
DEC I 0 1999 

51 O(k) Summary 

Custodiol® HTK Solution 

Common/Classification Name: Isolated Kidney Perfusion and 
Transport System and Accessories, 21 CFR 876.5880 

Dr. Franz Kohler Chemie GmbH 
Postfach 111 7 

D-64659 Alsbach-Hahnlein 
Germany 

Contact: E. Schaffner, M.D. Prepared: June 16, 1999 

A. LEGALLY MARKETED PREDICATE DEVICES 

The Custodio! HTK Solution is substantially equivalent to the Viaspan 
Belzer UW Cold Storage Solution, which was cleared by FDA as 
K944866 on 04 April 1996. 

B. DEVICE DESCRIPTION 

The HTK solution is intended for perfusion and flushing donor kidneys 
prior to removal from the donor and for preserving the kidney during 
hypothermic storage and transport to the recipient. HTK solution is 
based on the principle of inactivating organ function by withdrawal of 
extracellular sodium and calcium, together with intensive buffering of 
the extracellular space by means of histidine/histidine HCI, so as to 
prolong the period for which the organs will tolerate interruption of 
blood and oxygen supply. Only a small portion of the osmolality of 
the HTK solution is due to the sodium and potassium. The 
composition of HTK is similar to that of extracellular fluid. All of the 
components of the HTK solution occur naturally in the body. 

The HTK solution is relatively low in potassium concentration so that 
residual solution in the transplanted organ poses no danger to the 
recipient. This is particularly important in organs that take up 
relatively large amounts of the perfusate, which may find its way into 
the recipient's circulation. 

The HTK solution has a low viscosity, even at low temperatures. This 
characteristic assures rapid flow rates during initial perfusion, allowing 
the organ to be quickly cooled. 
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( 
c. INDICATIONS FOR USE 

Custodio! HTK Solution is indicated for perfusion and flushing donor 
kidneys prior to removal from the donor or immediately after removal 
from the donor. The solution is left in the organ vasculature during 
hypothermic storage and transportation (not for continuous perfusion) 
to the recipient. 

D. SUBSTANTIAL EQUIVALENCE SUMMARY 

The Custodial HTK Solution is a medical device, and it has a similar 
indications for use as the legally marketed predicate device. While 
the indications for use statement is not identical to that of the 
predicate device, the intended use is clearly the same. 

The Custodio! HTK Solution has the same technological 
characteristics as the predicate devices. However, the characteristics 
may not be sufficiently precise to assure equivalence through a point 
by point comparison. Therefore, extensive clinical data has been 
collected by the sponsor and others. The performance data clearly 
demonstrates equivalence. 

E. TECHNOLOGICAL CHARACTERISTICS 

Both the Custodial HTK Solution and the predicate device are solutions 
containing electrolytes, buffering agents, and other materials occurring 
naturally in the body. Both solutions are intended to reduce metabolism 
and preserve physiological conditions of explanted organs and tissue 
during cold storage. 

F. TESTING 

Several clinical studies have been reported that compared the 
performance of Custodial HTK Solution with the Viaspan Belzer UW 
Solution. These studies have compared survival rates and other 
outcome measures. The primary evidence for the equivalence of 
Custodial and UW solutions has come from the 47-center randomized 
clinical study carried out under the guidance of the Eurotransplant 
organization of Leiden, The Netherlands. Over a thousand kidneys were 
included in the study. 

This study showed that the HTK solution performs as well as the UW 
solution and significantly better than EC solution for kidney transplants. 
The overall kidney survival rates from the 47-center study for HTK 
versus UW at four time points were: 
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I 
HTK uw 

1 Month 91% 91% 
12 Months 83% 82% 
24 Months 77% 74% 
36 months 74% 68% 

G. CONCLUSIONS 

The clinical and other performance data amply demonstrate that 
Custodio! performs as well as the predicate device. This pre-market 
submission demonstrates Substantial Equivalence as defined and 
understood in the Federal Food Drug and Cosmetic Act and various 
guidance documents issued by the Center for Devices and 
Radiological Health. 
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( ~ DEPARTMENTOFHEALTH&HUMANSERVICES 

---::z~ 
Public Health Service 

DEC I 0 1999 

Dr. Franz Kohler Chemie GmbH 
c/o T. Whit Athey, Ph.D. 
Senior Consultant 
C.L. Mcintosh & Associates, Inc. 
Medical & Regulatory Affairs Services 
12300 Twinbrook Parkway, Suite 625 
Rockville, MD 20852 

Dear Dr. Athey: 

Re: K992209 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

Custodial® HTK Solution 
Dated: October 21, 1999 
Received: October 21, 1999 
Regulatory Class: II 
21 CFR §876.5880/Procode: 78 KDN 

We have reviewed your Section 51 O(k) notification of intent to market the device referenced above and we 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). 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 Ill (Premarket Approval), 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 895. A substantially equivalent determination assumes compliance with 
the Current Good Manufacturing Practice requirements, as set forth in the Quality System Regulation (QS) for 
Medical Devices: General regulation (21 CFR Part 820) and that, through periodic QS inspections. the Food and 
Drug Administration (FDA) will verify such assumptions. Failure to comply with the GMP regulation may result in 
regulatory action. In addition, FDA may publish further announcements concerning your device in the Federal 
Register. Please note: this response to your premarket notification submission does not affect any obligation you 
might have under sections 531 through 542 ofthe Act for devices under the Electronic Product Radiation Control 
provisions, or other Federal laws or regulations. 

This letter will allow you to begin marketing your device as described in your 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 and additionally 809.10 for!!! 
vitro diagnostic devices). piease contact the Office of Compliance at (301) 594-4613. Additionally, for questions on 
the promotion and advertising of your device, please contact the Office of Compliance at (301) 594-4639. Also, 
please note the regulation entitled, "Misbranding by reference to premarket notification"(21 CFR 807.97): Other 
general information on your responsibilities under the Act may be obtained from the Division of Small Manufacturers 
Assistance at its toll-free number (800) 638-2041 or (301) 443-6597, or at its internet address 
"http://www.fda.gov/cdrh/dsma/dsmamain.html". 

Enclosure 

z;~ 
CAPT Daniel G. Schultz, M.D. 
Acting Director, Division of Reproductive, 

Abdominal, Ear, Nose and Throat, 
and Radiological Devices 

Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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STATEMENT OF INDICATIONS FOR USE 

510(k) Number (if known): -~+<-· -4-Cj...J._...!q--"'k:::...:2==--...J...D~qt-----

Device Name: Custodial HTK Solution 

Indications For Use: 

Custodial HTK Solution is indicated for perfusion and flushing donor kidneys prior to removal 
from the donor or immediately after removal from the donor. The solution is left in the organ 
vasculature during hypothermic storage and transportation (not for continuous perfusion) to the 
recipient. 

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

Concurrence of CDRH, Office of Device Evaluation (ODE) 

I 
Prescription Use )/ 
(Per 21 CFR 801.109) 

OR Over-The-Counter Use 

(Division Sign...()ff) 
Division of Reproductive, Abdominal, ENT, 
and Radiological Devices 

510(k) Number Ktp[22f)ctjs;ctt~ 

---
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

October 20, 1999 

DR. FRANZ KOHLER CHEMIE GMBH 
C/0 C.L. MCINTOSH & ASSOCIATES 
12300 TWINBROOK PARKWAY 
SUITE 625 
ROCKVILLE, MD 20852 
ATTN: T. WHIT ATHEY 

Food and Drug Administration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Mail Center (HFZ-401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

510(k) Number: K992209 
Product: CUSTODIOL 

Extended Until: 23-NOV-1999 

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

If the additional information is not received by the "Extended Until" 
date shown above your premarket notification will be considered 
withdrawn. 

If you have procedural or policy questions, please contact the 
Division of Small Manufacturers Assistance at (301) 443-6597 or at 
their toll-free number (800) 638-2041, or contact me at (3pl) 594-1190. 

Sincerely yours, 

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

Radiological Health 
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Center for Devices and Radiological Health 
Food and Drug Administration 
Document Mail Center 
9200 Corporate Blvd 
Rockville, MD 20850 

CL MCINTOSH 

October 18, 1999 

part of the Celeris family 
12300 Twinbrook Parkway 
Suite 625 
Rockville MD 20852 
toll free 1 888 770 9590 
phone 301 770 9590 
fax 301 770 9584 

Re: K992209, Request for Additional Information Dated 23 October 1999 
Custodio! HTK Solution by Dr. F. Kohler Chemie GmbH 

Dear Sir or Madam: 

On behalf of our client, Dr. F. Kohler Chemie GmbH, we request 30 days 
additional time to respond to your request for more information concerning 
K992209. The current deadline for response is October 23, 1999. 

Thank you for your consideration of this matter. If you require any additional 
information or clarification, please call or FAX the undersigned at 301-770-9590 
(voice) or 301-770-9584 (FAX). 

Sincerely yours, 

C)tuU~ 
T. Whit Athey, Ph.D. 
Senior Consultant 
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( ~ DEPARTMENT OF HEALTH & HUMAN SERVICES ·-.. ~f.-
Public Health Service 

DEC I 0 1999 

Dr. Franz Kohler Chemie GmbH 
c/o T. Whit Athey, Ph.D. 
Senior Consultant 
C.L. Mcintosh & Associates, Inc. 
Medical & Regulatory Affairs Services 
12300 Twinbrook Parkway, Suite 625 
Rockville, MD 20852 

Dear Dr. Athey: 

Re: K992209 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

Custodio!® HTK Solution 
Dated: October 21, 1999 
Received: October 21, 1999 
Regulatory Class: II 
21 CFR §876.5880/Procode: 78 KDN 

We have reviewed your Section 51 O(k} notification of intent to market the device referenced above and we 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}. 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 Ill (Premarket Approval), 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 895. A substantially equivalent determination assumes compliance with 
the Current Good Manufacturing Practice requirements, as set forth in the Quality System Regulation (OS) for 
Medical Devices: General regulation (21 CFR Part 820) and that, through periodic OS inspections, the Food and 
Drug Administration (FDA) will verify such assumptions. Failure to comply with the GMP regulation may result in 
regulatory action. In addition, FDA may publish further announcements concerning your device in the Federal 
Register. Please note: this response to your premarket notification submission does not affect any obligation you 
might have under sections 531 through 542 of the Act for devices under the Electronic Product Radiation Control 
provisions, or other Federal laws or regulations. 

This letter will allow you to begin marketing your device as described in your 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 and additionally 809.10 for l!:! 
vitro diagnostic devices), pi ease contact the Office of Compliance at (301) 594-4613. Additionally, for questions on 
the promotion and advertising of your device, please contact the Office of Compliance at (301) 594-4639. Also, 
please note the regulation entitled, "Misbranding by reference to premarket notification"(21 CFR 807.97): Other 
general information on your responsibilities under the Act may be obtained from the Division of Small Manufacturers 
Assistance at its toll-free number (800) 638-2041 or (301) 443-6597, or at its internet address 
"http://www.fda.gov/cdrh/dsma/dsmamain.html". 

Enclosure 

172 
CAPT Daniel G. Schultz, M.D. 
Acting Director, Division of Reproductive, 

Abdominal, Ear, Nose and Throat, 
and Radiological Devices 

Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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STATEMENT OF INDICATIONS FOR USE 

510(k) Number (if known): ------1±<--l-1__,___,q.....,.2::::.....:-2=--...L<D~q+-----

Device Name: Custodio) HTK Solution 

Indications For Use: 

Custodio) HTK Solution is indicated for perfusion and flushing donor kidneys prior to removal 
from the donor or immediately after removal from the donor. The solution is left in the organ 
vasculature during hypothermic storage and transportation (not for continuous perfusion) to the 
recipient. 

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

Concurrence of CDRH, Office of Device Evaluation (ODE) 

I 
Prescription Use l/ 
(Per 21 CFR 801. 109) 

OR Over-The-Counter Use 

(Division Sign..()ft) 
Division of Reproductive, Abdominal, ENT, 
and Radiological Devices 

510(k) Number Krt2zo1jsro 1 

---
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
Food and Drug Administration 

LJJ Memorandum 
From: Rev~~«0-Name~)~~~~~~~-'-~~~~~~-~~~~~=~~~~~~~~-·D~·~~~~~~~~-

Su~ect: 510(~Numbcr~~~~~~k~9~0~2~~~~0~~~~~;-~~~~~~~~~~~~ 
To: The Record - 11 is my recommendation tho,t the subject 51 O(k) Notification: 

DRefused to accept. 

DRequires additional information (other than refuse to accept). 

~Is substantially equivalent to marketed devices. 

DNOT substantially equivalent to marketed devices. 

De Novo Classification Candidate? ... 
~. J .• 

DOther (e.g., exempt by regulation, not a device, .cft.iplicate, etc.) 

Is this. device subject to Postmarket Surveillance? 

Is this device subject to the Tracking Regulation? 

Was clinical data necessary to support the review of this 51 O(k)? 

Is this a prescription device? 

Was this 51 O(k) reviewed by a Third Party? 

Special 51 O(k)? 

Abbreviated 51 O(k)? Please fill out form on H Drive 51 Ok/boilers 

This 51 O(k) contains: 

Truthful and Accurate Statement DRequested ~nclosed 
(required for originals received 3-14-95 and after) 

~A 510(k) summary OR DA 510(k)statement 

DYES 

DYES 

~YES 
f&rEs 
DYES 

DYES 

DYES 

D The required certification and summary for class .III devices NA. 
iJ The indication for use form (required for originals received l-1-96 and after) 

Material ofBiological Origin DYES ~NO 

· The submitter requests under 21 CFR 807.95)1'~ply for SEs): 

IJJ NO 

IX NO 

DNO 

D NO 

IR NO 

~NO 
l&No 

D No Confidentiality D Confidentiality for 9,r<iafs / D Continued Confidentiality exceeding 90 days 

