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NOV - 8 2005

510(K) SUMMARY

Submitted by:
Organogenesis Inc.

150 Dan Road
Canton, Massachusetts 02021

Contact

Patrick R. Bilbo

Telephone:  (781)401-1155
Facsimile: (781) 575-1570

Date: October 21, 2005

Device:

Trade Name: FortaDerm™ Antimicrobial PHMB Wound
Dressing coated with 0.1% Polyhexamethylene
Biguanide Hydrochloride (PHMB)

Common/Usual Name: Topical Wound Dressing, Wound Management
Biomaterial

Classification Name: Dressing, Wound (KMF)

Classification: Unclassified

Predicate Devices:

The relevant predicate devices are FortaDerm™ (PuraPly™) Wound Dressing
(KO011026) manufactured by Organogenesis, Inc. and Xcell Antimicrobial
Cellulose Wound Dressing (K024054) manufactured by Xylos®Corporation.

Statement of Substantial Equivalence:
The FortaDerm™ Antimicrobial PHMB Wound Dressing is similar with respect

to intended use, technological characteristics, materials and physical construction
to the predicate devices in terms of section 510(k) equivalency.

Intended Use:

The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the
management of wounds and as an effective barrier to resist microbial colonization
within the dressing and reduce microbes penetrating through the dressing.
FortaDerm™ Antimicrobial PHMB Wound Dressing may be used for the
management of: partial and full thickness wounds, pressure ulcers, venous ulcers,
diabetic ulcers, chronic vascular ulcers, tunneled/undermined wounds, surgical
wounds (donor sites/grafts, post-Moh’s surgery, post-laser surgery, wound

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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dehiscence), trauma wounds (abrasions, lacerations, second-degree burns, and
skin tears) and draining wounds.

The device is intended for one-time use.

Device Description: .

FortaDerm™ Antimicrobial PHMB Wound Dressing consists of two layers,
crosslinked sheet of fenestrated sheet of porcine intestinal collagen coated with
0.1 % Polyhexamethylene Biguanide hydrochloride (PHMB). FortaDerm Wound
Dressing is supplied dry in sheet form in sizes ranging from 4 x 4 cm to 12 x 36
cm. The device is packaged in sterile, sealed single pouches.

Performance Data:

FortaDerm™ Antimicrobial PHMB Wound Dressing was subjected to a number
of tests to assess biocompatibility and performance. The device passed the
requirements of all tests.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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.35 -/é DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
e Food and Drug Administration
9200 Corporate Boutevard
NOV - 8 2005 Rockville MD 20850

Patrick R. Bilbo, Vice President
Regulatory and Clinical Affairs
Organogenesis, Inc.

150 Dan Road

Canton, Massachusetts 02021

Re: K051647
Trade/Device Name: FortaDerm' Antimicrobial PHMB Wound Dressing
Regulatory Class: Unclassified
Product Code: FRO
Dated: October 21, 2005
Received: October 25, 2005

Dear Mr. Bilbo:

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) 1o 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 (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. 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 H (Special Controls) or class III (PMA), it
may be subject to such 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.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Page 2- Patrick R. Bilbo, Vice President

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 (21 CFR Part 801), please
contact the Office of Compliance at (240) 276-0115. Also, please note the regulation entitled,
"Misbranding by reference to premarket notification” (21CFR 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
(301) 443-6597 or at its Internet address htip://www.fda.gov/cdrh/industry/support/index .html

Sincerely yours,

N

Mark N, Melkerson

Acting Director

Division of General, Restorative
and Neurological Devices

Office of Device Evaluation

Center for Devices and
Radiological Health

Enclosure

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Indications for Use

510(k) Number (if known): ﬁ[)ﬁ IUW

Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing

Indications for Use:

The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the
management of wounds and as an effective barrier to resist microbial colonization within
the dressing and reduce microbes penctrating through the dressing. FortaDerm™
Antimicrobial PHMB Wound Dressing may be used for the management of: partial and
full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular
ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh’s
surgery, post-laser surgery, wound dehiscence), trauma wounds (abrasions, lacerations,
second-degree burns, and skin tears) and draining wounds.

The device is intended for one-time use.

Prescription Use SZ Over-The-Counter Use

(Part 21 CER 801 Subpart D) NO/OR (91 CFR 801 Subpart C)

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

Concurrence of CDRH, Office of Device Evaluation (ODE)

Ww W Page __of __

(Posted November 13, 2003) ( ivision Slgllk()ﬂ') .
Division of General, Restorative,

and Neurological Devices

510(k) Number_J{ 0S| @4 "}

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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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 Evaluationm
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

June 22, 2005 Rockville, Maryland 20850
ORGANOCENESIS, INC. 510(k) Number: KO051647
150 DAN RD. Received: 21-JUN-2005
CANTON, MaA 02021 Product: FORTADERM
ATTN: PATRICK BILBO ANTIMICROBIAL WOUND
DRESSING

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

and Radiological Health (CDRH), has received the Premarket Notification you
submitted in accordance with Section 510(k) of the Federal Food, Drug, and
Cosmetic Act{Act) for the above referenced product. We have assigned your
submission a unique 510(k) number that is cited above. Please refer
prominently to this 510(k) number in any future correspondence that relates
to this submission. We will notify you when the processing of your premarket
netification has been completed or if any additional information is required.
YOU MAY NOT PLACE THIS DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE
A LETTER FROM FDA ALLOWING YOU TO DC SO.

On May 21, 2004, FDA issued a 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 Fec
and Modernization Act. Please review this document at

http://www. fda.gov/cdrh/mdufma/guidance/1219 html.

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 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.

You should be familiar with the regulatory requirements for medical device
available at Device Advice http://www.fda.gov/cdrh/devadvice/". 1If you have
other procedural or policy questions, or want information on how to check

on the status of your submission, please contact DSMICA at (301) 443-6597 or
its toll-free number (B0O0O) 638-2041, or at their Internet address
http://www.fda.gov/cdrh/dsmamain.htm]l or me at (301)594-1190,

Sincerely yours,
Marjerie Shulman
Supervisory Consumer Safety Officer

Office of Device Evaluation
Center for Devices and Radiclogical Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiclogical Health

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

June 21, 2005 Rockville, Maryland 20850
ORGANOGENESIS, INC. 510(k) Number: K051647
150 DAN RD. Received: 21-JUN--2005
CANTON, MA 02021 Product: FORTADFPM -
ATTN: PATRICK BILBO User Fee 1D Number: | | WOUND
DRESSTivs

The Food and Drug Administration (FDA) Center for Devices and Radiological
Health (CDRH), has received the Premarket Notification you submitted in
accordance with Section 510(k) of the Federal Food, Drug, and Cosmetic Act
(Act) for the above referenced product. We have assigned your submission a
unique 510(k) number that is cited above. Please refer prominently to this
516(k) number in any future correspondence that relates to this submission.
YOU MAY NOT PLACE THIS DEVICE INTC COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE
A LETTER FROM FDA ALLOWING YOU TO DO SO.

The Act, as amended by the Medical Device User Fee and Modernization Act of
2002 (MDUFMA) (Public Law 107-250), specifies that a submission shall be
considered incomplete and shall neot be accepted for filing until fees have
been pald (Section 738(f)). Our records indicate that you have not
submitted the user fee payment information and therefore your 510(k) cannot
be filed and has been placed on hold. Please send a check to one of the
addresses listed below:

By Regular Mail By Private Courier (e.g., Fed Ex, UPS, etc.)
Food and Drug Administration U.S. Bank

P.G. Box 956733 956733

St. Louis, MO 63195-6733. 1005 Convention Plaza

St. Louis, MO 63101
(314) 418-4983

The check should be made out to the Food and Drug Administration referencing
the payment identification number, and a copy of the User Fee Cover sheet
should be included with the check. A copy of the Medical Device User Fee
Cover Sheet should be faxed to CDRH at (301) 594-2977 referencing the

510(k) number if you have not already sent it in with your 510{k) submission.
After the FDA has been notified of the receipt of your user fee payment, your
510(k) will be filed and the review will begin. If payment has not been
received within 30 days, your 510(k) will be deleted from the system.
Additional information on user fees and how to submit your user fee payment
may be found at http://www.fda.gov/oc/mdufma.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / ‘//)_,( /
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Please note that since your 510(k) has not been reviewed, additional
information may be required during the review process and the file may be
placed on hold once again. If you are unsure as to whether or not you need
to file an application with FDA or what type of application to file, vou
should first telephone the Division of Small Manufacturers, International
and Consumer Assistance (DSMICA), for guidance at (301)443-6597 or its
toll-fee number (800)638-2041, or contact them at their Internet address
htetp: //www.fda.gov/cdrh/dsmamain.html, or you may submit a 513(g) request
to the Document Mail Center at the address above. If you have any

questions concerning the contents of this letter, you may contact me at
(301) 594-1190.

Sincerely yours,

Marjorie Shulman

Consumer Safety Officer
Office of Device Evaluation
Center for Devices and
Radiclogical Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 /‘ o) /7 T
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APPENDIX A

PROPOSED LABELING

\PROPOSED FORTADERM™ ANTIMICROBIAL PHMB WOUND DRESSING
INSTRUCTIONS FOR USE AND PACKAGE INSERT

(b)(4) Draft Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 \ / \3 ?
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(b)(4) Draft Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Draft Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX B

PREDICATE DEVICE LABELING

B.1 Predicate Device Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / 3 O
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APPENDIX B.1

FORTADERM™ (PURAPLY ™) LABELING

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / 3 é .
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PURAPLY™

Bioengineered Wound Management

INSTRUCTIONS FOR USE
AND PACKAGE INSERT

DESCRIPTION

PuraPly consists of a single-layer fenestrated sheet of collagen intended for the
management of wounds. PuraPly is supplied dry in sheet form. The device is packaged
in sterile, sealed single pouches.

INDICATIONS
PuraPly is supplied sterile in peel-open packages. Intended for one-time use. PuraPly is
indicated for the management of wounds including:
¢ Partial and full-thickness wounds
Venous ulcers
Diabetic uicers
Drainage wounds
Pressure ulcers
Chronic vascular ulcers
Trauma wounds (abrasions, lacerations, second-degree burns, skin tears)
Surgical wounds (donor sites/grafts, post-Mohs' surgery, post-laser
surgery, wound dehiscence)

CONTRAINDICATIONS
e This device is derived from a porcine source and should not be used in
patients with known sensitivity to porcine material.
+ The device is not indicated for use in third degree bums.

PRECAUTIONS
e Do not resterilize. Discard all open and unused portions of PuraPly.

o Device is sterile if the package is dry, unopened and undamaged. Do not
use if the package seal is broken.
The device must be used prior to the expiration date.

+ Discard device if mishandling has caused possible damage or
contamination.

« PuraPly should not be applied until excessive exudate, bleeding, acute
swelling and infection are controlled.

POTENTIAL COMPLICATIONS

The following complications are possible with the use of wound dressings. If any of these
conditions occur, the device should be removed.

¢ Infection

¢ Chronic inflammation (Initial application of wound dressings may be
associated with transient, mild, localized inflammation.)

e Allergic reaction
Excessive redness, pain, swelling or blistering

3712-01 Rev. A

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / 3 7
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PURA PLY™

Bioengineered Wound Management

INSTRUCTIONS FOR USE

Note: These recommendations are designed to serve only as a general guideline. They
are not intended to supercede institutional protocols or professional clinical judgment
concerning patient care.

CAUTION: Federal (U.S.A.) law restricts this device to sale by or

on the order of a physician or properly licensed practitioner.

ALWAYS HANDLE PURAPLY USING ASEPTIC TECHNIQUE.
1. Prepare wound area using standard methods to ensure wound is free of
debris and necrotic tissue. If necessary, surgically debride the wound to
ensure the wound edges contain viable tissue.

2. To apply, cut the dry sheet to the outline of the wound area. If the wound
is larger than a single sheet, then multiple sheets may be used. Overlap
adjoining sheets to provide coverage of the entire wound. For ease of
handling, apply PuraPly by placing in a dry state over the wound and if
necessary, rehydrate the sheet using sterile saline or other isotonic
solution.

3. Place the edge of the sheet in contact with the intact tissue. Smooth
PuraPly into place to ensure the sheet is in contact with the underlying
wound bed.

NOTE: If excess exudate collects under the sheet, small openings can be
cut in the sheet to allow the exudate to drain.

IMPORTANT: After application, use an appropriate, non-adherent, secondary
dressing to maintain a moist wound environment. The optimum secondary
dressing is determined by wound location, size, depth and user preference.
Change the secondary dressing as needed to maintain a moist, clean wound
area. Frequency of secondary dressing change will be dependent upon volume
of exudate produced and type of dressing used. As healing occurs, sections of
PuraPly may gradually peel and may be removed during dressing changes. Do
not forcibly remove sections of PuraPly that may adhere to the wound.
Altemnatively, PuraPly may form into a caramel-colored gel, which can be rinsed
away with gentle irrigation. On inspection, if PuraPly is no longer covering the
wound and the wound has not healed, place an additional piece of PuraPly over
the wound.

STORAGE: This device should be stored in a clean, dry location at room
temperature.

STERILIZATION: This device has been sterilized with gamma irradiation.

Distributed By Manufactured for:

Royce Medical Co. Organogenesis Inc.

742 Pancho Road 150 Dan Road

Camarillo, CA 93012, USA Canton, MA 02021, USA

800-521-0601 3712-01 Rev. A

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / . ‘3 E—(
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APPENDIX B.2

XYLOS® XCELL® ANTIMICROBIAL CELLULOSE WOUND DRESSING
LABELING

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 /3 9
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Xcell® Antimicrobial Cellulose W ound Dressing
Instructions for Use
Sterlle by Irradlation Non-pyrogenic Single Use

Product Descripion:

The XCell® Antimicrobial Wound Dressing is a sterile product composed of cellulose, water, and 0.3% polyhexamethylene biguanide (PHMB).
XCell® Antimicrobial Wound Dressing has been shown to be effective in reducing the risk of infection by preventing the migration of bacteria
and fungi induding Staphylococcuts aureus. Fseudomonas aeruginose, Candida albicans. Escherichia coli and other clinically significant
microbes. The dressings are presented in a single-use peelable pouch for ease of removing the dressing.

Indications for Use;

The XCelk?: Antimicrobial Wound Dressing is intended for use on partial and full-thickness woeunds as an effective barrier to resist microbial
colonization within the dressing and reduce microbial penetration through the dressing. The XCell#: Antimicrobial Wound Dressing is intended to
cover a wound of burn on a patient’s skin to absorb areas of wound exudates and to provide a meist wound environment that supports the
autolytic debridement of areas of the wound that are necrotic, The dressing may be used on moderatsly exuding, non-exuding and dry wounds
as stated in the kstructions-for-use. The wound dressing also protects against abrasion, desiceation, and externai contamination. The moist
environment has a cooling effect that may reduce pain.

Under the supervision of a heslth care professional, the XCall®> Antimicrobial Wound Dressing is intended for the local management of exuding
wounds, including infected and non-infected pressure ulcers, venous ulcers, diabetic ulcers, arterial ulcers. donor sites and other bleeding
surface wounds, dermal lesions, trauma injurias or incisions. superficial cuts, minor scalds and burns. minor skin irritations, lacerations and
abrasions.

Contraindications:

XColl® Dressings may not be used to freat third degrea burns.

Da not use on individuals with a known sensitivity to the cressing.
Da notuse if frozen

Precautions:

Inspect sealed, sterile pouch before opening. Do not use ifpouch is opened or damaged.

Do notreuse or resterilize. Discard all open or unused portion of the device,

Store product in a dry place at 5 — 30°C. (41 - 86°F), do not freeze.

Consult a health care professional if any of the following occur: {1) signs of clinical infection, (2) thange in wound color and/ar odor (3) the
wound does not show signs of healing and {4} any other unexpected symptoms. The XCell® Dressing may be continued at the discretion ofthe
health care professional.

Instructions for Use:

XCell” Diessings should be used under health care professional direction for the foliowing indications: partial to full thickness wounds that are
moderately exuding. non-exuding and dry (arterial, venous, pressure and diabetic ulcers). first and second degree buins {severs sunburn, stc.),
mincr buins, post-opedative surgical wounds. skin grafts. donor sites and dermal lesions (cuts, abrasions. etc)

To apply the primary wound dressing:

1. Cleanse the wound of excess exudate (fluid)
2. The skin surrounding the wound should be clean and dry for secure application
3. Select a XCeoll” Dressing size larger than the wound
4. Peel open the package and remove the wound dressing. XCalIDtessings are sterile and should be handied appropriately
5. The dressing may be cut to size with sterile scissors if desirable
a.  Discard any unused portion of the product after dressing the wound
6, Either side of the dressing may be applied to the wound site. Remove one of the protective plastic films from the wound
dressing and apply the exposed side ofthe dressing to the wound. Remove the other protective plastic fim §om the wound
dressing and apply a self-adhesive secondary cressing (i.e., thin film). compression wrap. of other appropriate covering over
the sxposed surface of the %essing(s) so that it extends at least one inch beyond the XCelI'Dressing on all sides.
2. When using the XCell” Dressing in the rope configuration. gently place i into the wound, layering it by folding it onto itself,
taking care not to pack the matsrial tighﬂ:&within the wound. Cover and secure the rope as described above
b,  lfdressing a sacral ulcer, place the XCell” Dressing Sacral pad into the gluteal fold, and then smooth outwards to ensure
complete coverage. Cover and secwe the sacral pad as described above
7. Change the dressing as needed.
a.  The kequency of dressing change is affected by the nature and condition of the wound.
8. The dressing may not be ussd for more than seven days.

To remove the primary wound dressing:
Remove the secondary dressing(s) as approgriah.

1. Carefully remove the XCell” Dressing by lifting one adge and gently peeling the dressing from the wound site
2. Properly dspose of the dressing. Do notreapply after removal.
3. Priof to re-dressing. cleanse the wound as directed by a health care professional
4, Repeat the application procedure outiined above as needed
Made in the USA for: Distributed by:
XYLOS™ Corporation PDIMedical Devices & Diagnostics
838 Town Center Drive 10 Mountainview Road, Suite C200
Langhorne. PA 19407 Upper Saddle River, NJ 07458
www xcellwoundcare.com 1-688-GET-XCELL (1-888-438-9235)
Product Ordering lnformation:
Raorder # Description/Size: Dressings/box Boxes/case
04-001-10 357 x 3,5" (9cm x 9em) 10 10
04-002-10 5.5” x 8" (14cm x 20cm} 1 10
04-003-10 8" x 7" (18cm x 18cmy) Sacral 5 10
04-004-10 0.75"x 8.5" (2¢m x 21em) Rope 10 10

™ Trade Mark of XYLOS Coiporation. ¥ R egistered Trade Mark in the USA
U.S, Patent Nos. 4.588.400, 4,655,758, 4,788,146 and other patents pending Document Confrol ID: LAt 14.002

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 [ 4ﬂ
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APPENDIX C

STABILITY TESTING PROTOCOL

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / 4 l
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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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.

