to May 28, 1976, the enactment date of the Medical Device Amendments or to devices that
have been reclassified in accordance with the provisions of the Federal Food, Drug, and Cosmetic
Act (the Act). You may, therefore, market the device, subject to the general controls provisions of
Act. However, you are responsible to determine that the medical devices you use as components in
the kit have either been determined as substantially equivalent under the premarket notification
process (Section 510(k) of the act), or were on the market prior-to May 28, 1976, the enactment date
of the Medical Device Amendments, Please note: If you purchase your device components in bulk
(i.e., unfinished) and further process (e.g., sterilize) you must submit a new 510(k) before including
these components in your kit. The general controls provisions of the Act include requirements for
annual registration, listing of devices, good manufacturing practice, labeling, and prohibitions
against misbranding and adulteration. '

If your device is classified (see above) into either class IT (Special Controls}) or class III (PMA), it
may be subject to additional controls. Existing major regulations affecting your device can be found
in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may publish further
announcements concerning your device in the Federal Register.

Please be advised that FDA’s issuance of a substantial equivalence determination does not mean that
FDA has made a determination that your device complies with other requitements of the Act or any
Federal statutes and regulations administered by other Federal agencies. You must comply with all
the Act’s requirements, including, but not limited to: registration and listing (21 CFR Part 807);
labeling (21 CFR Part 801); good manufacturing practice requirements as set forth in the quality
systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic product radiation
control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050. '
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In addition, we have determined that your device kit contains an alcohol pad which is subject to
regulation as a drug.

Our substantially equivalent determination does not apply to the drug component of your device.
We recommend you first contact the Center for Drug Evaluation and Research before marketing
your device with the drug component. For information on applicable Agency requirements for
marketing this drug, we suggest you contact:

Director, Division of Drug Labeling Compliance (HFD-310)
Center for Drug Evaluation and Research

Food and Drug Administration

5600 Fishers Lane

Rockville, Maryland 20857

(301) 594-0101 .

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your device and thus, permits your device to
proceed to the market.

If you desire specific advice for your device on our labeling regulation, please contact the Office of
Compliance at (240) 276-0115. Also, please note the regulation entitled, “Misbranding by reference
to premarket notification” (21 CFR Part 807.97). You may obtain other general information on your
responsibilities under the Act from the Division of Small Manufacturers, International and
Consumer Assistance at its toll free number (800) 638-2041 or (240) 276-3150, or at its Internet
address http://www.fda.gov/cdrh/industry/support/index.html.

Sincerely yours,

Nancy C. Brogdon
Director, Division of Reproductive, Abdommal
and Radiological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health
Enclosure
cc: HFZ-401 DMC
HFZ-404 510(k) Staff
HFZ 470 Division

HFiéﬁﬁC@ﬁWl .30.2007

QFFICE | SURNAME | DATE, OFFICE ;{"‘;;SURNAME DATE OFFICE | SURNAME . -DATE

HEZ AP e 1//3%/¢ F

WEZ-ARTY P AT

X

0.S. GPO 1986-169-089 - -
R I



K] e

DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Adminlistration
Center for Devices and
Radiological Health
Office of Device Evaluation

Document Mail Center (HFZ-401)

9200 Corporate Blvd.

July 31, 2007 Rockville, Maryland 20850
DERMAPCRT, INC 510 (k) Number: K071202

C/0 QUALITY & REGULATORY ASSOCIATES Device: DERMAPORT

800 LEVANGER LANE PERCUTANEQUS
STOUGHTON, WI 53589 ' . VASCULAR ACCESS
ATTN: GARY SYRING : : SYSTEM (PVAS)

Extended Until: 19-NOV-2007

Based on your recent request, an extension of time has been granted
for you to submit the additional information we requested.

If the additional- information (AI) is not received by the

"Extended Until" date shown above, your premarket notification will

be considered withdrawn {21 CFR 807.87(1)). If the submitter does
submit a written request for an extension, FDA will permit the 510 (k)
to remain on hold for up to a maximum of 180 days from the date of the
AT regquest.

If you have procedural questions, please contact.the Division of Small
Manufacturers International and Consumer Assistance (DSMICA) at
(240)276-3150 or at their toll-free number (800) 638-2041, or contact
the 510k staff at (240)276-4040.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer Safety Officer
 Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radiclogical RHealth

v 365
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July 30, 2007

Food and Drug Administration
Center for Devices and Radiological health

Office of Device Evaluation
510(k) Document Mail Center (HFZ-401)

9200 Corporate Bivd.
Rockville, MD 20850

Re: 510(k) KO71202, DermaPort Percutaneous Vascular Access System (PVAS™),

DermaPort, Inc. is requesting an extension of time to respond to the 510(k} reviewer
questions. It is the intention of DermaPort, Inc. to respond to the request for additional

information no later than November 19, 2007.

Please contact me with any questions.

Regards,

r. W —

Buzz Moran, President

DermaPort, Inc.
Phone: (661) 362-7901
Fax: (661) 362-7902 , o t?::
Email: bmoran@dermaport.com = I
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o = §
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25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902 _
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" DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

July 16, 2007 Rockville, Maryland 20850
DERMAPORT, INC 510 (k) Number: K071202

C/0 QUALITY & REGULATORY ASSOCIATES Product: DERMAPORT

800 LEVANGER LANE . PERCUTANEQUS
STOUGHTON, WI 53589 VASCULAR ACCESS
ATTN: GARY SYRING : SYSTEM (PVAS)

We are holding your above-referenced Premarket Notification (510(k))
for 30 days pending receipt of the additional information that was
re%uested by the Office of Device Evaluation. Please remember that
all correspondence concerning your submission MUST cite your 510 (k)
number and be sent in duplicate to the Document Mail Center (HFZ-401)
at the above letterhead address. Correspondence sent to any address
other than the one above will not be considered as part of your
official premarket notification submission. Also, please note the
new Blue Book Memorandum regarding Fax and E-mail Policy entitled,
"Fax and E-Mail Communication with Industry about Premarket Files
Under Review. Please refer to this guidance for information on
current fax and e-mail practices at www.fda.gov/cdrh/ode/a02-01.html.

The deficiencies identified represent the issues that we believe need
to be resolved before our review of your 510(k) submission can be
successfully completed. In developing the deficiencies, we carefully
considered the statutory criteria as defined in Section 513(i) of the
Federal Food, Drug, and Cosmetic Act for determining substantial
equivalence of your device. We also considered the burden that may
be incurred in your attempt to respond to the deficiencies. We
believe that we have considered the least burdensome approach to
resolving these issues. If, however, you believe that information is
being requested that is not relevant to the regulatory decision or
that there is a less burdenscme way to resolve the igsues, you sheould
follow the procedures outlined in the "A Suggested Approach to
Resolving Least Burdensome Issues" document. It is available on our
Center web page at: http://www.fda.gov/cdrh/modact/leastburdensome. html.

v 36T



If after 30 days the additional information (AI), or a request for an
extension of time, is not received, we will discontinue review of your
submission and proceed to delete your file from our review system

{21 CFR 807.87(1)). Please note our guidance document entitled,
"Guidance for Industry and FDA Staff, FDA and Industry Actions on
Premarket Notification (510(k)) Submissions: Effect on FDA Review
Clock and Performance Assessment". If the submitter does submit a
written request for an extension, FDA will permit the 510(k} to remain
on hold for up to a maximum of 180 days from the date of the AI request.
The purpose of this document is to assist agency staff and the device
industry in understanding how various FDA and industry actions that may
be taken on 510 (k)s should affect the review clock for purposes of
meeting the Medical Device User Fee and Modernization Act. You may review
this document at http://www.fda.gov/cdrh/mdufma/guidance/1219.hth.
Pursuant to 21 CFR 20.29, a copy of your 510(k) submission will remain. in
the Cffice of Device Evaluation. If you then wish to resubmit this

510 (k) notification, a new number will be assigned and your submission
will be considered a new premarket notification submission.

Please remember that the Safe Medical Devices Act of 1990 states that
you may not place this device into commercial distribution until you
receive a decision letter from FDA allowing you to do so.

If you have procedural questions, please contact the Division of Small
Manufacturers International and Consumer Assistance (DSMICA) at "
{(240}276-3150 or at their toll-free number (800) 638-2041, or contact
the 510k staff at (240)276-4040.

Sincerely yours,

Marjorie Shulman

Supervisor Consumer Safety Officer

Premarket Notification Section

Office of Device Evaluation

Center for Devices and
Radiological Health
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

May 01, 2007 Rockville, Maryland 20850
DERMAPQORT, INC . 510(k) Number: K071202

C/C QUALITY & REGULATORY ASSOCIATES Received: 01-MAY-2007

800 LEVANGER LANE Product: DERMAPORT
STOUGHTON, WI 53589 PERCUTANEQCUS
ATTN: GARY SYRING VASCULAR ACCESS

SYSTEM (PVAS)

The Food and Drug Administration (FDA), Center for Devices and

"Radiological Health (CDRH), has received the Premarket Notification,

(510(k}), you submitted in accordance with Section 510(k)} of the Federal
Food, Drug, and Cosmetic Act (Act) for the above referenced product and
for the above referenced 510{k) submitter. Please note, if the 510(k)

submitter is incorrect, please notify the 510(k) Staff immediately. We
have assigned your submission a unigque 510(k) number that is cited above.
Please refer prominently to this 510(k) number in all future o
correspondence that relates to this submission. We will notify you when
the processing of your 510(k) has been completed or if any additional
information is required. YOU MAY NOT PLACE THIS DEVICE INTC CCOMMERCIAL
DISTRIBUTION UNTIL YOU RECEIVE A LETTER FROM FDA ALLOWING YOU TG DG SO.

Please remember that all correspondence concerning your submission MUST
be sent to the Document Mail Center (DMC)(HFZ—401? at the above
letterhead address. Correspondence sent to any address other than the
one above will not be considered as part of your official 510(k) :
submission. :

Please note the following documents as they relate to 510(k} review:
1)Guidance for Industry and FDA Staff entitled, "FDA and Industry Actions
on Premarket Notification (510 (k))Submissions: Effect on FDA Review
Clock and Performance Assessment". The purpose of this document is to
assist agency staff and the device industry in understanding how various
FDA and industry actions that may be taken on 510(k)s should affect the
review clock for purposes of meeting the Medical Device User Fee and
Modernization Act (MDUFMA). Please review this document at-

www . fda.gov/cdrh/mdufma/guidance/1219.html. 2)Guidance for Industry and
FDA Staff entitled, "Format for Traditional and Abbreviated S510(k}s".
This guidance can be found at www.fda.gov/cdrh/ode/guidance/1567.html.
Please refer to this guidance for assistance on how to format an original
submission for a Traditional or Abbreviated 510(k). 3)Blue Book
Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail
Communication with Industry about Premarket Files Under Review". Please
refer to this guidance for information on current fax and e-mail
practices at www.fda.gov/cdrh/ode/a02-01.html.



In all future premarket submissions, we encourage you to provide an.
electronic copy of your submission. By doing so, you will save FDA
resources and may help reviewers navigate through longer documents more
easily. Under CDRH's e-Copy Program, you may replace one Eaper copy of
any premarket submission (e.g., 510(k), IDE, PMA, HDE) with an electronic
copy. For more information about the program, including the formatting
requirements, please visit our web site at

www . fda.gov/cdrh/elecsub.html,

Lastly, vyou should be familiar with the regulatory requirements for
medical devices available at Device Advice www.fda.gov/cdrh/devadvice/".
If you have questions on the status of your submission, please contact
DSMICA at (240) 276-3150 or the toll-free number (800) 638-2041, or at
their Internet address http://www.fda.gov/cdrh/dsma/dsmastaf . html. If
you have procedural guestions, please contact the 510(k) Staff at ,
{240)276-4040. -

Sincerely yours,

Marjorie Shulman ’

Supervisory Consumer Safety Officer

Office of Device Evaluation

Center for Devices and Radiclogical Health

. 382

—y



K07 10—
DermaPort, Inc.

DermaPort Percutaneous Vascular
Access System (PVAS)

Abbreviated 510(k) Pre-Market Notification
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Form Approved: OMB No. 1910318 Expiraion Dae: January 31,

DEPARTMENT OF HEALTH AND HUMAN SERVICES PAYMENT IDENTIFIGATION NUMBER
FOOD AND DRUSG ADMINISTRATION Wito the Pavmant Ieatifonton num s
MEDICAL DEVIGE USER FEE COVER SHEET e the Fayment ldentiication numaer

A completed Cover Sheet must accampany each original applicalion or suppiement subject to fees. The following actions must be taken

tc properly submit your application and fee paymem

1, Electronically submits the completed Cover Sheet to the Food and Drug Administration {FDA) before payment is sent.

2. Include printed copy of this completed Cover Sheet with a check made payable to the Food and Drug Administration. Remember that
the Payment [dentification Number must be written on the check.

3. Mail Check and Cover Sheet to the US Bank Lock Box, FDA Account, P O Box 956733, St. Louis, MC 83195-6733. (Note: In no case
should payment be submitted with the appfication.)

4. If you prefer to send a check by a courier, the courier may deliver the check and Cover Sheet to: US Bank, Attn: Government Lockbox
956733, 1005 Convention Flaza, St Louis, MQ 63101, (Mote: This address is far courier delivery only. Contact the US Bank at 314-
418-4821 if you have any gquastions concerning courier delivery.)

5. For Wire Transfer Payment Procedures, please refer to the MDUFMA Fee Payment Instructions at the following URL:
hitp:Hwww. fda. govicarhimdufmalfags. htmi3a. You are responsible for paying all fees associated with wire transfer.

6. Include a copy of the complete Cover Sheet in volume cne cf the application when submitting to the FDA at either the CBER or
CDRH Document Mail Center.

1. COMPANY NAME AND ADDRESS (include name, street 2. CONTACT NAME
address, city siate, country, and post office code) Buzz Moran

2.1 E-MAIL ADDRESS

DERMAPORT INC bmoran@dermaport.com

25102 RYE CANYON LOOP SUITE 110

Sania Clara CA 91355 2.2 TELEPHONE NMUMBER (include Area code)
us 661-3627901

1.4 EMPLOYER IDENTIFICATION NUMBER (EIN} 2.3 FACSIMILE (FAX) NUMBER (include Area code)
201986561 nult-null

3. TYPE OF PREMARKET APPLICATION {Select one of the following in each column; if you are unsure, please refer to the application
descriptions at the foltowing web site: http:/fiwww. fda.gov/de/mdufma

Sefect an application type: 3.1.8elect ane of the types. below
{Xj Premarket notification{510(k)); except for third party [X] Original Application

{ ] Biologics Licensa Application {BLA) Supplement Types:

t] Premarket Approval Application (PMA) [ ] Efficacy (BLA)

{ ] Modular PMA [] Panei Track (PMA, PMR, PDP)
1] Product Development Protocol (PDP} [ ] Real-Time {(PMA, PMR, PDP)
[T Premarke: Repost (PMR) [] 180-day (PMA, PMR, PDP)

4 ARE YOU A SMALL BUSINESS? (See the instructions for more information on determining this status)

[1YES, | meet the small business criteria and have submitted the required [X] NQ, | am not a small business
qualifying documents tc FDA

4.1 If Yes, please enter your Small Business Decision Number,

4. 1S THIS PREMARKET APPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCEPTIONS? iF SO, CHECK THE
APPLICABLE EXCEPTION,

{ ] This application is the first PMA submitted by 2 qualified small business, {] The sole purpose of the application is o support
including any affiliates, parents, and partner firms conditions of use for a pediatric papulation

{1 The application is submitted by a state or federal
government entity for a device that is not to be distributed
caommaercially

| } This biclogics application is submitted under secion 351 of the Public
Health Service Act for a product licensed for further manufacturing use only

6. 1S THIS A SUPPLEMENT ?0 A PREMARKET APPLICATION FOR WHICH FEES WERE WAIVED DUE TO SOLE USE IN A
PEDIATRIC PORULATION THAT NOW PRCPOSES CONDITION OF USE FOR ANY ADULT POPULATION? (If so, the application is
subject 1o the fee that applies for an original premarket approval application (PMA).)

[1YES [X] NO

T AMOUNT SUBMITTED FOR THIS PREMARKET APPLICATION
16-Apr-2007

Confidential Page MDUFMA
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Farm Approval
FOOD AND DRUG ADMINISTRATION OMB No. 9010-0120
Expiration Date: May 31, 2007.
CDRH PREMARKET REVIEW SUBMISSION COVER SHEET See OMB Statement on page 5.
. Date of Submission User Fee Payment ID Number FDA Submission Document Number (if known)
| April 30, 2007 CICE—

TYPE OF SUBMISSIO

PMA PMA & HDE Supplement PDP 510(k} Meeting
[ original Submission | [] Regular (180 day) ] original PDP X Qriginal Submission; ] Pre-510(K) Meeting
|:| Premarket Report D Special D Notice of Completion D Traditional D Pre-IDE Meeting
] Modular Submission | [_] Panel Track (PMA Only) ] Amendment to PDP ] Special (] Pre-PMmA Meeting
D Amendment [:] 30-day Supplement X Abbreviated (Complete |:| Pre-PDP Meeting

! section |, Page 5) N
D Report D 30-day Notice D Additional Information D Day 100 Meellng_
D Report Amendment E] 135-day Supplement L—_] Third Party |:| Agreement Meeting
E] Licensing Agreement D Real-time Review |:| Determination Meeting
I:] Amendment to PMA D Other (specify):
&HDE Supplement
I:] Other
IDE Humanitarian Device Class |l Exemption Petition Evaluation of Automatic Other Submission
Exemption (HDE) Class lll Designation
D (E;ginal Submission [:| Original Submission BOriginal Submission D Original(gﬁbh:;::i)on | 513(g)
Amendment Amendment Additional Information Other
I:l D ndmen L__] Additional Information D (describ bmission):
Supplement [ supplement escribe submission):
I:] Report

D Report Amendment

Have you used or cited Standards in your submission? D Yes D No (if Yes, please complete Section I, Page 5)

‘ SECTION B SUBMITTER, APPLICANT OR SPONSOR

Compayl Institution Name Establishment Registration Number (if known)
DermaPort, Inc. Not assigned at this time
Division Name (if applicable)} Phone Number {including area code)

{ 661) 362-7901

Sireet Address FAX Number (including area cods)

25102 Rye Canyon Loop, Suite 110 { 661)362-7902

City State / Province ZIP/Postal Code Country
Santa Clarita CA 91355 USA

Contact Name
Mr. Buzz Moran

Contact Title Contact E-mail Address
President brmoran{@dermaport.com
i SECTIONC APPLICATION CORRESPONDENT (e.g., consultant, if different from above})

Company / Institution Name
Quality & Regulatory Associates, LLC

Division Name (if applicable) Phone Number {including area code)

( 608 )877-2635

Street Address FAX Number fincluding area code)
800 Levanger Lane { 608 )873-7382
City ] State / Province ZIP/Postal Cede Country
Stoughton W1 53589 USA
Contact Name
Gary Syring
: Contact Title Contact E-mail Address
Principal Consultant QRASupport@AQL.com
FORM FDA 3514 (6/05) PAGE 1 of 6 PAGES

PSC Modia Arts (3011843-2454  EF
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SECTION D1

REASON FOR APPLICATION - PMA, PDP, OR HDE

[] withdrawal
g D Additional or Expanded Indications
D Request for Extension
D Post-approval Study Protoccl
D Request for Applicant Hold
E]Request for Removal of Applicant Hold
D Request to Remove or Add Manufacturing Site

D Change in design, component, or
specification:
D Software / Hardware
[ cotor Additive
D Material

[:] Specifications
I:] Other (specify belowy

D Location change:
D Manufacturer
D Sterilizer

D Packager

D Process change:
[:l Manutacturing
D Sterilization
D Packaging
D Other (specify below)

D Response to FDA correspondence:

D Labeling change:
D Indications
D Instructions
D Performance
[] shef Life
D Trade Name
D Other (specify below)

E] Report Submission:
Annual or Periodic
D Post-approval Study
Adverse Reaclion
D Device Defect
D Amendment

|:| Change in Ownership
D Change in Correspondent
l:l Change of Applicant Address

D Other Reason (specify):

D New Device

D New Indication

(] Adiition of Institution

D Expansion / Extension of Study

D IRB Certification

D Termination of Study

D Withdrawal of Application

[:l Unanticipated Adverse Effect

[:l Notification of Emergency Use

D Compassionate Use Request
Treatment 1DE

D Continued Access

‘ SECTION D2 REASON FOR APPLICATION - IDE

D Change in:
Correspondent / Applicant
D Design / Device
D tnformed Consent
D Manufacturer
D Manufacturing Process
l:] Protocol - Feasibility
D Protocol - Other
|:] Sponsor

[ report submission:
D Current Invesligator
D Annual Progress Report
E] Site Waiver Report

[ Final

D Repose to FDA Letter Concerning:
Conditional Approval
D Deemed Approved
D Deficient Final Report
D Deficient Progress Report
D Deficient Investigator Repon
D Disapproval

Request Extension of
Time to Respond to FDA

D Request Meeling
D Request Hearing

D Ciher Reason (specifi):

X New Device

D Additional or Expanded Indications

REASON FOR SUBMISSION - 510(k)

[:l Change in Technology

D Other Reason {specifi):

FORM FDA 3514 (6/05)

PAGE 2 of 6 PAGES
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‘ SECTIONE ADDITIONAL INFORMATION ON 510(K) SUBMISSIONS

Product codes of devices to which substantial equivalence is claimed Summary of, or statement conceming,
1] MsD 2 3 4 safety and effectiveness information
] X 510 (k) summary attached
5 8 7 8 [ 510 (k) statement
Information on devices to which substantial equivalence is claimed (if known)
?Z 510(k) Number _t » Trade or Proprietary or Model Name 4 . Manufacturer
11 K994105 1] Medcomp Hemo-Flow Catheter 1| MEDCOMP
2| K062901 2| HemoCath LI 2| Med-Conduit, Inc.
3 3 3
4 4 4
5 5 5
4] 8 4]
‘ SECTION F PRODUCT INFORMATION - APPLICATION TO ALL APPLICATIONS

Common or usuzal name or classification

Hemodialysis Catheter, Implanted

: Trade or Proprietary or Model Name for This Device ~ | Model Number
1| DermaPort Percutaneouns Vascular Access System (PVAS™) 1
2 2
3 3
4 4
5 5
FDA document numbers of all prior related submissions (regardiess of oulcome)
1 2 3 4 5 8
7 8 9 10 i1 12

Data Included in Submission

X Laboratory Testing X Animal Trials [ Humen Trials
SECTIONG PRODUCT CLASSIFICATION - APPLICATION TO ALL APPLICATIONS

Product Code C.F.R. Section {if applicable) Device Class

MSD 21 CFR 876.5540 [] class D Class Il
Classification Panel X Class il [ unclassified
Gastroenterology — Urology

Indications {from labeling)

The DermaPort Percutaneous Vascular Access System (PVAS™) is indicated for long-term (greater than 30 days) vascular access for
hemodialysis and apheresis. The system is inserted percutaneously and the catheter is typically placed in the internal jugular vein of an
adult patient. The subclavian vein is an alternate catheter insertion site. 3 8 8

FORM FDA 3514 (6/05) PAGE 3 of 6 PAGES




Note: Submission of this information does not affect the need to submit a 2891

or 2891a Device Establishment Registration form.

SECTIONH

FDA Establishment Registration Number

Oriainal ! o
rigina Not assigned at this time

S odagd [ oetete

Company / [nstitution Name
DermaPort, Inc.

Division Name (if applicable}

Street Address
25102 Rye Canyon Loop, Suite 110

City
Santa Clarita

Contact Title
President

Contact Name
Buzz Moran

FDA Establishment Registration Number

X Originat

Oade [ pelete

FDA Establishment Registration Number
D Criginal

D Add D Delete

FORM FDA 3514 (6/05)

FDA Document Number (if known)

MANUFACTURING / PACKAGING / STERILIZATION SITES RELATING TO A SUBMISSION

X Manufacturer D Contract Sterilizer
D Contract Manufacturer D Repackager / Relabeler

Establishment Registration Number
Not assigned at this time

Phone Number (including area code)
(661} 362-7901

FAX Number (including area code)
{ 661)362-7902

State / Province ZIP{Postal Code
CA 91355

Contact E-mail Address
bmeran@dermaport.com

D Contract Sterilizer
E] Repackager / Relabeler

D Manufacturer

X Contract Manufacturer

X Contract Sterilizer
|:| Repackager / Relabeler

D Manufacturer
l:] Contract Manufacturer

PAGE 4 of 6 PAGES




SECTIONI UTILIZATION OF STANDARDS

Note: Complete this section if your application or submission cites standards or includes a “Declarafion of Conformity to a Recognized Standard”
™ statement.

Standards No. Standards Standards Title Version Date
Organization
F1980-02 ASTM ASTM F1980-02 Standard Guide for Accelerated 2002 2002
1 Aging of Sterile Medical Device Packages .
Standards No. Standards Standards Title Version Date
Organization
F2503-05 ASTM ASTM F2503-05 Marking Medical Devices and 2005 2005
2 Other Items for Safety in the Magnetic Resonance
Environment
Standards No. Standards Standards Title Version Date
Organization
10555-1 ISO ISO 10555-1:1995 Sterile, Single-use Intravascular | 1995 1995
3 Catheters — Part 1: General Requirements
Standards No. Standards Standards Title Version Date
Organization
10555-3 ISO ISO 10555-3:1996 Sterile, Single-use Intravascular 1996 1996
4 . Catheters — Part 3: Central Venous Catheters
Standards No. Standards Standards Title Version Date
Organization
10993-1:2003 [SO [SO 10993-1:2003 Biological evaluation of medical | 2003 2003
5 devices-Part |: Evaluation and Testing
Standards No. Standards Standards Title Version Date
Organization
10993-3:2003 SO ISO 10993-3:2003 Biological evaluation of medical | 2003 2003
6 devices-Part 3; Tests for Genotoxicity,
Carcinogenicity and Reproductive Toxicity
Standards No. Standards Standards Title Version Date
Organization
10993-5:19%9 IS0 1SO 10993-5:1999 Biological evaluation of medical | 1999 1999
7 devices-Part 5. Tests for in vitro cytotoxicity

Please include any additional standards to be cited on a separate page.

Public reporting burden for this collection of information is cstimated to average 0.5 hour per response, including the time for reviewing instructions, scarching
existing data soutces. gathering and maintaining the data needed. and complcting reviewing the collection of information. Send comments regarding this burden
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to:

Food and Drug Administration
CDRH (HFZ-342)

9200 Corporate Blvd.
Rockville, MD 20850

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a currently valid OMB control

~— 390
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Standards No. Standards Standards Title Version Date
Organization
10993-6:1999 ISO 1SO 10993-6:1999 Biological evaluation of medical | 1999 1999
8 devices-Part 6: Tests for implantation
Standards No. Standards Standards Title Version Date
Organization
10993-10:2002 | ISO ISO 10993-10:2002 Biological evaluation of 2002 2002
9 medical devices-Part 10: Tests for Irritation and
Sensitization
Standards No. Standards Standards Title Version Date
Organization
10993-11:1993 | ISO ISO 10993-11:1993 Biological evaluation of 1993 1993
10 medical devices-Part [1: Tests for systemic toxicity
Standards No. Standards Standards Title Version Date
Organization
11135:1999 1SO IS 11135:1999 Medical devices—Validation and 1996 1999
11 routine control of ethylene oxide steritization
Standards No. Standards Standards Title Version Date
Organization
11607-1:2006 1SO ISO 11607-1:2006 Packaging for terminally 2006 2006
12 sterilized medical devices — Part 1: Requirements
for materials, sterile barrier systems and packaging
systems
Standards No. Standards Standards Title Version Date
Organization
11607-2:2006 1SO SO [11607-2:2006 Packaging for terminaily 2006 2006
13 sterilized medical devices — Part 2: Validation
requirements for forming, sealing and assembly
processes

FORM FDA 3514 {6/05)
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DermaPort, Inc.
DermaPort Percutaneous Vascular Access System (PVAS)
Abbreviated 510(k) Pre-Market Notification Elements List

510(k) Elements

Submission Location

Cover letter, containing elements listed on page 3-2 of the Premarket Netification 510(k) Manual.

Cover Letter

Table of Contents

Table of Contents

Truthful and Accurate Statement

Section 2.0

Device Trade Name, Device Classification Name and Establishment Registration Number

Cover Letter - Items 3,
4,56

Device Classification Regulation Number and Regulatory Status (Class [, Class II, Class 1] or
Unclassilied).

Cover Letter - ltem 6

Proposed Labeling including material listed on page 3-4 of the Premarket Notification 510(k) Manual.

Attachment B

Statement of Indications for Use

Attachment H

Substantial Equivalence Comparison, comparisens of the new device with the predicate. Section 4.0
510¢k) summary Attachment |
Description of the device (or modification of the device). Section 1.0

Identification of legally marketed predicate device.

Cover Letter - ltem §

Compliance with perfonmance standards.

Cover Letter - Item 10

Class I certification and Summary.

Attachment G

Financial Cenrtification or Disclosure Statement for 510(k) notificattons with a clinical study.

NA - No sponsored
clinical study.

510(k) Kit Certification Section 1.3
Abbreviated 510(k) Elements ‘ '
Biocompatibility data for all patient-contacting materials, OR certification of identical Section 7.0
material/formulation.

Sterilizalion and expiration dating information Section 8.0.

Software Documentation

NA - No software.

For a submission, which relies on a guidance document and/or special control(s), a summary report
that describes how the guidance and/or special control(s) was used to address the risks associated with
the particular device type.

Sections 7.0, 8.0,9.0

For a submission, which relies on a recognized standard, & dectaration of conformity.

Sections 7.0, 8.0,9.0

For a submission, which relies on a recognized standard without a declaration of conformity, a
statement that the manufacturer intends to conform to a recognized standard and that supporting data
will be available before marketing the device.

NA. Recognized
Standard conformance
declared.

For a submission, which relies on a non-recognized standard that has been historically accepted by

NA. Recognized

FDA, a statement that the manufacturer intends to conform 1o a recognized standard and that Standard

supporting data will be available before marketing the device. conformance
declared.

For a submission, which relies on a non-recognized standard that has net been historically accepted by | NA. Recognized

FDA, a statement that the manufacturer iniends to conform to a recognized standard and that Standard

supporting data will be available before markeling the device and any additional information conformance

requested by the reviewer in order to determine substantial equivalence. declared.

Any additional information, which is not covered by the guidance document, special control, NA. Recognized

recognized standard and/or non-recognized standard, in order to determine substantial equivatence. Standard
conformance
declared.

Confidential
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DermaPort

W

April 30, 2007

Food and Drug Administration

Center for Devices and Radiological Health
510(k) Document Mail Center (HFZ-401)
9200 Corporate Boulevard

Rockville, MD 20850

Re: DermaPort Percutaneous Vascular Access System (PVAS™),
Abbreviated 510(k) Application

The enclosed Abbreviated 510(k) Application is submitted in compliance with 21 CFR 807. This
Abbreviated 510(k) Application supports commercial introduction of a DermaPort Percutaneous
Vascular Access System (PVAS™), The PVAS is classified by 21 CFR 876.5540 Blood Access
Device and Accessorics, Product Code MSD. For reference, applicable parts of the classification
regulation follow:

(a) Identification.

A blood access device and accessories is a device intended to provide access to a patient's

blood for hemodialysis or other ¢chronic uses. When used in hemodialysis, it is part of an

artificial kidney system for the treatment of patients with renal failure or toxemic
conditions and provides access to a patient's blood for hemodialysis. The device includes
implanted blood access devices, nonimplanted blood access devices, and accessories for
both the implanted and nonimplanted blood access devices.

(1} The implanted blood access device consists of various flexible or rigid tubes, which
are surgically implanted in appropriate blood vesscls, may come through the skin,
and arc intended to remain in the body for 30 days or more. This generic type of
device includes various shunts and connectors specifically designed to provide access
to blood, such as the arteriovenous (A-V)} shunt cannula and vessel tip.

(2) The nonimplanted blood access device ... device under review is implanted.

The PVAS under review in this 510(k) is intended to be implanted for longer than 30 days. By
classification, the PVAS is a Class 111 device. These devices are reviewed and cleared to markct by
the 510(k) premarket notification process.

The PVAS consists of a kit of medical device components. The components in the PVAS kit are all
intended to be single patient use devices and are not intended to be reprocessed.

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902

Confidential Page CL-]



The following 510(k) submission information is provided for reference.

|. Applicant Name: DermaPort, Inc.

25102 Rye Canyon Loop

Suite 110

Santa Clarita, CA 91355

Contact: Buzz Moran, President, DermaPort, Inc.
Phone: {661) 362-7901
Fax: (661) 362-7902 -
Email: bmoeran@dermaport.com

2. Submission Correspondent: On behalf of DermaPort, Inc., the following consultant may be
contacted with regard to the 510(k) submission:
Gary Syring, Principal Consultant
Quality & Regulatory Associates, LLC
800 Levanger Lane
Stoughton, WI 53589
Phone: (608) 877-2635
Fax: (608) 873-7382
Email: QRASupport@AOL.com

3. Trade Name: DermaPort Percutaneous Vascular Access System (PVAS™)
4. Common Name: Hemodialysis Catheter, Implanted

5. Manuofacturing Site Address: These devices arc manufactured by DermaPort, Inc. at:
DermaPort, Inc.
25102 Rye Canyon Loop
Suite 110
Santa Clarita, CA 91355

DermaPort, Inc. will submit a FDA Establishment Registration application
prior to commercial introduction of this device.

The following contract manufacturer will perform supporting manufacturing
opcrations:

Confidential Page CL-2
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6. Classification Name: Predicate implanted hemodialysis catheters have been found substantially
equivalent to 21 CFR 876.5540 Blood Access Device and Accessories, Class I11,
Product Code: MSD.

7. Reason for Abbreviated 510(k): Commercial introduction of a new device by DermaPort, Inc.

8. Predicate Device(s):
510(k) Number: K9%94103

Manufacturer:  MEDCOMP®

Trade Name: Medcomp Hemo-Flow Catheter
Product Code: MSD
Classification: 21 CFR 876.5540

510(k) Number: K062901
Manufacturer: Med-Conduit, Inc.
Trade Name: HemoCath 1
Product Code: MSD
Classification: 2] CFR 876.5540

9. Performance Standards:
No performance standards arc established for this classification of device,

The following Recognized Consensus Standards are applicable and were applicd to
the device under review:
ASTM F1980-02 Standard Guide for Accelerated Aging of Sterile Medical
Device Packages

ASTM F2503-05 Marking Medical Devices and Other Items for Safety in the
Magnetic Resonance Environment

ISO 10555-1:1995 Sterile, Single-use Intravascular Catheters — Part 1: General
Requircments

ISO 10555-3:1996 Sterile, Single-use Intravascular Catheters — Part 3: Central
Venous Catheters

1SO 10993-1:2000 Biological cvaluation of medical devices-Part |: Evaluation
and Testing

1SO 10993-3:2003 Biological cvaluation of medical devices-Part 3: Tests for
Genotoxicity, Carcinogenicity and Reproductive Toxicity

1SO 10993-5:1999 Biological cvaluation of medical devices-Part 5: Tests for
in Vitro cytotoxicity
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1SO 10993-6:1999 Biological evaluation of medical devices-Part 6: Tests for
implantation

ISO 10993-10:2002 Biological evaluation of medical devices-Part 10: Tests
for Irritation and Scnsitization

ISO 10993-11:1993 Biological evaluation of medical devices-Part 11: Tests
for systemic toxicity

ISO 11135:1999 Medical devices—Validation and routine control of ethylenc
oxide sterilization

ISO 11607-1:2006 Packaging for terminally sterilized medical devices — Part i:
Requirements for matcerials, sterile barrier systems and packaging
systems

[SO 11607-2:2006 Packaging for terminally sterilized medical devices — Part 2:
Validation requirements for forming, sealing and assembly processes

10. FDA Guidance Documents Applied:
Updated 510(k) Sterility Review Guidance K90-1; Final Guidance for Industry and
FDA; Document Issued on: August 30, 2002

Contact me or the following regulatory consultant with any 510(k) Submission questions:
Gary Syring, Principal Consultant
Quality & Regulatory Associates, LLC
800 Levanger Lane
Stoughton, W1 53589
Phonge: (608) 877-2635
Fax: (608) 873-7382
Email: QRASupport@AOL.com

Sincerely, WI/

Buzz Moran, President
DermaPort, Inc.

Phonc: (661) 362-7901

Fax: (661) 362-7902

Email: bmoran@dermaport.com

Enclosure
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1.0
1.1

Description of Device, Drawings, Photographs

Background

Central venous catheters are ubiquitous in many medical environments. Health care
professionals have become increasingly reliant upon these devices for the care of hospitalized
patients and for an expanding list of outpatient therapeutic applications. For this reason, an

increasing number of clinicians are inserting and utilizing central venous catheters.

Central venous catheters which are intended for long-term (greater than 30 days) use are
typically inserted into the internal jugular vein and then tunneled through the subcutaneous
tissue of the antcrior chest wall. The sine qua non of a long-term, tunneled catheter is the
fibrous cuff. The cuff is a band of fibrous material which encircles the external diameter of
the catheter. The purpose of the fibrous cuff is two-fold: 1) to serve as a site for the ingrowth
of tissue to firmly anchor the catheter within the subcutaneous tunnel, and 2) to provide a
barrier to the migration of microorganisms along the external surface of the catheter and
thereby decrease the incidence of catheter-related infections. For these reasons it is
advantageous for the fibrous cuff to become firmly attached to the subcutaneous tunnel.  The
disadvantage of the fibrous cuff is the difficulty of catheter removal or exchange. The firm
attachment of the cuff to the surrounding tissue prevents easy removal or replacement of the
attached catheter. Typically, the physician uses traction or blunt dissection to separate the

cuff from the surrounding tissue during catheter removal or exchange.

Recent scientific reports have demonstrated that catheter replacement, through the same
subcutaneous tunnel, is advantageous when treating hemodialysis patients with a catheter-
related infection"*>. This is commonly referred to as a catheter exchange procedure. The
traditional management of a catheter-related infection requires removal of the catheter device.
However, many hemodialysis patients are critically dependent upon their tunneled catheter to
provide vascular access for hemodialysis treatment. Removing an infected catheter and
inserting a new catheter at a new site can lead to thrombosis or venous stenosis, and

eventually to depletion of the patient’s central veins. Preservation of central veins is a

! Robinson D, Suhocki P, Schwab SJ. Treatment of infected tunneled venous access hemodialysis catheters

with guidewire exchange. Kidney International, 53: 1792-1794 (1998).

? Tanriover B, Carlton D, Saddekni S, Hamrick K, Oser R, Westfall A, Allon M. Bacteremia associated with tunneled

dialysis catheters: comparison of two treatment strategies. Kidney International, 57: 2151-2155 (2000).

3 &’Othee B, Tham J, Sheiman R, Restoration of patency in failing tunneled hemodialysis catheters: a

comparison of catheter exchange, exchange and balloon disruption of the fibrin sheath, and femoral
stripping. J ¥asc Interv Radiol, 17: 1001-1015 (2006).
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fundamental tenet for management of chronic hemodialysis patients®. When performed in the
appropriate clinical situation, the catheter exchange procedure has proven beneficial for
treatment of catheter-related infections, eliminating the need for a new catheter access site,

thereby preserving the patient’s central venous anatomy.

The firm attachment of the fibrous cuff to the subcutaneous tunnel often prevents easy
removal of a hemodialysis catheter during a catheter exchange procedure. As intended, the
fibrous cuff becomes incorporated into the subcutaneous tissue, frequently requiring a minor
surgical procedure to remove the cuff. While the optimal placement of the cuffis 2-3 cm
subcutaneous to the exit site, the choice of cuff location is often superseded by the

positioning of the catheter tip®, which is of greater clinical concern.

1.2 Description of Device
The DermaPort Percutaneous Vascular Access System (PVAS) was designed to facilitate the
catheter placement, repositioning, and exchange procedures while maintaining the catheter
attachment, bacterial barrier and fixation functions of the fibrous cuff. The PVAS includes a

port which acts as a percutaneous conduit enabling the catheter to enter into the body.

The main component of the PVAS is a metal port, which provides a percutaneous conduit and
is implanted into the subcutaneous tunnel at the catheter exit site on the chest wall. The
hemodialysis catheter passes through the metal port, into the subcutaneous tunnel, and then
into the central venous system in the usual fashion. The metal surface of the port has a
porous, tissue integrating coating which allows ingrowth of tissue to anchor the PVAS

device. The PVAS device also holds the hemodialysis catheter in place.

The PVAS device contains an internal three (3) wiper seal, which provides a barrier to the
migration of bacteria along the external surface of the catheter. The hemodialysis catheter is
attached to the implanted metal PVAS conduit with a removable locking mechanism (brake)
which encircles the catheter, allows optimal placement of the catheter tip, and maintains its

position. The unique design of the PVAS provides cutaneous fixation of the hemodialysis

4 Saad TF & Vesely TM. Venous access for patients with chronic kidney disease. J Vasc Interv Radiol 15:1041-

1045 (2004).
3 Trerotola §. Hemodialysis catheter placement and management. Radiology 215: 651-658 (2000).
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catheter while allowing easy repositioning, replacement and removal of the catheter as well

as removal of the PVAS device itself.

The Percutaneous Vascular Access System consists of several components, including a
surgical blade for incision at the exit site, a 14.5F long-term catheter surrounded by the PVAS
metal port with peel-away sheath, and various accessories associated with the insertion of

tunneled catheter systems. Picture 1.2-1 provides an overview of the PVAS.

Picture 1.2-1: The DermaPort Percutaneous Vascular Access System

A short section (1 cm) of the metal surface of the PVAS port is treated with a porous, tissue-
integrating coating that promotes tissue ingrowth and fixation of the device. During the
insertion procedure, this porous coated surface is covered by a removable peel-away sheath
that eases placement and prevents contamination as the port is implanted into the
subcutancous tunnel. After appropriate positioning of the PVAS conduit, the pecl-away
sheath is manually split and removed from the subcutaneous tunnel. Picture 1.2-2 provides an

image of the PVAS with the peel-away sheath removed.
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Picture 1.2-2: PVAS and Catheter Interface Detail, PVAS peel-away sheath removed

The metal port contains an internal three (3) wiper seal which serves as a physical barrier to
minimize bacterial contamination of the subcutancous tunnel during subsequent catheter

reposition or exchange procedures.

The proximal portion of the PVAS port is encased by a silicone anchor which has two lateral

suture wings for securing the device to the chest wall.

The hemodialysis catheter is secured to the inserted PVAS port conduit using a locking
attachment (brake) mechanism. This attachment brake component consists of a moveable
cylindrical silicone collar, which is attached to the anchor of the PVAS port by two lateral
braces. After appropriately positioning the hemodialysis catheter, the cylindrical brake collar
is placed around the catheter and secured using one encircling suture in the proximal groove.

Picture 1.2-3 provides an image of the packaged PVAS.
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Picture 1.2-3: Packaged PVAS and Catheter

The DermaPort Percutaneous Vascular Access System (PVAS) consists of the following

components:

I

O e 9 & L B R

Bk W N = O

Implanted Hemodialysis 14.5 F Catheter (24 cm, 28 cm or 32 cm lengths)
Guidewire; 0.038 inch (70 cm or 100 cm lengths)

16F Tearaway Set Griplock Hub

12F Polyethylene Dilator

14F Polyethylene Dilator

Clear Female Dust Cover

Injection Caps

18 GA x 2.7" Cyrolite Introducer Needle

Tunneler with Tri ball tip

. Tunneler Sleeve

. DermaPort Blade

. Commercially available alcohol pad

. Commercially available adhesive wound dressing (not shown)
. Peel-away sheath

. DermaPort Percutaneous Vascular Access System (PVAS) Port
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1.2.1

Note: The PVAS is provided with | of 3 catheter lengths, with an appropriately sized

guidewire.

Attachment A centains drawings for the PVAS port, peel-away sheath, catheter and
DermaPort blade. The PVAS port, peel-away sheath, catheter and DermaPort blade are the
only components that are not commercially available. The catheter is identical to the
Hemoflow, with the exception of the fibrous cuff, cleared to market by the FDA via 510(k)
number K994105. The following sections provide details on the significant components of

the DermaPort PVAS.

Implanted Hemodialysis Catheter

The PVAS kit contains a 14.5F dual lumen polyurethane hemodialysis catheter. This catheter
is identical to the HemoFlow catheter, with the exception that the fibrous cuff on the
HemoFlow catheter is omitted. The HemoFlow catheter is cleared to market by the FDA via
510(k) number K994105. Materials and manufacturing processing equivalence are defined in

Section 7.0.

The catheter is manufactured for DermaPort by Martech, Inc. Harleysville, PA, USA, an
FDA registered establishment medical device manufacturer that supplies catheters to the
medical device industry. The catheter is certified to comply with [SO 10555-1 and
ISO 10555-3, recognized standards for central venous catheters. A certification of

compliance to the ISO 10555 standard is included in Section 9.0.

Confidennal Page 1-6
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1.2.2.

Port

Peel-away
Sheath

ih

v

Hemodialysis
Catheter

Picture 1.2.1: Hemodialysis Catheter with PVAS

As stated previously, the predicate Medcomp hemodialysis catheter is manufactured by
Martech. MedComp (Harleysville, PA, USA) performs kitting and distribution. Martech and
MedComp are affiliated companies. MedComp holds the 510(k)s for the components and

catheters manufactured by Martech.

The predicate MedComp hemodialysis catheter applies a fixed polyester cuff to allow tissue
ingrowth for long term transcutancous placement. The DermaPort hemodialysis catheter is
passed through a PVAS port. This port takes the place of the fixed polyester cuff and
supports tissue ingrowth for long term placement. Evaluation of tissue ingrowth on the

PVAS port is addressed by evaluation in vivo, reference Section 6.0

DermaPort Percutaneous Vascular Access System (PVAS) Port
The PVAS port is an accessory to the implanted hemodialysis catheter, replacing the fixed
fibrous cuff. The PVAS port has been developed to support central venous access for

hemodialysis. The PVAS port consists of a percutaneous tubular conduit, through which a
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standard 14.5F polyurethane hemodialysis catheter enters the subcutaneous tunnel. An
integral three (3) wiper seal surrounds the catheter and prevents microbial migration along the
catheter. The port is enclosed by a silicone anchor that braces the assembly to the skin, and
an associated brake holds the catheter in place within the port. A tissue integrating, titanium
mesh biomaterial surrounds the port, providing anatomical fixation and prevention of
microbial migration through tissue integration, in a manner analogous to the fabric cuff of a

tunneled catheter, reference Picture 1.2.2-1.