Additional Product Code(s) \\·ith panel (optional): 

~~~~~~~~~~--------~--
~~l_______.L___j~~-4/~G~R :D~B~ \ ~ J & t 1 9 \ \t~ 1 \ 

Predicate Product Code with class: 

~1ch Code) (Dal~ ( 12- '\ 1_. 

Final Review: ~------------~~ "'-<~ 
(Division Director) (Date) 

Reviscd:8/17//99 3 
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lescriptive Information 
lbout New or Marketed 

Device Requested 
as Needed 

51 O(k) ~~substantial Equivalence II 
Decision-Making Process (Detailed) 

New Device ls Compared to 
Marketed Device • cp l ~ Do the Differences Alter the 

Does New Device Have Same No Intended Therapeutic/Diagnostic/etc. Yes "Not Substantially 
Indication Statements? . Ef_fect (In Deciding, May ~ Equivalent" I : f Constder Impact on Safety and Determination 

.} Yes\)!' Effecttveness)?.. . ;.. 

New Device Has Same Intended No l 
Use and May Be ~·substantially-< New Device Has New ---~ 

EouT'"'J - ~ tntended Use lA 

Does New Devtce Have same No Could the New 7 . . 
Technological Characteristics Characteristics Yes Do the New Charactertsttcs Yes 
e.g., Design, Materials etc i Affect Safety Raise New Types of Safety or--~ I ' · or Effectiveness? Effectiveness Questions?.. A 

.} Yes No i j No 

No Are the Descriptive Do Accepted Sclentiflc Methods 

to Ensure Equivalence? · the flew Characteristics? No 

Yes . ~+Yes 
No Are Performance Data Available Are Performance Data Available I to Assess Equivalence?··· to Assess Effects of New No t j Characteristics?•• • ~ 

Performance Yes . · J 1Yes t Dala Performance 

Required · . Data 
u.:::-------------· __.. Required 

~ LPerformance Data Demonstrate ~ 

• 51 O(k) Submlssl~ 
Addltlonallnfom\ 
(Pre-Amendments, 

Equivalence? '>' 0 -< 0 Performance Data Demonstrate 
1 N Yes Yes . Equivalence? 

+ 0 'Substantially Equivalent" I No 
~ ~etermtnatlon rt 

To \':;.) ' 0J 
me New Devices to Marketed Devices. FDA Requests 
he Relationship Between Marketed and "Predicate" 

• classlr!ed Post-Amendments) Devices Is Unclear. 

•• This Declsll ·mally Based on Descriptive lnforma!!on Alone, But 
Limited Te~ .rmatlon Is Somel!mes Required • 

• •• Data May Be Iii ule 510(k), Other 510(k)s; The Center's Class!!!cal!on Flies, or the Literature. 
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K992209 "SUBSTANTIAL EQUIVALENCE" (SE) DECISION-MAKING DOCUMENTATION 

Reviewer: Miriam C. Provost, Ph.D. Division/Branch: DRAERD/GRDB, HFZ-470 

Trade Name: Custodio!® solution 
Common Name: Isolated kidney perfusion and transport system and accessories 
Classification: Class II, 21 CFR §876.5880 Date: November 24, 1999 

Product Code: 78 KDN 

Product To Which Compared: ViaSpan® solution (K883782) 

Contact: Dr. Whit Athey (consultant) 
C. L. Mclnstosh 

1. IS PRODUCT A DEVICE? 

2. DEVICE SUBJECT TO 510(K)? 

3. SAME INDICATION STATEMENT? 

4. DO DIFFERENCES ALTER THE EFFECT 
OR RAISE NEW ISSUES OF SAFETY 
OR EFFECTIVENESS? 

5. SAME TECHNOLOGICAL CHARACTERISTICS 

6. COULD THE NEW CHARACTERISTICS 
AFFECT SAFETY OR EFFECTIVENESS? 

7. DESCRIPTIVE CHARACTERISTICS PRECISE 
ENOUGH? 

8. NEW TYPES OF SAFETY OR EFFECTIVENESS 
QUESTIONS? 

9. ACCEPTED SCIENTIFIC METHODS EXIST? 

1 0. PERFORMANCE OAT A AVAILABLE? 

11. DATA DEMONSTRATE EQUIVALENCE? 

YES 
./ 

./ ---

./ ---

./. 

./ 

./ 

./. 

Phone: (301) 770-9590 

NO" 
IF NO STOP 

IF NO STOP 

IF YES GO TO 5 

IF YES STOP ~ NE 

./ IF YES GO TO 7 ---

IF YES GO TO 8 

IF YES STOP ~ SE 
IF NO GO TO 10 

./ IF YES STOP ~ NE 

IF NO STOP ~ NE 

IF NO REQUEST DATA 

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

1. INTENDED USE: 

Custodial HTK solution is indicated for perfusion and flushing donor kidneys prior to 
removal from the donor or immediately after removal from the donor. The solution is 
left in the organ vasculature during hypothermic storage and transportation (not for 
continuous perfusion) to the recipient. 

2. DEVICE DESCRIPTION: 

The device is a sterile solution for use in flushing, storing and transporting donor 
kidneys intended for transplantation. The predicate device (ViaSpan®) is also a cold 
storage solution, and is intended for use in preserving kidneys, livers and pancreata. 
The proposed device is packaged in either glass bottles or polypropylene containers. 
The predicate device was packaged in plastic bags. 

The following table shows a comparison between the chemical composition of Custodial 
HTK and ViaSpan. 

Additive type Custodio) HTK Solution ViaS pan 

lmpermeant Pentafraction (hydroxyethyl starch) 
50 giL 

Impermeant Lactobionic acid 
35.83 giL 

Electrolyte Histidine Potassium phosphate monobasic 
27.9289 giL 3.4 giL 

Histidine-HCl Hp 

3.7733 giL 

Electrolyte Magnesium chloride Magnesium sulfate heptahydrate 
Hexahydrate 1.23 giL 
0.8132 giL 

Impermeant Mannitol Raffinose pentahydrate 
5.4651 giL 17.83 giL 

Electrolyte Potassium chloride Potassium hydroxide 
0.671 giL 5.61 giL 

Electrolyte Calcium chloride 

0.22g!L 

Sodium chloride 

0.8766 giL 
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Additive type Custodio( HTK Solution ViaS pan 

Metabolic substrate Potassium hydrogen 2- Adenosine 
ketoglutarate 1.34 giL 

0.1842 giL 

Antioxidant 
~ 

Allopurinol 
0.136 giL 

Antioxidant Tryptophan Total glutathione 

0.4085 giL 
0.922 giL 

pH Potassium hydroxide (adjust pH Sodium hydroxide (adjust to pH 7.4) 
to 7.02 to 7.2) 

Water for Injection Water for injection 

Osmolality 310m0sm 320m0sm 

5. Explain different technological characteristics. 

As shown by the table above, the predicate and proposed device have a different 
chemical composition. 

6. Explain why the new characteristics could or could not affect safety or 
effectiveness 

The new characteristics could affect safety or effectiveness. The difference in chemical 
composition may not provide adequate preservation or the donor kidney or may actually 
damage the organ. 

8. Explain why there are or are not new questions of safety and effectiveness 

The questions of safety and effectiveness for the proposed device are the same as the 
predicate device, i.e., whether the mixture of chemicals provides adequate preservation 
of the donor organs when used at hypothermic temperatures. 

11. Explain how data demonstrate equivalence 

The sponsor has pre-clinical and clinical data to support the substantial equivalence of 
the proposed device. The preclinical data support the safety of the materials used to 
package the device and also demonstrate that the product is stable over its labeled 
shelf life. 

2 
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Clinical data was submitted from two randomized, controlled multi-center studies in 
Europe. These studies compared kidney graft preservation with Custodio! HTK, 
ViaSpan (UW) and Euro-Collins. The studies were performed at 47 institutions in 
Austria, Belgium, Germany and the Netherlands between July 1990 and September 
1992. In the UW (i.e., ViaSpan)-HTK study, 342 donors and 611 transplants were 
included, and in the Euro-Collins (EC)-HTK study, 317 donors and 569 transplants were 
included. The endpoint of the study was the incidence of delayed graft function (DGF), 
defined as the absence of life-sustaining renal function, requiring dialysis treatment on 
two or more occasions during the first week after transplantation (in kidneys that 
survived at least 48 hours). 

In the UW-HTK study, 33% (105/314) of the transplanted kidneys in the HTK group had 
DGF, as compared to 33% (99/297) in the UW group. In the EC-HTK study, 29% 
(85/292) of the transplanted kidneys in the HTK group had DGF as compared to 43% 
(119/277) in the EC group. This difference was found to be significant (p=0.001 ). 

In the UW-HTK study, overall graft survival at 1, 2 and 3 years after transplantation for 
the HTK group was 83, 77 and 73% respectively, compared to 81, 73 and 68%, 
respectively, for the UW group. These differences were not significant. In the EC-HTK 
study, the overall graft survival at 1, 2 and 3 years after transplantation for the HTK 
group was 80, 76 and 70%, respectively, compared to 78, 71 and 67%, respectively, for 
the EC group. These differences were not significant. 

The data demonstrate that Custodio! HTK solution is equivalent to ViaSpan for 
preservation of donor kidneys for transplantation. 

Other legally marketed devices are similar to the device described in this submission 
and the differences identified between the device included in this submission and the 
predicate devices to which equivalence is claimed would not affect safety and 
effectiveness. Labeling has been provided which includes instructions for use and an 
appropriate prescription statement as required by CFR 21.807.87 (e). In compliance 
with the SMDA of 1990, a 51 O(k) summary has been provided. The Truthful and 
Accurate statement and the Indications for Use form have been provided. As long this 
product is manufactured under GMP's, it should be as safe and effective for its intended 
use as other similar legally marketed devices. 
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YES NO 
Is the device life-supporting or life sustaining? .,/ 

Is the device implanted (short-term or long-term)? .,/ 

Does the device design use software? .,/ 

Is the device sterile? ./ 

Is the device for single use? .,/ 

Is the device for home use? .,/ 

Is the device for prescription use? .,/ 

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

Is this device a kit? .,/ 

Recommendation: Substantially equivalent to other Class II devices described in 
21 CFR part §876.5880. 

Miriam C. Provost, Ph.D. 

Concur 

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

Date 

Date 
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MEMORANDUM 

DATE: 

FROM: 

SUBJECT: 

TO: 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DEVICES AND 

RADIOLOGICAL HEALTH 
OFFICE OF DEVICE EVALUATION 

November 24, 1999 

Miriam C. Provost, Ph.D., Chemical Engineer 
Gastroenterology and Renal Devices Branch 

K992209/S1, Custodio! HTK® solution for flushing and cold 
storage of donor kidneys 

The Record 

The following is review of a 51 O(k) submission for the above device. This is my second 
review of this submission. It now contains the responses to our deficiency letter of 
September 23, 1999. I would like to point out that a 51 O(k) was previously submitted 
for the same device (K983103), but the previous submission included indications for the 
preservation of hearts, livers, pancreatic islet cells and venous grafts. A "Cannot 
Respond" letter for the previous submission was issued on April29, 1999. The sponsor 
has indicated that the current submission addresses all of the deficiencies raised in the 
previous letter. As noted below, the solution is now limited to preservation of donor 
kidneys, only. 

Intended Use 

Custodio! HTK solution is indicated for perfusion and flushing donor kidneys prior to 
removal from the donor or immediately after removal from the donor. The solution is 
left in the organ vasculature during hypothermic storage and transportation (not for 
continuous perfusion) to the recipient. 

Device(s) to which equivalence is claimed: 

ViaSpan cold storage solution (K883782) 

Description of Device 

The device is a sterile solution for use in flushing, storing and transporting donor 
kidneys intended for transplantation. The predicate device (ViaSpan®) is also a cold 
storage solution, and is intended to be used to preserve kidneys, livers and pancreata. 

The following table shows a comparison between the chemical composition of Custodio! 
HTK and ViaSpan. 
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Additive type Custodiol HTK Solution ViaS pan 

Impermeant Pentafraction (hydroxyethyl starch) 
50 giL 

Impermeant Lactobionic acid 
35.83 giL 

Electrolyte Histidine Potassium phosphate monobasic 
27.9289 giL 3.4 giL 
Histidine-HCl HP 

3.7733 g/L 

Electrolyte Magnesium chloride Magnesium sulfate heptahydrate 
Hexahydrate 1.23 g/L 
0.8132 giL 

Impermeant Mannitol Raffmose pentahydrate 
5.4651 giL 17.83 giL 

Electrolyte Potassium chloride Potassium hydroxide 
0.671 giL 5.61 giL 

Electrolyte Calcium chloride 

0.22g!L 

Sodium chloride 

0.8766 giL 

Metabolic substrate Potassium hydrogen 2- Adenosine 
ketoglutarate 1.34 giL 

0.1842 giL 

Antioxidant -- Allopurinol 
0.136 giL 

Antioxidant Tryptophan Total glutathione 

0.4085 giL 
0.922 giL 

pH Potassium hydroxide (adjust pH Sodium hydroxide (adjust to pH 7.4) 
to 7.02 to 7.2) 

Water for Injection Water for injection 

Osmolality 310 mOsm 320m0sm 

The sponsor has not explained the specific mechanism of action for each component of 
their solution. A review of the previous submission for this product was provided by Dr. 
Brian Harvey, medical officer for GRDB. In his review, dated November 16, 1998, Dr. 
Harvey discusses the theoretical rationale for the inclusion of many of these 
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components. For example, Dr. Harvey stated that histidine "makes a good choice for a 
physiologic buffer." He believes that is makes theoretical sense to include ketoglutarate 
and tryptophan, since "both compounds play a role in cellular metabolism and amino 
acid biosynthesis which could aid in prolonging cell viability in the organ to be 
transplanted." Dr. Harvey also stated that the presence of a lower concentration of 
potassium (than in the predicate device) makes clinical and biochemical sense since it 
will minimize the danger to recipient if any solution is left in the organ vasculature at the 
time of transplantation. The small amount of calcium has "the potential to aid in 
increasing membrane stability and participate in ion channel gated functions." 
According to Dr. Harvey, the choice of mannitol over lactiobionate/raffinose probably 
makes little physiological difference. However, Dr. Harvey does believe that the effect 
(if any) of the difference in osmolality between the proposed and the predicate device 
should be demonstrated with in vitro and/or in vivo data. 

Biocompatibility 

The sponsor has provided some information on the purity of the solution components. 
The histidine, sodium chloride, magnesium chloride hexahydrate, potassium chloride, 
mannitol, and tryptophan are all specified as USP grade. The histidine hydrochloride 
monohydrate, potassium hydroxide and calcium chloride dihydrate appear to be EP or 
European Pharmacopeia grade. The purity of the ketoglutaric acid (also called 2-
oxoglutaric acid) is listed as "in-house, not compendia!" and the sponsor has explained 
that a USP or EP specification for this chemical does not exist. The company 
specifications were provided and compared to other amino acids that do have USP 
specifications (i.e., glycine and histidine). The specifications for 2-ketoglutaric acid 
appear to be similar to the USP specifications for the other amino acids, especially with 
regard to impurities such as heavy metals or iron. For the components that follow EP 
specifications (i.e., histidine hydrochloride monohydrate, calcium chloride dihydrate and 
2 N potassium hydroxide) a comparison was given between the EP and USP 
specifications for these chemicals. In all cases, the EP specifications are similar and 
should be adequate for this intended use. 

The solution is packaged in either 1 L infusion bottles of type II hydrolytic glass or 5 L 
polypropylene containers. The polypropylene was identified as "Vestolen P 6500." 
This material apparently complies with "EP V1.1.2.2.3, Polypropylene for containers for 
filling with parenteral preparations." In our deficiency letter, we requested additional 
information on the European standard and asked the sponsor to compare it to the 
appropriate USP standard. The sponsor stated that the European standard is specific 
to polypropylene while the USP standard is applicable to all plastic containers. A 
complete explanation of the EP standard was provided. The standard appears to 
address all issues regarding the purity of the materials for this intended use. 

The bottles are sealed with an "elastomer stopper" (described as bromobutyl with 
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aluminum silicate filler) with an aluminum cap oversea!. The sponsor has indicated 
that the stopper meets the requirements of ISO 8871/A 1, "Eiastomeric parts for 
aqueous parenteral preparations." This standard includes tests for pyrogenicity, 
hemolysis and compatibility. Since this material is apparently acceptable for use in 
packaging parenteral solutions, it should not leach any chemical contaminants and 
should be acceptable for this use. 

Sterilization 

Laboratory Testing 
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Clinical Testing 
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Labeling 

A copy of the instructions for use (package insert) and promotional labeling have been 
provided. The indication in the package insert agrees with that submitted in the 
indications for use form. 

Under "Warnings" it states, "Custodio!® is not indicated for intravenous or intraaterial 
administration. It is indicated only for selective perfusion of the kidney as for cooling of 
the surface areas, i.e., for the preservation of the donor organ during the transport from 
donor to recipient. Custodio! may not be used for systemic infusion." It also states "The 
product must be used before the expiration date on the package", and "The product 
must be stored according to the recommendations prior to use." The storage conditions 
are given as 8 to 15 °C. 

The labeling includes a section called "Clinical Experience" that summarizes the 
multicenter trial discussed above. The labeling accurately summarizes the relevant 
data. 

The sponsor has also provided a copy of an advertising brochure for their product. The 
brochure discusses the use of the product for preservation of kidney function. The 
following claims are now included: 

• Rapid graft function 
• Low frequency of post-operative dialysis 

Data (based on the multicenter study) is given in the brochure to support these claims. 
A list of references is given and these appear to be limited to the use of Custodio! HTK 
solution for preservation of donor kidneys. 

On the last page of the brochure, the following claims are listed: 

• Rapid homogenous cooling due to low viscosity 
• Superior recovery of function 
• Excellent ischemic tolerance 
• High buffering capacity 
• Virtual absence of side effects 
• Simple perfusion techniques 
• Easier surgical handling due to excellent visibility 

This claims appear to be reasonable, based on the data submitted from the multicenter 
clinical trial in Europe. 
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Administrative 

The sponsor has submitted a "Truthful and Accurate" form, the "Indications for Use" 
form and a 510(k) summary. 

Response to Deficiencies in September 23,1 999, letter: 
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Recommendation 
All outstanding deficiencies in this submission have been addressed. I recommend that 
this device be found substantially equivalent. 

~e.~ 
Miriam C. Provost, Ph.D. Date 

Concur 

~( 
Carolyn Y euland, Ph.D. Date 
Chief, Gas roenterology and Renal Devices Branch 
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C .. L Mcintosh 
Medical & Regulatory Affairs Services 

Center for Devices and Radiological Health 
Food and Drug Administration 
Document Mail Center 
9200 Corporate Blvd 
Rockville, MD 20850 

1./WO i'll'inhmol-• l'ar/.>11'[{_}' .. \uitc (>.!'> 

Nud:l'ill<', .\lunlmlll .!081.! 

November 29, 1999 

AITN: Miriam Provost, Ph.D. . .. 
Gastroenterology and Renal Devices Branch, HFZ-470 - ' 

TeL r_i(JJJ ~~n-'J)'JI! 

Fax I. WI J --u-'J'i8-! 

t...JI 

Division of Reproductive, Abdominal, ENT, and Radiology Devices 

Re: K992209, K992209A1 
Dates of Submission: 30 June 1999, 24 October 1999 
Device: Custodio}® HTK Solution 

Dear Dr. Provost: 

We appreciate your prompt review of the additional information that we submitted on 
October 21, 1999. We also appreciate the opportunity to address the remaining issues in 
an interactive manner. 

In your telephone call of November 25, 1999, you made two additional requests. In the 
following, I have first repeated your request in italics and then provided our response. 
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Dr. Miriam Provost, Page 2 

We believe that this additional information addresses the two remammg outstanding 
Issues. If you have questions concerning this information, please call me at 301-770-
9590. 

Attachment: Revised Page of Package Insert 

~=xw~ 
T. Whit Athey, Ph.D. 
Senior Consultant 

(b) (4)
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Dr. Franz Kohler Chemie GmbH 

P.O. Box 1117 

64659 Alsbach-Hahnlein 

Germany 
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Fax 
to Dr. Miriam Provost 

fax 301-594-2339 

phone 

re K992209 

CL MCI NTOS~ 

from Whit Athey 

~11 of tha Celeris family 
12300 Twinbrook Parkway 
Suitfl625 
Rockvl/lta MD 20852 
toll free 1 aaa 770 9590 
phone 301 no 9590 
rax 301 770 9584 

pages 4 (including cover sheet) 

date 11/29/99 

cc 

0 urgent D for review 0 please comment D please reply D please recycle 

Message: 

Attached is our response to your requests (by phone) for additional information in regard to 
K992209 on 25 November 1999. 

NOTICE OF CONFIDENTIALITY 

The information contained in this transmission is intended only for the addressee. It may contain legally 
confidential Information which Is protected under the law by a statutory privilege. Receipt by anyone is not a 
waiver of this or the work product privilege. 

If you receive this transmission In error, please notify the sender immediately at 301-770-9590 and arrange 
for the return of this message and any documents. Thank you. 

10'd SBS6 0~~ 10[ Bv:60 6661-0[-~0N 
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7. r.~ ~ticint:osh 
Medical & Regulatory Affairs Services 

Center for Devices and Radiological Health 
Food and Drug Administration 
Document Mail Center 
9200 Corporate Blvd 
Rockville, MD 20850 

ATTN: Miriam Provost, Ph.D_ 

12300 1/dnbr"ook Parkwt<y. See ita 625 
Roct•ulll•~. Mm·yimu/ 20852 

November 29, 1999 

Gastroenterology and Renal Devices Branch, HFZ-470 

!d. UUJ) 770-9590 
f."tL~. 1_)07) 770-.9584 

Division of Reproductive, Abdominal, ENT, and Radiology Devices 

Re: K992209, K992209Al 
Dates of Submission: 30 June 1999, 24 October 1999 
Device: Custodio!® HTK Solution 

Dear Dr. Provost: 

We appreciate your prompt review of the additional infonnation that we submitted on 
October 21, 1999. We also appreciate the opportunity to address rhe remaining issues in 
an interactive manner. 

In your telephone call of November 25, 1999, you made two additional requests. In the 
following, I have first repeated your request in italics and then provided our response. 

G0'd S8S6 0~~ l0~ sv:60 666t-0~-~oN 
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Dr. Miriam Provost, Page 2 