October 24, 2005 Rockville, Maryland 20850
ORGANOGENESIS, ING. 510(k) Number: KO051647
150 DAN RD. Product: FORTADERM
CANTON, MA 02021 ANTIMICROBIAL
ATTN: PATRICK BILRBRO WOUND DRESSING

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been
completed or if 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/oivd/guidance/1567 .html. Please refer to this
guidance for assistance on how to format an original 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 into commercial distribution
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 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.

If you have procedural or policy questions, please contact the
Division of Small Manufacturers International and Consumer Assistance
(DSMICA) at (301) 443-6597 or at their toll-free number {(800) 638-2041,
or contact me at (301) 594-1190.

Sincerely yours,

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

Radiological Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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11 KO11026 1| FortaDerm™ Wound Dressing 1| Organogenesis Inc.
Xcell® Antimicrobial Cellulose Wound .
21 K024054 . bia ¢ 2| Xylos Corporation
Dressing
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FortaDerm™ Antimicrobial Wound Dressing
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1| FortaDerm™ Antimicrobial Wound Dressing N/A
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4 4
5 5
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General, Plastic and Reconstructive Surgery
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The FortaDerm Antimicrobial PHMB Wound Dressing is intended for the management of wounds and as an effective barrier to resist
‘icrobial colonization within the dressing and reduce microbes penetrating through the dressing. FortaDerm Antimicrobial PHMB

~ound Dressing may be used for the management of: partial and full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers,

chronic vascular ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh’s surgery, post-laser surgery,

podiatric, wound dehiscence), trauma wounds {abrasions, lacerations, second-degree burns, and skin tears) and draining wounds.
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Methods for the treatment of
collagenous tissues for bioprostheses

Eugene Khor

Dapartment of Chemistry, National University of Singapore, Kenl Ridge, Singapors 118260

Collagenous fissue as a blomaterial ppasesses many favourable characteristics and edvartages over
synthatic materiale, The resemblance to human tissue suggests that it has a performance sdvantage over
alternative materials, This advantage has been explolied to produce clinical devices that have been
impianted in patients for more than a quarter of & century. The mathod of treating collagenous tissua for
bloprostheses has developed from crude sxposure of Hissue to chemicals to a sophisticated levet of
considaring the blochemical, chamical, engineering and clinical aspects of the process. This review focuses
on the varicus chemical and physical treatments that have made the bloprostheses possible, highfighting
the chemical agents and the cross-linking mechanism involved. © 1996 Elsevier Science Limited

Keywords: Collagenous tissue, bioprostheses, porcine aartic valve, bovine paericardium, cross-linking
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In the late 1960s, the tissue-based heart valve came
into existence in response to a need for an alternative
to circumvant the clinicel complications experienced
with the mechanical heart valve'. Beginning with
human tissue and progressing to animal tissue, the
bioprosthetic heart vslve became a reelity’. The term
bioprosthesis was introduced by Carpentier’ to refer
to deviges derived from biolegical tissus, invarisbly
collagenous in nature. that is treatad to impart in vivo
durability. In this process, the treatment invalidates
the regenerative capabilities of the tissue. The
treatment of collagenous materials for bioprostheses
bas been practised for more than 25 years. This
review provides a general survey of the methods that
have been reported, highiighting the chemical
aspects, and concludes with the author's view for the
future.

BIOPROSTHESES

Thers are many devices that can be classifled as
bioprostheses. In this review, by virtue of its
overwhelming  proliferation, reference pertains
predominantly to the bioprosthetic heart valve.
Wherever possible, examples of other bioprostheses,
such as vascular grafts, biohybrid vascular prafts,
ligament substitutes and pericardial patches, will he
cited under the respective treatment mathods. The
collagenous tissues troated with the various processes
are non-viable, This distingnishes bieprostheses from
treatments which are meant to retain the cell-reganera-
tive capability of the tissue, such as cryopreservation

of homografts, which is ountside the scops of this
review®.

COLLAGENOUS TISSUE .

Biological tissue used to fabricate the hioprosthesis is
connective tissue rich, the main component being
collagen. When animal tissue is used it is termed a
xenograft, while with buman tissue it is either an
autograft or a homograft. The main types of collagenous
tissue that have been used for bioprosthesss are the
porcine aortic valve {PAV), bovine pericerdium (BY),

Figure 1 Tha porcine aortie valva root after trimming and
glula'.ra!dehyde-ﬁxaﬂon {courtesy of St. Vincents Medhiech
te. Lid.).

EBiomaterials 1997, Vol. 18 No. 2
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dura mater, fascla Jata and autologous pericardium.
Figure 1 shows a typical porcine aortic valve root,
which resembles the human aortic heart valve in form
and function. Various degrees of success have been
achieved with each type of collagenous tissue as a
bioprosthetic material. Initially, human tissues wers
used extensively with sterilization methods. However,
the supply problem and their subsequent failure led 10
the emergence and subsequent dominance of the
xenograft. In turn, the problems that are associated
with the xenograft have now prompted some
researchers to re-svaluate the sutograft, There is no
denying that autografts are the best choice, followed by
homografis and finally xenografts*?. Howsver, the
difficulty of procuring and preserving sutografts and
homografts makes the aliernative of the shundant
heterograft sensible. Ultimately, the choice of tissue
type rests in complex considerations which include
patient profile, prior experience and prejudice.

Tissue morphology

The porcine sortic valve and bovine pericardium
exemplify typical tissue types and thair morphological
features are described briefly. The porcine acrtic valve
comprises three cusps, the aortic valve annulus and
aprtic sinuses of valsalva®. The cusps are the most
imxportant features and consist of thres regions, the
ventricularis, the spongicsa and the fibrosa. The quantity
and orientation of collagen in these layers are complex
and veried, the ventricularis and fibrosa having the
most collagen, The collagen assembly in bovine
pericardium is different to the porcine aortic valve,
being pradominantly comprised of multiple overlapping
layers of collagen aligned in different directions®. There
are again three layers, the serossl, the fibrosa and the
epipericardial connective tissue, all of which contsin
varying amounts of collagen. The Ratures of these
tissmes after fixation and implaniation, and of dura
mater and fascia lata, have been described’® .

Collagen

The primary constituent of these tissues is collagen, a
generic term for a family of extracellular proteins
which are essentially polymers of amino acids. Elaven
types of collsgen have bedn identified™ 2% At the
most basic Jevel, a collagen molecule consists of three
chains of polylamino acid)s (ar polypeptides) arranged
in a trihelical configuration ending in non-helical
cathoxyl and amino terminals, one at each end. These
non-helical euds are helieved to contzibute to most of
the antigenic properties of collagen. Collagen molecules
assemble to form microfibrils, which in turn form fibrils
to give the collagen Bbre. In their natural state, the
collagen trihelical configurations ars held in place by
direct chemical bonds, hydrogen bonds and water-
bridged cross-links, Associated with collagen in tissue
are elastin and proteoglycans, mucopolysaccharides
sttached covalently to protein cores. They are believed
to modulate collagen fibrillogenesis, fill spacs, bind
and organize water, and repel negatively charged
molscules in these collagemous tissue flbres, The
amino acids in collagen contain pendant groups such
as amines {NH;), acide (COOH) and hydroxyls (OH)
and, together with the amide bond of the polymoer, are
points for possible chemical reactions on collagen.

Additionally, water molecules surrounding the
collagen molecules form another source of entry for
reaction, since they can be displaced wupon
dehydration, exposing previously concealed groups for
potential cross-linking,

CROSS-LINKING

Collagenous tigsues obtained from the abattoir, cadaver
or patient begin to degrade immediately. Therefore, in
the exploitation of tissue as clinical material this
deterioration must be arrested and deferred, preferably
heyond the recipient’s vatural life. The aim is to
prolong the materials’ original structural and
mechanical integrity and remove or at least neutralize
the antigenic propertiss attributed to these materials.
Methods typically concentrste on cresting new
additional chemical bonds between the collagen
molecules. These supplementary links reinforce the
tissue to give a tough and strong but non-viable material
that maintains tha original shape of the tissus.

Physical and chemical methods for the treatment of
collagencus tissue are availeble. The process of
stabilizing tissue involves the chemical agent or the
physical process initiating, ideally, irreversible and
steble intra- and intermolecular chemicel bonds
hetween collagen molecules. Preferably, the agent
promotes bonds between the functional groups of the
amino acids. Chemical methods typically utilize
bifunctional chemicals that interact with collagen at
two different sites. The functional groups of the
chomical agent react with those on the emino aeid
residues of collagen, such as the s-amine function on
tysine and hydroxylysine or the carboxy! function on
aspartic and glutamic acids, to give rise to ‘cross-links’
between the collagen molecules. A drawback of
chemical agents is the potential toxic effects a recipient
mey be exposed to from residues and/or chemicels
resulting from a reversal of the cross-links. Physical
methods include drying, heating or exposure to
ultraviolet or gamma radiation, Unlike chemical cross-
linking, these methods do not introduce toxic chemicals
into the tissue, but this does not preciude undefined
side-effacts that may arlse due to these processes.

Tha efficiency and extent of these reactions depend
on the thickmess of the layars of collagenous tissus
which defines the magnitude of penetration end are a
funetion of parameters such as the concentration of the
reagent, end the time and the tempersture of exposure.
1t is generally accepted that the more exogenous bonds
that are generated in the natural biomaterial, the better
the durability. Ideslly, the treastment should also
maintain much of the original charecter of the tissus,
such as its flexible mechanical properties, and should
not shrink significantly. Hence the mnecessity of
keeping the tissue wmear neutral pH, ensuring an
aqueous media environment and minimizing denatura-
tion of the collagen. Therefore, & balance must be
achieved for attaining encugh reliable cross-links for
the biomaterial to last the lifetime of the recipient yet
permit the biomaterial to perform as it would in its
natural  stats. Therein lie the contradicting
requirements of treating collagenous tissue for
bioprostheses. The methods that have besn developed
do not and prohably cannot satisfy the dual

Blomaterisls 1997, Vol, 18 No. 2
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Figure 2 Glutaraidehyde and the torms it takes In aquecus media. Adapted from Korn et al.®.

requirements and what is used commmercially is the
best compromise.

CHEMICAL TREATMENTS

The predominant chemical agents that have heen
investigated for the treatment of collagenous tissue for
bloprostheses are pglutsraldehyde, formaldehyde,
polyepoxy compounds, acyl azide, carbodiimides and
hexamethylene diisocyanate. Thess treatments give a
hiomaterial that {3 non-viable, the intended advantage
being resistance to in vivo degredetion. In addition,
methods that wers originelly developed to preserve the
tissue for possible host regeneration, as In the use of
antibiotic sterilants fn combinstion with cryopreserva-
tion using glycerol, have also been included when
such treatments result in the destruction of the tissue’s
regenerative capabilities.

Glutaraldehyde treatment

Glutaraldehyde is the most successful chemical agent
and is the only commercially vieble process that hes
received widespread acceptance. No new method has
yet been able to replace it effectively and, consequently,
glutsraldehyde treatment dominates this topic,
exemplified by a recent review™. Glutaraldshyde was
fiest appiied successfully for bloprostheses in the Iste
19608 by Carpentier ef al%. Since then many variations
and conditions have been applied to optimize its
efficlency and, consequently, entrenching Xenografts
as the tissue of cheice. Glutarsldehyde is sasily
available, inexpensive and forms aqueous solutions
that can sffectively cross-link tissue in a relatively
shart period. Commercial bioprosthetic heart valves
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Figure 3 Simplified representation of monomaeric glutaral-
dehyde reaction with amino groups on collagen to form
cross-links.
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fabricated from porcine asortic valves (PAVs) are
wsually treated with a low concentration glutaralde-
hyde solution (typically around 0.5%) for more than
24h to ensure optimum fixation.

Glutaraldshyde iz a five-carbon aliphatic mojecule
with an aldehyde et each end of the chain, rendering it
bifunctional {Figure 2J*. The aldshyde is able to
interact chemically with amine groups on collagen to
form chemical bonds, as depicted in Figure 3. Since it
is bifunctional, it links two different collagen
molscules, hence its mode of cross-inking®. However,
the situation is complicated by the fact that it
polymerizes and is rarely in its monomeric form in
aqueous solutions”. The mods of action has been the
focus of meny investigations®*°. Lower concentra-
tions have bean found 1o be bettsr in bulk tissue cross-
linking compared to higher concentrations. Cheung et
al®® proposed that high concentrations of glutaralde-
hyde promote rapid surfece cross-linking of the tissue,
generating a barrier that impedes or prevenis the
further diffusion of glutaraldehyde into the Hssue bulk,
There is also some dispute as to whether fixalion is
complete as the depth of tissue Incresses, hence
glutaraldehyde’s  cross-linking  effectiveness  is
suspect™. The manver in which tissue is exposed to
the reagent is also important. Studies have shown that
low- or zero-pressure fixation is best in retaining the
original character of tissue® . It is now also knewn
that gluteraldehyde-fixed bLiological tissue is not as
dursble as once thought. While the debate is stiil
ongoing, it is guite evident that mechanicel failure
such s tears in the cusps of the tissue st points which
are the most stressed are noted in a number of retriaved
valves®™ . Furthermore, depolymerization of the
glutaraldehyde cross-links has been reported™ %, This
rolensea glutaraldehyde iuto the reciplent. However,
the toxic effects may be minimal or at & level thal is
tolerable. Other fectors including the mechanicel
properties have also bean the subject of much delibers-
tion.

Calcification

Calcification is the predominant cause in the failure of
PAV and BP bioprostheses that has been attributed to
the glutarsldehyds process®® 2, Calcification and
ways to control or circumvent it have been the focus of
most research in the past 15 years®. Calcification is a
multi-effact event which is caused by a number of
factors such as the presence of phospholipids in tissue
that can attrect calchum lons, or voids and cavities in
the Hssue created by the removal of proteoglycans
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during processing or cellular degradation. This
predisposes, in the glutaraldehyde-fixed tissue,
potantial points that can tzap foreign particles that may
lead to pucleation centres for calcium. Increased
calcium uptake leads to o buildup of calclum
phosphate, which in time mineralizes into caltium
hydroxyapatite,

Attermnpts to contral or mitigate calcificetion in
ghrtaraldehyde-fixed biologlcal tissue have yielded
many possible candidates that have been shown to be
offective at the small enimal model level. Their
effectiveness is based on interrupting or retarding one
or more steps in the calcification process. For
axample, the surfactant sodinm dodecyl sulphate is
believed to control calcification by remo
phospholipids, and has been commerrially applied*®.
Other agonts include diphosphonates (synthetic
analogues of natural calciftcation inhibitors), amino-
oleic acid and metal iogs (A" and Fe®¥)* 5!, In the
case of the diphosphonates, rather them contacting
tissus with the agent, it has bean incorporated into a
giticone drug delivery reservolr and attached to the
sewing ring. Anticalcification agent release has been
shown to inhibit calcification in animal studies. Mors
recently, the use of chloroform and dimethyl
sulphoxide (DMSO) with  glutaraldehyde-fixed
biologicel tssue has also been reported'™®. The
results of the DMSO work have Impostant implications
for calcificetion, Khor ef al®® proposed that high
concentrations of DMSO denature tissue collagen to
some degres. However, the overall integrity of tissue
structure is retained bscause of the prior irestment
with glutaraldehyde®, Therefore, neat DMSQ in effect
changes the threo-dimensional structure im tissue,
eliminating or at the very least minitmizing the
oriented Ca®* atiracting points, such as carboxyl and
residual amines, in tissue. Combined with the inherent
tissue shrinkage caused by DMSO wxposure, sites
along the fibrils that are nucleation sites for calcinm
crystal formation as proposed by Glimcher™ are
reduced. This explanation, combined with the
hypothesis that gluteraldehyde can also be a
nucleating site for Ca®*, probably accounts for the
complete picture of in vive dysthropic celcification of
bioprosthetic tissue®,

Now approaches to the utilization of glutaralde-
hyde

1t is evident from the preceding discussion that glutaral-
dehyde-fixation of xenagrafts has probably reached a
plateay. However, the chemical itself appears to have

been given an extsnsion of service-lifs. In recent yoars,
shrinkage lemperature determinations of glutaralde-
hyde on bisological tissue have led researchers 1o
conclude that short time fixation may be
advantageous™. In one such precadurs, autologous
pericardium is exposed to short durations (~10min} of
low concentrations of glutaraldehyde solutions®. This
protocol appears to impart to tissue the required
stiffiess for it to ba shaped into & valve for implanta-
tion””. Preliminary results showing good tissue
performance with no calcification ara sncouraging and
may lead fo a revival of the homograft as a vieble
alternative to the xenograft.

Formaldehyde

In the 1960s, formaldehyde, s comroon preservative for
biological tssme, was also considersd alongside
glutaraldehyds s a candidate fixative™**. Aqueous
solutions of formaldehyde ranging from 0.5 to 10%
were found to provide the desired fissue stability as
determined by shrinkage tamparshuve. However, the
long-term durability wes found to be inferior to
glutaraldehyde. This was attributed to unstable and
reversible fixation by formaldehyde. This is not
surprising considering the single functionslity of this
roagent, which only permits reaction with = sin%{:
collagen molecule {Figure 4). When exposed to
dymamie situation that exists in storage as well as in
vivo, reversal fo formaldehyde 1is the natural
consequence, thereby negating the stability achievad
initially®®. Furthermors, formaldehyde treatment
resulls in cusp stretching and deformations, extreme
reduction of the collagen matrix and increased
immunological responges® . The use of formaldehyde
in tissue fixation wes discontinued socon after.
However, the use of formaldshyde as a sterilant
remains a primary post-treatnent step for glutaralde-
hyde-fixed bioprostheses, with thorough rinsing being
necessary prior to iraplant to remove residusl formalde-
hyde.