Ti Mesh Sleeve
Housing

Port housing

Punched Strap

Anchor Side Srap c———————

Seal, 3 Wiper

Picture 1.2.2-1: PVAS Port

The PVAS includes the port with associated peel-away sheath, brake, anchor, seal, three (3)
wiper and tissue integrating biomaterial, a custom DermaPort blade, and a 14.5F
polyurethane catheter with accessories necessary for tunneled catheter placement using the
Seldinger technique. The PVAS port offers an advantage over tunneled cuffed catheters: by
decoupling the tissue integrating biomaterial from the catheter, the PVAS port enables
catheter repositioning and exchange procedures in a repeatable and safe manner while

preventing the passage of microbes along the catheter.

Central venous catheters often cease to function due to the catheter tip location. Correction

requires reversal of the flow direction in the two catheter lumens, which can lead to greater
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recirculation. Tunneled cuffed catheters with integrated cuffs require blunt dissection in
order to reposition the catheter tip and reestablish flow. The PVAS port allows the
repositioning of the catheter tip, both through rotation and retraction of the catheter. This is
performed without disruption of the tissue integrating biomaterial and the exit site epidermal

seal is preserved.

Central venous catheters can also cease to function due to thrombosis or infection. Removing
an infected catheter and inserting a new catheter at a new site can lead to thrombosis or
venous stenosis, and, eventually, to depletion of the patient’s central veins. Preservation of
central veins is a fundamental tenet for management of chronic hemodialysis patients. The
preferred site for long term hemodialysis access through a tunneled catheter is the right
internal jugular vein (NKF/DOQI 2006 Update, Clinical Practice Guidelines for Vascular
Access). Additional access sites, such as the left internal jugular or the subclavian veins, may
be available, but have higher complication rates and may interfere with future arteriovenous
fistuia success due to venous stenosis. Removal of an infected or thrombosed tunneled cuffed
catheter often requires the subsequent use of less desirable vascular access sites with higher

complication and failure rates.

When performed in the appropriate clinical situation, the catheter exchange procedure has
proven beneficial for treatment of catheter-related infections, eliminating the need for a new
venous entry site and thereby preserving the patient’s central venous anatomy. The removal
of tunneled cuffed catheters during catheter exchange requires that the integrated biomaterial
fibrous cuff also be removed. As intended, the fibrous cuff becomes incorporated into the
subcutaneous tissue, frequently requiring a minor surgical procedure to separate the cuff. This
requires blunt dissection and may prevent the use of the same exit site for catheter
replacement. While the ideal placement of the cuff is 2-3 cm subcutaneous to the exit site,
the choice of cuff location is often superseded by the positioning of the catheter tip, which is
of greater clinical concern. The PVAS port allows the rapid and safe exchange of a
malfunctioning catheter through the integrated biomaterial port without dissection, with
preservation of the existing percutaneous exit site and venous entry site. [n addition, by
decoupling the tissue integrating biomateria! port from the catheter, the PVAS port allows

independent positioning of the catheter tip.
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PVAS port removal is similar to the removal of a tunneled cuffed catheter, but may be easier.
The cuffed catheter biomaterial is located subcutaneously, while the PVAS port tissue
integrating biomaterial is located just below the incision, reference Picture 1.2.2-2. At the
time of removal, the tissue integrating biomaterial is exposed through retraction of the PVAS

port housing. The biomaterial is removed from the surrounding tissue with minor dissection.

Peel-away ‘ Subcutaneous
Sheath -

Picture 1.2.2-2: DermaPort Percutaneous Vascular Access System (PVAS)

The PVAS port is a percutaneous device, part of which is implanted into the body. The port
is supplied installed onto the proximal end of the catheter assembly. The port enables the
heath care professional to move the catheter while maintaining tissue integration at the exit

site.

The PVAS port assembly contains two major sub-assemblies which have been joined
together into one part. The first subassembly is the implanted section. It is made from

titanium. The second subassembly, which is joined to the first implanted section, is composed
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1.2.3

1.2.4

of medical grade silicone parts that contact the skin, but are not implanted. Section 7.0

addresses material biocompatibility.

Peel-away Sheath

A temporary splittable peel-away sheath is supplied that covers the PVAS port assembly to
aid in its placement, reference picture 1.2.3. The peel-away sheath is made from Teflon. The
peel-away sheath resides over the PVAS port and i1s removed during and discarded

immediately after the initial operative procedure.

Picture 1.2.3: Peel-away sheath

DermaPort Blade

The PVAS kit contains a surgical blade (DermaPort blade). This DermaPort blade is
designed to control the width and depth of the initial incision in the surgical procedure in
support of PVAS port placement. The DermaPort blade is made from surgical stainless steel.
The handle of the blade is made from injection molded medical grade ABS plastic. The blade

is provided with a protective cover made from medical grade silicone rubber.

Picture 1.2.3-2: PVAS DermaPort Blade with Protective Cover

Confidential Page 1-11



1.3

Picture 1.2.3-2: PVAS DermaPort Blade

The DermaPort Blade complies with the device classification defined in 21 CFR 878.4800

Manual Surgical Instrument for General Use and is a Class 1, 510(k) exempt device.

Kit Certification

As described, the PVAS is a kit. The kit components include Class 111 and Class | FDA

regulated components. Table 1.3 defines the FDA regulatory basis for the kit components

that are currently cleared to market devices.

Table 1.3: Regulatory Status of Components

Martech Part FDA

Description Number FDA Regulatory Basis Class

Implanted Hemodialysis Catheter | AC5108D K994105 (Hemoflow) 111
Guidewire 70 cm AC6100WL K040318 (SPLIT CATH 11D 111
Guidewire 100 cm AC6106WL K022678 (SPLIT STREAM) 11
16F Tearaway Set Griplock Hub AC4613GL K040318 (SPLIT CATH III) 111
12F, 14F Polyethylene Dilator AC4328, K040318 (SPLIT CATH I1I) 111

AC4330
Clear Female Dust Cover PPM 1063 K040318 (SPLIT CATH LI) 111
Injection Cap PPO1034 K040318 (SPLIT CATH LII) [11
18 GA x 2.7" Cryolite Introducer | AC1830-] K040318 (SPLIT CATH III) I
Needle
Tunneler with Tri ball tip PPO1246 K994105 (Hemoflow) 11
Tunneler Sleeve PPO1885 K994105 (Hemoflow) & 11

K020465 (SPLIT CATH II)

DermaPort Blade Not 878.4800 Manual surgical I

Applicable instrument for general use;

510(k) exempt
Confidential Page 1-12
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All of the noted components are used for the indication for use cleared to market by the noted
S510(k) or are 510(k) exempt in compliance with the noted regulation. The components are
manufactured by Martech Medical Products. These same parts are commercialized by
MedComp Cornponents Inc. (MEDCOMP). Martech Medical Products is affiliated by
common ownership with MEDCOMP. The following Kit Certification is provided to support

the FDA regulation status of all components.
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Der

Kit Certification

DermaPort Percutaneous Vascular Access System (PVAS)

I certify that the following components of the DermaPort Percutaneous Vascular Access System
(PVAS) kit are either:

(1} legally marketed pre-Amendments devices,

(2) exempt from premarket notification consistent with the exemption criteria described in
the classification regulation(s) and the limitation of exemptions for Section 510(k) of the
act(e.g., 878.9), or

(3) have been found to be substantially equivalent through the premarket notification process
for the use(s) for which the kit is to be intended (i.¢., ] am not claiming or causing a new
use for the component(s)).

I further certify that these components are consistent with their pre-Amendments, exemption, or

premarket notification criteria and status.

v W)

(Signature)

Buzz Moran, President

(Printed Name, Title)

20 Appi  207)

Date

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax {661) 362-7902
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14

Variations

Variations of the PVAS kit are available. The variations consist of different catheter lengths

and different PVAS kit components based upon whether the kit is a “Standard” kit or an

“Exchange” kit. The Catheter variations are:

1) 14.5F, 24 cm long
2) 14.5F, 28 cm long
3) 14.5F, 32 cm long.

The Catheter is supplied with the PVAS port in place.

The PVAS kits are available in the variations noted in Table 1.4-1.

Table 1.4-1: Kit Variations

Kit Number Description

HD-100-24 PVAS 24 cm Standard Kit

HD-100-28 PVAS 28 cm Standard Kit

HD-100-32 PVAS 32 cm Standard Kit

HD-100-24E PVAS 24 cm Exchange Kit
HD-i00-28E PVAS 28 cm Exchange Kit
HD-100-32E PVAS 32 cm Exchange Kit

The Standard PV AS kits are used during initial catheter insertion. The three Standard Kits

are identical, except for the length of the catheter and guidewire, as itemized in Table 1.4-2.

Table 1.4-2: PVAS Standard Kits

DermaPort

Standard

Kit Number | Component Description

HD-100-24 | Catheter 14.5F, 24 14.5 F dual lumen hemodialysis catheter, 24 cm long, with
cm with PVAS port PVAS port and protective peel-away sheath pre-installed

HD-100-28 Catheter 145 F, 28 14.5 F dual lumen hemodialysis catheter, 28 cm long, with
cm with PVAS port PVAS port and protective peel-away sheath pre-installed

HD-100-32 | Catheter 14.5 F, 32 14.5 F dual lumen hemodialysis catheter, 32 cm long, with
cm with PVAS port | PVAS port and protective peel-away sheath pre-installed

HD-100-24 | Guidewire 70 cm 0.038" Guidewire, 70 cm long

HD-100-28 | Guidewire 70 cm 0.038" Guidewire, 70 ¢cm long
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Table 1.4-2;: PVAS Standard Kits, continued
DermaPort
Standard
Kit Number | Component Description
HD-100-32 | Guidewire 100 cm 0.038" Guidewire, 100 cm long
HD-100-all | Tunneler with sleeve
HD-100-all | 18 GA x 2.7" Cyrolite
Introducer Needle
HD-100-all | 16F Tearaway Set 16F Valved Sheath/Dilator
Griplock Hub
HD-100-all | 12F Dilator
HD-100-all | 14F Dilator
HD-100-all | Injection Caps/Female
dust covers
HD-100-all | DermaPort blade Scalpel blade with handle for initial insertion
HD-100-all | Adhesive wound Pre-packaged off-the-shelf component
dressing
HD-100-all | Alcohol pad Pre-packaged off-the-shelf component

The Exchange Kits are used during catheter exchange. The three Exchange Kits are identical,

except for the length of the catheter and guidewire as defined in Table 1.4-3.

Table 1.4-2: PVAS Exchange Kits

DermaPort

Exchange

Kit Number | Component Description

HD-100-24E | Catheter 14.5F, 24 cm 14.5 F dual lumen hemodialysis catheter, 24 cm long
HD-100-28E | Catheter 14.5F, 28 cm 14.5 F dual lumen hemodialysis catheter, 28 cm long
HD-100-32E | Catheter 14.5F, 32 cm 14.5 F dual lumen hemodialysis catheter, 32 cm long
HD-100-32E | Guidewire 70 cm 0.038" Guidewire, 70 cm long

HD-100-28E | Guidewire 70 cm 0.038" Guidewire, 70 cm long

HD-100-32E | Guidewire 100 cm 0.038" Guidewire, 100 cm long

HD-100-all Injection Caps/Female dust covers

HD-100-all Adhesive wound dressing Pre-packaged oft-the-shelf component

HD-100-zll Alcohol pad Pre-packaged off-the-shelf component
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1.5

1.6

1.7

Technology

The catheter technology supporting hemodialysis and apheresis is unchanged from the
predicate Hemodialysis Catheter cleared to market by 510(k) K994105. The hemodialysis
catheter is implanted for more than 30 days of single patient use. The flowing blood

contacting materials of the catheter remain unchanged.

The method of retaining the catheter is modified to a PYAS port device. Evaluation of the
PVAS port and performance with the catheter is provided in Section 6.0. Material and skin

contact material biocompatibility is addressed in Section 7.0.

The only implanted component, other than the standard and cleared to market hemodialysis
catheter itself, is the metal section of the PVAS port. The PVAS port is made from
biocompatible, implant grade titanium. Descriptions of the tests performed to qualify the

PVAS port are contained in Section 6.0 and 7.0.

Application

The clinical application of the DermaPort Percutaneous Vascular Access System {PVAS) and
catheter is consistent with clinical applications of the predicate Hemodialysis Catheter cleared
to market by 510(k) K994105.

Indications for Use
The indication for use of the DermaPort Percutaneous Vascular Access System (PVAS) is
consistent with the classification of 21 CFR 876.5540 Blood Access Device and Accessories.
The indication for use is:
The DermaPort Percutaneous Vascular Access System (PVAS™) is indicated for
long-term (greater than 30 days) vascular access for hemodialysis and apheresis. The
system is inserted percutaneously and the catheter is typically placed in the internal
jugular vein of an adult patient. The subclavian vein is an alternate catheter insertion

site.

The FDA Indications For Use Form is provided as Attachment H.
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Dermil%e}j\/)

2.0 Truthful and Accurate Statement

PREMARKET NOTIFICATION
TRUTHFUL AND ACCURATE STATEMENT

(As Required by 21 CFR 807.87 (j))

DermaPort Percutaneous Vascular Access System (PVAS)

[ certify that, in my capacity as President of DermaPort, Inc., I belicve to the best of my knowledge,

that all data and information submitted in the premarket notification are truthful and accurate and that

Y. Wi~

(Signature)

no material fact has been omitted.

Buzz Moran, President

(Printed Name, Title)

30 /et 2]

Datc

[Premarket Notification (5310(k)) Number]

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902
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3.0

Labeling
Enclosed as Attachment B is proposed DRAFT labeling for the PVAS.

Enclosed as Attachment C are examples of predicate device labeling.

Confidential
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4.1 Compariser Summary
The features and functions of the PVAS under review are equivalent to those of the predicate

device. Differences are qualified as defined in Sections 6.0 through Section 9.0.
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5.0

5.1

Risk/Hazard Analysis

The PVAS is used to insert a tunneled central venous catheter percutancously to support
hemodialysis or apheresis. There are known, well-established risks associated with hemodialysts
using a central venous catheter. Many of these risks are the same for the PVAS as for the

predicate polyester cuffed cathcter.

A summary of known safety and effectiveness concerns for hemodialysis catheters and blood
access devices 18 provided in the Class 1l Summary, reference Attachment G. A risk assessment
and mitigation analysis was performed addressing issues unique to the PVAS. The risks

assoctated with central hemodialysis with a cuffed catheter are well known,

The Risk Analysis is provided in Attachment E.

Risk/Hazard Analysis Conclusions
The risks of the PVAS are mitigated to acceptable levels by application of labeling, sclection of
materials, controlled manufacturing processes, specification and verification. All resulting

mitigated risks are found to be acceptable.

For reference, risk mitigation information is provided as follows:
« Instructions for Use (IFU) are in Attachment B.

+ Verification of performance is in Section 6.0.

»  Material biocompatibility is in Section 7.0

« Verification of sterility and sterile packaging is in Section 8.0.
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In comparing the risks to the benefits of the PVAS, the benefits clearly outweigh the resulting
mitigated risks. The greatest problem associated with central venous hemodialysis catheters is
maintenance of access duc to the loss of patency primarily as a result of thrombosis and fibrin
sheath formation. The ability to reposition and exchange the catheter while maintaining tissue

integration offers the clinician another tool to alleviate this major problem.
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6.0 Performance Tests

The primary performance specifications of the PVAS include the following:

1. Meet the requirements of ISO 10555-3: Sterile, Single-use Intravascular Catheters — Part
3: Central Venous Catheters;

2. Allow repositioning and exchange of the catheter with the integrated percutaneous
components in sifu;

3. Maintain a flow rate through the catheter in the PVAS port that is sufficient for effective
hemodialysis.

4. Patients may be exposed to Magnetic Resonance Imaging (MRI) clinical examinations.
The metal PVAS Port must be tested and labeled in compliance with FDA standards for
MRI compatibility.

The differences between the PVAS under review and the predicate catheter device with a
polyester cuff can be summarized as:
1. The predicate Medcomp hemodialysis catheter applies a fixed polyester cuff to allow

tissue ingrowth for long term transcutaneous placement. The DermaPort

hemodialysis catheter is passed through _

3. The predicate Medcomp hemodialysis catheter is held in

polyester cuff bonded to the catheter.

Table 6.0-1 summarizes evaluations performed to support performance specification

verification and safety and effectiveness of the differences.
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Table 6.0-1: Evaluations Performed to Establish Safety and Effectiveness of Differences

Specification Verification,
Difference Evaluation Evaluation Applied Evaluation Summary

6.1 Microbial Barricr Properties between the Implanted Catheter and PVAS port

The test report is provided

tn Attachment D.

6.2 PVAS port and Hemodialysis Catheter Flow

The flow test report is provided in

Attachment D.
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6.3 Tissue Ingrowth Evaluation
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6.4 MRI Evaluation
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Marking Medical Devices and Other Items for Safety in the Magnetic Resonance

Environment. The MRI test report is provided in Attachment D.

6.5 Catheter Retention in the PVAS Port

The retention tensile force of the catheter in the PVAS brake was cvaluated _

Attachment D.
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7.0

7.1

Biocompatibility

As described in Section 1.2, the PVAS device kit under review can be summarized as

The following sections provide details with regard to the biocompatibility of the materials in

these two components.

Catheter with Associated Components
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DermaPort

Declaration of Conformity
Catheter and Associated Components

Material Biocompatibility

The materials of the DermalPort Catheter, Guidewire, Tearaway Set griplock Hub, Dilator, Dust
Cover, Injection Cap, Tunncler, Tunneler Sieeve, |8 GA Needle are the same materials in
formulation, processing and no other chemicals have been added (e.g., plasticizers, fillers, cleaning
agents, mold release agents, etc.) as cleared to market by 510(k) K9941G65 (cleared 10/03/2001) ),
K020465 (cleared 05/22/2002), K022678 (cleared 02/24/2003) and K0403 18 {clecared 02/03/2005).

A7/

(Signature)

Buzz Moran, President, DermaPort, Inc.

{Printed Name, Title)

20 At 229

(Date)

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902
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7.2 PVAS Port

Picture 7.2 provides guidance on the materials of the PVAS Port.

Picture 7.2: PVAS Port Material Detail

Table 7.2 summarizes the materials that construct the PVAS.

Table 7.2: PVAS Port Patient Contact Materials
MAF
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Table 7.2: PVAS Port Paticnt Contact Materials, continued

Supplier Material Comments

7.2.1 PVAS Port Flexible Material Biocompatibility

The silicone materials of the PVAS reside outside of the body and contact the skin and are

not implanted. The silicone materials are declared by the supplic_

A temporary, splittable PVAS peel-away sheath is supplied that covers the PVAS port

e—

away sheath is removed during and discarded immediatety after the initial operative

To confirm the biocompatibility of the pecl-away shcath_
R - i esting was

performed. The cytotoxicity testing was performed in compliance with 1S0-10993-5:1999

Biological cvaluation of medical devices-Part 5: Tests for in vitro cytotoxicity. The test was
conducted in compliance with Good Laboratory Practices (GLP) and the test passed. Table

7.2.1-1 supports the Declaration of Conformity to this FDA Recognized Standard.
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Table 7.2.1-1: Conformity to FDA Recognized Consensus Standards ISO-10993-5:1999
Biological Evaluation of Medical Devices-Part 5: Tests for in vitro cytotoxicity

Required Elements for a Declaration of
Conformity to a Recognized Standard:

Compliance Statement:

a. An identification of the applicable
recognized consensus standards that were
mel.

1S0O-10993-5:1999 Biological evaluation of medical
devices-Part 5: Tests for in vitro cytotoxicity

b. A statement, for each consensus
standard, that all requirements were met,
except for inapplicable requirements or
deviations noted below.

All applicable requirements are met.

c. An identification, for each consensus
standard, of any way(s) in which the
standard may have been adapted for
application to the device under review (e.g.
An identification of an alternative series of
tests that were performed).

None.

d. An identification, for each consensus
standard, of any requirements that were not
applicable to the device.

None.

e. A specification of any deviations from
each applicable standard that were applied.

No deviations to the standards were applied.

I~ A specification of the differences that may
exist, if any, between the tested device and
the device to be marketed and a justification
of the test results in these areas of
difference.

None.

g. The name and address of the testing
laboratory andfor certification body
invelved in determining the conformance of
the device with applicable consensus
standards and a reference to any
accreditations for those organizations.

The following Declaration of Confornuty

is provide

Evaluation

erformed and documented by:

=~
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Declaration of Conformity

DermaPort Percutaneous Vascular Access System
(PVAS) Peel-away Sheath

Material Biocompatibility

The PVAS pecl-away sheath material of the DermaPort Percutancous Vascular Access System
(PVAS) was evaluated for compliance with the FDA Recognized Standard ISO-10993-5: 1999

Biological evaluation of medical devices-Part 5: Tests for in vitro cytotoxicity. All the requirements

A/

(Signature)

were met with a passing result.

Buzz Moran, President
(Printed Name, Title)

30 Ary 22

(Dated)

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902
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With a transient duration of use for contact with compromised tissues, the FDA recognized

consensus standard SO 10993-1:2003 indicates the following types of material

biocompatibility tests should be performed on the _ Cytotoxicity

(completed), Trritation and Sensitization (Intracutancous Reactivity). The sensitivity and

irritatiog tests will be completed prior to commercial introduction of th

peel-away sheath. Table 7.2.1-2 supports the accompanying Declaration of Conformity

confirming these tests will be performed prior to commercial introduction.

Table 7.2.1-2: PVAS Peel-away sheath Conformity to FDA Recognized Consensus
Standards 1SO-10993-10:2002 Biological Evaluation of Medical Devices-Part 10:
Tests for in Irritation and Sensitization.

Required Elements for a Declaration of
Conformity to a Recognized Standard:

Compliance Statement:

a. An identification of the applicable
recognized consensus standards that were
met.

1S0-10993-10:2002 Biological evaluation of medical
devices-Part 10: Tests for Irritation and Sensitization;

b. A statement, for each consensus
standard, that all requirements were met,
except for inapplicable requirements or
deviations noted below.

All applicable requirements will be met prior to commercial
introduction.

c. An identification, for each consensus
stendard, of any wav(s) in which the
standard may have been adapted for
application to the device under review (e.g.
An identification of an afternative series of
tests that were performed).

None.

d. An identification. for each consensus
standard, of any requirements that were not
applicable to the device.

None.

e. A specification of anv deviations from
each applicable standard that were applied.

No deviations 1o the standards will be applied.

[ A specification of the differences that may
exist, if anv, hetween the tested device and
the device 1o be markered and a justification
of the test results in these areas of
difference.

g. The name and address of the testing
laboratory and/or certification body
involved in determining the conformance of
the device with applicable consensius
standards and a reference 1o any
accreditations for those organizalions.

None.

The following Declaration of Conformity is provided.
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Dermi%g_;);t

Declaration of Conformity

DermaPort Percutaneous Vascular Access System
(PVAS) Peel-away Sheath

Material Biocompatibility

The PVAS peel-away sheath material of the DermaPort Percutaneous Vascular Access System
(PVAS) will be evaluated for compliance with the FDA Recognized Standards 1SO-10993-10:2002
Biological evaluation of medical devices-Part 10: Tests for Irritation and Sensitization prior to

commercial introduction. All the requirements will be met with a passing result.

/2

(Signature)

Buzz Moran, President
{Printed Namc, Titlc)

30 Aped  22)

(Dated)

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902

Confidential Page 7-12

_ 438



7.2.2  PVAS Port Mctal Material Biocompatibility

The metal materials of the PVAS port arc implanted long term|[{SJEJI has a long history of

safe use as an implant material, and is uscd extensively in the pacemaker and other industries.

In addition to a history of material safe usc, testing of these materials was conducted as

guided by the FDA Recognized Consensus Standard AAMUIANSI/ISO 10993-1:2003,

Biological Evaluation of Medical Devices — Part 1: Evaluation and Testing. For the PVAS

port as an implanted device with tissue/bone contact, material biocompatibility testing was

performed for permanent contact duration. Table 7.2.2-1 summarizes the material

biocompatibility tests applied to the PVAS port metal materials and the FDA Recognized

Consensus Standard applied to support the test process.

Table 7.2.2-1: PVAS Port Mctal Material Biocompatibility Evaluation

Test

Test Method

Cytotoxicity

ISO 10993-5:1999 Biological evaluation of medical devices-
Part 5: Tests for in vitro cytotoxicity

Sensitization

ISO 10993-10:2002 Biological evaluation of medical devices-
Part 10: Tests for Irritation and Sensitization

[ntracutaneous Reactivity

1SO 10993-10:2002 Biological evaluation of medical devices-
Part 10: Tests for Irritation and Sensitization

Acute Systemic Toxicity

1SO 10993-11:1993 Biological evaluation of medical devices-
Part 11: Tests for systemic toxicity

Subacute and Subchronic Toxicity

SO 10993-11:1993 Biological evaluation of medical devices-
Part 11: Tests for systemic toxicity

Genotoxicity

SO 10993-3:2003 Biological evaluation of medical devices-
Part 3; Tests for Genotoxicity, Carcinogenicity and
Reproductive Toxicity

Hplantation

ISO 10993-6:1995 Biological evaluation of medical devices -
Part 6: Test for local effects afier implantation

The matcrial biocompatibility tests passed. Table 7.2.2-2 supports the Declaration of

Conformity 1o these FDA Recognized Standards.
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Table 7.2.2-2: Conformity to FDA Recognized Consensus Standards for Biocompatibility Evaluation

Required Elements for a Declaration of
Conformity to a Recognized Standard:

Compliance Statement:

a. An identification of the applicable
recognized consensus standards that were
mel.

[SO-10993-3:2003 Biological evaluation of medical
devices-Part 3: Tests for Genotoxicity,
Carcinogenicity and Reproductive Toxicity

1S0-10993-5:1999 Biological evaluation of medical
devices-Part 5: Tests for in vitro cytotoxicity.

1SC 10993-6:1995 Biological evaluation of medical devices
- Part 6: Test for local effects after implantation

ISO-10993-10:2002 Biclogical evaluation of medical
devices-Part 10: Tests for Irritation and Sensitization.

1S0-10993-11:1993 Biological evaluation of medical
devices-Part 11: Tests for systemic toxicity

b. A statement, for each consensus
standard, that all requirements were met,
except for inapplicable requirements or
deviations noted below.

All applicable requirements are met.

¢. An identification, for each consensus
standard, of any way(s) in which the
standard may have been adapted for
application to the device under review (e.g.
An identification of an alternative series of
tests that were performed).

None.

d. An identification, for each consensus
standard, of any requirements that were not
applicable to the device.

None,

e. A specification of any deviations from
each applicable standard thal were applied.

No deviations to the standards were applied.

| A specification of the differences that may
exist, if any, between the tested device and
the device to be marketed and a justification
of the test results in these areas of
difference.

None.

& The name and acldress of the testing
laboratory and/ior certification body:
involved in determining the conformance of
the device with applicable consensus
standurds and a reference to any
accreditations for those organizations.

The following Declaration of Conformity is provided.
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=Pari
DermaPort

Declaration of Conformity

DermaPort Percutaneous Vascular Access System
(PVAS)

Material Biocompatibility

The metal patient contact materials of the DermaPort Percutaneous Vascular Access Systerm (PVAS)

port were evaluated for compliance with the FDA Recognized Standards:

a.

ISO 10993-3:2003 Biological evaluation of medical devices-Part 3: Tests for
Genotoxicity, Carcinogenicity and Reproductive Toxicity,

1SO 10993-5:1999 Biological evaluation of medical devices-Part 5: Tests for in vitro
cytotoxicity,

1SO 10993-6:1995 Biological evaluation of medical devices - Part 6: Test for local
effects after implantation,

1SO 10993-10:2002 Biological evaluation of medical devices-Part 10: Tests for Irritation
and Sensitization,

ISO 10993-11:1993 Biological evaluation of medical devices-Part 11: Tests for systemic

toxicity.

All the requirements were met with a passing result.

Wy D

(Signaturc)

Buzz Moran, President
(Printed Name, Title)

30 APRIL 2007]

(Datcd)

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902

Page 7-15

A4



8.0

Sterility

The following sterility information is provided for the PVAS in compliance with the FDA
Guidance document: Updated 510(k) Sterility Review Guidance K90-1; Final Guidance for
Industry and FDA.

1. Sterilization method: Ethylene Oxide, 100% cthytene oxide gas.

2. Method used to validate the sterilization cycle: ANSI/AAMI/ISO 11135: 1994 Medical
devices—Validation and routine control of ethylene oxide sterilization. A Declaration of
Conformity to the ANSVAAMUI/ISO 11135 standard is provided in Section 8.2.

3 The packaging to maintain the device sterile: Sce Section 8.1

4. Ethylenc oxide residuals limit: Less than 250 ppm per device; Less than 0.1 mg per day
Ethylene Chlorohydrin Residuals limit: Less than 2 mg per day.

5. The PVAS patient contact components are labeled pyrogen free. The method applied to

determine the blood contact components arc pyrogen free is the FDA recognized Limulus

LAL Results

Device ;| Endotoxin

6. Sterility assurance level (SAL): SAL of 10°

Confidential Page 8-1
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Packaging

The PVAS is packaged in a lidded tray and pouch system. Details of the packaging are as

follows:

The PVAS and accessories are inserted into the bottom tray and are secured in place with
a snap-on lid. The tray and lid are inserted into the pouch and sealed using a validated
pouch sealer. Photographs of the components (Picture 8.1-1) and packaged kit (Picture

8.1-2) are shown below.

PVAS Kit Package

Picture 8.1-1: Components in the Open Tray

Picture 8.1-2: Components in the Closed Tray

Confidential




8.2

Sterilization Declaration of Conformity

The sterilization process for the PVAS applies the FDA Recognized Consensus Standards
ANSIVAAMUISO 11135: 1994 Medical devices— Validation and routine control of cthylene

oxide sterilization. Tabie 8.2-1 supports the Declaration of Contformity to the
ANSI/AAMI/ISO 11135 standard, reference Section 8.4,

Table 8.2-1: Conformity to FDA Recognized Consensus Standards ANSI/AAMEI1SO 11135: 1994
Medical devices—Validation and routine control of ethylene oxide sterilization

Required Elements for a Deelaration of
Conformity to a Recognized Standard:

Compliance Statement:

a. An identification of the applicable
recognized consensus standards that were
met.

ANSI/AAMEISO 11135:1994 Medical devices—
Validation and routine control of ethylene oxide
sterilization

b. A statement, for each consensus
standard, that all requirements were met,
except for inapplicable requirements or
deviations noted below.

All requirements were met.

¢. An identification, for each consensus
standard, of any way(s) in which the
standard may have been adapted for
application to the device under review (e.g.
An identification of an alternative series of
tests that were performed).

None,

d. An identification, for each consensus
standard, of any requirements that were not
applicable to the device.

None.

e. A specification of any deviations from
each applicable standard that were applied.

No deviations to the standards were applied.

[ A specification of the differences that may
exist, if any, between the tested device and
the device to be marketed and a justification
of the test results in these areas of
difference.

None.

& The name and address of the testing
laboratory andlor certification body
involved in determining the conformance of
the device with applicable consensus
standards and a reference to any
accreditations for those organizations.

Testing was performed and is documented by:
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8.3

Packaging

The packaging for the PVAS is a thermoplastic package with _
sealed. A declaration of conformity to FDA Recognized Consensus Standards
ANSIVAAMUI/ISO 11607-1:2006 Packaging for Terminally Sterilized Medical Devices — Part

1: Requircments for Materials, Sterile Barrier Systems and Packaging Systems and
AAMIJANSIISO 11607-2:2006, Packaging for terminally sterilized medical devices - Part 2:
Validation requirements for forming, scaling and assembly processes, is provided in Section

8.4. Table 8.3-1 supports the Declaration of Conformity.

Table 8.3-1: Conformity to FDA Recognized Consensus Standards ANSI/AAMUISO 11607-1:2006
Packaging for Terminally Sterilized Medical Devices — Part 1: Requirements for
Materials, Sterile Barrier Systems and Packaging Systems and AAMI/ANSI/ISO 11607-
2:2006, Packaging for terminally sterilized medical devices - Part 2: Validation
requirements for forming, sealing and assembly processes

Required Elements for a Declaration of

Conformity to a Recognized Standard: Compliance Statement:

a. An identification of the applicable ANSI/AAMI/ISO 11607-1:2006 Packaging for Terminally

recognized consensus standards that were Sterilized Medical Devices — Part 1; Requirements for

met. Materials, Sterile Barrier Systems and Packaging Systems
and

AAMUIANSI/ISO 11607-2:2006, Packaging for terminally
sterilized medical devices - Part 2: Validation requirements
for forming, sealing and assembly processes.

b. A statement, for each consensus All appticable requirements are met.
standard, that oll requirements were met,
except for inapplicable requirements or
deviations noted below.

c. An identification, for each consensus None.
standard, of any way(s} in which the
standard may have been adapred for
application to the device under review (e.g.
Anidentification of an alternative series of
tests that were performed).

d. An identification. for each consensus None.
standard, of any requirements that were not
applicable to the device.

e. A specification of any deviations from No deviations to the standards were applied.

each applicable standard that were applied.
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Table 8.3-1: Conformity to FDA Recognized Consensus Standards ANSI/AAMI/ISO 11607-1:2006
Packaging for Terminally Sterilized Medical Devices — Part 1: Requirements for
Materials, Sterile Barrier Systems and Packaging Systems and AAMI/ANSI/ISO 11607-
2:2006, Packaging for terminally sterilized medical devices - Part 2: Validation
requirements for forming, sealing and assembly processes, Continued

Required Elements for a Declaration of
Conformity to a Recognized Standard:

Compliance Statemcent:

- A specification of the differences that may
exist, if any, between the tested device and
the device to be mavketed and a justification
of the test resuits in these areas of
difference.

None.

g. The name and address of the testing
laboratory and/or certification body
involved in determining the conformance of
the device with applicable consensus
standards and a reference to any
accreditations for those organizations.

84 Declaration of Conformity

The following Declaration of Conformity

is provided in support of the sterilization and

packaging standards compliance information in Scctions 8.2 and 8.3.
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P D e
DermaPort

Declaration of Conformity
DermaPort Percutaneous Vascular Access System (PVAS) with Catheter

Compliance to Sterilization and Packaging Standards

1 certify that, in my capacity as President of DermaPort, Inc., the sterilization validation complies
with the applicable requircments of Ethylene Oxide Sterilization per ANSIVAAMI/ISO 11135:1994
Medical devices—Validation and routine control of ethylene oxide sterilization; and the sterile barrier
packaging of the DermaPort Percutancous Vascular Access System (PVAS) AAMIJANSI/ISO
11607-1:2006 Packaging for Terminally Sterilized Medical Devices — Part |: Requirements for
Materials, Sterile Barricr Systems and Packaging Systems and AAMI/ANSI/ISO 11607-2:2006,
Packaging for terminally sterilized medical devices - Part 2: Validation requirements for forming,

scaling and assembly processes will be met prior to commercial introduction. .

A/

(Signature)

Buzz Moran, President
{Printed Name, Title)

30 AL 2009

{Dated)

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902
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8.5

Shelf Life
The protocol for evaluation of PVAS with Cather shelf life is presented in Attachment D.

The initial shelf lifc of the PVAS with Catheter will be 6 months. As data are available to
support a longer shelf life, the shelf life will be extended.
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9.0 Standards Compliance
Compliance with FDA Recognized Consensus Standards for sterilization and sterile barrier

packaging standards are noted in Section 8.0.

The catheter component of the PVAS will be contract manufacrured_

Products and are supplied to DermaPort Ing, _

a. IS0 10555-3:1996; Sterile, Single-use intravascular Catheters — Part 3: Central
Venous Catheters; Catheter lumen minimum flow rate,

b. ISO 10555-1:1995; Sterile, Single-use Intravascular Catheters — Part 1: General
Requirements; Catheter function and Catheter and joint bond tensile strength,

¢, ISO 594-1:1986, Conical fittings with a 6% (Luer) taper for syringes, needles and

certain other medical cquipment - Part |: General requirements: Luer connections.

Table 9.0-1 documents catheter compliance with additional applicable FDA Recognized
Conscnsus Standards. The removal of the polyester cuff does not affect catheter compliance

to these standards.
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Table 9.¢-1: FDA Recognized Consensus Standard Compliance; Required Elements for
a Declaration of Conformity to a Recognized Standard

a. An identification of the applicable
recognized consensus standards that were
met.

[SO 10555-1 Sterile, Single-use Intravascular Catheters —
Part 1: General Requirements

ISO 10555-3 Sterile, Single-use Intravascular Catheters —
Part 3: Central Venous Catheters

ISO 594-1:1986, Conical fittings with a 6% (Luer) taper
for syringes, needles and certain other medical equipment
- Part 1: General requirements: Luer connections.

b. A statement, for each consensus
standard, that all requirements were met,
except for inapplicable requirements or
deviations noted below.

All applicable requirements are met.

c. An identification, for each consensus
standard, of any way(s) in which the
standard may have been adapted for
application to the device under review (e.g.
An identification of an alternative series of
tests that were performed),

None,

d. An identification, for each consensus
standard, of any requirements that were
not applicable 10 the device.

None.

e. A specification of any deviations from
each applicable standard that were
applied.

No deviations to the standards were applied.

[ A specification of the differences that
may exist, if any, between the tested device
and the device to be marketed and a
Justification of the test results in these
areas of difference.

None,

&, The name and address of the testing
laboratory andfor certification body
involved in derermining the conformance
of the device with applicable consensus
standards and a reference to any
accreditations for those organizations.

Testing was performed and documented by:

The following tetter from Medcomp 1s provided.
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QmedcoMp

Hemo-Flow™
LONG-TERM HEMODIALYSIS
CATHETER

INSTRUCTIONS FOR USE

INDICATIONS FOR USE:

The Hemo-Flow™ Dialysis Catheter is
indicated Jor use in attaining Long-Ternn
vascilar access fur Hemuodialysis and
Apheresis

It sy b inserted pereatancously and is
primarily placed in the internal jugntar
vein of an adult patient.

Alternate sertion sites inelude
subelavian vein as required.

The curved Hewmo-Flow™ Catheter s
intended for mrernal jugular vein
insertion

heters greater than 40cm are intended
for femoral vein insertion.

This catheter is indicated for a duration
nol to exceed (12) months.

This catheter is intended for Long-Term
vascular necess only and should not be
nsed for any purpose ather than
tedicated m these instructons.

DESCRIPFTION:

The Hemo-Flow™ Dindysis Catheter is
mumitactured from soft radiopague
pubvurethane material which provides
increased paticnt comfort while providing
excellunt biocompatibility.

In the rare event that a Liub or

connector separates [row any component
during insertion or use, take all necessary
steps and precautions (o prevent blood
loss or air ciibolism and remove eatheter,

Do nat advance the padewire or catheter
il unusual resistanoe 15 cneountered

Do not insert or withdraw the guidewire
torcibly from any component. The wire
may break or unravel, Il the guidewire
becomes damaged, the introducer needle
or Vascu-Sheath® introducer and
guidewire must be removed together

Federal Law {USA) restricts the device 1o
sale by or on the order ol a physician

This catheter is for Single Use Only.

Do not re-sterilize the catheter o
accessories by any method

The manutacturer shall not be linble for
anv damages causcd by reuse or
re-sterilization ol this catheler o
Accessores

Contents stenle and non-pyrogenic i
unopenee, undamaged package
STERIA ) BY ETHYLENE OXIDE

STERILE

Do nut nse catheter or accessories if
package is opened or damaged.

ries il any
sign of produet damage s visihle.

Do not use catheter ur

STER PRECAUTIONS:

e
-— 4

Aar Enthalus [PHEE
Barter min Lusner-n Th
harhaal Tex

ornen et Taee
Tunoel Indes twm
v
Ve

Irsbrian Very u 1l

Hefore attempting the insertion, ensure
that you are lamiliar with the above
vampheations and their cmergeney
treatment should any of them occar

There is a potential for product failure
related toothe nse of ointments on
catheters. Do not use ointments ol any
kind on this catheter

Do not use sha instroments pewe tee
extension wbing or catheter lumen

o not 1se scissors o remaove dressing.

Catheter will be dampged F clamps other
than whiat is provided with this Kit e
used.

Clamping of the wlang repeatedly i the
same locaton may weaken robing. Avoid
clamping near the nees and hnboof the
catheter.

Examine catherer hunen and extensions
before and after cach treatment lor
tharnipe.

Ta prevent acewdents, assnuee the seenrity
of all caps and bloodline connections priov
o and hetween teeatinent s,

Use only Luer Lock (threded)
Connectors with this eatheter

Repeated over tightening of bloodlines,
syringes, and caps will reduce connector
life and could lead o potential connector
[ailure.

The patient shonld be in o modified
Trendelenburg position, with the upper
chest exposed and the head turned
slightly 1o the side apposite the insertion
a. A small rolled owel may he
inserted between the shoulder blades to
tacilitate the extension ol the chest area,

Internal Jugular Vein

Internal A
jugularvein%—-_\f /
Cuﬁ—?-’—__..____\ i
R

j f\ F{{

Insertion site
Subclavian

vena cava

Have patient lift his/her head from the
bed to define the stermomastoid musele
Catheterization will be performed at the
apex of a triangle formed between the
two heads of the sternomastond muscele,
The apex should be approxunately three
finger breadrhs above the claviele. The
carotid artery should be palpated wedial
tu the point ol catheter inscrtion.

Subclavian Vein

ﬁ Subdawan vein
Inserbon site N
ol il

-

CLI"# > 5
Exit site 4 %

Note the position of the subelavian vein,
which is pesterior 1o the claviele,
superior to the first rib. and anterior to
the subclavian artery. (Al a point just
Lateral 1o the angle wade by the elavicle
and the first rily)

Patients requiring ventilator support are
at inereased sk of pueumsothorax during
subelav vt cantialation, which may
cause complications

Extended use of the subelovion vein
may be associated with snbelavian vein

stenoss
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Tip Placement

¢
it}
E gy
A
Pt
e

Femoral Vem

e The patient should lic completely on his/
her back. Borth femoral arteries should be
palpated for site selection and

consequence assessment, The kuee on the

sine side of the insertion site should e
Hexed and the thigh abducted. Place rhe
foat across the opposite leg. The femoral

vein is then posterior/medial 1o the artery.

Caution: The incidence ol infection may be
increased with femuoral vein insertion

. Conlirin lmal poesition of catheter with
chest x-rayv. Routine x-ray should always
lollow the initial insertion of this catheter
to confirtn proper tip placement prior 1o

usc.

e Femoral catheter tip placement is
recommended ot the junction of the iliar
vein atd the inferor vena cavi®

DIRECTIONS FOR SELDINGER INSERTION

. Read instructions earetully before nsing
this device, The cathwerer should be
inserted, manipulated, and removed by
a qualified, licensed phvsician or ather
eppsadifiedd headth cave professional tndes
the direction of o phvsician

+  The medieal technigues and procedures
stnictions for nse
du not represent all medically aceeptable
protocols, nor are they mtended as «
substitute for the physician’s experience
sl pudgement i tresting any specili

deserbed in these i

pasticni.

. Use standard hospital protocols when
applicable

1 Siriet aseptie technique must be used
during msertion, maintenance, and
catheter vemoval procedures, Mrovide a
sterile operative held. The Opernting Room
is the preferred location for catherer
placement. Use sterile drapes,
instruments, and accessories. Shave the
skin ahove and below the insertion site.
Perlorm surgical serub. Wear gown, cap,
ploves, and mask. Have pativnt wear
fn'llflk

he

The selection of the approprate ciatheter
lenigth s a1 the sole diseretion ol the phy-
sician. Tv achieve proper tip placement,
proper catheter length selection is
important. Routine x-rav shold always
lollow 1he innial insertion of ths catherer
to confirm proper placeinent prior to use.

3. Admivister sufficient local anesthetie to
completely anesthetize the inserton sie.

1. Make a small incision at the exit site on
the chest wall approximately 8- 10cm
below the clavicle, Make a s wh ineision
above and paralle] to the Lirst, at the
insertion site. Make the incision at the exit
site wide enough to accommodate the cuff,
approxunately len.

5. Use blunt dissection to ereate the
subcitanenns mnnel opening. Attach) the
catheter to the trocar (2 shaht wisting mo-
tion may be helpful). Shide catheter
mnnehing sleeve over the catheter making
certain that the s
holes of the catherer. Insert e trocar o
the exil site and ere
subcutansous tunnel. Do not tunnel
thronigh nmmiscle. The tunnel shonld be
made with care in order 1o prevent day

& covers the arterial

1 short

o surrounding vessels.

Sit. For Femoral Vein lnsertion: Create
subentameous tnnel with the catherer

exil site o the pelvie megion

Warning: Do not over-expand subcutaneous
tisstie during minneling, Over-expansion may
delav/prevent cull m-growth

6. Lead catheter into the ninnel gentiv. Do
not pull or tug the catheter tubing. It
resistance is cnconmteved, foether Bl
digsection mayv [aeilitare inserrion. Remove
the catherer from the trocar with o slight
IWisTing manhion to o
catheter.

oiel damage 1o the

Caution: Do not pull tunneler onr af an on
Keep tunneler straight to prevent damage to
catheter tip

~

CATHETER A,
e

Note: A tunnel with a wide gentle arc lessens
the nsk of kinking. The tunnel should be short
enough to keep the Y-hub of the catheter from
entering the exit site, yet long enongh to keep
the enlf 2em (iinitnam] from the skin upr'niug

7. lrrigate eatheter with saline, then clamp
catheter extensions to assure that saline is
not nadvertenly drained from lumens. Use
clanups provided.

X, Insert the introducer needle with attached
syrnge. of One-Step™ bulh needle, inte
the: targetr vein. Aspirate 1o insiure proper
placement. Whern using the One-Step,
fill the bulb awvith seline. Once bully is fully
pramed watl o aie present, squeeze bulb
with thumb and forefinger. Continue to
squeeze bulb until needle is under patient’s
skin. Onee target vein is toeated, blood il
Hash baek into flexible chimber.

Y.  Remove the syringe, (see Yu for One-Step™
Directions), and place thumb over the end
of the needle to prevent blood loss or air
cinbolisi, Draw flexible end of guidewire
back e advancer so that only the end of
the guidewire is visible. Insert advancer's
distal end into the needle hub. Advance
guidewire with forward motion into and
past the needle hub into the target vein.

9a. One-Step™ Directions: Onee blood has
been nspirated into the Hexible bulb,
draw flexible end of guidewire back inte
advancer so that only the end of the
guidewire is visible. Insert advancer’s
distal end into the One-
Advanee guidewire with a forward motion
into and past the needle hub into the
target vein.