We believe that !:his additional information addresses the two remammg outstanding 
issues. If you have questions concerning this information, please call me at 301-770-
9590. 

Attachment: Revised Page of Package Insert 

[0'd SBS6 066 10[ 

:50721~ 
T. Whit Athey, Ph.D. 
Senior Consultant 

Bv:60 6661-0[-~0N 
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Dr. Franz Kohler Chemie GmbH 
P.O. Box 1117 

64659 Alsbach-Hahnlein 

Germany 

t>0"d SBS6 066 10[ 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

October 22, 1999 

DR. FRANZ KOHLER CHEMIE GMBH 
C/0 C.L. MCINTOSH & ASSOCIATES 
12300 TWINBROOK PARKWAY 
SUITE 625 
ROCKVILLE, MD 20852 
ATTN: T. WHIT ATHEY 

Food and Drug Administration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Mail Center (HFZ-401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

510(k) Number: K992209 
Product: CUSTODIOL 

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. Because of equipment and 
personnel limitations we cannot accept telefaxed material as part 
of your official premarket notification submission, unless 
specifically requested of you by an FDA official. 

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 Assistance 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 
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I Medical & Regulatory Affairs Services 

12300 Twinbrook Parkway, Suite 625 
Rockville, Maryland 20852 

Tel.: (301) 770-9590 
Fa.x: (301) 770-9584 

Center for Devices and Radiological Health 
Food and Drug Administration 
Document Mail Center 
9200 Corporate Blvd 
Rockville, MD 20850 

ATTN: Miriam Provost, Ph.D. 

October 21, 1999 

Gastroenterology and Renal Devices Branch, HFZ-470 
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Division of Reproductive, Abdominal, ENT, and Radiology Devices 

Re: K992209 
Date of Submission: 30 June 1999 
Device: Custodial® HTK Solution 

Dear Dr. Provost: 

We are very disappointed in your letter of 23 September 1999. While you raise several 
legitimate points in regard to the labeling, many other points appear to be derived from 
some kind of clinical trial boilerplate deficiency template that ill suits the present case. 
The small ways in which the Eurotransplant study is different from the model that FDA 
prefers is far outweighed in importance by the size of the study and by the three-year 
follow-up period. For an important product such as the HTK Solution, a product that is 
used in every country in the world except the U.S., FDA should be looking for ways to 
facilitate its early clearance instead of finding ways to delay it. Luckily for the transplant 
community in the U.S., F. Kohler Chemie has been able to retrieve much of the 
additional clinical information that you requested from Eurotransplant. 

Therefore, we are submitting this amendment to K992209 on behalf of Dr. F. Kohler 
Chemie GmbH. In the presentation below, we first repeat the requests from your letter of 
23 September, followed by the response from F. Kohler Chemie. 
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Dr. F. Kohler Chemie GmbH 
510(k) Notification 
Page 2 

Attachment A has stability data collected using the five liter container. 
(b) (4)
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Dr. F. Kohler Chemie GmbH 
51 O(k) Notification 
Page 3 
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Dr. F. Kohler Chemie GmbH 
510(k) Notification 
Page4 
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Dr. F. Kohler Chemie GmbH 
510(k) Notification 
Page5 
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Dr. F. Kohler Chemie GmbH 
510(k) Notification 
Page 6 
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Dr. F. Kohler Chemie GmbH 
510(k) Notification 
Page 7 

We would appreciate expedited review of the additional information that you requested, 
considering the history of this case. If you have any questions, please call me at 301-770-
9590. 

Sincerely yours, 

CJ,wu~ 
T. Whit Athey, Ph.D. 
Senior Consultant 

Attachments: Attachment A: Stability Data Using 5 Liter Container 
Attachment B: Comparison of USP and EP Standards 
Attachment C: Copy of EP Standard EP VI.1.2.2.3 
Attachment D: Additional Demographic Data from Eurotransplant 
Attachment E: Revised Package Insert 
Attachment F: Revised Promotional Brochure 
Attachment G: Article on Non-Heart-Beating Donors 
Attachment H: Form 3454 
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Labeling 

1000 ml perfusion solution 

Custodio!® 
Bretschneider HTK solution 
for ki.Jvot'1 preser,::::.cion · 

l 000 ml perfusion solution contains 

0,8766 g sodiw.l crJoride 
0 6710 <Z pocassiu.rn chlorice , -. , ' d ~ I 1 O, 1842 g pocassrum ny roger: ..::.-ceetog utarate 
0,8132 g magnesiu.rn chloride:< 6 H20 
3,7733 g hiscidinc :< HCl E20 

27,9289 g hisi:idinc 
0,4085 g trjpcophan 
5,4651 g man.ni.col 
0,0022 g calcium chloride 

in water for injeccions 

Osmolality: 3 l 0 mosmol!Icg A ... nion: Cl 50 mEq 

= 15,0 ITI.ll1 0 l! 1 
= 9,0 m...rno!/1 
= 1,0 rr1rr~o l/1 
= ~,0 rr.w."TT o lil 
= 18,0 m...rnol/1 
= 180,0 mr:wl!l 
= 2,0 ITI.ll1 0 iJ l 
= 30,0 rnmol!l 
= 0,015 mmol/1 

Indications for Use: Custodio! HTK Solution is indicated for perfusion and flushing donor kidneys prior 
to removal from the donor or immediately after removal from the donor. The solution is left in the organ 
vasculature during hypothermic storage and transportation (not for continuous perfusion) to the recipient 

Do not use the solution if it is not clear or if the container is damaged[ 

Custodio! solution must be stored at Protect from light 
Sterile and pyrogen-free the recommended temperature (8 °C -15 °C) 

Batch number: /expiry date: 

(;c. ... '-i-ioV1. Fede..--c::..l /av.J ('es+ricf.s. -rit'!;s de.vic.e_ to s~fe. b'i er 0r1 -th.e... 
0 rrJ e v- vF ~ pL... 't ..sic.. r'a>-t • 

Dr. F. Kohler Chcmie GmbH 
P .0. Box 1117, D-64659 Alsbach-Hiihnlein 

Germany 
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PACKAGE INSERT 

Bretschneider's HTK-Solution 

for kidney preservation 

Description 

Composition: 

1,000 ml Custodial® contain: 

0.8766 g Sodium Chloride 

0.6710 g Potassium Chloride 

0.1842 g Potassium hydrogen 2-Ketoglutarate 

0.8132 g Magnesium Chloride 6 H20 

3.7733 g Histidine HCI H20 

27.9289 g Histidine 

0.4085 g Tryptophan 

5. 4651 g Mannitol 

0.0022 g Calcium Chloride 

in sterile Water for injection 

Anion cr 50 mval 

Physical Properties: 

pH 7.02-7.20 at 25 °C (pH 7.4-7.45 at 4 °C) 

Osmolality: 310 mosmol/kg 

Indications for Use 

= 
= 

= 
= 

15.0 mmol 

9.0 mmol 

1.0 mmol 

4.0 mmol 

18.0 mmol 

180.0 mmol 

2.0 mmol 

30.0 mmol 

0.015 mmol 

Custodial® HTK Solution is indicated for perfusion and flushing donor kidneys prior to 
removal from the donor or immediately after removal from the donor. The solution is left 
in the organ vasculature during hypothermic storage and transportation (not for 
continuous perfusion) to the recipient. 
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Contraindications 

Not for continuous perfusion. 

Warnings and Precautions 

Warning: Federal law restricts sale of this device to or on the order of a physician or 
licensed practitioner. 

Warning: Perfusion ofthe kidney should be carried out with a maximum hydrostatic 
pressure of 120 mm Hg. 

Warning: Custodio!® is not indicated for intravenous or intraarterial administration. It is 
indicated only for selective perfusion of the kidney and for cooling ofthe surface areas, 
i.e., for the preservation of the donor organ during the transport from donor to recipient. 
Custodiol00 may not be used for systemic infusion. 

Warning: Keep out of reach of children. 

Caution: The product must be used before the expiration date stated on the package. 

Caution: The product must be stored according to the recommendations prior to use. 

Adverse Events 

No side effects have been encountered that could be attributed to this product. 

Interactions with other Medical Products 

Interactions with such therapeutic agents as glycosides, diuretics, nitrates, 
antihypertensives, beta blockers and calcium antagonists, which are used perioperatively, 
have not been reported. 

Overdoses (Symptoms, Countermeasures) 

In the case of entry of the HTK solution into the general circulation, the resultant change 
in the concentration of sodium and calcium are very slight. After checking sodium and 
calcium levels in the extracorporeal circulation both of these electrolytes should be 
rep~aced if necessary. 
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Instructions for Use (Recommendations) 

Required Equipment: 

Infusion apparatus with a Y piece for bottle or canister 

Infusion cannula tube 2.5 to 3 mm 

Tube clamp 

Infusion stand with a height setting of up to 200 em with tape measure. 

Cooling Equipment ( 5 to 8° C) for use in cardiac surgery 

Infusion tube with an internal diameter of 6 mm 

Transport Container with sterile pouch for transport of the cooled organ from donor 
to recipient. 

Tolerance oflschemia by the Kidney 

The kidney may be stored with ice cold Custodial solution at about 2 to 4° C with a 
period of (cold) ischemia of up to 48 hours. Warm ischemia time, that is to say the 
average time period required for the completion of anastomosis of the vessels, is usually 
30 minutes. Taking this time as a basis, the organ recovers completely with optimal 
immediate function within 24 hours. 

Introduction ofRenal Perfusion 

Following successful laparotomy, the kidney is prepared by ligature of the capsular 
vessels. The perfusion catheter for selective kidney perfusion is fixed in the renal artery 
using a tourniquet. Perfusion is performed under hydrostatic pressure (maximum of 120 
mm Hg). Within the first minute of perfusion, the renal vein is incised and clamped off 
adjacent to the vena cava. The escaping perfusate is removed from the abdominal cavity. 
After approximately 10 minutes of perfusion, the kidney is resected before 
transplantation. 

Should the center decide to use the so-called aorta-single flush technique, the total 
amount ofthe preservation solution needed is perfused only via the aortal line. Once 
again, a pressurized infusion is not necessary. A Y -perfusion system is recommended in 
addition to perfusion tubing of the largest possible caliber and perfusion cannulae with an 
internal bore of at least Charriere 15 ( 5 mm). 

Transport of a Donor Organ 

The transport of a donor organ to the recipient utilizes a sterile pouch accommodating the 
size ofthe kidney in an ice cold Custodio! solution. The organ must be completely 
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covered by the solution. The pouch is sealed with adhesive tape and is placed into a 
second container which is also filled with Custodio! solution in order to prevent a 
breakdown of insulation and cooling by trapped air. The double-bagged organ is placed 
into a sterile plastic container and closed with a secure lid. The plastic bag is then placed 
into a transport container packed with ice for transport. Information about the donor, 
copies ofthe laboratory results and blood samples from the donor are also included. The 
transport of the donor organ in Custodio! solution must be accomplished as quickly as 
possible. 

Clinical Experience 

A major multi-center prospective randomized clinical trail has been carried out in Europe 
comparing three perfusion and preservation solutions for use in kidney transplants1 .The 
three solutions were the Custodio! HTK solution, the Belzer UW solution, and the Euro
Collins (EC) solution. Forty-seven centers participated and followed a strict protocol. 
Over a thousand kidneys were included in the study. In the HTK-UW study, there were 
342 donors and 611 transplants (the UW group had 168 donors and 297 transplants, the 
HTK group had 174 donors and 314 transplants). In the HTK-EC study, there were 317 
donors and 569 transplants (the EC group had 155 donors and 277 transplants, the HTK 
group had 162 donors and 292 transplants). 

This study directly compared kidney survival in the HTK group with the UW group, and 
also with the EC solution, and showed that for kidney transplants, the HTK solution 
performs as well overall as the UW solution, and significantly better than EC solution for 
initial nonfunction. The average cold ischemia time in the HTK-UW study was 25.8 
hours in the HTK group and 25.5 hours in the UW group. In the HTK-EC group, the 
average cold ischemia time was 24.1 hours in the HTK group and 24.2 hours in the EC 
group. The overall kidney survival rates from the 47-center study for HTK versus UW, 
and HTK versus EC, at four time points were: 

HTK uw HTK EC 

1 Month 91% 91% 85% 86% 

12 Months 83% 82% 80% 74% 

24 Months 77% 74% 76% 71% 

36 Months 74% 68% 70% 67% 

1 de Boer J, De Meester J, Smits JMA, Doxiadis liN, Groenewoud AF, Persijn GG 
(1999). Eurotransplant randomized multicenter study comparing kidney graft 
preservation with HTK, UW, and EC. Tramplantation in press, publication about 
December 1999 
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Delayed graft function that required two or more dialysis sessions during the first week 
was 20% (107/544) in the pooled HTK groups. 25% (66/266) for the UW group, and 
32% (85/268) for the EC group. Initial nonfunction (INF) occurred in 33% of the 
kidneys in both HTK and UW groups, and in the other study, INF occurred in 29% of the 
HTK group and 43% ofthe EC group. 

Kidney failure rates in the first 48 hours were comparable in all groups: UW -15/297 and 
HTK-18/314; EC-15/277 and HTK-13/272. '1 

. '· 

In the HTK-UW study, acute rejection episodes occurred in 99/314 (32%) in the HTK 
group and 105/297 (35%) in the UW group. In the HTK-EC study, acute rejection 
episodes occurred in 99/292 (34%) in the HTK group and 108/277 (39%) in the EC 
group. 

How Supplied 

Bottles of 1000 ml 

Canister of 5000 ml 

Store at +8 to + 15° C and protect from light. 

Dr. Franz Kohler Chemie GmbH 

P.O. Box 1117 

64659 Alsbach-Hiihnlein 

Germany 
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CUSTODIOL® 

Bretscheider's HTK solution for kidney preservation 
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Pharmacology: 

• o,9a.n pr<:;-fedi,;solution of intracellular type, based on an 

electrolyte mixture containing low sodium and potassium 

levels, as well as calcium at the low level found within 

the cell 

• HTK solution produces its effeccs through inactivation of 

the cell function by vinue of extracellular sodium and 

calcium withdrawal, combined with intensive buffermg of 

the extracellular space by means of histidine/histidine 

hydrochloride, leading to prolonged tolerance of the 

1schemic state 

• Tryptophan is added to provide special membrane protec

- tion and enhances the buffering capacity. Alpha-ketogluta

. rate ser.;es as a substrate for aerobic energy production 

• The osmotic pressure is balanced by adding mannitol, 

counteracting cellular edema and scavenging or inhibiting 

active oxygen intermediates such as superoxide and free

hydroxyl radicals 

• HTK is perfused as a cold solution, so that its hypothermic 

effect contributes to a decreased metabolic rate 

Pharmacodynamjcs: 

1. General inhibition of all activation processes of muscular, 

nervous or incretory type in the stimulable membrane 

· structures 

2. Intensive buffering of the entire extracellular com-

CUSTODIOL® 
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CUSTODIOL® 
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3. Consequent postponement of cntical intrac:iluicr e:C:dcsis. 

4. Preve:n:ion of the intracellular ecema tnat may resL:it f~cr:~ 

the bre::kdown of cellular osmoregulation. 

Toxjco!oav: 
--~ 

Because all ~re compor,ents of hTK solutJor, ae :--,a;::,_;raiiy 

occurring physiologic:! substances except ~cr -c~:e ine:: ~e::,

nitol, nc ~oxic effeCLs have ever been obse0;ed 

The calcium cement of the sclutron is higr1 enougr :o 

exclude e:ny calcium ~aradcx at low temperan.:res, 'em, cr. 

the other :land, is deliberately set too low to induce a cab...:rr 

dependem stimulation of energy requirements with srKrtenin~ 

of the ischemia time :olerated by the donor organ. 

Therap·eutic safety: 

HTK solution offers advantageous safety margins ... 
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• Rapid graft function 

The Eurotransplant study of HTK, UW, and EC 
solutions showed that in kidneys functioning at 14 
days, serum creatinine was cleared at a rate of 58 
ml/min in the HTK groups, 49 ml/min in the UW 
group, and 38 ml/min in the EC group. 

• Low frequency of post-operative dialysis 

In the Eurotransplant study, the incidence of initial 
non-function, defined as lack of function requiring 
two or more dialysis sessions during the first 
week, was found to be equal for HTK and UW, 
but significantly greater in EC compared to HTK 
(29% versus 43%, p = 0.001 ). 

CUSTODIOL® 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



Bretschneider, H.J.: Organi.ibergreifende Prinzipien zur Verlangerung der 
Ischamietoleranz Leopoldina (R.3) 37 (1992), 161-174. 

de Boer, J. et aL: Eurotransplant randomized multicenter study comparing kidney graft 
preservation with HTK, UW and Euro-Collins. Transplantation, in press. 

Doetsch, N.: HTK-solution and L-tryptophan. Questions and answers. Eurotransplant 
Newsletter 76 (1990), 22-24. 

Hachida, M et al: Improvement in postoperative management due to a new 
cardioplegia HTK solution. ICU & CCU 17 (9) (1993), 895-899. 

Groenewoud, A. F. et al: A final report on the Eurotransplant randomised multicenter 
study comparing kidney graft preservation with HTK, UW and EC solution. 7th Congress 
ofEurop. Soc. for Organ Transplantation, ESOT 1995, Vienna. 

Plas, E. et al: Experience in renal autotransplantation: analysis of a clinical series. Br. 
Journal ofUrology, 77 (1996), 518-523. 

Holscher, M et al: Current Status of the HTK Solution of Bretschneider in Organ 
Preservation. Transplantation Proceedings, Vol. 23, No.5 (October) (1991), 2334-2337. 

Oppell, U. von et aL: Endothelial Cell Toxicity of Solid-Organ Preservation Solutions. 
Ann. Thorac. Surg. 50 (1990), 902-910. 

73 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



CUSTODIOL@l 
Bretschneicler's HTX soluricr; fer 

preser/aticn cf cfcr;cr k;.cJ11 <~ cl .s: 

• In-situ and during hypothermic storage 

Advantaaes: _, 

• Rapid homogenous cooling due to low viscosity 

• Superior recovery of function 

• Excellent ischemic tolerance 

• High buffering capacity 

• Virtual absence of side effects 

• Simple perfusion technique 

• Easier surgical handling due to excellent visibility 

Distributed by: 

Manufadured by: 

qr. F. KOhler Chemie GmbH ~ _ 

D-64665 Alsbach-Halmlein ·Neue BergstraBe 3 - 7 
Germany 
Tel.: (49)-6257- 5 09 - 0 · Fax ( 49)-6257 - 5 09 46 
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05-10-99 11:43 Von:DR F <OHLER CHEMIE 
+49625750946 T-758 A 06/09 Nr -441 

or,Gr.NS ANDTtSSUES. (ll. \9·2~. 1999 

Non-hearrbeating kidney donation, organisation and technical aspects 

A.P NEDERSTtGT. R.W.\. J .. coe~. C. KooTHil'-

$1);:-..[;..\.-l..R\". \\"ich r~g:mi:; co chc g.:o,,·ing ;hcrcJgc 0:" donor organ>. n~'"'v donor sources must b.: :or.
itd;::r~d. One :::· ch.:: 1nosc pro~1i~ing SOl.ltCc> is rho no.;.;,c.ucbe;"lcing rNr'.B) ciuilor. (n tlhs nrtide cv~ 

::xpla1r. en.: probl.::ms CtUC C;tn be c~pecccct. boch :cchr.ic.lll:r and iogi;ciclh-. lnd how :i11S CJ.C<::gcrv of 
Jonors Cl~ Do! ;uccc;st'uily irnplcmcncc::l. ln Ol.:r Op!rliCn .lcicqulCC viabilicy· ccscing ::; :\ ?C'r~ouisic~ ror 
cnc 3atc u;~ .:>t-:.:HB donors. lf chis 11 ch~ (:\.ie. :h: 'hlnlb<!r of" ;uc.:::ssf\dly cr~nsp\.1nceci Kidnev,- mav ri
se w1ch rl§:1.:r:; up to 25%. 

BACKGROU~D 

Or~;\n cn~nspl.u1t.l~~o~ :~ ;~nc:.:i~~- ~cccpc:d JS !11: cr~ac

mci\C or" choice r"or ~nc.i ;cl~~ o~~:tn flilur<!. Bcc:J.usc of chis 
wide :~c:c:cpcllnce. the J~m~nd i.:.c donor orS!nm IS ir.cr~uin<> 

rapidly. The numb<!r or· brlin .:o!:Kl OL"gJ~ donors e:tnno~ 
keep up wich chi; growing -~:m.;~d. r~sulting in long~r w~i
t!ng lim and high.:r morcc.liC\· or. pacicncs on chc w"liting li
sr. Especially cbc number or t:'~riencs w:~icing tor a donor 
kidncv h:l.S b<!en mcrc;Jsing '-en· F.-tsc. Several proposals have 
b~~n made co b::mle ch:s org:~.n short!l.g•·· A much disCLISscd 
tO[JtC is ch~ po$;ibiiitY oc· xer.Jtrlospbnc:tcion. However. 
prl(.;Cic:t! impl~mcncarton of ;;;1s form oF cr:~n;pb.nwcion 
.<eems to be scm<: ye:m Jway .. 'J och~r scr:w:gics need co be 
dcvi>ed. One ot' ches.: ;cr.\tc:gic; is the usc of non-he:mb.::~
nng (NHBl donors. Th<s;: ;:~ donors who :trc dc:cbrcJ 
dc:~d afi:c:r cardi:t~ :trr~sc. :t> op~vlc:d co br:un de:1d or::,:tn do
nors where Cll'Ctd:uion rcm:tin> inDCL uncil chc rnom<!nc ot' 

,\{mfill .. i!tldrfl'f•ii:.,,rJcn r. ~eJa,Ci?t. o~~?~fenlc:-nr vt'Gt:ncr.ll SLir~tf\, 

l'nivcwcy Ho,pit.d ot' .\I.I.IHric·h: ru. [lo, )300, 621121\7. :-.1.!.1" 
sr1·icr. The N~rher!.1nd.,. 

cr,::.n :~rru;ioo. 0:HB donac1on is noc n~w chough. be[orc 
chc d:.l;nc,is ot' \)r:tin dc:,ch w'" ro;sib!~. ch" only way co 
._:,_:.:::--::~en w:ts :.t':er ::trdiJ.C Jrr..:sc. So cxplant:.1Ct011 or or
g~n; ~or cr.wsp\.1nt::1cion W:\S o11h· po$~ible nfcer chc hclrC 
had :;copp~d be~ ring. In vic'" of ch< c:.:p1nding waic::~g 1 isc; 
and b..::re~ preservation r::chniqu.:s. one c~n see a r~n~wc:d 
:nccrc;c i~. chc: concept of :-.;H [) or~:~n cion:~tion. 

C..l..TEGORIES 

.-\il \::-!8 kidn~ys have one chin~ in common: ch.: in,:virn· 
bdic,· of ,usroini11g :\a ruin ~moum of tscncmic cb.m:tgc. 
Of course chis .1mnunc ,·aries w1 ch the lengch of the warm 
i;ch<:mi.: cmc. the rime oc~··ccn cJrdi.1c arre~c and cooling. 
This .1mount also dcpcr1ds on :h.:- t''P<" of NHB donor. To 
cleO" crllr·~' Clp. 1\"C hJ\"C divide,[ ~HS donors inca t-0\lf 

'"\ b.1;crichc" ore::orics: 

Thc>c .He p:Lricnc> who uc ot>,·i<JcJsk :tlrc:1d:· dcceJscci 
"h~n 111<'di<.::tl pcr~onncl arriv-:; .1c chc 'ccn~ of chc: .tcci
dc:J\t. 0:o :m~mpr will bt: m.Jd~ to rcS\I:iCic.ue chc p:tcic:nr. 
.1nd nocm.11ly he: is brnu3ht stl"':l.ighc co the mo:·tu:\rV. If the 
mcdiCJl '"am is f:~:;c .:nough. ;m,! ;.w.H<: at' ch.: pos:>iC.tlicy of 

F. f· 
<. 
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NHB donation. chc:sc: p:uiems .1re porenri.al kidney donors. 
The pnrienc should :hen be broughc co chc emergency 

w:ml. where l pro::scrV'lrion procedure: cJn be srarted. Use 
of Jcnors of rhts c:uegorv dcm.1nds a complcre reroure of 
the: norrr1ll lo~iS~ic parh1~.1ys. "hich may be troublesome 
"'first. Tn our c<!nrer :--l H B donor; of chis C;trcgor:; form a 
.mice minoriry. 

Tht';t :;.rc: paric:r.rs '' ho surTcr r'mm ordiac :1rrest ours1de 
~he: ho::pir~l. ~nJ '"ho ~r~ bro~giiC co rhc emergencv w.1rd 
fc>r rc:suscicauon. In some cas;:; ,;;Is wdl prove unsucces
sful. a::.d cr.:: resusc;r,irion arrcr.:,·:, will be ;tOppd. re
g~rdlcss :p orgJn don:H<on is :;,:ol<~g co r1ke piKe or nor. If 