OTHER CHEMICAL CROSS-LINKING AGENTS

After the establishment of glutaraldehyde as the fixative
of choics, the problems associated with the process
graduslly bacame known. Anticalcification hae already
been mentioned as one appreach to improve on the
situation. Alternatively, other researchers embarked on
attempts to replace gluteraldehyds., The chvlous
strategy would be to uwse other bifunctional cross-

- Cou.—ﬁmrm,
NH; +  C=0 R N=CH; et N—CHy NH~—COLL
H H | 1
H 0
COLLAGEN FORMALDERYDE COLLAGEN-IMINE UNSTABLE INTRAVINTER.
MOLECULAR CROSSLINKS

Figure 4 Simplified reprasentation of formaldehyde reaction with amine groups nn collagen to form cross-finks,
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linking agents to react with the functional groups on
collagen. Epoxy snd dilsocyanats compounds dominate
thig approach. Another strategy has been to perform
chemical reactions on the functional groups of amino
acids on collagen to generate reactive sites for cross-
linking with each other, the basis for the acy! azide
and carbodiimide reactions. The apparent advantages
of ali these methods over glutaraldehyde are
comparable or better lissue stability, Jower calciftcation
and, presumably, lower toxicity.

Polyether oxide

One of the more promising approaches, first reported in
the late 1980s, is the use of polyether or polyspoxy
compounds®™. This reagent has been applied to a
varfety of tissues including bovine pericardium and
artery, and porcine aortic velve cusps and
tondans®™ . Figure 5 shows two typical structures,
the common fagture being the presence of two and
three points of bonding on the molecule for the
diglycidyl sther and triglycidy! sther, respectively. The
structure is based on glycerol, where the hydroxyl
groups have been replaced by short- to medium-length
polymers terminating in an epoxy functionality. The
three-atorm epoxy ring in chemistry terms is very
strained and favours ring opening tc relieve this strain,
the driving force for the crossJinking reaction, The
epoxy functionality predominantly reacts with the
eming group onr lysine, much like glutaraldehyde.
Additionally, the possibility to react with the nitrogen
an the pyrrole ring o the amino acid histidine as well
as acid groups exists, thereby increasing the versatility
of cross-linking. Figure 8 shows the proposed
mechanism of cross-linking reactions using this
reagent with lysine in collagen. The amine group on
lysine acts as the nucleophile, substituting the oxygen
hond on the terminal carbon to give a carbon—nitrogen
bond stable to acid hydrolysis®,

The profile of the matecule is large compared to the
straight-chain five-carbon glutaraldshyde. The three-
carbon backbone can have branches that vary from 3 to
46 carbons in length. This profile, howsver, does not
appear to affect the diffusion of pelyepoxy compounds

CH—0(CHy)a- CH~CHy
o}
giycerot dighyciayl ether CH—OH

CH-0—(CHye— CH—CHy
o

CH~O—(CHyu—~ CB—CHy
glycerol triglycidyf ether 0

PR

CH—O—(CHan~ CH—CHy
o]
CH—0—(CHya~ CH~CH,;
o

Figure 3 Structure of two polyspoxy compounds. The {n]
number can vary from 1 up to 46 for presently known
compounds, Adepted from Imamure et al.”.

CHz~—-0——CHCH—CHz

CH—etl4 Y e th—oH oM
&

i’é
.
75 8

CHy—m O—=-CHICH—CH}

K N

”l" /\/\/\/\)\/

Figure 6 Proposed machaniem of cross-linking for
polyepony compounds to collagen, showing the amino
group on coliagen undertaking a nucleophilic displacement
of u‘aem epoxy function to form cross-links, Adapted from Tu
ot gl.™.

into the tissue if fixation time is long and may even be
desirable for a wider variety of cross-links, The
mechanical properties of the resulting bioprosthetic
tissus are not compromised and are Invariably better
than fresh tissue™®. Furthexmors, polyepoxy
compounds, regardless of thelr side-chain complexity,
can attain a similar extent of cross-linking if allowed 10
react for up to 17 months®, This has been attributed,
in the case of smaller polyepoxy moelecules, to
polymerization with time resulting in the formation of
larger polyepoxy molecules. Tu et al®, in a kinetic
study of tha fixative on bovine thoracic arteries, have
demonstrated by amino acid snalysis assay that the
entire tissue can be cross-linked. As expected, the
ususl influence of temperature, pH and conceniration
of reagant pleys a role in the final material property. A
catalyst and accelerator system at high pH for more
than 48h appears to be the best fixation condition®,
Finally, the aquecus-based reaction format has been
maintsined and the resultant material appears to be
more hydrophilic than glutaraldehyds.

Tissue cross-linksd by this method has been shown
to mitigate calcification si%iﬁcamly compared to
glutaraldehyde-treated tissue®’, For exemple, one
study using PAV cusps reported that after 3 mounths
implantation in the rat model, polyepoxy-treated
tissues were found to have an average of 1pug of
calcium per mg of dry tissue compared to glutarslde-
hyde-treated semples with an average of 140pg per
mg™. The cytotoxicity of the polyepoxy compounds
has also been eveluated and shown fo be
acceptable™ 72,

Hexamethylene diisocyanate and polyurethane

Hoxamethylene diisocyanate {HMDI) is another
difunctional molecule where the terminal isocysnste
groups can react with amioes of lysine on coilagen to
form the urea bond. This chemical has been used by
Chvapil and co-workers™’® to cross-link extracted
collagenous materiels  intended for temporary
implantable support devices. Materials so cross-linked
provided the necessary strength at the site of implant
for up to 8 months to permit the regeneration of the
recipient’s tissues. The implant slowly degrades to
non-toxic products, HMDI is a straight-chain molecule
having a 1D-atom spread hetween the linking points.
Naimark et al.”® have used HMDI to cross-link hovine
pericardium. Figure 7 shows the sequence of the cross-
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NH; - OCN~{CHsFNCO
COLLAGEN HBMDI

0 0
NH—-—L—-*NH—; cu,jrua(l! —+ Ny

UREUM BOND

0 0
NH——«-!—NH—-tCR;erH—-! e NH

Figure 7 Representative reaction of hexamethylene
diisocyanais with tha amino group on counggn to form
ureum cross-links. Adapted from Naimark et al.”™.

linking reaction. The process of cross-linking is unique
because it has been found that the best results are
obtained when cross-linking is carried out under
anhydrous conditions using 2-propanol. This is
necessary to circumvent the high reactivity of the
isocyanate to water, destraying the isocyanste function-
slity before it can react with collugen. The shrinkage
temperatute of HMDl-trested tissue of 85°C is
comparable to the 88°C for glutaraldehyde-fixed
bovine pericardium™. Similar resuls were cbiained
for mechanical properties and enzyms degradation
resistance, The cross-links are reported to be stable in
water’”. The cytotoxic effects and mechanical
properties of collagen and tissue trested with HMDI
have been investigated™ ™, The cytoloxdc effects of
HMDI appear to be tolershle and much better than
glutaraldshyde. Furthermore, Chvapil™ states that the
advantage of HMDI is its presumsd degradation to
hexamsthylene diamine, which 1s cited to be minimally
cytotoxic.

n 2 similar approach, Loke et al®® have alsa used
non-aqueous  resctions to  cross-link  porcine
pericardium. Instend of 2-propencl, dimethyl
sulphoxide (DMSO} was used as the reaction sclvent,
An isocyanate-terminated polyurethane oligomer was
the cross-linking agent. A grey surface layering, which
does not delaminata, was formed on the surface of the
porcine pericardium and is attrthuted to the cross-
linking of swiface amino functionalities with
polyurethane. The predominantly surface crogs-tinking
is possibly attribnted to the size of the polyurethane
oligomers, which may be a hindrance for diffusion into
the tissue®. The use of polyurethane offers a wider
dimension because the chain and cross-linking points
could be predetermined to optimize the final material’s
properties.

The introduction of non-aquecus environments

presents a new dimension In the crosslinking of
collagenous materials. First, it 1s likely to disturb the
three-dimensional arrangement of native collagen and
this can lead to crosslinking by virue of its
dehydrating effsct, which can alter the side-chain
chemistry of collagen™. Furthermore, it may remove
fats, proteoglycans and, in regions where the solvent
contacts residual water, upsets the solubility of the
reagent, precipitating the cross-linking agent. Finally,
it may impart unexpected rasuits, For example, with
DMSO, Khor et a.** have reported improved celcifica-
tion mitigation properties. Nevertheless, careful
canstruction of the experimentzl approach may lead to
2 profitable cutcome in terms of material properties.

Acyl azide and carbodiimides

in this approach to the chemical fixation of biological
tissue, the use of a traditional bifunctlonsl crogs-
linking agent is cbviated®™. Instead, the carboxyl
functional groups of aspartic and glutamic amine acids
on collagen undsrgo a three-step chemical reaction,
and in the process are converted to acyl azide fumction-
alities. Figure 8 somraarizes the reaction scheme of this
process. The carboxyl group is fiest esterified, followed
by reaction with hydrazine to form a hydrazide.
Finally, the hydrazide is reacted with sodium nitride
to give the acyl azide. These acyl azide functionalities
in turn react and couple with adjacent amino groups
on other amino acids in collagen to give the cross-
linksd tissue®. Apparently, the sequence of chemical
reactions doss not give rise to any deleterious effects
on the tissue. Tissue cross-linked by this method was
found to have a shrinkege temperature shightly lower
than that of ghutsraldehyde-fixed tissue {~2°C), but
wes comparable in tissue stability as determined by
cyanogen bromide cleavage and enzyme degradation
studies. A mnewer varation of this reaction using

Coti- COOR Cryon o » Goll - COOCHq
- 20°C, 7 days, wash in 1M NaCt )

ESTERIFICATION
1% (g - 150 NGl
ol + e -
O OO versght, wash i ey OO + CONHNHg
HYBRAZIDE

Q.50 NanO2 ~ 0,3W HO! - 134 NaC)
Wi - CONHNHg———sgmeesrie—e——ei—ae Cl] - CONg
0-4'C for 3 min; wash in buffor
‘oH 8.91M NaC

ACYL AZIDE
Call - NHZ BUFFER pid 3.9 1M NGl
- CONy o - -
Colt - CONy e Coil - CONK - Cofl
CROSSLINKED
COLLAGEN

Figure 8 The sequence of reactions of the acyl azide
method to cross-link tissue, Carboxyl groupe of aspartlc
and glutamic acid residuss of caliagen are converted to
acyt aride, which In turn reacts with emino groups on
collagen to form the ures cross-links. Adapted from
Petite et al.*.
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dipheny{ghosphuxylazida (DPPA) has also heen
reported™. DFPA provides a simpler and faster cross-
linking performance compared to its predecessor,
although It 13 a solvent-based reaction. In a comparison
study of the cytotoxic effects of these reagents, DPPA
was found to he less cytotoxic than ecy! azide snd
both were better than glutaraldehyde™. Finally, bovine
pericardium treated by the acyl azide procedurs
demonstrated marked reduction in calcification
compared to glutaraldehyde-fixed controls®.

The carboditmide reagent offars snother method for
gonerating cross-links between corresponding reaction
sites, without itsell being incorporated. In an early
application, the reagent 1-ethyl-3(3-dimethylaminepro-
pylcasbodiimide hydrochloride was wused as an
activating agent in the promotion of aftaching acrylic
polymers to glutaraldehyde-fixed blological tissue®.
The procesa was reported to reduce celcification, The
wider application of the carbodiimide resction is in
the promotion of cross-links in tissue, the mechanism
being similar to the acyl azide reaction®-%%, Figure 9
shows the sequence of events in a typical reaction. The
carboditmide is first protonated snd reacts with the
carhoxyl function on collagen to form the o-isnacylurea.
This is followed by nucleophilic attack of the amine
functions on the adjacont collagen, generating the
cross-link end simultaneously releasing the urea
derivative of the carbodiimide reageni. Proper post-
treatment removal of the activating reagents gives a
treatment with no residual chemicals. In practice, most
procedures usually involve a combination of physical
and chemical processes. In a typical procedure collagen
is first dehydrated by a combination of thermal and
vacuum drying and them treated with the chemical
reagent cyanamide for fina! cross-linking®®. This
method has been applied to collagenous tissue. Initial
results a5 indicated by shrinkage temperature
measurements suggested poor cross-linking, but new
refinements using more sophisticated carbodiimide
reagents have improved the results® %, One point to
note is that the contribution of heating and vacuum
drying has not heen accounted for™.

" yﬂ-lf
— COLL .O_CQN -

CUU-—E—-OH * F-H=C=N-K

&[50-ACYLUREA

"

R
cou,ﬁ,-hti—cou “—— COLL-NH, - COLL: Q—CFH
H

CARBODIIMIDE

e
)
CROBSLINKED COLLAGEN '
NUCLEOPRTLIC DISPLACEMENT
o
0= hpe
SUBSTITUTED UREA

Figure 3 The sequence of reactions for the carbodilmide
mathod to cross-link iissue.

One feature of these reagents is the relatively short
length of the cross-links. The cross-link is two atoms
long. This Hmits the ‘spread’ of the cross-links to
adjacent collagen molecules, unllke PEQ or the
dilsecyanates, where the lemgth can be quite long.
However, this may be an advantage. As long as
mechanical studies prove that the material can be
used, the short chein may be beneficial in terms of its
anticalcification  properties by limiting calcium
binding sites, as discussed carlier*” .

Glycerol

Glyeerol is a small three-carbon moleculs with three
hydroxyl functional groups. These hydroxyl groups do
not contribute to amy cross-linking reactions. This
method was originally conceived as one of a myriad of
mathods to sterilize and preserve hamografts for host
cell regeneration capabilities®. An averview of the
preservation and stexilization is described by Bodnar
and Ross”. The role of the reagent is not cleerly
understood but at the concentration used, 98%, the
tissue is renderod non-visble and i3 justifiably
bioprosthetic. Presumably, jo the process of preserving
the tissue, the high level of glycerol displaces the
water in the cells and consequentially leads to cell
death™. The fissue used in most studies has been the
dura mater™®, Ope such procedure is the room
temperature preservation of freshly retrleved human
dura mater preserved in 98% glycerol, After fabwication
into a valve, preservation was rasumed in 98% glycerol
unti] implentation, when a final rinse in an antibistic
solutlon was effected®™. Reported clinical results of
this approach have been promising. In 2 comparative
study to glutareldehyde-fixed bovine pericardinm,
glycerol-treated dura mster was found to degrade and
calcify slower'™ '™, Recently, bovine pericardium
treated with glycerol for more than 2 weeks was
reported to be biocompatible and significantly lowered
levels of calelum in sxplants wers found'™,

PHYSICAL METHODS

The primary advantage of physical methods is that they
do not introduce chemicals that may cauge potential
harm as thare are no residues in this approach. Typical
physical processes such es drying, heating and
irradiation have been applied to collagen'®,

These studies highlight the interaction and types of
cross-links that cen form using these physical
methods'™. Extending this knowledge to collagenous
tissue is inevitable. The limitation of physical methods
appears to be in trying to achieve a balance between
attaining the desired amount of cross-linking but
preventing the onset of degradation of tissue as a
consequence of the long exposure times ineviteble for
physical processes. With irradiation, there is also the
need to determine the depth of penstration of the
radiation.

Dye-mediated photo-oxidation

Recently, dye-mediated photo-oxidation of bioclogical
tissue has been raported as a viable method for cross-
linking tissue for bioprosthesss'®. Pericardial tissue
stabilized using ultraviclet irradiation was found to be
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a suitable biomaterial for fabrication into a bioprosth-
esis. In a typicel procedure tissue is placed in a reaction
vessel, each piece ~2cm®, The reaction solution
comprises buffered NaCl solution containing 1% {w/v)
methylene green. Irradiation with light for up to 22h
in the presence of dissolved oxygen gives the fixed
biomaterial.

Cross-linking has been verified by biochemical
gtudies’®, Dye-mediated photo-oxidized tissue
subjected to protein extraction and enzyme (pepsin}
digestion shows that the longer the frradiation perdod
the less protein is recoversd/exiracted, indicating that
cross-linking of the tissue had occurred. The shrinkage
temperature of the photo-oxidized tissue was found to
be similar to untreated tissus, suggesting that the tissue
behaves like the original (i.e. cross-linking does not
affect the tissue character). Subcutaneous implants
retrieved after 68d in vivo showed that the photo-

oxidized and glutaraldehyde implanis were still intact,-

while in contrast the untreated control was not found.
Proliminary rosults of the performance of pericardial
velves, using bioprosthetic tissue froma dye-mediated
photo-oxidation, implanted in juvenile sheep are
promiging®®,

Microweve irradistion to imitiate cross-links on
collagen has also been reported'®. This can probahly
be extended to collagenous tissue. Anocther physical
method that has bscome populer is dehydrothermal
treatment'®® %%, It is reported that the process of
slowly removing water under & high vacuum and a
temperature of around 110°C lsads to cross-linking of
collagen. Preliminary data show that the process
increased the strength of collagen. It is probably enly
a matter of time befora this method is extended to
tissue,

COMPARISONS

An interesting anomaly appears to be the lack of a
comprehensive comparison between the diffarent
treatments. Most studiés compare the individual
treatment to gluteraldehyde with respect to tssue
morphology andfor calcification. More comprehensive
studies are fow; an example is that by Pereira et al**
on the effects on the mechanical properties of
pericardium after chemical and physical treatments. In
thie work, the chemical treatments were glutaralde-
hyde, cyanimide and polyepoxy compounds. The
physical treatments wers heat-drying and freeze-
drying. Glutaraldeliyde- and polyepoxy-fixed tissues
were found to have the best cross-linking es determined
by shrinkage temperature measurements, while the
drying methods were found to be similar to fresh
tissue, but cyanamide treatment appeers to be slightly
detrimental. The mechanical properties as determined
by tensile measurements showed that heat-drying
gives the best tissue moduius and ultimate modulus.

Another comparison of the treatments relates
calcification to cytotoxicity, cellnlar interactions and
cross-iinking. The chemicals surveyed were HMDI,
acyl azide and cyanamide compared to fresh and
glutaraldehyde-treated coilagen. The results suggest
that proper removal of residual chemicals reduces the
cytatoxic effect and improves the potential of the
bioprosthetic matsrial®.