Caution: The length of the wire inserted is
determined by the size ol the patient. Monitor
patient for archvthmia throughout this
procedure. The patient should be placed o
cardisae momtor during this procedore. Cardin
arrhythmias may result if guidewire is allowed
to pass into the nght atrium. The guidewire
should be held securely dunng this procedure,

10, Remove needle, leaving guidewine i the
target vein. Enlarge cutaneous puncture
site with scalpel,

11. Thread Vascu-Sheath® introducer over the
proximal end of the guidewire. Once the
Vascu-Sheath® introducer is in the target
vein, remove the gindewire leaving the
sheatl and dilator 0 position,

Caution: DO NOT bend sheath/dilator during
insertion as bending will canse the sheath o
urelv tear. Huld she
the tip {approximately Jem from tip) when
initinlly mserting through the skin surla Tor
progress the sheath/dilator rowards the vein,
regrasp the sheath/dilator a fow centimeters
fapproximutely Scm) above the onginal grasp
loeation and push down on the sheath/dilator
Repeat procedure antil sheath/dilator is fully
inserted.

B/ dilator elose
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Note: For alleriile shesth method, seu
Micra Puncture [nsertion Method Section.

Cauntion: Never leave sheath in place as an
indwelling catheter. Diunage to the vein will
QCCUT.

12, Inamll injection cap aver dilator opening (o
prevent blood luss or air embolism,

Caution: Do not clamp the dual humen portion
of the catheter. Clamp only the extensions. Do
il use sorrated breeps, use only the in-line
clatnps provided,

13, Remave dilitor und injection cap from
sheath.

14, Insert distad Gp of catheter into and
through the sheath urddl catheter 1ip s
correctly positioned in the target veln,

15, Remove the tenr-away sheath by slowly
pullingg it ot of the vessel while
simubianeensly splining the sheath by
grosping the tabs and pulling them apart
{a slight twisiing motion miy bhe helpful).

Caution: D)o not pull apart the portion of the
sheath that remains in the vessel. To avoid
vessel damage. pull back rhe sheath as fur as
possible srd 1ear the sheath only o few
centitieters at i time,

16. Make any adjustments o catheter under
fuoroscopy, The venous distal tip shagld
be positioned al the level of the caval airia
Junution or beyuned into the right stram to
ensure oplitaal blood Row.

Note: Femoral catheter tip placement is
recommended at the junction of the iliac vein
andd the inforioe venes civie?

17. Anach svringes 1o bhoth extensions and
vpen clamps. Bloxl should aspicate ensily
from both arterial and venous sides. I
either side exhihils excessive resistance 1o
blowd aspiration, the catheter may need
1o be rotated or repositioned 1o nhtain
adequate bloud flows.

18, Omee adequate aspiration hag been
achieved. both himens should be irrigated
with galine (lled syringes nsing quick
bolus techaigue. Assure that extension
clanss arc open daring migarion
procedure.

19, Close the extension clamps. reinove The
svringes, and plaee an injection cap on
cach her lJock cannector. Avoid air
embolisim by keeping extension tabing
clamped at all tnes when not in use andd
by aspirating then irrigating the catheter
with saling prior to ench use. With each
change it nling connections, purgs air
from the catheter and all eopneeting
tahing and caps.

20, Toanaintain pides
he created in both lumens. Reter 1o
hospital heparinization goidelines.

3 heparin tock mnst

Cantion: Assure thal all air has heen
aspirated [rom the catherer and exlensions.
Failure to da so may resull in air emnbalism,

21. Unce the catheter is locked with heparin,
close the clisnps and install injeclon eaps
onto the extensions’ temale luers.

22, Confirn proper Vi placeinent with
Huoroscopy, The distal venous tip should
be positioned al the level of the caval atrial
junction or inte the right atrium to ensure
optimal blood ow fas recomnended in
current NKF DOQI Guidelines).

Note: Femornl catheter tip placement is
recommended a1 the junction of the iliuc vein

and the inferior vetn cava.’

Caution: Failure o verify catheter placement
may result in serious travma or faral
complications.

CATHETER SECUREMENT AND WOUND
DRESSING:

23. Sutnre insertion site closed . Sumire the
catheter 1o the skin using the suture wing,
Do net suture the caf heter tubing.

Caution: Carc must be taken when using
shasrp uljecls or needles in close proximity 1o
catheter lumen. Conmact from sharp objects
may cause catherer failure.

24. Cover the msertion amd exit site with an
occlusive drassing.

25, Catheter zast be secured fsniured for
entire duration of implantation.

26. Record catheter lenpth and catheter lot
munher ot pativet’s chart,

HEMODIALYSIS TREATMENT

+  The heparin solution must be removed
Trot ench lumen prioy (o treatinem (o
prevent systemic heparinization ol pacent.
Aspiration shold be based eon dialysis
unit protocal.

«  Beflore dialysis Legins all connections
o catheter sl exiracorporeal circuirs
should be examined carelully.

= Frequent visnzd inspection shauld be
conducted to detect leaks to prevent
bload loss or air embolism.

. If & lenk s fouaned, the catheter shoalld be
clampuld fimgediniely.

Caution: Cinly clamp eatheter with in-line
clamps provided.

. Nevessary remedial aclion st ba taken
prior to the contnuation of the diatysis
treahinent.

Note: FExcessive blood loss may leil 1o potiem
shock.

+  Hemdialysis should be performed under
physician’s instructions.

HEPARINIZATION

v Ifthe catheter is not to be tsed
immediately for treatment. fullow the
suggested carheter pateney guidelines,

* To mainiain patency between wentments,
a heparin lock must be created in eacts
lumen of the catheter.

«  Follow hospital protocol lor heparin
concentration.

1. Draw heparin into two syringes,
corresponding 1o the atncunt designated
on the arterial and venous extensions.
Assire Lhal the syringes are tee of air,

2. Remove injection caps frem the
extensinns,

3. Atach g syringe containing heparin
sofution 1o the female luer of cach

CXICNSion,

4. Open extension clamps.

A

Aspirate to insurc that no air will be foreed
into the pativnt.

6. Inject heparin inte cach lwinen using <quick
bolus technique.

Note: Fach lumen should be completely filled
with heparin to ensure cifectiveness,

7. Close extension clamps.

Caution: Extension clamps should only be
open for aspiration, Anshing, and dialysis
treatnent,

8. Remove syringes.

0. Attach a sterile njection cap onta the
female fuers of the extensions.

. In most instances, no further heparin
is necessary for 48-72 hours. provided
the Jumens have not been aspirated or
flushed.

SITE CARE

Warning: DO NOT use vinunents of any kind
with this catheter.

+ (lenn skin around catheter. Chlorhexidine
gluconate solutions ure reeomnended;
howrver, iodine-hased selutions can alsn
be used.

o Cover the exit site with occlusive dressing
and jenve extensions, clamps, ol caps
exposed for access by stafl

¢ Wound dressings must be kept ¢lean and
dry.

Caution: Patienrs must not swim, shower, or
soik dressing while bathing.

+ I profuse perspiraticu or accidental
wetting compronsises adhesion of
dressing, the medieal or nursing stafl
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must change the dressing under sterile

made on cpposite side of original catheter

14.5F x 28cm PRESSURE

conditions. exit sitn, if possible., 200 300 0
ml/MIN ml/MIN i MIN
CATHETER PERFORMANCE MICRO PUNCTURE INSERTION METHOD VENOUS iS5 mmilg | 90 mmbg | 130 mmHe

Cantion: Alwayvs review hospital or unit
protocol, potential complications and their
treatmenl, warnings. and precuutions prior
to undertaking any 1ype of mechanical or
chemieal istervention in response 16 cathuler
performance problems.

Warning: Only a physician familiar with the
appropriate techniques should attempt the
folluwing procedures.

INSUFFICIENT FLOWS:

oM rl i e e

The following may cause insufficiont blood
flows:

. Oecluded arterial holes due 1o clotling or
fibrin sheuth.

. Oeclusion of the arterial side holes dur
11 contact with vein wall.

Sulutions include:

+  Chemical intervention utilizing a
thrombalyric agend.

MANAGEMENT OF ONE-WAY

NMalAtbs LNl S e s

OBSTRUCTIONS:

One-way obstruclions exist when a Tuinien can
be Hushed easily but blood cannot be
aspirated. This is usually caused by tip
malposition.

Ome of the liowing adjonsiments may resclve
the obsuuction:

. Reposition cathister.

+  Repousition patienl.

. Have patient congh.

+  Provided there is no resistance, flush the
catheter vigurously with sterile normal
saline 16 try to move the tip away fromn the

vesse! wall,

INFECTION:

Caution: Due to the risk of exposure to HIV
(Human Teuaunededicieney Virus) or other
blaod borne pathogens, health care
professisnals shoukl always nse Hujversil
Biood and Body Fhiid Precaations in the rare
of all patients.

+ Sterile rechninue shoudd alwiys be strictly
mlhered (o

«  Clinieally recognized intection at a catheter
exit site should be treated prompuly with
the appropriate antibiotic therapy.

. Ifa fever occurs in a patient with a
catheler in place. take s minimuen ol Lwa
blood cultures fram a site distant from
catheter exit site. 1F blosl culture s
positive, the catheter must e removed
immedintely and the appropriate antibiotic
therapy initiated. Wait 48 henws belure
catheter replacement. Insertion should be

«  Onee an 0187 guidewire has been
introduced ints the target vein, the 41
sheath dilator shoutd be threaded over the
proximal end of the wire and inserted into
the: targal vein,

. Wihen the 48 sheath dilator is tocated in
the target vein, remcve the suidewire and
dilator one at a time.

. Insert an (048" guidewire into and through
the sheath amiil it is locared in the targel
vein.

. Rewmove the sheath and continue following
directions starting at #11.

CATHETER REMOQVAL

Warning; Only a physician farmiliar with the
appropriate terhnigues sheuld attempt the
Tollowing procedires.

Caution; Alwavs review hespital or unit
protacel, potential complications and their
treahinent. warnings, and precantions prior
1o eallieter removal,

1. Palpate the cathater oxit e to locate
the eufl,

2. Administer sutticient local anesthetie te
exit site ndd cuff Iocation to complately
imesthelize the area.

4 Con sulures fromn suiare wing, Follow
hospitat protocol for removal of skin

sulares.

4. Make a Zom incision over the cuft, parallul
1 the catheter.

5. Dissect down o the cull using binnn and
sharp dissection as ilicated.

6. When visible, grasp enft with clamp.

7. Clamp catheter belweett thie cndt e the
insertiorn sire.

8. Cut catheter between cull and exit site.
Withelraw internal portion of cathetey
through the incision iu the tunnel

caution: Do nat pul! distid end of catheter
through fneksion os comtaminations of wonnd
may occur.

1), Apply pressure to proximal mannel far
approximately 10-15 minutes ar until
bieeding stops.

11, Suture incision and apply drussing in o
nanger Lo promote optimal heuling,.

12, Check catheter integrity Tor tears and
meagure catheter when vemoved. i
st Le eguat to the lenglh ol eatheter
when it was inserted.

ARTERIAL .35 meaHg | -35 mnmilg | -85 mmHy

FLOW RATE TESTING REPRESENTS OPTIMUM
LABORATORY CONINTIONS,

WARRANTY

Medcomp® WARRANTS THAT TH1S PRODUCT WAS
MANUFACTURED ACCORDING TO APPLICABLE
STANDARDS ARD SPECIFICATIONS. PATIENT CONDITION,
CLINICAL TREATMENT, AND PRODUCT MAINTERANCE
MAY EFFECT THE PERFORMAKRCE OF THIS PRODUCT.
USE OF THI$ PRODUCT SHOULD BE IN ACCORDANCE
WITE THE INSTRUCTIONS PROVIDED ARD AS DIRECTED
BY THE PRESCRIBING PHYSICIAN.

Because of vontinuing product improvement, prices.
specifications, und model availability are subject 10
change without notiee. Medcomp® reserves the right w
madify its products or contents wirhout narice.

Medeempt and Vascu-Sheuth? are reyistered
irmdemarks of Medical Componestls, Ine

Hemo-Flow™ and One-Step™ are trademarks
of Medical Compaends, Inc.
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Class III Summary for the DermaPort Percutaneous Vascular Access System (PVAS)

The types and causes of safety and effectiveness concerns with the DermaPort Percutaneous Vascular
Access System {PVAS) device are described in the 510(k) submission Risk Analysis, reference
510(k) submission Section 5.0. A summary of available literature and publications with regard to

safety and effectiveness with these types of devices follows,

The current literature, including published case reports, clinical trials, meta-anatyses, reviews, and
clinical practice guidelines for central venous catheters and vascular access was reviewed to identify

problems with efficacy, safety concerns and complications. Instructions for Use (IFUs) for currently

marketed tunneled central venous catheters were also referenced. In addition, PubMed and MAUDE

databases were reviewed. Findings with references are listed in the table below.

PROBLEM WITH EFFICACY, SAFE’IY o I
"CONCERN OR COMPLICAT]ON Fond s'REFERENCES
“Rir ermbolism T T 15 . 0.5, 6
Allergic reaction 2,27,29

Arterial puncture 1,54

Arteriovenous fistula 27

Bacteremia 1,4,9,10-12, 14,15, 17, 19-22, 24, 25, 54, 56-60
Bilateral ophthalmoplegia 38

Bleeding (hemorrhage) 2,27, 54, 64

Bleeding of esophageal varices 40, 67

Bloodstream infection 28, 41,42, 60

Brachial plexus injury 1,2,23

Cardiac arrhythmia 1,2,23, 27,50

Cardiac perforation 23,27, 50

Cardiac tamponade 1,2,23

Catheter colonization 4]

Catheter embolism 2,23

Catheter exchange 55-57, 60

Catheter fragmentation 27, 60, 62

Catheter kinkling i4, 26, 27, 31, 60

Catheter misplacement 23, 26, 31, 60

Catheter occlusion, damage or breakage due 1o 2

compression between the clavicle and first rib
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“PROBLEM WITH EFFICACY, SAFETY & © _ |
“CONCERN, OR'COMBLICATION * 7 : -

EAS

IR

LY

Catheter or cuff erosion fhrdugjﬁ skin 2
Catheter or cuff occlusion 2,23,26,27, 60
Catheter port‘hub connection failure 27

Catheter related infection

2,4,10,11, 15,16, 19, 20-24, 26, 27. 29, 30, 31,
43, 44,46, 53, 57-61

Catheter related sepsis

2,4,10, 11, 15, 16, 19, 20-24, 26, 27, 29, 30, 54,
58,62, 64

Catheter removal

4,10, 11, 15, 16, 19, 20-24, 26, 27, 29-31, 43, 44,
55, 56

Catheter thrombosis

1,4,6,78, 11-17, 19, 22, 31, 44, 46, 47, 53, 55,
57, 58, 60

Catheter tip migration

27,31, 46, 50, 60

Cellulitis 59

Central venous thrombosis 1, 11,13,19,23, 31
Chylothorax 23

Contrast reaction 27

Coronary sinus thrombosis 23

Cuff retention 52

Dementia 59

Endocarditis 1,2,36

Erosion of port/catheter through skin 27

Exit site infection

1,2,10,12, 14,15, 17,20, 21, 24,29, 30, 41, 54,
58, 60, 64

Exit site necrosis 2
Exophthalmos 38
Extravasation 2,46
Extremity swelling 27
Exsanguination 1,3

Fibrin sheath formation

2,11,27,31,53,55,57,60, 61

Hematoma 1,2,23,27,47, 54, 58
Hemodynamic instability 65
Hemolysis 45
Hemomediastinum 54
Hemopericardium 33
Hemothorax 1,2,23,27,32,47, 54
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"PROBLEM WITH'EFFICACY, SAFETY . |-

' CONCERN; OR:‘COMPLICATION .

RS LA )

Hepatic vein thrombosis

Hydrothorax 2
Inability to access vascular access device 27
Inadvertent catheter removal 27
Infusate infiltration around access device 27
Infusate-related bloodstream infection 29
Intimal injury 27
Intolerance reaction to implanted device 2
Insufficient tissue ingrowth into cuff 3

Laceration of the vessel, or viscus

1,2,23,27, 46,47

Luminal thrombosis

1,11 12,14, 16

Lymphatic disruption 66
Lymphatic fistula 23
Medastinal injury 1,23
Meningitis 63
Myocardial erosion 2

Perforation of the vessel or viscus (subclavian vein
puncture)

1,2,27, 32,47

Pericatheter bleeding 48
Peripheral neuropathy 59
Persistent hiccups 61
Persistent pain at catheter site 27
Phiebitis 29,41, 46,47
Phrenic nerve injury 23,34
Pleural injury 1
Pneumonia 59
Pneumothorax 1,2,23, 32,47, 54
Pocket infection 29, 41, 60
Procedure-induced sepsis 47
Pseudoaneurysm 23,35
Pulmonary absess 37
Recirculation 51, 60
Recurrent faryngeal nerve injury 23,54
Retroperitoneal bleed 1
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| PROBLEM WITH EFFICACY, SAFETY ™. * © /|77
“CONCERN, OR COMBLICATION . 4" *. |
nght a&iﬁi pur;ct:r-e — T |
Right atrial thrombus 65
Risks normally associated with local and general 2,27
anesthesia, surgery, and post-operative recovery
Septicemia 1,10, 15, 19-22, 23, 24, 29, 63
Septic thrombosis 23
Soft tissue swelling 27
Spontaneous catheter tip malposition or retraction 2
Stroke 59
Subcutaneous hematoma 1,23
Suboptimal bloed tlow 4,5, 13, 26, 50, 54, 60
Subcutaneous emphysema 23
Superior vena cava puncture 1
Superior vena cava syndrome 46
Suppurative thrombophlebitis 23
Tenston pneumothorax 23
Thoracic duct laceration or injury 1,2,23
Thromboembolism 2,46
Tunnel infection 1,10,31,41, 54, 58, 60, 64
Unilateral breast enlargement 39
Vagus nerve injury 23
Vascular thrombosis 1,2,4,6-8, 13, 16, 27, 54, 58
Vasovagal reaction 27
Venous stenosis 4,7.8,13, 15,16, 18, 27, 39, 53, 54, 64
Ventricular thrombosis 2
Vessel erosion 2,27,
Wound dehisg:e_r:ce 27,47
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Class 111 Certification

DermaPort Percutaneous Vascular Access System (PVAS) with Catheter

[ certify, in my capacity as President of DermaPort, Inc., that I have conducted a reasonable search of
all information known or otherwise available about the types and causes of safety or effectiveness
problems that have been reported for blood access catheters supporting hemodialysis and apheresis
support. I further certify that I am aware of the types of problems to which the DermaPort
Percutaneous Vascular Access System (PVAS) with Catheter device is susceptible and that, to the
best of my knowledge, the summary of the types and causes of safety or effectiveness problems about

the DermaPort Percutaneous Vascular Access System (PVAS) type of devices is complete and

A/

(Signature)

accurate.

Buzz Moran, President
(Printed Name, Title)

S0 ARy 20)7

(Dated)

25102 Rye Canyan Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax {661) 362-7902
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- Indications for Use

510(k) Number (if known):

Device Name: DermaPort Percutaneous Vascular Access System (PVAS)

Indications for Use:

The DermaPort Percutancous Vascular Access System (PVAS™) is indicated for
long-term (greater than 30 days) vascular access for hemodialysis and apheresis. The
system is inserted percutancously and the catheter is typically placed in the internal

jugular vein of an adult patient. The subclavian vein is an alternate catheter insertion

site.
Prescription Use X AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Page 1 of 1
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Company Name:

Contact:
Phone:

Fax:

Email:
Summary Date:
Trade Name:

Common Name:

Classification Name:

Predicate Device(s):

510(k) Summary

DermaPort, Inc.

25102 Rye Canyon Loop
Suite 110

Santa Clarita, CSA 91355

Buzz Moran, President

(661) 362-7900

(661) 362-7902

bmorani@dermaport.com

April 30, 2007

DermaPort Percutaneous Vascular Access System (PVAS)

Hemodialysis Catheter, Implanted

21 CFR 876.5540 Blood Access Device and Aceessories, Class 111,
Product Code: MSD

510(k) Number: K994105
Manufacture:  MEDCOMP®
Trade Name:  Medeomip Hemo-Flow Catheter

510¢k) Number: K06290]

Manufacture: Med-Conduit Inc.
Trade Name: HemoCath 1

1.0 Description of Device

The DermaPort Percutaneous Vascular Aceess Sysiem (PVAS) is designed to facilitate
catheter placement, reposition, and exchange procedures while maintaining the catheter

attachment, bacterial barrier, and fixation functions of the predicate catheter fibrous cuff,

The main component of the PVAS is a metal port which is implanted into the subcutancous

tunnel at the catheter cxit site on the chest wall. The hemodialysis catheter passes through the

metal port which acts as a percutaneous conduit, into the subcutancous tunnel, and then into

the central venous system in the usual fashion. The metal surface of the PVAS port has a

porous, tissue integrating coating which allows ingrowth of tissue to anchor the PVAS port.

The PVAS port holds the hemodtalysis catheter in place.

25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902
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The DermaPort Percutaneous Vascular Access System (PVAS) consists of the following
types of components: | )
. Implanted Hemodialysis 14.5 F Catheter (24 cm, 28 cm or 32 cm lengths)
Guidewire; 0.038 inch (70 cm or 100 ¢m lengths)
16F Tearaway Set Griplock Hub
12F Polyethylene Dilator
14F Polyethylene Dilator
Clear Female Dust Cover
Injection Caps

18 GA x 2.7" Cyrolite Introducer Needlc

I

Tunneler with Tri ball tip

10. Tunneler Slecve

1i. DermaPort Blade

12. Commercially available alcohol pad

13. Commercially available adhesive wound dressing

14. Peel-away Sheath

15. DermaPort Percutaneous Vascular Access System (PVAS) Port
The catheter is identical to the HemoFlow catheter, with the exception that the fabric cuff on
the HemoFlow catheter 1s omitted. The HemoF low catheter is cleared to market by the FDA
via 510(k) number K994105.

The Percutancous Vascular Access System (PVAS'™) has been developed to support central
vascular access for hemodialysis and apheresis. The PVAS port consists of a percutaneous
tubular conduit, through which a standard 14.5F polyurcthanc hemodialysis catheter enters
the subcutaneous tunnel. An integral scal surrounds the catheter and prevents microbial
migration along the catheter. The PVAS port is enclosed by a silicone anchor that braces the
assembly to the skin, and an associaled brake holds the catheter in place within the port. A
tissuc integrating biomatcrial surrounds the port, providing anatomical fixation and
prevention of microbial migration in a manner analogous to the fabric cuff of a tunneled

catheter.

Attachment | Page 2 of 3
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2.0

3.0

4.0

Attachment |

Intended Use of Device
The indication for use of the PVAS is consistent with the classification of 21 CFR 876.5540
Blood Access Device and Accessories, and the predicate Medcomp Hemo-Flow Catheter.
The indication for use is:
The DermaPort Percutancous Vascular Access System (PVAS™) is indicated for
long-term (greater than 30 days) vascular access for hemodialysis and apheresis. The
system is inserted percutancously and the catheter is typically placed in the internal
jugular vein of an adult patient. The subclavian vein is an alternate catheter insertion

site.

Technological Characteristics
The PVAS technical characteristics and construction are substantially equivalent to the
predicate device. The difference in construction was qualified with bench and animal

testing,

Conclusions
The DermaPort, Inc. PVAS is substantially equivalent to the predicate device. No new

questions of safety or effectivencss are raised.
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K071202
"SUBSTANTIAL EQUIVALENCE" (SE) DECISION-MAKING DOCUMENTATION
Reviewer:  Jeffrey Cooper, D.V.M.  Division/Branch: DRARD/GRDB, HFZ-470

Device Trade Name: Dermaport Percutaneous Vascular Access System (PVAS) for Long-Term
Hemodialysis

510(k) Number: K071202

Common Name: Implanted Dialysis Catheter

Regulation/Ciassification: The device is in 21 CFR §876.5540, Hemodialysis Catheter, Implanted (Long
Term), Class lll, ProCode 78 MSD.

Product to Which Compared: Medcomp Hemo-Flow (K994105) and Med-Conduit, inc. HemoCath Ii
(K062901). ‘

Company: Dermaport, Inc.

Contact: Buzz Moran, President Phone: (861) 362-7901
‘ Dermaport, Inc.
25102 Rye Canyon Loap, Suite 110
Santa Clarita, CA 91365

YES NO
1. 1S PRODUCT A DEVICE? N [F NO STOP
2. DEVICE SUBJECT TO 510(K)? N IF NO STOP
3. SAME INDICATION STATEMENT? N IF YESGO TO 5
4. DO DIFFERENCES ALTER THE EFFECT IF YES STOP — NE
OR RAISE NEW ISSUES OF SAFETY :
OR EFFECTIVENESS?
5. SAME TECHNOLOGICAL CHARACTERISTICS? ¥ IFYESGOTO 7
6. COULD THE NEW CHARACTERISTICS .
AFFECT SAFETY OR EFFECTIVENESS? | IF YES GO TO 8
7. DESCRIPTIVE CHARACTERISTICS PRECISE IF YES STOP — SE
ENOUGH? J IF NO GO TO 10
8. NEW TYPES OF SAFETY OR EFFECTIVENESS -
QUESTIONS? _ IF YES STOP — NE
9. ACCEPTED SCIENTIFIC METHODS EXIST? IF NO STOP — NE
10. PERFORMANCE DATA AVAILABLE? y IF NO REQUEST DATA
11. DATA DEMONSTRATE EQUIVALENCE? v IF YES STOP —s SE

*"yes" responses to 4, 6, 8, and 11, and every "no" response requires an explanation below

RN
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Explanations to the Preceding Checklist:

7. There are questions on biocompatibility, tensile strength, aging, flow rates, and biofilm or thrombus
stripping.

11. Test results for these questions were adequate.

NARRATIVE DEVICE DESCRIPTION

1. INTENDED USE: The Dermaport Percutaneous Vascular Access System (PVAS™,) is indicated for
long-term (greater than 30days) vascular access for hemodialysis and apheresis. The system is inserted
percutaneously and the catheter is typically placed in the internal jugular vein of an adult patient. The
subclavian vein is an alternate catheter insertion site.

2. DEVICE DESCRIPTION: See review.

Labeling: See Review.

Requlatory Information:

In compliance with the SMDA of 1990, the sponsor has included a summary of safety and effectiveness
information as required by 21 CFR §807.92. The firm has provided a Truthful and Accurate Statement as
required by 21 CFR §807.87(j), a Class |l summary, and the Indications for Use Statement.

As long as this product is manufactured under GMPs, it should be as safe and effective for its intended
use as other similar legally marketed devices.

=<
m
w

- NO
Is the device life-supporting or life sustaining?

Is the device implanted (short-term or long-term)?
Does the device design use software?

Is the device sterile?

Is the device for single use?

Is the device for OTC use?

Is the device for prescription use?

Does the device contain a drug or biological
product as a component?

Is this device a kit? . (kit certificate supplied)

<! |\|\F NE
<

[«

R

Recommendation:

I recommend that the proposed device be found substantially equivalent to other Iegally marketed devices
as described in 21 CFR §876.5540, Hemodialysis Catheter, Implanted (Long Term), Class Ill, ProCode 78

/%9 22
/ Date

Carolyn Y. Neuland, Ph. D.
Chief, Gastroenterology and Renal Devices Branch

Page 2 — Substantial Equivalence Decision-Making Documentation
KO0701202
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MEMORANDUM ' Food and Drug Administration
Center for Devices and Radiological Health

Office of Device Evaluation
DRARD/GRDB

Date: November 30, 2007

From: Jeffrey Cooper, MSJ;DVM
Gastroenterology and Renal Devices Branch, HFZ-470

Subject: K071202;S1 —'Dermapmt, Inc. — Dermaport Percutaneous Vascular Access System
(PVAS) for Long-Term Hemodialysis

Contact: Buzz Moran, President ‘ _ Phone: (661) 362-7901
25102 Rye Canyon Loop, Suite 110
Santa Clarita, CA 91365

To: The Record

Background:

Dermaport, Inc. submitted a 510(k) for a catheter with a new titanium and silicone cuff. The catheter was
cleared by Medcomp as the Hemo-Flow. This is my second review after sending a telephone hold email
on July 13, 2007,

Intended Use:

The Dermaport Percutaneous Vascular Access System (PVAS™) is indicated for long-term (greater than
30days) vascular access for hemodialysis and apheresis. The system is inserted percutaneously and the
catheter is typically placed in the internal jugular vein of an adult patient. The subclavian vein is an
alternate catheter insertion site. .

This is the same indication as the predicate except for minor grammar changes.

Predicate Device:

Medcomp Hemo-Flow (K994105) and Med-Conduit, Inc. HemoCath 11 (K062901).

General Information Summary:

The Dermaport Percutaneous Vascular Access System is a 14.5 Fr HemoCath catheter with a different
cuff. The new cuff is a rcughened titanium surface that slides over the catheter. There is an internal 3
wiper seal to block bacterial migration along the external surface of the catheter. The catheter is
anchored to the metal port with a removable silicone brake. The silcone brake collar grips the catheter
by friction (2.5 Ibs of force) and has two clips to hold the titanium port. The brake can be removed to
allow optimum catheter tip positioning and optimum cuff placement.

A peel away sheath is just distal to the port to allow subcutaneous placement through a small incision
to maintain a tight skin Juction and allow tissue ingrowth.

o :‘i'l:':ivl -1



. Pictures:

Page 2 - 510(k) Review Memorandum
. K071202-S1 — Dermaport, Inc. — Dermaport Percutaneous Vascular Access System
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Biocompatibility is acceptable:

Sterility is acceptable:

' Pyrogen Testing is acceptable: ' . '
Page 4 - 510{(k) Review Memocrandum
'. K071202-S1 — Dermaport, Inc. — Dermaport Percutaneous Vascular Access System




. Labeling is adequate:

The labeling for the proposed device consists of instructions for use and package iabels.

The device is labeled as sterile by EO, non-pyrogenic, for single use, for long-term use, with Dermaport's
address and phone, kit contents, with 2 manufacturing date, an expiration date, and with a prescription
statement. The instructions appear complete, and recommend the caval-atrial junction or right atrium for
catheter tip placement. A caution states "Do not use ointments.” The instructions have a pressure vs. flow
summary and the priming volumes. '

The instructions include clear pictures on how to use the new titanium cuff. A warning states, "Do not : '
“replace a catheter into a tunnel that is suspected to be infected.

MRI Testing is adequate: -

Expiration Dating is acceptable:

Mechanical Hemolysis Testing:

- Page 5 - 510(k) Review Memorandum
. K071202-S1 - Dermaport, Inc. — Dermaport Percutaneous Vascular Access System

/
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Bench Testing is acceptable:

Substantial Equivalence:

Intended Use:
The intended uses of the devices are equivalent
Device Design:

The device designs differ by the cuff design and the ability to rplace the catheter without removing the cuff.

Page 6 - 510(k) Review Memorandum A
K071202-S1 — Dermaport, Inc. — Dermaport Percutaneous Vascular Access System

oLy
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. Classification:

21 CFR §876.5540, Class Ill, Hemedialysis Catheter, Implanted, Product Code 78 MSD.

Deficiencies and responses from the Jﬁl? 13, 2007, FDA email:

Page 7 - 510(k) Review Memorandum .
. : K071202-S1 — Dermaport, Inc. - Dermaport Percutaneous Vascular Access System




Recommendation:

| recommend that the proposed device be found substantially equivalent to other legally marketed devices
as described in 21 CFR §876.5540, Hemodialysis Catheter, Implanted (Long Term), Class [II, ProCode 78
MSD. .

Page 8 - 510(k) Review Memorandum
. K071202-S1 - Dermaport, Inc. - Dermaport Percutaneous Vascular Access System
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Date: 09/24/2007

Topic: Discuss testing

Type: Email

User: Jeffrey Cooper

Summary:

Date: 09/18/2007

Topic: Discuss testing

Type: Email

User: Jeffrey Cooper

Summary:

Date: 07/19/2007

Topic: Clarify deficiencies

Type: Email

User: Jeffrey Cooper

Summary:

! 1111
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Page | of 1

Cooper, Jeffrey (CDRH)

From: Jennifer Hessel [iennifer.hessel@dermaport.cofn]
Sent: Friday, November 30, 2007 1:23 PM

To: Cocoper, Jeffrey (CDRH); Buzz Moran

Subject: RE: K071202-81

The predicate device used for the pressure vs. flow rate comparison was the MEDCOMP Hemo-Flow Catheter
(510(k) Number K994105).

Jennifer Hessel

DermaPort

Manager Regulatory Affairs/Quality Assurance
25102 Rye Canyon Loop Suite 110

Santa Clarita, CA 91355

(661) 362-7904

From: Cooper, Jeffrey (CDORH) [mailto:jeffrey.cooper@fda.hhs.gov]-
Sent: Friday, Novernber 30, 2007 8:35 AM

To: Buzz Moran

Subject: RE: K071202-51

I am finishing the review on your device and have a question. In your _ you refer to the
predicate device. Which catheter is the predicate device? You have two listed in the earlier submission.

Jepgrey Cooter. M.S.. DY

Veterinary Medical Officer

Center for Devices & Radiological Health (CDRH)

Office of Device Evaluation (ODE)

Division of Reproductive, Abdominal and Radiological Devices (DRARD)
Gastroenterology and Renal Devices Branch (GRDRE)

8200 Corporate Boulevard HFZ-470

Rockvilie, MD 20850
(240) 276-4151
jeffrey.cooper@fda.hhs.gov

11/30/2007 18
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Cooper, Jeffrey (CDRH)

. From: Buzz Moran [bmoran@implantedacoustics.com]
Sent:  Monday, September 24, 2007 1:10 PM

To: Cooper, Jeffrey (CDRH)

Cc: QRASupport@aocl.com; jhessel@dermaport.com
Subject: RE: Re K071202

Jeff, thank you for the response to our questions. We will complete our test data and literature search, and will
expand our CAUTION to a WARNING as you suggest. '

Regards,

Buzz Moran

President

DermaPort

From: Cooper, Jeffrey (CDRH) [mailto:jeffrey.cooper@fda.hhs.gov]
Sent: Monday, September 24, 2007 9:29 AM

To: Buzz Moran

Subject: RE: Re K071202

Buzz-

The testing sounds adequate. We think the caution should be stronger. Most
clirnicians would not place a catheter back in the same tunnel if infection is
suspected - they would create a second tunnel.

. X 0000 ] .
G S

Jopprey Gosper. M.S. DV

Veterinary Medical Officer ‘

Center for Devices & Radiological Health (CORH)

Office of Device Evaluation (ODE)

Division of Reproductive, Abdominal and Radiological Devices (DRARD)

Gastroenterology and Renal Devices Branch (GRDB)

8200 Corporate Boulevard HFZ-470

Rockville, MD 20850
(240) 276-4151
jeffrey.cooper@fda.hhs.gov

————— Original Message-----

From: Buzz Moran [mailto:bmoran@implantedacoustics.com]
Sent: Friday, August 24, 2007 2:1C AM

To: Cooper, Jeffrey (CDRH)

Subject: Re K071202

Re: K071202

i
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.Page 3 of 3

I appreciate the opportunity for this dialeg to insure that we are adequately
addressing your concerns.

Best regards,

Buzz Moran

President : '

. DermaPort

11/30/2007



DEP._ARTM:ENT OF HEALTH & HUMA:N' SERVICES Public Health Servtce -
,‘ o Food and Diug Administration ‘

Memo randum

From:

| Revrewer(s) Name(s) 'U/f{/:{ )/‘ @ng _3)4.._-

Subject $10(0) Number__~_ ﬁ@f) [ d 09\4

To:

s thrs device subject to Section 522 Postmarket Surveillance? “OyEs LI'No
’ 'Is this dev1ce subject to the Tracking Regulation? ‘ ' OvEs . T NO .
- Was chmcal data. necessary to support the review of this 5 10(1()" D_YES' D NO
oI5 thlS a presctiption device? S Flves . [ONo
- Was this 510(k) reviewed by a ‘Third Party‘? ' Oyes . O nNo
" Special 510(k)? i : S Clves [ o
Abbreviated 5 10(k)‘7 Please ﬁll out form on H Drtve 5 lOk/botlers - [dvyes 1IN0
Truthful and' Accurate Statement DRequestcd El Enclosed
- [1A 51000 summary- OR CIA510(k) statement
D The required certxﬁcatton and summary for class III dev1ces
D The mdtcatlon for use form '
_ Combmatlon Product Category (Please see algorlthm on H drwe 5 IOk/Boﬂers) M _
Ammal Tissue Source D YES B NO Materlal of Bloioglcal Orlgm D YES® [:l NO

D No Conﬁdentlahty ] Conﬁdentrahty for 90 days

The Record - It ismy recommendatton that the subje_‘ct-"S_'IO(k)_ Notiﬁcat_ion: :

[Refused to accept.

Iﬂ‘Requu‘es addtttonal mformatton (other than refuse to accept) WA‘*— 4'1/4

Dls substanttally equivalent to marketed dthces )
LINoT substantlaﬁy equlvalent to marketed dev1ces

~D0ther (e g, exempt by regulatlon not a-device, dupltcate etc)

“The subrmtter requests under 21 CFR 807 95 (doesn tappiy for SEs)

Predicate’ Product Cod_e with class:. : o Addltlonal Product Code(s) wrth panel (opttonal)

.

Revised:4/2/03

. \t r\\p Ll 6Rw 7/13/07

“Review: .
(Branch Chlet) (Branch Code) : o (Date)
- Final Rcwe_w. , , L ‘ : ‘ : L A
(Division Director) . =~ o (Date)

|:| Contmued Conﬁdentrahty exceedrng 90 days



Internal Administrative Form

a k071262
1 YES | NO
1. Did the firm request expedtted rewew'? | e
2. Did we grant- expedited review? | .
3. Have you verified that the Document is !abeled Class III for GMP v
. purposes? : :
1.4, If, not, has POS been notlfled? -
5 Is the product a device? B 7 o
16. Is the device exempt from 510(k) by regulatlon orpolicy? _
7. Is the device subject to review by CDRH? -
8. Are you.aware that thls device has.been the subject ef a prewous NSE ' ~

decision? .
9. Ifyes, does this new 510(k) ad-dre_ss-the 'NSE‘;ISSUG(S),‘(E.Q.,.
_performance.data)? -

: 10 Are you aware of the submltter belng the sub]ect of an- mtegnty -

: investlgation'? : '

11,1, yes; consult the ODE Integrity Off“cer

'12.Hasthe ODE Integnty Officer given permission to proceed with: the
review? (Blue Book Memo #191-2 and Federal Regtster 90N0332 _
September 10 1991 . | -

1
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MEMORANDUM ' Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation

DRARD/GRDB
Date: July 6, 2007
From: ~ Jeffrey Cooper, M.S., DV.M.
Gastroenterology and Renal Devices Branch, HFZ-470
Subject: K071202 - Dermaport, Inc. - Dermaport Percutaneous Vascular Access System
Contact: Buzz Moran, President : Phone: (661) 362-7901

25102 Rye Canyon Loop, Suite 110
Santa Clarita, CA 91365

To: The Record

Backqround:

Dermaport, Inc. submitted a 510(k) for a catheter with a new titanium and silicone cuff. The catheter was
cleared by Medcomp as the Hemo-Flow.

Intended Use:

The Dermaport Percutaneous Vascular Access System (PVAS™) is indicated for long-term (greater than
30days) vascular access for hemodialysis and apheresis. The system is inserted percutaneously and the
catheter is typically placed in the internal jugular vein of an adult patient. The subclavian vein is an
alternate catheter insertion site.

This is the same indication as the predicate except for minor grammar changes.

Predicate Device:

Medcomp Hemo-Flow (K994105) and Med-Conduit, Inc. HemoCath If (K062901).

" General Information Summary:

The Dermaport Percutaneous Vascular Access System is a 14.5 Fr HemoCath catheter with a different
cuff. The new cuff is a roughened titanium surface that slides over the catheter. There is an internal 3
wiper seal to block bacterial migration along the external surface of the catheter. The catheter is
anchored to the metal port with a removable silicone brake. The silcone brake collar grips the catheter
by friction (2.5 Ibs of force) and has two clips to hold the titanium port. The brake can be removed to
allow optimum catheter tip positioning and optimum cuff placement.

A peel away sheath is just distal to the port to allow subcutaneous placement through a small incision
to maintain a tight skin Juction and allow tissue ingrowth. '

--" i - ;-gg:l:z 1‘



. Pictures:

Page 2 - 510(k) Review Memorandum
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. Biocompatibility:

Sterility:

Pyrogen Testing:

Page 4 - 510(k) Review Memorandum ‘
. K071202 — Dermaport, Inc. — Dermaport Percutaneous Vascular Access System




Labeling
. The labeling for the proposed device consists of instructions for use and package labels.

The device is labeled as sterile by EO, non-pyrogenic, for single use, for long-term use, with Dermaport’s
address and phone, kit contents, with a manufacturing date, an expiration date, and with a prescription
statement. The instructions appear complete, and recommend the caval-atrial junction or right atrium for
catheter tip placement. A precaution recommends not to use ointments on the catheter. The predicate
states "Do not use ointments.” The proposed instructions should be modified to the same caution.

The instructions need a pressure vs. flow summary!

MRI Testing:

Expiration Dating:

Mechanical Hemolysis Testing:

. .

Bench Testing:

Page 5 - 510(k} Review Memorandum
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-

Substantial Eguivalénce:

Intended Use:

The intended uses of the devices are similar

Device Design;

The device designs differ by the cuff design.

Proposed Classification:

21 CFR §876.5540, Class lll, Hemodialysis Catheter, Implanted, Product Code 78 MSD.

Deficiencies:

Page 6 - 510(k) Review Memorandum
K071202 - Dermaport, Inc. -~ Dermaport Percutaneous Vascular Access System



Recommendation:

Hold for additional information.

77//7

Date /

7/:3{017

Page 7 - 510(k) Review Memorandum
K071202 - Dermaport, inc. — Dermaport Percutaneous Vascular Access System
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Consulting Review Memo
K071202

Sterility consulting review
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Cooper, Jeffrey (CDRH}

From:  Cooper, Jeffrey (CDRH)

Sent; Friday, July 13, 2007 5:05 PM

To: ' ‘bmoran@dermaport.com’ %ﬁ‘\ \ 0/l
Subject: K071202 Dermaport PVAS ’]\\(b _

-Attachments: K071202 Deficiencies.doc

Mr. Moran —

FDA has reviewed your 510(k) submission. We have some concerns about the device. Piease respond to the

attached deficiencies within 45 days. Your submission is now on telephone hold while we wait for your responses. -

If you have any questions, please email or call me.

Sincerely,

Oetprey Coogen. M. S.. DU
Veterinary Medical Officer

Center for Devices & Radiological Health (CDRH)

Office of Device Evaluation {ODE)

Division of Repreductive, Abdominal and Radiological Devices (DRARD)
Gastroenterology and Renal Devices Branch (GRDB)

8200 Corporate Boulevard HFZ-470

Rockviile, MD 20850

(240} 276-4151

jeffrey.cooper@fda.hhs.gov

- -

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY CONTAIN INFORMATION THAT IS
PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver
the document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on the content of this
communication is not autherized. If you have received this document in error, please immediately nofify the sender immediately by e-mail or phone..

711312007 | -



. Deficiencies:




DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

November 15, 2007 Rockville, Maryland 20850
DERMAPORT, INC 510(k) Number: K071202
.C/0 QUALITY & REGULATORY ASSOCIATES Product: DERMAPORT

800 LEVANGER LANE PERCUTANEQUS
STOUGHTON, WI 53589 VASCULAR ACCESS
ATTN: GARY SYRING SYSTEM (PVAS)

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been
completed or 1f any additional information is required. Please
remember that all correspondence concerning your submission MUST

be sent to the Document Mail Center (HFZ-401) at the above

letterhead address. Correspondence sent to any address other than

the one above will not be considered as part of your official
premarket notification submission. Also, please note the new

Blue Book Memorandum regarding Fax and E-mail Policy entitled,

"Fax and E-Mail Communication with Industry about Premarket Files
Under Review. Please refer to this guidance for information on current
fax and e-mail practices at www.fda. gov/cdrh/ode/a02 01.html.

On August 12, 2005 CDRH issued the Guidance for Industry and FDA Staff:
Format for Traditional and Abbreviated 510(k}s. This guidance can be
found at http://www.fda.gov/cdrh/ode/guidance/1567.htm Please refer
to this guidance for assistance on how to format an orlglnal submission
for a Traditional or Abbreviated 510 (k).

The Safe Medical Devices Act of 1990, signed on November 28, states
that you may not place this device 1nto commercial dlstrlbutlon

until you receive a letter from FDA allowing you to do so. As in.

the past, we intend to complete our review as quickly as possible.
Generally we do so in 90 days. However, the complexity of a submission
or a requirement for additional information may occasionally cause

the review to extend beyond 90 days. Thus, if you have not received

a written decision or been contacted within 90 days of our receipt

date you may want to check with FDA to determine the status of your
submission.

~e 09



If you have procedural questions, please contact the Division of Small
Manufacturers International and Consumer Assistance (DSMICA) at

(240)276-3150 or at their toll-free number (800) 638-2041, or contact
the 510k staff at (240)276-4040.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Deviceg and

Radioclogical Health

) »E



——

November 14, 2007

Food and Drug Administration

Center for Devices and Radiological health
Office of Device Evaluation

510(k) Document Mail Center (HFZ-401)
9200 Corporate Blvd.

Rockville, MD 20850

Re: 510(k) K071202, DermaPort Percutaneous Vascular Access System (PVAS™),

We are writing in reply to the deficiency letter dated July 18™ 2007 requesting additional
information pertaining to the 5/0¢k) K071202, DermaPort Percutaneous Vascular Access

System (PVAS™). Attached are two copies of our response to your requests, along with
supporting data.

We believe the responses answer the questions asked and support a conclusion of substantial
equivalence. Please contact me with any questions.

Regards,

Buzz Moran, President

DermaPort, Inc.

Phone: (661) 362-7901
Fax: (661) 362-7902

"Email: bmoran@dermaport.com

pa;\l_aﬁa‘d
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25102 Rye Canyon Loop, Suite 110, Santa Clarita, CA 91355, Telephone (661) 362-7900, Fax (661) 362-7902
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Attachment A

Comparison of Tunnel Debris in vitro:
PVAS versus Predicate Cuffed Catheter

A-l

Confidentiat Page 1 of 12
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Attachment B

DRAFT Instructions for Use

Confidential

Page 1 of 5
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Attachment C

Biocompatibility Reports for Sheath

r—
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Attachment E

Biocompatibility Report_

ages 1 through 15

ages 1 through 17

ages 1 through 14

ages 1 through 17

ages 1 through 17

ages 1 through 21
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Restoration of Patency in Failing Tunneled
Hemodialysis Catheters: A Comparison of
Catheter Exchange, Exchange and Balloon
Disruption of the Fibrin Sheath, and Femoral
Stripping

Bertrand Janne d’Othée, MD, JTacques C. Tham, MD, and Rebert G. Sheiman, MD

PURPOSE: To compare median patency times after treatment of malfunctioning tunneled hemuodialysis catheters by
one of three techniques: over-the-wire catheter exchange (CE), fibrin sheath stripping (FSS) from 2 femoral vein
approach, and over-the-wire catheter removal with balloon dilation of fibrin sheath (DFS) followed by catheter
replacement with use of the same tract,

MATERIALS AND METHODS: Retrospective study was conducted of 66 conseculive procedures performed over a
period of 47 months for paor flow through lunneled hemodialysis catheters despite tissue plasminogen activator
infusion trials (CE, n = 33; FSS, # = 18; DFS, v = 15). Baseline parameters {titme since initial catheter placement,
number of previous catheter inlerventions, catheter access site, and patient age and sex) were recorded to identify
pussible pretrealment differences among groups. Qutcome comparison was based on duration of adequate catheter
function on dialysis during follow-up.