rhe f:tmily l$ present rney can be lSh:ed :o gtve ccnsc::.t fo~ 
kidney donltion, if so, che pwc::::;,·Jrc :ln be srarrcd. '~idi 
rhese donors we kcc;: co :1. ;met. r:n-minurc period of no
:ouch be::forr: srarcing ~ny inl'lSI\ <! procedures on ch~ de
ceased. This LS ro make su:c rhc ,'loner ts rc:1!Iv dccc:1scd 
bcfore che ?roc<Odur: ,, sc:>rc~d :. The C:J.tegory ::?. donor' 

torm rhc main parr of our ;\HB ::onor procedures. 

Car(gory 3 - Au/(litirrg cardiac .zrr?.'r 

Tnc:sc :<rc pJtienrs "ho >uffcrcd : :naJor cerebr:ll blc:cding 
or rrauma, bur wno arc nor brain ::cad lccording co r:1c ac
cepted crircri:t. Tnc::cforc rhc" CJ;inoc be used a; mulri-or
ga:l donors. iiowcvcr, in mcsc o: rhes: CJScS the: :;~3cing 

phv~iciJ.n "il! d::ic!c co wd\C.ral•: .lli u~:.:rr.cnr b:c:.L,;~ cf 
:he baJ p<'agncsis. Snonl:· af~cr r:1c wt•hdr .. w·J of ''cn[lk,
rion J.nd mcdicarion rhc cardiJc !rrest will occur. [f rh: tJ
rnily giv~s cons~nc tor a NHB pro(cdurc rhc carhercr can 
be inserrcd afr,r 10 minutes of r:c-rouch. In rnis wa:-r the 
kidneys can be pres:rved for cran;?lancacion. 

Car~gory .:f- Cardiac Mrm ,.·hrlt ~rain dtad 

In these C:!scs che parienr is pro1 c:-. brJ.in de~d bv rhc nor
m:>.! c,-tu, but ;.n irrevcn:!ble CHC.J~C ~rrcH cc~urs: before 

chc c:-.:plancarion c::.n rake pbcc. \\'hen ~csuscica:ion is frut
rless, the only option lcfr is comrr.~ncing J ~HB procedu
re. Please cake narc th,H in thcs~ ~Jses rhcr~ is no need tor 
:L l 0-minucc period oi' no•couch. :>.Ad rhe procedure C:J.n be 

scJrtcd tmmcdiarely, if ncc;:ss.H;·. "·en in rhc lnrcnsivc Ca
rr: Uni~. 

CRlTERlA 

For NH8 dot\ors almosr rhe sam~ criceri:.. :ts for brain de~d 
mulci-organ dono~ arc :~pplicaolc. This mc::tns char rhcrc 
Me rhc following conrr:t-indic:uions: 

20 A.P. NODI:RSTIGT a a/. 
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F'CLRE 1. A P<C:ure or DBT!...·Clther<!. •vich the intl>re::: blllc~n= 

dc:n!v v\si6l~. 

- no ;i:;r.; of sepsis: 
- no :.:.:;own inicction or risk group for H1V or hcp~cici; B: 

· no m:!.lignancies, excepc for some C~S rumours 1nd ba-
ss.! cell c:>rcinoma' 

- no history of ma.lign:~m hypnr<:mton <.H kidney cisc::r5el·. 
\V/r:; ~ccc?t onlv NHB donor3 noc ol...!er dun G) ;--e:>.r~. 

Fu:rh~rr.1or~ rhe period of circulacor:· ar~csr may be no 
Ionge: chan 4; :ninurcs, wirhour rhc pcrioc.! ot rcani:m
cion. If" poc<:"ntiJ.I dor.or meers J!l rh:s.! cnc~nllnd che fa. 
n1ily gi,·<!s cons.:nc, tr.c In .Situ Preser,'lcon ;ISP) p:occ::.:.:
:~ :lrl =~ Stl!C,::i. 

ISP-PROCEDURE 

lc is vcrr tmporranc co srarc rhe cooling of rhc kidnc~·s .1s 
>oon :H possible .:tfrr:r circubcory 3rrc:~t. bec:!uSt che 
chance of Prim~ry Non-Funcrion (l'Nf) of chc ktdney 
will incr~c:.<e wirh :J. longer w~m~ tschcmic cimc. Thc:

rdor.:, we usc l fast :tnd simple method to pres~rve rh~ 
kidnevo, ,,,,mcly ch~ Doubl~ B"lloon ·:·,iple Lumen (DB

Ti...) c.Hhcccr (Porg~s France, A.J 651 G. Fig. ! ) . This 
Clrhe~c~ nJS t\110 inflatJbie balloon; with rhc purpo;c or 
isolanng a lengrn of abdominal:~.or:a, includin5 borh r~
nal arc.:rt;:s. The CJtheter in-bcrwccn rhcse cwo b2lloons 
nJ..:i ~oc; or openings through which the prcscrv~r;on 

fluid c:m ?Our inro the renJl :meric~. rhu$ Jlmo;c s~lcc
cive!y ?erfusing the kidneys. The procedLtrc for inrrodu
cing chis cachecer is as follows. 
Borh groin regions oi the donor arc >h~vcd, disinfected 
lnd co,ered wirh srcrilc: drap,s. Afc.:r char an incision i~ 

m:tdc in the region :lbove che fcmorJI :trcery Jnd vcln. 
:1r1d bach vessels arc isolated lnd cleued. An arrcrioromy 
is performed of rhc femoral :mcry, and ch~ cJrhcrcr is in-
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sc:rcd proximally into the: bloodvcssel, up co rhc red 
m~rker on che DBTL-c:~che:cr (chis is Jpproxtm:uely GO 
em). The dim I bllloon is rhcn filled wirh 7 ml of a mix
cure of sterile water and :-;-r:~y concr:J.S[Huid, lnd rhcn pul
led b:1ck unril ic hook$ on the biti.trc:J.tion of rhe aorta. 
The bolla on is chen fultv iilled wich ln cxtrJ. 5 ml of the 
mixture. The proximll b:11loon is now .\bo filled wich 12 
ml of fluid snd chc perr"u;ion i~ ~o.rred rhrougn tnc 
middle lumen of rhe c;;.rhcc~r. For prcsc:rv:won we make 
u~e of l Hyscidin-crvpcoph~n-kolo~lllt:>.r~•e (HTK) ;olLt
cion of 4• Celsiu~. Afr<=r mning the: iJC:rfusion l phlcbo
:omy or :he temorJI \"<!\n is p~riorrned, ~nd a Charri~r~ 
20 w.rinc: c:uhcrer nsrcnt is in>crtcd ~nd fLxoced on rhe 
skir. co secur:: ?. good O\, c:lo\\ ircm chc renal vein>. 7o 
check rhc posi:ion of rhe Clrhc:t~r J. high lbdomir•ll x-r~v 
is made, on which the b:~lloons oc"rhe DBTL cachcccr w;IJ 

be cle:uly "isible bcc1usc of chc concrasdhtic.l used. A br
ge volwmc of HTK is r.w:::d w tJrOpcrly f1ush out the 
kidne;-s, approximaccly 15-~0 l1trcs. RcJson for this is the 
t:1cc thlt the sup~rior m~senrcric Hccry is flusheci ;;.swelL 
thereby cfr"ecciv~ty flLLshing l p:m of chc intestines. Perfu
sion LS done wich Cne lid of.1 ?Uffip, the first 5-7Jims J.CC 

:nfus~d Wtth l speed of 400 mlfmin, chen chc spccc.l is rc
d•.Jced co appr. 100 ml/:nir .. On~ c:~n check ch~ c~mpc~:!.
cure of chc skin around en~ ,;:cin:v r~gton of chc donor. If 
rhe skin is cold, chen ch<: Ldtt~:-s ar:: rnosc probabl;r i1u
;hc:d propcrl:--; the Kootsm ;ign ;, chen called po>itilc. 
.l.Jr~r perfusion ch2 kldncn Jrt cakcn out as normJ.l. un· 
dcr st~ril~ condition> in the op~r:~tin~ room. 

PRESERVATlOt\ 

.All NHB kidnc:vs have su>eaincd a cc:mtn amounc of 
ischemic damage:. This c:m b.:: clearly seen from rhe high 
pcrccnca~c oF delav-c:d function lt.rcr m.nspl:uHation (defi
ned as rhe need for OM or more dialysis sessions) when 
compared CO kidne)'S With l rirst >hOrC W;1rffi ischemic pe
riod. This mighc pose some problem~ t"or rh~ rclnspbnc 
pb,,ic;:m bec:J.usc it C:ln mask l period of ~cure rcjc:crion. 
Ho,vevcr, chesc kidnen will c,·.::ntLJJ.liy srJrt functioning 
lnd keep rhe rc:cipier.r ot"f diol~·$1£ for some yc:.r~. A bigger 
problem is rhc: occurrence of P;-.JF, this is Jn event ~hac 

musc be pr,-venccd <~t ~11 co>c<. In order co prevent PNF. 
one muse recognise chc kidneys which lre dom:~gcd 
bcvond repair oeto•c: tr\Hl9pbntntion. DirYcrc:nt Hudic:s 
hlvc proven che supcrioriry or" m:~chine perfusio1i (Jv1P) 
o"er cold scor.tgc (CS) when it comes to >coring i<chc:mi
c:~lly d:~maged kidneys until trJnsp!J.nr:trion '·'.This is one: 
ot rhc: relSons why w.: ani:· us~ .'vlP tor NHB k,dnc:ys. The 
second r-t:~son for using .\IP is rh.~t ic give$ you rhe possi
bilicy of performing vi~bilicv rem on rhc: kidnc:;v while ic 
is srord. \'V'ich rhc:se vi;lbilic_,. rem yOLI gc:r :1.n indication 
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ot" chc amounc of ischemic damogc: s.tn,incd. Th. kidnc:vs 
arc put or. .1 pcrfu~ion machine (Pf 200. G.1mbro. l~.;nd, 
Sweden) in chc ope•-:tring the:mc, .1nd r'rom chcrcon ;ln ei

ght hour rcscing progr:~m is mr:ed. During chis progrJm 
rhe now, rhe incraren:-.1 r~sisclncc ;tnd rhc cerr.pcrature arc 
consrandv monitored. After 1. 2, ·t, 6 lnd S hours sam
ples Jre ~ken from ch.: perfusate. ln thc~e ;;tmpl.:s we 
measure pH. LDH, alph~-GiutJthionc S-mnsf~r:-.sc 
(:l.lpha-G ST) and :or:~l GST. E;pcci•ll\· :he 1lpha-GST I> 

:. promising c.:sc. Alpha-GST 1s :-.n cm:·m~ rcmicced co 
chc: pro:<imal wbuiL1scclb in :he k1dnc;·. These Jrc cells 
with .1 '~rv hi~h :tcrobic mct~bolism .. 1nd ch~refore ';!rv 
susc~pci'cl: co iscncmic dJmagc. \\'h.:n rh~'c cells die, rnc 
:dph~-G ST ;, rdc~scJ i nro ch: pcrt"tt;.Ltc Th,rc 1S .1 ,-~n· 

good ::orrd1rion berv..-ccn ~rsc w.1rm isch~:nic cir.1c -.nd 
~lph:.-CST in the pcrfus..tte''. 
In J rc:trospc,rive study Jlphl-GST ,;pp~:~rcd robe chc only 
p:tramcccr ~ignific:;ncly ditf:renc t"or r'unc:10ning ;,nd non
functioning k1dney~ -.The ?roblcm ,vi en .tlpha-GST is ch1r 
it is mc~o.J.red b:--- means of Jn El!S:\ immuno-ess<.y, "ni· 
(h ts l'c:< case- Jnd rimc-inccnsi~e~. 
Alpha-GST comes from a ~roup ot' •N-enzvmes, "'n,ch 
cogcth~: form rr.c cocal GST. T:.c orl1a iso-~nzvmes arc 
7t-GST ~-GST .tnd cr-GST. Bc.:.lLm: ,o,.o.l CST c~n b.: 
mcosurd much che~per .1nd qL1ick~r. we perrorm~d a 
:;cudy CCJ find chc corrd~tion bet,,ccn .dph:.·GS-:- "r.d '"
c;;.l CST :n .l rccrospeccivc >cud,- the Pc:r~or. co:r~l<'tion 

b~C\vec:: ~ipttl- :l11d coCJI CST ir. :he: :71-lChir.c p~fusltc. 6 
hours ,;r.cer \[P. w:J.s 0,9'!.3 (un"uC,ii;;l~C d.1r:t). Thcr~focc 
rcc.tl-GST h::.s now repl:.c~d ;i~'i\.1-CST :b ch:: viaCi1iry 

cesc or ci1oi~e. 

R.ESCLTS 

Wich :~e :~.id of YiP nnd v1abilitv tcscin~ we ha\'~ been ~ble 
co brin;; rh.: p~•cc:ne:>.ge oFkidnen which show P~F down 
co 7-8°o. In the pasr ic h:H bc~n ;hewn rhnc che long c~rm 
fun"ton or' NHB kidne:---~ do€s noc di~tcr from HB kid
ney>;. The pcrcentlgc d.:b1·cd tu11ecion IV'lS higher in chc 
Nt-!B groLtp, however ehi, di~'f"ucno• 'v-:L' J"IO lor.ger rhcrc 
afrcr c~rcc momh1. A; :J. dir::cc resuir of our NHB progr;un. 
w~ ~r~ lbie co procure an :!Xtrl ::0--iO''o more kidneYS e:.· 
ch ye:.f1

• 

COl'< CLUSIO NS 

Wirh chc :~id of mlchinc: prc$tr.·:~cion 1nd proper' tJbdirv 
resting. t--<HB k1dncys ~re a verY ,·:~]u;tble ;aura of donor 
org;~n; 111 ,I tiiT\C or SC:J.rcicy. "·hich nu;• not be J.:fc \tnllocd. 

So Sr. che usc of NHB kLdncvs >eems co be rhe on!l· dfec
rrvc w.lV co fi:;hc rhc org~n $horc1gc'" 

71 

~
~:''· "::---. ·. 

;~·~~: 
·. 

I 
! 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved: OMB No. 0910-0396 

Public Health Service Expiration Date: 3/31/02 
Food and Drug Administration 

CERTIFICATION: FINANCIAL INTERESTS AND 
ARRANGEMENTS OF CLINICAL INVESTIGATORS 

TO BE COMPLETED BY APPLICANT 

With respect to all covered clinical studies (or specific clinical studies listed below (if appropriate)) submitted 
in support of this application, I certify to one of the statements below as appropriate. I understand that this 
certification is made in compliance with 21 CFR part 54 and that for the purposes of this statement, a clinical 
investigator includes the spouse and each dependent child of the investigator as defined in 21 CFR 54.2(d). 

I Please mark 1he applicable checkbox. l 
[J (1) As the sponsor of the submitted studies, I certify that I have not entered into any financial 

arrangement with the listed clinical investigators (enter names of clinical investigators below or attach 
list of names to this form) whereby the value of compensation to the investigator could be affected by 
the outcome of the study as defined in 21 CFR 54.2(a). I also certify that each listed clinical 
investigator required to disclose to the sponsor whether the investigator had a proprietary interest in 
this product or a s1gnificant equity in the sponsor as defined in 21 CFR 54.2(b) did not disclose any 
such interests. I further certify that no listed investigator was the recipient of significant payments of 
other sorts as defined in 21 CFR 54.2(f). 

li 
I ~ i 
i ~ I I ': ~ 1 

:a L I ___ -------

D (2) As the applicant w:1o is submitting a study or studies sponsored by a firm or party other than the 
I applicant, I certify tnat based on information obtained from the sponsor or from participating clinical 

investigators, the listed clinical investigators (attach list of names to this form) did not participate in 
any financial arrangement with the sponsor of a covered study whereby the value of compensation to 
the investigator for conducting the study could be affected by the outcome of the study (as defined in 
21 CFR 54.2(a)); had no proprietary interest in this product or significant equity interest in the sponsor 
of the covered study (as defined in 21 CFR 54.2(b)); and was not the recipient of significant payments 
of other sorts (as defined in 21 CFR 54.2(f)). 

~3) As the applicant who is submitting a study or studies sponsored by a firm or party other than the 
applicant, I certify that I have acted with due diligence to obtain from the listed clinical investigators 
(attach list of names) or from the sponsor the information required under 54.4 and it was not possible 
to do so. The reason why this information could not be obtained is attached. 

Paperwork Reduction Act Statement 

An agency may not wnduct or spc~.sor, and a person is not required to respond to, a collection of 
Department of Health and Human Services information unless it displays a clliT'!::tly valid OMB control number. Public reporting burden for this 

collection of information is estimat~d to average I hour per response, including time for reviewing Food and Drug Administration 

instructions, searching existing d.:.u sources, gathering .1nd maintaining the necessary data, and 5600 Fishers Lane, Room 1-'IC-03 

l 
completing and reviewing the collection of information. Send conuncnts regarding this burden Rockville, MD 20857 

estimate or any other aspect of this ccllection of infonnation to the address to the right: 

FORM FDA 3454 (3/99) CroncJ try Lk~"tromc Document Scni.:c:.. USDHHS: (Jill J -1-U.:~.t.S~ EF 

(b) (4)
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DEPARTMENT OF HEALTH&. HUMAN SERVICES 

Dr. Franz Kohler Chemie GmbH 
c/o T. Whit Athey, Ph.D. 
Senior Consultant 
C. L. Mcintosh & Associates, Inc. 
12300 Twinbrook Parkway, Suite 625 
Rockville, Maryland 20852 

Re: K992209 

SEP 2 3 1999 

Public Health Service 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

Trade Name: Custodio!® HTK Solution for hypothermic flushing, transport and storage of 
kidneys for transplantation 

Dated: June 29, 1999 
Received: June 30, 1999 

Dear Dr. Athey: 

We have reviewed your Section 51 O(k) notification of intent to market the device referenced 
above. We cannot determine if the device is substantially equivalent to a legally marketed 
predicate device based solely on the information you provided. To complete the review of your 
submission, we require the following information: 

9( 

(b) (4)
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We believe that this information is necessary for us to determine whether or not this device is 
substantially equivalent to a legally marketed predicate device with regard to its safety and 
effectiveness. 

You may not market this device until you have provided adequate information described above 
and required by 21 CFR 807.87(1), and you have received a letter from FDA allowing you to do 
so. If you market the device without conforming to these requirements, you will be in violation of 
the Federal Food, Drug, and Cosmetic Act (Act). You may, however, distribute this device for 
investigational purposes to obtain clinical data if needed to establish substantial equivalence. 

(b) (4)
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Clinical investigations of this device must be conducted in accordance with the investigational 
device exemption (IDE) regulations. 

If the information, or a request for an extension of time, is not received within 30 days, we will 
consider your premarket notification to be withdrawn and your submission will be deleted from 
our system. If you submit the requested information after 3 0 days it will be considered and 
processed as a new 51 O(k); therefore, all information previously submitted must be resubmitted so 
that your new 51 O(k) is complete. 

The requested information, or a request for an extension of time, should reference your above 
510(k) number and should be submitted in duplicate to: 

Food and Drug Administration 
Center for Devices and 

Radiological Health 
Document Mail Center (HFZ-40 1) 
9200 Corporate Boulevard 
Rockville, Maryland 20850 

If you have any questions concerning the contents of this letter, please contact 
Miriam C. Provost, Ph.D. at (301) 594-1220. Ifyou need information or assistance concerning 
the IDE regulations, please contact the Division of Small Manufacturers Assistance at its toll-free 
number (800) 638-2041 or at (301) 443-6597, or at its Internet address 
"http://www.fda.gov/cdrh/dsmamain.html". 

Enclosure 

Sincerely yours, 

CS±e~an~~J 
Chief, Gastroenterology and Renal 

Devices Branch 
Division of Reproductive, Abdominal, 

Ear, Nose and Throat, and 
Radiological Devices 

Office ofDevice Evaluation 
Center for Devices and 

Radiological Health 
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Dr. Franz Kohler Chemie GmbH 
c/o T. Whit Athey, Ph.D. 
Senior Consultant 
C. L. Mcintosh & Associates, Inc. 
12300 Twinbrook Parkway, Suite 625 
Rockville, Maryland 20852 

Re: K992209 

SEP 2 8 1999 

Trade Name: Custodial® HTK Solution for hypothermic flushing, transport and storage of 
kidneys for transplantation 

Dated: June 29, 1999 
Received: June 30, 1999 

Dear Dr. Athey: 

We have reviewed your Section 510(k) notification ofintent to market the device referenced 
above. We cannot determine if the device is substantially equivalent to a legally marketed 
predicate device based solely on the information you provided. To complete the review of your 
submission, we require the following information: 

7( 
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Page 3- T. Whit Athey, Ph.D. 

We believe that this information is necessary for us to determine whether or not this device is 
substantially equivalent to a legally marketed predicate device with regard to its safety and 
effectiveness. 

You may not market this device until you have provided adequate information described above 
and required by 21 CFR 807.87(1), and you have received a letter from FDA allowing you to do 
so. If you market the device without conforming to these requirements, you will be in violation of 
the Federal Food, Drug, and Cosmetic Act (Act). You may, however, distribute this device for 
investigational purposes to obtain clinical data if needed to establish substantial equivalence. 

(b) (4)
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Page 4- T. Whit Athey, Ph.D. 

Clinical investigations of this device must be conducted in accordance with the investigational 
device exemption (IDE) regulations. 

If the information, or a request for an extension of time, is not received within 30 days, we will 
consider your premarket notification to be withdrawn and your submission will be deleted from 
our system. If you submit the requested information after 3 0 days it will be considered and 
processed as a new 51 O(k); therefore, all information previously submitted must be resubmitted so 
that your new 51 O(k) is complete. 

The requested information, or a request for an extension of time, should reference your above 
51 O(k) number and should be submitted in duplicate to: 

Food and Drug Administration 
Center for Devices and 

Radiological Health 
Document Mail Center (HFZ-40 1) 
9200 Corporate Boulevard 
Rockville, Maryland 20850 

Ifyou have any questions concerning the contents of this letter, please contact 
Miriam C. Provost, Ph.D. at (301) 594-1220. Ifyou need information or assistance concerning 
the IDE regulations, please contact the Division of Small Manufacturers Assistance at its toll-free 
number (800) 638-2041 or at (301) 443-6597, or at its Internet address 
"http://www.fda.gov/cdrh/dsmamain.html". 

Enclosure 

Sincerely yours, 

/s / 
Carolyn Y. Neuland, Ph.D. 
Chief, Gastroenterology and Renal 

Devices Branch 
Division ofReproductive, Abdominal, 

Ear, Nose and Throat, and 
Radiological Devices 

Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
Food And Drug Administration 

Subject: 

Reviewer(s) - Name(s) ·111~//1/1 tJ f'tfo(0.57; (Jfl, /), 

51 O{k) Number L Oj q '). ") {) 'j_ 
7 

To: The Record- It is my recommendation that the subject 5IO(k) Notification: 

D Refused to accept. 

~Requires additional information (other than refuse to accept). 

~Accepted for review J- / b- 1 1 
Drs substantially equivalent to marketed devices. 

DNOT substantially equivalent to marketed devices. 

De Novo Classification Candidate? DYEs 
Dother (e.g., exempt by regulation, not a device, duplicate, etc.) 

Is this device subject to Postmarket Surveillance? 

Is this device subject to the Tracking Regulation? 

Was clinical data necessary to support the review of this 51 O(k:)? 

Is this a prescription device? 

Was this 510(k:) reviewed by a Third Party? 

Special 51 O(k:)? 

Abbreviated 51 O(k)? Please fill out form on H Drive 

This 51 O(k:) contains: 

Truthful and Accurate Statement DRequested~Enclosed 
(required for originals received 3-14-95 and after) 

~A 510(k:) summary OR DA 510(k:) stat~ment 
D The required certification and summary for class III devices 

DYEs 
DYEs 
gYES 
~YES 
DYEs 
DYEs 
DYEs 

Memorand1 

DNo 

~NO 
DlNo 
DNO 

DNo 

E'No 
~NO 
).s(No 

~e indication for use form (required for originals received 1-1-96 and after) 

Material of Biological Origin D YES ~NO 

The submitter requests under 21 CFR 807.95 (doesn't apply for SEs): 

0 No Confidentiality D Confidentiality for 90 days D Continued Confidentiality exceeding 90 days 

Predicate Product Code with class: Additional Product Code(s) with panel (optional): 

Final Review: 
·~~--~--~----------------------------------------

(Division Director) (Date) 
Rcvised:6/2//98 

q0 
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Descriptive Information 
about New or Marketed 

Device Requested 
as Needed 

51 O(k) "Substantial Equivalence" 
Decision-Making Process (Detailed} 

New Device Is Compared to 
Marketed Device • cp t Do the Differences Alter the 

D N D I e Have Sa e No Intended Therapeutic/Diagnostic/etc. Yes "Not Substantially 
oes ew ev c 7 m Effect (In Deciding, May ~ Equivalent" 

Indication Statements. . Consider Impact on Safety and Determination l Yes Effectiveness)?.. A 

New Device Has Same Intended I No New Device Has New .\ 
Use and May Be "Substantially-'( Intended use 0 

Equivalent" A 

I Could the New 1 
Does New DeJce Have Same No Characteristics Yes Do the New Characteristics Yes 
Technological Characteristics, Affect Safety Raise New Types of Safety or 
e.g., Design, Materials, etc.? or Effectiveness? Effectiveness Questions?.. _jA 

[Yes I No I No 
t Do Accepted sJentiflc Methods 

No Are the Descriptive Exist for Assessing Effects of 

to Ensure Equivalence? 1 Yes 

Yes + C 
Characteristics Precise Enough -'( the New Characteristics? No 

No A p 1 mance Data Available · Are Performance Data Available No 
re er or ... to Assess Effects of New j to Assess Equivalence? Characteristics?*** -r 

Performance es Performance t j Yes ly t 
Data Data 

Required Required 

Lrertormance Data Demonstrate ) O >-r-'( 0 Performance Data Demonstrate I 
Equivalence? y s Yes Equivalence? ~ 

I e I No + No "Substantially Equivalent" + 
(;\ Determination (;\ 

To ~ ~ 
~ 

• 51 O(k) 1 Ions Compare New Devices to Marketed Devices. FDA Requests 
AddltloJ. tmatlon If the Relationship Between Marketed and "Predicate" 

•• This De( Normally Based on Descriptive Information Alone, But 
Limited .nlormatlon Is Sometimes Required. 

IP···~"'""""'""'~ or ~·~~,~~lfl~rl PM!·Amendmentsl Devices Is Unclear. ••• Data May tJ .. ,n the 510(k), Other 510(k)s, The Center's Classlllcatlon Flies, or the Literature. 