SUMMARY

The principal methods for the treatment of collagenous
tlssues for bioprostheses have been reviewed. The
methods rely on the chemical agent interacting with
functional groups on collagen to cross-link tissus to
produce a biomaterial that, in most instances, is
durable but non-viable. All methods have their
advantages and disadvantages. The most successful
method, glutaraldehyde-fixation, is now kaown to
have questionable durability and also results in
calcification of the hicprosthesic. However, to date, no
new method has been demonstrated o successfully
replace it. The limitations of the requirements for
treating biclogicel tissue for the casa of the porcine
aortic valve and bovine pericardium suggests thet this
practice has reached its Hmlts. The assoclated
durability, antigenicity and toxicity problems will
always persist. Anficalcificetion strategies are
promising and the pewsr methods of cross-linking
tissus have been shown it be useful alternatives to
glutaraldehyde. However, most of the resulls are
preliminary and more development has to follow
before clinical applications can be realized. Whether
this will be achieved in timely fashion remains
unknown,

Finally, the long-held concept of treating xenografts to
resist lomg-term degradation appears to be threatened.
Thare appears to be a resurgence of the use of homografis.
Present research directions point ta tha vse of short time
exposure to low concentrations of glutaraldehyde with
autologous pericardium. This can be exdended to other
tissus typss. Competition will also emanate from
fledgling tissue engineering strategies®. It is the
opinion of this author that the best treatment will be one
that revitalizes, even to a limited extent, the graft in the
host. Perhape it is fitting to end by quoting Buch et al*®,
who in 1970 stated that 'Only by preserving the viability
of the donor tssue to ensure subsequent cellular
replication and neccollagen formation can satisfactory
long term function be realized’.
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EVALUATION OF COLLAGEN CROSSLINKING TECHNIQUES

Kevin Weadock, Robert M. Olson, and Frederick H. Silver
Departments of Pathology and Surgery, Biomaterials Center,
University of Medicine and Dentistry of New Jersey,

Rutgers Medical School, Piscataway, Wew Jersey 08854

ABSTRACT

The properties of collagen films crosslinked by physical
and chemical techniques were compared to the properties of
films crosslinked with glutaraldehyde  (GTA). Physical
techniques studied include exposure to short wave (294 nm) u.v.
irradiation and severe dehydration. Chemical techniques studied
include immersion of collagen films in aquecus solutions of
cyanamide or GTA. Collagen films exposed 1o combinations of
aqueous solutions of cyanamide and severe dehydration had
moduli of elasticity, swelling ratios and resistance to
bacterial c¢ollagenase aimilar to films crosslinked with GTA.
Theoretical calculations based on amino acid compesition
indicate that approximately seven times as many aminoe acid
residues are capable of forming crosslinks using cyanamide or
severe dehydration procedures as compared to GTA crosslinking.
In addition, using 9severe dehydration or cyanamide forms
crosslinks involving both aminc and carboxyl residues which may
allow these procedures to act synergistically. Based on our
studies this two-step  procedure effectively crosslinks
collagen-based biomaterials while the only by-product of this
reaction is water-soluble urea. Preliminary biocompatibility
atudies suggest that this crosslinking procedure may allow for

pronounced tissue ingrowth.
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INTRODUCTION

Collagen is the primary structural component of mammalian
tissues. The fiber forming collagens, collagen types I, IT and
III, give shape t¢ tissues as well as 1limit tissue deformation
in response %to applied loads. Although the amount and types of
collagen vary from tissue to tissue and species to apecies, the
primary sequence has been shown %o be highly conserved. 1In
addition, because of the low antigenicity of collagen, type I
collagen has been used as the sastructural component of many
biopolymeric based prostheses such as heart valves, blood
vessels, preparations for tiasue augmentation and wound
dressings (1). Although collagen based materials in general
stimulate only a mild inflammatory response, they are still
recognized as "foreign" by the tissue and initiate a sequence
of cellular events which include mobilization and activation of
granulocytes, macrophages and fibroblasts (2}, It is unclear
whether a component of this inflammatory response is due %o an
inherent antigenicity of +the collagen, the presence of residual
crogslinking agents, or the formation of collagen peptides
during radiation or gas sterilization (3). Nontheless, the end
result is still the degradation of the implant by collagenase
and other enzymes released from fibroblasts and inflammatory
cells (4).

Crosslinking is an effective means of controlling the

biodegradation rate of collagen-basgd-bdenateniaisy praVeRbBb ac
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rapid elution of the materiel intc wound fluids and increasing
the tensile properties of the material to the level where they
can be handled or sutured conveniently. Crosslinked collagen
has a greater modulus of elasticity {Youngs modulus), greater
resistance to proteases and a lower degree of swelling than
uncrosslinked collagen (4, 5, 6). Present crosslinking
procedures often use bifunctional reagents containing reactive
groups whicp form bridges between two amino acid side chains of
ad jacent protgin molecules. Such reagents include aldehydss,
igsocyanates, alkyl and aryl halides, imidoesters,
carbodiimides, W-subatituted maleimides and acylating compounds
(7). Intermolecular erosslinks are covalent and can support
stresses to the same degree as the bdonds in the polymer
backbone (8). With optimal pH, concentration of reagent and
temperature, the crosslinking efficiency of any reagent 1is a
function of the number of amino acid residues which can react
with the reagent, the stability of the crosslink, and the bond
energy associated with each cresslink.

Often, the reagents previously mentioned are difficult to
work with because of toxicity or low water solubility. They may
also leach out of the material, polymerize or form unstable
crosalinks (4). Aldehydes, particularly glutaraldehyde (GTA),
are effective ecrosslinking reagents and =are most often chosen

83 reagents for crosslinking collasgen-based biomaterials used

9pecifically for 4implantation. At low  concentrations GTA

-FOISTATUS@fda.hhs.gov or 301-796-8118
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produces intramolecular c¢reosslinks in collagen, while at higher
concenirationa GTA forms long polymeric chains which produce
intermolecular crosslinks (9).

The reaction of GTA at high concentrations with collagen
is reversible (9). After implantation of GTA crosslinked
collagenous  biomaterials, large  polymers of GTA are
continuously hydrolysed (10) and this results in the release of
free monomeric GTA into surrounding tissue (11). Tissue culture
(12) and implantation studies in animals (13) have shown that
cytotoxicity and

slow growth of granulation tissue are

asgociated with materials erosslinked with GTA. QOther

deleterious characteristics of GTA  crosslinking are
heterogenous crosslinking (9) and inability to incorporate
other macromolecules into the material (14).

Obviously, where cellular ingrowth inte the implant is
desirable, alternative crosslinking methods should be employed.
These methods should effectively crosslink collagen-based

meterials without resultant cytotoxicity. Previous

investigations  have demonstrated the use of  short-wave
ultraviolet irradiation (15), carbodiimides (16) and severe
dehydration to crosslink gelatin and collagen (17). These
procedures have not been shown to produce any by-products which

may induce cytotoxicity. This study evaluates the in vitre

resistance to bacterial collagenase, stress-strain properties,

swelling ratios and in vivo biocompatibility of collagen using

Questions? Contact FDA/CDRH/OCE/DID

these alternative crosslinking procedures.
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MATERIALS AND METHODS

Characterization of Starting Material

The collagen was prepared from fresh uncured bovine hide
using a procedure similar to that reported by Kemanowski (18).

This procedure involves separating the reticular dermis
{corium) from the papillary dermis and cutting the corium into

gtrips. The corium is fragmented, ground, washed in distilled

water, swollen in a dilute acid solution, precipitated and
freeze dried.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS~PAGE) based on the method of Laemmli (19) and amino acid
enalysis on HCl-hydrolyzed aliquets were used to characterize
the collagen. CGels were run on the collagen befcre and after
limited pepsin digestion so that the presence of noncollagenous
proteins as well as the distribution of types I and III eould
be established. Gels were also run after reduction with
nercaptoethanol.

The lyophilized collagen samples  were dissolved in
SDS-PAGE sample buffer and ipcubated with this buffer for 30
minutes at 650C. These samples were then loaded onto 7.5% SDS
polyacrylamide slsb gels (1.5 mm). The gels were initially run
at 10 mA/gel until the dye front reached the bottom of the gel.

Following electrophoresis, the gels were fixed (10%2 w/v

srichloroacetic acid, 75% v/v methanol, 13% v/v acetic acid),

DRH—FOISTATUS%@fda.hhs.gov or 301-796-8118
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methanol and 4.2% v/v acetic acid), and destained (7.5% v/v

acetic acid and 5% v/v isopropanol).

Material Preparation

Lyophilized collagen was swollen in HCL pH 2.C and
dispersed at a concentration of 13 w/v by grigding for 2
minutes in a Waring blender. For film preparation, 30 ml of
this dispersion was poured into a plastic tray, covered with
aluminum foil and allowed to air dry under a hood for two days
at 22°C. Collagen films were then removed from the trays,
wrapped in aluminum foil =2nd stored at room temperature in a
dessicator prior to creosslinking. For collagen sponge
preparation, 60 ml of the dispersion were poured into a tray,
frozen at -20°C and then freeze dried at -6500. The sponges

were then ready for crosslinking.

Crosslinking Procedures

Crosslinking by ultraviclet irradistion. Collagen sheets

were piaced on aluminum foil and set 6 inches directly below 2
short wave (254 nm) ultraviolet lamp (Mineralight, Model
UVS-11). The sheets were irradiated for 1, 3 and 5 hours.

Dehydrothermal crosslinking (DHT). Collagen films were

placed in a vacuum oven at 22°C and subjected to a vacuum ©of

Questions? Contact FDA/CDRH/OCE/DID 4 ‘
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less than 100 miorrs for 1 hour as previously described (17).
The temperature within the vacuum oven was then increased to
110°¢C. Dehydrated collagen films were removed from the oven
after DHT treatment of 1, 2 and 3 days. The oven témperature
was kept below 50°C before the vacuum was released and collagen
films removed.

Carbodiimide crosslinking Collagen films were immersed

in a 1% w/v pH 5.5 solution of cyanamide (a carbodiimide,
H-N«(=N-H), a;d removed after 1, 2 and 3 days. After removal
the films were rinsed ir distilled water for 1 day (materials
used for implantation studies were washed in a 1% solution of
glycine for 24 hours). All films were air dried at 22°C for 1
day.

Glutaraldehyde ecrosslinking. Collagen films were immersed

in a 0.25% v/v pH 5.5 solution of glutaraldehyde {GTA) for 1, 2
and 3 days st room temperature. Films were then rimnsed in
distilled water for 1 dey. Materials wused for implantation
studies were washed in a 1% solution of dimedone for 24 hours

to remove free aldehyde groups. 411 films were air dried gt

22% for one day.

Combinations of dehydrothermal and carbodiimide

crosslinking treatments. Collagen films were treated with

carbodiimide (C) for ome day, followed by DHT treatment for 1,
2 and 3 days. In some cases the films were first DHT treated

for 1, 2 and 3 days followed by 1+ day of expesure to the

DRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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carbodiimide solution. These procedures will be deseribed by
the following nomenclature; C{$)DHT(3) refers to carbodiimide
treatment for 1 day Zfollowed by DHT treatment for 3 days, or
DEP(3)C{1), 3 days of DET treatment followed by 1 day of

carbodiimide treatment.

Mechanical Testing

Mechanical properties of films crosslinked by exposure to
short-wave ultraviolet light (254 nm), glutaraldehyde, severe
dehydration, and carbodiimide were determined as a function of

extent of c¢rosslinking. Collagen films were cut inte strips

(4.0 em X 1.0 cm) end immersed in distilled water 15 minutes

prior to testing. The mechanical properties of these strips

state by applying a tensile force
(108 /

were analyzed in a hydrated

tc the specimen at 22%C and a constant strain rate

minute) using an Instron Tester Model 1122. The ends of the

strips were placed between pneumatic grips (40 psi grip

pressure) allowing a gage length of 20 mm. The crosshead gpeed

was 2 mm/minute.

Stress-strain curves obtained from this analysis were used
to calculate Young's moduli in both low and high strain

regions. Young's modulus was reported as the ratio of stress

(force / cross-sectional area) to strain ({final length -

inttial length) / (initial length)) and was obtailned from the

Questions? Contact FDA/CDRH/OCE/
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FIG6. I. Stress-strain curve illustrating LSM {low strain
modulus), HSM (high strain modulus) and ey (strain at which the
material failed).

slope of the stress-strain curve. The strain at which the

material failed was designated e, (see FIG. I}.

Collagenase Assay

The resistance of collagen filwms crosslinked using =a

variety of  techniques to biodegradation was assessed by

immersion in a bacterial collagenase solution (Sigma Chemical

Company, St. Louis, Mo.). A collagenase solution containing

1000 units/ml was prepared by adding 1000 units of bacterial
{ 1 unit will

¢ollagenase liberate peptides from collagen

at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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equivalent to 1.0 micromocle L-leucine in 5 hours at pH 7.4 and
37°¢ in the presence of calcium ions) to 1.0 ml of stock buffer
gsolution { 10 wM Tris, 25 mM CaCl,, in 100 ml distilled H,0, pH
7-4}.

A 1.0 mg collagen sample to be assayed was added to 2.0 ml
stock buffer solution along with 100 units of collagenase { 100
microliters of the 100C units/ml collagenase solution ) and
placed in = 37°C environment. Each sample waa checked for
degradation every 15 minutes arnd the time was recorded when the
collagenase-buffer solution became clear. The duration of
collagenase activity at 3700 was checked by placing samples
with known collagenase resistance times  into <collagenase
golutions that had been previously incubated for periods of 1,

2, 3 and 4 days at 37°C.

Swelling Ratio Determination

The swelling ratio of denatured collagen films was
measured to =assess the extent of crosslinking. Denatured
collagen has been shown to have similar behavior to that of
ideal rubbers {17). The swelling ratio ™ is a measure of the
extent of crosslinking in rendomly coiled polymer networks.
Samples of collagen were boiled for 3 minutes and then placed
between +two dry pieces of filter paper. A 1.0 kg mass wes

placed on top of the filter paper covering the collagen for 20

Questions? Contact FDA/CDRH/OCE/DID at CD§
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geconds, The collagen was then weighed and this weight recorded

as " wet weight " or WW.

The collagen was then placed on aluminum foil and put into
an oven maintaired at 110°C for 2 hours. The collagen was then
weighed and +this weight recorded as "dry weight" or DW. The

swelling ratio r* is defined as the inverse of the volume

fraction of dry collagen (Vf} and 1is given by equations (1) and

r* =1/, (1)

-
]

(DW/pg) /((D/pg) = (WH-DW) /pH,0) (2)
where  p, = density of coliagen (1320 mg/ce).

Biocompatibility Tests

Pive white female 250 gram rats received sterile ( 5 Mrad
radiation} 1.0 gram subcutaneous sponge implants of the
uncrossiinked collagen (1)

following materiala;  (a)

glutaraldehyde crosslinked collagen {e) C(1)DHT(3) crosslinked
collagen and (d) DHT(3)0(1) crosslinked collagen. Animals were
sacrificed at 7, 14 and 21 days post implantdtion, the imﬁlants
were excised and processed using routine histological
procedures. Sections were atained with hematoxylin and eosin

and trichrome. The sections were gqualitatively analysed with

- —FOIST/IX.TUS D a.l;tlgs.geov or 321—79 -8118

ané character of cellular ingrowth.
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RESULTS

OQur studiea were conducted to compare the efficiency of
physical and chemical processes for crosglinking collagen
films. The <¢ollagen used in these studies (based on emino acid
analysis) was composed of about 1/3 glycine (330 residues per
thousand) with proline and hydroxyproline accounting for about
210 residues. The collagen was judged to be primarily +type I
since only small amounts of cysteic acid were present. SDS-PAGE
also showed that the material used in ‘these experiments was

primarily type I collagen.

In Vitro Analysis

Six different c¢rosslinking procedures were assessed. These
procedures are listed helow:
1) exposure to short-wave ultraviolet light for pericds of 1, 3
and 5 hours.
2) severe dehydration at 110°C for periods of 1, 2 and 3 days.
3) exposure to cyanamide for 1, 2 and 3 days at pH 5.5 and
22°%.
4) exposure to glutaraldehyde for- 1, 2 and 3 days at pH 7.4 aund
22°.

5) exposure to a combination of cyanamide for 1 day followed b¥

severe dehydration at 110% for t, Questions? Cauiggl FDA/CDRH/OCE/DID at CDRHE
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&) exposure to severe dehydration for % days and cyanamide for
1, 2 and 3 days.

Materisls croaslinked according tc the six protocels eabove
were evaluated via use of physical, emzymatic and 4n vivo
testa. Table 1 presents the results obtained from  these
investigations. All values are the average of 3-6 dindividual
observations. A one-tail hypothesis +test was applied so that
the level of significance could be snalysed (20). Only =&
confidence interval of 0.95 (p < 0.05) was considered a
significant result.

The mechanical tests involved measurement of the modulus
in the low and high strain regions ( LSM and HSHM, respectively)
a3 well as the strain at failure (eM). As shown in Table 1,
exposure to ultraviolet light {protocol A) fer 1, 3 or 5 hours
as well as expasure to cyanamide {protocel ¢) for 1, 2 -or 3
days resulted in materials with moduli that were significantly
lower than that observed using giutaraldehyde (protocol D) or
severe dehydration (protocol B) alone or in combination with
exposure to cyanamide (protocols E and F). The stiffness to =
first approximation is proportional to the crosslink density
(21) suggeating that the crosslink density is higher for
materials cfoselinkad using protocols DI, E and F compared to
protocols A, B and C.