RESULTS: No significant differences in baseline parameters were identified ameng the three groups (P > .05}. Mean
follow-up duration (67 = B9 days; range, 0-398 d} was similar amung the three groups. The immediate lechnical
surcess rate was 100%, and there were no comptications. Cumulalive catheter patency rates were 73% (CE), 72% (FSS5),
and 65% (DFS) at 1 month; 43% (CE), 60% (FSS), and 39% (DFS) at 3 months; and 28% (CE), 45% (FS5), and 39% (DFS)
at 6 months. Median duration of patency was similar among groups (P = .60},

CONCLUSIONS: All theee therapies were equivalent in terms of immediate technical success, complication rates, and
durabitity of catheler funclion during later follow-up. Hence, when one technique is chosen over another, factors other
than the period of secondary patency should be considered, such as cost and patient and physician preference.

| Vaac Intery Radiol 2K 37101 1-1015

Abbreviationst CE — catheter enchaage, DFS - disruption/dilation of fivrin sheath (with catheter replacemuny, FSS — (ibein sheath stripping

THE use of hinneled central venous
catheters remains a widely used solu-
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tiem Lo provide access for hemodialy-
sis in the Uniled States despite the
emergence of guidelines warning
against their use (1). These catheters
have heen  associated  with  mean
1.year primary palency rates of 55%-
75% (range, 3%-74%) (2) and mean
durations of primary catheter function
between 6 and 12 months (3). A com-
mon cause of catheter malfunction is
obstruction by a fibrin sheath, for
which two main endovascular thera-
pies have been described after conser-
vative thrombalysis has failed, namely
(i) catheter exchange (CE) over a wire
through the existing access site and (ii)

fibrin sheath stripping (I55) along the
catheter with a snare introduced from
another venous access. lew series
have actually compared these two op-
tions, and conlroversy remains re-
garding their outcomes (3,4). In a ran-
domized tria) in 2000, Merport et al (3)
showed much better patency rates
with CE than with FSS. However, their
31% cumulative patency rate al 1
month after FSS was much lower than
the vutcomes of other published stud-
ies and was based on 15 procedures.
Also, their 93% patency rate at 1
month after CE was higher than those
usually reported. The same year, Gray

1011

Confidential

Page 1of 5

282



1012 « Three Methods to Restore Patency in Failing Hemodialysis Catheters

June 2006 JVIR

Table 1
Patient Characteristics at Baseline

No. of Patienls CE{n =33) FS5 (n = 18) DFS{r = 15)

Male sex (%} 32 36 33
Mcan age (y} L SD (range) o6 = 15 (22-H6) 67 = 14 {37-86) 60 * 19 {25-85)
Mean time from initial catheter placement = SD (d) 149 = 158 (6-749) 142 + 148 (10-5h2) 242 + 334 {1-1.249)
Range of previous interventions on the catheter studied -4 0-3 0-3

0 14 9 7

1 5 4 3

24 10 3 2
Appruach uf vatheter placement

Right internal jugular vein 1 (64) 11 (61) 9 (60}

Left internal jugular vein b (18) 7(39) 5 (33}

Right subclavian vein 4 {12) 1} 13

Note.-—~There were no significant differences between treatment groups in any category. Values in parentheses are percentages.

et al (5) showed similar duration of
catheter function after FSS or alteplase
infusion through the catheter ports. In
the present study, which was per-
formed in a single population treated
at a single institution, we proposc to
compare the secondary patency rates
from these two techniques and an ad-
ditional third technigue, endovascular
balloon disruption/dilation of the hi-
brin sheath (DFS) and catheter re-
placement, hervafter referred to as
simply 12FS,

MATERIALS AND METHODS
Study Design and Patient Selection

We retrospectively studied 66_con-
secutive inteyventi rtormed jn 45

patients for malfunctioning twnneled
hemodialysis catheters in our depart-

ment between January 1, 2002, and
December 1, 2005 (47 months). A
waiver of informed consent was ob-
tained from our institudonal review
board for the purpose of retrospective
research investigation. Informed con-
sent for all clinical procedures was ob-
tained from patients according to stan-
dard of care. The patient inclusion
process was started by reviewing all
768 interventions that were extracted
from our interventional radiology case
database with procedure codes for
“turncled catheter” (1 = 716) or “cath-
eter stripping” (1 = 52) during the
47-month time period of interest. After
teviewing the patients’ history and
images, we exctuded 702 inlerventions
(91'%) that consisted of or included (i}
de novo catheter placement, (ii) re-
moval of an infected catheter, (iid)

cases in which an evident cause of
catheter malfunction other than a fi-
brin sheath was identified (eg, catheter
kinking, malpositicning of catheter tip
out of the right atrium, or leak at
catheter hub), and (iv} manipulations
limited to the internal lumens of the
catheter (6). The remaining 66 inter-
ventions in 45 patients were subdi-
vided into three groups according to
the type of intervention to treat mal-
function: {i) over-the-wire CE (7 = 33
procedures), (ii} FSS from another ve-
nous access site (= 18), and (iii) over-
the-wire catheter removal with DFS
followed by replacement with a new
catheter through the same access (n =

1

All patienls were referred to our
depariment only after the failure of
trials to restore flow with tissue plas-
minagen activator infusion through
the catheter lumens (1 mg per port for
30 minutes). Fiban sheath-related
malfuncion was considered a diagno-
sis of exclusion after the aforemen-
tioned causes were not believed to be
the cause of poor catheter (low. The
assignment of fibrin sheath as a cause
wis made by any of four staff inter-
ventional radivlogists with a mini-
mum of 4 years of experience in the
placement of tunneled dialysis cathe-
ters, Contrast anginpraphy was rou-
tincly performed by successive injoc-
tions through both ports in an attempt
to detect the presence af tibrin sheath,

The choice of one therapeutic strat-
egy over another was left to the at-
tending radiologist performing  the
procedure and was therefore largely
influenced by operator  preference.

The assignment of each operator to a
given case was based on the timing
and scheduled date of the procedure.
No specific guideline was used to de-
cide whe would perform the proce-
dure and what technique would be
used by the operator. Overall, the type
of procedure performed was random-
ized; no specific selection was used in
chuosing which procedure a specific
individuaal would undergo.
Comparison of the three procedure
types with respect to secondary pa-
tency can be performed if the study
groups are similar al baseline with re-
spect to (i) patient age, (i) patient sex,
(iii) time clapsed between initial place-
ment of a tunneled catheter through
that access site and the intervention of
interest, (iv) number of earlier inter-
ventions performed  on catheter(s)
through that access site, {v) type of
catheter placement (surgical vs inter-
ventional radiclogic), and (vi) access
site location of the catheter. Hence,
these factors were assessed for each
group and compared. None of the dif-
ferences observed in any of these pa-
rameters was stalistically significant
among the three groups at basclinc
(Table 1). Among the 66 procedures
included in this study, 45 (68%) were
in patients who had not undergone
any previous inlervention for mal-
function on their tunneled catheters
before inclusion in this study. The
remaining 21 interventions (32%)
were in patients who had been in-
cluded in the study once (14 proce-
dures, 21%) or more times (seven
procedures, 11%). o
!;_
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Figure. Kaplan-Meier cumnulative patency curves after each intervention. Isolated puints
correspond o the upper and lower limits of the 95% CL

Description of Procedures

Catheter stripping from a femoral
approach {3,5-7) and CE (3,4,8,9) were
performed  according o well-de-
scribed methods. Brietly, FSS was per-
formed with use of a 15 to 20-mm
nitinol snare from a right common
femoral vein approach. CE was per-
formed over one or two standard or
Amplatz Super-5tiff wires (Boston Sci-
entific, Natick, MA).

DIS was performed with the pa-
tient under local anesthesia and intra-
venous conscious sedation with fenta-
nyl and midazolam. After removal of
the existing tunneled catheter over
two stiff Amplatz wires, a 23-cn-long
7-F Brite-Tip sheath (Cordis, Miami
Lakes, FL) was advanced over vne of
the wires into the inferior vena cava. A
balloon 8 to 12 mm in diameter was
advanced Lhrough this  vascular
sheath, and dilation of the intravenous
course of the previously placed cathe-
ter was performed. The balloon diam-
eter was chosen to exceed the original
dialysis catheter size but be small
enough to avoid simultaneous dilata-
tion of the vein wall atscll. Alter com-
plete dilation of the fibrin sheath, the
inflated balloon was also advanced
and withdrawn over the wire along
the dilated course of the fibrin sheath
to ensure its disruption. After removal
of the balloon, pullback venography
was petformed tErm'lgh the 7-F sheath
to confirm absence of fibrin sheath.
The vascular sheath was then ne-

maoved, and a new tunneled hemodi-
alysis catheter was advanced over the
two wires, Except for priming the
cathoter ports, no heparin was given
systemically during any of the three
types of procedures.

Quicome Assessment

Immediate technical success of the
procedure was assessed by the pres-
ence of salisfactory flow rates ob-
served during the next three hemodi-
alysis sessions after the intervention.
Thereafter, catheter patency was de-
fined by uninterrupted satisfactory
flow rates obtained during subsequent
hemodialysis sessions. The adequacy
of How rates was determined individ-
ually by dialysis unit staff depending
on patient needs (lypically >250-300
mL/min when a non-high-flux sys-
tem was used). The frequency of dial-
ysis sessions varies among patients,
but flow rate measurements were typ-
icalli performed at least once per
week as part of the routine dialysis
procedure at our institution and re-
Iated institutions.

Statislical Analysis

Qutcome during the follow-up was
assessed by the median survival time
of catheter function in each group,
comparison being made with the log-
rank test. Because many of our pa-
tients had undergone multiple carlicr

interventions on their tunncled cathe-
ters before inclusion in this study, the
basic unit for analysis was the inter-
vention of interest (ie, CE, FS5, or DFS)
and its corresponding subsequent fol-
low-up period to the next additional
procedure performed for catheter dys-
function {if any). Therefore, it was pos-
sible for a given patient to be included
muore than once in a given therapeutic
group and /or in more than one group.
Statistical analysis was performed
with Stala 9.0 software (Stata, College
Station, TX}. A P value less than 05
was considered to indicate signifi-
cance in two-tailed tests.

RESULTS

The immediate technical surcess
rate for all three techrigues was 100%.
There were o early complications.
Follow-up duration (mean, 67 = 89
days [S1]; range, 0-398) was not sta-
tistically different among the three
groups (30 days for DF5, 63 days for
FSS. 78 days for CE; P = .15). During

sisting catheter function calqulated by
the Kaplan-Meier i

}
were 73% (CE), 72% (FSS), and 65%
{DFS) at 1 month; 43% (CE), 60% (FSS),
g]"lg 2920 !DEE! at 3 I!!Q]]!!ﬁ; E”d Zﬁ‘i’u
{CE), 45% (FSS), and 39% (DFS) at 6
cantly longer or shorter duration of
patency compared with the other two
groups ( = 60, log-rank test).

DISCUSSION

Cur resulls for FSS and CE are in
accordance with the findings of mosl
series dealing wilth each technique in-
dividually or reports comparing CE
and F55 (Table 2). Our cumulative pa-
tency rates at 1 and 3 months for these
two techniques (65%-73% and 39%-
60", respectively) are in the range of
those previously published (2-5,10)
(31%-93% and 43%-56%, respec-
tively). Six months after the proce-
dure, our palency rales (28%-45%) are
also similar to those reported (be-
tween 28% [11] and 46% [2]). Hence,
we believe that the achievement of pa-
toncy rates similar to those of other
investigators tor FSS and CE validates
vur results overall and allows the cun-
clusion that minimally invasive resto-
ration of function of a tunneled hemo-
dialysis catheter obstructed by a fibrin
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Table 2
Literature Review
Cumulative Palency (%)
Sample  Technical  Complications 0.5 1 15 3 4 6 12 Median Duration
Study Size Success () {"%) {months) of Function (d)
TPA infusion
Gray et al, 2000 b uy 86 63 48 42
Srripping
Crain cf al. 199 40 98 45 28 &
Haskal et al, 1996 24 9 4 B
Brady et al, 1992 91 96 i} 56 46 RG
Cray et al, 2000 2R g9 ™ 5 35 32
Merpori et al, 2000 15 2 G k) 0 9
Current study 15 1 Y 72 60 45 135
CE
Dusznk of al, 1998 42 23 15 51 7 X 85
Merport et al, 2000 b.rJ 10 0 3 23 40
Current Study 25 100 0 73 43 28 o0
Drs
Current Study 15 100 0 65 k2 30 75

sheath can be equally achieved by all
three methods we performed: CE, FSS,
and DFS. All three techniques were
cqually successful in restoring imme-
diate catheter function, none were as-
sociated with immediate complica-
tions, and all were associated with
similar early outcomes and longer-
term durability.

Briel summaries of DFS or men-
tiuns of a similar approach have been
reparted elsewhere (3.8,12) but have
consisted of isolated reports without
comparisun versus other techniques in
the same patient population. In the
present repert, removal and exchange
of the dual-lumen catheter was com-
bined with balloon angioplasty over
the entire length of the fibrin sheath.
The aim of DFS is to disrupt the exist-
ing sheath to fragment it or medify its
geometry. An important technical as-
pect isolated to this procedure is po-
tential dilation of the venipuncture
site. This con be minimized by hand
injuclivn of contrast agent through the
vascular sheath positioned in the cen-
tral vein before balloon catheter inser-
tion to allow for precise delineation of
the vein contours (and, on occasion,
confirmation of a fibrin sheath via a
filling defect in the contrast agent col-
umn). Another potential disadvan-
tage—but ane that is not isolated to
this techmique—is fibrin sheath embo-
tization to the luys. This seems 0 be
Jargely a theoretic complication be-
cause pulmonary embalism of fibrin

sheath fragments has been very
scarcely reported in the literature (13).
Also of note, at cur institution, the
typical cost of the materials used was
$542 for DFS, $342 for a typical CE,
and 320 for uncomplicated FS5.
Hence, because DFS shows no advan-
tage compared with F58 and CE with
respect to overall catheter patency, re-
quires more costly equipment, and
presents a putential unique disadvan-
tage in the form of venipuncture site
dilation, we no longer perform this
procedure.

Obviously, the results of the
presenl study must be understood in
the conlest of its retrospective, non-
randomized design. The choice of one
therapeutic strategy over another was
left to the attending radiologist per-
forming the procedure and was there-
fore largely influenced by operator
preference. Even though 10 different
interventional  radiologists were in-
valved in these procedures, vach one
preferred a given procedure: one op-
erator performed 73% of the DFS in-
terventions, another one performed
67% of the FSS procedures, and the
eight others were involved in 88% of
the CE procedures. Last, other param-
eters such as inlection risk, patient
preference, and procedure time {in-
cluding radiation exposure) were not
included in the present sludy. Al-
though procedure times were not
compared formally, in our expericnce,
there is no dramatic difference among

the three techniques. Further cost
identification (14) and more cost-cHee-
tiveness analyses will be needed to put
in perspective these cost values and
integrate them with clinical and qual-
ity-of-life outcome parameters of such
interventions (3,5,15-21).

The small sample size of our study
may be interpreted as a study limita-
tion. However, our cumulative sur-
vival curves {Figure) suggest that such
a difference is unlikely, given the
closeness between the lines for each of
the threw groups. In addilion, the 95%
Cls arpund our palency estimates are
wide enough to overlap across the
three groups. Therefore, unless there
was a drastic change in the makeup of
our study population in the future,
our conclusions would likely not
change. Another evident limitation of
the present study relies on the pre-
sumptive nature of the diagnosis of
tibrin sheath and of its role in flow
reduction. Fibrin sheath formation re-
mains a difficult diagnosis that is usu-
ally made after exclusion of other com-
mon causes of catheter matfunction
such as catheter kinking, migration, or
malposition. These causes are usually
easily detected by fluorascopy, and all
patients with such findings were elim-
inated from our study. The exclusion
of catheter obstruction by a thrombus
around the catheter tip {another com-
mon cause of malfunction} can be
made in 97% of cases (3) by success-
hily treating the clot by infusion of a
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thrombolytic agent (eg, tissue plas-
minogen activator, urokinase) through
the catheter ports (22) as a bolus
(23,24} or in a prolonged infusion (3).
Tissue plasminogen activator trials
were undertaken and failed in all our
patienis before they were referred to
the interventional radiology depart-
ment. The suspicion of the presence of
a fibrin sheath when flow rates are
poor on catheter aspiration but better
on flushing is clinically suggestive but
inconstant. Contrast venography by
injection through the catheter ports is
also of limited value for the detection
of fibrin sheath (2), with reported sen-
sitivity rates of 50%:; in addition, as a
resull of cost cunsideralions, intravas-
cular ultrasonography is not routinely
performed for that indication. There-
fare, we are contident that dysfunction
resulted from the presence of fibrin
sheath in our patient population by
direct visualization or by default after
exclusion of all other possibilities.

In conclusion, this_retrospective
comparison of three therapies for poor
flow vates in tunneled hemodialysis

i iate i 3 -Om-
plications rates, or in terms of durabil-
ity of catheter function later during
follow-yp. Henee, in the choice of one
technique over another, cansideration
of factors other than the period of sec-
ondary patency should be considuerad.
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PURPOSE: Tunneled homodialysis catheter dysfunction often oc-
curg from fibrin sheath formation. As & way to preserve exisling
cathoter venous aceess shies, the avthors evaluated over-the-wire
cxchange of catheters through pre-cxisling subeuldnesus tunnels
as sn alternative to catheter removal and do novo catheter re-
placement.

PATIENTS AND METHODS: One hundred ninetesn catheters were
placed {n 68 paticnts. Beventy-soven catheters were placed de nove
and 42 catheters were placed through the pre-existing subcutane-
ous tunnels of failing cathotere. Technical ruccons, short-torm com-
ph:ll;t;onz infection rates, and fumctional catheter lonpevity were
€V te

BESULTS: Technieal sucoess for catheter exchange was 835%. Infec.
tion rates were comparabile to those of de novo eathater placement:
0.15 and 0.1] infections per 100 catheter days for de novo and ex-

eatheters, respoctively. Catheler duration of function was
not significantly different for de novo versus exchanged cathetoes:
63% and 51% at $ months, 51% and 37% ot 6 months, and 85% and
0% at 12 monihg, rospectively.

CONCLUSIONS: Ovor-the-wire exchonge of tunneled hemodinlysis
catheters is safe and easily perforuted. It cancas 1o increase in in-
fectipus complications and provides similar catheter loogevity 1o
de novo eatheter placement. The nre is an important gption
for prulunging tunneled cathetor access sites

TUNNELED esthatars cre widely can be repidly placed aod immedi-
used for hemodialysis acones. Thay ately used, they ara prone to re-
provide a bridge to maturution or peated faflora becguse of infection
revision of arteriovenous fistalas, or paricathater fitmin sheatas or
prosthetic actess grafis, or trans- thrombus (1-6).

plantasion. In addition, thay are As with other implanted devices,
usad as & permnanent aceess in pa-  infoeted catheters are Fypically re-
tients who bave no remaining ac- raoved and replaced at another gite
oess sites. Although these catheters  after an appropriate course of anti-

521
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biotic therapy. Althongh some au-
that infartion retes in tompeled
catheters are lower than nontun-
ngled catheters, presumably be-
cause of the protective barnier sffect
of the subcutaneons tract, which
limits paseage of pathogonic skin
fora into the venous aystem (7).

Catheters that fail becacse of
fibrin cheath3 are treated with
thrombelytic ageats and, more ro-
cantly, with transvenous fibrin
sheath removal {8-12). When thete
methods fail to restors satisfactory
catheter flow rateg, catheters are
traditionally removed and vaw ¢oth-
etexs are placed at different venous
entry aites. .

Repezted placement of bemodial-
yeis catheters at different aites car-
risg sovaral risks. These include oll
the risks of new eatheter placement,
and, if placed operatively, the risk
of anesthesis. In eddition, catheters
can zapidly lend t0 venous stenoses
ar occlusions. In s stady of 52 pa-
tiants with temporary &o 1
and iaternal jugular dialysis cathe
ters, Cimochowski found that 50%
of patisnte with subctavian cathe-
tors davaloped rmarked venous ste-
noge= with a meun catheter dwell
timg of jest 11.5 days (13). The de-
velopment of o subelavian or bra-
chiotephalic vein stenosis or oeciu-
sion impezils the oxtilow of an ex-
isting ipmiiateral arteriovesous ac-
cess graft or fistula, or entirely pre-
chudes its guvgical placament. Aa
the lifa expectancy of patients with
chranic renel faikma increasss, -
preservation of existing central v
nous catheter stes becomes of para-
mount importance.

The guide wire exchange proce-
dure in baing rapidly disseminated
among interventional radiclogista to
salvege failing, poninfected cathes
ters and preserve venous access
sites. Several authors have reported
the usa of pre-existing tunnels to
salvage hemodialysis catheters.
Rpelin ot al Teported success in re-
placing tunneled catheters after ac-
eidentnl removal {14). Carlisle et al
and Shaffer sabapged infected cathe-
ters by guide wire exchange and
gystemic antibiotic therapy (15,18).
To the best of our knowledge, thare

an'a no published studies evaluating

€

noninfected failing tan-
neled catheters, We describe our
results and enmpare our experipnce
with axchanged eathsters apd de
novo placement of tunneled bemodi-
alysis catheters.

' PATIENTS AND METHODE

From 1993 to 1995, 119 tpgncled
hae; i i

wheTH m 68 patients with
chronie rena) frilare, patients
were cither awaiting maturation of
surgically creatad arteriovencus fie-
tulas or required permanent catbe-

ter dialysis because of repeatedly
failed periphsral access grafis or

fistulas,

Seventy-seven catheters
aced de nove in 84 patients
{that is,%imﬁ VEnous ac-
oesn sitea and rewly created tun-
3. 29 patignts), fail-

(Quinton Instrument, Bothell, WA)
wern ured in most caaes. Single-
barrel, mnltixidehols catheters,
such as the Teml)n(mmth (Ang::y
laysville, PA) or Duoca jody-
naoncs, Quesashory, NY) were not
used in this etudy.

The patients consisted of 34 men
and 34 women. The preferred pei-
maxy site for catheter placement
way the right internal jugular vein
because of its straight Hne access
tnto the right etriue. When this
voin was pocluded, stentic, or when
firare ipsilateral arm graft suxger-
108 waro anticipated, tha left mter-
pal juguiar vein was used, When
ueither internal jugulor vein was
mritabls, the subclavian, external
jugular, and lastdy, fomoral veins
wers used. The Yeading tips of the
thoracie catheters were placed
within the lower guparior vensa cava
or right atrium. The choloe of either
location wae datermined by the op-
eratar preference and geveral tech-
nical factors, ikludiog svadlabls
catheter lengths.

Peiling hamndinlysls eatheters
wern defiped as devicas that could
a0t be infused or agpiraved (either

by the dialyzis staff or interven-
tianal radiologists), or catheters
that did not consistently sustadn
ntinfmum acceptahble i

flow rates m
min) thron t a dialysis treat.
went. As is the typical practice at
our institution, the dislysis staff
was allowed free and repeated use
of low-dose transcatheter urokinase
dwells (Abbokineco Opea<Cath; Ab.
bott Laberatsries, North Chicagy,
cathater exchanges were performed
in patients with catheters that were
infected or presumed infacted. In
casas of becteremis, or climically
evidont or suspected site or tunzial
infecbon, the catheters were coin-
pletely remeved Temporary, non.
tunnaled femoral, jugulsr, or sudb-
¢lavian catbet=rs were nsed uantil
blood eulvares proved negative and
antibiotic therany was well estab-

= Cathater Placement
Techniqaes

All de povo catheter placoments
and exchanges ware performed per
cutaneously wnder the sterile condi-
tiama of the interventional radiology
suites. All operating physicians
wore gloves, gowng, and masks, The
skin and catheter entry sites were
scrubbed with antiseptie soap and
sterilely draped in the standard
faghign that we use for all percuta-

* geous procedures. Laminar flow op-

erating room ventilation was not
present. All patients received 1 g of
cefnzolin sodivm intruvencusly as
antfhiotie prophylaxis, Patients
with significant and relevant peni-
cillin drug allargien resslved 1 z of
vancomysin ingtead

& De Novo Cathetera

The procedures were performed
wnder ¢ither local anesthesia alone
or light intrevencua consclous sela-
tion with loca) anesthagia. Pulse
cximetry, blood pressuze, and elec-
trocardiograpnic monitering werd
used in each case. Anatomie land-
markn or sonegraphic guldance 88
used to guide the veaous puncture.
A Rosen (Cook, Bloomington, IN) of

— il
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straight Newten LLT (Cook) wire
was adverced into the right atrivon
or inferior vena cava ander flucre-
s0oplc guidence, The vanotomy site
was s2rally diated to allow intro-
duction of the peel-awsy introducer
sheath that acrompaniad the gpe-
cific eatheter cot, The length and
position of the chast wall sebeute-
neous tunnel wors choren by taking
into acoount khe body habitus of the
patient. In the case of jugular or
subelavian ancess, eatheters were
tunpeted laterally over tha chest
wall, exiting a short distance below
*he clavigle. In coses of femoral ac-
%4, the cathstiers were tunneled
laterally over the upper thigh sway
from the ingwinal creaze and skin

panaus.

The tunne} path was infiltreted
with Hdoenine mixad with epineph-
rine. The tunnel waa ereated with
bluat diszection with use of 2 stan-
dard hemostat and blunt tunneling
tlevice included in the catheter kils,
The catheter was attached 1o the
trailing end of the tnoneling device
and drawn throagh the tunnel, exit-
ing ot the venotomy inwision, adja-
cemt to the peel-away gheath. The
dilatar was remeved from within
the peel-zway sheath, and the cath-
eter way looped back Into it. The
sgheath was slowly split ¢r cut back
g5 the catheter was heald in place,
unti) it wes removed in its entirety,
The catheters weze rotated mmder
floorescopic guidance to ensure that
their lnading tipa were satisfactorily
positiened and criented withio the
vessel lumen, The fabrie fixation
cuff was intentionally pesitioned
anly 2 few centimetcra from the
tunnel entry site (ie, within the
each of a hemostat). Thia allowed
eaxy diesection of the fixation cuff
from the site of tunnel exit at the
time of catheter exchapge, eliminat-
ing the need for basising the akin

“gver the cufl. The venciomy sites

wore suturod closed with inter-
rupted, nonrescchable or resorbable,
subenticnlar sutures and Steri-
Strips (SM Medical Surgical Divi-
sion, St. Paul, M), The venotomy
and catheter exit sites were dreased
with sterils gaure and palycrethane
{Tegaderm: 3M) or pcrmeoble adhe-
sive dressings {(Medipora; AND, The

cathaters were flughed with the
manvfasturers’ recmmended vol-
uxies and concentrations of beparin.
The patients were digcharged aftor
ap appropriate period of observa-
ticn, coumensurate with the
amount of sedotion administered.

* Exchange of Pre-existing
Failing Catheters

Patienta referred for catheter ex-
thange typically had fonctional evi-
dence of fibrin sheath formation,
ranifest by the inability to infuse
qne or axpirate one or both ports at
Test or duxing dialysis, or inshility
to maintain sufficient flow raves
during dinlysis treatments. All cath-
eters were evaluated mn the inter-
ventional suite prior to their ex-
change. The indwelling heparin
withiz the catheter luming was 2s-
pirated if possible. Digital subtrac-
tion contrast studies of each cathe-
ter lTumen were performed to asaess
for pericatheter thrombus, Ebrin
gheaths, and veln stenozes,

. AfRer sterile skin preparation,
the catheter entry site and subcuta-
neous catheter course were nfil-
trated with Hdoeaine. As our expeni-
ence with catheter exchange in-
creased, we switched to wing Lido-
¢aioe with epinephrine to minimize
soring st the tunnel entry =ita. A
standard hemostat was used to free
the inverporated fixarion ouff of the

- cacheter within the tungel. In oze

case, & cutdown cver the cuff was
performed to allow it be dissected
free of the surrommding tissue. Un-
der flucrogeopis guidance, a 0.085-
inch or 0.038-inch ot stiff
shaft hydrophilie wire
(Tervene; Medi-tec n Scien-
tific, Watertown, MA) was inserted
throogh » catheter lumen into the
itferior vena gava. In somo cases, a
second such guide wire was placed
shrough the other catheter lumen to
further stabilize the subcutanecus
tunne] and to ensure the ahility to
rathread the fresh catheter throngh
the same tract. The old cathetor
was remaved and simply exchanged
for & new tunneled catheter, of sim-
fiar ar slightly longer length. An
attempt wap made to place the tp
of the naw cathelar cutside the eul-

Volume 8 Number 3

prit Bbrin sheath. This was par-
frrraed by cither ing the new
catheter oortral to the position of
the old one or exiting the fibrin -
sheath preximally along its conrse
with a guide wire bafore introdue.-
ing tha new cathatar, This was doge
:Ilﬁnr by using a slightly longer
catheter or by sinply positioning
the catheter deeper within the sub-
cutanequs tunnel, The catheter was
tested with rapid manua} infection
of gakine and rapid aspiration. A
radiograph was obtainad to docu-
ment cotheter position, and the de-
vice was sutured to the skin at the
tunne) exit site. The catheter wan
steriloly dressed and flughed with
the indicated heparin doze. In many
instances, the catheter exchange
was performed withomwt any intrave
noas sedation and patiants were
gx;scharged shortiy after the proce-
re.

» Data Collaction and
Statistical Analysss

All patients were followed up at
our mpatient or entpatient hemodi-
alygis centers. Catheter function
was discussed during & weekly in-
terdiseiplinary interventional radi.
alogy, nephrology, and access sur-
gery conference. Hospital charts
and daia regarding entheter fune-
tion, flow retes, and clinical visity
were reviewed. Catheters wire fol-
lowed until their removal, or until
axit from follow-up, “Funetiona] lon-
Fevity‘ was defined as the peviod
in

days) that the cathetar provided .

adsquate aocess for hemodialysis.
Cutbater longevity was evaluated
with use of life-table analysis. Infec-
tion rates weye ¢alculated in the
traditional fashion, with respact to
both infections per catheter, as well
ag infections per 100 catheter days
at risk. Infections within the fiyst

. 80 duys after catheter placemants

were specifically identificd. 1 and
Kapian Meier analysis ware used to
detzrming ptutistical signifieance.

| RESULTS

One hrodred ningteen tunneled
cathaters were sucoessfully placed

e — U
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in 85 patients through a variety of
accens sites. Fifty-four catheters
ware placod through the right inter-
oo) juguler vein (35 de nove and 19

, 27 left internal jugular
{20 do novo and seven exchanped),
14 right subclavian (eight de novo
and six exchanged), 13 left subcla-
vian {five de novo and eight ex-
¢hanged), six right cemmeon femoral
{five do novo and ono exchanged),
two left common femaorn) (one do
sovo acd cae exchenged), end three
right exteroal jugular veins (three
do novo).

Seventy-seven cetheters were
placed de novo in 64 patients, For-
ty-two exchanged catheters were
placed in 29 patients. Uf the ex-
changed catheters, 32 were initally
placed by the interventional radiol-
ogy sexvice and 10 by the surgical
sorvice.

The leading tips of the catheters
worg positioned in the right atrium
in 78 cages (47 de nove, 31 ex-

. In 41 cases, the tips lay
within the vena cava—in the major-
ity of cases within the distal cupe-
rior vena cava at ita junction with
the right atriure. Femoral catheters
were puitioned to that their tips
ware within the infrarenal infericr
Vena ¢avA.

The technical success for de nove
catheter placement was 100%.
There were three early failed at-
tempts to axchange catheters
thrtugh tracts due to tortuosity of
the tracts, resulting in a technical
suncass of 93%%. All three of these
patients had de novo cotheters
placed immedintely thereafler
(without leaving the interventional
suite), In one case, an indcston over
the fxation uff site was mhsd
to allow catheter retnoval, Thin
catheter had been placed by a sur-
geon; its cuff lay deep within the
subcutanpous tucnel beyond the
reach of a standard hemostat.

The mean duration of cathoter
fallow-up was 110 daye (raxge,
1-501 days; 8D, 105 days). De nove
eathetery were foliowed for 124
days {range, 3~501 days; SD), 110
daye) and exshanged eathoters for
85 days (range, 1-426 days; 5D, 82
days).

Infection Data for All, De Novo, and Exchanged Hemodialysis Cathoterg
All Catheters De Nwo Exthanged
Catheters placed 116 il 12
Cathetars infheted 17 i8 4
sodas of Infection 18 14 4
sepsls 13 12 1
Exit site infections 5 2 8
Percent total of catheters infected wes bYy. 109
ons ing cathetar 12 {10%} 10 (13%) 2(5%;
remoral (3 of all catheters)
Indections per 100 catheter daye 0.14 0.18 0.11
Infections during firat 30 days (% T (6%} B {7%) 2 (5%
of 11 cathetemm)

caroad

P P

i

BTy QPR

» Compilications

Pralonged oozing from the tunne}
was noted in two cases, one after de
DOVo ent and ane afler wire
exchangs. Both resolved with pro-
longed manual compression 2nd ad-
ministration of desmopresain ace-
tate, without the need for hospitel
aduission.

One patieat, with o history of
intermittent tachyarthythmiag, do-
veloped supraventricular tachycar-
dia durlng exchange of a catheter,
This was controlled with intrave-
nous verapamil. After medical clear-
ence, the patient was sent hoee
shortly after the procedure. Another
patient with severe coromary artery
disesse and unstable angine devel-
oped transient hypotensian during &
eatheter exchange. This was artrib-
uted to oxeogeive sedation apd ro-
solved without further interveation
Or consequence.

There were no cases of pneumo-
thorax or air embolism.

¢ Infection Rate

A total of 18 episodes of catheter-
related infections were identified
involving 17 catheters, providing an
ovarall infoction rete of 14% for all
catheters. These occurred & mean of
96 days from cathetar placement
{range, 8-419 day; 9D, 117). Thie
correspended to 0.14 infections per
100 catheter days. Thirteen infec-
tions were believed to be Ene-re-
Lated Dacteremia or sepaia, requir-
ing the removal of 10 cathaters.
PFive infections were idertified as

local exit eite infections, requiring
the removal of two cathatars.

De novo cotheiers,—Fourteen in-
fections ware {dentifiad in 13 cathe
ters, corresponding to infections n
17% of cathebers, or 0.15 icfections

_per 100 catheter days. These ac-
curred & mean of 112 daye from
catheter placement {range, 8419
days; SD, 135}

—Four in-

Exchanged cothetars,
fections were fdentifled in four cath-
eters, carrespunding 60 infections i
10% of catheters, or 0,11 infectiony

et 100 cathoter dayp ok risk. Thase
oceurrad a mean of 46 days after
placement (8, 26, 83, and 116 days),
In the patient presenting with ep-
sin at day B, the catheter was sus-
pected as the snuves, but cathewer
cultores yielded negative findings.
Eait site infestions octumred in the
other three patients; two were
treatod sucesssiully with antibiot-
ies, without catbeter rexaoval The
infection data are presented io the
Table. .

There was no statistically dgnif-
cant difference betweaen infection
rates (vither for percent cotheters
infeeted or Infbetions per 100 days}
for de nove and exchanged caths-
texs (P = .27). Bacause early infec-
tions {ie, within 2-4 weeks of cathe
tor placexnent) conld be attribated
to the nsertion procedure, it is im-
partant ta cmg;n sarly infecticn
rates, The incidente of infection
during the first 30 days after new
cathelor placements or exchanges
v;g; oot signiffeantly different (£ =
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¢ Q=ztheter Funetiomnl
Lougevity

Life table mﬁ of catheter
logg%'g 18 il in the Fig-
[ catheters
tended to function for aHghtly

shorurpmodamnmnm_mm.nf

1% £ 3 monti, 51% and 876 at 8
months, and 85% and 30% at 12

Loaat

The guthars cheerved that catho-
tar *ipa directed mediglly tis, away
from the right lateral wall of che:
superior véna cava of Tight atrinm)
worg less prone to catheter flow re-
lated problems, but the &ffieulty in
confidently svalualing rathoter tps
ratroapectively from proce-
dural spot filmy precinded quantits-
tive evaluation.

[DIsCeasioN

Tugneled cantral venous sathe-
ters have bean wsed for more than 2
decades to provide long-term or per-
manent oootral venous aecess
(18,19). These cathetexs provide a
low Tuta of infection compared with
nontunneled catheters, partly be-
cause of the protactive effoct of the
subtutanecus tunnel, end pechaps
portly becansy of the barrier effect
of the fabrie cuffy that become fized
within ths tracts by Sheoblast in-
growth

>
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i| Pigure, Functionai e of de novo and exchanped catheters
'| (Antted Lines indicnie whera the standard error axcesds 10%).
Tine intesvals oo x gxis are in days.

Historically, tunneled eatheters
have been placed by surgeons in
operating rotms. Because of inhor-
ent imilorities to other procedures
they perform, interventional radicl-
ogists have been performing these
precedures in interventional suites
with increasing fraquency dur
the last § years. The potential
vantages and comparable success
and eomplication ratas hava been
well described for both low-flow
(chemotharapy, parenteral nutri-
tion) and high-flow (hemodiatysis)
eatheters (1,8,20).

Msmy tunneled dinlyuis catheters
2] because of either Gbrin sheath
formation or infectiom. As the prev-
alence oflng’mpood dialyzars
growe, flow retes in excogs uf400
ml/min bacome mors routine.
While fibrin sheaths somtribute to
dysftmotion of many central venous
catheters, the offect on such high-
flow hemndiaiysis cathsters may be
moze tlinically apparant becase of
their high flow derasmds. Infections
may be more frequant in dinlysis
catheters, as well, possibly because
I:If.ﬂl!il' more frequent use and han-

Fibrin sheath formation has luﬁ
boen recognited as a agjor cause
catheter dyefunction. This scabbard-
like tissue spreads from sites of
catheter and vein contact and inti-
mai injary; it hes been identifiod as
early as 1 day after catheter place-

ment (21). By enveloping the lead-
ing adge of L{e catheter, the fibrin
sheath acts as 8 one-woy valve. In
non-high-flow cathgters, such es
thoge used for tojal parenteral nu-
trition or chem.othuapy, thig may
prove mionvenient by preventing
blocd aspiration yet may still allow
satisfaetory fluld or medication in-
fimions. In the case of hamodialysis
o phsmaphm catheters, how-
ever, fibrin sheaths can very
quickly lead to complete loss of
catheter function because of the in-
abiBty to sustain the necessary high
flow rates.

The firgt line in treating fibrin
theaths and parfeatheter thrombus
is instillation of relatively low-dose
urokinege {eg, 5,000 U per [uren)
mto the cathetera (16). Occagion-
ally, mere prolonged, S-bour infu-
sions can be vaed (22). In many
cases, these will restore sufEcient
funcdon to allow diglysis to con-
tinue. Traditi , when these
methods fall, the dyafanctonal
eatheter it removed and B new
:ﬂ:ﬂez 13 inyerted at & new aocess

te.

Percutaneous fbwin shenth strip-
ping was reported a5 a procedure %
selvage funneled and implanted
ocmiral venms catheters by Craln
and Mewisoen in 1994 (23) and
Knelson et al in 1335 (24). In a
larger study, Crain reported prolon-
gation of hemodielysis catheter

S —
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fuzction I 24 patients, although 11
required multiple interventions
(11). Wo evaluatod this ientical
- procedure and found that, although
itwasmableoﬂmm!dmtebr&

pmadbymmsubea@mtdid-
ysis seszion {12). Becanae of the
femaral vein Access for this
procedure, Bbrin atripping
mquhenapamdufuvn-lhmof
bedrest and immobilization after
the procedure. At our institution,
the hogpital costs alons for fibrin
shoath stripping approachss $1,000.
These resuits lad us to explore
over-the-wire catheter exchange to
restore catheter function while pre-
serving the existing venous access
gite and tummei. This tecdmique
raigses three natural questions.
First, can this procedure be per-
formed with a sufficiently high de-
groa of ease and technical siceess to
make it a feasible treatment option?
Second, does passing & new cathetar
through & sterilely prepared pre-
exieting tunnel predispose the pa-
tiemt to kigher infection yotas?
Thidd, what is the subsement func-
tiomal durablifty of the exchanged
catheters compared with new cathe-
ters ar failing catheters managed by
other mesms (such ag fibrin strip-

& Technical Iysnos

Our de novo catheter placements
were designed tu allow sagy subse-
qnenlcat.hetarmmnva]nre:

eping the subcutane-
oul rel.lttvalyshnrt(lSm
or less), and by positioning the fixa-
tion enfly within several centime-
tars of the slin exit site. By paest
a hamogtat the ¢a
at its exit site, the Sxation cufl
could be reached and bluntly dis-

from tha ¢uff, the catheter bocame
freely mobile. We found stiff, kmk
recistant, hydrophilis mitine]
wrizes to be much better swtbe
theudmngnprmtbanstiﬁ
Teflon-ocoted wires that tended to
kink and bind within the silicone-
typo catheters. On occasion, whan

additional stiffcats was necesnary
for exchange, two such wires were
vaed, placing ope in each cathater

hemodialy-
&in. In essea when no blood was ini-
tially aspirable, coatrast materjal
injection to study the oochuded lu.
men will deliver thiy large bolus of

miwamdrhkﬁhbehm,sz-.
ﬂrmedﬁeh&mstenletach
nigue of the initial de novo catheter
inggrtion. This azams to refute the
cozventional sergieal wisdom that a
fresh subeutansovs tunnel is an in.
violahls barrier to infecdion. Tn fact,
infaction ratcs overall ware surpris-
ngly Yawer with the exchanged
catheters, elthongh not significantly

. More preferable {5 freeing  tess was not mmifieantly differen
of the ien cuff and slight with- _thao that of de novo catheters, The
drawal of the catheter; this often 1mewbatdemuedlonzuviw may

allowsy aspiretion of the luminal
ter gtudy, puide wire introduction,
and catheter sachange proceeds.

¢ Catheter Infestion

When studying central vengus
catbeters, two methods of reporting-
infeetions have typically hoer used:
infectiony per eatheter and infee-
tionxz par lwuthetezda.ysatmk.
Wo toport both of these, in addition
to infactions within the
firat 30 days after cathetar place-
menimu:thebehevethu
and bemdgienb,

even

nnlihtvstobamlamdhlhn
method of placement Rather, theto
probahly reflect the chrenic, Enite
risk of infecticm carried by all pa-
tisnte with cathetors that are ac-
mssadprmlongedpmodaml
times & week. We found no differ
ence in infections betwesn de novo
andm:hangdmthnt&udurmg

this early window. Our infection
rates of 14.3% Ofmm’thﬂters and 0.14
per 100 cathater compared fa.

to those in cther serles.

Lped et al réparted infections in
14.4% of cathetars and 0.20 per 100
catheter days (1), Ideatifying all
paasihle infoctions (ie, not just those
pecessitating catheter removal),
Trexotola et al report infaction i
18 6% of catbeters apd 0.16 infec-
tons per 100 catheter days (6).

Our results soggest that aor-
changing hemodialysis catheters

be because the exchenged cathoters
inherit soma of the loms that
may have led to of the imitial
catheter, sch ¢ euboptimal tunnel
Qr a vanous stenoeis. This ia bal-
ancod againat the relatively simple,
vapdd, suipatient nature of an gver-
the-wire catheter exchange Al-
though we attempted to exit beyond
ur through the fibrin sheath, we are
aware of np data that the sheath
will not continue to “grow” and
coase fajlure of the new catheter. In
any event, use of that sperific ve

TioH18 200es) Site 15 clearly preserved
and extended with each newty ex-
changed catheter.

Fibrin sheath has been
e i of profongieg eathaer
ous me ing cathater
e e et

were unable to demonstrate a dura-
ble benefit from the same technique
(12). On the other hand, fupctional
mthuiulonmtycfexchangadtun-
neled catheters compares favorghly
tuCrmsrm'tofstnpp&n 51%
versus 45% at 3 months BT
vergus 26% at § monthg, Because
famoral vein scoese 15 not neceessry
ﬁrnd:mmwpnﬁentawm
discharged immaediately afwer the
grocedore, eliminating the oeed for
several hoars of bedreat and groin
obsarvation in the hogpital ambulo-
tory care facility.
ARbrugh mere investipation is
nevessary to evaluate the optimal
management of failing hemodialysis
cathaters and, in particular, the of-
tan eulprit fibrin sheath, we have

S ——
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ing comparzhle 1 it
cathetars, As such, thiy tachnique

adds another o to tha manage-
ment of thesa gifficult access pa-
tients,
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Fibrin Sheath Stripping versus
Catheter Exchange for the Treatment
of Failed Tunneled Hemodialysis
Catheters: Randomized Clinical Trial’

PURPOSE: To compare the effectiveness of two treatments for
tunneled hemodialysis catheter malfunction: percutaneous fi-
brin sheath stripping (PF$S) and over-the-wire catheter ex-

change (EX).

MATERIALS AND METHODS: Adult patients with poorly function-
ing tunneled hemodialysis catheters (flow rates < 200 mL/min)
were randomly assigned to receive either PFSS or EX. Over the
course of 20 months, 30 patients {37 encounters) referred to a sin-
gle institution met the inclusion criteria and consented to partici-
pate. PFSS employed transcatheter snares via femoral vein punc-
ture, whereas EX was performed over a guide wire with use of flu-
oroscopic guidance. Patients were followed up to determine the
duration of continued adequate hemodialysis via manipulated
catheters for up to 4 months (primary outcome measure).

RESULTS: Overal technical success rate was 97%. Mean catheter
patency for the PFSS group was 24.5 + 29.3 days, and 52.2 + 43
days for the EX group (P < .0001). After EX, patency rafes at 1, 2, 3,
and 4 months were 719, 33%, 27%, and 275, compared to 31%, 16%,
7%, and 0% after PFSS (P = .04, logrank test). Exchanged catheters
were significantly more likely to be patent for as long as 4 months
(28% versus ¥z; P < .05, x° test).

CONCLUSIONS: Malfunctioning tunneled hemodialysis catheters

treated by means of EX are significantly more likely to remain
patent for up to 4 months than are those treated by means of
PFSS. According to the results of this trial, PFSS should not be
performed as a routine therapy for catheter malfunction.