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Screening Checklist 
For all Premarket Notification 510(k) Submissions 

Submitter 

Items which should be included 
(circle missing & needed information) 

1. Cover Letter clearly identifies Submission as: 
a) "Special 51 O(k): Device Modification" 
b) "Abbreviated 51 O(k)" 
c) Traditional 51 O(k) 

2. GENERAL INFORMATION: REQUIRED IN ALL 51 

s 
p 
E 
c 
I 

A 
L 

SUBMISSIONS 
Disclosure Statement for 51 O(k)s with a NA 

OCRD form 102 (rev. 04/13/98 4 19 PM) 

A T 
8 R 
8 A 
R D 
E I 
v T 
I I 
A 0 
T N 
E A 
D L 

YES 

v' IF ITEM 
IS 

NEEDED 
ANDIS 

MISSING 

v' IF ITEM IS 
NEEDED 
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USE OF MODIFIED DEVICE AS DESCRIBED IN ITS 
LABELING HAVE NOT CHANGED* 

c) STATEMENT- FUNDAMENT A 
TECHNOLOGY OF THE MODIFIED DEVICE HAS NOT 
CHANGED* 

Control Activities Summa 
i) 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 

ii) Based on the Risk Analysis, an identification 
the verification and/or validation activities 
required, including methods or tests u 
acce criteria to be a ied 

iii) A declaration of conformity with 
The declaration of co 
1) A statement signed individual 

responsible, that, a red by the risk 
analysis, all \/or·•t•,.~t and validation 
activities rformed by the designated 
individua the results demonstrated 
that 

....,...,.,,"'ment signed by the individual 
responsible, that manufacturing facility is in 
conformance with design control procedure 
Requirements as specified in 21 CFR 820.30 
and the records are available for review. 

YES 

4. ABBREVIATED 510(K): SPECIAL CONTROLS/CONFORMANCE 
FILL OUT THE STANDARDS ABBREVIATED FORM ON THE H 

a) 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 ris 
associated with the rticular device 

b) If a manufacturer elects to use an a 

c) on a recognized 
conformity to the standard. 

include the fol 
nT1Tit7.:liTJOn of the applicable recognized 

standards that were met 
~·no,...t.,....,t.,..,n, for each consensus standard, 

uirements were for 

DCRO form 102 (rev. 04/13/98 4o19 PM) q_ Page 2 
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d) 

5. 
a) 

b) 

c) 

inapplicable requirements or deviations noted 
below 

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

iv) An identification, for each consensus standard, of 
any requirements that were not applicable to 
device 

v) A specification of any deviations from 
a icable standard that were 

vi) A specification of the differe 
any, between the tested de vi the device to 
be marketed and a justifi n of the test results 
in these areas of diffe 

vii) Name/address of aboratory/certification 
body involved ining the conformance of 
the device applicable consensus standards 

r<=>tQ/f"t:.•nce to any accreditations for those 
ons 

'"'T"''""''r"rmation to address issues not covered by 
nee documents, special controls, and/or 

ized standards 

Additional Considerations: (may be covered by Design Controls) 
Biocompatibility data for all patient-contacting materials, 
OR certification of identical material/formulation: 
i) component & material 
ii) identifv oatient-contactinq materials 
iii} biocompatibilit'l of final sterilized _product 
Sterilization and expiration dating information: 
i) sterilization method 
ii) SAL-
iii) oackaoinq 
ivJ s_pecify_l)yrooen free 
v) ETO residues 
vi) radiation dose 
Software validation & verification: 
i) hazard analysis 
ii) level of concern 
iii} development documentation 
iv) certification 

H tJ I.} >Ledet{ 

v 
v 
v 
v 
v 
1./" 

v 
v 

v A) 
v A/ 

V""' f.!_ 
t.- IV 
(...- IV 
L/ !""" 
v IV 

Items shaded under "NO" are necessary for that type of submission. Circled items and items with checks 
in the "Needed & Missing" column must be submitted before acceptance of the document. 

Passed Screening_!__ Yes __ No Reviewer: )'rU,ua;nJ ~ ~ " j 
Date: '1-Jb-q~j Concurrence by Review Bra~ Niikob 

DCRD fo<m 102 (rev. 04/13/98 4:19PM) Page J 
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REVISED:3/14/95 

THE 510(K) DOCUMENTATION FORMS ARE AVAILABLE ON THE LAN UNDER SlO(K) 
BOILERPLATES TITLED "DOCUMENTATION" AND MUST BE FILLED OUT WITH 

EVERY FINAL DECISION (SE, NSE, NOT A DEVICE, E~C.). 

"SUBSTANTIAL EQUIVALENCE" (SE) DECISION MAKING DOCUMENTATION 

K ____________________ ___ 

Reviewer: __________________________________________________________________________ _ 

Division/Branch: __________________________________________________________________ _ 

Device Name: ______________________________________________________________________ __ 

Product To Which Compared (510(K) Number If Known): ----------------------------

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Note: 

YES NO 

Is Product A Device If NO = Stop 

Is Device Subject To 510(k)? If NO = Stop 

Same Indication Statement? If YES = Go To 5 

Do Differences Alter The Effect Or If YES = Stop NE 
Raise New Issues of Safety Or 

Effectiveness? 

Same Technological Characteristics? If YES = Go To 7 

Could The New Characteristics Affect If YES = Go To 8 
Safety Or Effectiveness? 

Descriptive Characteristics Precise If NO = Go To 10 
Enough? If YES = Stop SE 

New-Types Of Safety Or Effectiveness If YES = Stop NE 
Questions? 

Accepted Scientific Methods Exist? If NO = Stop NE 

Performance Data Available? If NO = Request 
Data 

Data Demonstrate Equivalence? Final Decision: 

In addition to completing the form on the LAN, "yes" responses to 
questions 4, 6, 8, and 11, and every "no" response requires an 
explanation. 

q( 
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1. Intended Use: 

2. Device Description: Provide a statement of how the device is either 
similar to and/or different from other marketed devices, plus data (if 
necessary) to support the statement. Is the device life-supporting or 
life sustaining? Is the device implanted (short-term or long-term)? Does 
the device design use software? Is the device sterile? Is the device for 
single use? Is the device for home use or prescription use? Does the 
device contain drug or biological product as a component? Is this device 
a kit? Provide a summary about the devices design, materials, physical 
properties and toxicology profile if important. 

EXPLANATIONS TO "YES" AND "NO" ANSWERS TO QUESTIONS ON PAGE 1 AS NEEDED 

1. Explain why not a device: 

2. Explain why not subject to 510(k): 

3. How does the new indication differ from the predicate device's 
indication: 

4. Explain why there is or is not a new effect or safety or effectiveness 
issue: 

5. Describe the new technological characteristics: 

6. Explain how new characteristics could or could not affect safety or 
effectiveness: 

7. Explain how descriptive characteristics are not precise enough: 

8. Explain new types of safety or effectiveness questions raised or why the 
questions are not new: 

9. Explain why existing scientific methods can not be used: 

10. Explain what performance data is needed: 

11. Explain how the performance data demonstrates that the device is or is 
not substantially equivalent: 

ATTACH ADDITIONAL SUPPORTING INFORMATION 
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Internal Administrative Form k11Cl~0'1 

YES NO 
1. Did the firm request expedited review? v 
2. Did we grant expedited review? 
3. Have you verified that the Document is labeled Class Ill for GMP A}fr 

purposes? 
4. If, not, has POS been notified? 
5. Is the product a device? v 
6. Is the device exempt from 510(k) by regulation or policy? v 
7. Is the device subject to review by CDRH? v 
8. Are you aware that this device has been the subject of a previous NSE v 

decision? 
9. If yes, does this new 510(k) address the NSE issue(s), (e.g., 

performance data)? 
10. Are you aware of the submitter being the subject of an integrity v investigation? 
11.1f, yes, consult the ODE Integrity Officer. 
12. Has the ODE Integrity Officer given permission to proceed with the 

review? (Blue Book Memo #191-2 and Federal Register 90N0332, 
September 10, 1991. 
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MEMORANDUM 

DATE: 

FROM: 

SUBJECT: 

TO: 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DEVICES AND 

RADIOLOGICAL HEALTH 
OFFICE OF DEVICE EVALUATION 

September 16, 1999 

Miriam C. Provost, Ph.D., Chemical Engineer 
Gastroenterology and Renal Devices Branch 

K992209, Custodial HTK® solution for flushing and cold 
storage of donor kidneys 

The Record 

The following is review of a 510(k) submission for the above device. This is my first 
review of this submission, although a 510(k) was previously submitted for the same 
device (K983103), but the previous submission included indications for preservation of 
hearts, livers, pancreatic islet cells and venous grafts. A "Cannot Respond" letter for 
the previous submission was issued on April 29, 1999. The sponsor has indicated that 
the current submission addresses all of the deficiencies raised in the previous letter. As 
noted below, the solution is now limited to preservation of donor kidneys, only. 

Intended Use 

Custodial HTK solution is indicated for perfusion and flushing donor kidneys prior to 
removal from the donor or immediately after removal from the donor. The solution is 
left in the organ vasculature during hypothermic storage and transportation (not for 
continuous perfusion) to the recipient. Note: the word "perfusion" should be deleted, 
since the product is to be used for flushing and not continuous machine perfusion. 

Device(s) to which equivalence is claimed: 

ViaSpan cold storage solution (K883782) 

Description of Device 

The device is a sterile solution for use in flushing, storing and transporting donor 
kidneys intended for transplantation. The predicate device (ViaSpan®) is also a cold 
storage solution, and is intended to be used to preserve kidneys, livers and pancreata. 

The following table shows a comparison between the chemical composition of Custodial 
HTK and ViaSpan. 
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Additive type Custodiol HTK Solution Via Span 

lmpermeant Pentafraction (hydroxyethyl starch) 
50 giL 

Impermeant Lactobionic acid 
35.83 g/L 

Electrolyte Histidine Potassium phosphate monobasic 
27.9289 giL 3.4 giL 

Histidine-HCl H20 

3.7733 giL 

Electrolyte Magnesium chloride Magnesium sulfate heptahydrate 
Hexahydrate 1.23 g/L 
0.8132 giL 

Impermeant Mannitol Raffmose pentahydrate 
5.4651 giL 17.83 giL 

Electrolyte Potassium chloride Potassium hydroxide 
0.671 giL 5.61 giL 

Electrolyte Calcium chloride 

0.22 g/L 

Sodium chloride 

0.8766 g/L 

Metabolic substrate Potassium hydrogen 2- Adenosine 
ketoglutarate 1.34 giL 

0.1842 g/L 

Antioxidant -- Allopurinol 
0.136 giL 

Antioxidant Tryptophan Total glutathione 

0.4085 giL 
0.922 giL 

pH Potassium hydroxide (adjust pH Sodium hydroxide (adjust to pH 7.4) 
to 7.02 to 7.2) 

Water for Injection Water for injection 

Osmolality 310 mOsm 320 mOsm 

The sponsor has not explained the specific mechanism of action for each component of 
their solution. A review of the previous submission for this product was provided by Dr. 
Brian Harvey, medical officer for GRDB. In his review, dated November 16, 1998, Dr. 
Harvey discusses the theoretical rationale for the inclusion of many of these 
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components. For example, Dr. Harvey stated that histidine "makes a good choice for a 
physiologic buffer." He believes that is makes theoretical sense to include ketoglutarate 
and tryptophan, since "both compounds play a role in cellular metabolism and amino 
acid biosynthesis which could aid in prolonging cell viability in the organ to be 
transplanted." Dr. Harvey also stated that the presence of a lower concentration of 
potassium (than in the predicate device) makes clinical and biochemical sense since it 
will minimize the danger to recipient if any solution is left in the organ vasculature at the 
time of transplantation. The small amount of calcium has "the potential to aid in 
increasing membrane stability and participate in ion channel gated functions." 
According to Dr. Harvey, the choice of mannitol over lactiobionate/raffinose probably 
makes little physiological difference. However, Dr. Harvey does believe that the effect 
(if any) of the difference in osmolality between the proposed and the predicate device 
should be demonstrated with in vitro and/or in vivo data. 

Biocompatibility 

The sponsor has provided some information on the purity of the solution components. 
The histidine, sodium chloride, magnesium chloride hexahydrate, potassium chloride, 
mannitol, and tryptophan are all specified as USP grade. The histidine hydrochloride 
monohydrate, potassium hydroxide and calcium chloride dihydrate appear to be EP or 
European Pharmacopeia grade. The purity of the ketoglutaric acid (also called 2-
oxoglutaric acid) is listed as "in-house, not compendia!" and the sponsor has explained 
that a USP or EP specification for this chemical does not exist. The company 
specifications were provided and compared to other amino acids that do have USP 
specifications (i.e., glycine and histidine). The specifications for 2-ketoglutaric acid 
appear to be similar to the USP specifications for the other amino acids, especially with 
regard to impurities such as heavy metals or iron. For the components that follow EP 
specifications (i.e., histidine hydrochloride monohydrate, calcium chloride dihydrate and 
2 N potassium hydroxide) a comparison was given between the EP and USP 
specifications for these chemicals. In all cases, the EP specifications are similar and 
should be adequate for this intended use. 

The solution is packaged in either 1 L infusion bottles of type II hydrolytic glass or 5 L 
polypropylene containers. The polypropylene was identified as "Vestolen P 6500." 
This material apparently complies with "EP V1.1.2.2.3, Polypropylene for containers for 
filling with parenteral preparations." The sponsor has stated that this standard is 
equivalent to USP XXIII, however, a copy of the standard should be provided and a 
comparison with the USP standard should be given. 

The bottles are sealed with an "elastomer stopper" (described as bromobutyl with 
aluminum silicate filler) with an aluminum cap oversea!. The sponsor has indicated 
that the stopper meets the requirements of ISO 8871/A 1, "Eiastomeric parts for 
aqueous parenteral preparations." This standard includes tests for pyrogenicity, 
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hemolysis and compatibility. Since this material is apparently acceptable for use in 
packaging parenteral solutions, it should not leach any chemical contaminants and 
should be acceptable for this use. 

Sterilization 

Laboratory Testing 

Page 4- K992209, Custodio) HTK solution for donor kidney preservation 
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Clinical Testing 
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Labeling 

A copy of the instructions for use (package insert) and promotional labeling have been 
provided. The indication in the package insert agrees with that submitted in the 
indications for use form. However, the indication on the package label states: "Solution 
for perfusion in connection with kidney transplantation." The sponsor is not seeking 
clearance for his product to be used for perfusion of kidneys, rather for flushing, 
transport and cold storage. As previously noted in my review, this should be changed. 
Also, the indication in the package label should match the indication in the instructions 
for use (package insert). 

Under "Special Precautions" it states, "Custodio!® is not indicated for intravenous or 
intraaterial administration. It is indicated only for selective perfusion of the kidney as for 
cooling of the surface areas, i.e., for the preservation of the donor organ during the 
transport from donor to recipient." It also states "The product must be used before the 
expiration date on the package", and "The product must be stored according to the 
recommendations prior to use." The storage conditions are given as 8 to 15 °C, 
however, under "Physical properties" it gives the pH as 7.02 to 7.20 at 25 °C. The 
sponsor should justify why they have listed the physical properties at 25 oc (room 
temperature) when the product is to be stored at cool temperatures and used at cold 
temperatures. Under a section called "Tolerance of ischemia by the kidney", it states 
" ... by means of HTK protection of the kidney, the norma-thermal period of ischemia 
tolerance can be prolonged by a factor of 2 to 3." The sponsor should provide an 
explanation of this claim and should submit data to support the ability of Custodio/ HTK 
solution to permit prolonged ischemia times. A brief summary of the clinical data was 
provided. However, this summary does not provide sufficient details of the study, i.e., 
the number of patients enrolled, the number of investigational sites, the adverse events, 
average ischemia time, etc. In addition, it only lists the endpoints of 1, 12, 24 and 36 
month survival. Results of other endpoints, such as delayed graft function, should also 
be provided. In general, the labeling should be written in the format recommended by 
the CDRH labeling guidance, i.e., the labeling should list (in order): Device description, 
intended use/indications, contraindications, warnings, precautions, adverse events, 
clinical studies, how supplied, directions for use. The proposed labeling does not 
include many of these sections. 

The sponsor has also provided a copy of an advertising brochure for their product. The 
brochure appears to include claims that are not supported by data in this submission, 
and also refers to indications that are not included in this submission. Specifically, the 
following issues have been identified: 

• The cover of the promotional brochure includes a picture of a donor heart. This 
solution is not indicated for preservation of hearts, therefore, this picture should be 
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deleted. 

• The third page of the brochure includes a graph showing the number of units of 
Custodio! sold over the years 1981 to 1996, and it states "Utilized in more than 
300,000 surgical procedures." This figures should be removed or modified, since 
the sponsor indicated that the solution has been used for only 7,153 kidney 
transplantation surgeries. 

• On the fourth page of the brochure, the following claims are listed: 

Rapid graft function 
Prolongation of ischemic tolerance 
Lower frequency of post-operative dialysis 
Shortened hospitalization 
Good structural protection even at 25 °C 

Data should be submitted to support all of these claims. 

• On the 5th page of the brochure, under "References" most of the listings have been 
scratched out by hand. However, one of the references appears to indicate that 
Custodio! solution can be used to retrieve kidneys from non-heart beating donors. 
Since the sponsor is not seeking a claim for this intended use, this reference should 
be eliminated. 

• On the 61
h page of the brochure, the following claims are listed which require 

additional supporting data: 

Superior recovery of function 
Excellent ischemic tolerance 
Virtual absence of side effects 
Reduced risk of postaggression syndrome 
Shortened postoperative intensive care period 

Administrative 

The sponsor has submitted a "Truthful and Accurate" form, the "Indications for Use" 
form and a 510(k) summary. 

Recommendation 

There are a number of deficiencies that must be addressed before a finding of 
substantial equivalence can be made. I recommend that we place the submission on 
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hold and that the sponsor be asked to address the following deficiencies: 

Page 9 - K992209, Custodio I HTK solution for donor kidney preservation 

(b)(4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



Page 10- K992209, Custodio( HTK solution for donor kidney preservation 

(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



~(.?~ 
Miriam C. Provost, Ph.D. Date 

Concur 

Carolyn Y. Neuland, Ph.D. Date 
Chief, Gastroenterology and Renal Devices Branch 
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Office of Device Evaluation 

From: Brian E. Harvey, M.D., Ph.D. 
Medical Officer 
FDA/CDRH/ODE/DRAERD/GRDB 
HFZ-470 

To: Miriam C. Provost, Ph.D. 
Primary Reviewer 
FDA/CDRH/ODE/DRAERD/GRDB 
HFZ-470 

Through: Carolyn Y. Neuland, Ph.D. 
Branch Chief 
FDA/CDRH/ODE/DRAERD/GRDB 
HFZ-470 

Subject: K9831 03 
Custodial® HTK solution 
Dr. F. Kohler Chemie GmbH, Germany 

Date: October 21, 1998 (Draft) 
November 16, 1998 (Final) 

New Submission 

This clinical evaluation is for a review of a new submissions for the 51 O(k) identification 
number K983103, the Custodial® HTK solution, by Dr. F. Kohler Chemie GmbH, 
Germany, under 21 CFR § 876.5880 (procode: KDL). The sponsor described their 
product as a "preservation/protective and storage medium for organs for transplant. The 
product is presently registered for use for this intended use in Europe, Latin American, 
and throughout the rest ofthe world ... " (sponsor's submission, p. 1). The sponsor added 
that the "HTK" in the name "refers to three of its constituents, histidine, tryptophan[ e], 
and ketoglutarate" (sponsor's submission, p. 6). 

The sponsor stated that the "Custodial HTK Solution is substantially equivalent to the 
Viaspan Belzer UW Cold Storage Solution, which was cleared by FDA as K944866" 
(sponsor's submission, pp. 1, 3). 
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The sponsor has provided the following proposed Indications for User statement: 

"Custodio! HTK solution is indicated for perfusion and flushing donor organs, 
including heart, kidney, liver and pancreas, prior to removal from the donor or 
immediately after removal from the donor. The solution is left in the organ 
vasculature during hypothermic storage and transportation (not for continuous 
perfusion) to the recipient. Custodio! HTK Solution is also indicated for 
preservation ofthe pancreas until islet cells may be separated" (sponsor's 
submission, p. 43B). 

Background 

2 

The sponsor has provided the following information on the scientific basis for the 
composition of their organ preservation/protective/storage medium: "The HTK solution 
is based upon the principle of inactivating organ function by withdrawal of extracellular 
sodium and calcium, together with intensive buffering of the extracellular space by means 
of histidine/histidine HCL, so as to prolong the period for which the organs will tolerate 
interruption of blood and oxygen supply. Only a small portion of the osmolality of the 
HTK solution is due to the sodium and potassium. The composition of HTK is similar to 
that of extracellular fluid. All of the components of the HTK solution occur naturally in 
the body. The HTK solution is relatively low in potassium concentration so that residual 