Swelling ratios calculated as the inverse of the volume

fraction of polymer (Vf) were less than 4.0 for procedures D, B

PISTATUS@fda.hhs.gov or 301-796-8118
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TABLE I and F while they were greater than 4.0 for procedures A, B and

. I 1, the swelling ratic is known to decrease with
Comparison of the Properties of Crosslinked Collagen Films ¢ n general, ing

using Physical and Chemical Techniques.® increasing crosslink density (22). The swelling ratic r* is

CROSSLINKING COLLAGENASE MECHANICAL DATAM#® inversely proportiomal to the crosslink density and can be

PROCEDURE r¥* RESISTANCE 2 2
TIME(min)** 1M g/mm” HSH g/mm ey

calculated from equations (1) and (2). The swelling ratio is

determined via analysis of denatured collagen, which behaves

Control 22.22 72 11 508 0.37 simarily to a random coiled polymer network (23).
Uv(1 hr) 23.81 100 100 539 0.39 The resistance to degradation by collagenase was assayed
4 UV(3 hr) 17.86 107 185 614 Q.20 .
Uv(5 hr) 13.51 135 172 820 0.33 for each crosalinking procedure as a function of crosslinking
DHT{1) 6.99 123 40 843 0.25 time. It has been demonatrated (5) that the resistance to
B DHT{2) 4.14 213 21 1058 0.19
DHT(';') 417 380 130 1468 0.22 collagenase increases with increased crosslink density.
c(1) 5.89 105 48 662 0.42 Collagenase resistance time for procedures D, E and F were
¢ cf2) 4.48 123 103 869 0.24
c(3) 4.69 185 135 9% 0.30 significantly longer than the resistance times for procedures
G(1) 3.30 1080 222 1611 0.23 5. T and C
D af2) 2.52 1440 167 1836 0.20 » 2 oan
e(3) 2.50 1440 233 2148 0.16 In summary, the physical and degradation tests indicate
c{i)DHT(1) 2.75 720 128 1186 0.15 that th rosslink densit ‘obtained using preocedures D, E and F
E  c(1)pHT(2) 2.16 960 146 1441 0.16 at the cross ¥ ,
C(1)DHT(3) 2.62 1440 257 1872 0.12 was significantly higher than for procedurss A, B and C.
DHT(3)C(1) 2.75 960 237 1959 0.14
P DHI(3)c(2) 3.03 960 1833 1833 0.16
THT{3)C(3) 3.06 960 1837 1637 0.11 In Vivo Analysis

* The following abbreviations have been used: r#®, swelling ratio; Unerosslinked collagen implants were degraded at a greater
LSM, low strain modulus; HSM, high strain modulus; e,, maximum

strain. All measurements shown are the average of 3 go 6
individual observations and typicsl standard deviations are as
follows; r* +/- 10%, collagenase resistance time +/- 5%,

LSM +/- 15%, ey +/~ 15% and HSM +/- 10%.

rate than uncrosslinked materials. Many neutrophils were seen
at day 7, indicative of an inflammatory response. Fibroblast

infiltration and native collagen deposition were apparent by
*#* conducted using 100 units of collagenase per mg of collagen
at 37%. lay 14,

g]eE/DID at -FOISTATUS@fda.hhs.gov or 301-796-8118
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Inplants erosslinked with glutaraldehyde were only
partially degraded by day 21. These implants were encapsulated
by native collagen deposition and were void of any cellular
ingrowth until day 21, when fibroblasts could be observed at
the periphery of the implant. Implants crosslinked with
combinations of cyanamide and severe dehydration were degraded
at a slightly greater rate than glutaraldehyde c¢rosslinked
implants. TFibroblasts and native collagen deposition were
observed within the implant by day 7 and by day 14 many
capillaries were seen within the implant. There was no apparent
difference in host tissue reaction to C{1)DHT(3) or DHT(3)c(%)

crosslinked implants.

DISCUSSION

The use of bifunctional reagents for crosslinking
collagen-based bioprostheses  often imparts deleterious
characteristics to the protheses as well as hoat tissue.
Ideally, the crosslinking procedure should not be reaponsible
for elution of toxic substancea from the protheses while still
effectively c¢rosalinking the material. Physical crosslinking
procedurss are suitable for this purpose &s well as chemical

procedures which have non~toxic water soluble by products. This

work involves development of ‘an  efficient crosslinking

technique which does not produce ®ygstiengreahirstEDHHARRHAYSE DéRoh CDRIS
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into host tissues, enables the material +o be of sufficient
mechanical satrength to support loads and yields an increased

resistence to proteolytic enviromments.

In Vitro Analyais

Crosslinking efficiency of  Dboth physical (severe
dehydration and ultraviolet irradiation) and chemical
(cyanam;de, & water soluble carbodiimide) crosslinking
treatments were evaluated and compared to glutaraldehyde by
performing mechanical teats, collagenese tolerance assays, and
swelling ratio determinations on 1{¥ bovine hide collagen {BHC)
films before and after crosslinking treatment. Combinations of
physical and chemical crosslinking techniques (cyanamide and
severe dehydration) were also evaluated.

Rubin (15) demonstrated that collagen membranes could be
crosslinked with short wave (254 nm) ultraviolet irradiation.
TMtraviolet irradistion  produces radicals in the form of
unpaired electrons located predcminately on the nuelei of the
aromatic reaidues such as tyrosine and phenylalaninse.
Crosslinks are introduced by bonding between these radicals
(22). Of the 3156 residues on the collagen molecule, about 51
aromatic reaidues are available for this erosslinking mechanism
(see Table II). Ultraviolet irradiamtion was evaluated as a

means of orosslinking collagen because it is a physical means

OISTATUS@fda.hhs.gov or 301-796-8118
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TABLE II

Theoretical Distribution of Potential Reactive Amino Acid
Residues for Various Crosslinking Procedures.

PROCEDURE REACTIVE REACTIVE RESIDUES  SUM OF REACTIVE

RESIDUES PER ALPHA CHAIN RESIDUES
o 1(I) ol 2(1)
short-wave tyrosine 4 3
u.v. light
phenyl- 12 16 51
alanine
Dehydro~ lysine 32 : 21
thermal arginine 50 57
treatment aspartic
or acid 45 47
cyanamide  glutamic 745
acid T7 a
serine 34 24
threonine 16 17
glutar- lysine 32 21 85
aldehyde

Amino acid compositions from K. Kuhn, (30).

of crosslinking and no toxic products are introduced into the
material. However, irradiation times of greater than five hours
may fragment the collagen molecule with subsequent denaturation
(15). fThis property is unfortunate because the crosslink
density increased significantly after five hours of irradiation
with respect to uncrosalinked collagen films, but was

Sisnificantly less than crosslink densities obtained through

Questions? Contact FDA/CDRH/OCE/DID at; ’
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other procedures. This may be a result of the relatively low
amount of residues available for such a crosslinking mechanism.

of the radicals or radical-induced

Also, the stability

crosslinks may not be adequate.

Dehydrothermal treatment (DHT) increases the
helix-to-c0il transition temperature (denaturation temperature)
for collagen by removing water (17). Removal of water from
collagen results in the formation of interchain crosslinks
which are khe result of condensation reactions either by
esterification or amide formation. Amino acid residues which
may be involved in such a reaction are those of aspartic acid,
glutamiec acid, serine, threonine, arginine and lysine and
constitute about 745 of the 3156 residuea on +the collagen
molecule (see Table II). Silver, et al have shown that the
number of free carboxyl and amino groups decreased with
prolonged DHT trestment (23). After DHT treatment of 72 hours,
collagen films had significantly higher values for high strain
modulus (HSM) and collagenase resistance time {(CRT) while
having & significantily lower value for r* as compared te
uncrosslinked collagen films and collagen films exposed to
ultraviolet irradiation for 5 hours. Dehydrothermal treatment
has been shown 4o maintain +the intactness of the collagen
triple helix even for prolonged periods {24), and has heen
incorporating

proposed ag a possible agent for

glycosaminoglycans 4into a collagen-based dermal equivalent

RH-FOISTATUS@fda.hhs.gov or 301-796-8118
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{14). Since DHT treatment is a physical mede of crosslinking,
toxic substances would not be introduced into host tissues.

Carbodiimides are used to crosslink compounds containing
many +types of functional groups, including carboxylic acids,
amines, phosphates, rlcochols and thiols, with the formation of
smides arnd esters. Carboxyl and amino groups from the sanme
residues available to DHT treatment are bound to  the
carbodiimide with the release of water-soluble urea as a by
product (25). One per cent BHC films exposed to & 1% solution
of c¢yanamide for 72 hours had a crosslink density comparable to
DHT treatment for +he same period. Note that cyanamide,
H-N=C=N-H, has a Timited erosslinking ability Dbecause of its
short 1length and inability to polymerize. Larger water-soluble
carbodiimides (26) mdy be able to crosslink residues with
longer separation distances and thus yield materials with a
greater crosslink density.

Since both DHT and carbodiimide treatments proved to be
effective erosslinking procedures, the +twoe were combined.

Materials crosslinked C{n)DHT(n) or DHT(n)C(n) showed a
significant increase in crosslink density as compared to either
independently. Cyanamide derived

procedure  carried out

crosslinks may modify residues or position collagen molecules
80 as to enhance the action of DHT treatment. Accordingly, the
action of cyanamide may be enhanced when the material is first

exposed to DHT treatment. Crosslinking sites for each procedure

Questions? Contact FDA/CDRH/OCE/DID at CDR
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may be different, thus the increased erosslink density may be a
result of two independent crosslinking mechanisms. This
hypothesis is further supported by the fact that there was no
significant difference between materials crosslinked C{1)DHT(3)
or DHT(3)C(1). Actual elucidation of the crosslinking mechanism
would require anslytical methods such as cysnogen bromide
asgays or spectrophotometry.

Glutaraldehyde (GTA) at high concentrations reacts with
the ex-amino groups of 1lysyl residues of collagen forming
intermolecular crosslinks {27). Of the 3156 residues on the
collagen molecule, about 85 are available for this reaction.
Collagen films crosslinked with GTA had a high strain modulus
(HSM) and collagenase resistance time (CRT) significantly
greater than those obtained for any single crosslinking
procedure evaluated in this study. The swelling ratio was also
gignificantly lower than for any other procedure carried out
independently. The efficiency of this reagent may be due to its
tendency to polymerize, yielding a heterogenous Dpopulation of
crosslink lengths. Any advantages gained by this effective
crogslinking agent must be weighed against its deleterious
effects. The long chain polymers +that GTA forms are hydrolysed
and may leach out 1into tissues during wound healing processes
(11). Another comsequence of GTA polymerization is heterogenous

crosslinking. Long GTA polymers cannot penetrate further into

the material Ybecsuse they are "blocked out" 1By previous

ISTATUS@fda.hhs.gov or 301-796-8118
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crosslinks (9). Therefore, only the surface of the material is

croaslinked. This  presents  obvious problems  for any
collagen-based prosthesis, especially heart valves.
Glutaraldehyde tanned materisls have also been shown to impede

cellular ingrowth in both tissue culture assays and in vivo

experiments (11,12).

The increased stiffness of crosalinked collagen films is

due to an  increase in the degree of intermolecular

croaslinking. Extensive crosslinking does not allow for

reorientation of the oeollagen fibers and the material may then

behave in a brittle manner. Crosslinking may inhibit the

activity of proteases by sterically restricting them from the

site of enzyme-substrate interaction. The crosslinks may =also

inhibit penetration of the enzyme into the material. When

crosslinks may serve to retain moat of the

cleavage occurs,

structure, retarding further degradation by other proteclytic

require some denaturation of collagen

{(28)).
ability of the material to bind with

enzymes (many proteases

before they become active An increase in the number of
¢rosglinks may impede the

water thus decreasing the degree of awelling when the material

is placed in an aqueous envirconment.

In Vivo Analysis

Uncrosslinked implants were degraded at a faster rate than

crosslinked implants because of the increased susceptibility to

Questions? Contact FDA/CDRH/OCE/DID at CDH
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proteases whose activity is diminished by the presence of
crosslinks (28). The inflammatory response observed in the
absence of crosslinking may be due to the rapid cleavage of

collagen molecules by +tissue collagenase. Once the collagen

molecule is cleaved by collagenase it is rapidly degraded by

general proteases. Gelatin and gelatin peptides have been shown

t6 be chemotactic for neutrophils and may therefore induce an

acute inflammatory response (2). Glutaraldehyde crosslinked

implants had delayed cellular ingrowth. This may be associated

with leaching of glutaraldehyde monomers inte surrcunding

tissuea. Materials crosslinked with combinations of cyanamide

and severe dehydration were relatively resistant to proteolytic
degradation and had pronounced cellular infiltration and native

ccllagen deposition. These preliminary results indicate that

this two-step method is an effective means of crosslinking

collagen while still allowing native tissue ingrowth. More

extensive blocompatibility atudies are in progress.

The two-step crosslinking procedure involving a

water-soluble carbodiimide and dehydrothermal +treatment yields

collagenous materials with egquivalent swelling ratios,

stiffnesses and ¢ollagenase resistance times %o collagenous

naterials crosalinked with glutaraldehyde. This procedure does

not produce the potential for any toxic substances to leach

into host tissues for +the only by-product is urea, which is

water-soluble and easily washed from +the material. The latter
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characteristic of this two-atep procedure may allow pronounced

cellular infiltration and subsequent tissue formation.

ACKNOWLEDGEMENTS

The authors would like to acknowledge technical aassistance
from Rita Hahn and Jane Brokaw. We would also like to thank Dr.

David Birk for his constructive discussions.

REFERENCES

1. M. Chvapil, J. Biomed. Mater. Res., 11, 721 (1977).

2. A. L. Oronsky, R. J. Perper and H. C. Schroder, Nature, 246,
417 (1973). .

3., J. H. Bowes and J. A. Moss, Radiat. Rea. 16, 211 (1962).

4. M. Chvapil, in Pundsmental Aspects of Biocompatibility (D.
F. Williams, ed.) Vol. I, CRC Press, Boca Raton, Florida, 1981,
p. 87.

5. B« D. Harris and M. E. Farrell, Biochem. Biophys. Acta.,
278, 133 (1972).

6. M. J. White, Biomat. Med. Dev. Art. Org., 4, 703 (1973).

7. F. Wold, ' in Methods in Enzymology XXV (C.H.W. Hirs, ed.)
Academic Presa, New York, 1972, p. 623.

8. J. F. V. Vincent, Structural Biomaterisls, Halsted Preass,
New York, 1982, p. 8.

9. D. T. Cheung and N. E. Nimpi, Conn. Tiss. Res. 10, 201
(1982).

10. D. P. Speer, M. Chvapil, R. G. Volz and M. D. Holmes, Clin.
Orthop. Relat. Res., 144, 326 {1979).

Questions? Contact FDA/CDRH/OCE/DID at (3§

COLLAGEN CROSSLINKING TECHNIQUES 317

1. D. P. Speer, M. Chvapil and J. Ulreich, J. Blomed. WMat.
Res., 14, 753 (1980).

12. A. Cooke, R. P. Oliver and M. Edward, Br. J. Exp. Path.,
64, 172 (1983).

1%, R. F. Oliver, R. A. Grant, R. W. Cox, M. J. Hulme and A.
¥udie, Clin. Orthopaed. and Rel. Res., 115, {1976).

14. 1. V. Yannas, J. F. Burke, P. L. Gordon, C. Huang and R. H.
Rubenstein, J. Biomed. Mat. Res., 14, 107 (1980).

15, 4. Rubin, Trans. Amer. Soc. Artif. Int. Org., 14, 174
(1968).

16. J. C. Shechann and J. J. Hlvaka, J. Organ. Chem., 21, 439
(1956).

17. I. V. Yannas and A. V. Tobolsky, Nature, 215, 509 (1967).
18. M. Komanowsky, J. Amer. Leather Chem., 69, 410, (1974).
19. U, K. Laemmli, Wature, 227, 680 (1970)

20, J. TFreund, Probability and Statistics for Engineers,
Prentice Hall, Bnglewood Cliffs, N.J., 1977, p. 1389.

21. F. Rodriguesz, Principles of Polymer Systema. McGraw-Hill
Book Company, New York, 1982, p. 221.

22. W. F, Forbes and P. D. Sullivan, Biochem. Biophys. Acta.,
120, 222 {1966).

23, F. H. Silver, I. V. Yannas and B. W. Salzman, J. Biomed.
Mater. Res. 13, 70t (1979).

24. F. H. Silver, Ph.D. Thesis, Mech. Engg., M.I.T., 1977
p. 134.

25. J. ¥X. Inman, in Methods in Enzymology XXXIVB, (M. B. Jakoby
and M. Wilehek, eds.) Academic Press, N.Y., 1974, p. 30.

26. J. C. Sheehan, J. Preston and P. A. Cruickshank, J. Am.
Them. Soc., 87, 2492 (1965).

27. J. A. Weare and L. BE. Reichert, J. Biol. Chem., 254, 6972
(1979).

28. D, T. Cheung and M.E. Nimni, Conn. Tiss. Res. 10, 187
(1982).

RH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.

318 WEADOCK, OLSON, AND SILVER

29. J. Gross, in Cell Biology of the Extracellular Matrixz, (E.
Hay, ed.), Plenum Publishing Corporation, New York, 1981, p.
217.

30. K. Kuhn, in Immunochemiatry of the BExtracellular Matirix,
(4. Purthmeyer, ed.) CRC Press, Boca Raton, Florida, 1982, p.
17.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTA'S

b

BIOMAT., MED. DEV., ART. ORG., 11(4), 31% (1983-84}

BOCK FEVIEW

"Macromolecular Biomaterials' edited by Garth . Hastings and Paul Ducheyne
Ph.D., CRC Press, Inc., 1884, $89.00, 125 pgs.

The first part of this volume deals with some basic considerations of
structure and its relation to function. After outlining some basic princi-
ples in the first chapter, including manufacturing effects, structural dete
mination is discussed in detail. This is important since adequate charac-
terization in terms of molecular size is necessary for a proper understandi
and use. The theme of interrelaticnships between structure and properties
is developed in the next chapters.

The second part of the volume deals with selected applications in whicl
the development and use of macromplecular moterials in specifiec application:
is described. The selection of applications includes synthetic and natural
polymers and the range of medical areas involved include orthopedics, dia-
lysis, drug release (macromolecular pharmacology) blood contact, and plas-
tic surgery. S8ince the list could not he comletely comprehensive, these
represent areas of special development or of continuing problems.
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with the Use of Active Esters’
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A two-step rero-length crosslinking procedure for
studying proetein-protein somplozes has been devel-
oped. One eomponent of a complex is briefly inenbatad
with l-ethyl-3-(8-dimethylaminopropyl)carbodiimide
(EDC) in the presence of N-hydroxysuceinimide result-
ing in ibe conversion of some of the protein carhoxyls
into snecintmidyl esters, The reaction is stopped by ad-
dition of f-mwercaptosthanol and other interacting pro-
tedns ave then added. Crosslinking arises from subztite-
tion of lysitie +amino groups of these proteing for the
sncoinimidy] moisties doring a 1- to 8-h incnbation pe-
riod. The advantage of this method versus one-step
zoro-length crosslinking ls that only one component of
the complex s exposed to the crosslinker, which alimi-
nates eomplications grising from the formation of
crosslinks emong seversl proteins of amulticomponent
complex. Furthermore, crossiinks can be formed even
in the presence of reagents, such as dithiothreitol and
EDTA, that would interfore with dizect crosslinking
with EDC. 1000 Acainmic Prass, Ina.

N-pubstituted earbodiimides are widely used for pep-
tide synthesis. The water soluble 1-etbyl-3-(3-dimethyl-
aminopropyl)carbodiimide (EDC)* is capable of induc-
ing isopeptide bonds between amino acid side chains in
proteins in aqueous solution (1) and has found applica-
tion a5 one of the so-called zero-length crosslinkers (2).