ACCORDING to the United States
Renal Data System 1999 annual
data report. 79,102 new patients
started treatment for end-stage re-
nal disease in 1997 (1). Of those
treated with use of hemodialysis.
cuffed central venous catheters ac-
count for approximately 10%—15%
of chronic temporary access (2).
While hemodialysis access catheters
offer the benefit of “painless” hemo-
dialysis, this is offset by an in-
creased incidence of infection com-
pared with hemodialysis grafis or

fistulas, and lower durability. Mean
duration of catheter function has
been reported to be between 6-12
months, with 1-year probability of
patency ranging from 3% to 74%
(2—4). Reasons for catheter mal-
function include malposition, kink-
ing, thrombosis, and fibrin sheath
formation. Of these, malposition
and kinking usually are recognized
during the first hemodialysis ses-
sion after placement. Fibrin sheath
formation {Fig 1) occurs to some
extent on all indwelling vascular
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Figure 1. Fibrin sheath. The catheter
was withdrawn almost to the venous
entry tarrow). Contrast material was
injected and outlined the fibrin sheath
in the shape of the catheter.

access catheters. Flow limitation
due to fibrin sheaths occurs later
than malpositon or kinking, and
probably accounts for most late fail-
ures of tunneled hemodialysis cath-
eters due to decreased flow.
Increasing longevity of the he-
modialysis patient requires preser-
vation of vascular access sites.
Mechanical means of correcting
catheter malfunction, such as per-
cutaneous fibrin sheath stripping
(PFSS) (3-8) or over-the-wire
catheter exchange (EX) (9,13), are
routinely utilized to restore hemo-
dialysis catheters. Because both
PFSS (5) and catheter exchange
(9) may be performed on a re-
peated basis, duration of catheter
patency provided by each of these
interventions is an important indi-
cator of its clinical effectiveness.
The reported patency rates after
PFSS and EX vary widely. While a
single PFSS procedure prolonged
catheter life for more than 4
months in one report (7), another
found that the catheter function
returns to unacceptable level by
the fifth hemodialysis treatment
(6). However, comparison of the
eflicacy of EX with PFSS as a rou-
tine therapy for malfunctioning

tunneled hemodialysis catheters
has not been done. We designed a
prospective randomized clinical
trial to compare efficacy of these
alternative treatments.

occurred before the patient was ex-
amined by the physician, or under-
went chest fluoroscopy.

_Seventeen patieni encounters
randomized for PFSS, and 20 en-

| PATIENTS AND METHODS
e Study Design

The study was designed as a pro-
spective randomized clinical trial to
ments for malfunctioning tunneled

hemodialysis catheters. Patients
were randomized by a custom com-
puter program designed to maintain
balance throughout patient acerual
(permuted block design with eight-
item blocks). For sample size calcu-
lations, we assumed that catheter
exchange over a guide wire would
result in continuing function for 3
months in 50% (9). To detect a dif-
ference in the probability of con-
tinuing function in the PFSS group
of 30%, with a chance of type I er-
ror of 0.05 and 80% power, we
would need a sample size of 37 en-
counters. Sample size estimates
were done with a commercially
available software program
inQuery; Statistical Solutions, Sau-
gus, MA).

e Patients

Patients were recruited between
October 1, 1997, and April 16, 1999.
The study was performed at one
institution, and approval of the in-
stitutional review bhoard for human
subjects was obtained. Patients
were included in the study when
they were referred to the vascular
and interventional radiclogy service
because of malfunction of their tun-
neled hemodialysis catheter (flow
<200 mL/min), which had been
known to function with acceptable
flow rates during hemodialysis pre-
viously. Patients who had their
catheter newly placed, replaced, or
stripped within 72 hours prior to
this visit were excluded. Patients
were randomized based on the in-
tention to treat malfunctioning
catheters; randomization process

counters for EX of the catheter. Two

patients from the PFSS group sub-
sequently had to have their cathe-
ters exchanged, one because the
catheter did not extend into the su-
perior vena cava and the second be-
cause the cuff was found to be ex-
ternal to the tunnel after random-
ization. These patients had proce-
dural and follow-up data analyzed
with the EX group.

There were 20 women and 10
men, ranging in age from 34 to 87
vears (mean, 68.9 years). Four pa-
tients had multiple patient encoun-
ters included, but not on the same
day. One patient was seen four
times (two PFSS, two EX), one pa-
tient was seen three times (all EX),
and two patients were seen twice
(one underwent PFSS twice, one
underwent EX twice). There were
two patients who were randomized
to PFSS but who could not be
treated with PFSS alone and were
crossed-over to EX. In one of these
patients, the catheter cuff was
noted to be external to the body af-
ter randomization, and one other
patient had the catheter tip located
in the brachiocephalic vein. There
were more male patients in the
PFSS group than in the EX group
(seven of 15 encounters [47%] ver-
sus five of 22 encounters [23%]; P =
.15). The ages of patients analyzed
by encounter were also not signifi-
cantly different (PFSS = 64.3y *
17.2, EX = 70.8y = 14.2; P > .05).

e Catheters

For 33 encounters, patients pre-
sented with 14-F Quinton oval cath-
eters (Quinton Instrument, Seattle,
WA); on four occasions, patients
presented with Vascath (Vascath,
Mississauga, ON, Canada) cathe-
ters. For 30 of 37 encounters (81%),
the catheter was positioned via
right internal jugular vein, four
(11%) were in left internal jugular
vein (two in each study group), two
(5% ) were in the right subclavian
vein (both in the EX group), and
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Figure 2. Kaplan-Meyer analysis of duration of catheter function after PFSS or
EX. Event times expressed in davs,

one (3%) was in the left subclavian
vein {PFSS group).

e Description of Procedures

PFSS was performed by means of
metheds similar to those previously
described (5-8). The right common
femoral vein was accessed under
local anesthesia, and 15- or 25-mm-
diameter Amplatz Gooseneck snares
(Amplatz; Microvena, White Bear
Lake, MN) were used. Hemodialysis
catheters were snared {sometimes
with the assistance of the guide
wire advanced through the venous
port of the catheter into the inferior
vena c¢ava), and multiple passes
were performed to strip the fibrin
sheath off the catheter. The distal
10 em of the catheters were
stripped, ensuring that the proxi-
mal sidehole was included in the
stripping procedure. The procedure
was considered completed when ad-
equate aspiration and forward flow
through both ports was deinon-
strated. The snare and its fatheter
were then removed; hemost‘gsis was
achieved by manual compression.
The eatheter was flushed, filled

with indwelling heparin, and
dressed. The patient was monitored
by the nurse of the radiology recov-
ery unit and discharged after insti-
tutional discharge criteria were
met.

If the patient was assigned to
undergo replacement of the cathe-
ter, local anesthetic (lidocaine 2%)
was infiltrated along the catheter
tunnel. A hydrophilic guide wire
{Boston Scientifie/Medi-tech, Water-
tewn, MA) was introduced through
one of the catheter lumens to pre-
serve access, and blunt dissection
was performed to release the cuff.
The catheter was removed. In five
of 20 patients, a J-tipped guide wire
{Cook, Bloomington, IN) (z = 1), a
7-F pig-tail catheter (Cook) (n = 2),
or a balloon catheter (6-F Thru-Lu-
men Fogarty embolectomy catheter;
Baxter, Irvine, CA)} (n = 2) was
used in attempts to disrupt the fi-
brin sheath. A new hemodialysis
catheter of the same brand and size
was then inserted over the guide
wire and positioned appropriately.
Adequate aspiration and forward
flow was ensured. The catheter was
secured to the skin with use of a

Volume 11 Number 9

nonabsorbable suture, dressed in
the nsual manner, and filled with
indwelling heparin. The patient was
monitored by the nurse of the radi-
ology recovery unit and discharged
after ingtitutional discharge criteria
were met.

e Follow-Up

Patients were followed-up until
their catheters stop functioning
again, ot for 4 months, whichever
came first. Follow-up data sheets
were delivered to the hemodialysis
units and were filled out by the he-
modialysis unit nurse. The fol-
Jow-up consisted of the assessment
of the adequacy of hemodialysis
treatment during the first treat-
ment after the intervention, and
then every month until the catheter
ceased functioning, or 4 months
passed. Two patients were lost to
follow-up {one PFSS and one EX)
and one (PFSS) had discrepancies
between hospital records and hemo-
dialysis records that could not be
reconciled. Follow-up data from this
last patient were discarded.

Uniform bills were obtained for
each patient encounter when the
procedure was performed on an out-
patient basis (34 patienis). Hospital
charges were compared between the
PFSS and EX groups.

e QOutcome Criteria

Malfunction of the catheter was
defined as inability to achieve flow
rates of at least 200 mL/minute.
When malfunction of the catheter
occurred and the patient was re-
ferred for another intervention, the
date of unsuccessful hemodialysis
was noted. Patient follow-up infor-
mation was confirmed by review of
outpatient records, interventional
radiology procedure reports, and the
department’s quality assurance in-
formation system (HI-IQ, Society of
Cardiovascular and Interventional
Radiology, Fairfax, VA).

¢ Definitions

We considered the procedure a
success if at least one hemodialysis
treatment could be performed after
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the procedure with acceptable flow
rates (=200 mL/min). Complications
were defined as adverse clinical
eventy possibly related to the in-
tervention or indwelling catheter
that required additional treatment
or hospital admission. The patency
rate was defined as the duration
of adequate catheter function in
days.

o Statistics

Data were analyzed with use of a
commercially available software
package (StatView; SAS Institute,
Cary, NC). Durability of interven-
tions was plotted with use of
Kaplan-Meier analysis; comparison
of curves was done with the logrank
test. Proportions of patients with
continued catheter patency at vari-
ous time intervals were compared
with use of the y? test. Mean cathe-
ter patency and mean patient age
comparisons between treatment
groups was done using Student ¢
test. Differences were considered
statistically significant at the P <
.03 level.

[ RESULTS

Overall technical success rate of
procedures for malfunctioning
catheters was 27%. The only fail-
ure to restore the function of the
catheter and provide at least one
hemodialvsis was in the stripping
group {(one patient). Mean catheter
patency for the stripping group
was 24.5 * 29.3 days, and 52.2 =
43.0 days for the EX group (P <
.0001). After revision of a failing
catheter, the median durability in
the EX group was 40 days, and in
the PFSS group median patency
was only nine days. Thirteen pa-
tients in the PFSS group were fol-
lowed-up for at least 1 menth,
nine of whom lost patency in that
time. Fourteen patients in the EX
group were followed:up for at least
1 month, but only one patient lost
patency in that time (P < .01). For
the EX group. five of 22 patients
(23%) went the entire 4-month fol-
low-up period with functioning

Summary of Results of Comparison of PFSS and EX for Malfunctioning
Dialysis Cathelers
PrSsS EX P Value

Patient Encounters 15 22 NA
Technical Success 945 1006 NS
| Complication Rate 60 15% NS
Mean Catheter Lifc (d) 25 52 =, 001
Median Catheter Life (d) 9 40 NA
1-month Patency 315 9345 <01
4-month Patency 1] 23%. 03
Charge $3,022 $2.584 <01
Note.—NA = not applicable; NS = nut significant.

catheters, In the PFSS group, no
patient had a functioning catheter
for 4 months (P = .05). The long-
est that a catheter functioned ade-
quately after PFSS was 82 days.
Patency rates with use of Kaplan-
Meier analysis at 1, 2. 3 and 4

months for EX were 71%, 33%,

27%., and 27%, compared to 31%,
16%., 7%, and 0% after PFSS (P =

view of our hospital’s uniform bills
reveals charges for outpatient PFSS
in this group of patients was
$3,021.65 * 695.78, and was
$2.583.66 + 798.66 for EX (P <
.01). Results are summarized in the
Table.

.04, logrank test) (Fig 2). Al-
though the number of patients fol-
lowed-up for the entire 4-month
follow-up interval was small, this
was mostly due to catheter mal-
function, which eliminated pa-
tients from their follow-up re-
quirement. The standard errer of
the EX curve was 0.10 at 4
months, and it was 0.07 at 2
months for PFSS.

There was one complication
within 30 days in the PFSS group
{6%.); a patient who developed groin
hematoma and was admitted for
observation. The patient, however,
did not require further treatment.
There were three patients in the EX
group who developed complications
within 30 days of their procedure
{13.6%). The difference in the inci-
dence of complications was not sta-
tistically different between treat-
ment groups (P > .10}. Two of the
patients in the EX group developed
periprocedural bleeding that re-
quired desmopressin acetate admin-
istration, one of these patients was
admitted for observation, and one
patient in the EX group developed a
catheter infection that required
catheter removal on day 12, A re-

DISCUSSION

Fibrin sheaths are probably the
mest common reason for delayed
failure of tunneled hemodialysis ac-
cess catheters. The occurrence of
this sheath was first described by
Broviac et al in 1973 (10}. Accord-
ing to the animal research studies,
“fibrin sheath” formation starts at
the venous entry site as early as
2-3 days after the catheter implan-
tation. and matures over several
weeks (11). Although occasional
clinjeal reports demonstrated the
presence of fibrin and platelets as
the main components of the sheath
in humans, an experimental animal
study showed that the sheath starts
as red thrombus containing fibrin,
which progresses to become vascu-
larized fibrous connective tissue
(11),

In 1996, Crain et al (5) and
Haskal et al (6) reported their expe-
rience with a mechanical method of
salvaging the catheters—PFSS with
use of a Gooseneck snare. The pro-
cedure has been shown to extend
catheter life, however. long-term
results were rather discouraging.
Haskal et al noted that, on average,
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after their fifth hemodialysis treat-
ment, patients required another in-
tervention. Crain et al reported that
single PFSS has added, on average,
2.8 months to catheter life, with
only 28% being patent at 6 months
after the procedure. Repeated inter-
ventions, on the other hand, re-
sulted in 72% patency at 6 months.
More recently, Rockall et al {7) re-
ported that PFSS prolonged cathe-
ter life for 4.25 months, however,
the success rate of the procedure in
that series was only 79%. Johnatone
el al (8} claim 100% technical suc-
cess, but only 75% of their patients
were ahle to undergoe at least one
hemodialysis treatment after the
intervention. The life of the cathe-
ter was extended, on average, for
126 days.

DuszaXk et al, in 1998 (9), re-
ported their experience with re-
placing failing hemodialysis cathe-
ters through the existing tunnel
over a guide wire. The authors
found no significant difference in
the catheter life between those
catheters placed primarily com-
pared with those placed through a
preexisting tunnel. The patency
rate of the replaced eatheters was
37% after 6 months. The authors
addressed the issue of the *fibrin
sheath” by placing the new cathe-
ter deeper, or with use of a longer
catheter than the one being re-
placed. The important finding of
this study was the fact that there
was no increased incidence of tun-
nel or catheter infection after re-
placement of the catheter over the
wire. The safety of the replace-
ment of the catheter through the
preexisting tunnel was further
demonstrated by Egglin et al (12}
in their series of accidentally re-
moved catheters. Garofalo et al
recently reported 42% primary pa-
tency at 60 days and 16% at 120
days after replacement of the
catheters over the wire (13).

We observed considerably lower
patency for PFSS than described in
previous reports (5,7,8), but our ob-
servations were fairly similar to
thoze described by Haskal (6). The
explanation for the variability in
published and observed durability
of PFSS is not obvious. Altheugh

ohe may consider that we did not
perform PFSS properly, this is re-
futed by the fact that we used stan-
dard technique and had lower im-
mediate failure rate; that is, we
were able to restore adequate flow
(=200 mL/min) for at least one he-
modialysis session in all patients
except one.

Attempts to compare the two
approaches used to revise mal-
functioning hemodialysiz catheters
with use of existing literature was
difficult, if not impossible. Differ-
ences in technique, catheter type,
and reporting standards have led
to great variability in reported re-
sults. Our study uses randomiza-
tion to reduce patient selection
bias. Although the number of pa-
tients in this series is small, we
were able to demonstrate a large
and statistically significant differ-
ence in durability of the interven-
tional treatment alternatives fa-
voring catheter exchange. Cathe-
ter exchange is also less expen-
sive, A review of our hospital’s
uniform bills forms reveals
charges for outpatient PFSS in
this group of patients was
$3,021.65 = 695.78, and
$2,583.66 * 798.66 for EX (P <
.01}). The hospital charge may not
be representative of the true cost
of the procedure; however, within
a single cost center of a single in-
stitution this comparison probably
indicates real difference.

The ease of the hemodialysis
catheter exchange over the wire
may suggest that the procedure
may be performed at the bedside in
the hemodialysis center without
the use of fluorescopic guidance.
This may eliminate the need to
utilize costly interventional radiol-
ogy facilities. Further investiga-
tion in this direction may prove
beneficial.

The study has some limitations.
We evaluated only primary catheter
patency after the single interven-
tion. It seems intuitive that the re-
peated interventiens would accumu-
late the benefit of the EX versus
PFSS. However, long-term outcome
study may be necesgary to confirm
this assumption.

In summary, catheter exchange

Volume 11 Number 9

of malfunctioning tunpeled hemodi-
alysis catheters over a guide wire
ghould be the standard interven-
tipnal treatment for this condition.
Based on the results of this study,
routine performance of PFSS for
failing tunneled hemodialysis cathe-
ters should not be done.
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Exchange of Poorly Functioning
Tunneled Permanent Hemodialysis
Catheters

OBJECTIVE. The usefulness of exchanging poorty functioning tunneled permanent he-
madialysis catheters in patients with end-stage renal disease was evaluated.

MATERIALS AND METHODS. We retraspectively reviewed case histories of 51 con-
secutive patients who underwent 88 catheter exchanges because of poor flow rates. All hemo-
dialysis catheters were initially placed by the radiology service using image guidance.
Catheter exchanges were performed through the existing subcutaneous eract over twao stiff hy-
drophilic guidewires and without additional interventions such as fibrin shenth strippiog or
venoplasty. Life table analysis was performed to evaluale catheter patency rates after initial
placement (primary patency) and after multiple exchanges {secondary patency).

RESULTS. The technical sucoess rate for hemaodiatysis catheter exchange was 100¢%. Pri-
mary catheter palency was 42% a1 60 days and 16% at 120 days. Secondary patency was 92%
at 60 days and B2% a1 120 days. The cumulative infection rate was 1.1 per 1000 catheter days.
No complications from the procedure occurred.

CONCLUSION. Catheter exchange is an effective means of prolonging catheter patency

in patients with end-siage rena) discase and limited central venous access.

aintaining uninterrupted vascular

access for hemodialysis is of criti-

cal imporance in the rezimem of
patients with end-stage renal disease. Although
surgically placed Brescia-Cimino forearm fis-
nilas and synthetic aneriovencas grafts are
well-established routes for peripheral hemodi-
alysis. they have o limited life expectancy. The
mean patency of forearm fstulas is 34 months
versus 20 months for aneriovenous grafis |1).
Once use of an aneriovenous graft or fistula is
no longer possible. placement of central
venous catheters for hemodialysis becomes a
vahuable option in maintaining vascular access
for hemodinlysis. Furthermore, central venous
catheters may serve as a bridge to renal trans-
plantation or creation and maturation of native
fistulax and synthetic grafis.

The management of poorly functioning he-
maodialysis catheters is important. Complica.
tions resulting in catheter malfunction include
fibrin sheath formation, catheter tip migration.
catheter feak. constricting sutire. and abut-
ment of the catheter tip against the vein wall
|2]. An altemative to de novo plarement of
wnneled catheters for malfunctioning hemo-
didlysis catheters is attractive because future
venous access sites are preserved and the po-

tential complications associated with initial
placement arc avoided. A variety of tech-
niques has been developed to address the
problem of catheter malfunction. such as -
brin sleeve stripping [3). exchange over a
guidewire {4, 5], and local or sysiemic lytic
therapy |6]. We conducted o retrospective re-
view 10 detenmne the usefulness of exchang-
ing malfunctiening catheters through the same
subcutanenys tract.

Materials and Methods

Patients with ponrdy functioning hemodialysis
catheters were pefermed to the interventions) radiol
ogy servive. All cithetens had been ariginaly placed
i the radiology depurmmem. Catheter rolfunction
wis defined as inabiliny o aspirate from each lomen
or failoe o mainain 2 minimum blond fow rate of
200 mifmin. {nitidd catheter cvaluation was per-
formed by a nephrology fellow in the dialysis uni.
After climinating obvions couses of catheter mual-
function such oy kinking or pinching. locn) fibwin-
olytic therapy was used with intracatheter urmkinase
(5000 IL/ml) (Abbokinzse Open Cathe Abbont Lab-
orataries. Noarth Chicago. IL). This method b typi-
colly 80906 wxcessful m recoring Bow in
occluded catheters [7). When these methods failed.
the patient was referred to the interventional radicl-
ogy service fur catheter exchange.
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Patients and Catheters

From November 1995 to February 1997, 31 con-
_sccutive paticnts (32 women and 19 men. age range,
19-89 years old: mean age. 48 years) underwent 88
_catheter exchanges for catheter malfunction. The per-
manent wunneled central venous catheters used al our
institution include the Hickman hemodi .ysis cathe-
ter (Bard Access Systems, Salt Lake City, UT) and
the Permcath (Quinton Instruments. Bothell, WA)
The preferred initial site for catheter placement was
the right imernal jugular vein. If thrombosis or steno-
sis occurred or if a nght upper extremity graft was
planned. the left intemal jugular vein was used.

Tochns

Initial placement of unneled hemodialysis cathe-
ters was performed by the radiology service as de-
scnibed by Trerotola et al. [8). Patients presenting for
catheter exchange were monitored with pulse oxime-
try. blood pressure cuffs. and electrocardiographic re-
cordings. The catheter entry site. ipsilateral chest, and
The skin surrounding the proximal portion of the
subcutaneous unnel was anesthetized with 1%
lidocaine. One gram of ceftizoxime sodium (Cefi-
zox; Fujisawa Pharmaceutical, Deerfield, IL) was
routinely administered IV 10 all patients | hr before
the procedure unless the patient was already receiv-
ing antibiotic therapy or had a documented allergy to
this antibiotic. In cases of allergy. vancomycin (Led-
erle Laboratories, Wayne, NJ) was used. Conscious
fentany] citrate (Sublimaze: Abbott Laboratories) and
midazolam hydrochlonide (Versed, Hoffmann-La
Roche, Nutley, NJ). The retention suture was re-
from each lumen if possible.

Catheter exchange was performed according 0 a
previously described method [5]. Briefly, one or rwo
stiff hydrophilically coated angled-tip 0.035-inch
guidewires (Glidewire: Medi-tech, Wateriown, MA)
were advanced through cach port and then into the
inferior vena cava. Two guidewires provided sligitly
bemer intravascular purchase. The catheter was with-
drawn over the guidewires with moderate initial re-
sistance that was attnbuted 1o the retention cuff. If the
cuff was well incorporated into the subcutaneous tis-
sue, the cuff was carefully dissected and cut away
from the fibrous tissue and then carefully removed
along with the catheter A separate cutdown proce-
dure was not needed in any of our procedures be-
cause all cuffs were placed approximately 2 cm from
the incision site by the radiology service. The cathe-
ter was removed. Back tension on the guidewires was
provided as a new catheter was advanced over the
guidewires. through the subcutaneous tract into the
central venous system. The hemodialysis catheter
was advanced under fluoroscopic guidance to ensure
appropriate final positioning in either the distal supe-
rior vena cava of the proximal right atrium. The cath-
eter was secured to the skin at the entrance site with 0
Ethibond (Ethicon, Somerville, NJ).

Catheter function was confirmed by rapid blood

Garofalo et al.

catheter position was altered by either advancing or
withdrawing the catheter slightly over the two hy-
drophilically coated guidewares. After confirming
catheter function, 1.5 mi of heparin (1000 U/ml)
was instilled into each port. The routine dose of 1.5
ml of heparin (5000 U/ml) was not used because in-
termixing with blood prolongs blceding from the
catheter entry site. In addition, many of these patients
went directly to dialysis and received standard hep-
arin after thewr hemodialysis treatment. IV contrast
material was not uniformly used because detection of
an incidental thrombus or a fibnin sheath would not
have ahered our protocol.

Fibnin sheath stripping of the catheter tip or veno-
plasty was not used during the period of this study.

Stovistical Anclysis

Kaplan-Meier life table analysis was performed
1o determine primary and secondary catheter patency
rates. Catheter primary patency was defined as the
time from initial placement 1o failure 1o achieve ade-
quate blood flow rates for hemodialysis. The primary
patency after a single catheter exchange procedure
was defined as the patency of the catheter after a sin-
gle catheter exchange procedure. Catheter secondary
patency was defined as duration of function irrespec-

A

tive of the number of catheter exchanges. The end
point for catheter secondary patency was catheter re-
moval because of low blood flow rates or infection
Infection was defined as fever and positive findings
on blood culture. Techmical success was achseved if
catheter exchange was accomplished and adequate
blood flow rates were present at the first hemodialy-
SIS SLSSI0N.

Follow-up was available using nephrology and ra-
diwlogy medical reconds i 50 of 51 patients. Total
follow-up was 9632 catheter days

Resuits

Fifty-one patients underwent permanent tun-
neled hemodialysis catheter exchange through
the same subcutaneous tract. Thirty-one pa-
tients had one exchange, 11 patents had two
exchanges, four had three exchanges, three had
four exchanges, one had five exchanges, and
one had six exchanges. One patient was lost 1o
follow-up. Three patients had left intemnal jugu-
lar catheters, and the remainder had right inter-
nal jugular catheters. All catheter exchanges
were technically successful (Fig. 1). The pri-

Fig. 1.—T3-yens-old man requiring catheter exchange because of poor catheter flow.
A, Digital radiograph shows contrast tracking around catheter after infusion of contrast material, which indh-

cates presence of large fibrin sheath.

retumn from each lumen with aspiration using a 10-ml B, Digital radiograph shows guidewires that have baen advanced through hemodilysis catheter and exiting
syringe. If brisk blood retum was not achieved, from sides of fibrin sheath.
156 AJR 173, July 1999
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Fig. 2—Graph of tite table analysis. Primary patency (@) was defined as ima from initial placoment to failure to
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defined es duration of catheter function after single cathater exchange procadurs. Sacondsry patency |A | was
defined as duration of functicn imespective of number of catheter exchanges.

_mary cntheter patency was 42% at 60 days and
165 a1 120 days (Fig. 2). The primary patency
after o single catheter exchange procechine was
4% at 60 days and 40% at 120 days. The sec-
ondary catheter patency was 92% at 60 days

and B2% at 120 days.
Five catheters were removed because of

infection, with an infection rate requiring cath-
eter removal of (.52 per 1000 catheter days. In
each of these cases. the catheter was removed
becanse the patients” bacteremia did not re-
salve with antibiotics. All cases of bacteremia
were caused by Staphviococcus auneus. Six ad-
ditional patients had episodes of bucteremia
that resporded 1o antibiotics and the catheters
were nat removed. The cumubative infection
rate was L. | per 1000 catheter days.

Frve patient deaths were attributed 1o stroke,
poeurnonia. pubmonzry edeni, emphysematous
ing from septic shack was likely related to long-
standing central venous catheterization, and -
tial signs of infection were evident 27 days afler
catheter exchange. No episodes of symptomatic
uppe extremity venous thrombosis or of superior
vena cova occhusion aocwrred dhering our study.

Four patients had catheters ploced in the lefl
imterna) jugular vein ofter repeated episodes of
malfunction of the right intema) jugulyr wein
catheter. This placement was done ot the roquest
of the clinical service when each subsequent
catheter exchange provided progressively shorter
periods of catheter function.

Discussion
Preservation of long-term central venous ac-
cess sites is of vital importance in the patient

AJR:AD3, July 1939

population dependent on life-lang herodialy-
sis. Our initial chelce for unneled hemodialy-
sis catheter placement is the right intemal
jugular vein [9] because it has been well docu-
mented that subclavian vein acoess results in a
higher incidence of stenosis | 10} and thrombo-
sis. In patiemts with catheter malfunction who
are umesponsive to local fbrinclytic therapy,
we prefer to exchange the unncied catheters
through the same tract—a practice that pre-
serves each site for as long as possible before
using other locations such as the left internal
Jugular vein, subclavian veins, or femoeral veins
of resonting to other technigques such as recanal-
ization of occluded veins (11]. Exchanging tun-
neled subclavian cothetess by making an
infraclavicular incision to localize the catheter
and changing the catheter through the incision
over 4 guidewire have been described {4, 12—
14). The technique we use does not require an
incision |5},

Tunneled hemodialysis catheter exchange
through the same subcutaneous tract is a safe
and eflective method of managing catheter
malfunction. Inherert mechanical problems
such as catheter lexk or constricting suture are
solved by catheter replacement. Catheter ex-
change is performed under flucroscopic guid-
ance to ensure proper tip position. We believe
thm fitwin sheath formatton around the catheter
is also addressed with this technique. Fibwin
sheath formation has been shown to accur
within 24 hr of catheter placememt and is
thought to be a consequence of intimal injury.
The injury takes place where the catheter enters
the vessel wall and where the tip of the catheter
is in comact with the vesse] wall. Consequently,

during fibrin sheath formation there is both an-
wgrade and retrograde propagation armound the
catheter |15}, which is a significant cause of
catheter matfunction and accounted for S7% of
cases of catheter malfunction ax described by
Caossidy et al {2).

It is our hypothesis that during catheter ex-
change. the guidewires pass autside of the fi-
brin  sheath and tht during catheter
replacerment, the fibrin sheath is ot beast par-
tinlly disrupted as the catheter tracks along the
guidewires. Venography before cutheter re-
moval showing a fibvin sheath and venography
after catheter exchange often showing minimal
residual fibzin sheath suppon this presumption,
Percutnneous fibrin sheath stripping with a
snare from & femoral venous spproach has been
described by Knetson et al, {16} and by Crain et
al {3]. This technique requires an additional
percutaneous venous punchure, and Haskal &t
al. |17} found that this wchnique provides no
chtrable benefit in improving function of failing
hemodialysis catheters. Embolization of fibrin
sleeve fragments has been reparted {15§ and
undouhbtedly occurs in catheter exchange and in
percutancous fibrin sleeve stripping. Currently,
in patients who have undergone multiple cathe-
ter exchanges, we do use venography and
venoplasty with angioplasty and occlusion bal-
loons. However, these patients are still in the
minority of our patients undergoing cathetey
exchange.

We routinely used antibiotics for all proce-
dures on dialysis patiems ot the request of the
phylactically for catheter exchanges and for the
initial cathewer plocement. Antibiotic prophy-
Iaxis has heen shown to be beneficial in perito-
neal diadysis catheter placemem and in catheter
placement of pediatric central venous catheters
{18, 19). We believe that antibiotic use for cath-
eter exchanges is beneficial because catheter
exchangz is. theoretically at least. a less sterile
procedure.

We did not perform catheter exchange in po-
tients with signs or sympums of infection, Pe-
tients who developed infeciions necessiuning
catheter removal after initind catheter place-
ment, but before o catheter exchange procedure
had been performed, were eliminated from the
study. Owr cumudative infoction rate is dentical
1 the infection rate of 1.} infections per 1000
catheter days reported by Duszak ot al. {5] for
patients who underwent catheter exchange.
This infection rate compares fovorably with
that described by Trerotola ¢t al. (8] of 2.2 per
1000 catheter days in patients who had de nove
placement of an intsmal jugular vein tunneled
hemodialysis catheter. Our infection ratc for de
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novo catheter placement during the study pe-
riod was 1.2 imfections per 1000 catheter days,
which is nearly identical to our infection rate
fur catheter exchanges. De nove catheter place-
menL, presumably in a sterile field, requires two
incisions, each site potentially allowing entry
of bacteria. Catheter exchange does not create
any new incisions, aithough the original entry
site is likely not sterile, despite cleansing with
povidone-kadine (Betadine; Purdue Frederick,
Norwalk, CT). Regandless of the mochanism,
we hope that our study, together with the shudy
by Duszak et al.. will help alleviate the wn-
founded fears of increased infection expressed
in the literature for catheter exchange {20}
Duszak et al. [5} found that percutaneous
exchanges through the subcutancous tunnel
offered comparable longevity to new percuta-
neously introduced catheters. Owr assisted
primary patency of 52% at 90 days and 33%
at 180 days is similar to their rates of 51% &t
3 months and 37% a1 6 months. However, our
primary patency rate for de novo placement of
42% a1 3 months and 16% at 6 months is lower
than their rate of 63% at 3 months and 51% 2t 6
months. Qur primary patency rate is low be-
cause we intentionally excluded afl patients
with tunneled catheters that had not yer mal-
functioned, [t is inmeresting to note: that patients
who had catheter malfunction after de novo
placement actually had a longer duretion of
cathetes function after exchange when com-
pared with initial placement. Our secondary pa-
tency rates were 92% at 60 days znd 82% a1 120
days, indicaring that the duration of catheter-
mediated hemodialysis at the same venous ac-
cess site can be prolonged considerably by
catheter exchange without increasing the risk of
infection compared with de nove placement.
We prefermed to perform catheter exchange
of the right interma) jugular vein rather than
switch o the lefi side even if the most recent
catheter exchange did not give a good long-
werm patency. Each catheter exchange allows
placement of the catheter tip in a slightly differ-
ent location, which may give good long-term
function even if the preceding catheter ex-

Garofalo et al.

change did not Alternatively, a different cathe-
ter, Hickman hemodialysis catheter versus
Permcath, for each szbsequent procedure was
also used. In general, we preferved 10 exhans
ail passibilities before changing locations, even
if it meant several repeated procedures within 1
week. A specific clinical end peint was not
established. However, in four patients, the
clinical service requested that the site be
changed to the left intemal jugular vein be-
cause cach exchange procedure was giving
progressively shorter patencies.

manent _hemodialysis catheters through the
same subcutnneous tract is a technically un-
_complicated procedure that is well tolerated,
has a low infection rate, and in our series of
patients was without complications. It is an
effective alternative to other methods of cath-
eter salvage that have been described and is a
vatuable technique in the preservation of vas-
cular acoess.
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Outcome of Tunneled Hemodialysis
Catheters Placed via the Right Internal
Jugular Vein by Interventional Radiologists’

PURPOSE: To assess the outcome of
interventional radiologic placement
of tunneted hemodialysis catheters
via the right internal jugular vein.

MATERIALS AND METHODS: In
194 patients, the catheter was placed
via the right internal jugular vein
unless thrombaosis was present. Real-
time ultrasound-guided puncture and
fluoroscopic guidance were used. Pa-
tients were followed up until catheter
removal or death. Outcomes evalu-
ated included infection, thrombosis,
and catheter malfunction.

RESULTS: 1n 175 patients, 25¢ con-
secutive catheters were placed via the
right internal jugular vein with 100%
success. All catheters functioned im-
mediately after placement. Proce-
dural complications were limited to
clinically unimportant air embelus
{n = 2). No instances of pneumotho-
rax, hemothorax, or substantial bleed-
ing complications occurred. Follow-up
was available in 173 (99%) patients.
Mean and median “catheter dura-
tion” were 87 and 56 days, respec-
tively. Catheter-related symptomatic
venous thrombaosis or stenasis was
not observed. The rate of infection
was 0.08 per 100 catheter days, and
the rate of malfunction that necessi-
tated removal was .22 per 100 cath-
eter days. Definite or possible cath-
eter thrombosis that necessitated
removal occurred at a rate of 0.16 per
100 catheter days.

CONCLUSION: Interventional radio-
logic placement of tunneled hemodi-
alysis catheters via the right internal
jugular vein showed equal or better
tong-term resuits than those reported
for surgical placement. Interven-
tional radiologic placement should
be the method of choice.

LACEMENT of tunneled hemodialy-
sis catheters, whether as tempo-

rary or permanent access, is frequently
necessary in patients undergoing he-
modialysis. Traditionally, tunneled
catheters were placed in the operat-
ing room by surgeons, but interven-
tional radiologists have recently chal-
lenged this traditional approach with
excellent results (1,2). The largest se-
ries to date in which placement of
hemodialysis catheters by radiologists
was assessed involved almost exclu-
sively subclavian vein catheterization
{1). However, there has been a grow-
ing trend toward primary use of the
right internal jugular vein for catheter
access for hemodialysis due to the
recognition that access via the subcla-
vian route may result in central ve-
nous stenosis in this patient popula-
tion (3-7).

The purpose of our study was to
determine the outcome of placement
of tunneled hemodialysis catheters
via the right internal jugular vein
by interventional radiologists.

MATERIALS AND METHODS

From September 1993 to May 1996, 194
patients {124 men, 70 women} were re-
ferved to the Department of Interventional
Radiclogy for placement of 299 tunneled
hemodialysis catheters. According to our
policy, the right internal jugular vein was
the access of choice if it was patent at ul-
trasound (US) performed in the interven-
tional radiology suite. If the vein was not
patent, another site was chasen on the

basis of a number of factors including pre-
vious permanent access (graft, fistula), ex-
isting or planned permanent access, and
available vessels. In those pativnts in whom
the right internal jugular vein was not
patent, vight catheters were placed via
the left internal jugular vein, 12 via the
left subclavian vein, six via the right sub-
clavian vein, five via the right external
jugular vein, one via the supraclavicular
right subclavian route, and 17 via the
transtumbar inferior vena cava.

One hundred seventy-five patients met |

. v . .

via the right internal jugular vein in these
patients. During the study period, 126 pa-
tients received one catheter, 33 patients
received two catheters, 12 patients received
three catheters, two patients received four
catheters, ane patient received six catheters,
and one patient received eight catheters.

Data regarding the catheters were col-
lected prospectively as part of our sec-
tion’s quality assurance program. These
data included catheter type, localization
method, initial complications, late compli-
cations, tength of time the catheter was in
place, and reason for catheter removal.
Follow-up was performed through August
1996.

The primary catheter used in the study
was the 13.5-F silicone dual lumen (Davol;
Bard Access, Salt Lake City, Utah). A total
of 165 catheters of this type were placed:
96 catheters measured 36 em (19 cm tip to
cuff), and 69 catheters measured 40 cm
{23 cm tip to cuff). In addition to this type
of catheter, 81 12.5-F silicone dual-lumen
catheters (Medcomp, Harleysville, Pa; 22
cm tip to cuff), ane dual 10-F silicone cath-
eter sel (Tesio; Medcomp), and three 11.5-F
polyurethane dual-tumen catheters (Vas-

Index terms: Catheters and catheterization, 907.1269 + Catheters and catheterization, central ve-
nous access, 907.1269 « Dialysis. 907.1269 » Interventional procedures, 907.126¢
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Figures L, 2. i = left innominate vein, RA = right alrium, rijrr = righl internal jugular vein, riv = righl innominate vein, rsev = right subcla-
vian vein. Diagrams show optimal tip erentation for catheters with (1} aterally oriented and (2) parasternal tunnels. (1) The catheter curve directs
the tip against the mediat wall of the junction between the superior vena cava and the right atrium. By orienting the venous (BLUE-V, V) lu-
men medially (ic, along the cephalic aspect of the curve), flow is optimized by allowing the arterial (RED-A, A) lumen to aspirate freely. (2) The
catheter tends to lie against the lateral wall of the superior vena caval-right atrial junction, To allow the arterial (RED-A, A) lumen to aspirate
freely, the venous (BLUE-V, V) lumen should be ariented laterally with this type of tunnel.

Cath, Bard Access; 19 ¢m tip to cuff) were
placed,

Patient preparation consisted of correc-
tion of the platelet count to S0,000/mm’ or
greater and the prothrombin time interna-
tional normalization ratio to 1.3 or less
when necessary. Prophylactic antibiotics
were not administered. Conscinus seda-
tion was achieved with midazolam hydro-
chloride {Versed; Holfmann-LaRoche,
Nutley, NJ) and fentanyl citrate {(Abbott
Laboratories, North Chicago, ) as
needed.

Catheter placement was similar to that
described previously (1,2) for a right inter-
nal jugular vein approach. All personnel
in the room, as well as the patient, wore a
cap and mask. The operating interven-
tional radiologists performed a complete
surgical scrub before they donned surgical
gowns and gloves. The right side of the
neck and upper chest of the patient was
cleansed with a chiorhexidine gluconate
solution (Hibiclens; Zeneca Pharmaceuti-
cals, Wilmington, Del) followed by povi-
done-iodine (Betadine; Purdue Frederick,
Norwalk, Conn). A 7.5-MHz US transducer
(128; Acuson, Mountain View, Calif} was
covered with a sterile drape (Surgi: Civeo,
Kalona, lowa) and used to localize the
right internal jugular vein. After adminis-
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tration of a local anesthetic, real-time US-
guided puncture of the right internal jugu-
lar vein was performed just cephalad to
the clavicle with a 21-gauge needle (Mi-
cropuncture; Cook, Bloomington, ind).
After successful puncture, the 0.018-inch
wire from the Micropuncture set was in-
troduced and the dilator set passed over it.
The wirce was then used to mark the caval-
atrial junction during Full inspiration, bent
at the hub, and set aside. The inner dilator
was removed and a 0.035-inch wire placed
into the superior vena cava. A flow switch
(Medi-tech/Boston Scientific, Natick, Mass)
was used to lock the wire to the dilator.
Then, depending on the body habitus, a
catheter of appropriate length was chosen.
By using the bent 0.018-inch wire as a
guide, the desired length of subrutaneous
tunnel could be determined by holding
the wire against the catheter. The tunnel
was created in a right parasternal or right
upper chest location, depending on pa-
tient body habitus (parasternal tunnels
for obese and large-breasted individuals),
as well as operator preference. After the
catheter was tunneled, the venotomy was
sequentially dilated and the appropriate
peel-away sheath (usually from the cath-
eter kit) was placed into the superior vena
cava. The catheter was passed through the

pecl-away sheath as quickly as possible to
avoid air emboli. The Trendelenburg posi-
tion was not used, as our angiographic
tables cannot be placed in this position.
Air emboli were minimized by pinching
the peel-away sheath and/or instructing
the patient to hum to increase intratho-
racic pressure. The catheter tip was posi-
tioned spanning the caval-atrial junction
during deep inspiration. The lumina were
oriented differently depending on the po-
sition of the wnnel. For tunnels angled
across the right upper chest, it was prefer-
able to orient the venous lumen medially
(Fig 1). For right parasternal tunnels, we
found optimal flows were achieved with
the arterial lumen oriented medially (Fig
2). Tip position was adjusted in individual
patients to allow the best flow possible.

After the procedure, tip position was
checked with an erect anteroposterior
chest radiograph. The patient usually un-
derwent hemodialysis immediately after
the procedure. Catheter placement was
performed as an outpatient procedure un-
less the palient was already hospitalized
for another reason.

Catheter exchange was performed by
means of a small incision made near the
venous entry site of the catheter, dissect-
ing the catheter free and transecting it to
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Status of Catheters and Complications
at Follow-up

Status and
Complications

No, of
Catheters

Functioning catheter 14
Functicning catheter at death 24
Lt to tolluw-up 3
Electively remuoved (i1 = 145)
Mature permanent acoess
Cunverted to continuous
ambulatory peritoneal
hemeodialysis
Patient recovered
Fuver, cutture negative
Patient refused hemodialysis
Allergy to catheter
‘Iransplantation
Ilanned ipsilateral access
Remuved fur malfunction
(n = 47)
Low flow
Refractury clot or sheath
Dislydged
Tou farin
Broken catheter
Kink
Remuved for intection (4 = 17)
Bacteremnia
Exit site
Tunnel

&

—_———twoo Y

gl-—-\:\a wwnns i

Tutal

allow passage uf a guide wire into the su-
purior vena cava. The catheter was re-
moved and replaced with a hemostatic
sheath through which venography was
performed. Any remaining fibrin sheath
was disrupted mechanically with an
angled catheter and/or guide wire; this
prucedure was uniformly effective. The
hemostatic sheath was then replaced with
the peel-away sheath from the catheter
set, and a new catheter was placed with
creation of a new tunnel.

Definitions

Technical success was defined as estab-
lishment of access via the chosen vein
{right internal jugular vein) satisfactory
for hemodialysis. Initial catheter failure
was defined as the inability to perform
hemodialysis adequately despite success-
ful catheter placement. Late failure was
defined as the inability to achieve satisfac-
tory flow rates for hemodialysis after the
initial session regardless of the reason
(thrombosis, mechanical problem, catheter
distodged) and resultant catheter removal.
Primary catheter function (patency) ended
when any intervention was performed to
alleviate malfunction {eg. repositioning)
or, if no such intervention was performed,
when the catheter was remaved. Second-
ary catheter function (patency) ended
when the catheter was removed. Infection
of the exit site was defined as a localized
infection within 2 am of the exit site. Tun-
nel infection was defined aj localized in-
fection more than 2 cm from the exit site.
Catheter-related bacteremia was defined
as pusitive blood cultures, even if catheter-

Volume 203 * Number 2

tip cultures were subsequently negative. If
catheters were removed for fever only but
the catheter-tip culture was negative, this

was not considered an infection.

Catheter Management

Catheter care was performed by nurses
in the hemodialysis unit, with dressing
changes at each hemadialysis session.
Catheters were dressed with a nonocclu-
sive dressing and povidone-iodine oint-
ment. Exit-site and tunnel infections were
cultured and treated with intravenous ad-
ministration of 1.0-1.5 g vancomycin hy-
drochloride (EL Lilly, Indianapolis, Ind);
if the infection failed to improve after 48
hours, the catheter was removed. Persis-
tent bacteremia was treated by means of
catheter removal. Catheter malfunction
was treated initially with low-dose uroki-
nase {Open-Cath; Abbott Laboratories),
5,000 U per lumen with a 30-minute dwell.
If this treatment was unsuccessful, a chest
radiograph was obtained to ensure the
catheter was well positioned. If the cath-
eter was found to be positioned correctly,
a contrast material-enhanced study was
performed in the interventional radiology
department. If a fibrin sheath was docu-
mented, urokinase infusion was performed
in the hemodialysis unit, with 20,000 U/h
through each lumen for a 6-hour infusion
{total dose, 240,000 U). If treatment was
successful, no further study or intervention
was performed. If treatment was unsuc-
cesstul, the catheter was exchanged for a
new catheter, and a new tunnel was cre-
ated. Creation of a new tunnel rather than
over-the-wire exchange is based on our
belief that the existing tunnel may be colo-
nized with bacteria, thus potentially in-
creasing the risk of infection. Fibrin sheath
stripping was not performed.

Statistical Analysis

All survival curves were estimated with
the Kaplan-Meier method (8). Survival
curves were generated for overall catheter
“survival,” infection, and malfunction.
Since some episodes of catheter malfunc-
tion were corrected by means of reposi-
tioning the catheter or thrombolysis with-
out catheter rerroval, primary and secondary
survival curves were generated for mal-
function and overall survival. Differences
were considered statistically significant if
the P value was less than .05.