solution in the transplanted organ poses no danger to the recipient. This particularly 
important in organs that taker up relatively large amounts of the perfusate, which may 
find its way into the recipient's circulation. The HTK solution has a low viscosity, even 
at low temperatures. This characteristic assures rapid flow rates during initial perfusion, 
allowing the organ to be quickly cooled" (sponsor's submission, p. 1 ). 

Data & Analysis 

The sponsor has provided the following composition information for the Custodio!® 
HTK solution. "Each liter of aqueous sterile solution contains the following: 

0.8766 g Sodium chloride (15.0 mmol) 
0.6710 g Potasium [Potassium] chloride (9.0 mmol) 
0.1842 g Potasium [Potassium] hydrogen 2-ketoglutarate (1.0 mmol) 
0.8132 g Magnesium chloride • 6H20 ( 4.0 mmol) 
3.7733 g Histidine • HCl H20 [Histidine HCl • H20] (18.0 mmol) 
27.9289 g Histidine (180.0 mmol) 
0.4085 g Tryptophan (2.0 mmol) 
5.4651 g Mannitol (30.0 mmol) 
0.0022 g Calcium chloride (0.015 mmol) (sponsor's submission, pp. 6, 38). 
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There are several major differences between the Custodio! HTK Solution, and the 
proposed predicate, the Viaspan Belzer UW Cold Storage Solution: 

3 
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Clinical Data: 
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Medline Search 

My Medline literature search has revealed numerous other articles which also compare 
the various organ preservation solutions, including the HTK solution. The sponsor has 
not provided copies, nor has summarized the data from the following published articles: 

1) "Comparison of Bretschneider's-HTK and Euro-Collins solution using an in vitro 
small bowel perfusion model", Burgmann H; Reckendorfer H; Sperlich M; 
Spieckermann, Transplant Proc 1996 Oct;28(5):2636. 

2) "Superiority of HTK solution to UW solution for tissue oxygenation in living related 
liver transplantation", Hatano E; Tanaka A; Shinohara H; Kitai T; Satoh S; Inomoto T; 
TanakaK; Yamaoka Y. TransplantProc 1996Jun;28(3):1880-1881. 

3) "Optimal pH of University of Wisconsin solution and rinse solution for rat liver 
preservation", Sumimoto R; Fukuda Y; Southard JH; Urushihara T; Ohdan Y; Asahara T; 
Dohi K, Transplant Proc 1996 Jun;28(3): 1891-1892. 

(b)(4)
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4) "The HTK solution with nicorandil can improve cardiac function after simple cold 
storage", Gu K; Kin S; Saitoh Y; Nosaka S; Sasaki T; Yamauchi M; Nakayama K. 
Transplant Proc 1996 Feb;28(1 ):77-79. 

8 

5) "Comparison of kidney graft survival in Asian and Caucasian patients transplanted in 
the United States", Cho YW; Terasaki PI. Transplant Proc 1996 Jun;28(3):1571-1573. 

6) "Comparative analysis of kidney preservation methods. Collaborative Transplant 
Study". Opelz G; Wujciak T. Transplant Proc 1996 Feb;28(1 ):87-90. 

7) "Organ specificity of pancreas preservation compared with kidney and heart 
preservation", Kin S; Gu K; Nagami H; Saitoh Y; Nakayama K; Tamura K; Stephanian 
E; Sutherland D. Transplant Proc 1996 Feb;28(1):335-336. 

8) "Histidine-tryptophan-ketoglutarate versus Euro-Collins for preservation of kidneys 
from non-heart-beating donors", Moisiuk Y; Tarabarko N; Vitjazev G; Sharshatkin A; 
Aroutiounian S; Shumakov V. Transplant Proc 1996 Feb;28(1):202. 

9) "Temperature dependence of proton buffering capacity of HTK, Euro- Collins, and 
UW solution", Schilling M; Redaelli C; Friess H; Laeuffer J; Buchler M. Transplant 
Proc 1996 Feb;28(1 ):343-344. 

1 0) "Comparison of solutions for preservation of the rabbit liver as tested by isolated 
perfusion", den Butter G; Saunder A; Marsh DC; Belzer FO; Southard JH. Transpl Int 
1995;8(6):466-4 71. 

11) "Experiences with histidine-tryptophan-ketoglutarate-perfused organs in clinical 
liver transplantation", Erhard J; LangeR; Scherer R; Eigler FW. Transplant Proc 1993 
Apr;25(2): 1885-1886. 

12) "Influence of additional warm ischemia on rat hepatic energy metabolism: a 
comparison of University of Wisconsin and HTK protection", Reckendorfer H; Sperlich 
M; Burgmann H; Spieckermann PG. Transplant Proc 1993 Apr;25(2): 1952. 

13) "Current status of the Eurotransplant randomized multicenter study comparing 
kidney graft preservation with histidine-tryptophan- ketoglutarate, University of 
Wisconsin, and Euro-Collins solutions. The HTK Study Group", Groenewoud AF; 
Thorogood J. Transplant Proc 1993 Feb;25(1 Pt 2):1582-1585. 

14) "An in vitro method for comparing the efficacy of two preservation solutions in one 
canine liver using the 5'-nucleotidase assay", van Gulik TM; Nio CR; Frederiks WM; 
Klopper PJ; van der Heyde MN. Transpl Int 1993 Jan;6(1):8-13. 

l ( lo 
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15) "Morphological investigation ofthe porcine liver directly following preservation 
with Euro-Collins, University of Wisconsin and Bretschneider's HTK solution", Aminalai 
A; Kehrer G; Grossmann F; Richter J; Bretschneider HJ. Langen becks Arch Chir 
1992;377(2): 81-88. 

16) "Comparison of PBS, HTK, and UW solutions for kidney preservation", Lindell SL; 
Gandolph D; Southard JH; Belzer FO. Transplant Proc 1991 Oct;23(5):2399-2401. 

17) "Changes in hepatic tissue water content in EC-, UW-, and HTK-preserved livers 
tested in a pig liver transplant model", Steininger R; RothE; Holzmuller P; Reckendorfer 
H; Sperlich M; Grunberg T; Moser E; Muhlbacher F. Transplant Proc 1991 Oct;23(5): 
2414-2415. 

18) "Hepatic energy metabolism during hypothermic storage and after reperfusion. 
Evaluation of the University of Wisconsin and the Bretschneider solutions", 
Reckendorfer H; Burgmann H; Spieckermann PG. Transplant Proc 1991 Jun;23(3): 
1974-1975. 

19) "[Post-ischemia normal function of living related kidney transplants after 
preservation with HTK solution ]VERNACULAR TITLE: Postischamische 
Normalfunktion von Verwandtennierentransplantaten nach Protektion mit HTK-Losung", 
Vieweg J; Heidecke CD; Beckurts T; Holscher M. Urologe [A] 1991 Jul;30(4):256-259. 

20) "Microcirculatory disturbances and leukocyte adherence in transplanted livers after 
cold storage in Euro-Collins, UW and HTK solutions", Marzi I; Walcher F; Menger M; 
Buhren V; Harbauer G; Trentz 0. Transpl Int 1991 Apr;4( 1 ):45-50. 

21) "Effects of Euro-Collins, University of Wisconsin, and histidine- tryptophane
ketoglutarate solution on hepatic microcirculation following liver transplantation in the 
rat", Buhren V; Marzi I; Walcher F; Menger M; Hower R. Transplant Proc 1991 Feb; 
23(1 Pt 1):643-644. 

22) "Nonrandomized comparative study between University of Wisconsin cold storage 
and Euro-Collins solution in kidney transplantation", Moukarzel M; Benoit G; 
Bensadoun H; Hiesse C; Richard C; Bittard H; Depret J; Verdelli G; Charpentier B; Fries 
D; et al. Transplant Proc 1990 Oct;22(5):2289-2290. 

23) "First results of the multicenter study of HTK protection for kidney transplants", 
Groenewoud AF; Buchholz B; Gubernatis F; Holscher M; Hoyer J; Isemer F; Niebel W; 
Wilms H. Transplant Proc 1990 Oct;22(5):2212. 

24) "Preservation of the porcine pancreas with HTK and Euro-Collins solution: studies 
in a reperfusion system", Leonhardt U; Barthel M; Tytko A; Droge M; Siegel EG; 
Nebendahl K; Kohler H; Creutzfeldt W. Eur J Clin Invest 1990 Oct;20(5):536-539. 
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25) "Preservation of the liver with the HTK solution", Lamesch P; Raygrotzki S; Kehrer 
G; Gubematis G; Bretschneider HJ; Pichlmayr R. Transplant Proc 1990 Apr;22(2): 
518-519. 

26) "A comparison of early function between kidney grafts protected with HTK solution 
versus Euro-Collins solution", Groenewoud AF; Isemer FE; Stadler J; Heideche CD; 
Florack G; Hoelscher M. Transplant Proc 1989 Feb;21 (1 Pt 2): 1243-1244. 

27) "Kidney procurement with the HTK solution of Bretschneider", Isemer FE; Ludwig 
A; Schunck 0; Bretschneider HJ; P.eiper HJ. Transplant Proc 1988 Oct;20(5):885-886. 
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Summary 

The sponsor must provide the requested information in order for a clinical review to be 
completed in order to support a substantial equivalence determination. The Cardiology 
and Microbiological consultations will also impact on the final regulatory decision for 
this submission. 

Brian E. Harvey, M.D., Ph.D. 
Medical Officer 

II 
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Office of Device Evaluation 

From: Brian E. Harvey, M.D., Ph.D. 
Medical Officer 
FDA/CDRH/ODE/DRAERD/GRDB 
HFZ-470 

To: Miriam C. Provost, Ph.D. 
Primary Reviewer 
FDA/CDRH/ODE/DRAERD/GRDB 
HFZ-470 

Through: Carolyn Y. Neuland, Ph.D. 
Branch Chief 
FDA/CDRH/ODE/DRAERD/GRDB 
HFZ-470 

Subject: K9831 03/S 1 & S2 
Custodio!® HTK solution 
Dr. F. Kohler Chemie GmbH, Germany 

Date: April 2, 1999 (Draft) 
April 20, 1999 (Final) 

Response To Deficiency Letter 
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Answers To Questions & Comments 
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Summary 

The sponsor has provided adequate clinical data to support the substantial equivalence of 
their HTK solution for use in kidney transplantation, to the predicate Viaspan Belzer UW 
Cold Storage Solution (K944866). 

The sponsor has also provided some supporting published data, and the initial data from 
one of the four centers participating in a European trial on HTK solution for transplant 
liver perfusion. If the finalized data from the other 3 centers in the European trial on 
HTK solution for transplant liver perfusion is consistent with this initial data presented by 
the sponsor, then at that time, the HTK solution could be cleared for liver transplantation. 

,r/ 
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The data in support of the HTK solution for the pancreatic tissue indication for use as 
presented by the sponsor, appears to be limited, as well as incomplete. 

The data supporting the cardiac transplantation indication for use is currently being 
reviewed by the cardiology consultant. 

Brian E. Harvey, M.D., Ph.D. 
Medical Officer 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

July 01, 1999 

DR. FRANZ KOHLER CHEMIE GMBH 
C/0 C.L. MCINTOSH & ASSOCIATES 
12300 TWINBROOK PARKWAY 
SUITE 625 
ROCKVILLE, MD 20852 
ATTN: T. WHIT ATHEY 

Food and Drug Administration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Mail Center (HFZ-401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

510(k) Number: K992209 
Received: 30-JUN-1999 
Product: CUSTODIOL 

The Center for Devices and Radiological Health (CDRH), Office of Device 
Evaluation (ODE), 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 notification 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 DO SO. 

On January 1, 1996, FDA began requ~r~ng that all 510(k) submitters provide on 
a separate page and clearly marked "Indication For Use'' the indication for use 
of their device. If you have not included this information on a separate page 
in your submission, please complete the attached and amend your 510(k) as soon 
as possible. Also if you have not included your 510(k) Summary or 510(k) 
Statement, or your Truthful and Accurate Statement, please do so as soon as 
possible. There may be other regulations or requirements affecting your device 
such as Postmarket Surveillance (Section 522(a)(l) of the Act) and the Device 
Tracking regulation (21 CFR Part 821). Please contact the Division of Small 
Manufacturers Assistance (DSMA) at the telephone or web site below for more 
information. 

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 Document Mail Center will 
not be considered as part of your official premarket notification submission. 
Because of equipment and personnel limitations, we cannot accept telefaxed 
material as part of your official premarket notification submission, unless 
specifically requested of you by an FDA official. Any telefaxed material 
must be followed by a hard copy to the Document Mail Center (HFZ-401). 

You should be familiar with the manual entitled, "Premarket Notification 
510(k) Regulatory Requirements for Medical Devices" available from DSMA. 
If you have other procedural or policy questions, or want information on 
how to check on the status of your submission (after 90 days from the 
receipt date), please contact DSMA at (301) 443-6597 or its toll-free 
number (800) 638-2041, or at their Internet address http:jjwww.fda.govjcdrhjdsmamain.html 
or me at (301) 594-1190. 

Sincerely yours, 

Marjorie Shulman 
Consumer Safety Officer 
Premarket Notification Staff I~ 
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C.L Mcintosh 
Medical & Regulatory Affairs Services 
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Center for Devices and Radiological Health 
Food and Drug Administration 
Document Mail Center 
9200 Corporate Blvd 
Rockville, MD 20850 

June 29, 1999 

ATTN: Gastroenterology and Renal Devices Branch, HFZ-470 

,_ ...... . 
,;:;· ........ 

Division of Reproductive, Abdominal, ENT, and Radiology Devices 

Re: 51 O(k) Premarket Notification 
Custodio}® HTK Solution 

Dear Sir or Madam: 

We are submitting this document on behalf of our client, Dr. F. Kohler Chemie GmbH, 
in order to demonstrate that the product, Custodio!® HTK Solution, is substantially 
equivalent to similar devices presently cleared for marketing. 

The enclosed information meets all the Food and Drug Administration's requirements for 
a premarket notification. To assist you in coming to the same conclusion, we have 
provided a completed "Premarket Notification 510(k) Checklist for Acceptance Decision" 
and a "Premarket Submission Cover Sheet" which follow this cover letter. 

All of this 510(k)'s administrative information is provided in this cover letter, namely 
information on the device's trade or proprietary name, the common or usual name, the 
classification name, registration information, discussion on the applicable classification 
regulation, product code, panel, manufacturing site, name of consultant, name of contact, 
name of owner, information on previous submissions, any information on integrity issues, 
tier designation, and any applicable FDA device specific guidelines. 

In addition, the cover letter describes the location of other information, specifically the 
information that FDA asks to be provided in separate sections of the 510(k), all of which 
are contained herein as Exhibits. 

-, .. 

For your convenience, Section I of this premarket notification contains an Overview or 
Executive Summary of the submission. We recommend that the reviewer read this section llA ~ 
first in order to become familiar with the organization and content of this submission. 0-' 

7*&f'r)f\ 11-1 ~ 
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Dr. F. Kohler Chemie GmbH 
510(k) Notification 
Page 2 

ADMINISTRATIVE INFORMATION 

Following are some of the required elements of a 51 O(k). 

Proprietary. Common. and Classification Names 

The proprietary name of the device is Custodio}®. The classification name of 
the device that Dr. F. Kohler Chemie GmbH intends to introduce is Isolated 
Kidney Perfusion and Transport System and Accessories. The common name for 
this device is organ perfusion and preservation solution. 

Establishment Registration 

The Establishment Registration number for Dr. F. Kohler Chemie GmbH has not 
yet been assigned. Registration will be completed prior to marketing of the 
device. 

Classification. Regulation. Product Code. and Panel 

Classification: 21 CFR 876.5880, Class II 

Procode: KDL 

Panel: Gastroenterology Devices Panel 

Manufacturing Site 

The manufacturing site is Dr. F. Kohler Chemie GmbH, Neue Bergstrasse 3-7, 
Alsbach-Hahnlein 64665, Germany. 

Name of Consultant 

The staff of C. L. Mcintosh & Associates are providing consulting services on this 
510(k) to Dr. F. Kohler Chemie GmbH. 

Name of Submission Correspondent 

The contact person for all questions regarding this document is the undersigned, T. 
Whit Athey. 
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Owner of the 510(k) Submission 

The owner of the 510(k) submission is Dr. F. Kohler Chemie GmbH. 

Information on Previous Submissions 

A 510(k) for Custodio! Solution was submitted on September 3, 1998 and received 
the file number, K983103. This 510(k) covered the indications for several organs 
for which the product is marketed in the EU and most other countries in the world. 
The present 510(k), resubmitted at the request of FDA, is for the kidney indication 
only. There is no new information in the present submission beyond that 
contained in K983103, other than that specifically requested in the FDA letter of 
April 29, 1999. 

Integrity Issues 

The applicant has not been the subject of an integrity investigation. 

Tier Designation 

Tier II 

Guidance Documents 

The applicant is unaware of any draft FDA guidance for this type of device. 

OTHER INFORMATION 

510(k) Summary 

In response to the requirements addressed by the SMDA of 1990, we have 
enclosed a summary of the safety and effectiveness information upon which the 
substantial equivalence1 determination is based. This 510(k) Summary contains 
the information described in 21 CFR 807.92, and is provided in Exhibit 1. 

Premarket Notification Truthful and Accurate Statement 

We have also enclosed the Premarket Notification Truthful and Accurate 

The terms "substantial equivalence" and "substantially equivalent" are used in this 
letter and the enclosed 510(k) as they are defined in the Federal Food, Drug, and 
Cosmetic Act. 

,~ 
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Statement Certification as required by 21 CFR 807.870) in Exhibit 2. 

Statement of Indications for Use 

In response to the requirement that a 510(k) contain a statement of indications for 
use on a separate labeled page, we have included such a statement as Exhibit 3. 

CONFIDENTIALITY 

We request, in accordance with 21 CFR 807.95(b), that FDA hold confidential the 
information in this premarket notification as it relates to our intention to market 
this product in the U.S. Further, some of the information in this application may 
be trade secret or commercial/financial information that is privileged or 
confidential. This confidential information is nondisclosable under the Freedom of 
Information Act, even after the existence of the application becomes public. We 
ask that you consult with us, as provided for in 21 CFR 20.45, should you have 
any question whether requested information is confidential. Each page or section 
of this document containing "Confidential" information has been clearly identified. 

This 510(k) will demonstrate that the Custodiol® HTK Solution is substantially 
equivalent to presently marketed devices. Based on the information submitted herein, Dr. 
F. Kohler Chemie GmbH requests clearance to market this product as soon as possible. 

Thank you for your consideration of this matter. If you require any additional information 
or clarification, please call the undersigned at 301-770-9590. 

Enclosures: 510(k) Cover Sheet 
510(k) Checklist 
510(k) Premarket Notification 

T. Whit Athey, Ph.D. 
Senior Consultant 
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[X) New device D Additional or expanded indications D Change in technology, design, 
materials, or manufacturing process 

D Other reason (specify): 

D New device 
D Withdrawal 
D Additional or expanded indications 
D Licensing agreement 

D Labeling change: 
D Indications 
D Instructions 
D Performance Characteristics 
D Shelf life 
D Trade name 
D Other (specify below) 

D Change in ownership 
D Change in correspondent 

D Other reason (specify): 

D New device 
D Addition of institution 
D Expansion/extension of study 
D IRB certification 
D Request hearing 
D Request waiver 
D Termination of study 
D Withdrawal of application 

D Emergency use: 
D Notification of 

emergency use 
D Additional information 

D Other reason (specify): 

D Change in design, component, 
or specification: 

D Software 
D Color Additive 
D Other (specify below) 

D Process change: 
D Manufacturer 
D Sterilizer 
D Packager 

D Location change: 
D Manufacturer 
D Sterilizer 
D Packager 
D Distributor 

D Report submission: 
D Annual or periodic 

D Post-approval study 
D Adverse reaction 
D Device defect 

D Response to FDA correspondence (specify below) 
D Request for applicant hold 

D Amendment 

D Request for removal of applicant hold 
D Request for extension 
D Request to remove or add manufacturing site 

D Change in: 
D Correspondent 
D Design 
D Informed consent 
D Manufacturer 
D Protocol - feasibility 
D Protocol - other 
D Sponsor 

D Report submission: 
D Current investigator 
D Annual progress 

0 Site waiver limit reached 
D Final 

D Response to FDA letter concerning: 
D Conditional approval 
D Deemed approved 
D Deficient final report 

D Deficient progress report 
D Deficient investigator report 
D Disapproval 
D Request extension of time 

to respond to FDA 
D Request meeting 

D IOL submissions only: 
D Change in IOL style 
D Request for protocol waiver 
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Product code: KDL CFR Section: 21 CFR 876.5880 

Classification panel: Gastroenterology/Urology Panel 

Product codes of devices to which substantial claimed: 

1 KDL 2 3 4 

5 6 7 8 

Information on devices to which substantial is claimed: 

510(k) 
Number 

Trade or proprietary or model name 

2 2 

3 3 

4 4 

Device class: 

0 Class I 
0 Class III 

Iii Class II 
0 Unclassified 

Summary of, or statement concerning, 
safety and effectiveness data: 

Iii 510(k) summary attached 
0 5 statement 

Manufacturer 

4 

Common or usual name or classification name: Cold storage solution or transplant solution. Considered to fall under the 
classification name, Kidney Perfusion and Transport System and Accessories. 

Trade or or model name Model number 

2 

3 

4 

5 

6 

related submissions 

3 5 6 

9 11 12 

Data included in submission: 0 Animal trials Iii Human trials 

Indications (from labeling): Custodio) HTK Solution is indicated for perfusion and flushing donor kidneys prior to 
removal from the donor or immediately after removal from the donor. The solution is left in the organ vasculature 

..tn...,.., .. ,. and for continuous to the 
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Iii Original 
0 Add 0 Delete 

FDA Document Number: 

FDA establishment registration Iii Manufacturer 
number: (In process) 

0 Contract sterilizer 

0 Contract manufacturer 0 I relabeler 

Company I Institution name: Dr. Franz Kohler Chemie GmbH 

Division name (if applicable): 

Street address: Neue Bergstrasse 3-7 

City: State I Province: Country: Germany 
Alsbach-Hiihnlein 

Contact name: Dr. E. Schaffner 

Contact title: Clinical Director 

0 Original FDA establishment registration 0 Manufacturer 
0 Add 0 Delete number: (In process) 

Phone number (include area code): 
+ 49-62-575090 

FAX number (include area code): 