! A prelisingry ascount of this work has been presented: Grabarsk,
7., and Gerpely, JI., 1089, Biophys. 7. 58, 89%a.

? Abbreviatious ysed: Tn, troponin, the three-component regulatory
protein of sirinted muscle thin flaments; TaC, calchrm binding com-
ponent of troponin; Tr, inhibitory component of tropenin; ToT, tro-

" pomyosin binding component of traponin; Tm, tropemyosin; EDC,
1-othyl-8-(3-dimethylaminopropylicarbodiimide; NHS, N-hydroxy-
succinimide; CPM, T-diethylawino-3-(4-malsicidylphenyl)-4-reth-
yicoumarin; Mes, 2(N-morpholino)sthanasuifonic acid; DTT, dithic-
threitol; $DS, sodivm dodecy} sulfate,

DU0B-2697/90 §3.00 .
Copyright € 1990 by Academic Presa, Fro.
All dehtx of toproduction in any form reservad.

Since no spacer is introdnced, zero-length crosslinking
provides & better chance that Unked residues are loeated
in the actual site(s) of protein-protein interaction—an
important fector whem crosalinking is used for 1demtify-
ing interaction gites in the primary structure (2). The
mechaniz of crosslinking with EDC involves forma-
tion of an adduet—an O-acylisourea dedvative—be-
tween the EDC and the carboxyl group of Gl or Asp
fallowed by a nucleophbilic substitution with an amino
group, most often the e NEL; of lysine (3,4). In the ah-
sepce of aming groups the active J-acylisouysa under-
goes rapid hydrolysis regenerating the original carboxyl
and an N-substituted urea.

In some cases the use of EDC in crosslinking may
present serious difficulties or may nut lead to crosslink-
ing at all. In the case of multicomponent protein com-
plexes » polymer coptaining many subunits is usually
formed. In the presence of some reagents such as f-mer-
captoethanol, D'TT, or EDTA side reactions preclude
formation of a crosslinked complex. To overcoms these
difficulties we were seeking a two-step procedure in
which only one compoment would be exposed to the
croeslinkdng reagent. In thelr two-step procedure Mor-
net 2t al. {5) used a 5- to 10-fold ditution, following acti-
vaition by EDC of the first protein coraponent., prior to
the addition of the gecond eomponent. We found, how-
ever, that evén submillimalar concentrations of EDC
weére sufficient to induce crosslinking, making dilution
ineffective in preventing the reaction of the second com-
ponent with EDC. Moreover the O-acyl derivatives un-
dergo fast hydrolysis; the estimated rate constant at pl

475 is of the order of 2-8 g1 (3). Thus in the sheence of

carbodiimide the “active carboxyls” become deactivated
within a fraction of a second—most likely before the
complex is formed. For the procedure to be succesaful
the active form of a protein would have 10 be more stable
than the O-acylisourea derivative. Such a condition is
fulfilled by the so-called “active esters,” in particular the
N-hydroxysuccinimidyl esters (NHS), developed for
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peptide synthesis (8), and their sulfonated derivatives
(7). NHS and sulfo-NHS active esters have been used
for covalent attachment of small molecules to proteins
{8-11). A number of active esters of dicarboxylic acids
have been synthesized for protein—protein crosslinking
(7,19-14), Cuatrecasas and Parikh (15) deseribed ayn-
thesis of an NHS8-activated derivative of agarose for lm-
mobilization of proteins. Kishida et ol (16) applied an
essentially identical method to link ferritin to antibod-
ies. In their method amino groups are first succinylated
and then hoth the carboxyls originally present in the
protein and the newly introduced ones are converted
into NHS active esters. While thiz procedure assures a
high yleld of crosalinking and eliminates intramolecular
crosslinking it is not suitable for identification of pro-
tein-protein interaction sites because of the extensive
modifiegtion of the protsin.

We have developed a two-step zero-length crosskink-
ing procedure wutilixng the transient formation of active
egters of carboxyls in a protein molecule. Initially one
component of the complex is activated with EDC in tha
prasence of NHS, leading to the formetion of N-succini-
midyl esters of some glutamic and aspartic aeid carbox-
yls. Then the activation step is terminated by addition
of f-mercapioethanol which rapidly reacts with excess
EDC, and other components of tha protein complex aze
added. Croselinking occurs during a 1- to 2-h incubation
peniod st room temperature. The presence of §-mercap-
toethanol in the reaction mixture prevents activation of
components of the complex other thap that initially acti-
vated. The active groups that do not form cresalinks un-
derge hydrolysis regenerating the original carboxyls.
Crosslinking can be interrupted at any time, if desired,
by addition of millimolar concentrations of hydroxyl-
amine. Wo bave dpplied the new techmique to = two-com-
ponept complex (TnC-TuT complex) and to a multi-
component system—the regulated thin filament of
skeletal muscle containing actin, tropomyosin, TnY,
TnT, and TnC.

MATERIALS AND METHODS

Materials. Buffers and other common reagents were
purchased from Bigma Chemical Co, CPM was from Mo-
lecular Probes, Inc. (Bugene, OR). EDC and NHS were
from Pierce (Rockford, IL). ,

Protein preparation.  All proteins were ohtained from
rabbit back and leg muscles. Actin was prepared accord-
ing to Drahikowski and Gergely (17) from acetone-dried
musele powder. Troponin was prepared from ether-dried
mus¢le powder and separated into subunits according to
Greaser and Gergely (18). Tropemyosin was prepared
aceording to Bailey (19).

Protein lobeling, Actin (1~2 mg/ml) in G-buffer (2
mM Hepes, pH 7.5, 0.2 mM CaCly, 0.2 mM ATP) was la-
beled at Cy=-374 by incubation for 2 b at room tempera-
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ture with 2 mol of CPM (added as a concentrated solu-
tion in dimethylformamide) per mole of actin. Labeling
was terminated by addition of 10 mp DTT and actin was
polymerized by addition of 2 mm MgCl, and 0.1 M KCl,
CPM-F-actin was separated by ultracentrifugation for
20 min at 220,000z in 2 Beckman TL 100 ultracentrifuge.
The pellet was depolymerized in G-buffer followed by ul-
tracentrifugation under the same conditions to remove
insohuble materisl. The supernatant containing CPM--
G-actin was collected and polymerized by addition of 2
M MgCl, and 0.1 M KCL

Lysina determination. 'The extent of modification of
lysine residues in proteins incubated with EDC was de-
termined from the reaction with fuorescamine (20) ac-
cording to Lai (21).

Protein concentrations. Protein concentrations were
estimated using published absorbance coeficients: TnC,
Agy(0.1%, 1 em) = 0.18; Tu'T, Azgy(0.1%, 1 cm) = 0.46;
actin, Ay(0.1%, 1 cm) = 0.63. For the fluorescently
modified proteins the colorimetric method of Bradford
(22) was used.

Electrophoresis. Electrophoresis was performed in
the presence of SDS on 10% polyacrylamide slabe in 80
mM Tris-glycine buffer, pH 8.6, or on 15% polyacryl-
amide slabs according to Thomas (23).

RESULTS AND DISCUSSION

Carbodiimide-catalyzed formation of amide bonds in-
volves as an intermediate step the formation of an O-
acylisgurea derivative (3). This intermediate can then
react with an amine group to form an isopeptide bond or
with a water molecule to regenerate the original COOH,
‘When used'in protein crosslinking the fast hydrolysis of
the C-acylisoures derivative reduces the yield of cross-
linking and preciudes the vse of FDC in a two-step pro-
cedure. Generating an activated complex-with a slower
hydrolytic rate would make it possible to activate ona
protein and subsequently add one or more components
to form a complex Since succinimidyl esters are rela-
tively stable (6,18,24), we have activated carboxyls of
one protein via conversion to active esters with NHS
(Scheme 1) bafors complex formation with a second pro-
tein.

‘We have tested this approach on TnC and TnT, which
are the components of the regulatory complex in the thin
filament of ekeletal muscles. Several pieces of evidence
indicste that the two proteins interact with each other
in gsolution and are in eontact in the regulated thin fila- .
ment (for review see Leavis and Gergely (25)). TnC was
Incubated with EDC in the presence of NHS. A 15-min
incubation terminated by the addition of A-mercapto- .
ethanol resulted in the incorporation of approximately
three NHS groups per molecule of TnC as caloulated
from the increase in A gy (Fig. 1). The NHS derivative of
ToC has the ability to crosslink TnT in the abeence of
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active carbodiimide (Fig. 1, inset, Scheme 2). Although
for apalysis reagents in excess have been removed by
rapid filtration on a Sephadex G-25 column, this step is
not necezsary in the routine crosslinking procedure
gince the addition of 8-mercaptoethanol rapidly inacti-
vates EDC. If f-mercaptosthanol was added prior to the

_ addition of EDC no complex formation between TnC

and ToT was observed regardless of the presence of
NHS. On the other hand f-mercaptoethanol did not in-

_ terfers with the crosslinking step, i.e., substitution of an

amino group of the second protein for the seccinimidyl
molsty. Carraway and Triplett (26) have found that §-
mercaptocthanol reasts with EDC with a peeudo-first-
order rate constant k& = 0.02¢ 371 (0.1 M EDC, 0.013 M
fB-mercaptoethanol, 25°C, pH 5.0). The product of the
reaction is stable 1o solntion and is resistant to 1 M hy-
droxylamine or 2 M NH;. Thus addition of 8-mercapto-
gthannl appears to be an effective way to quench the un-
reacted EDC. The NHS-TnC derivative undergoes slow
bydrolysis (Fig. 1, Schems 2) as indicated by a decrease
in Agg of the protein fraction (T;x = 40 min at pH 6.0).
The decrease In Asg i parallelled by a decrease in the
formation of crosalinks between TnC and TaT (Fig. 1).
A similar rate of hydrolysis of NHS-sctivated protein
hax recently been reported (27), while a slightly slower
hydrolysis rate was found for sulfo-NHS active esters
{24). On the basis of the half-life of the N-hydroxysue-
cinimidyl active esters we have routinely used a 2-h tneu-
bation time to induce protein-protein crosslinking. The
data of Lomant and Faltbanks (13) suggest that the re-
action with NH, may be faster especially at pH values
bigher than 6.0, thus requiring shorter ipeubation times.

A relatively long half-life of the active ester raises the
question whether crosslink formation is specifie, ie.,
whethsr it oceurs at the interaction interface or whether
it Tesults from random collision of molecules that do not
form stable complexes, While random ¢ollisions underlie
crosslinking of low moleculax weight compounds to pro-
teins (8-11) it usually requires more drastic conditions
than those used for protein crosslinking in our experi-
ments. Upon protein complex formation the lysine reai-
dues located at the interaction interface may be sxpected
to react preferentially with their carboxyl counterparts
since no diffusion is involved. This expectation i sup-
ported by our observation that in the presence of sodium
dodecy! sulfate no crosslinked TnC-ToT complex was
formed. Thus although the activation of the carboxyl
groups of Asp and Glu ie random, erosslinking occurs at
the interaction interfaces and those active groups that
cannot make contact with e-NH,; groups of Lys undergo

0 R a  NHeR q, NH-R
@ e DT . D Loy o
h'Ri My NH-R,
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FIG. 1, Stability of NHS-aetivated ToC. TnC (1 mg/ml) was mco-
betad for 16 min at 25°C in e soletion containing 0.1 M Mae, pH 6.0,
0.5 NaCl, 3 1 BDC, end § mnl NHS. The maction was terminstad
by addition of §-metcaptosthancl (final conceptration 30 mi) snd the
solution was farther ineubated ot the same tamperature. Al various
titnes samples of the solution were withdrawn spd passed theough a
Sephadex G-25 coleran (0.8 X 5 tw) aquilibrated with 0.5 & NaCl end
1.1 M Mes, to remove low molecnlar weight components. By cantrifn-
gation of the columns on a clinjcal centrifuge it was possible to de-
mreage the time required for this step to ~3 min, One portlon of the
effluent was combined with TnT in e 1:1 molsy ratlo in 0.5 M NaCl,
0.3 M Mee end forther Incubsted for 2 b followed by polyacrylamide
gel alectrophoresis {inget) to monitor the ability of TnC to cxosslink
TaT. The other portion was used to record the qv spectrum. Since
both the protain end the protein-bound succinimidyl meieties contrib-
uts to tha absargtion at 260 nm the number of NHS groups hound per
molecule of ThC was calculatad after subtiacting the contelbution of
the protein whoae concepiration wan messured colorimetrically with
the Blo-Rad reagant baved on the procedurs of Bradford (22). We used
the molar ghsorption coefficient of fe = 8200 for NHS (35) and
Aggef0.1%, 1 em) = 0.17 for TnC.

hydrolysis. We have also found that the active carboxyls
can be rapidly neutralized, most likely by hydrolysis,
upon treatment with dihate (10 mM) hydroxylemine fur-
ther decreasing the poesibility of unspecific crosslinking.

Polarity of the Interadtion at the Protein~Protein
Interface
Since carboxyls are the taxgets for the nucleophilic at-
tack of the carbodiimide our method provides an oppor-
tunity to probe the protein—protein interface with re-
spect to the distribution of the negatively and positively

L) - D — DI

*H,0

9
C~UH + HO-

SCHEME 2
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ular crosskinking ean occur if there are NH3~C0O™ in-
teractions within the protein. Such interactions are
known to be involved in stabilization of the 3D structure
of proteins as, for example, in the “i to i+ 4" type inter-
action between Lys and Glu {or Asp) side chains in a-
helical segments {33). We have observed some intrameo-
- lecular crogslinking in TaC upon incubatiop with EDC
and NHS (34) although the extent of such crosslinking
was rather small under the conditions normally em-
+ ployed for protein-protein crosslinking. Depending on
the conditions of the activation, between zero and two
lysine residues out, of nine in TnC were Jost a8 a result
of treatment with EDC and NHS. Under the same con-
ditions 50-100% crosslinking with TnT or Tnl could be
obtained (data not shown) suggesting a preferencs for
intermolecular rather than intramolecunlar crosslinking.

CONCLUSIONS

‘We have shown that protein—protein crosslinking can
be achieved in 8 two-step procedure in which carboxyls
of one of the components are activated by formation of
an ester with N-hydrozysuccinimide. Qur raethod has
several advantages over the one-step croaslinking proce-
dure: () It can be used in a multicomponent system.
Ouxnly one component of the complex is exposed to the
carbodiitpide which greatly simplifies the analysis of the
produets of crosslinking. (i) The relative stability of the
active ester provides an opportunity for changing the
conditions of croaslinking, e.g., an introduetion of
EDTA or DTT. (jii) Information can bs obtained about
distribution of charged groups at the interaction nter-
face. (iv) Generally bigher eroeslinking yields are ob-
tained with legs exposure to the crosslinker.
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Indications for Use

510(k) Number (if known): £!)§ IU&T

Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing

Indications for Use:

The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the
management of wounds and as an effective barrier to resist microbial colonization within
the dressing and reduce microbes penetrating through the dressing. FortaDerm™
Antimicrobial PHMB Wound Dressing may be used for the management of: partial and
full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular
ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh’s
surgery, post-laser surgery, wound dehiscence), trauma wounds (abrasions, lacerations,
second-degree burns, and skin tears) and draining wounds.

The device is intended for one-time use.

Prescription Use \/ AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

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

Concurrence of CDRH, Office of Device Evaluation (ODE)

Page __of ___

{Posted November 13, 2003)

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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PROPOSED LABELING

PROPOSED FORTADERM™ ANTIMICROBIAL PHMB WOUND DRESSING
INSTRUCTIONS FOR USE AND PACKAGE INSERT

(b)(4) Draft Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Draft Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Draft Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Draft Labeling

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Organogenesis Inc. Document Number b

Design Control Number: ] )
Date: 1071005

Page 1

Research Report

(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

69
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol,(b)(4) Test Data

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Test Data

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.

(b)(4) Test Data

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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{51} ANTIMICROBIAL EFFECTIVENESS TESTING

(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ; 4
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4)

FINAL REPORT

(b)(4)

(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Protocol

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.

(b)(4) Test Data

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Test Data

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) Test Data

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



510(K) SUMMARY

Submitted by:
Organogenesis Inc.

150 Dan Road
Canton, Massachusetts 02021

Contact

Patrick R. Bilbo

Telephone:  (781) 401-1155
Facsimile: (781) 575-1570

Date: October 21, 2005

Device:

Trade Name: FortaDerm™ Antimicrobial PHMB Wound
Dressing coated with 0.1% Polyhexamethylene
Biguanide Hydrochloride (PHMB)

Common/Usual Name: Topical Wound Dressing, Wound Management
Biomaterial

Classification Name: Dressing, Wound (KMF)

Classification: Unclassified

Predicate Devices:

The relevant predicate devices are FortaDerm™ (PuraPly™) Wound Dressing
(K011026) manufactured by Organogenesis, Inc. and Xcell Antimicrobial
Cellulose Wound Dressing (K024054) manufactured by Xylos®Corporation.

Statement of Substantial Equivalence:

The FortaDerm™ Antimicrobial PHMB Wound Dressing is similar with respect
to intended use, technological characteristics, materials and physical construction
to the predicate devices in terms of section 510(k) equivalency.

Intended Use:

The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the
management of wounds and as an effective barrier to resist microbial colonization
within the dressing and reduce microbes penetrating through the dressing.
FortaDerm™ Antimicrobial PHMB Wound Dressing may be used for the
management of: partial and full thickness wounds, pressure ulcers, venous ulcers,
diabetic ulcers, chronic vascular ulcers, tunneled/undermined wounds, surgical
wounds (donor sites/grafts, post-Moh’s surgery, post-laser surgery, wound

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.
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dehiscence), trauma wounds (abrasions, lacerations, second-degree bumns, and
skin tears) and draining wounds.

The device is intended for one-time use.

Device Description:

FortaDerm™ Antimicrobial PHMB Wound Dressing consists of two layers,
crosslinked sheet of fenestrated sheet of porcine intestinal collagen coated with
0.1 % Polyhexamethylene Biguanide hydrochloride (PHMB). FortaDerm Wound
Dressing is supplied dry in sheet form in sizes ranging from 4 x 4 cm to 12 x 36
cm. The device is packaged in sterile, sealed single pouches.