RESULTS

Catheter placement was successful
in all patients. One patient {who was
combative) interrupted the procedure;
placement was repeated the next day
without incident. Thus, the technical
success rate was 99.6% for the first at-
tempt. Furthermore, of the 299 cath-
eters requested during the study pe-
riod, satisfactory catheter access for
hemodialysis was achieved in 100%,

All catheters functioned adequately
immediatety after placement (0% ini-
tial failure rate).

Immediate complications uf cath-
eter placement were limited to two
clinically silent air emboli. These em-
boli were recognized at fluoroscopy
but necessitated no treatment. Local
bleeding at the exit site that responded
to compression and did not necessi-
tate further therapy was not consid-
ered a complication; this type of mild
vozing of blood is relatively commun
in these patients because of poor
platelet function. No instances of
pneumcthorax, hemothorax, hemo-
mediastinum, or vascular perforation
occurred.

In our study population, there were
21,572 catheter days, with catheters in
place for a mean of 87 days (range,
2-643 days; median, 56 days). At final
follow-up, 14 catheters were still in
place, and 24 patients had died with
functional catheters. Reasons for cath-
eter removal are listed in the Table.
Follow-up was achieved in 173 (99%)
patients. Catheter survival curves are
shown in Figures 3-7. Probability of
catheter survival (secondary) was 85%
at 30 days, 64% at 180 days, and 50%
at 1 year. Primary catheter survival
differed little: 81% at 30 days, 62% at
180 days, and 48% at 1 year. Probabil-
ity of freedom from infection was 95%
at 30 days, 92% at 180 days, and 74%
at 1 year.

(6.8% ) infections that necessitated

eter days, and 17 infections that did

not necessitate removal, Many of the

latter cases were not clearly docu-
mented as catheter infections; the
patients may have had other poten-
tial sources of infection but were
treated empirically as having cath-
eter infections. Five of these cases
were well-documented exit-site infec-
tions treated successfully with antibi-
otics. In the remaining 12 patients,
single positive cultures from blood
samples obtained through the cath-
eter prompted antibiotic treatment,
but cultures from repeat tests were
sterile. Whether these episodes were
truly catheter-related bacteremia is
unclear, as they generally resolved
completely with a single dose of anti-
biotics. Mean time to development of
infection was 67 days (range, 4-310
days). Four infections developed
within the 1st week.

There were 47 (18.8% ) episodes of
catheter malfunction that necessitated
removal, or 0.22 per 100 catheter days.
Catheter malfunctions that necessi-
tated removal induded poor flow with-
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out obvious cause (n = 23), fibrin
sheaths refractory to thrombolysis

(n = 11), dislodged catheter (n = 5),
catheter too far in (after the patient
lost fluid weight while receiving he-
modialysis [# = 2]), catheter breakage
{n = 3}, and kinks in the catheter (n =
3). Thus, of the catheter failures, 34
were definitely or possibly related

to thrombosis (0.16 per 100 catheter
days}. Symptomatic central venous
stenosts or thrombosis was not ob-
served in any patients during the
study period.

Sixteen episodes of catheter mal-
function occurred in which removal
was not necessary. These included
two kinks and six episodes of poor
flow relieved by means of catheter
repositioning, two catheter breakages
repaired with the manufacturer's re-
pair kit (Bard), and six fibrin sheaths
successfully treated with urokinase
infusion.

Urokinase infusion as described
previously for thrombosis refractory
to low-dose urckinase was attempted
in 11 catheters, with restoration of
catheter function in six catheters (55%
success rate). No complications occurred
related to the infusion. Duration of
patency after successful infusion was
8-70 days {mean, 31 days * 22).

DISCUSSION

Percutaneous placement of tun-
neled hemodialysis catheters is an
integral part of care of the patient un-
dergoing hemodialysis. Whether as
temporary access during maluration
of more permanent access such as a
native fistula or graft, as a bridge to
transplantation or continuous ambu-
latory peritoneal hemodialysis, or as
permanent access, these catheters are
an invaluable adjunct to the practic-
ing nephrologist. There has been a
growing trend toward nonsurgical
placement of such catheters at the
bedside (9) or in the interventional
radiology suite (1,2).

Concerns that such approaches
might yield an increase in complica-
tion rates, particularly infection rates,
have proved unfounded. Lund et al
(1), in a large series of patients, showed
that excellent outcomes could be
achieved with interventional radio-
logic placement of tunneled subcla-
vian hemodialysis catheters. In that
study of 236 catheters in 190 patients,
the investigators reported an infec-
tion rate of 0.20 episodes per 100 cath-
eter days; the rate of infection that
necessitated removal was 0.15 per 100
catheter days. The averall catheter
failure rate was 0.81 per 100 catheter
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Figures 3, 4. Survival curves show probability of overali {3) primary and (4) secondary cath-
eter function. Numbers of catheters at risk are shown above the x axis. Datted lines show the

95% confidence interval.

days, with 28% of catheters removed
because of failure. The technical com-
plication rate was extremely low, lim-
ited primarily to pneumothorax (2.5%).
Other investigators who assessed per-
cutaneous catheter placement outside
the operating room have achieved
similar results {9).

However, there is a growing recog-
nition that the subclavian approach
for hemodialysis catheter placement
should be avoided due to the risk of
central venous stenosis. In studies of
nontunneled catheters, rates of 42%-
50% for central venous stenosis and/or
thrombosis have been reported for
subclavian catheters compared with
0%-10% for those placed via the right
internal jugular vein (3,4). These stud-
ies have led to a widespread change
in practice resulting in the right inter-
nal jugular vein as the access of choice
for tunneled hemodialysis catheters.
Lund et al (1) acknowledged this change
in practice; they used the subclavian
vein because their study dated from
1991 to 1992. Consequently, only 3%
of the catheters in that series were
placed via the right internal jugular
vein, Given the growing recognition
that the right internal jugular vein is
the access of choice for tunneled he-
modialysis catheters, our policy since
1993 has been to use the right internal
jugular vein for access if patent.

We have shown that by using the
right internal jugular vein for catheter
placement, pracedure-related compli-
cations can be reduced further com-
pared with those associated with the
subclavian approach. Specifically, we
had no instances of pneumothorax,
hemothorax, hemomediastinum, cath-
eter malposition, vascular perforation,
or substantial bleeding complication,
Our complications were fimited to
twao clinically silent air embali, which,
had we not been using fluoroscopic
guidance, would certainly not have
been recognized. The lack of punc-
ture-related complications under-

scores the importance of real-time
US-guided access to the right internal
jugular vein, Our complication rate
compares favorably with those of
published surgical reports in which
overall procedural complication rates
are as high as 5.9% (10,1 1). Specifi-
cally, these include pneumothorax
{0%-~1.8%), hemothorax {(0%-0.6%),
hemomediastinum (0%-1.2%}, recur-
rent laryngeal nerve palsy (0%-1.6%).
and bleeding that necessitates reex-
ploration and/or transfusion (0% -4.7%)}
(10-20).

The other theoretic advantage of
access via the right internal jugular
vein is a reduction or elimination of
central venous stenosis, which is an
importtant cause of morbidity in this
patient population. However, in the
series of Lund et al (1), the occurrence
of symptomatic central venous throm-
bosis and/or stenosis was less than
1% (compared with 15.9% in one sur-
gical series [19}), indicating that, even
with subclavian access, interventional
radiologic catheter placement may
decrease the complication rate sub-
stantially compared with non-imag-
ing-guided methods (1). We believe
that with a combination of access via
the right internal jugular vein and
interventional radiologic placement,
the rate of central venous thrombosis
and stenosis may approach zero, as
suggested by the absence of symp-
tomatic central venous thrombosis or
stenosis in our series.

Previous series in which surgical
and percutaneous approaches were
assessed have generally not indicated
the technical success of the procedure
{11-14,16-20). Uldall et al {15) noted
that in 6% of bedside catheter inser-
tions, transportation of the patient to
the radiclogy department was neces-
sary to complete the procedure. Mc-
Dowell et al (10), who assessed percu-
taneous placement in the operating
room, reported a 1.7% failure rate of
the percutaneous approach and a
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Figures 5-7.  Survival curves show probability of freedom from (5, 6} catheter malfunction and (7) infection. Dotted Jings show the 85%. confi-

dence interval. Numbers of catheters at risk are shown above the x axls. (5) Curve indicates primary survival. {6} Curve indicates secondary
survival, thus including those catheters in which malfunctions were remedied without catheter removal.

0.6% failure rate overall (the remain-
ing procedures in which percutane-
ous access was unsuccessful were
completed successfully with a cut-
down procedure). In most surgical
series, a mixture of cutdown and per-
cutaneous insertion is performed,
with cutdown insertion reserved as a
backup when percutaneous insertion
fails. Cutdown insertion may result
in loss of the vein for future access,
whereas the percutaneous approach
nearly always preserves patency of
the jugular vein, as shown by Agra-
harkar et al (21), who found a 33%
thrombosis rate in right internal jugu-
lar veins cannulated surgically (by
means of cutdown insertion) versus
only 2% with percutaneous insertion.

Not only did we have nearly 100%
technical success in percutaneous
catheter placement, but such success
was achieved in placement of the
catheter via the desired vein (ie, the
right internal jugular vein) when it
was patent at US. In fact, our single
initial placement failure was due to
a combative patient who refused to
allow catheter placement halfway
through the procedure. The catheter
was placed without incident the next
day when the patient was less com-
bative. This degree of technical suc-
cess can probably be achieved only by
means of combined US and fluoro-
scopic guidance available in the inter-
ventional radiology suite. Perhaps
even more important than technical
success, however, is our 0% rate of
initial catheter malfunction. Previous
surgical series have reported a vari-
able rate of initial catheter malfunc-
tion of 9.0%-14.5% (12,16,17).

The disparity in initial function
rates between surgically placed and
radiologically placed catheters was
one of the most important factors in
the conversion from surgical to radio-
logic placement of hemodialysis cath-
eters at our institution. This success
can be attributed to careful position-
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ing of the catheter tip at the caval-
atrial junction, as well as fluoroscopic
confirmation that there are no kinks
throughout the course of the catheter.
Both of these technical facets of the
procedure deserve further discussion.

Catheter-tip placement is of critical
importance not only in prevention of
late complications such as thrombosis
but in achievement of adequate flow
rates. According to the tunneling
technique used (Figs 1, 2), the cath-
eter tip may lie along the medial or
lateral wall of the superior vena cava,
The arterial (red) lumen should be
oriented so that it does not abut the
wall, as this will result in poor flow.
Tunneling the catheter laterally can
result in substantial catheter excur-
sions between the supine and upright
positions, especially in obese and
large-breasted individuals. This obser-
vation was also made by Lund et al
(1). To prevent such excursion, we
have increasingly used the more me-
dial, parasternal location for the tun-
nel, especially in such individuals
(Fig 2).

Parasternal tunneling can render
the apex of the curve of the internal
jugular vein catheter more prone to
kinking. Because of the high flow
rates needed for hemodialysis, even
subtie kinks can be extremely detri-
mental to successful hemodialysis. In
an effort to eliminate kinks, some
manufacturers have produced pre-
curved catheters. We do not use the
precurved catheters; such catheters
da not allow us to achieve optimal
tip positioning because the catheter
curve dictates where the tip will be
located in the patient. As can be seen
from our results with use of nonprec-
urved catheters, excellent results can
be achieved by using fluoroscopic
guidance. We had three catheters that
needed to be replaced due to kinks
{at 2, 35, and 43 days, respectively),
as well as two other catheters that
needed slight manipulation (catheter

repositioning under fluoroscopic
guidance) to remove kinks (at 5 days
each}. None of these kinks were pre-
sent at initial placement, even in ret-
rospect. Two of the three catheters
removed and one of the catheters re-
positioned for kinks were the thinner-
walled 12.5-F catheters, which we
found to be much less resistant to
kinks than the 13.5-F Bard silicone
catheter. Late-developing catheter
kinks and malpositions may result
from loss of fluid weight during initial
hemodialysis; such weight loss may
be substantial even in the first few
days. Since this weight loss shortens
the distance between the skin and the
catheter-tip location, it can resull in
kinking and/or inward migration of
the catheter tip, which ultimately ne-
cessitates correction. Such inward mi-
gration was seen in three patients in
our series.

Catheter infection and failure due
to thrombosis remain the most impor-
tant drawbacks to catheter hemodi-
alysis. Lund et al (1) summarized the
existing data with regard to catheter
infection and malfunction rates, as
well as the problems in comparison of
various series. As recommended by
Lund et al, we reported our infection
and failure rates as the number of epi-
sodes per 100 catheter days and used
Kaplan-Meier survival analysis; these
reporting methods take into account
the duration of catheterization. With
use of events per 100 catheter days,
the published infection rates were
0.2-0.8 per 100 catheter days. Thus,
our infection rate of 0.08 per 100 cath-
eter days compares favorably. We re-
ported infection that necessitated re-
moval, which does not take into account
the successfully treated infections,
and we did not consider fever alone
with negative catheter-tip cultures an
infection, since fever with tunneled
catheters has been shown not to be
Eredictive of catheter infection (22).

ven if we included treated infections
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{the majority of which were not clearly
documented infections), the infection
rate in our series would have been
0.16 per 100 catheter days, still below
the rate reported in surgical series.
Lund et al (1) did not address isolated
fever. We disagree with Lund et al
that it is misleading to report infec-
tion that necessitates removal. Liberal
antibiotic use in our hemodialysis unit
results in treatment of many episodes
that almost certainly are not catheter-
related infection (low-grade fever,
minimal nonpurulent exit-site dis-
charge, minimal tunnel tenderness
without erythema). Not surprisingly,
the vast majority of these episodes
resolve with a single antibiotic dose,
yet it would be misleading to label
them all as infectious episodes that
were successfully treated. The only
clinically meaningful infectious epi-
sodes are those that result in catheter
loss, bacteremia or sepsis, or hospital-
ization, and these are all accounted
for with our reporting method. Fur-
ther, we can use persistent bacter-
emia, for which catheter removal is
the rule at cur institution, to compare
our results with those of other series
without the question of treated infec-
tions coming into play.

Qur bacteremia rate of 0.04 per 100
catheter days compares favorably
with that of 0.14 reported by Lund et
al (1), 0.34 reported by Mosquera et al
(16}, 0.08 reported by McDowell et al
(10}, and (.27 reported by Swartz et al
(9). Catheter infection nonetheless
remains an important cause of cath-
eter failure. Although some investiga-
tors reported that bacteremia can be
eradicated with a combination of in-
travenous antibiotics and catheter
exchange (23,24), in our patient popu-
lation this has not been our experi-
ence, with bacteremia always result-
ing in catheter removal The exception is
the 12 episodes in which a single cul-
ture obtained from the catheter was
positive and a repeat culture after a
single dose of antibiotics was nega-
tive. It is doubtful that this finding
constitutes successful treatment of
bacteremia; it is mare likely that the
initial cultures were contaminated.
New measures aimed at reduction of
catheter infection, such as catheter
bonding with antibiotics or other anti-
bacterial agents, will remain the sub-
ject of further study.

Qur results reemphasize, however,
that despite the fact that interven-
tional radiology suites are used for
various procedures, bath “clean” and
“dirty”, as well as the fact that no spe-
cial air handling is used in these suites,
our occurrence of infection is compa-
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rable with that in the operating room.
We believe, like others, that such re-
sults are due to careful attention to
patient and operator preparation and
sterile technique in the interventional
radiology suite (1).

Unlike Lund et al (1), we did not
use preprocedure antibiotics. Lund et
al used 1 g of cefoxitin before the pro-
cedure because that was the surgical
practice at their institution. The surgi-
cal practice at our institution was to
not use preprocedure antibiotics;
therefore, we did not. The fact that
we found a lower rate of infection
than Lund et al suggests that use of
such antibiotics is unnecessary; this
idea has also been suggested for other
tunneled catheter placements (22,25,
26). Elimination of preprocedure anti-
biotics further decreases the cost of
the procedure, as well as the risk of
an allergic reaction.

Catheter failure due to malfunction
also remains a vexing problem with
tunneled hemodialysis catheters. Qur
overall catheter survival (62% 6-month
and 48% 1-year primary survival)
compares well with those in recent
reports: Swartz et al (9) reported 60%
6-month and 30% 1-year survival, and
Lund et al (1) reported 44% 6-month
and 25% 1-year survival. Other inves-
tigators have reported longer survival:
MeDowell et al (10) reported 57% 1-year
survival, and Gibson and Mosquera
(13) reported 74% 1-year survival;
however, these older reports do not
reflect the higher flow requirements
of current hemodialysis technique.

As can be seen from the Table, a
variety of causes of catheter failure
may be encountered; however, the
majority are related to thrombosis.
Even in cases where no clear-cut cath-
eter-tip thrombosis is identified, when
those catheters are removed and re-
placed with an identical catheter in
an identical position they nearly al-
ways function well, indicating that
there was probably a fibrin sheath on
the catheter that was below the limits
of resolution of a contrast material-
enhanced study. Thus, we have a lib-
eral policy of catheter exchange when
catheter malfunction is experienced
in the absence of an obvious fibrin
sheath.

The management of fibrin sheaths
continues to be a matter of personal
preference. We have preferred to use
urokinase infusion as our initial mea-
sure when low-dose urokinase has
failed. Lund et al (1) reported a 79%
success rate with this approach; our
results were slightly less than this.
Other investigators have reported
successful use of fibrin sheath strip-

ping rather than urokinase infusion.
Crain et al (27) reported a series of 40
procedures in 23 patients in which
percutaneous fibrin sheath stripping
was used in hemodialysis catheters
with 98% success, However, this con-
cept has recently been challenged by
Haskal et al (28), who reported poor
results with fibrin sheath stripping in
a series of 24 procedures in 20 pa-
tients. Although initial technical suc-
cess was high, by the fifth subsequent
hemodialysis session, poor flow rates
had returned in nearly all catheters,
seriously calling into question the du-
rability of the stripping procedure.

We believe initial urckinase infu-
sion is the most cost-effective way of
restoring catheter function, since it
can be performed as an outpatient
procedure in the hemodialysis unit
and the cost is only that of the vial of
urokinase ($330). In contrast, fibrin
sheath stripping was reported by
Crain et al (29) to average $1,840 per
procedure. Catheter exchange is con-
siderably less expensive, averaging
$1,300 at our institution. In addition,
catheter exchange is not associated
with the risks and inconveniences of
transfemoral catheterization, namely,
deep venous thrombosis (2.5% in the
series of Crain et al [27]) and the nec-
essary postprocedure observation in
the interventional radiology recovery
area. However, randomized cost
analysis studies in which fibrin sheath
stripping, urokinase infusion, and
catheter exchange are compared are
clearly needed to help determine
what is the most cost-effective means
of restoring flow in cases of this com-
plication.

In conclusion, percutanecus place-
ment of tunneled hemodialysis cath-
eters via the right internal jugular
vein can be performed by interven-
tional radiologists with excellent tech-
nical success rates and long-term out-
comes. Placement of these catheters
in the interventional radiclogy suite
should be the procedure of
choice. m
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Abstract. Backgreund/Objective: Laser thrombolysis is
the selective removal of thrombus from oecluded blood
vessels using lnser energy. A reconstituted clot model
with reproducible optical absorption properties was de-
veloped to evaluate the effect of various laser parame-
ters on thrombus removal rate.

Study DesigniMaterials and Methods: Reconstituted
clots were made with known fibrinogen concentra-
tions and hematocrits. Ex vive clots were collected from
ten swine. Four red gelatin phantoms were prepared.
Mass removal rates and ablation efficiencies were de-
termined using a 377 nm, 1 ;sec pulsed dye laser. The
ablation efficiencies of the three clot models were com-
pared ot an energy of 25 mJ and a repetition rate of 4 Hz.
In addition, the reconstituted clot model was ablated as
pulse energy and repetition rate were varied with aver-
age power held constant at 160 mW.

Results: The mean ablation efficiency for ex vico clots
ranged from 0.4 + (1.1 to 3.4 £ 0.7 ug/md/pulse, with sig-
nificant differences between groups (ANOVA p < 0.05).
Reconstituted elots of varied fibrinogen content had ab-
Intion efficiencies of 1.5 + 0.2 to 1.6 £+ 0.3 yg/md/pulse
at this energy and repetition rate. Gelatin ablation
efficiency wns inversely proportional te protein con-
tent and ranged from 0.3 + 0.3 to 2.0 £ 0.7 .g/mJ/pulse.
Recenstituted clot mass removal rates (in pg/s) were
clinically similar for settings rnnging from 13 mJ at 8Hz
to 33 mJ at 3 Hz.

Conclusions: The reconstituted model clot is a repro-
ducible and biologically relevant thrombolysis taryget.
Ex vivo clot lacks reproducibility between individu-
alz and gelatin phantoms lack clinical relevance. At a
conatant average power, varying laser parnmetera did
not affect mnss removal rates to a clinically significant
degree.

Key Words, nblation, mass removal rate, stroke

Introduction

Laser thrombolysis is the photomechanieal removal
of thrombus. Pulsed laser energy is absorbed by the
hemogiobin pigment in the clot, causing the forma-
tion of a cavitation bubble. The collapse of this bubble
mechanically disrupts and eventually removes the
clot [1,2]. Earlier work utilizing laser thrombolysis
for the treatment of acute myocardial infarction {3~
5] and pre-clinical studies in a swine cerebral throm-
hoemboli model 1G] indicate that this therapy is a

viable, selective, and safe method for the recanaliza-
tion of occluded cerebral arteries. This study develops
and validates a new reconstituted clot model that is
more physiologically relevant than previous gelatin
clot models used in laser ablation studies |7} This
clot model was used to test five sets of laser parame-
ters, having equal average power.

Laser thrombolysis for acute stroke therapy is
currently being tested in a clinical trial (8). The
laser thrombolysis system delivers laser energy to
the clot through a flexible fluid core catheter [9].
The laser is coupled into a fused sitica fiber, which
carries the laser energy to nearly the end of the
catheter. Radiopaque contrast solution is continu-
ously injected through the catheter. After the laser
light exits the fiber it is transmitted through the
optically clear contrast solution to the occluding
thrombus with a spot size of approximately 0.8 mm?
[10]. The contrast solution is atraumatic, angio-
graphically visible, removes ablated thrombus par-
ticles, and convectively eools the area. Because the
fiber terminates before the end of the catheter, po-
tentially dangerous contact with arterial tissue is
prevented.

Hemoglobin is the primary absorbing chro-
mophore in thrombus at wavelengths ranging from
400-590 nm. Within this spectrum, light selectively
ablates thrombus and not vascular tissue {11]. The
catheter system tested uses a 1-psec pulsed dye laser
emitting at 577 nm (Palomar 3010, Beverly MA).
This pulse duration is much less than the time re-
quired for thermal confinement [11]. At 577 nm,
thrombus has a much lower ablation threshold (0.02—
0.03 J/mm?)than the damage threshold for vessel tis-
sue (1.1 Js/mm? in saline, 0.16 J/mm? in blood) [11].
The ablative event is due te the formation and rapid
collapse of a cavitation bubble, the force of which
increases with energy {1]. In the confined space of
a cerebral artery, the force of this bubble collapse be-
comes a potential safety concern. It may be possible
to increase the safety margin of this therapy without
compromising efficiency of clot removal by lowering

Address for correspundence: Scott A. Prahl. Oregon Medical
Laser Center. 9205 SW Barnes Boad, Portland, OR 97225,
USA. Tel: (503) 216-2109; Fax (503) 216-2422; E-mail:
prahl@ece.ogi.edu

167

G-6

Confidential

Page 1 of 9

Lo ror
%



168  Janisetal

the energy level and proportionally increasing the
repetition rate [12],

For this study, a new ir vitro model clot was de-
veloped to test the effects of varying pulse energy
and repetition rate on the ablation of throm-
bus. Previous investigations have successfully mea-
sured the effects of altering laser parameters on
red-dye gelatin phantems (1,7], but the clinical
relevance of a non-biological clot target is ques-
tionable. Ex vivo thrombus (static clot), formed by
allowing whole blood to clot in tubing, has been
used for thrombolysis [2,7,13-18]. This model clot
lacks reproducibility, due to variations between
donor individuals in hemoglobin concentration
{hematocrit) and fibrinogen concentration,

The reconstituted clot model was developed to
provide a simple, reproducible vet clinically refevant
clot target in which the hemoglobin and fibrinogen
contentrations were controlled. The fibrinogen
concentration has previousty been demonstrated to
be directly proportional to the mechanical strength
of the clot {19]. The mechanical properties of the
maodel clots are the result of enzymatic reactions
that mimic those found in the final common pathway
of the clotting cascade in vivo. In short, fibrinogen
is added to whole blood, then converted to fibrin by
thrombin. It is important to note that this model does
not take into account additional biochemical events
that occur during clotting in vivo. These include
fibrin-fibrin crosslinking by fibrin stabilizing factor
(Factor XIII} [20] and the clot contraction through
the action of platelets. Extensive remodeling of
the thrembus also occurs intravascularly over time
through the action of plasmin. Characterization and
optimization of these phenomena were outside the
scope of this study.

The effects of alterations in laser energy and rep-
etition rate on ablation rate {jig/s) were assessed us-
ing fibrinogen concentrations of 300 mg/dL. The nor-
mal range of fibrinogen in swine is 100-500 mg/dl,
[21], and 200400 mg/dL in human plasma. There-
fore, the 300 mg/dL reconstituted model clot repre-
gsents a median concentration for both human and
swine thrombus, The majority of thrombotic emboli
in ischemic stroke are caused by atrial fibrillation
[22]. Freshly formed, this clot typically has approx-
imately the same amount of hemoglobin containing
erythrocytes as found in whole blood [23]. The recon-
stituted elot model most closely models thrombus of
this type.

The goals of this study were to (1} develop a re-
producible clot model using native blood components
and to (2) compare the reproducibility of this recon-
stituted clot to that of static and gelatin clot models,
(3 use scanning electron microscopy (SEM) to inves-
tigate the structural differences between the static
and reconstituted model clots, and (4) test the effects
of various laser parameters on ablation rates of a
reconstituted model clot at an average power of ap-

proximately 100 mW as pulse energy was decreased
and repetition rate was proportionally increased.

Mateérials and Methods

Thrombus models

Static elot

Whole blood was drawn from domestic swine inte a
25-35 cc syringe with an 18G needle and immedi-
ately injected into (2.5 mm ID} IV tubing (Baxter
Healtheare Corp., Deerfield IL). The tubing was
folded in half and suspended for 12-24 hours at room
temperature. Hematocrit was measured for each an-
imal, and ranged from 26.3-33.8%. Six preparations
were ablated within 24 hrs of collection and 4 were
ablated at 96 hrs. The 96 hr. blood samples were an-
alyzed for fibrinogen concentration (Beckman Elec-
tra 1600C Coagulation Analyzer). This procedure is
adapted from the method for forming static clots pre-
viously reported by other investigators [2,7,13-18].

Reconstituted clot A

Whole blood from domestic swine was collected in cit-
rated blood donor bags (CPDA1, Baxter Healthcare
Corp.) and centrifuged at 2280 x g for 20 min. at
4°C. The plasma supernatant was frozen at —70°C
for at least 24 hr and slowly thawed at 4°C. The
cryoprecipitate, which contains most of the fibrino-
gen (24| was removed. Porcine fibrinogen (Fraction I,
Sigma, St. Louis M) was added to a econcentration
of 300 mg/dL plasma. The erythrocytes were mixed
with Adsol preservative (Baxter Healtheare Corp.)
and stored up to 30 days. Prior to recombination,
this red blood cell preservative was removed by cen-
trifuging at 1000 x g for 5 min. at 4°C, The separated
ervthrocytes and plasma were then recombined to a
hematocrit of 40-45%, the normal human range. Te
form the reconstituted clot, 250 US units of bovine
thrombin{Jones Pharma, Middleton WI)in 1 mL Tris
huffered saline (TBS) with 5 mM CaCl, was drawn
into a 35 mL syringe followed by 34 mL of whole
blood. Thiz mixture was immediately injected into
2.5 mm inner diameter IV drip tubing (Baxter) and
then incubated in a 37°C waler bath for 1 hour.

Reconstituted clot B

Whole blood from swine was collected in CPDA1
donor bags {Baxter) and centrifuged at a relative
centrifugal force of 2100 x g for 30 min. at 4°C.
The plasma supernatant was heated to 53-56°C for
3 min., causing the fibrinogen to precipitate from so-
ution [14]. Plasma fibrinogen was measured and de-
termined to be <60 mg/dL (Electra 1600C Coagula-
tion Analyzer, Beckman). Porcine fibrinogen (Sigma,
Fraction I) was added to a concentration of 300,
600 or 1,200 mg/dL. The separated ervthrocytes and
plasma were then recomhbined to a hematoerit of 28%.
To form the reconstituted clot, 1,000 US units of
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A Reconstituted In Vitro Clot Model for Evaluating Laser Thrombolysis 169

thrombin (bovine, Jones Pharma}(in 1 mL TBS with
40 mM CaClsy) was drawn into a 35 mL syringe fol-
lowed by 34 mL of whole blocd. This mixture was
immediately injected into IV drip tubing and then
incubated in a 37°C water bath for 1 hour

All proceditres wsed in this study were conducted
in accordance with institutional guidelines at Oregon
Health and Science Unijversity concerning the care
and use of experimental animals.

Gelatin phantom

300 Bloom Gelatin {Sigma) was mixed with a 0.18%
aqueous solution of Direct Red 81 dye (Sigma) in pro-
portions of 5, 10, 15, and 20% gelatin {wt/wt). The
mixtures were allowed to soak for 4 hr, then heated
lu 65°C for 25 min. The solutions were injecled into
IV tubing (Baxter, 2.5 mm ID). The samples were al-
lowed to cure in a 10°C water bath for 18 hr. prior
to testing. These methods were adapted from gelatin
bloom strength measurement standards |25).

Scanning electron microscopy

Sampfles of the static and reconstituted model A clots
were fixed in 4% glutaraldehyde > 12 hr, then rinsed
with phosphate buffered saline (PBS). The samples
were serially dehydrated with increasing concentra-
tions of ethanel, then exchanged into increasing con-
centrations of Amy! acetate (Sigma). The Amyl ac-
etate was removed with liquid CO; in a critical point
dryer (CPD2, Pelco International, Redding CA). Sam-
ples were anchored to aluminum pests using colloidal
silver paint {Ted Pella Inc., Redding CA) and sputter
coated in a Hummer IV Sputtering System (Tech-
nics Corp., Alexandria, VA). Scanning electron mi-
croscopy was performed in an Amray 1810 SEM.

Laser ablation
The laser thrombolysis {ablation) experiments were
performed with a Palomar 3010 pulsed dye laser

emitting a l-usec pulse at 577 nm. Energy was
measured before and after each experimental set
(EM400, Molectron, Portland OR). The average value
of these two measurements was used as the effective
laser pulse energy. For all the ablation experiments,
the average power was approximately 100 mW for
30 seconds. These parameters mimic those in the cur-
rent clinical trial. To determine the effects of decreas-
ing pulse energy while propertionally increasing rep-
etition rate, the effective energy was 12.6, 14.7, 20,
24, and 32.8 mJ with corresponding repetition rates
of 8, 7, 5, 4, and 3 Hz, respectively.

A fluid core catheter (approximately 1.0 mm ID}
and a 200 um fused silica fiber (SpecTran, Avon CT)
were used in this study. The fluid core catheter acts as
a conduil for the radiopaque contrast dye (Hypaque
60, Nycomed, Atlanta GA} and the fiber. The contrast
dye wasinjected at arate of 4.2 mL/min. Laserenergy
ia transmitted through this fluid to the occluding clot.
The catheter was positioned within 1-3 mm of the
model elot. This distance from the proximal surface
was maintained as the target was ablated.

A 3 cm section of tubing was cut and the model clot
was released into phosphate buffered saline (PBS).
The clot was drawn into a 6.5 cm long section of
Sitagtic silicone tubing (Dow Corning, Midland MI)
with a 3.4 mm inner diameter and a 4.7 mm outer
diameter. This inner diameter corresponds to that of
vessels encountered in the cerebral circulation tar-
geled for clinical application, The Silastic tubing wilh
model clot was fixed in an ablation holder which had
a diverting piece of tubing that allows flow of con-
trast solution and ablated particles from the lumen
of the tubing (see Fig. 1). The fluid core catheter was
advanced into the tubing containing the model clot
until the catheter tip was 1-2 mm from the proximal
face of the target. During ablation, the catheter was
manually kept within 3 mm of the model clot. Con-
trast solution at 37°C was injected for 30 s to build

Catheter

3mm Sifastic Tubingﬁ Clot

A

4

Collgcted Debrs

Fig. 1. The in vitro laser thrombolysis experimental set up. Laser energy is delivered through the fluid core catheter to the clot in the
ablation chamber. The ablation chamber contains a 3 mm inner diameter section of tubing which holds the clot and has a bypass

for the colicction of efffuent.
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up to a 4.2 mL/min flow rate. Laser firing was per-
formed for 30 s with simultaneous contrast injection.
Following ablation, the proximal tubing was flushed
with deionized water to collect all ablated fragments.
Effluent was collected during the entire experiment
and flushing. Deionized water was added to each ef-
fluent sample to bring the total volume to 10 mL.
The effluent for both static and reconstituted elot
ablations contained small fragments that were me-
chanically crushed. Intact erythrocytes were osmot-
ically lysed in the hypotonic solution. Effluent sam-
ples from the gelatin ablations were slightly heated
ta liberate the dye. Control experiments with con-
trast flow but no energy were performed at the end of
each experiment (N = 3) to account for mass removal
due to non-ablative mechanical forces and fluid flow
from the lascer thrombolysis catheter system.

The absorbance of a solution at a given wavelength
is directly proportional to its hemoglobin concentra-
tieon. When the total volume is known, the mass
of absorber is readily obtained from the concentra-
tion. The relationship is summarized in the following
equation:

Mass ablated 14}

_ Absorbance (410 nm) — Absorbance (800 nim)
- k

where the constant £ is experimentally determined
and is equal to the slope of the graph of absorbance
difference versus mass. The hemoglobin in the re-
constituted thrombus absorbs strongly at 410 nm;
this wavelength provides the necessary sensitivity
at the low concentrations of dissolved hemoglobin
found in ablated samples. Direct Red dye from the
gelatin samples absorbs strongly at 510 nm. There is
minimal ahsorbance by hemaglobin and Direct Red
at 800 nm, therefore this wavelength was used to
correct for variation in the plastic cuvettes used in
the experiments. This method was adapted from the
method of Sathyam et al. (1996). To generate a cal-
ibration curve, a range of clot or gelatin fragments
similar in mass to those that would be produced in
the experiment were blotted for 10 sec on filter pa-
per {(Qualitative P8, Fisher Scientific, Pittsburg PA)
and weighed to the nearest 0.1 mg in 50 mL heakers.
10 mL of deionized water was added to each sam-
ple and the clot waz manually crushed and osmot-
ically lysed. A 3 mL aliquot from each sample was
measured using a spectrophotometer (HP 8425 Diode
Array). Absorbance was measured at 410 nm and
800 nm for clot and 510 nm and 800 nm for gelatin,
and the difference was plotted against mass (For an
example, see Fig. 2). The slope of a linear curve fit
is the calibration constant k tin g~'}. A new calibra-
tion curve was generated for every static and recon-
stituted model clot preparation. A single calibration
curve wag generated for the four gelatin phantoms
which all contained the same dye concentration. The

25

Absorbanca (4100m-8000m)

0 5 10 15 20 25
Mass (mg}

Fig. 2. Calibration curve. Absorbance difference between
410 nm and 800 nm vs., mass (g), slope tk1=82.4 g1, Buch
clot model formulation had its own calibration curve value.
Absorbance values were measured at 510 nm and 800 nm for
gelatin phantoms. The r? value for ail linear regressions was
=>{.90.

ahsorbance values were divided by the constant (k}to
determine the total mass ablated during each 30 sec
experiment. This calculation gives the mass removal
rate in pg/sec. The ablation efficiency {pg/mJ/pulse)
is calculated by dividing this value by the laser pulse
energy (in mJ) and repetition rate {in Hz).

Mass removal rates at ~100 mW
Table 1 summarizes the experimental models uti-
lized in each experiment. Static clot was collected
from 10 domestic swine for the purpose of compar-
ing the reproducibility of this model to the newly de-
veloped reconstituted clot model. Six of the static ctot
samples were ablated within 24 hrs. of collection and
4 more static clot samples were ablated 96 hrs. after
collection. To measure the mass removal due to me-
chanical disruption by the fluid flow of the catheter
system, 3 contro} {flow only) samples were tested
from each clot. For the 24 hr. cld clots, 6 samples
were ablated from each, while 10 samples were ab-
lated from each of the 96 hr old static clots.
Reconstitituted clot B was made from the re-
combination of plasma and cells from 4 animals.
Fibrinogen concentrations were 300, 600, and
1,200 mg/dL. Hematocrit was 28% for all three clots.
Gelatin samples (5, 10, 15, and 20%) with Direct Red
dye were also made. Ten samples of each of the re-
constituted clot and gelatin phantoms were ablated,
with 3 contrast flow-only controls. The model ¢clots
were ablated at an energy of approximately 25 mJ
and a repetition rate of 4 Hz as described above.
The 300 mg/dL reconstituted clot A model was
used in the increased energy (12.6, 14.7, 20, 24,
and 32.8 mJ) and decreased repetition rate (8, 7,
5, 4, and 3 Hz) experiments. Average power was
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Table 1. Experimental Thrombus Models, Fibrinogen Concentration is Expressed in mg/dL Plasma

Model Age N Fibrinegen Het (%) Clotsfsample Controls Experiment.
Static 24 h 36 25-34 3 3 Mass removal
Static 96 h 40 200-309 25-34 10 3 Mass removal
Reconst A 24 h 100 300 43 20 3 Energy/Rep rate
Reconst B 24h 30 300~1,200 28 10 20 Mass removal
Gelatin 24h 40 10 3 Mass removal

approximately constant (100 mW). Twenty experi-
ments were performed at each setting and twenty
contrast flow-only controls were performed. The re-
constituted clot samples in this set of experiments
all came from the same preparation. Hematocrit was
43%.

Statistical Analysis

Reported ablation rates and ablation efficiencies
values are means +1 standard deviation. Signifi-
cance of difference was determined by one-way anal-
ysis of variance (ANOVA) and ¢-tesls using SPSS
{Version 10.0, Chicago IL}. Significance was defined
as p < 0.05.

Results

Scanning electron microscopy

The ultrastructure of the static clot appeared to be
more complex and the clot matrix to be more hetero-
geneous in size than in the reconstituled 300 mg/dL
model clot (Fig. 3). The reconstituted clots exhib-
ited fibrin fibers of uniform diameter (approximately
300 nm). Spheroid morphology (rather than the phys-
iological biconcave shape) of erythrocytes was ob-
served in all SEM prepared samples, due to the glu-
taraldehyde fixation and/or dehydration.

Mass removal rates at ~100 mW

The results of the ablation experiments are sum-
marized in Figures 4-6. The mass removal rate
{ug/md/pulse) experiments comparing the static, re-
constituted, and gelatin clot models are summarized
in Figures 4 and 5. For clarity, the ablated samplesin
Figures 4 and 5 have the model-appropriate control
values (contrast low only) rate subtracted. The mean
control mass removal rates ranged from 4-65%,
2-23%. 4-9%, and 30-67% of the mean ablated masg
for the 24 h static clots (1-6), 96 h static clots (A-D),
reconstituted ciots, and gelatin models, respectively.
The 24 h static clots varied significantly (ANOVA,
F =6.327, p < 0.001}in ablation efficiency, as did the
96 h static clots (ANOVA, F =66.782, p <0.001). The
age of the gtatic clot (24 versus 96 h) significantly af-
fected ablation efficiency (2 tailed ¢-test, p < 0.001).
The blood donors utilized for static clots ablated
at 96 hrs (Samples A-D, Fig. 4) were tested for

fibrinogen concentration. The concentrations were

200, 216, 264, and 309 mg/dL for samples A B, C,
& D, respectively. There was no significant differ-
ence in ablation efficiency between the reconstituted
clots of varying fibrinogen concentration (ANOVA,
F =0.701, p =0.5056). The gelatin models (Fig. 5) var-
ied gignificantly (ANOVA, F =21.261, p <0.001) in
ablation efficiency, with significant differences be-
tween 5-10% and 15-20% protein concentrations
(Tamhane's T2, p < 0.05).

Figure 6 shows the results from the decreased
energy, increased repetition rate experiments. The
control value is contrast flow only. There were sig-
nificant differences in the mass removal rate (ug/s)
among the groups (ANOVA, F =17472, p < 0.001).
The level of difference detectable at this experimen-
tal power is considered in detail in the discussion.
The highest mass removal rate (400 & 50 ug/s) was
achieved at 20 mJ, 5 Hz and the lowest rate (270 &
60 ug/s) was seen both at 14.7 mdJ, 7 Hz and 24 mJ,
4 Hz. The largest difference in mean mass rate was
130 ug/s, between 20 mJ, 5 Hz and 24 mJ, 4 Hz.

Discussion

The overall goal of this study was to develop and
characterize a reproducible reconstituted clot model
using native blood components, and to compare this
new model clot to the more widely used static clot
and gelatin phantoms. Another objective was to mea-
sure the effects of varying laser parameters on the
mass removal rate (ug/sec) and ablation efficiency
{ug/md/pulse) of laser thrombolysis at 577 nm.

The lack of reproducibility in the strength of static
model clots as well as variance in the hematocrits
between individuals motivated the development of
the reconstituted clot model. The mass removal rate
of the static model clots varied significantly among
the clots from the six swine. The static clot mode! iz
variable and unpredictable, both in fibrinogen and
hemogiobin concentration (hematocrit ranging from
25-34%), for accurate in vitre testing of iaser throm-
bolysis parameters. Since the age of thrombus in vive
correlates with its optical properties [26]) and me-
chanical properties |20], these results suggest that
stroke clots of varying ages may be removed clinically
with the laser parameters previously discussed, al-
though older clots will be removed significantly more
slowly.
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Static
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Fig. 3. Scanning electron microscopy (SEM) of static and 300 mg | dL fibrinogen recaonstituted model clots. The static clot was more

heterogeneous than the reconstituted clot.

Earlier gelatin phantom studies are consistent
with our results, due to the homogeneity in strength
and absorption coefficients between samples [7.13].
Detwiler (1991) used a similar gelatin phantom to
measure the effect of unconfined compression mod-
ulus on ultrasonic thrombolysis. They concluded
that ultrasonic ablation decreased with increasing
protein content of their gelatin target (27]. These
conclusions are supported by the current study of
laser thrombolysis ablation of gelatin phantoms (see
Fig. 5). Both ultrasonie angioplasty and the laser
thrombolysis system under study remove target ma-
terial through the formation and collapse of cavi-
tation bubbles. The collapsing bubble generates a
shock wave that is transmitted through the mate-
rial, breaking it into smaller pieces. The differences

demonstrated in the ablation of gelatin phantoms
of varied protein content diminishes the value of
gelatin as a thrombus phantom. Gelatin is a suspen-
sion of partiallv denatured collagen molecules, while
clot is held together by a meshwaork of fibrin. These
structural differences appear to have an effect on the
ablation of the models.

The ablation efficiency (pg/mJ/pulse} has previ-
ously been demonstrated to be independent of ra-
diant exposure above threshold [1.2,7,11]. Previous
experiments [12] with this reconstituted clot model
and in vitro setup demonstrated no difference in
ablation efficiency as the parameters of energy and
repetition rate were varied with average power held
constant at approximately 100 mW. The number of
trials in this earlier study was chosen to be N =10.
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Fig. 4. Ablation cfficiency of the static and reconstituted clot
models. Static clots are represented by open triangles, and each
static clot categary (1-6, A-D) represents clot from a different
individual. Reconstituted clot is represented by open circles,
and is reconstituted model B. There are significant differences
amiong the static clot samples of each age group and between
age groups (separatc ANOVAs, p <0.001). The reconstituted
clot samples at 300, 600 and 1,200 mg {dL fibrinogen did not
have statistically different ablation efficiencies.
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Fip. 5. Mean ablation efficiency of the gelatin clot models. The
gelatin models varied significantly (ANOVA, p <0.001} in
ablation efficiency, with significant differences between 5-10%
and 15-20% protein concentrations.

For the present experiments, a power caleulation was
performed using the previous investigation |12} as
preliminary data. With N =20, this study had 85%
power to detect differences of at Jeast standard devi-
ations between groups. At this extremely high level
of sensitivity, significant differences were demon-
strated between most groups. The largest difference
in mean mass removal wasonly 130 jug/s. The highest
mean mass removal rate ohserved (at 20 mJ, 5 Hz)
was 400 £ 50 ug/sec, while the lowest (at 24 md,
4 Hz) was 270 £ 80 ug/sec. With the sample size
used in these experiments, the detectable difference
(less than 0.2 standard deviation) in clot removal
rates would translate to less than 2 pgfsec, which
is too small to be clinically significant. These results

500
8 =]
400 1 Q g o g
§ i 3 3
5 306 g g ? § g
E E g 2
] - a
] Q
B Q
.4 b 8 g ]
i
100 -1
o i
T T T T T T
Comtml 12800  147mJ 20mJ 24md a2.Bmd
BHz THz BHz aHz Mz

Fig. 6. Mass removal rate of reconatituted model A clot at
varying laser pulse energy (mdJ} end repetition rates (Hz).
Average power was approximately 100 mW. There were
siatistically, but not clinically significant differences ameong
the groups.

demonstrate that the clot mass removal rate can be
maintained as pulse energy is decreased, as long as
average power is approximately constant at 100 mW.
This would reduce the force generated by the col-
lapse of the cavitation bubble, which in the confined
space of a cerebral artery, may be a potential safety
concern.

The differences in ablation efficiency between
the 24 hr and 96 hr static clots may have been due
to crosslinking by Factor XIII over the additional
time. The reconstituted clot models A and B also
demonstrated significantly different mean ablation
rates {p < 0,05}, with the model A reconstituted clot
ablating at approximately twice the rate as that of
model B. The fibrinogen concentration was equal
for the 300 mg/dL clots, therefore the differences
in ablation rate appear to be due to differences
in thrombin or calcium concentration, both of
which have been previously shown to affect clotting
128,29]. The reconstituted model B clots had similar
ablation efficiencies across a range of fibrinogen
concentrations. These results agree with previous
studies that demonstrate equivalent clot removal
for similar model clots tested for tensile strength
[30] and resistance to compression 1101,

In this study as well as earlier ablation studies of
thrombus, the static model clot was variable [1,2,7].
Gelatin phantom studies were shown to be mare
consistent due to the homogeneity in strengths and
absorption coefficients between samples [7]. The re-
constituted clot model is a reproducible and more bio-
logically relevant ir vitro target for bench top studies
of laser thrombolysis parameters. The mass removed
during control (contrast flow only} experiments on
the reconstituted clots resulted in the lowest vari-
ation among the models. This decreased the error
in the measurement of ablated mass due to laser
energy, and further supports the usefulness of this
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model] over the others. The reconstituted clot model
has some differences from static clot formed ex vivo.
This is to be expected from a simplified clot phantom
that lacks platelets and the complexity of the full
hemostatic complement of the coagulation cascade.
The static clot is limited to the endogenous concen-
tration of thrombin generated by the in vivo clotting
cascade, while the reconstituted model clot polymer-
izes much more quickly, with an excess of thrombin.