+ 49-62-5750946 

ZIP I Postal Code: 64665 

0 Contract sterilizer 

0 Contract manufacturer 0 

Company I Institution name: 

Division name (if applicable): Phone number (include area code): 

Street address: FAX number (include area code): 

City: State I Province: Country: ZIP I Postal Code: 

Contact name: 

Contact title: 
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Company I Institution name: Dr. Franz Kohler Chemie GmbH FDA establishment registration number: 

Division name (if applicable): Phone number (include area code): 
+ 49-62-575090 

Street address: Neue Bergstrasse 3-7 FAX number (include area code): 
+ 49-62-5750946 

City: Alsbach-Hahnlein State/Province Country: Germany ZIP I Postal Code: 
64665 

Signature: 

Name: 

Title: 

Company I Institution name: 
C. L. Mcintosh & Associates 

Division name (if applicable): Phone number (include area code): 
301-770-9590 

Street address: 
12300 Twinbrook 

City: 
Rockville 

Contact name: 
T. Whit 

Contact title: 
Senior Consultant 

Suite 625 

State I Province Country: 
MD 

FAX number (include area code): 
301-770-9584 

ZIP I Postal Code: 
20852 

Your voluntary completion of this Premarket Submission Cover Sheet will not 
affect any FDA decision concerning your submission, but will help FDA's 
Center for Devices and Radiological Health process your submission more 
efficiently. The information you provide should apply only to a single 
accompanying submission. Please do not send cover sheets for any previous 
submissions. See the instructions for additional information on completing the 
cover sheet. If you have a question concerning completion of the cover sheet, 
please contact the Division of Small Manufacturers Assistance at (800) 638-
2041 or (301) 443-6597. 
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DRAERD Premarket Notification 51 O(k) 
Reviewer's Screening Checklist 

Device Name: Custodiollil HTK Solution 51 O(k) Number __ _ 

ITEM 

1 . 

2. 

3. 

4. 

5. 

6. 

7. 

General Information 

Proposed Labeling 

Comparison of similarities and 
differences to predicate devices. 

Predicate device labeling 

List of all patient contacting 
materials in new device 

Biocompatibility information for 
patient contacting materials OR 
certification of same material as 
predicate device. 

Performance data: Bench Data 
Animal Data 
Clinical Data 

Sterilization information 

PRESENT/NEEDED? 

All of the required administrative 
information is contained in the cover 
letter. 

The proposed labeling is summarized in 
Section V of the 510(k). There, 
reference may be found to the location 
of all of the individual items. 

Section III.D has a comparison table. 

Predicate labeling is included in Exhibit 
20. 

The components of HTK solution are 
listed in Section II. 

All of the components of HTK Solution 
are natural substances occurring 
normally in the body. 

See Section II 
Not included 
See Section IV 

The solution is provided in sterile form. 
Section II.G discusses sterilization. 
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8. Software Documentation 

9. 51 O(k) Summary or Statement 

10. Class Ill Certification 

11 . If kit, kit certification 

S 1 . Is the product a device 

52. Is the device exempt from 51 O(k) 
requirements 

53. Has the device been the subject 
of a previous NSE decision 

54. Are you aware of the submitter 
being the subject of an integrity 
investigation? 

55. Is there a specific guidance 
document for this device or 
device issue. 

56. Address of manufacturing facility 

N/A 

A 51 O(k) Summary is included as 
Exhibit 1. 

The device is not a Class Ill device. 

The device is not a kit. 

Kidney perfusion systems and 
accessories are considered devices by 
FDA. 

No, the device is not exempt. 

No, the device has not been the subject 
of a previous NSE decision. 

The submitter has not been the subject 
of an integrity investigation. 

No. 

The address of the manufacturing 
facility is given in the cover letter. 
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51 O{k) Premarket Notification 

Custodial HTK Solution 

Applicant 

Dr. Franz Kohler Chemie GmbH 
Neue Bergstrasse 3-7 

64665 Alsbach-Hahnlein 
Germany 

ATTN: E. Schaffner, M.D., D.G.P.M. 

Tel: + 49-62-575090 
FAX: + 49-62-575946 

Submission Correspondent 

C. l. Mcintosh & Associates 
12300 Twinbrook Parkway, Suite 625 

Rockville, MD 20852 

ATTN: T. Whit Athey, Ph.D. 

Tel: (301) 770-9590 
FAX: (301) 770-9584 

June 29, 1999 
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SECTION I 

51 O(k) OVERVIEW 

A. REASON FOR SUBMISSION 

The Dr. F. Kohler Chemie GmbH wishes to introduce into commerce a 
product called Custodial HTK Solution as a preservative/protective and 
storage medium for organs for transplant. The product is presently 
registered for use for this intended use in various countries in Europe, 
Latin America, and throughout the rest of the world and has been used 
extensively during the last several years. 

B. PREDICATE DEVICE 

The Custodial HTK Solution is substantially equivalent to the Viaspan Belzer 
UW Cold Storage Solution, which was cleared by FDA as K944866 on 04 
April 1996. 

C. DEVICE DESCRIPTION OVERVIEW 

Section II of this submission contains a detailed description of the 
Custodial HTK Solution. This section is intended as a brief introduction. 

The HTK solution is based on the principle of inactivating organ function 
by withdrawal of extracellular sodium and calcium, together with 
intensive buffering of the extracellular space by means of 
histidine/histidine HCI, so as to prolong the period for which the organs 
will tolerate interruption of blood and oxygen supply. Only a small 
portion of the osmolality of the HTK solution is due to the sodium and 
potassium. The composition of HTK is similar to that of extracellular 
fluid. All of the components of the HTK solution occur naturally in the 
body. 

The HTK solution is relatively low in potassium concentration so that 
residual solution in the transplanted organ poses no danger to the 
recipient. This is particularly important in organs that take up relatively 
large amounts of the perfusate, which may find its way into the 
recipient's circulation. 

The HTK solution has a low viscosity, even at low temperatures. This 
characteristic assures rapid flow rates during initial perfusion, allowing 
the organ to be quickly cooled. 

000001 
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The HTK solution is relatively low in potassium concentration so that 
residual solution in the transplanted organ poses no danger to the 
recipient. This is particularly important in organs that take up relatively 
large amounts of the perfusate, which may find its way into the 
recipient's circulation. 

The HTK solution has a low viscosity, even at low temperatures. This 
characteristic assures rapid flow rates during initial perfusion, allowing 
the organ to be quickly cooled. 

TABLE 1 

51 O(k) Review Issues Yes No N/A 

Is the device life-supporting or life sustaining? X 

Is the device im_Qianted (short-term or I on a-term)? X 

Does the device use software? X 

Is the device shipped sterile? X 

Is the device single use? 

Is the device home use? X 

Is the device for prescription only? X 

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

Is this device a kit? X 

Is the device subject to Postmarket Surveillance X 

Is the device subject to the Radiation Control Act X 

* The components of the solution are all naturally occurring substances in 
the human body and under some uses or interpretations, some components 
might be considered to be "drugs." For the present intended use, none of the 
components are intended to affect the bodily function of the recipient of the 
transplant, though the solution is intended to affect the explanted organ prior 
to implant in the recipient. 

X 
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D. REGULATORY HISTORY 

The present 51 O(k) is the second submission from Dr. F. Kohler Chemie 
GmbH to the Center for Devices and Radiological Health (CDRH) for the 
product. The company submitted a 51 O(k), K9831 03, listing indications 
for several organs, but CDRH, after two 90-day review cycles, has 
requested that the indications for kidney be separated from the others 
in a new 510(k). 

The company has previously received an IND (No. 40,491) for the 
product for a somewhat different intended use, cardioplegia, from the 
Center for Drug Evaluation and Research. The intended use as proposed 
in the present 51 O(k) falls under the jurisdiction of CDRH, as did the 
clearance process for the predicate device. 

E. SUBSTANTIAL EQUIVALENCE SUMMARY 

1 . Predicate Devices 

The Custodial HTK Solution is substantially equivalent to the Viaspan 
Belzer UW Cold Storage Solution, which was cleared by FDA as 
K944866 on 04 April 1996. 

2. Substantial Equivalence Algorithm 

Figure 1.1 illustrates the flow chart for a decision of substantial 
equivalence for the Custodial HTK Solution. This 51 O(k) will 
provide information that documents the path to substantial 
equivalence that is highlighted, and a brief explanation for the 
decision points follows. The detailed substantial equivalence 
argument will be presented in Section Ill. 

The Custodial HTK Solution is a medical device, and it has a 
similar indications for use as the legally marketed predicate 
device. While the indications for use statement is not identical to 
that of the predicate device, the intended use is clearly the same. 

The Custodial HTK Solution has the same technological 
characteristics as the predicate devices. However, the 
characteristics may not be sufficiently precise to assure 
equivalence through a point by point comparison. Therefore, 
extensive clinical data has been collected by the sponsor and 
others. The performance data clearly demonstrates equivalence. 

tJ6000003 
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Descriptive Information about 
New or Marketed Device 

Requested 
as Needed 

Petformance Data 
Required 

Yes 

ToG] 

A3 - 51 O(k) "Substantial Equivalence" 
Decision-Making Process (Detailed) 

No 
New Device Has New 

Intended Use 

'Not Suhstantially 
Equivalent' 

Determination 

1 
Could the New 

Characteristics Affect 

Safety or Effectiveness? 

Yes Do the New Characteristics Raise Yel 
~ NewTypesofSafetyor + 

No 

Yes 

Yes 

Effectiveness Questions?**:J 

~-w&;.t~-;m 
Assessing Effects of the New 

Characteristics? 

Are Petformance Data Available 
to Assess Effects of New 

Charact ·sties?*** 

Yes 

Petformance Data Demonstrate 
Equivalence? 

No 

No 

l 
Petformance Data 

Required 

j 

* 510(k) submissions compare new devices to marketed devices. FDA requests additional information iftbe relationship between marketed and "predicate" 
devices is unclear. 

** 

*** 

This decision is normally based on descriptive information alone, but limited testing information is sometimes required. 

Data may be in the 51 O(k)s, tbe Center's classification files, or tbe literature. 

Figur 1.1 
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3. Summary 

This pre-market submission will demonstrate Substantial 
Equivalence as defined and understood in the Federal Food Drug 
and Cosmetic Act and various guidance documents issued by the 
Center for Devices and Radiological Health. 

F. LABELING OVERVIEW 

1. Claims 

Dr. F. Kohler Chemie GmbH makes no specific claims for the 
device beyond those expressed or implied by the statement of 
indications for use. 

2. Product Literature 

Product labeling: Instructions for use (package insert), package 
labeling, and promotional literature, are contained in Section V of 
this submission. A comparison of this labeling with that of the 
predicate devices is contained in Section Ill. 

G. REQUIRED INFORMATION 

In accordance with 21 CFR 807.87(h), Dr. F. Kohler Chemie GmbH has 
prepared a 51 O(k) Summary which is included as Exhibit 1. Also 
required by 21 CFR 807 .87(j)) is a statement certifying that the 
information contained in a 51 O(k) notification is truthful and accurate. 
This statement is included as Exhibit 2. The statement of Indications for 
Use is included as Exhibit 3, using FDA's optional format. 

H. GUIDE TO NEW MATERIAL 

Since nearly all of the present submission has already been reviewed by 
FDA as a part of K9831 03, a considerable savings of FDA review 
resources may be realized if the reviewer concentrates on the parts of 
the present submission that are new or different. This section is 
intended as a guide to the reviewer in that regard. 

Much of the original Section II, Device Description has been rewritten to 
incorporate the responses the sponsor submitted in its first major 
amendment dated 29 January 1999. These additions address the 
requests for additional information in FDA's letter of 02 Dec 1998 and 
also in FDA's letter of 29 April 1999. However, only the responses to 
the letter of 29 April 1999 are new. These new responses address the 

J~S' 
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following requests for additional information: 

(1) A comparison of the specifications of USP and EP (response to item 
3 of 29 April 1999 letter, addressed in Section 11-B of the present 
submission), 

(2) the justification for the safety of the lAC impurity (response to item 
5 of the letter, addressed in Section 11-D), 

(3) F. Kohler Chemie's particulate specification (response to item 4 of 
the letter, addressed in Section 11-E), and 

(4) the materials of the five-liter container (response to item 2 of the 
letter, addressed in Section II-F). 

Section Ill of the present submission is substantially the same as the 
original, with only minor changes necessitated by the revision of the 
indications. 

Section IV of the present submission has the additional information that 
was submitted as a part of the amendment of 29 January 1999. The 
studies that address other indications have been removed. No additional 
information was requested by FDA concerning the clinical studies of 
kidney transplants and none is provided in the present submission. 
Therefore, all of the present Section IV and the Exhibits to which it 
refers have been previously reviewed. 

Section V on labeling has been completely revised to address the 
comments of FDA and to remove the references to indications other 
than kidney preservation. 

The 51 O(k) Summary has been revised to reflect the restriction to the 
kidney indication. 

Nearly all of the Exhibits for the present submission were included either 
in the original submission or in the amendment of 19 January 1999. 
Exhibit 1 contains the revised 51 O(k) Summary and Exhibit 3 contains 
the revised Indications for Use Statement. Exhibits 16, 17, and 19 
provide additional information to address concerns in the FDA letter of 
April 29, 1999, but the remaining exhibits are not new. Following is a 
cross-reference for the exhibits of the present submission: 
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Present Exhibit 
Exhibit 4 
Exhibit 5 
Exhibit 6 
Exhibit 7 
Exhibit 8 
Exhibit 9 
Exhibit 10 
Exhibit 11 
Exhibit 12 
Exhibit 13 
Exhibit 14 
Exhibit 15 
Exhibit 16 
Exhibit 17 
Exhibit 18 
Exhibit 19 
Exhibit 20 

Original 51 O(k) Location 
Amendment Attachment I 
K9831 03, Exhibit 4 
K9831 03, Exhibit 5 
K9831 03, Exhibit 6 
Amendment Attachment N 
Amendment Attachment L 
Amendment Attachment K 
K9831 03, Exhibit 1 3 
Amendment Attachment A 
Amendment Attachment B 
Amendment Attachment D 
K9831 03, Exhibit 7 
New 
New 
Amendment Attachment J 
New 
K9831 03, Exhibit 14 
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SECTION II 

DEVICE DESCRIPTION 

A. INTRODUCTION 

The Custodial® HTK Solution is a solution intended for use in protecting 
and cooling human kidneys for transplant. "HTK" refers to three of its 
constituents, histidine, tryptophane, and ketoglutarate. 

B. COMPOSITION 

The composition of the Custodial® HTK Solution follows the formula of 
Bretschneider: 

Each liter of aqueous sterile solution contains the following: 

0.8766 g 
0.6710 g 
0.1842 g 
0.8132 g 
3.7733 g 

27.9289 g 
0.4085 g 
5.4651 g 
0.0022 g 

Sodium chloride (15.0 mmol) 
Potasium chloride (9.0 mmol) 
Potasium hydrogen 2-ketoglutarate (1.0 mmol) 
Magnesium chloride • 6H20 (4.0 mmol) 
Histidine • HCI H20 (18.0 mmol) 
Histidine ( 180.0 mmol) 
Tryptophan (2.0 mmol) 
Mannitol (30.0 mmol) 
Calcium chloride (0.01 5 mmol) 

All components are USP or EP (European Pharmacopoeia) grade, except 
for the 2-ketoglutarate. A USP or EP specification for 2-ketoglutarate 
does not exist, but the company purity specification chosen for this 
substance is very similar to those of other USP specifications for amino 
acids as shown in the following table: 
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c. PROPERTIES 
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D. STABILITY AND IMPURITIES 

Custodial is labeled for a one-year expiration date. Information on 
stability that supports this expiration date is included in Exhibit 7, 
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E. PRODUCT RELEASE TESTING 

1r1 
00001:1 

(b) (4)

(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



000012 

(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



F. CONTAINERS 

The HTK Solution is available in one-liter bottles, described in Section 
7 .2.4.3 of Exhibit 5, and in five-liter plastic containers, described in 
Exhibit 10. The larger size is made from polypropylene (Vestolen P 
6500} which complies with EP V1.1.2.2.3, "Propylene for containers 
(used} for filling with parenteral preparations," (equivalent to USP XXII). 
The polypropylene material also complies with 21 CFR 177.1520 (olefin 
polymers} and 178.2010. 

HTK Solution is also available in Europe and elsewhere in 1 00 ml bottles 
for other indications that require only small volumes, but these small 
bottles will not be marketed in the U.S. for the kidney indication. 

The elastomeric stopper Wl902 meets the requirements of IS0887 /A 1 
(see Exhibit 18 for Amendment 1 to IS0887}. Furthermore, the stopper 

1
J6oo1.a 
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Wl902 meets the requirements of USP XXII for //Systemic Injection Test// 
and //Intracutaneous Test. 11 Exhibit 19 has additional information on the 
Wl902 stopper which is used for both one-liter and five-liter containers. 

G. STERILIZATION 

The storage bottles are not sterilized prior to filling with HTK. The 
procedure used by F. Kohler Chemie for cleaning and filling the 
bottles is outlined in Exhibit 5 (section 7 .2.4.3). Sterilization of the 
filling equipment and filling and sterilization of the filled bottles is 
described in section 7 .2.4.4 of Exhibit 5. The assured SAL is 1 o-6

• 

The quality assurance procedure requires that the lot testing show no 
growth of the indicator, so the actual sterility level is more favorable 
in practice. The D value suggested by the details of the lot testing is 
about 10 D. 
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SECTION Ill 

SUBSTANTIAL EQUIVALENCE 

A. INTRODUCTION 

The Custodial HTK Solution is within a type of device called kidney 
perfusion systems and are considered by FDA to be Isolated Kidney 
Perfusion and Transport System and Accessories, devices which are 
described in a regulation, 21 CFR 876.5880, and are classified as Class 
II devices under the responsibility of the Gastroenterology Devices Panel. 

B. PREDICATE DEVICE 

The Custodial HTK Solution is substantially equivalent to the Viaspan 
Belzer UW Cold Storage Solution, which was cleared by FDA as 
K944866 on 04 April 1 996. 

C. SUBSTANTIAL EQUIVALENCE 

The Substantial Equivalence Algorithm was included in Section I this 
submission as Figure 1 . 1. 

1. Does the New Device Have the Same Indications Statement? 

No. The Custodial HTK Solution has a slightly different indications 
for use statement from the legally marketed predicate device. The 
predicate device 51 O(k) is indicated for use as "a general solution 
for most organs, both for initial cooling during in situ donor organ 
flushing and for subsequent cold storage," while the Custodial 
solution is indicated for "perfusion and flushing donor kidneys 
prior to removal from the donor or immediately after removal 
from the donor." Note, however, that the Custodial HTK Solution 
indications statement is essentially contained within the predicate 
indications statement, and only slightly reworded. 

2. Do the Differences Alter the Intended Effect? 

No. The differences do not alter the intended effect. Both 
solutions are used to preserve and cool organs for transplant. 
That is, they have the same intended use. 
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3. Does the New Device Have the Same Technological 
Characteristics? 

Yes. The Custodio! HTK Solution has the "same technological 
characteristics" as the predicate devices. Both are composed of 
electrolytes and other naturally occurring substances in aqueous 
solution designed to provide ischemic tolerance. 

4. Are the Descriptive Characteristics Precise Enough to Ensure 
Equivalence? 

No. The descriptive characteristics may not be sufficiently precise 
to assure substantial equivalence since the composition is 
somewhat different from that of the predicate device. However, a 
side-by-side comparison of the descriptive characteristics of the 
Custodio! HTK Solution and the predicate device is presented 
anyway in Table 3.1 below. 

5. Are Performance Data Available to Assess Equivalence? 

Yes. Section IV summarizes the performance data for the HTK 
solution. 

6. Do the Performance Data Demonstrate Equivalence? 

Yes. As discussed in more detail in Section IV, the performance 
data demonstrate that the performance of the HTK solution is 
equal to or better than that of the predicate solution for the 
intended use. 

The primary evidence for performance comes from two large 
prospective randomized clinical trials carried out in Europe that 
compare the performance of three solutions for kidney 
preservation. The three solutions are the HTK solution, the Belzer 
UW solution (the predicate device), and the Euro-Collins solution 
(which served as a predicate device for the Belzer UW premarket 
notification). The primary conclusion of this study was that the 
HTK and UW solutions "provided a significantly lower incidence of 
delayed graft function compared to Euro-Collins solution." 
Furthermore, delayed graft function (DGF) 

requiring two or more dialysis treatments in the 1st 
postoperative week was 20% (1071544) in the HTK 
[group], 25% (66!266) in the UW [group], and 32% 
(85/268) in the EC group (p = 0.001). For all risk 
factors, DGF was lower in the HTK and UW groups 
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than in the EC group. Postoperative serum creatine 
values in functioning grafts decreased more rapidly in 
HTK- and UW-preseNed kidneys than in the EC