Performance Data:

FortaDerm™ Antimicrobial PHMB Wound Dressing was subjected to a number
of tests to assess biocompatibility and performance. The device passed the
requirements of all tests.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

z8
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION
MEDICAL DEVICE USER FEE COVER SHEET

A completed Cover Sheet must accompany each original application or supplement subject to fees. The following actions must be taken

io properly submit your application and fee payment:

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 chack made payable to the Food and Drug Administration. Remember that
the Payment Identification 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, MO 63195-6733. (Note: In no case
should payment be submitted with the application.)

4. If you prefer to send a check by a courier, the courier may deliver the check and Cover Sheet to: US Bank, Attn: Govemment Lockbox
956733, 1005 Convention Plaza, St. Louis, MO 63101. (Note: This address is for courier delivery only. Contact the US Bank at 314-
418-4821 if you have any questions concerning courier delivery.)

5. For Wire Transfer Payment Procedures, please refer to the MDUFMA Fee Payment Instructions at the following URL:
fittp:/fwww.fda.gov/cdrh/mdufmarsfags. html#3a. You are responsible for paying all fees associated with wire transfer.

6. Inciude a copy of the complete Cover Sheet in volume one of the application when submitting to the FDA at either the CBER or
CODRH Document Mail Center.

PAYMENT IDENTIFICATION NUMBER:
Write the Payment Identification number onryogr «..cen.

>

1. COMPANY NAME AND ADDRESS (include name, street
address, city state, country, and post office code)

2. CONTACT NAME
Patrick Bilbo
2.1 E-MAIL ADDRESS

ORGANOGENESIS INC
150 DAN ROAD
CANTON MA 02021

us

1.1 EMPLOYER IDENTIFICATION NUMBER (EIN)
0428716920

pbilbo @organo.com

2.2 TELEPHONE NUMBER (include Area code)
781-401-1155

2.3 FACSIMILE (FAX) NUMBER (Include Area code)
781-575-1570

descriptions at the following web site: hitp://www.fda.gov/idc/mdufma

Select an application type:

[X] Premarkst notification(510(k)); except for third party
[ ] Biologics License Application (BLA)

[ ] Premarket Approval Application (PMA)

[ ] Modular PMA

[ 1 Product Development Protocol (PDP)

[ ] Premarket Report (PMR)

3. TYPE OF PREMARKET APPLICATION (Select one of the following in each column; if you are unsure, please refer to the application

3.1 Select one of the types below
[X] Original Application
Supplement Types:

[ ] Efficacy (BLA)

[ ] Panel Track (PMA, PMR, PDP)
[ ] Real-Time (PMA, PMR, PDP)
[1180-day {PMA, PMR, PDP)

qualifying documents to FDA
4.1 If Yes, please enter your Small Business Decision Number:

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] NO, | am not a small business

APPLICABLE EXCEPTION.

including any affiliates, parents, and partner firms

5. 1S THIS PREMARKET APPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCEPTIONS? IF SO, CHECK THE

[ ] This application is the first PMA submitied by a qualified small business, [] The sole purpose of the application is to support

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

conditions of use for a pediatric population

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

[1YES [X]NO

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

i
i i
— H

7. USFR FF_E_]PAYMENT AMOUNT SUBMITTED FOR THIS PREMARKET APPLICATION (FOR FISCAL YEAR 2005)

17-Jun-2005

Form FDA 8601 (082003

/" Close Window
C )

https:/fdasfinapp8. e eV O HPMP AU ECSERE RIENEPUpUD s p il meEPatrick. ..

/0,

6/17/200
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION

CDRH PREMARKET REVIEW SUBMISSION COVER SHEET

Form Approval

OMB No. 9010-0120

Expiraticn Date: May 31, 2007.
See OMB Statement on page 5.

Date of Submission
6/20/2005

PMA

[1 original Submission
D Premarket Report
[:] Modular Submission
[:] Amendment
E] Report

Report Amendment
|:] Licensing Agreement

PMA & HDE Supplement
D Regular (120 day}
|:] Special
] Panel Track {PMA Onily)
D 30-day Supplement
|:] 30-day Notice
D 135-day Supplement
|:| Real-time Review

|:] Amendment to PMA
&HDE Supplement

TYPE OF SUBMISSIO

PDP
] original PDP
L] Notice of Campletion
E] Amendment to PDP

510(k)
@ Original Submission:
Traditional
D Special
[] Abbreviated (Complete
section |, Page 5)
l:] Additional Infarmation
[} Third Party

FDA Submissicn Document Number {if known}

Meeting
[7] Pre-510(K) Meeting
[:] Pre-IDE Meeting

l:] Pre-PMA Meeting

1 Pre-PDP Meeting

[] pay 160 Mesting

D Agreement Meeting
D Determination Meeting
(] other (specify):

[:] Originai Submission
D Amendment
L—_l Supplement

D Original Submission
D Amendment
D Supplement
|:] Report
l:] Report Amendment

D Original Submission
D Additional Information

D Other
IDE Humanitarian Device Class 1 Exemption Petition Evaluation of Automatic Other Submission
Exemption (HDE) Class ill Designation

{De Novo)
|:| Original Submission
D Additional Information

[1 513(g)
GCther
(describe submission):

Company / Institution Name
Organogenesis, Inc.

Have you used or cited Standards in your submission?

SECTION B

|:] Yes D No

(If Yes, please complete Section i, Page 5)

SUBMITTER, APPLICANT OR SPONSOR

1221816

Establishment Registration Number (if known)

Division Name (if applicable)

NA

Phone Number {including area code)

( 781 )401-1155

.. .ol Address

FAX Number (including area code)

150 Dan Road { 781 )575-1570
City State / Province ZIP/Postal Code Country
Canton MA 02021 us

Contact Name
Patrick Bilbo

Contact Title

Company / Institution Name
N/A

Vice President, Regulatory and Clinical Affairs

SECTION C APPLICATION CORRESPONDENT (e.g., consultant, if different from above)

Contact E-mail Address
pbilbo @organo.com

Division Name (if applicable)

Phone Number (including area code)

( )
Street Address FAX Numbes (including area code)
( )
City State / Province ZIP/Posial Code Country

Contact Name

ot Title

Contact E-mail Address

FORM FDA 3514 (6/04)

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

PAGE 1 of 5 PAGES

PSC Mcdua Aris (301) 443-2454  EF
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SECTION D1 REASON FOR APPLICATION - PMA, PDP, OR HDE
D Withdrawal D Change in design, componeant, or D Location change:
["] additional or Expanded Indications specification: [ Manutacturer
™1 Request for Extension L] software / Hardware (] sterilizer
>gst-approval Study Protocol [] color Additive [ packager
| request tor Applicant Hold [] Maerial
[Jrequest for Removal of Applicant Hold [] specifications
[] request to Remave or Add Manufacturing Site L] other (specify beiow;
|:] Process change: D Labeling change: D Report Submission:
[ manuiacturing [ indications [ Annual or Periodic
D Sterilization D Instructions D Post-approval Study
D Packaging D Performance I:l Adverse Reaction
D Other (specify below) D Shelf Life D Device Defect
|:| Yrade Name D Amendment
|:] Response to FDA correspondence: D Other (specily beiow) |:| Change in Ownership
D Change in Correspondent
[:I Change of Applicant Address

D Other Reason (specify):

SECTION D2 REASON FOR APPLICATION - IDE

D New Device D Change in: D Repose to FDA Letter Concerning:
D New (ndication D Correspondent / Applicant D Conditional Approval
. ddition of Institution D Design / Device D Deemed Approved
[__, Expansion / Extension of Study D Informed Consent |:| Geficient Final Repont
D IRB Certification D Manufachurer |:| Deficient Progress Report
D Termination of Study D Manudacturing Process D Deficient Investigator Report
D Withdrawal of Application E] Protocol - Feasibility D Disapproval
|:] Unanticipated Adverse Effect D Protocoi - Other D Request Extension of
EI Notification of Emergency Use D Sponsor Time to Respond to FDA
[C] compassionate Use Request ] [ Request Meeting
) Treatment IDE L] Repont submission: 7] Request Hearing
I:] Continued Access Current Investigator

|:] Annual Progress Repon

D Site Watver Report

Finat

D Other Reason (specify):

SECTION D3

REASON FOR SUBMISSION - 510(k)

E New Device D Additionat or Expanded Indications

|:| Change in Technology

D Other Reason (specify):

FORM FDA 3514 (6/04) PAGE 2 of 5 PAGES
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / /ﬁ
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SECTION E ADDITIONAL INFORMATION ON 510(K) SUBMISSIONS
Produci codes of devices 1o which substaniial equivatence is claimed Summary oi, or statement concer‘ning,
MG 3 4 safety and effectiveness information
2
'] KMF Q @ 510 (k) summary attached
5 6 7 8 [ 1 510 (k) statement
B nation on devices 1o which substantial equivalence is claimed (if known)

510¢k) Number Trade or Proprietary or Mode! Name Manufacturer
1] KO11026 1} FortaDerm™ Wound Dressing 1} Organogenesis Inc.
»| k024054 chll@ Antimicrobial Cellulose Wound 2| Xylos Corporation

Dressing

3 3 3
4 4 4
5 5 5
6 6 3]

SECTION F PRODUCT INFORMATION - APPLICATION TO ALL APPLICATIONS

Common or usual name or classification
FortaDerm™ Antimicrobial Wound Dressing

! Trade or Proprielary or Model Name for This Device Model Number
t] FortaDerm™ Antimicrobial Wound Dressing 1| N/A
2 2
3 3
4 4
5 5
FDA document numbers of all prior related submissions {regardiess of outcome}
1 2 3 4 5 6
7 8 9 10 11 12

Data Included in Submission
|:| Laboratory Testing |____| Animal Trials D Human Trials

PRODUCT CLASSIFICATION - APPLICATION TO ALL APPLICATIONS

SECTION G

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

KMF 880.5090 |:| Classt D Class i
Classification Paf\el ‘ EI Class Ill E Unclassified
General, Plastic and Reconstructive Surgery

Indications (from labeling}

The FortaDerm Antimicrobial PHMB Wound Dressing is intended for the management of wounds and as an effective barrier to resist
r" obial colonization within the dressing and reduce microbes penetrating through the dressing. FortaDerm Antimicrobial PHMB

nd Dressing may be used for the management of: partial and full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers,
chronic vascular ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh’s surgery, post-laser surgery,
podiatric, wound dehiscence), trauma wounds (abrasions, lacerations, second-degree burns, and skin tears) and draining wounds.

FORM FDA 3514 (6/04) PAGE 3 of 5 PAGES
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ///
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Note: Submission of this information does not affect the need to submit a 2891
or 2891a Device Establishment Regisiration form.

SECTION H
FDA Establishment Registration Number

™ originai 1221816

add || Delete

FDA Document Number (if known)

MANUFACTURING / PACKAGING / STERILIZATION SITES RELATING TO A SUBMISSION

D Contract Sterilizer
D Repackager / Relabeler

@ Manufacturer
D Contract Manufacturer

Company / Institution Name
Organogenesis, Inc.

Establishment Registration Number
12218106

Division Name (if applicable)
N/A

Phone Mumber fincluding area code)
{ 781 )401-1155

Street Address

FAX Number {including area code)

150 Dan Road ( 781 )y575-1570
City State / Province ZIP/Postal Code Country
Canton MA 02021 us

Contact Name Contact Title

Patrick Bilbo

Vice President, Regulatory and Clinical Affairs

Contact E-mail Address
pbilbo@organo.com

(b)(4) Vendor Information

FDA Establishment Registration Number

D Original
Lade  [oelete

D Contract Sterilizer
D Repackager / Relabeler

D Manufacturer
I_—_l Contract Manufacturer

Company / Institution Name

Establishment Registration Number

Division Name (if applicable)

Phone Number fincluding area code)

( )

Street Address

FAX Number (including area code)

( )

City

State / Province ZIP/Postal Code Country

Crrtgct Name Contact Title

FORM FDA 3514 (6/04)

Contact E-mail Address

PAGE 4 of 5 PAGES
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SECTION | UTILIZATION OF STANDARDS

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

Standards No. Standards Standards Title Version Date
Organization
1
Standards No. Standards Standards Title Version Date
Organization
2
Standards No. Standards Standards Title Version Date
Qrganization
3
Standards No. Standards Standards Title Version Date
Organization
4
Standards No. Standards Standards Title Version Date
Organization
Standards No. Standards Standards Title Version Date
Qrganization
6
Standards No. Standards Standards Title Version Date
Organization
7

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

Public reporting burden for this collection of information iz estimated to average 0.5 hour per response, inctuding the time for reviewing instructions. searching

existing data sources, gathenng and maintaining the data needed, and completing reviewing the cottection 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 Cerporate Blvd
Rackville. MD 20830

ency may not conduct or sponsor, and a person is nof required fo respond tv, a collection of information unless it displays a currently valid OMB control

FORM FDA 3514 (6/04) PAGE 5 of 5 PAGES
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / {'3
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510(k) PREMARKET NOTIFICATION
FOR
ORGANOGENESIS INC.
FORTADERM™ ANTIMICROBIAL PHMB WOUND DRESSING

June 20, 2005

ORGANOGENESIS INC.
CANTON, MASSACHUSETTS

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / / ra;
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510(k) PREMARKET NOTIFICATION

FOR

ORGANOGENESIS INC.

FORTADERM ™ ANTIMICROBIAL PHMB WOUND DRESSING

Fal i il h

9.
10.
1.

TABLE OF CONTENTS

Section
CDRH Submission Coversheet
510(k) Screening Checklist
Indications for Use Statement
Truthful and Accurate Statement
Company Name, Address and Contact Person
Device Name
Establishment Registration Number
Device Classification
Performance Standards
Proposed Labeling
Substantial Equivalence Comparison
Device Description
8.1 Intended Use
8.2 Design and Materials
8.3 Information for Animal-Denved Tissue
8.4 Device Manufacture
8.5 Packaging and Sterilization
8.6 Viral Inactivation Validation
8.7  Final Product Specifications
8.8  Product Expiration Dating
Biocompatibility Testing
Performance Testing
510(k) Summary

Appendix A — Proposed Labeling
Appendix B — Predicate Device Labeling

B.l FortaDerm™ (PuraPly™) Labeling

B.2 Xylos Xcell Antimicrobial Cellulose Wound Dressing Labeling

Appendix C - Stability Testing Protocol
Appendix D — Biocompatibility Testing

D.1 Cytotoxicity

D.2 Dermal Sensitization
D.3 TIrritancy

D.4 Hemolysis

D.5 Acute Systemic Toxicity

Appendix E — Performance Testing
Appendix F - 510(k) Summary
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SCREENING CHECKLIST
FOR ALL PREMARKET NOTIFICATION [510(k)] SUBMISSIONS

510(k) Number:

The cover letter clearly identifies the type of 510(k) submission as (Check the
appropriate box)

Special 510(k) - Do Sections 1 and 2

Abbreviated 510(k) - Do Sections 1, 3 and 4

Traditional 510(k) ot no identification provided Do Sections 1 and 4

Section 1: Required Elements for All Types of 510(k) submissions:

Presentor | Missing or
Adeguate | Inadequate

Cover letter, containing the elements listed on page 3-2 of the
Premarket Notification [510)] Manual.

Table of Contents.

Truthful and Accurate Statement.

Device’s Trade Name, Device’s Classification Name and
Establishment Registration Number.

Device Classification Regulation Number and Regulatory Status
(Class I, Class 11, Class III or Unclassified).

Proposed Labeling including the material listed on page 3-4 of the
Premarket Notificaton [510)] Manual.

Statement of Indications for Use that is on a separate page in the
premarket submission.

Substantial Equivalence Comparison, including comparisons of
the new device with the predicate in areas that are listed on page
3-4 of the Premarket Notification [510)] Manual.

510(k) Summary or 510(k) Statement.

Description of the device (or modification of the device) including
diagrams, engineering drawings, photographs or service manuals.
Identification of legally marketed predicate device. ¥

Compliance with performance standards. * [See Section 514 of
the Actand 21 CFR 807.87 (d).]

Class III Certification and Summary. ¥

Financial Certification or Disclosure Statement for 510(k)
notifications with a clinical study. * [See 21 CFR 807.87 {i)]
510(k) Kit Certification *%*

* - May not be applicable for Special 510(k)s.

¥ - Required for Class IT1 devices, only.

¥k - See pages 3-12 and 3-13 in the Premarket Notification [510)] Manual and the
Convenience Kits Interim Regulatory Guidance.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 // é
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Section 2: Required Elements for a SPECIAL 510(k) submission

Present Inadequate
or Missing |

Narne and 510(k) number of the submitter's own, unmeodified
predicate device.

A description of the modified device and a comparison to the
sponsot’s predicate device.

A statement that the intended use(s) and indications of the
modified device, as described in its labeling are the same as the
intended uses and indications for the submitter’s unmodified
predicate device.

Reviewet’s confirmation that the modification has not alteted the tg
fundamental scientific technology of the submitter’s predicate gt
device.

A Design Control Activities Summary that includes the following
elements (a-c):

a. Identification of Risk Analysis method(s) used to assess the
impact of the modification on the device and its components, and
the results of the analysis.

b. Based on the Risk Analysis, an identification of the required
verification and validation activities, including the methods or
tests used and the acceptance criteria to be applied.

¢. A Declaration of Conformity with design controls that includes
the following statements:

A statement that, as required by the risk analysis, all
verification and validation activities were performed by the
designated individual(s) and the results of the activities
demonstrated that the predetermined acceptance criteria were
met. This statement is signed by the individual responsible
for those particular activities.

A statement that the manufacturing facility is in conformance
with the design control procedure requitements as specified
in 21 CFR 820.30 and the records are available for review.
This statement is signed by the individual responsible for
those particular activides.

Section 3: Required Elements for an ABBREVIATED 510(k)* submission:

Present Inadequate

or Missing |

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
assoclated with the particular device type. (If a manufacturer
elects to use an alternate approach to address a particular risk,
sufficient detail should be provided to justify that approach.)

For a submission, which relies on a recognized standard, a
declaration of conformity [For a listing of the required elements
of a declaradon of conformity, SEE Required Elements for a
Declaration of Conformity to a Recognized Standandjch

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ///
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is posted with the 510(k) boilers on the H drive.]

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.

For a submission, which relies on a non-recognized standard that
has been historically accepted by FDA, a statement that the
manufacturer intends to conform to a recognized standard and
that supporting data will be available before marketing the device.
For a submission, which relies on a non-recognized standard that
has pot been historically accepted by FDA, a statement that the
manufacturer intends to conform to a recognized standard and
that supporting data will be available before marketing the device
and any additonal information requested by the reviewer in order
to determine substantal equivalence.