Future optimization studies of lager thrombolysis
are now possible using this clot model. The recon-
stituted clot mede! has predictable optical properties
and is a more biclogically representative thrombus
phantom than red gelatin because it consists of blood
components, making it an ideal clot target for in vitro
and even in vivo studies of laser thrombolysis as wetl
as other mechanical thrombolysis therapies.
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Treatment of infected tunneled venous access hemodialysis
catheters with guidewire exchange

DErrick RoBinsoN, Paut Sunocki, and STEVE J. Sciwan

Divisions of Nephrology and Vascular Radiology, Duke University Medical Center, Durham. North Carolina, USA

Treatment of iofected tuaneled venous access hemodialysis catheters
with guidewire exchange, Cuffed venous access catheters have become
commanplace for hemodialysis access. The major comptications of these
catheters are eatheter thrombosis, catheter Rbrin Sheathing and infection.
When catheter associated bacteremia oocurs treatment with antimicrohial
therapy alone has been unsuccessful in providing acceptable cure rates,
Failed antimicrobial therapy exposes the patient 10 the risks of prolonged
hactcremis, whilke the alicrnative, catheter replacement at a new site ean
lead 1o central venous sienosis and compromise future long-term upper
extremily access. Catheter guidewire exchange when the tunnel tract is
clinicaity not infected theoretically allows the preservation of future access
sites and yiclds a higher treatment suceess rate whilp avaiding temporary
non-cuffed wecess placement. We report a series of 23 cases of hemadi-
alysis patieats with tunneled cuffed catheters and bacteremia reluted 1o
the catheter who were trcated with the exchange of & new catheter over g
guidewire combined with three wecks of systemic antibiotics. Patients
eligible for the study required no evidence of tunnel tract infection and
defervescence within 48 hours of untimicrobial therapy. Technique faiture
was defined as repeat infection from any organism within 90 days of
catheter exchange. Four patients {18%:) redeveloped bacicremia within 90
days of the exchange. The hacieremias developed at 4, 19, 63 and a1 74
duys days alter the exchange. Guidewirc cxchange in combination with
intravenous antibiolics in cases of catheter related bacteremia has an
scceptable rute of iteatment success and is a viable treatment option in &
carcfully sclected patient population,

Cuffed tartneled venous access cathelers are commonly used for
lemporary and permanent access for hemodialysis paticnts [1-4),
Thesc catheters serve an essential role providing hemodialysis
access to patients awailing the mawration or placement of
permanent anteriavenous (AV) access and providing permanent
access in paticnts in whom afl other access options have been
exhausied. The predominant complications with the use of these
tunncicd catheters gre catheter thrombosis, catheter fibrin sheath-
ing and infection [1-6],

Catheter dysfunclion caused by thrombaosis has been shown to
respond to a series of therapeutic techniques |5, 7}, and in our
experience thrombotic cpisodes, although frequent, are treatable.
Catheler mediated bacteremia and catheter tunnel infection,
however, are currently the primary reasons for cathcter access

Key words: hemodialysis, bacteremia. catheters-indwelling, infection in
access siee, thrumbosis, defervescence, antibiotics.
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failure [5, 6). In a study from our inslitution, the mean catheter
life in catheters intended for permanent use was 12.7 months with
almost afl catheters lost duc o infection [5],

[n a prospective study by Marr and colleagues at Duke Univer-
sity, we demonsirated an infection rate of 3.9 infeclions per 1000
cathoter days of vse [6). which was consistent with the cuffed
hemodialysis catheter infection rates at ather centers [8), Com-
plication from these infections ranged from minimal sysiemic
signs lo endocarditis. septic arthritis, and cpidurat abscess, In the
study by Marr and cofleagues using (he same patient base as the
current study, there were no differences in systemic complications
herween those patients in whom catheter salvage was attempted
and i those it whom it was not }6]. However, Kovalik and
colleagues noted an increased frequency of epidural abscesses and
bacterial endocarditis when thesc catheters were used chronically
when compared (o AV access {9]. Thus, infectious complications
have emerged as the dominant problem with long-term chronic
cuffed catheter use.

CufTed catheter related bacteremiz has been treated by at-
templed salvage with intravenous antibiotics or removal of the
catheter. As reported by Marr gt al, the successiul rate of salvage
with antimicrobial therapy alone was only 32% {6). The alternate
clinical approach to attempted catheter salvage has heen catheter
removal, with use of temporary access for a period of time
followed by catheter replacement at a new site, With repeated
new sites of access there is an increased risk for the development
of central venous stenosis compromising the longevity of upper
extremity AV access,

Scveral studies have shown that in the intensive care unit {ICU)
seiting, guidewire exchange of non-cuffed catheters may be
successfully performed without any increased risk of infection
compared ta placement of a now catheler at a new site [12-17),
This approach, however, has no1 been universally recommended
[15]).

Carlisle et al reported o series of paticnts with hemodialysis
catheler related sepsis who underwent catheter exchange aver a
guidewire who had treatmem failures only in the presences of
purulcnce at the exit sile [16]. Shaffer reported a serics of thirteen
patients with cuffed tunncled catheter related sepsis who were
treated with antimicrobial therapy and guidcwire exchange
[17]. We report here a cohort of patients with systemic
infections associated with cuffed tunneled catheters who were
trented with guidewire exchange in addition to intravenous
antibiotic therapy.

1792
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Table L. Catheter infection oulcomes

Tabe 2. Causes of bacteremia

Catheter bacteremia cpisodes 40 1005
Immediate catheter removal 17/40 42%
Catheter exchanges 23730 58%
Exchange technigue success 19723 3%
{infection free > 90 days)
Exchange technique failure 4123 17%
[recurrent infection (any organism)
< 90 dayr)
METHODS

Patients scen at Duke University Medical Center {DUMC) with
clinically suspected catheter related sepsis were evaluated for
potentiul guidewire exchange. These patients were seen over the
period of July 1, 1996 though September 30, 1997, Requirement
for cunsideration for guidwire exchange were: (1) end-stage renal
discase (ESRD), (2) bacleremia without an identiliable source
except the catheter, (3} defervescence with intravenous antibiotics
within forty-eight hours, and (4) no sign of catheter tunnel tract
infection. Patients with purulence at the exit site were incligible
for guidewire exchange. Patients who underwent guidewire ex-
thange were continued on antibiotic therapy for threc to four
weeks at the discretion of the clinician,

Patients who presented with fever and lenkocytosis without an
identifiablc infection source except the catheter underwent blood
cultures and received an initial empiric antibiotic therapy of
vancomycin and gentamicin. Patiems with positive cullures were
then entered mto the stedy. After culture resuits. antibiotic
therapy was based on susceptibilitics. A treatment failure was
considercd any bacteremia within 90 days after cxchange.

Patients who met cligibility criteria were taken 1o the interven-
tional radiology suitc for the catheter exchange. The catheters
used in this study were of a single type {Perm Cath™; Quinton
Instrument Co.. Seattle, WA, USA). The catheter and skin site
were prepped with @ betadyne scrub (X3) and the betadyne was
atlowed to dry and draped in sterile fashion. Fentanyl and Versed
were administered intravenously for conscious sedation; 10 cc was
aspirated from cach catheter port and discarded. Each port was
flushed with 10 cc of heparinized saline (1,500 Units of heparin in
500 cc normal saline). Using fluoroscopic guidance, a stiff shaft
hydrophilic guidewire (Glidewire 55, Medi-tech; Roston Scientific
Corporation, Watertown, MA, USA) 0.035 inches in diameiter,
150 em in length, was passed throngh each of the two catherer
lumens to the level of the right atrium. The Dacran cuff was
bluntly dissecied from the subcutancous tissee via the wanet.
Cathelers werc placed in such a manner that the cuff could be
reached with {orceps inseried via the tunnel. The catheler was
exchanged for a new catheter over the guidewires inlo the seme
tunnel. The guidewires were removed and 5 cc were aspirated
from each lumen. Five thousand units of heparin were injected
inta each lumen and caps placed on the ports; 2-0 silk was used 1o
anchor the catheter to the skin for 10 days.

RESULTS

During the study 40 catheter-related infection cpisodes (fever,
chills, leukocytosis without an identifiable infection source except
the catheter) were evaluated for possible guidewire exchange,
Paticats not entered into the study had their catheter removed

Crganism Number of cuses

Stapfivlococeus aureus 8
Enterococcus sp.
Stapiplococcus Coag neg
Diptheroids sp.

Servatia marcescans
Escherichia coli
Hemophilus Parainfluenza
Streprococcus viridans
Auanthomonas Matiophilia
Polymicrobial

* 2 cuhures, catherer tip only

bt

e e o - R

had a possible infected catheter tunnct tract. or tailed to become
afebrile within 48 hours of initiation of antibiotic therapy (Table
.

There were 23 catheter exchanges in 21 patients. The patient
population included 10 men and 11 women with n mean age of 59
years. Seventeen of the catheters were right internal Jjogular
insertion and 6 were left internal jugular. Catheters had been in
place for a range of one month 10 1.6 years. Organisms isolated
from blood cultures were staphylococcus aureus (8 cases), entero-
coccus sp. (3 cases), staphylococcus Coapiilase negative (3 cases),
and onc case each of diptheroids, serratia marcescans, SIreplococcus
viridans, E. coli, and hemophilus parainfluenzae, respectively, One
patient bad a polymicrobial infection with four organisms. Two
patients had pesitive catheter tip cultures but negative blood
cultures (both staphylococcus Coagulase negative). Onc patient
who was initially culture negative later redeveloped fever and
grew Xanthomonas maltophia, which resulted in catheter removal
and treatment failure (Table 2),

There were four treatment failures, defined as bacteremia from
any organism within % days of catheter exchange. ‘I'hese Iailures
occurred at 4, 19, 63, and 78 days post-catheler exchange. The
treatment failure at four days was associated with recurrent fever
and sfaphylococcus aureus bacteremia. The technique failure at 19
days was with ranthomonas maltophilia in a patient who was
initially blood culture negative. The treatment failure at 63 days
oceurred in a patient who initially grew enrerococeus but devel-
oped staphylococeus aureus bacteremia at 63 days. The treatment
failurc a1 78 days was a recurrence of Coaguluse negoiive staphy-
Incorcus.

in addition, the paticnt with a polymicrobial infection with £,
coli. streptococcus viridans, staphylococeus coagulase negative, and
enferococcs sp. bacteremia, developed staphylococeus Coagulase
negative bacteremia and L4-LS discitis 144 days after the catherer
exchange. [t is our belief 1hat this infection represents new and not
recurrent infection, as this patient had developed sacral decubiti
prior to the event. There were no discernable correlations be-
tween arganism and ireatment failure.

DISCUSSION

i i f cufl ve ialysi
catheters is a reasonable approach to catheter refated bacteremia

withi urs afier the

administration of intravenous antibiotics in the absence of exit site

either because they were judged clinically unstable (hypotension),  infection [9]. Data reported by Marr ct al from our institution in
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the study that preceded our study documenicd a very low {32%)
rate af successful catheter salvage with intravenous antibiotics
alone [6]. Although paticnt sclection is different in these studies,
(no exclusion of tunnel tract infections in the study by Marr et al),
the results of our stody and the study by Shaffer support the
finding that in the correct clinical setting guidewire exchange can
he done safely,

Due 10 the high incidence of bacteremia asyociated with culfed
venous decess catheters, it is unreasonable to expect that there will
be no repeat infections at follow-up. The infection rate 90 days
after exchange in this series is comparable to the rate in de novo
catheler use. Only four of the 23 cases (17%) had a repeat
infection 9 days post-exchange. The series of patients reported
by Shalfer had 3 of 13 cases with repeat bacteremia ranging from
2.5 months 1o 13 months, with two of three recurrences being with
the originally cultured organism. In our study only one of the four
bacteremias was with the original cultured organism, whilc onc
originat culture failed to grow an organism. 1t is possible that our
treatment failures may represent either a new infection or an
infection introduced at the time of catheter exchange rather than
failure 1o eradicate the originat infection. Regardless of the cause,
all represent 3 catheter exchange technique failure and are
reported in this manner. This study is also in agreement with the
observations of Beathard (personal communication} that in the
correct setling that catheters can be successfully salvaged by the
usc of guidewire exchange.

In conclusion, preservation of access sites is in the best long-
term interest ot the dialysis patienl. When used in the proper
clinical situation, guidewire catheter exchange can be performed
with a low likelihood of treatment failure. Successful guidewire
exchange can preserve sites of access while allowing the patient to
avoid emporary non-cuffed hemodialysis access placement. We
believe when the conditions of clinical improvement after 48
hours of intravenous aptibiotics and absence of lunpel tract

.infection are met, then guidewire cxchange is a viable treatment
option.

Reprint requests 10 Steve J. Schwab, M.D. Bor 3014, Duke University
Medical Center, Durham, North Caroling 277H), USA.
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Bacteremia associated with tonneled dialysis catheters: Com-
parison of two treahend strategies.

Buckyround. Tunncled dialvsis catheters are often used for
lemporary vasculay aceess in hemodialysis paticnts. but are
vomplicated by frequent systemic infections. The reatment of
hacteremia associated with infected tunneled citheters re-
yaires both antibiotic therapy amd catheter replacement. We
compated the outcomes of two treatment strategics for cathe-
ter-associated bacteremia: exchange of the existing catheler
with a new one vver a guidewire versus catheter removal with
delayed replacement.

Meihods. We retrospectively analyzed Lthe outcomes of all
cases of lunneled dialysis catheler-associated bacteremia dur-
ing a two-year period. The infection-lree survival time of the
subsequent catheter was evaluated in (wo groups of patients:
group A (31 catheters). exchange of the existing infected cathe-
ter with a new catheler over a guidewire, amd proup B (38
catheters). removal of the infecled catheter followed by de-
laved catheter veplacement 3 1o 1 days later, Patients in both
groups received three weeks of systemic antibiotic therapy.
Cox proportional hazard models were used te evaluate the
lactars predictive of infection-free survival time of the replace-
ment catheter.

Results. Onunivariate propottional hazard regression analy-
sis, the infection-free survival time of the replacement catheter
was similar for groups A and B (/" = 0.72). whereas the hazard
of infection wax significantly preater for patients with hypoal-
buminemia (serum albumin < 3.5 ¢/dL). as compared with
patients with & normal serum albumin (hazard ratio 2.81.95%,
CL 121653, P =0016). The infection-Tree survival time was
nul aifected by palicnl age. sex. diabetic status, or type of
Organism {gram-posidive coccus vs. gram-negative rodj.

Conclisions. The infection-lrce survival time associaled
with the subsequent catheter is similar for the two treatment
strategics. However. exchanging the catheter for a new one
over @ guidewire minimizes the number of separate procedures
required by the patient. Hypoalbuminemia is the major risk
lactor for recumrent bacteremia in the replacement catheter.

Key words: hemodialysis, dialysis catheter. infection. hypoalbumi-
nemia, vascular access.
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Tunneled dialvsis catheters placed in a central vein are
used frequently in hemodialysis patients as a temporary
vascular access until an arteriovenous {AV) fistula or a
polyfluoroethylene {PTFE) graft is ready to use [I]. In
addition, dialysis catheters are used as a permanent vas-
cular access in some patients who have exhausted all
options for placement of a fistula or grafi. A large pro-
portion of hemodialysis patients in the United States
dialyze through o catheter at any time. In a recent survey,
nearly 20% of the prevalent paticats vequired a dialysis
catheter for vascular access (2], Ascompared with fistulas
and gralts, tunneled dialysis catheters ofler the advan-
tage of casc of placcment and the ability 1o be used
immedialely (or dialysis. However. they suffer from sev-
eral disadvantages. including poor blood flow [3]. fre-
quent thrombosis and infection [3-3]. risk of central vein
stenosis [6-8], and limited longevity [3. 9}.

Infections are the most serious complication of tun-
ncled dialysis catheters. The frequency of catheter-asso-
ciated bacteremia has been about two to four per 110
patient-days in a number of studies. equivalent 1o 0.7 (o
L5 percatheler year | 5. 10-12]. Incontrast, the (requency
of infections is approximately 0.2 per patient-year for
AV grafts and (.05 pev patient-year for AV fistulas [13].
Moreover, catheter-associated bacteremia often resulis
in serious systemic infections, including endocarditis, vs-
teomyelitis. epidural abscess. septic arthritis. and even
death [11]. Treatment of catheter-associated bacteremia
with systemic antibiotics without catheter removal is not
usually effective, Only 22 (0 32% of tunneled catheters
can be salvaged without catheter removal [5. 10. L1. 14].
Morcover, attempting to salvage the infected catheter
with antibiotics alone incurs the risk of serious systemic
complications. including endocarditis and epidural ab-
scess [15]. On the other hand. the removal of the dialysis
catheter creates a short-term vascular access hardship
until a new catheter can be placed. frequently necessitat-
ing the insertion of one or more femoral dialysis cathe-
ters and requiring utilization of an inpaticnt dialysis unit.
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Several recent observational studics have reported that
exchanging infected dialysis catheters over a guidewire,
in combination with systemic antibiotics, results in suc-
cessful resolution of the infection |12, 16. 17}. Unforiu-
nately. none of these studies reported a concurrent con-
trol group for comparison of the outcomes.

The present study retrospectively analvzed the out-
comes of the replacement catheters following all epi-

Tanriover et al: Dialysis catheter infections

tamicin) was initiated immediately after obtaining blood
cultures from a peripheral vein. Patients with clinical
sepsis (some combination of high fever, persistent shak-
ing chills. or hypotension) were hospitatized for further
management. whereas those with milder symptoms {low
grade fever and stable blood pressure) were managed as
outpatients. The dialvsis cathetel was removed prompily

{within 24 to 48 h) if there was an exit site infection,

sodes of dialysis catheter-associated bacteremia during

severe sepsis (persistent shaking chills or hypotension)

a two-year period. We compared two treatment strate-

in spile of antibiolics, or persistent fever 48 hours afier

gies at our institution: exchange of the infected catheter

the initiation of anlibiotic therapy. In the remaining cases

with o new one over a suidewire versus removal of the

infected catheter followed by delayed placement of a
new catheter 3 to 10 davs later. Both patient groups

received systemic antibiotics for three weeks, We used
prospective, computerized records [18] to track the cath-
eter evenls.

METHODS
Patient population

The University of Alabama at Birmingham (UAB)
provides chronic dialysis to approximately 330 in-center
hemodialysis patients. About 15% of the prevalent pa-
tients dialyze with tunneled dialysis catheters. The demo-
graphics of the paticnts dialyzing with catheters are as
follows: 26% of the patients are age 65 or older; 51%
of the patients are female: 84% of the patients are black.
and 16% are white: 41 % of the patients have diabetes.
All patient hospitalizations, surgical procedures. and ra-
diologic pracedures are done at UAB Hospital. The vast
majority of dialysis catheter procedwres are performed
by interventional radiology.

Dialysis catheter placement and management

Double-lumen cuffed dialysis catheters were placed
by one of four experienced interventional radiologists.
All catheters were placed through the internal jugular
vein using ulirasound guidance. The tip of the catheter
was positioned in the right atrium using fluoroscopy,
with the distal end tunneled through the subcutaneous
tissue in the anterior chest wall and the Dacron cuff
positioned within the tunnel. Aseptic techniques were
used by the dialysis nurses to access the cathelers for
hemodialysis. Catheter thrombaosis was treated by instill-
ing 3000 units of urokinase into each lumen [4]. When
this mancuver failed to re-establish patency. the catheter
was replaced over a guidewire with a new dialysis cathe-
ter, utilizing the same subculaneous tunnel.

Management of dialvsis catheter-assodated bacteremia

Infection was suspectied whenever patients with a dial-
vsis catheter developed fevers or chills, in the absence
of an alternative source of infection. Treatment with
empiric broad spectrunt antibiotics (vancemycin and gen-

of catheter-associated bacteremia. one of two treatment
strategies was followed, at the discretion of the nephrolo-
gist. The first strategy (group A) consisted of replacing
the infected dialysis catheter with a new one over a guide-
wire within a few days once the bacteremia was clinically
resolved (absence of fever or chills). Documentation of
negalive blood cultures following antibiotic administra-
tiok was not required prior to catheter replacement. The
second strategy (group B) consisted of removal of the
dialysis catheter within | to 2 days of the onset of clinical
symptoms and placement of a new tunneled dialysis cath-
eter 3 to 10 days later. In the interim, these patients were
dialyzed with a femoral dialysis catheter. Patients in both
groups A and B received three weeks of systemic antibi-
otic therapy. which was tailored to the culture and sensi-
livities reported. The differences in the strategies se-
lected by the individual nephrologists were largely due
10 their subjective impressions vegarding the severity of
clinical sepsis.

Data collection

A full-time dialysis access coordinator scheduled all of
the dialvsis access procedures and maintained a computer-
ized record of all procedures performed [18]. Consent
for review of the patients” medical records for research
purposes was obtained from the UAB Institutional Re-
view Board. Removal of infected dialysis catheters was
performed by cither interventional radiology or access
surgery. whereas exchange of intected catheters or place-
ment of new cathelers was performed by one of four
experienced interventional radiologists. We identitied all
cases of dialysis catheter-associated bacteremia oecurring
during the two-vear period between January 1. 1997,
and December 31, 1998, If a patient had more than one
episode of catheter-associated hacteremia during the
study period, only the first infection was included in
the analysis. We excluded cases in which a replacement
catheter was not inserted within 10 days of removal of
the infected catheter. (In most instances, this was due
to having a permanent access ready to use. persistent
fever after catheter removal. or patient death.) The fol-
lowing demographic and clinica! information was col-
lected for each patient: age. sex. race. diabetic status.
serum albumin. and the organism grown from the blood
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Tuble 1. Bascline clinical features of patients with catheter-assoctated bacteremia

Group A Group B P value All catheters

Number of catheters 31 38 69
Age (meap = SD) 52> 16 52x16 52x16

Age 65 years B {26%) 10 (26%) 196 18 {26%)

Age <63 years 23 (T4%) 28 (M%) 31 (74%)
Sex

Male 13 (42%) 21 (55%) 027 34 (49%)

Female 18 (58%) 17 (453%) 35 (51%)
Race

Black 26 (84%) 32 (#49%) 097 58 {84%)

White 5(16%) 6 {16%) 11 {16%)
Diabetes

Yes 1 (35%) 17 {45%) 0.4 28 (41%)

No 20 (65%) 21 {(55%) 41 (59%)
Type of organism

Gram-pusilive coccus 2(N%) 22 (58%:) 0.26 44 (64%)

Ciram-negative rod 9 (29%) 16 (42%) 25 (36%)
Serum albumin®

<30 midL, 1t (38%) O (25%) 048 20 (31%)

30-3.9 m/idL 15 {52%) 21 (38%) 36 (353%)

>4.0 mvdL 3 {10%) 6 (17%) 9 (t4%)
Serious complications

Yes 7 (23%) 6 (16%) 047 13 {19%)

No 24 (717%) 32 {84%) 56 (81%)
Outcome of the replacement catheter

Infection 16 {52%) 16 {(42%) 086 32 (46%)

Elzctive removal 5(18%) 7 (18%} 12 (17%)

Malfunction 8 (26%) 1 (29%) 19 (28%)

Death 2 (6%) 4 (10%) 6 (9%)

Groups are defined as: Group A. exchange of catheter over guidewire: Group B, removat of catheter with delaved placementt of new catheter.

“Values missing in four cases

cultures. Finally. each patient’s medical records was re-
viewed (o cvaluate for serious complications associated
with catheter-associated bacteremia.

We then evaluated the infection-free survival time of
the replacement catheter. The longevily of exch replace-
ment catheter (groups A and B} was calculated as the
number of days from catheter placement (or exchange)
and catheter removal. The indication for catheter re-
moval was categorized as intection, malfunction (throm-
bosis or poor flow), or elective (permanent vascular ac-
cess ready to use). When urokinase was unsuccessful in
restoring blood flow, the patient was referred to interven-
tional radiology for an elective exchange. We also deter-
mined the organism responsible for the infections in the
replacement catheters.

Statistical analysis

Descriptive statistics were used to sunimnarize the sam-
ple data. The time from catheter replacement (exchange
or delayed replacement) until recurrent infection was
caiculated. Survival analysis techniques were used to
maodel infeetion-free survivat time. Patients whase cathe-
ter malfunctioned was electively removed (permanent
vascular access ready o use} or who died with a function-
ing catheter were considered censored. Univariate Cox
proportional hazard'models were fit. Multivariable Cox
proportional hazard maodels allowed for the evaluation

of the signiticance of several independent variablesin the
presence of cach other. Hazard vatios and the associated
95% confidence intervals were compuled. Survival distri-
butions were plotted using the Kaplun-Meier method.

RESULTS

We analyzed the outcomes of all cases of dialysis cath-
cier-associated bacteremia during the two-vear period
Irom January 1. 1997 10 December 31, 1998, Alter ex-
cluding patients who did not receive a replacement cathe-
ter within 10 days of catheter removal, we were left with
69 cases of documented catheter-associated bacteremia.
The age. sex, racial distribution, and frequency of diabe-
1cs among this group of patients (Table 1) were similar
1o that in the prevalent dialysis population at UAB.
Approximately two thirds of the patients were infected
with a gram-positive organism (mostly Staph aurcus or
Staph epi). and the remainder had gram-negative infec-
tions. Serious complications vecurred in 19% of all epi-
sodes of catheter-associaled bacteremia. These included
endocarditis (2 patients), septic arthritis (3). septic em-
boli to the brain (1), and severe sepsis requiring hospital-
ization in the intensive care unit (7).

The patients were classified retrospectively into two
groups according to the clinical management of the cath-
eter. Group A patients had the infected catheler replaced
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Tuble 2. Univariate proportional hazard regression analysis of
clinical factors as predictors of infection-free catheter survival

Hazard
Variable ratio 9% ClL. I* value
Treatment group .88 {043, 1.7¢) 0.72
Serum albumin
{<3S5vs. =35 g/dl) 281 (1.21. 6.33) 0.016
Age 1.00 (098, 1.02) 0.74
Sex 1.49 (0.73. 3.05) (.27
Race 0.64 (0.22, 1.84) 0.41
Diabetic status 1.72 (0.53. 3.38) Q.15
Type of organism 1.60 {0.69. 3.73) 028
1.0
o 99
£ o8
5 o7
E 06
£ 05
§ 04 B
‘g 0.3
S 02 A
0. 0.1 —
0.0

LARAL MASE RANS Attt Al Mt M M Al e Mokt Ml S el St el ach |

0 10 20 30 40 50 60 70 80 60100110120 130140150160170180

Time, days with replacement catheter

Fig. L Life-tuble vnalysis {Kuplin-Meicr suevival curves) for infection-
free survival of the replacement cutheter in puticats whoese diulysis
catheter was replaced with one of twa strafegies {grosp A. replweement
over a guidewire: groop B, removal of the cailieter with delaved replace.
ment 3 to 10 duys lnter, 2 = 0.72),

with 2 new one over a gaidewire, Group B patients had
their infected dialysis catheter removed. with delayed
placement of a new catheter 3 10 10 davs later. Patients
in both treatment groups were treated with three weeks
of systemic antibiotics. The patients in both groups were
similar 1o each other in terms of age, sex and race distri-
bution. frequency of diabetes, type of infeclive organism,
and severity of infection. as inferred from the frequency
of serious complications (Table 1).

Of the 69 replacement dialysis catheters, 32 had 1o be
removed because of a second infection (Table 1). In
addition. 19 catheters were replaced because of malfunc-
tion (thrombosis or poor ftow). Twelve were removed
electively because the patient had a fistula or graft that
was ready to use, and six were patent and uninfected a1
the time of patient death or date of study analysis. On
univariate proportional hazard regression analysis of in-
fection-free catheter survival time. there was no signili-
cant ditference between patients in groups A and B (Ta-
ble 2 and Fig. 1). Patients with hypoalbuminemia (serum
albumin < 3.5 g/idL) had a higher hazard of a second
cpisede of catheter-associated bacteremia than patients

.0
o 09
£ os
g or
g 085 23.5 g/dL
£ 05
& 04 <3.5 g/dL
5 o0a
& 02
& 01
0.0
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Time, days with replacement catheter

Fig. 2. Life-tuble analysis (Kaphin—Meler sorvival corves) for infection-
free survival of the veplacement catheter in patients with hypoalbumi-
nemia (serem albuniin < 3.5 g/dL) versus puticnts with 2 normal serum
albumin, I* = 0L.416).

with a normal serum albumin (Table 2 and Fig. 2). The
infection-free survival time was not significantly affected
by patient age. sex, race, diabetic stalus, or tyvpe of infec-
tive organism (Table 2). Finallv. using multivariable step-
wise proportional hazard regression analysis. only low
serum albumin and male sex had increased hazard of
catheter infection (this was true whether serum albumin
was treated as a categorical or continuous variable).

Among patients whose initial infection was with a
gram-positive organism. the second infection was with
another gram-positive organism in 88% of the cases. In
conirast. following a gram-negative. catheter-associated
bacteremia. the next infection was equally likely to be
with a gram-positive or gram-negalive organism.

DISCUSSION

We observed a high frequency of infections of the
replacement dialysis catheter following an initial episode
of catheter-associated bacteremia. Although this was not
a randomized study. the patients in groups A and B were
closely matched in terms of their clinical characteristics
{Table 1). The infection-free survival time was similar
whether the initial dialysis catheter was exchanged with
a new one over a guidewire {group A) or whether it was
removed with delayed placement of a new catheter 3 1o
10 days later (group B). The former strategy requites a
single. relatively brief procedure by interventional radi-
ology, without an interruption of the outpatient hemodi-
alysis schedule. In contrast. the second strategy involves
iwo separate radiclogic procedures, at least one femoral
dialyvsis catheter placement. and at leasl one dialysis ses-
sion in the inpatient dialysis unit. Moveaver, the removal
of an infected catheter carries the risk of losing a poten-
tial vascular access site as a result of occluston of a central
vein. Thus, from the peispective of cost-benefit analysis.
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as well as patient convenience, the strategy of catheter
exchange is clearly preferable in those patients who
qualify.

The inverse relationship between the risk of recurienl
infection in the replacement catheter and serum albumin
was striking. Previous studies have found an association
of hypoalbuminemia with systemic infection in hemodi-
alysis paticnts [13]. The nrechanism by which hypoal-
buminemia predisposes to recurrent infection remains
to be elucidated.

The frequency of serious complications following cath-
eler-associated bacteremia was remarkabiy high. but
consistent with a previous report [11]. At our inslitution,
14% of the prevalent hemodialysis population were us-
ing a (unneled dialysis catheter for vascular access. A
recent survey by the Cenlers for Disease Conirol re-
ported that 17.5% of patiems in the United States were
dialvzing with a dialysis catheter [2]. The ongoing Dial-
vsis Outcomes and Practice Patterns Study (DOPPS)
found that 62% ol new U.S, hemodjalysis patients and
31% of prevalent patients were using a dialysis catheter,
rates that are substantially higher than those observed
in European hemodialysis patients (personal communi-
cation from David Goodkin. M.D., Amgen Corporation,
Thousand Qaks. CA. USA). Extrapolating our experi-
ence to the U S. dialysis population suggests the occur-
rence of a very large number of cutheter-associated infec-
tions in the United States, resulting in serious morbidity
in many of these paticnts. The current study suggests
that a strategy of elective catheter exchange in patients
with catheter-associated bacteremia is an acceptable al-
lernative to catheter removal with delaved placement of
anew catheter. Moreover, the catheter exchange strategy
should reduce the number of procedures, decrease the
cost, and minimize the distuption of the outpaticnt he-
modialysis schedule,

Reprint requests to Michael Alton, M.D.. Division of Nephrology,
1900 University Boulevard. South, THT 647, Birmingham. Alabamar
35294, 154,
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Catheter-Related Sepsis Complicating Long-Term,
Timnelled Central Venous Dialysis Catheters: Management by
Guidewire Exchange

David Shaffer, MD

® Standard therapy of catheterrolsted copsis of fong-term, tunnefled, sllicons dialysis catheters is catheter
romaval, paremeral antibiotics, end catheter replacement In 2 new venous site after documented cloaring of
sacterermia. This isads to loss of hiture venous access sites. Thirteen conseculive casds of dinlysis cathetar-
relsted sepsin In 10 patients successiully managed by guidawire exchongs with preservation of the same contral
venous SCeass Site are reparted. Although the most commean cause of catheter sepsis in this ssries wag coogulase-
negative staphylotoccus, guidewire exchange also was successful In c2ses due to gram-nagative 10ds and yeast.
To preserve fUture venous accose shes tn {he chronic hemodialysis population, long-term, tunnollad dialysis
cathelor-related sopsis showdd be managed by n short course of parentaral antibioticy and by changing the

catheter over o guidewire using the same venous Insertion site,

& 1995 by tho Natlonal Kidnoy Foundation, inc.

INDEX WORDS: Vascular access cathoter; hamodialysis: imfaction.

ROVIDING long-termn vascular access for
chronic hemodialysis remaips an ongoing
challenge for sargeons and oephrologists. In an
increasing number of padents, an autogenous
vein or synthedic graft arteriovenous fiswla can-
pot be created or maintained due to age, cardiac
or peripheral vascular disease, or multiple pravi-
ous failed accesses. In these patients, tonnelled,
dual-lumen, silicone central venous dialysis cath-
eters have provided an aiternative method of
long-term bemodialysis aceess.'™
While providing satisfactory vascular access
in these high-risk patients, infection and throm-
bosis remain the major factors limiting their
long-term use. In a previous study, we reported
a 6-month acruarial catheter patency rate of 53%,
with sepsis accounting for almost half the cases
of catheter failure.! Standard therepy of catheter-
related sepsis involving tunneiled, loog-term sili-
cone catheters is catbeter removal and systenic
antibiotics followed by a new catheter at a new
venous site after eradication of the bacteremia.’
In the chronic dialysis population, this bas the
disadvantage of loss of a venons access site in a
group with limited vascular access and in whom
maintenance of indefinite vascular access is criti-
cal. It also leads to prolonged hospitalizadon,
multiple procedures, and increased costs. In an
effort to preserve centyal venous access sites and
limit hospitalization, the author began to manage
catheter-related sepsis in [ong-term, wmnnelled
central venous dislysis catheters by changing the
carheter over a guidewire under antibiotic cover-
age using the same venous site, similar to the
management of suspected catheter sepsis from

used for byperalimeptation, chemotherapy, or he-
modynamic monitoring. >’ The followmg is are-
port of the avthor's initjal expecence with 13
consecutive episodes of runmelled, hemodialysis
catheter-related sepsis in {0 patients managed by

guidewire exchange.

MATERIALS AND METHQODS

Berween Ogtober 1992 and Apnil 1994, 98 oomelled, dual-
lamen, silicone central venous dialysis catheters’(Cuaiaton
PermCath; Quinston, Seattle, WA) were inscrted. The majority
were inseried for prolonged temporary vascular access uat)
an autogenous vein or synthctic grft artenovensus fisculs
was available, Duie 10 the tisk of subclovian vein stenosis or
thrombosis. the preterred inserion site wia the internal juge-
Lar vein. Seventy-seven catheters were inserred igio the right
intemnal jugular vein, 15 into the leR intersal jugular vein,
two ino the right extemal jugular vein, and four into the
fermora) vein. Sixty-eight cathcters were inserted percutane-
cusly using 2 Seldinger tectmique and prll apan imroducer
(Quinton), and the Tmsinder (prodominandy befi-sided) were
inserted by surgics) cutdown a5 previovsly described.! Al
catheters were inserted in the operating room uader Jocal
aresthesia with infravenous sedstion. Fluoroscopy was not
used, but cormect catheter G placemers was confinmed by
chest x-ray Al in al) cases prior 1o leaving the operating
room.

One gram of cefazolin intravenously was given precperas
dvely at the time of initial catheter insertion as antimicrobial
prophylaxis. One gram of vancomycin was given in patienty
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Table 1. Managemerd of Cathster-Retated Sepsis by Guldawira Exchange
Dnget of
Cathete
Pationt Sepss (Months Blacd Crthetsr
No, Postinsertion) Blood Catheter {Verdpuncture) Tp Folow-Up
1 3 SCN SCN Negative  SCN Xarthomonas mattophilis infection
at 2.5 mo; guidewira axchange
2 25 SCN, X Negative Negative  Clofted 8t 1 mo, cisture-fiagative;
maflopiilia guidowire exchange; functiontng at 4
ma; kigney transplant
3 2.5 ND Staphylococtus Negative  Functioning at 4 mo
awBus
4 40 Serrata S marcoscens  Negatve  SCN infection at 3 mo; guldewlre
marcescens exchange
5 3 SN SCN Negative  Ciotted at 4 mo, cufture-negative; ra-
sited
8 75 Entarococcus  Enterococcus Positive Funclioning al 1 wk; died of
myocardiat infarction
7 14 Bacilus ep Negative Negatva  Functicning at 6 mo
8 3 SCN Negative Prsitive Functioning at 1 mo; changed io
perilonaal dialysis
9 17 SCN SCN Negativa  SCN Inlection al 13 mo; guidewire
exchange
10 18 SCN, ND Positive, Functioning at 3 mo; died of
‘ Cendila sp Candida  myocardial infarction
1} 4.5 SCN SCN Negatve  Functioning a1 § mo
12 0.5 SCN ND Negative  Functioning at 5 mo
13 13 8CN SCN ND Functioning at 6 mo

Abbreviations: ND, not done; SCN, coagulase-negative staphyltcoccus.

aflergic to penicillin. A weal of 5.000 U of heparin way in-
stilled in exch catbeter pont irumediately after intertion and
after each subsequent hemodislyns treaament. Catheters were
bandled aseptically by (he djalysis musing staff; the exit site
wa$ swibbed with povidone-iodine solution and covered with
gauze and a chear plastc occlysive dressing (Tegaderm; 3M,
St Peul, MN) afler each tréatment. Patients were asked (o
kzep the exit site dry at al) times.

In cases of frank tomnel infecton, catheters were removed
and re-gited under systemic antibiotic coverage. In cases of
persiseent bectcremia despite Systemic andbiotics without
frank tunnel infection, catheters were changed over a guide-
wire via 8 1-cm cervical incision using the same central ve-
nous inscrtion sile but with creation of 3 new curmet and exit
siee. The catheter tip was sent for routine bactertologic cul-
tures and repeat blood cultures were obtained via the catheier
at the next hemodialysis treatment. Systemic antibiotics were
continucd I to 2 weeks following guidewire cxchange. Blood
cultires were repewied vis the cathetsr at least § week after
completion of the course of antibiotics.

AESULTS
Over the 18-month sudy period, 17 episodes

of catheter-related sepsis in 14 patients were doc-

ustented. Four patients had frank:tunnel infec-
tions with a tender, ervthematous subcutaneous

mnne} apd grossly purulent exit gite draingge,

In these cages the catheter was remuved under
systemic antibiotic coverage a temporary cathe-
or W aced i i w

ied cad . ' :
venous site several days later following cleaning
of the bacteremia.

Ten patients developed 13 episodes of cathe-
ter-related sepsis agsociattd with long-term tun-
nelled ccoural venous dialysis catheters; these
were treated by guidewire exchange (Table 1).
All patients were symptomatic at the Hme blood
cultures were obtained; surveillance cultures
were not routinely obtained. Catheters hed bezn
in place a mean of 10:3 months (range, 2 weeks
to 40 moanths) prior to the onset of sepsis. Patients
received a vanable course of preoperative antibi-
otic therapy (range, | day 1o & weeks) depending
on symptoms and culture results in an atempt (0
eradicate the infection with the catheter in place
prior to surgical referral and guidewire exchange.
All padents, bowever, continued to have positive
blood cultures (either via the catherter, venipunc-
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MANAGEMENT OF DIALYSIS CATHETER SEFSIS

ture, or both) on antbiotic therapy at the time of
guidewire exchange.

Three patients were treated a second time by
guidewire exchange for recurrent cathcter-related
sepsis 2.5, 3, and 13 months afer the mitial epi-
sode (Table 1; patients no. 1, 4, and 9). Each
appeared t0 be a de nove infection since each
patient had pegative interval blood cultures. Io
addidon, the bacteriology in two of the three re-
current infections was different than the initial
episode, making it lkely that there was a second
infscdon rather than failure to eradicate the inital
infecrion by guidewire exchange. [n the durd pa-
tient, althoupgh the isolated organism was coagu-
lase.negative staphylococcus (SCN) in both epi-
sodes, the two episodes occurred 13 months apart,
again suggesting a second, de novo infecton,

The bacteriology of catheter-related sepsis in
this series is also summarized in Table 1. Coagu-
lase-negative staphylococcus was the predomi-
pant organism (nine cases). In one patient the
catheter became secondarily infected with Ser.
ratia marcescens | week following removal of
an infected hip prosthesis; persistent bacteremia
despile parenteral antibiotics cleared following
gurdewire exchange. Two patients had a second
organism isolated in addition to SCN. In the first
patient, both blood drawn via the catheter and
the cetheter dp at the time of guidewire exchange
grew Candida albicans. This patient received a
10-day course of oral fluconazole following
guidewire exchange with clearing of both organ-
isms. It is noteworthy that this patient had re-
ceived § weeks of intravenous vancomycin in an
attempt to eradicate persistent SCN bacteremia
prior to surgical referral. In addition to SCN, 2
cultite of Xanthomonas malrophilia was grown
from the second patient, who received | week
of intravenous ceftazidime following guidewire
exchange; clearing of both organisms also o¢-
cwred in this patient.

Catheter 1ip cultures were positive in three pa-
tients at the ame of guidewire exchange and were
negative in the remaining cases. Clearing of cath-
eter-related sepsis was documented in two of the
three cases with positive catheter tip culaures,
with both catheters functioning without evidence
of infection at 1 and 3 months postoperatively.
In the third patient with 8 positive catherer tip,
blood cultures immediately following guidewire
exchange were negative, but the patient died of
an acute myocardial infarction 1 week later.

§9%

DISCUSSION

While the use of dual-lumen, tunnelled, sili-
cont central venous catheters has become coro-
monplace for prolonged temporary hernodialysis
access, catheter-related sepsis remains @ major
problem limiting their long-term or permanent
use.'"* This is due in part because conventionsl
therapy of tmnelled catheter-related sepais has
been catheter removal with parenteral antibiotics
and subsequent catheter reinsertion ip a new ve-
nous site after documnented clearing of the bacter-
emia. In the hemodialysis population, this leads
to loss of cnticsl ¢entral venous access sites.
Catheter exchange over a guidewire has been ad-
vocated by some>” but oot others® for sepsis
complicating short-term, noninnnelled central
venous catheters. Similarly, the management of
sepsis complicating long-term, nunnelled cathe-
ters remains conoversial, While some investiga-
tors recommend intravenous antibiotdes injually
for reatment oaly of SCN infactions compiicai-
ing long-term silicone catheters, with catheter re-
moval and replacement in a new site in all cases
of polymicrobial, gram-negative, or fungal infec-
tions and in those cases of SCN infections that
do not respond to a short course of parenteral
antibiotics,>'® other investigators have success-
fully managsd catheter-related sepsis with intra-
venous antibiotics and guidewire exchange
alone.! In addition, most previous ceports of the
use of intravenous antibiotics or guidewire ex-
change for the treatment of catheter-related sep-
sis have included only catherers used for hype:-
alimentation, chemotherapy, or hemodynamic
monitoring.*"® with less data on the management
of sepsis specifically complicating long-term he-
modislysis catheters.’

This repors of 13 consecutive infectiops in
onstrates that in the absence of a frank subcuiane-
ous mngej jnfection, catheter-relawd sepsis can
be successfully managed by guidewire exchange
under a shon cowrse of antibiotic coverage with

preservation of the same central vénoys igsertion

_site, Guidewire exchange appeared 10 be ade-
quate therapy for catheier-relared sepsis due to
SCN that failed to tespond 10 a prolonged course
of parenteral antibiotics alone, given m one case
for as \ong as 2 months. The absence of reinfec-
tion due 10 intraoparerive conlamination may be
due o the faci that although the same cenmal

G-9
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venous insertion site was used, a new subcutane-
ous tunnel was created in all cases. Although the
expetience was limited to five cases, guidewire
exchange also appeared 1o be adequate therapy
for catheter-related sepsis due 1o more virulent
organisms, such as gram-negative rods and yeast.
Fmally, guidewire exchange in the three cases
with a positive catheter tip culture also success-
fully cleared the catheter infection.

These data support those reported in an earljer
study by Carlisle et al in which 17 of 21 episodes
of catheter-related sepsis complicating runnelled,
silicone dialysts catheters were eradicated by
guidewire exchange and andbiotics. The four
cases requinng coroplete removal and re-siting
of the catheter all had frank exit site or tunnel
infection.

In conclusion, guidewire exchange with a
shon perioperative course of antibiotics is ade-
quate to treat most cases of catheter-related sep-
sis complicating long-tenn, runnelled hemodialy-
sis catheters. This allows preservation of central
venous access sites and makes doal-lumen, tun-
pelled catheters a viable long-term option for
chronic hemodialysis in patents with limited
vascular access.
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This guidance was written prior to the February 27, 1997 implementation of FDA’s
Good Guidance Practices, GGP's. It does not create or confer rights for or on any person
and does not operate to bind FDA or the public. An alternative approach may be used if

such approach satisfics the requirements of the applicable statute, regulations, or both.
This guidance will be updated i the next revision to include the standard clements of GGP’s.
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General Subnission Requirements

A person proposing to begin the introduction of a new implanted
drug infusion/bleood. sampling port into interstate commerce must
submit a premarket notification (510(k])) submission to FDA at
least 90 days prior to its introduction.

The general requirements for 510(k) subnmissions are provided

-under 21 CFR 807, Subpart E. The 510(k) submissions for

implanted ports are evaluated by the General Hospital and
Personal Use Devices Branch, Division of Gastroenterology/Urology
and General Use Devices.

Overview

A score of implanted ports have been found substantially
equivalent through the 510(k) process. The great majority of
these ports have been indicated for intravascular (intravenous
and intraarterial) use. These substantially equivalent
determinations have been based upon comparisons” of design
specifications with other marketed ports and analysis of
performance data derived from in vitro and in vivo testing.

Tens of thousands of ports are now implanted yearly. The design
features and clinical experience with ports have matured to a
point where FDA believes that the clinical performance of a new
intravascular port is predictable provided it has the same
intended use and technological characteristics as other marketed
ports, satisfactory in vitro testing, and adequate instructions
for use.