Any additional information, which is not covered by the guidance
document, special control, recognized standard and/or non-
recognized standard, in order to determine substantial
equivalence.

* - When completing the review of an abbreviated 510(k), please fill out an
Abbreviated Standards Data Form (located on the H drive) and list all the guidance
documents, special controls, recognized standards and/or non-recognized
standards, which were noted by the sponsor.

Section 4: Addiional Requirements for ABBREVIATED and TRADITIONAL
510(k) submissions (If Applicable):

Present | Inadequate
or Missing |

a) Biocompatibility data for all patient-contacting materials, OR
certification of identical material/ formulation:
b) Sterlization and expiration dating information:
0. sterilization nrocess
i) validation method of sterilization process
i1y SATL
) packaging

V) specifv pvroeen free
iy BETO residues

wviil Tradirional Methed or Non-Traditional Method
c) Software Documentation:

Items with checks in the “Present or Adequate ™ column do not require e additional
information from the sponsor. Items with checks in the “ Missing or Inadequate”
column must be submitted before substantive review of the document.

Passed Screening Yes No
Reviewer:
Concurrence by Review Branch:

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 // g
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Date:

The deficiencies identfied above 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(3) 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 burdensome way to resolve the
issues, you should 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

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 l j 61
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(b)(4) Draft

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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PREMARKET NOTIFICATION

TRUTHFUL AND ACCURATE STATEMENT
[As Required by 21 CFR 807.87(k)]

I certify that, in my capacity as Vice President of Regulatory and Clinical Affairs of
Organogenesis Inc., I believe to the best of my knowledge, that all data and information
submitted in the premarket notification are truthful and accurate and that no material fact
has been omitted.

P

@n ature)

Patrick R. Bilbo
(Typed Name)

&lo (05

(Date)

(O S\

*(Premarket Notification [510(k)] Number)

Organogenesis Inc. — FortaDerm™ Antimicrobial PHMB Wound Dressing 510(k) 06/20/05
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510(k) PREMARKET NOTIFICATION
FOR
ORGANOGENESIS INC.
FORTADERM™ ANTIMICROBIAL PHMB WOUND DRESSING

1.

. The oroduct will be sterilized at |

COMPANY NAME, ADDRESS AND CONTACT PERSON

Sponsor/Manufacturer

Organogenesis Inc.
150 Dan Road
Canton, Massachusetts 02021

Contact

Patrick Bilbo
Vice President, Regulatory and Clinical Affairs
Organogenesis, Inc.

Telephone:  (781) 401-1155
Facsimile: (781) 575-1570

DEVICE NAME

Proprietary Name: FortaDerm Antimicrobial PHMB Wound
Dressing

Common/Usual Name: Topical Wound Dressing, Wound Management
Biomaterial

Classification Name: Unclassified (KMF)

ESTABLISHMENT REGISTRATION NUMBER

The product will be manufactured at Organogenesis, Inc. in Canton, Massachusetts.
The establishment registration number for Organogenesis Inc., located at 150 Dan

Road in Canton, Massachusetts is 1221816.

! The establishment ref';istration number for

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)

Page { of 10

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

06/20/05
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4. DEVICE CLASSIFICATION

Classification Name: Dressing, Liquid
Product Code: KMF
Regulatory Class: Unclassified

5. PERFORMANCE STANDARDS

No performance standards applicable to this device have been adopted under Section
514 of the Act. Organogenesis Inc. has applied the use of voluntary standards to
FortaDerm Antimicrobial PHMB Wound Dressing, including current United States
Pharmacopeia (USP) standards for biocompatibility tests. FortaDerm Antimicrobial
PHMB Wound Dressing conforms with the requirements of these voluntary standards.

6. PROPOSED LABELING

Advertising and promotional materials have not yet been developed for this device.
Draft proposed labeling for FortaDerm Antimicrobial PHMB Wound Dressing, which
is a prescription device, includes a package insert and instructions for use, as provided
in APPENDIX A.

7. SUBSTANTIAL EQUIVALENCE COMPARISON

The FortaDerm Antimicrobial PHMB Wound Dressing is comparable to the predicate
device FortaDerm™ (PuraPly™) Wound Dressing (K011026) with the addition of the
antimicrobial agent, an additional layer of collagen and crosslinking with
carbodiimide. In the antimicrobial version of this product, the aforementioned
collagen wound dressing is coated with! % polyhexamethylenebiguanide
hydorchlornide (PHMB) solution. FortaDerm Antimicrobial PHMB 1s substantially
equivalent to Xylos Xcell Antimicrobial Cellulose Wound Dressing (K024054), in that
both products are non-interactive wound dressings coated with PHMB as an
antimicrobial agent.

The FortaDerm Antimicrobial PHMB Wound Dressing is similar with respect to
indications for use, materials, technological characteristics, physical construction and
performance to the predicate devices in terms of section 510(k) equivalency. TABLE 1
below compares the device characteristics of FortaDerm (currently only marketed by
Royce Medical as PuraPly ™) Wound Dressing with FortaDerm Antimicrobial PHMB
Wound Dressing and Xylos Xcell Antimicrobial Cellulose Wound Dressing.

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 2 of 10

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / 02 ‘%
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Table 1. Comparison of FortaDerm Antimicrobial PHMB Wound Dressing to
Predicate Devices

Device Devices
Characteristics FortaDerm ™ FortaDerm ™ Xylos® XCell*
(PuraPly ™) Wound Antimicrobial Antimicrobial
Dressing PHMB Wound Cellulose Wound
Dressing Dressing
Same Intended Yes Yes Yes
Use
Design Single-layer Single-layer
Collagen Sheet, hydrophilic,
Fenestrated cellulose sheet that
( b) (4) contains PHMB
Materials Porcine Intestinal Porcine Cellulose and
Collagen Intestinal PHMB
Collagen and
PHMB
Performance Effective for the Effective for Effective for the
management of inhibiting management of
wounds in an animal | microbial growth wounds in an
model n vitro animal model
Sterilization Gamma [rradiation Gamma Electron Beam
Process frradiation irradiation
Biocompatibity | Biocompatible and Biocompatible | Biocompatible and
& Safety Safe and Safe Safe
Thickness 0.05 - 0.07 mm 0.05-0.15 mm 0.75”
(19 mm)
Available Sizes 4cm X 6 cm 4cmx4cem 2inx 2in
to to (Scmx 5c¢m)
12¢cmx 36 cm 1Zcmx 36 cm

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05

Page 3 of 10

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 /
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DEVICE DESCRIPTION
8.1 Intended Use

The FortaDerm™ Antimicrobiat PHMB Wound Dressing is intended for the
management of wounds and as an effective barrier to resist microbial colonization
within the dressing and reduce microbes penetrating through the dressing.
FortaDerm™ Antimicrobial PHMB Wound Dressing may be used for the management
of: partial and full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers,
chronic vascular ulcers, tunneled/undermined wounds, surgical wounds (donor
sites/grafts, post-Moh’s surgery, post-laser surgery, podiatric, wound dehiscence),
trauma wounds (abrasions, lacerations, second-degree bums, and skin tears) and
draining wounds.

The device 1s intended for one-time use.

FortaDerm Antimicrobial PHMB Wound Dressing is a sterile single-use sheet dressing
made of a collagen matrix and is coated with polyhexamethylene biguanide
hydrochloride (PHMB). This product is available in sizes within a range of 4 cm x 4
cm and 12 x 36 cm and is available fenestrated for moderate to heavy exudate wounds.
The dressing may also be used on minimally exuding, non-exuding and dry wounds as
stated in the Instructions-for-use. The wound dressing also protects against abrasion,
desiccation, and external contamination. Under the supervision of a health care
professional, the FortaDerm Antimicrobial PHMB Wound Dressing is intended for the
local management of exuding wounds, including infected and non-infected pressure
ulcers, venous ulcers, diabetic ulcers, arterial ulcers, donor sites and other bleeding
surface wounds, dermal lesions, trauma injuries or incisions, superficial cuts, minor
scalds and burns, minor skin irritations, lacerations and abrasions. The device is
intended for one-time use.

8.2  Design and Materials

|

i thickness. The device is cross-linked with!

coated with ¢ solution of
polyhexamethylene biguamiae (PHMB). The product consists primany of Type 1
porcine collagen + in its native form, with less than pids and
undetectable levels ot Glycosaminoglycans ( ) and DNA ¢ ). The

porcine intestinal collagen is free of cells and cell remnants. FortaDerm Aanumicrobial
PHMB Antimicrobial Wound Dressing is supplied in sheet form in sizes ranging from
4cmx4cemto2cmx 36 cm.

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 4 of 10
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8.3 Information for Animal-Derived Tissue

Species and tissue from which the animal material is derived:
« Porcine small intestine submucosa (predominantly Type I collagen).

How the health of the herd is maintained and monitored:

- (b)(4)

How the health of each animal is maintained and monitored:
@

-~ (b)(4)

8.4 Device Manufacture

of large swine ( ;

(b)(4)

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 5 of 10
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(b)(4)

8.5  Packaging and Sterilization

(b)(4) Vendor Information

E)rganogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 6 of 10
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8.6  Viral Inactivation Validation
Information on viral inactivation validation is provided in K0O11026.
8.7  Final Product Specifications

In Process and Final Product Specifications for critical parameters will be finalized
during the ongoing manufacturing process validations and sterilization validations.
The parameters that will be evaluated include histology. (to verify the chemically
cleaned material is ! thermal stability , bioburden ( 1 :

L]
!

endotoxin levels (< land sterility. s -

[ R—

8.8  Product Expiration Dating

The product expiration date for the device has not yet been determined. The
expiration date will be established according to the protocol provided in APPENDIX C.
Data will be collected from at least three production lots of the finished packaged
device.

9, B1OCOMPATIBILITY TESTING

(b)(4) Test Data

RN N—— -

FortaDerm Antimicrobial PHMB Wound Dressings used for this testing were

“ ' )C(

(b)(4) Protocol

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 7 of 10
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CYTOTOXICITY TESTING

(b)(4) Test Data

(b)(4) Test Data
(b)(4) Test Data

(b)(4) Test Data

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 8 of 10
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ACUTE SYSTEMIC TOXICITY

(b)(4) Test Data

B1oCOMPATIBILITY TESTS CONDUCTED FOR SIMILAR FORTAFLEX PRODUCTS

PYROGENICITY

(b)(4) Test Data

SUBCHRONIC TOXICITY

(b)(4) Test Data

GENOTOXICITY

(b)(4) Test Data

ANTIGENICITY

(b)(4) Test Data

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 9 of 10
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10. PERFORMANCE TESTING

(b)(4) Test Data

11. 510(K) SUMMARY

As required by The Safe Medical Devices Act of 1990 and 21 CFR 807.87(h), the
510(k) Summary for this submission is provided in APPENDIX F.

Organogenesis Inc. — FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k)  06/20/05
Page 10 of 10
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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 14, 2005 Rockville, Maryland 20850
ORGANOGENESIS, INC. 510{(k) Number: KG051647

150 DAN RD. Product: FORTADERM

CANTON, MA 02021 ANTIMICROBIAL

ATTN: PATRICK BILBO WOUND DRESSING

We are holding your above-referenced Premarket Notification (510(k})
for 30 days pending receipt of the additional information that was
requested 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. Alsoc, 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. 1In 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. TIf, however, you believe that information
is being requested that is not relevant to the regulatory decision or that
there is a less burdensome way to resolve the issues, you should 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

1f after 30 days the requested information, 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. 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”. 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 . html. Pursuant to

21 CFR 20.29, a copy of vyour 510(k) submission will remain in the Office

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.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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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 or policy questions, please contact the

Division of Small Manufacturers International and Consumer Assistance (DSMICA)
at (301) 443-6597 or at their toll-free number (800) 638-2041, or contact me
at (301) 594-1190.

Sincerely yours,

Marjorie Shulman

Supervisor Consumer Safety Officer

Premarket Notification Section

Office of Device Evaluation

Center for Devices and
Radiological Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

Z
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Organogenesis Inc. OS5 1647

LIVING TECHNOLOCY

June 20, 2005

Food and Drug Administration

Center for Devices and Radiological Health
Document Mail Center (HFZ-401)

9200 Corporate Boulevard

Rockville, Maryland 20850 e

VIA FEDERAL EXPRESS

Re: Traditional 510(k) Premarket Notification for FortaDerm™ Antimicrobial EHMB
Wound Dressing )

Dear Sir/Madam: .
|
Enclosed are two copies of a 510(k) Premarket Notification submitted in accordance with 21
CFR 807, Subpart E, for Organogenesis Inc.’s FortaDerm™ Antimicrobial PHMB Wound
Dressing. The device is indicated for use as a wound dressing and is reviewed by the Plastic and
Reconstructive Surgery Devices Branch in the Division of General, Restorative and Neurological
Devices. The Common/Usual Name is Topical Wound Dressing, Wound Management. The
Biomaterial/Classification Name is Unclassified (KMF).

FortaDerm™ Antimicrobial PHMB Wound Dressing is a modification of the FortaDerm™
Wound Dressing previously cleared for marketing (K011026). The principal modifications
include an increase in the number of collagen layers, addition of a crosslinking agent and the
addition of a chemical antimicrobial agent polyhexamethylenebiguanide hydrochloride (PHMB).
The product will be manyfacturad gt O-oanneenagis_Inc..150 Dan Road, Canton, MA, and

sterilized at | l) Ior 1 i | The establishment registration

This submission 1nc1udes extensive trade secrets and commercial information which is privileged
or confidential, and which, in accordance with 21 CFR 20.61, is not available for public
disclosure.

We believe that this submission includes all of the necessary information to allow FDA to make
a determination of substantial equivalence for this device, however, should you have any
questions regarding the submission or require additional information, please contact Patrick
Bilbo, Vice President, Regulatory and Clinical Affairs at (781) 401-1155.

S‘ﬁ
Patnck R. Bilbo
Vice President, Regulatory and Clinical Affairs

Enclosures

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 /Jr)/
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—/é DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
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Food and Drug Administration
9200 Corporate Boulevard

NOQv - § 2003 Rockville MD 20850

Patrick R. Bilbo, Vice President
Regulatory and Clinical Affairs
Organogenesis, Inc.

150 Dan Road

Canton, Massachusetts 02021

Re: K051647
Trade/Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing
Regulatory Class: Unclassified
Product Code: FRO
Dated: October 21, 2005
Received: October 25, 2005

Dear Mr. Bilbe:

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 (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. 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 II (Special Controls) or class Il (PMA), it
may be subject to such 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.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Page 2- Patrick R. Bilbo, Vice President

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 (21 CFR Part 801), please
contact the Office of Compliance at (240) 276-0115. Also, please note the regulation entitled,
"Misbranding by reference to premarket notification” (21CFR 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
(301) 443-6597 or at its Internet address hitp://www.fda.gov/cdrh/industry/support/index. htm!

Sincerely yours,

Cfortaa. frechsl

Mark N. Melkerson

Acting Director

Division of General, Restorative
and Neurological Devices

Office of Device Evaluation

Center for Devices and
Radiological Health

Enclosure

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.

Indications for Use

510(k) Number (if known): K!)i [LU('?

Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing

Indications for Use:

The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the
management of wounds and as an effective barrier to resist microbial colonization within
the dressing and reduce microbes penetrating through the dressing. FortaDerm™
Antimicrobial PHMB Wound Dressing may be used for the management of: partial and
full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular
ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh’s
surgery, post-laser surgery, wound dehiscence), trauma wounds (abrasions, lacerations,
second-degree burns, and skin tears) and draining wounds.

The device is intended for one-time use.

Prescription Use \/ ' AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

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

Concurrence of CDRH, Office of Device Evaluation (ODE)

pbacelpe®

(Posted November 13, 2003) ( IViSIon Slgﬂ\xom .
Division of General, Restorative,

and Neurological Devices

510(k) Number_I{0S 1 4 ]~

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118




Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.

B > HEALTH & HUMAN SERVICES Public Health Service
DEPARTMENT OF i Food and Drug Administration

Memorandum
N DU .Q/m\ax/ U, 2005 :
From: Reviewer(s) - Name(s) __\_ Q)\) é \é\(‘CUJ%Q/\ P\\j

l( SN 6\47/5

Subject:  510(k) Number

To: The Record - It is my recommendation that the subject 510(k) Notification:

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration

$ \)Kh-' \,.L ’ Qﬁos Meinorandmn
From: Reviewer(s) - Name(s) ﬁﬂ.ll \AW&/ y P(,;_b

Subject:  510(k) Number K (OF [EHT

To: The Record - It is my recommendation that the subject 510(k) Notification:

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118




Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) Memorandum
K051647

To: The Record

From: David Krause, PhD, Expert Biologist
ODE/DGRND/Plastic & Reconstructive Surgery Devices Branch

Date: July 13, 2005
Re:  Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing

Sponsor: Organogenesis Inc. of Canton, Massachusetts
Sponsor Contact: Patrick Bilbo at 781-401-1155

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

73
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Krause, David

From: Krause, David

‘ent: Wednesday, July 13, 2005 2:27 PM

fo: "‘pbilbo@organo.com’

Subject: 510(k) for FortaDerm Antimicrobial Dressing
Dear Mr. Bilbo,

We have reviewed your 510(k), K051647, for the FortaDerm Antimicrobial PHMB Dressing. We cannot complete the
review until you have addressed the following issues. Please submit these in hard copy to the CDRH Document Control
Center, HFZ-401, 9200 Corporate Blvd., Rockville, MD 20850.

(b)(4) Deficiencies

/00

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Thank you,
“avid Krause, PhD

~xpert Biclogist
PRSB/DGRND/QDE/CDRH

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Internal Administrative Form

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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"SUBSTANTIAL EQUIVALENCE" (SE) DECISION MAKING DOCUMENTATION
K051647

(b)(5) FDA Reviewer Notes
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) Memorandum
K051647/S01

To: The Record

From: David Krause, PhD, Expert Biologist
ODE/DGRND/Plastic & Reconstructive Surgery Devices Branch

y
Date: November 4, 2005 VUi

Re: Device Name: FortaDerm™ Antimicrobial PHMB Wound Dress

rer |

Sponsor: Organogenesis Inc. of Canton, Massachusetts
Sponsor Contact: Patrick Bilbo at 781-401-1155

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024.

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Internal Administrative Form

(b)(5) FDA Reviewer Notes

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / g