Thus, in general, in vivo (animal or clinical) data are
unnecessary to evaluate egquivalence in a 510(k) application of a
port for intravascular use that meets the above criteria,
owever, as detailed below, in certain instances FDA may recuest
in vivo data to establish equivalency.

Total adherence to the specifics of this guidance is not
mandatory. It does, however, present important elements to
address in a 510{(k) submission. Alternatives or modifications
to any portion of the guidance may be submitted but should be
justified.

Specific Data Requirements for Implanted Poxts for Intravascular
Use

1. Description of Device
a. Specifications of port and catheter (specifications
s must also include catheter physical tests, e.q.,
tensile, burst)

b, Engineering drawings (or equivalent)

G-10
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Exact identification of materials, not simply

c.
'stainlesas steel?
2. Labelling/Instructions for Use
a. Description and specifications of the port components
b. Indications/route of administration, e.g., IV, IA,
blood sampling, drug administration, bolus, continuous
administration, etc.
Note: If any specific drugs are indicated in the
labelling for infusion by the port, the drugs must be
approved for the indicated route of administration.
c. Contraindications for those with known or suspected
infections, allergies, intolerance to implants, etc.
d. Complications
e. Warnings and Precautions
f. Site selection
g. Implantatibn
Preparation of the patient
Preparation of the port
Implant procedure
Post-operative care
h. Use of the port for bolus infusion (and continuous, if
indicated), or blood sampling, noting needle type and
size used, use of heparin, and clearing blockages
3 Table of Comparisons -
a. Similar Ports vs. Specifications Grid
Provide a grid comparing the subject device to other
ports with comparable -characteristics for which
equivalence is claimed. :
Specifications include dimensions, reservoir volume,
catheter ID/OD, materials, septum size, catheter, and
- catheter lock system.
b. Provide a detailed analysis of comparability based upon
the grid.
4. Provide a sample, if possible.

G-10
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5. In Vitro Test Data

NOTE: All jin vitro evaluations should consist of replicate
tests and a complete statistical analysis of each segment of
testing. Pass/fail criteria must be stated for each test
and justified in terms of actual use conditions. The
manufacturer must submit the protocol for each test, results
and data analysis, explanation for any failures, and
conclusions. -FDA will provide quantitative information on
pass/fail criteria in the.next major revision of this
guidance {late 1991) based upon the literature and
comparative data in 510(k)s. 1In the interim only
qualitative criteria are described.

a. Catheter To Port Connection Tests

Purpose: To test the strength of the catheter to port
connection.

Pass: Strength of connection meets gpecifications
based upon worst case in vivo conditions.

Test the catheter to port connection under dry and wet
conditions. The wet condition simulates both the
external and internal fluid environment to which the
catheter to port connection will be exposed, e.q.,
interstitial fluid, blood, drugs, or flushing
solutions. A series of external wet conditions may be
tested first followed by exposure of the port to
catheter connection to a series of combined external
and internal wet conditions. Internal simulation media
should include saline, water, dextrose, a heparin-
lock, heparinized blood and/or a fluid that
approximates the viscosity of blood (see example below
of a blood simulation fluid). The external media may
include those noted above but must include at least the
acteal or oimulated blood media.

Ports and catheters that are not preattached by the
manufacturer must be connected in the wet medium unless
labelling indicates connection prior to implantation.

Load conditions vary under actual use. To simulate the
'variables encountered several types of replicated
simulations should be considered. These include:

{1.) axial and lateral loads for each test

{(2.) a test where a load equal to the specification is
applied for 5-10 seconds

(3.) a test where a load equal to the specification is
applied after the connection is exposed for 72 hours to

G-10 Confidential Page 5 0f 26
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the wet medium
(4.) an increasing load to failure test

(5.) a test with a minimal load applied for 1-2 weeks
with the port in the wet medium to evaluate any creep

(6.) a test with a cyclic load of 1-2 weeks duration

The tests should demonstrate that the catheter meets
the specifications or pass/failure criteria for the
connection and does not exhibit leaks to air under
pressure after loading.

The catheter/ﬁort may be removed from the wet medium
for connection strength determinations, if necessary,
but the connection must remain wet.

Preparation of saline/glycerine solution: distilled,
deionized water mixed with 45% glycerine by weight.
Titrate with NaCl (2.9 gm/l) for a resistance of
approximately 150 ohms at 37°C.

Septum Puncture
Purpose: To test the durability of the septun.

Pass: Septum withstands maximum possible punctures
{punctures/day x days) plus a safety factor.

Use only the needles listed in labelling on series of
ports. Typically, noncoring needles are used. The
number of punctures that must be sustained depends upon
the life of the port, anticipated punctures per day,
plus a safety factor of 1/3. Conduct air leak test
after punctures with applied internal pressure '
equivalent o that sncountexed in viue, in a 37°C water
bath checking for bubbles. Increase pressure and
report the pressure at.which the septum exhibits.air
leaks. Justify the puncture specification based on the
data.

Port Leak Testing
Purpose: To test the integrity of the whole port.

vass: Port does not leak under extremes of expected in
vivo conditions.

The test regimen should consist of both intermittent
and continucus applied pressure to a series of ports to
simulate bolus injection and continuous fluid:
administration by pump. The pressures applied must be

G-10
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justified in view of those encountered with syringe or
pump use and backpressure conditions. Test in 37° ¢
water bath. Check for port seam and septum leaks.

Increase pressure to failure point of port and report
maximum pressure attained.

d. Fiuid Dynamics Tests
{1.) Clearance Test (see attached)

Purpose: To test clearance kinetics of the port and
catheter, and flushing volume requirements of the port
and catheter.

Pass: Port clears with reasonable amount of flushing
volume and applied syringe pressure.

Attach the catheter to the port, if it is a two piece
port. Fill the port with 150 ohm glycerine/saline
solution noted above. Put impedance transducer on
catheter. Insert non-coring needle in septum. Attach
a specified syringe, e.g, 10 ml, with specific volume
of flushing solution that has an impedance less than
the glycerine/saline solution (e.g. 0.9% NaCl/distilled
water giving 50 ohms at 37°C). Submerge the port in a
37°C bath and let the system equilibrate. Instill
flushing solution at a specific rate. Record impedance
change over time.

The data should be used to gauge the clearance
capabilities of the port and adequacy of labelling
directions pertaining to flushing.

Results from alternative test metheds that address
clearance Kinetics and flushing reguirements may be
submitted along with the test protocol.

(2.) Blood Flow Dynamics

Blood is a unique liquid which exhibits flow
characteristics and other properties that cannot be
fully duplicated by substitute- liquids more amenable to
laboratory procedures. .While the clearance test
{5.4.(1.) above] approximates the clearance of a liquid
with the viscosity of blood, the test is not an ideal
substitute for evaluating actual blood sampling and
flushing. FDA encourages manufacturers to develop in
vitro methodology to simulate flow patency under
repeated blood sampling/flushing and other forward
injection/aspiration procedures.
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Situations Which Require Additional Data
1. New designs

Port designs which are not similar to those currently on the
market may require additional in vitro and in_vive data.

The requirement for additional data will be made on a case
by case basis. Such design characteristics could include,
for example, a new profile or angle of septum access, a
unigque catheter lock, or a new type of catheter.

2. New material

There are several commonly used materials for port
construction. A material not previously used for
inplantable ports will require more extensive
biocompatibility, material specifications, and drug
interaction data.

3. New route of administration

a. Until there is further experience with intraperitoneal
(IP) use, an IP indication must be supported by
clinical data.

b. Intraspinal administration (epidural or intrathecal
catheter implantation) is Class III and requires
premarket approval through a PMA application.

4. Comparative or expanded labelling claims, e.q., reduction of
infection or occlusion, may require supportive clinical or
other data.

5, Indications for pediatric use must be accompanied by a risk
analysis for this population and may require supporting
data.

AﬁY COMMENTS ON THIS GUIDANCE DOCUMENT SHOULD BE DIRECTED TO:

Chief, General Hospital

and Personal Use Devices Branch
Divigion of Gastroenterology/Urology

and General Use Devices
Center for Devices and Radiological Health
1390 Piccard Dr.
Rockville, MD 20850

Confidential Page 8 0f 26

~ = 339



EVALUATION OF CLEARANCE KINETICS OF A PORTAL VASCULAR ACCESS SYSTEM

Merry Lee Evans, MSEE
MED Institote, inc.,

P.O. Box 2402

Woest Lafayette, IN 47906
(317) 463-7537

Neal E. Fearnol, PHD, EE

Hillenbrand Biomedical Engineering Center
204 Potter Building

Purdue University

West Lafayette, IN 47307

{317) 494-2935

Address reprint requests to:  Merry Lee Evans, MSEE

G-10 Confidential Page 9 of 26



ABSTBRACT

A portal vascular access system is a {otally implantable system comprised of
a fluid reservoir with an attached catheter. The System provides easy access for
palients requiring a continuous supply of medication or repeated blood sampling.
To ensure no obstruction of flow, the system must be flushed to clear the port and
catheter, making it important to establish the clearance parameters. This paper
describes a method o obtain these parameters using a tetrapolar impedance cell to
monitor the relative impedance change using two solutions of different resistivities to
fill and flush the system. The resulting impedance dilution curve allows ‘ca!cu!ation of
time delay, dilution time, clearance time and clearance volume. This method and

resulting data may be used to characterize a portal vascular access system and

provide a basis for comparative analysis of newly introduced systems,

INDEX WORDS: portal vascular access system, clearance volume, impadance

dilution curve, clearance paramelers
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For the patient requiring repeated injections, continuous infusion of drugs or
!Iuids, or repeated blood samples, the portal vascular access system simplifies blood
access. The system includes a fluid reservoir commonly called a "port” and a
catheter exiending from thé reservolr {see Figure 1). For venous access, catheters  {Figure 1)
most commonly extend o the superior vena cava through the subclavian vein for
venous access. Ports are also used for infusion into the anterial blood vessels, the
peritoneum and the central nervous system. Thousands of portal access systems

are implanted yearly and the number is increasing.

Once implanted, a pori is accessed by inserlion of a needie threugh the skin
“into the rubber septum covering the port. Drugs or fluid can be injected or blood
~ can be sampled through the needle. After access is accomplished, but before
removing the needle, sterile tlushing solution must be injected to clear the port and
catheter of drugs or blood. Insufficient flushing may result in clogging or clotting of
the catheter and patency will be lost. The volume and flow rate of fluid required for
adequate flushing {clearance) depend upon the fluid dynamics of the particular

system. The clearance volume is different for different flow rates.

To determine the clearance volume, impedance dilution with two sample
solutions of different impedances (one for filling and one for flushing) may be used.
After filling the portal access syslem with the filling solution, injection of a flushing
solution of different impedance will produce a record of impedance dilution.

Measuring the elapsed time required for 8 maximum impedance change (reaching
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the impedance of the flushing solution) allows calculation of the clearance volume for
a given flow rate. This repont describes an approach for the measurement of

clearance volume of the port reservoir and attached catheter.

METHODS

To detect relative in:tpedance change and thereby calculate the clearance
volume of the portal access system, two solutions of different resistivities were
prapafed: one for filling the system and another for flushing the system. The filling
solution chosen was a saline/glycerine mixture, approximating the viscosity of blood,
comprised of distilled water mixed with 45% glycerine by weight with added NaCi

(2.9 gm/l). The flushing solution chosen was a 0.9% salfine mixture. To maintain

- temperature equilibrium, one beaker containing 0.9% saline and one beaker

containing the glycerinefsafine solution were placed in a 37°C bath of distilled water.

in order o detect the relative change in impedance which occurs as the
flushing solution replaces the filling solution, a telrapolar impedance cell was
implemented at the end of the catheter (see Figure 2). The impedance ceil
employed four electrodes; current was supplied between the outer two electrodes
while the inner two eleclrodes measured the voltage produced by the current
passing through the solution; impedance is the implied voltage divided by the

applied current according to Ohm's faw.

The measured resislance, R, is equal to the resistivity of the sclution, p,
multiplied by the celt constant, k. Resistivity of a saline solulion can be related to

concentration by the equation

4

{Figure 2}
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p = 379.1 } CO9148
where C is the concentration of saline at 37°C, and therefore “the measured
resistance is related to concentration by

R = 379.1 k /] CO9149
(Geddes and Baker, 1989). For application in this study, the precise values of p and
R are not needed since clt;arance parameters may be obtained from relative

impedance change.

A slit of approximately 3 mm in length was cut in the catheter wall near the
distal end of each of the two sizes of catheters (1.0 and 1.5.mm ID) which were
supplied with the vascular access system studied (VITAL-PORT™™ 'Vascuiar Access
System, Cook Pacemaker Corporation, Leechburg, PA). A tetrapolar impedance cell
was affixed in the slit without impeding flow using Locktite 4068 {Loctite Corp.,
Newington, CT} with the eleclrodes perpendicular to the direction of flow through the
catheter. The electrodes were located 63.8 and 67.5 cm distal to the porl for the 1.0
and 1.5 mm ID catheters, respectively. The output of the impedance cell was plotted

on a strip chart recorder,

Using a resistivity bridge, the measured resistance of the glycerine/saline
solulion was 160 ochms and the measured resistance of the 0.9% saline solution was
52 ohms. The entire _s.ysiem, including the catheter, was submerged in a 37°C bath.
The portal access sysiem was filled with the glycerine/saline solution and allowed to
thermally equilibrate. With the chart recorder activated at a paper speed of 25

cmimin and a stable voltage signal from the impedance cell reflecting the impedance

~ of the system filled with the glycerinefsaline solution, a constant-fiow rate (S, 25 or

L ¥
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50 mi/min) of flushing solution (0.9% saline) was delivered by an automalic pump
with a 20 ¢c syringe attached to a 22 gauge 1.5'inch Huber ndn-coﬂng needie.
Measurements were made with the needle placed in various locations in the septum
as well as facing various angles with respect to the pont ou.tlet {ube {needle
orientation at 0, 90 and 180 degrees). System filling and flushing were repeated
three times for each ﬂow; réto (5, 25 and 50 mi/min) for each needie orientation to
obtain an average delay time, dilution time, clearance time and clearance volume,
Upon injection of the flushing solution, the relative impedance change
between the filling solution and the fiushing solution was evident on the strip chan
recorder (see Figure 3). Knowing the fiow rate of the flushing solution and the paper

speed”ot the strip chart recorder, measurements were made of the delay time,

.dilution time, total clearance time and total clearance volume. The time delay was

measured between the onset of injection of the flushing solution and the onset of an

impedance change. This delay is related to the slalic volume within the reservoir
and catheter. Dilution lime was measured between the beginning and ending of the
impedance change. Total clearanice time was measured between the onset of
injection and the end of the impedance change. Clearance volume was obtained as
the product of low rate and clearance. time, and can be cross checked with the

actual injected volume,

The above procedure was repeated with a 1.6 mm ID catheter atlached lo the
portal access system. Filling and . flushing solutions prepared for the 1.5 mm {D
catheter had measured resistances of 155 ohms and 52 ohms, respectively. Again,

system filling and flushing were fepeated three times lor each flow rate and needle

(Figure 3)
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orientation to obtain an average delay lime, dilution time, clearance time and

clearance volume with respect lo each flow rate.

In order to relate fiow rates (mi/min) to infusion pressure (PSI) in the portal
vascular access sysiem, a stainless steel diaphragm pressure transducer

(Foxboro/ICT model 1221-08G-K5L) was used to oblain pressures at the needle hub.

RESULTS
For the VITAL-PORT™ vascular Access Systern, there were no significant
differences in the clearance volume data related to the orientation {angle of the
needle with respect to the porl outlet tube) using either the attached 1.0 mm or 1.5
mm ID catheters. Although dala recorded with respect to the' location of the needie
‘ in the septum (proximal edge, middle or distal edge) were not exhaustive, no
significart dilferences were noted. Data for each flow rate, independent of needle

position, were therefore averaged for each catheter size.

The delay times, dilution times, total clearance times and clearance volumes
are tabled for the 1.0 mm ID {see Tabie !} and the 1.5 mm ID {see Table Il) catheters. (Table I)
(Table i}
in general, higher flow rates require higher clearance volumes, but shorter clearance
times and delay times between initial injection and onset of dilution. The 1.5 mm ID

catheter requires mare clearance volume and clearance time than the 1.0 mm 1D

catheter,
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Infusion pressures for the 1.0 and 1.5 mm’"ID cathelers resuiting from flow
rates of 50, 25, and 5 ml/min are tabled (or tho filling (see Table lil) and flushing (see (Table 1Il)
Tabie V) solutions. As expected, higher fiow rates yield higher pressures. The (Table IV)
diflerence in pressures between solutions demonstrates the effect of different

wiscosities of the filling and flushing solutions.

DISCUSSION
Data from this study may be used to determine clearance voiumes lor the
Vital-Port™ vascular Access System. The procedure, however, may be applicable

for any portal vascular access system.

In assessing the data from this study for constant flow rates of 5, 25 and 50
mifmin, it should be noted that a flow rate of 5 ml/min corresponds {o a very siow
hand-delivered injection rate. A flow rate of 50 mi/min more closely approximates

probable hand-delivered flow rales through the system.

While this technique yields the clearance volume of a population sample of
systems, the recommended clearance volume should be at least 30% higher than the
measured clearance volume obtained.in the study, allowing for a safety factor to
assure adequate clearance of the system in clinical practice. Assuming the rate of
injection by hand approximatés 50 ml/min, at least 5.2 ml should be injected to
assure clearance {30% increase over the mean value, 3.99 m! found in Table 1) for
the VITAL-PORT™™ vascular Access System using the 1.0 mm 1D (64.0 cm long)

catheter, For complete clearance through this same portal system using the 1.5 mm
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ID {67.5 cm long) catheter, at least 7.5 mi of solution should be Injected (30%

increase over the mean value, 579 mi at a flow rate of 50 mlfmin found in Table Hl).

The measured and éuggested clearance volumes are based on the maximum
iength catheter. In clinical application, the site for the portal access system is
selected and the catheter i‘s cut to the appropriate length, usually 30 cm or less.
This results in a reduction in the volume capacity of the system of approximately 0.7
mi using the 1.5 mm 1D catheter and 0.3 mi using the 1.0 mm 1D catheter. For most
situations, to ensura clearance using this ponal .access system, it would therefore be
adequate to inject 4.9 ml (5.2 ml - 0.3 mi} through the portal system using thie 1.0
mm 1D catheter and 6.8 ml (7.5 Iml - 0,7 ml} using the 1.5 mm |0 catheler, However,
for the sake of simplicity and safety, the maximum clearance volumes may be the

recommendation of choice.

Results of this study describe the clearance characteristics for the VITAL-
PORT™ vascular Access System using maximum length pre-attached catheters for
injecling solutions with the viscosity of 0.9% saline. For applications using different
catheters of varying lengths and/or alternate solutions, flow characieristics and other
properties of the solution as well as of the catheter must be kept in mind in
délermining flow rales, pressures and clearance volumas. Although this study
showed no effect of needle orientation for this syslem, it would be inappropriate to
conclude needle orienlation is unimportant in other systems. The effect of needle
orientation should be considered in each new design. Given all the assumplions are
understond and considered, this procedure appears 1o offer a simple technique for

comparative analysis of vascular access systems. -
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FLOW RATE (mi/min)

Table &,

CLEARANCE PARAMETERS FOR THE 1.0mm 1D CATHETER

AVG. AVG. AVG. AVG.

DELAY DILUTION | CLEARANCE| CLEARANCE

TIME(sec) | TIME(sec) | TIME(sec) | VOLUME(mI)
5 | 62407 | 176419 | 239+1.8 |[1.991015
25 | 16402 60406 | 75406 |3.1410.23
50 | 1.1+0.1 37405 48405 |3.99+0.41
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Tabie Il

CLEARANCE PARAMETERS FOR THE 1.5mm ID CATHETER

G-10

N AVG. AVG. AVG. AVG,

L= OELAY DILUTION CLEARANCE | CLEARANCE

-_-_S TIME(sec) TIME(sec) | TIME(sec} |VOLUME(m!)

W 5 | 116413 | 201455 | 407460 |3.39+050

§ 25 2.7+0.1 10.041.1 128410 [531+043

@)

a 50 1.7+0.2 5.3+02 6.9+0.3 5.79+0.24
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Table .

NEEDLE HUB PRESSURE (PS1) FOR

FILLING SOLUTION (45% GLYCERIN IN SALINE)

FLOW RATE {ml/min)

Catheter Size
1.0mm D 1.5mm 1D
5 3.1 21
25 i7.0 122
50 36.0 339
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Table IV,

NEEDLE HUB PRESSURE (PS!) FOR
FLUSHING SOLUTION (0.9% SALINE)

:’E_:‘ Catheter Size
£ 1.0mm 1D 1.5mm ID
E
w 5 1.0 0.6
tz
; 25 6.3 5.0
9 8.8
o 50 18, 16.9
G-10 Confidential Page 22 of 26
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Figure 1.

Figure 2.

Figure 3.

FIGURE LEGENDS

Photograph of the VITAL-PORT'™ Vascular Access System. A rubber
septum covers the port or fluid reservoir to which a supplied catheter
is pre-attached through a port outlet tube. The obiong holss in the

wall of the port provide suture sites,

Diagram showing set-up .for oblaining impedance dilution curves to
obtain clearance parameters for the VITAL-PORT™ Vascular Access

System,

Impedance dilution curve obtained from a strip chart recorder. The
impedance of the filling solulion is indicated by Z,. As the flushing
solution is injected, there is a time delay (1) before the change in
impedance (AZ) occurs. As flushing continues, an impedance dilution
curve results over a period of time (Tp): When the port and catheter
have been completely flushed or cleared, the impedance of the
flushing solution (Z;) is evident. The clearance time (T) is the period

between injection of flushing solution and end of impedance change.
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Figure 2.
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Relative Impedance

Figure 3.
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708 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY

August

THE EFFECTS OF PROLONGED ETHANOL
EXPOSURE ON THE MECHANICAL PROPERTIES OF
POLYURETHANE AND SILICONE CATHETERS USED

FOR INTRAVASCULAR ACCESS

Cheistophier I, Cradel, M, M3 ferensy A Halfimonn, BS: Wendy & Crone, Pl Dennls G, Maki, MD

ALSTRACT

BACKGROUND: Prodacis contrining aleohel are vonr
monly wsed with introvsolar devices at insertion, to remove
Iipids from eccluded inteavascelar dovice s wsed daning parentes-
o) netribon, anil increasingly for dre preveatien ansd trestment
of niravascular device—relotad Bloodtremm infectinn, The of
fects of alesdial oo the indegrily of iteavascular slevices remoin
unkiown,

MERODS: Two types of widely wsed commercinl pxe
righerafly nserted eentral catbelers, one made of golvelha-
uretlane snd one mnde of silivone, were exposet to a 705 alhe
nel kock solimion ful up to 10 weeks, Mechanical lesting was
perlormed o identify forcet-hraadi, stress, stroin, wodidies of
elasticity, modutus of louglmess, and wall ores of atdhuonl-ox-
pesed and eontrol catheters.

RESULTS: No significant diffurences butween eXposed
and unex posid cotheters were ilentified for any ol the nechini-
el parmnetens texbsd exeept for o marginad redustion i the
medalus of elasticiy (or oty polvetherurethane and silicone
catheters and mioer incrans in the wall ares of polyetho-
urethane catheters,

CONCLUSHONS: These sdaa indicate that «xposuee 1o
o T ethanel beck solulion does nat appreciably alier the in-
tegrity of selectedd conumercial polvetherurethane il sifivons
entheters, Griven thn greatly expanded wse of aleohabic sclotions
wilth Iisteavaseular devices of all types, wo bhebiove thal manudae-
turers would be well advised 1o sbject their ¢atheters anst othor
imrovascalar devives w formal tesling of the lype emploverd in
this study {Infeet Contral Hosp Egiden ivf 200526, 7087 1),

The use of inteavascukr devices in clinival praciice
has preatly expanded during the pist two decnles: more
Uran 200 mitlion inravascular devices are new used i hos
pitals, clintes. and the oulpatienl Seling cach vear? The
wite array of avaitabl; imravaseular devices hos enhanewd
our capacity to adminisler o lege aumber of parenterul
medications and wkal parenteral aubiition as well as intra
venous fluids and biood products,

Unfurlanately. every intravascular devioe no malwer
the trpe, carries some sk of associnded blosdstrean ine
feetion {BS1L.7 As a resull, e Healtheare Infection Coatrol
Practices Advisory Committee of the Centurs for Pisease
Contral and Preventivn has periodically published evi-
denecbased guidelines ks the preveation of inbravasculor
devicr=pelatd BSL The 2002 guidelines® now recontmendd,
fir the first time, use of 2 2% sofution of chlorhexidine for
cutieuus antisepsis al the time of intavaseulay device
insertion, Currenthy, e only chilorhexidinebased anti-
septic conmmercially available for wse with inlravasculor

duvices approved by e Food and Drug Administration
coning 2% chlurhexidine pluconate in 70% isopropy] alvo-
hat (Chbvraprep. Muedi-Flex, Leawood, K81, Many hospitals
awross the United St have wdopled s pradoct for vas-
cular sevess, Medicakyrode cthanal has alse been wsed for
muy vears for the removal of insipissated ligids from oe-
eludued imravaseudur devices used for parenteral guuitien,
Moreover, recenl reports suppest tun 28% @ 7L ethanol
used as o fock solution may be of volae both o5 an adjunet
I the ueatmieat of inteivascalar devier—rodated B3P and
for the prevention of infection with the use of longelerm
inavascuku devices B

The inereasing use of aleohals fin vascudar aceess
vaises guestions about their effects an Une mechanical
tegrity of catheters. However, the studies addressing
tis inmportant Issue have been Timited. MeHugh ot al re-
pirted that luminal sarfsces and wall thickacss of pole-
wrethane catheters vxposcd w ethanal for Us long as 19
days were pat signiticandy different from those of ¢ontrot

s, Craicie end Mobi grefrom b Section of Iifections Diseases, Deparsment of Medicies, Usiversicy of Wizeonsin Hapizal and Modival Seivood,
Lzdison. Wiseonsin, hlv. Halfwann is from tie Engivcerivg Morkanios Fregraur exd D Cranc is from tie Department of Engincering Fusies, Ueiver

dryef Wiscersin, Madism, Wisecnsin,

Adcirezs reprint reguests to Dewnis ©, Maki, MD. University of Wiseonsin Hospital, 600 Highland Avenve. C SC HLE0, Madison, BT 53792,

dpeegbifanedicine wisovdy

Wi werk wes done wuder She auspices of a SHEA-3M Infection Prev
Jor researcis b infoction eontrol i [7 Aaki from tiee Osear Renzchoin Fingrdation.

cation Feffonsafo ta Dr Craior and wos supperted by an wirestriciod grant

Presenzed in pori of Be d2xd Inserscienee Conforenoe on Antinicrobiul Agenis and Caemotiterzpy, Septemher 2730, 2002, San Dicgo, CAr and
the Socicty for Exporimental Mecrarics 2002 dwwe! Conforence, Jione 10.12, 2002, Milwawter. i, R L .
Tiue autiors merk ARt Aisargor for ivis contribietiens o the devclaprront of tie peeparation and festing wetivods ssod i i3 rosearci,
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ALCOHOLS AND INTRAVASCULAR CATHETERS T

cathelers exposed to normal saline when examined by
senning efeclron nilerosonpy: hewever, qualifative soft-
ening was observad for catheters exposed to ethanul”
The authors did aot uadertake formal mechanicad testing
of the catheter moderials evaluated, Sudies performed in
Japan found thai the constont infusion of cloposgidy, which
incarporates ethannd inte its vehicle, was associaled with
mivrocracking of pohvurethane catheters®: similar degra-
dation was pol seen for catheters made of pabyvinyt chle-
ride oy silicone,

v the rapidly growing exposure of all types of
intravasculae devicrs 10 aleohols, we studied the effects
of prodonged exposere tn 7% ediane] on Lthe mechanical
fndegrily of polvethersrethane wad silicone inravasouln
entheters commenty used for log-term vascular accims,

METHODS
Experimental Procedure

Stancod weosile lesis were conducted w wvaluite Qe
effects of profonged exposure te ethanol vn the mechanical
inleprily of two types of widely used peripherally Bserted
aenteal catheters (MCCs): ad Freach singledunien catheter
CArrow nternational [nc, Reading, PAY made of an aromalic
thermeplastic polvethererethane conluning 205 barftum
sulfale fin radiopacity and a 5 Freach singlelumen catheier
(Cook Critical Care, Blosmington, IN} mode of silicone. The
inner and outer diameters of both tpes of catheler weee
determined after crossesectioning by aptical mesrsurement
using: & Nikon Eelipse Optical Microscope (Nikon USA, Mel
ville, NYD and iletamomb imaging seftwure Maersion 5405
Universal Imaging Corp., Downington, 1Ak the averwn:
crosseseclional area was 255 mun? or the polvetherurethane
cntheter and 1.75 mnt® for thwe silicone catbeter,

One set of catheters {15 polyetherarethane and 16
silicnne epthelers) was beked widh 708 cthanol. whereas
enntral catheters {17 polyetherurethane and 17 silicome
cathetersy wore bt emply G, were not locked with any
sofution). Study catheters in hoth groups were then inr
meesed in prepared Hank's balunced salt solution held ot
379C, 1o simodate the cffevt of the human blaodstream, for |
1o 10 weeks, Mechunical testing was perforaed o elhannl-
expased and contred catheters after £2, 2 5.6, and Sweeks
for polyetheraretbane cathuters and after L2507, Goand
13 weeks for silicone catheters,

Preparation of Catheler Segmoents

A the fime of mechanical testing, two or three test
cathelers from each treptment arm were renuvwved Trom
the Hanlk's balanewed salt solutivn, The ethanal was deained
fran the freated cagheters, and the catholers were allowed
to air dry &t soom emperature, A minimam of toes but
as MARY as nine 2h-mm segments were grepareed om the
tabular partion distal 1o {he hub of @ch catbeler, exelud-
ing U tip {Tabled, & solid steel vore was imradueed dito
each of the gepped enils to migimize e stress amcealeie
tion effeets and redacy the risk nf failun: due o pinching of
the cnds of e segmunt {Figs 100 17 vach @ faifuge aceurocd,
the digo were discarded and an additional specimen from

L. ]

TABLE

NUMEER ©F CATHETER SEGMENTC USED AT EACH EXTOSURE
INTERVAL FOR 'OLYETHERUVRETHANE ANT S[LICONE

CATHETERS
Catheter Material

Test Day Ethacol Cartrol

Pabyurcthane o B 5
14 9 7
2t 5 7
3 v i
47 4 S
i 3 4
Silieane T H ES
15 3 [
21 & 3
Y 5 3
5 I 4
fivd K] J
72 [ i

lhe same catheter was lested, Mevhanieal testing of cath-
eter sepanels was conducted an an Inson 5568 Universal
Testing Machine (Datapointlshs, lthaca, NY}

Toensile Testing

Tensile steength westing o determine forev-albreak
wis eoniucted as delincated in stondaed 103551 of the Ta-
ternational Urpanization Tor Slandardization? The condi-
tioning proveduse describel i the standard was replaceid
be the exXprrimental immersion procedure deseribed above,
Catleeter junctions amd hubs wers: aol subjected v wsting,
AR testing was convlucted at ronm Lemgperataree, Fovee was
meastred in gewtons (N}, stress—ihe foree por unit area—
was recortdud in megspascals (MDa), and strain—a dimen-
sionkess property characterizing siicch-—vwis measured as
the ratio of the change in kength of the catheler segntent 16
the original lenp of the catheter segment, Catheter sep-
ments were Joaded while forve and strain dua were con-
tinuously recorded al i5second intervals. A strain ride of
S0 it/ min was eoploved s satisfy dhe 20 aundatindnm:
strann pate recommended by the lferaationsd Chyanization
for Sumdardization standard. !

The mechanical properties of segaents, including
force-at-break (N), loilure stress {(MPa), elongation a
failure (mm), maximum strain (change in tenglh fmm Y/
sriginal leayth fmmi) modulus of clasticiy (MPa,
moduius of loughness (M), and wall thickness, were
measured for cach of the study catheters, The cvlonga-
ting of catherer sepments a Milure fmm} was measured
as the disphwenwent of the geips at the time of break-
age divest placement uf an exlensometer un segnicnts
vas nol possible because they were tan sofl. Stndard
stress-strain curves were oreed from data gonerated
during displacement-contrelled loading of (he catheter
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segments. These curves were then used 1o caleulate the
mudulus of elasticity (Young's modulus) and modulus
of loughness.

Figure 2 shows a typical stress—stram curve for a
silicone catheter segment. The initial slope of the curve
i« taken o be the elastic modulus, beyond which the
specimen undergoes plastic deformation. Tyvpically, after
significant strain. the slope of the curve changes again.
Rubbery polvmers, such as polyurethines and silicones,
may exhibit an increase i stress prior o breakage as are
sult of strainrinduced crystallization caused by molecular
orientation in the direction of applied stress ¥ The modu-
lus of clasticity was caleulated from the slope of the linear
region of the curve below .25 strain for silicane cathelers
and below .10 strain for polyarethane catheters. The
madulus of loughness of a malerial represents the wial
amoeunt of work the specimen is able w withstand before
it fails and is proportional o the area under the entire
SLress—=train curye.

Wall Area
Wall area in square nanometers (nnvh was deter
mined by subtracting the inner wall area from the vuter wall

Steel Core
Inserts

Catherer

/ Sezment

Grip Faces

B I

FIGURE L. (4} A cathetir segment loaded into an Instron 5565 Unnsesal
Testing Machine (DatapointLabs, fthacs, NY1 and (B) the location of the
Steel cofa INSIts within the < athetar segment to facilinats gripping within
th testing apparatus,

area, as determined by the optical measurement methods
described above. The initial intent was o ubtain multiple
measurements from a single catheter segment and ke the
averape of these measurements. However, within the lirst
week of testing of silicone catheters, it became apparent
that the wall arew was not unitorn throughout the length
of the catheter lumen. Based on this knowledge, measuns~
ments were obtained rom several different catheler sey-
ments along the length of the catheter lumen and the aver-
age of these measurements was recorded as the wall area
for cach vxposure interval. As a resull, the wall areas for
silicone catlwters al day 7 of exposure were ool included
in the final analysis. This moditied method of assessing

call arca was used at all exposure intervals for tested poly-
clherurethane catheters. Mislabeling of polyetherarethane
catheler segments selecled for wall area determination on
dav 36 of exposure did not allow for accurale identilication
of exposcd and control catheters, and wall area measure
ments of polvetherurethane catheters on day 36 of expo-
sure were nol included in the final analysis.

Statistical Analysis

The measurements oblained at cach exposure in-
terval from cach treatment group were averaged for poly-
etherurethane and 1or silicone catheters: Unpaired Sto-
dent's ftests with Welch corvection were used la compare
mean values for cach mechanical property measured

RESULTS
The mechanical propertios of palyetherarethane
catheters exposed wa T ethanol Tock selution for as long

G-11
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FIGURE 2. Typical suess-strain curve for a siicons catheter segment. The
arsd undet the entire Cuve repressnts the modulus of wughness, whete.
a5 tha slops of the pamion of the curve highlighted in Black represents the
mwdulug of elastcity (oung's madulus), MPa = megapasaals,

as 657 davs and of silicone catheters exposed o a 7% ctha-
nol lock solution oy as leng as 72 days are depicted in Fig-
ures 3 through 5.

The force-a-hreak or stress-at-break was consistently
higher in the polyetherurethane cathelers compared with
the silicone catheters, and the force or stress required o
break the silicone catheters tended o decrease the longer
they remained i the Hank's solution (Figs 3 and 4. No
significant ditference in the foree required o break sep-
ments was found between the catheters exposed o ethanol
and the unexposed, control catheters within each group,
regardless of the exposure time (Fig. 3). The maximum
slressal-break was found o be reduced at a single expo-
sure interval in both types of catheter {dav 47 of exposurc
for the polyetherurethane catheters and day 7 of exposure
for the silicone catheterst, but no significant differences be-
tween exposed and control catheters were found at any of
the other exposure intervals (Fig. 40,

The maximum segment clongation and strain -
mediately prior o breakage waded w be greater for the
silicone catheters than tor the polyctherurethane catheters,
although this difference diminished the longer the cathe-
lers were immersed in Hank's solution. No differences in
elongation and slrain were seen between the catheters ex-
pased and those unexposed w a 70% cthanol lock solution,
for cither the polyetherurethane or the silicone catheters,
regardless of the exposure tnwe

As expected. the modulus of clasticity (Fig. 5) and
the modulus of loughness were higher for the polyether-
urethane than for the silicone catheters, The modulus of
toughness of the polvetherurethane catheters exposed
to ethanol was not significandy different from that of the
unexposed. control catheters. Although the modulus of
wughness of the silicone catheters exposed 1o ethannl
was found o be reduced al a single eXposure interval
ilay 21). no differences were seen between the catheters
exposed o ethanol and the unexposed, control cathelers
atany of the other testing inlervals. In contrast, the mod-
ulus of elasticity of both the pelvetherurethane and the
silicone catheters exposed o 70% ethanel was found to

B

= Contol B Vananis

1‘.. | -
W - ! =t ;
i |
€ |
| |
‘i = J |
2 - } |
o — — - o -—
Q . i - L
" 2} € o >

Force-at-Braak (N}

FIGURE 3. Forceat-break (in nestons [N]F at various sposure intarvals
for (A) polystherurethans and (B) sihconée cathsters. [ata aie the mean
fore-at-bieak (N of cathetar segments testsd the able contains the
rumber of Legmants teeted at each sxpagune interval) Vertical bars 1ap-
resent standard snon, *9 < 06

be slightly but sivaiticantly lower al several of the expi-
sure intervals (Fig. 51,

Wall areas of sczmenls of the control polyether-
urethane and silicone catheters did not change appreciably
over time during prolenged immersion in Hank's salution
at 37°C. On comparison of the ethanolexposed catheters
with the unexposed. contral cathelers. the wall area of the
silicone catheler scgments was not consistenlly altered by
expasure lo 70% ethanol. In oontrast, the polvetherurethane
calheters exposed o 7% cthanol showed a consistent trend
toward increasing wall thickness with prolonged exposure
times. although statistical significance was reached at only
one of the testing intervals (day 47 of exposure).

DISCUSSION

Fihanol and other akoholenntaining solutions are
commuoenly used with incravascular devices as wpical anti-
seplics duringg insertion or al the time of dressing chang-
est 1 gnd as Hush salutions to remove msipissated lipids
from vecluded cathewers ¥ Moreover, there s growing
interest in the use af ethanol as o novel inualuminal disin-
fectant for the treatment” and prevention® of intravascular
device—related BSL

Previcus studies have raised questions about Lhe of-
[ects of ethanol exposure on the mechanical integrity of
polvurcthane catheters ¥ although. to our knowledge,
e studies have examined the effect of cthanol on silicone
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FIGURE 5. Modulus of elasticity {in magapaseals [MPa]) of cathetsr segments 6t valious axposure intenvals for (Ad palystharusthans and (83 slicons
catheters. Data are the mean modulus of dasticity IMPah of catheter segments testad (the table contains the numbér of segments tasted at ¢ach sxpo-
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cathelers: Our study went bevond the qualitative assess
ments made in these carlier studies by rigorously assess
ingz the effects of prolonged ethanol exposure an the me
chanical integrity of widely used polyetherurethane and
silicone catheters, emploving industry standards wherey-
er possible.!! Although it has been reported that palvure
thanes mav dissolve in polar organic solvents.'* our study
failed 1o shew any consistent reductions in the mechani-
cal integrity of polvetherurethane or sificone catheters
cxposed w a TUn ethanul lock solutien for as long as 19
weeks

Our studv was designed o provide a worse-possibles
case challenge to the mechanical integrity of the catheters
tested: the durations of conlinusus exposure to 7% etha-
nol were hundreds of tmes greawer than an intravascula
device material is likelv 1o expenence in clinieal practice.
We dlidl find minimal differences in the modulus of elasticity
between the cthanokexposed and the control polvethery-
rethane catheler segments at sewvieral of the exposure
intervals (Fig. 5). However, no consistent trend woward a
sustained reduction in the mmlultl‘- af elastivity was found
for the silicone catheters (Fig. 53 Pralonged ethanol e Xpi-
sure appeared o produce sliy hl \.ullmunl the walls of the

polvetherurethane catheters, bul no consistent effect was
wren for the silicone catheters tested. These lindings may
represenl o tvpe [ error or mav be the result of measurs
ment crror. However, the later seems unlikely given thay
e exposed and unexposed catheters were measured in
similar tashion

Even if the modest differences seen in the modu-
lus of elasticity and wall thickness are real. their effect on
the clinical performance of these cathelers in practice is
likely w be negligible because the force requiced o break
a catheter sepment (Fig 23 the suress at break (Fee 4
the maximum elongation before breakage, the maximum
strain betore breakage. and the medulus of tonghness were
unaffected by prodonged exposure o 70% cthanel, We be
lieve these properties are more reliable prediciors of the
inteprity of intravascular devices during chinical use In fact,
the sole mechanical property of catheter lumens recom-
mended for testing in the International Organizaton for
Standardization standard is the forev-at-break!t As such,
we interprel our fndings a5 strong evidence supporling
the safety of using ethanol and alcohol-containing solutions
with selecterd polvetherurethane and silicone cathelers in
clinical practice
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Char studdy has Emiladons. Firs, we assessed only
the mechanical fnlegrity of the wbulu portion of the
polvetherurcthane and sificone catheters. As o resuly
the impact of prolanged cthanol eXprsure on the infeg-
rity of the catheter hub and junction (at the ateelace of
e hob and the whalar portion of the cathelerd remaing
wnknown. Howevern 709 atcohials have kong been used to
clean entheter hubs prive (o hlood draws or connections
L aehministeation sets, and we huve been unoble to lind
any published reports of eracking or fracturing of cath-
elier bubs finked causally wr repeated exposure to alenhal,
Moreover, a review of the Food and Dreag Adminisusition’s
Manufaceurer and User Focility Device Fxperience Dol
base (MAUDELS which includes date en complications
with deviees in use from 1852 Lo 2004, failed to identily
any peports of wechanivad failure of cotheter hulbs nked
o aleohaol exposure. However, i such effects did accarn a
dumaged hub could bt casily repuived without replacing
the entire cathetern

The ather mitation of our study was our wsling
of onty nne manufaciurers polyurethane catheter, Many
ingravascubor device manufacturers hive advised arainst
exposur: of their pelyuretham: eatheters 1w alenhol and
aceton: Beeause of concerts abowt scvclerated envirun-
muntal stress cracking s We have been unable o identify
any published studics that coreobornte thess concerns,
However, MAUDE conting 185 reports, all excepd one
submilted by three companies {Bard Avcess Systems, Salt
Lake City, UT: Boston Scientific Corp., Sult Lake City, UT:
and Medeamp Medical Components, Hardeysville, P2,
deseribiog environnental stress cracking of central ve-
s eathelers, usaally ad the junction of the catheter hub
and lumen, which was aseribed to exposure of e deviees
to abeohobeontaining aeliseptivs or acetone, Because en-
vironnentd shress evacking of vascolor catheters may ae-
cur in elinieal practior withoeut any clear inciling cause, the
cansal relalionship of exposure Lo aleehal in cach of these
reparEs 15 unclear

CH the 195 reports in MAURML 154 iavelved a
cuffed hemodialvsis catheter {(Ash Splie 1 Hemaordialysis
Catheler, Medeomp Medivnl Components) manufacuured
from an aliphabic palyetherumatiume called Tecaflex
{Thennedics, Wilmingtlon, MAY a compound tal report-
edly swells nwore than 28% in the presence of cthanol or
isapropyl alcohol'” and is knewn o develop mivrecracks
after prolenged implantation times.”® The manufacturer
has sinee introduced 2 pext-gencration hemodiolysis

cutheter (Ash Spht Hemodialysis Catheler 1) made of

Carbothane (Carholing, S Louis, MO}, an aliphatic poly-
carbonate-hased polvurethans: that has been shown Lo be
compatible with several culoneous antiseptics, inchiding
chlorhuxidiae aad isopropyl alevhol.™ Fourteen reports
pertained to a polyurethane PICC {Vaxce] PICC, Boston
ScieniHic Conp.). altheurh we have been unable @ oblaio
infarmation on the vxact pelyurethane formulation use
in its manufacture; however, information in MAUDE -
dicates Ui the mamaiaclurer recently modificd tie pro-
duction procedure 10 make the culheter malurial wore

reststant Lo te effeas of sopropy! alcahnl™ Of the re-
maiming 27 reports, 26 woere from o manufacworer (Bod
Access Syslems) thal spparently has not modified the
material used in the manufacure of s cutheter [Poly-
urethune PerQ-Cath PICCY and, as a resull, continues i
reconimend against the use of alcohol or aleshokeontain-
ing selutions with s cathetern

The wpe of polvurethane caheter evaluated in this
study is nanufactured from an aromiatic thermoplastic
pobyetheruretisme that is similag, but may ot be identical,
o polvurcthanes used in the manufacture of intravascular
devices produced by other companies. Apimatic pobvure-
thanes may e mwwe vesistant 0 the effects of organic
solvents than aliphatic polvarethanes, but lhe efivets of
ethanel exposare on the integeily o other types of aromatic
potyurcthanes used in the manufactre of inteavascalr de-
vices are unknewn, Our tindings combined with the veporis
submilied 1o MAUDE highlight the heterogencity among
polyurethanes sl sugwest potential differences Tn the of
fects of aleohels and other organic seivents an e inteyity
of these divives, They also point out that manulacturers
must undersiand thot wlevhnls will be wsed increasingly
with thedr devices, regardhioss of Iabeling instructions, snd
the importomey of wsing malerials o e monuiocture of
inteavascuwdor devices that are resistant to the degrading of
feets of these agents, Given the preatly expanded use of ol
coholic soluions with inteavsiseular devices of ali ypes, we
buticve thal manuficiarers would be well advised o subjest
their cacheters and other inbravosculne devices 1o formal
Leesting of the iype enyploved in this shuly,

This was the first study bo systematically evaluate the
elfeet of ethano! o the imteurity of two types of vascula
catlielers commonty used in clinicnl practice, The: ndlings
soggest hat  70% etbaaod lock solulion has a negligible
frpact oa Hie mechanical properties of pulyetheraredian:
and silicons catheters, despite contiiunus exposure imes
aslony as 10 weeks, Thuese fiadings should alkoy fears about
ihe use of alenhnlcentaining antiseptic soluttons with vas-
cular cothelers made of silicone and aromaic polyutheru-
rethanes and shoult prompt further study of ethamd a5 an
anli-infective loclk solution for the prevention® and treval-
memt’ of intravascular device-related BST in cliniead prac-
tice,
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