preseNed kidneys. The median creatinine clearance 
on day 14 was 58 ml/min in HTK kidneys, 49 ml/min 
in UW kidneys and 38 ml/min in EC kidneys. 

Data supporting the other indications are also included in Section 
IV. 

6. Substantial Equivalence 

The decision algorithm brings us to a determination of Substantial 
Equivalence, as defined in the Federal Food, Drug, and Cosmetic 
Act. 

D. COMPARISON OF DESCRIPTIVE CHARACTERISTICS 

Table 3.1, the Side-by-Side Comparison Table, provides a comparison of 
the characteristics of the Custodio! HTK Solution with the predicate 
device. 

1~1 
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Items 

Intended Use 

Constituents in Common 

Sodium 

Potassium 

Magnesium 

Other Constituents 

Chloride 

Calcium 

Histidine 

Histidine HCI 

Mannitol 

Tryptophan 

Ketoglutarate 

Phosphate 

Lactobionate 

Raffinose 

Glutothionate 

Hydroxyethyl starch 

Adenosine 

Insulin 

De catron 

Penicillin 

Allopurinol 

pH 

Osmolality 

TABlE 3.1 
Product Comparison Table 

Custodial HTK Solution Belzer UW Solution 

Custodial HTK Solution This solution is intended 
is indicated for perfusion for flushing and cold 
and flushing donor storage of organs including 
kidney prior to removal kidney, liver and pancreas 
from the donor or at the time of their removal 
immediately after from the donor in 
removal from the donor. preparation for storage, 
The solution is left in the transportation and eventual 
organ vasculature during transplantation into a 
hypothermic storage and recipient. 
transportation (not for 
continuous perfusion) to 
the recipient. 

29 mmoi/L 15 mmoi/L 

10 mmoi/L 125 mmoi/L 

4 mmoi/L 5 mmoi/L 

50 mmoi/L 

0.015 mmoi/L 

180 mmoi/L 

18 mmoi/L 

30 mmoi/L 

2 mmoi/L 

1 mmoi/L 

25 mmoi/L 

100 mmoi/L 

30 mmoi/L 

3 mmoi/L 

50 g/L 

5 mmoi/L 

1 OOU/L 

8 mg/L 

133 mg/L 

1 mmoi/L 

7.1 at 25 oC, 7.4 at 4 oC 7.4 

31 0 milliosmal/kg 373 milliosmal/kg 
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E. COMPARISON OF lABELING 

The intended use statement from the package insert of ViaSpan Belzer 
UW Solution is: 

This solution is intended for flushing and cold storage of organs including 
kidney, liver and pancreas at the time of their removal from the donor in 
preparation for storage, transportation and eventual transplantation into a 
recipient. 

The indications for use statement for the Custodial HTK Solution is: 

Custodio/ HTK Solution is indicated for perfusion and 
flushing of donor kidney prior to removal from the donor or 
immediately after removal from the donor. The solution is 
left in the organ vasculature during hypothermic storage 
and transportation (not for continuous perfusion) to the 
recipient. 

The Custodial indications for use statement is very similar to that for 
ViaSpan, except that only the kidney indication is included for Custodial. 
Section IV summarizes the evidence for safety and effectiveness for the 
kidney application. 

The precaution for ViaSpan that is necessary because of its relatively 
high potassium concentration, namely that the donor organ must be 
flushed free of ViaSpan before reperfusion is established in the recipient, 
is not necessary for Custodial because its potassium concentration is 
much lower, 10 mmol versus 125 mmol. 
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SECTION IV 

CLINICAL AND OTHER PERFORMANCE DATA 
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SECTION V 

LABELING 

This section contains the product labeling: claims, instructions for use, and 
promotional literature. 

A. CLAIMS 

See the Statement of Indications for Use (see Exhibit 3). 

B. INSTRUCTIONS FOR USE 

The Package Insert for the product is included at the end of this section. 

C. PACKAGE LABELING 

The label affixed to the product package is illustrated on the following 
page. The label includes all of the required information: Company 
identification, address, telephone number, device name, prescription 
statement, formula, and lot number. In addition, the statement 
regarding storage at proper temperature (requested by FDA) has been 
added. 

D. PROMOTIONAL MATERIALS 

Draft promotional literature to be used with the device follows the 
package labeling in this section. 

E. PREDICATE LABELING 

Copies of the predicate labeling, including selected pages from the 
Package Insert, may be found in Exhibit 20. 

I u>1-. 
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I 
.. ' 

Labeling 

1000 ml perfusion solution 

Custodio!® 
Bretschneider HTK solution 
For k;tJM1 presen:arion · -

1000 ml perfusion solution contains 

0 8766 a sodium chloride , ::;, 

0,6710 g potassiwn chloride 
O, 1842 g potassiwn hydrogen 2-ketoglutarate 
0,8132 g magnesiwn chloride x 6 H20 
3 7733 a histidine x HCl H20 , 0 

27,9289 g histidine 
0,4085 g tryptophan 
5,4651 g mannitol 
0,0022 g calcium chloride 

in water for injections 

Osmolality: 3 10 mosmol/kg Anion: Cl 50 rn.Eq 

Solution for , perfusion in connection with . l<•'d, .... e-.1 _- · 

= 
= 
= 

= 
= 
= 

15,0 mrnol/1 
9,0 mrnol/1 
1,0 mrnol/1 
-+,0 mrnol/1 

1 S,O mrnol/1 
180,0 mrnol/1 

2,0 mrnol/1 
30,0 mrnol/1 
0,015 mrnol/1 

transplantation. , 

Do not use the solution if it is not clear or if the container is damaged! 

Custodiol solution must be stored at Protect from light 
Sterile and pyrogen-free the recommended temperature {8 °C _ 15 oq 

Batch number: /expiry date: 

Fe dera..l law ..-es+ric.+..s "tlrl;.; device.. to s~fe. 
0 ~rJ ev- vf ..._ fl...'t..s lc...iav1 , 

Dr. F. Kohler Chemie GmbH 
P.O. Box 1117, D-64659 Alsbach-Hahnlein 

Germany 
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51 O(k) Summary 

Custodial® HTK Solution 

Common/Classification Name: Isolated Kidney Perfusion and 
Transport System and Accessories, 21 CFR 876.5880 

Dr. Franz Kohler Chemie GmbH 
Postfach 111 7 

D-64659 Alsbach-Hahnlein 
Germany 

Contact: E. Schaffner, M.D. Prepared: June 16, 1999 

A. LEGALLY MARKETED PREDICATE DEVICES 

The Custodial HTK Solution is substantially equivalent to the Viaspan 
Belzer UW Cold Storage Solution, which was cleared by FDA as 
K944866 on 04 April 1996. 

B. DEVICE DESCRIPTION 

The HTK solution is intended for perfusion and flushing donor kidneys 
prior to removal from the donor and for preserving the kidney during 
hypothermic storage and transport to the recipient. HTK solution is 
based on the principle of inactivating organ function by withdrawal of 
extracellular sodium and calcium, together with intensive buffering of 
the extracellular space by means of histidine/histidine HCI, so as to 
prolong the period for which the organs will tolerate interruption of 
blood and oxygen supply. Only a small portion of the osmolality of 
the HTK solution is due to the sodium and potassium. The 
composition of HTK is similar to that of extracellular fluid. All of the 
components of the HTK solution occur naturally in the body. 

The HTK solution is relatively low in potassium concentration so that 
residual solution in the transplanted organ poses no danger to the 
recipient. This is particularly important in organs that take up 
relatively large amounts of the perfusate, which may find its way into 
the recipient's circulation. 

The HTK solution has a low viscosity, even at low temperatures. This 
characteristic assures rapid flow rates during initial perfusion, allowing 
the organ to be quickly cooled. 
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C. INDICATIONS FOR USE 

Custodial HTK Solution is indicated for perfusion and flushing donor 
kidneys prior to removal from the donor or immediately after removal 
from the donor. The solution is left in the organ vasculature during 
hypothermic storage and transportation (not for continuous perfusion) 
to the recipient. 

D. SUBSTANTIAL EQUIVALENCE SUMMARY 

The Custodial HTK Solution is a medical device, and it has a similar 
indications for use as the legally marketed predicate device. While 
the indications for use statement is not identical to that of the 
predicate device, the intended use is clearly the same. 

The Custodial HTK Solution has the same technological 
characteristics as the predicate devices. However, the characteristics 
may not be sufficiently precise to assure equivalence through a point 
by point comparison. Therefore, extensive clinical data has been 
collected by the sponsor and others. The performance data clearly 
demonstrates equivalence. 

E. TECHNOLOGICAL CHARACTERISTICS 

Both the Custodial HTK Solution and the predicate device are solutions 
containing electrolytes, buffering agents, and other materials occurring 
naturally in the body. Both solutions are intended to reduce metabolism 
and preserve physiological conditions of explanted organs and tissue 
during cold storage. 

F. TESTING 

Several clinical studies have been reported that compared the 
performance of Custodial HTK Solution with the Viaspan Belzer UW 
Solution. These studies have compared survival rates and other 
outcome measures. The primary evidence for the equivalence of 
Custodial and UW solutions has come from the 47-center randomized 
clinical study carried out under the guidance of the Eurotransplant 
organization of Leiden, The Netherlands. Over a thousand kidneys were 
included in the study. 

This study showed that the HTK solution performs as well as the UW 
solution and significantly better than EC solution for kidney transplants. 
The overall kidney survival rates from the 47-center study for HTK 
versus UW at four time points were: 
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HTK uw 
1 Month 91% 91% 
12 Months 83% 82% 
24 Months 77% 74% 
36 months 74% 68% 

G. CONCLUSIONS 

The clinical and other performance data amply demonstrate that 
Custodial performs as well as the predicate device. This pre-market 
submission demonstrates Substantial Equivalence as defined and 
understood in the Federal Food Drug and Cosmetic Act and various 
guidance documents issued by the Center for Devices and 
Radiological Health. 
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DR. F. KOHLER CHEMIE 

PREMARKET NOTIFICATION 

TRUTHFUL AND ACCURATE STATEMENT 

(As Required by 21 CFR 807.87 G)) 

I certify that, in my capacity as president, 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. 

Dr. Franz Kohler Chemie GmbH 

11. May 1999 

0000·10 
GeschaftsfGhrer: Dr. F. Gemot Kohler. Amtsgericht Darmstadt HRB 2629 /7 

Neue BergstraBe 3-7 . D-64665 Alsbach-Hahnlein . Telefon +49 6257 5090.- Telefax Korrespondenz: +49 6257 - 50946 . Telefax Autlragsannahme: +49 6257- 50960 q • ~ 
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STATEMENT OF INDICATIONS FOR USE 

510(k) Number (if known): ____________ _ 

Device Name: Custodio! HTK Solution 

Indications For Use: 

Custodio! HTK Solution is indicated for perfusion and flushing donor kidneys prior to removal 
from the donor or immediately after removal from the donor. The solution is left in the organ 
vasculature during hypothermic storage and transportation (not for continuous perfusion) to the 
recipient. 

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

Concurrence of CDRH, Office of Device Evaluation (ODE) 

Prescription Use __ _ OR Over-The-Counter Use ---
(Per 21 CFR 801.109) 
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



EXHIBIT 5 

'i 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b)(4) Drawing

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(
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) 
(
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)

(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



7.2.5 SPECIFiCATIONS AND ANALYTICAL i\fETHODS 
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Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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



(b) (4)
Records processed under FOIA Request 2014-5611; Released 10/29/14

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

on the pharmacology and toxicology 

of a cardioplegic and organ-protecting solution based on 

· ... the principle of inactivating organ function by 

withdrawal of extracellular sodium and calcium together 

with intensive buffering of the extracellular space by 

means of histidine/histidine hydrochloride, so as to 

prolong the period for which the heart and kidneys will 

tolerate interruption of blood and oxygen supply 

(prolongation of ischaemia tolerance time). 

from the 

Centre for Physiology and Pathophysiology, 

University of Gottingen 

by 

Prof.(em.)Dr.med., Dr.med.h.c.H.J. Bretschneider 
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A. 

A. I. 

Fundamentals 

Requirements of open heart surgery and 

conditions for the technique of 

extracorporeal circulation (ECC) (heart-lung 

machine) 

New surgical procedures for the reconstruction of major 

congenital cardiac malformations, improvements in heart 

valve prostheses and advances in coronary artery 

surgery have opened up new possibilities for the 

complete recovery of very ill patients. An essential 

prerequisite for these generally lengthy operations on 

the open heart was to improve heart-lung machines so as 

to minimize trauma to the corpuscular elements of the 

blood, and to bring smaller priming volumes and more 

reliable handling. Heart-lung machine technique is 

nowadays no longer a limiting factor for complex 

cardiac operations, although it is certainly capable of 

further improvement. In many cases the limiting factor 

is in fact is the ischaemia tolerance of the heart. 

If blood and oxygen supply via the coronary arteries is 

completely cut off, the heart, previously working 

normally as a circulatory pump, will very soon - after 

only 10 beats - begin to show signs of breakdown of 

energy metabolism and performance. For this reason 

some cardiac surgeons prefer to maintain a separat~()t)<(}1. 75 
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. ~· more or less continuous supply of blood to the coronary 

arteries by means of special pumps and cannulas. 

However, this coronary perfusion technique has grave 

disadvantages: it is not always possible to cannulate 

all the main branches of the coronary system; the 

coronary perfusion catheters obstruct the surgical 
: .·: 

field; aspiration of coronary venous blood damages 

blood cells; as the heart is still perfused, blood 

tends to obscure the operation field, and the beating 

or fibrillating movement of the heart makes it 

impossible to use an operating microscope for 

microsurgical techniques. Lastly, there are now 

increasing numbers of reports of acute cardiac failure 

in the 

postoperative period. 

These disadvantages of coronary perfusion quickly led 

to the alternative approach, namely operating on the 

nonbeating heart cut off from its blood and oxygen 

supply. The simplest method of artificial cardiac 

.. ·. ·~·· ": . ... arrest, still in use·today for brief operations, is 

complete interruption of blood supply to the heart 

previously relieved of its circulatory work; this is 

"ischaem±c cardiac arrest~. The heart stops within a 

short time and will survive - depending on temperature 

and pre-existing injury - for 10 - 30 minutes. 

Thereafter, however, the far reaching exhaustion of 

energy reserves necessitates a lengthy recovery pex;3 rooot76 
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with continuing relief of the heart by means of a 

heart-lung machine. Another drawback is the increased 

risk during the early postoperative days after 

prolonged ischaemic cardiac arrest. Furthermore, the 

surgeon is under great pressure when using simple 

ischaemic cardiac arrest for more difficult and complex 

operations, since the very limited ischaemia tolerance 

time must not be exceeded whatever the circumstances. 

The time constraints on' surgery under purely ischaemic 

cardiac arrest prompted numerous initiatives in the 

fifties and sixties aimed at improving artificial 

cardiac arrest or enhancing "myocardial protection" . 

Among the substances used to induce cardiac arrest were 

acetylch~line, potassium citrate, potassium chloride, 

magnesium salts and Novocaine (procaine), all of which 

have now been discarded (2, 7, 20, 21, 34, 60). 

The techniques developed for inducing cardiac arrest, 

otherwise known as cardioplegia, can be divided into 

two categories: 

1. Cardioplegic solutions of extracellular type. 

These solutions are similar to extracellular fluid 

though their ionic composition has been modified. 

The main difference is that their potassium and 

magnesium concentrations have been raised so as to ~;? 

induce cardiac arrest. One example of this ty6{)01.77 . 
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of cardioplegic solution is the St. Thomas's 

solution developed by Hearse. Many of these 

solutions are buffered with bicarbonate. 

2. Cardioplegic solutions of intracellular type . 

These solutions are closer to intracellular fluid . 

Cardiac arrest is brought about by withdrawal of 

extracellular calcium and exchange of 

extracellular fluid for a calcium-free, low sodium 

solution. The buffer substance employed is 

histidine . 

The latter type is similar to the calcium-free, low 

sodium "cardioplegic solution" described by the author 

in 1964. This original solution offered - given the 

same heart temperature - an ischaemia tolerance time 

about th~ee times longer than that permissible under 

simple ischaemic cardiac arrest. However, advances in 

surgical technique in the last decade suggested that 

further prolongation of ischaemia tolerance time would 

be desirable. Yet the necessary recovery time had to 

be kept as short as possible - no more than 10 minutes 

- in order to keep the total duration of ECC within 

reasonable limits. This objective was not attainable 

with existing techniques. The idea thus arose of 

combining a technique that minimizes energy 

requirements with a procedure that provides intensive 3/f 

buffering of the myocardial extracellular compartm£?n000l. 78 
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with the aim of improving anaerobic energy provision. 

This "organ-protective" combination ultimately allowed 

a further doubling of ischaemia tolerance time to about 

240 minutes at 25ac, thus giving a total time gain six 

times greater than that given by purely ischaemic 

cardiac arrest at the same temperature (5, 6, 8, 23, 

29, 33, 35, 64, 65, 69, 70, 71, 73, 74, 89, 90). 

A.II Physiology and biochemistry of aerobic and 

anaerobic energy supply to the heart 

· .... · : 
The energy requirement of the heart working under 

: ;. 
··. ·. ::· 

resting conditions - expressed in oxygen equivalents 

is about 7 ml 0 2 per minute per 100 g. Under maximal 

load energy turnover can increase temporarily to ten 

times this value. The energy requirement of the 

beating heart can be broken down into the following 

"consumers": 

· .. ·.·.·. (a) The contractile system, in the strict sense. 

(b) The outer muscle cell membrane which provides the 

electrophysiological stimulus. 

(c) The intracellular membranes of the sarcoplasmic 

reticulum, which inactivates the contractile 

system by reabsorbing calcium ions. 

(d) The maintenance metabolism of the remaining 

structures. 
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After artificial arrest, the energy requirement of 

the heart will therefore be reduced, and the 

reduction will depend on the degree to which the 

contractile system is inactivated and relaxed and 

the extent to which the loads on the ion pumps of 

the external cell membrane and internal membrane 

structures are relieved. However, when 

considering measures to cut down energy 

requirement with the purpose of prolonging 

ischaemia tolerance time it is essential to 

remember that they must be rapidly reversible and 

must not reduce energy input to a level below that 

necessary for structural maintenance metabolism. 

Given optimal inactivation of the heart, the 

energy requirement at 35°C is 0.8 ml 02/min x 100 g 

and at soc 0.1 rnl 02/min x 100 g. 

The very high energy turnover of the beating heart can 

be met only via the aerobic pathway, i.e., by "burning" 

substrates - essentially glucose, lactic acid and fatty 

acids - to C02 and H20 with the aid of oxygen. Without 

oxygen the substrates can be only partially broken down 

along the anaerobic pathway and can hence yield only a 

fraction - roughly 1/13 - of the energy stored in them. 

The anaerobic energy supply of the heart is based 

essentially on breakdown of the stored glycogen to form 

~ 
0001~0 

lactic acid. In addition, the stored energy of 

phosphocreatine and part of that of adenosine 
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triphosphate (ATP) can be used. However, ATP depletion 

exceeding 30% of normal will considerably prolong 

recovery time, and an ATP level of about 50% of normal 

is the lower limit for restarting the heart under 

clinical conditions (1, 3, 4, 9, 11, 12, 14, 24, 25, 

27, 36) . 

Anaerobic energy supply to the heart by glycogenolysis, 

i.e. by the breakdown of glycogen to lactic acid, is 

fundamentally limited by three factors: 

1. Glycogen reserves are limited, and there is no way 

of increasing them. 

2. The increasing self-inhibition of glycolysis due 

to the acidification of myocardial cells caused by 

the end product, lactic acid. 

3. The obviously unavoidable decrease in the total 

ATP content of the cells (despite partial 

resynthesis of ATP) which occurs during 

anaerobiosis, and which must not drop below a 

certain minimum level if glycolysis is to 

continue. 

The reasons why anaerobic glycolysis in the myocardium 

is inadequate for ATP regeneration are not fully clear, 

but they may perhaps affect only specific parts or 

compartments of the cell. Analysis of lactic acid 
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glycogen concentrations in hearts which have come to 

the end of their potential for recovery has shown that 

the level of glycogen reserves does not usually limit 

survival time. Rigor mortis sets in even when 

substantial glycogen reserves are still present, 

provided that the initial levels were not abnormally 

low. This finding suggests that the capacity for 

glycolysis could be enhanced by eliminating the self-

inhibition caused by lactic acidosis. This could be 

done ·by intensive buffering, which would also utilize 

the relatively large extracellular space of the heart: 

this amounts to about 50% of the intracellular 

distribution volume. 

A.III The heterogeneity of the parts of the heart 

Endeavours directed towards optimizing artificial 

arrest (cardioplegia) and the related need to provide 

optimal protection against any interruption of blood 

flow (ischaemia) must take into account the fact that 

the heart is composed of a variety of tissues with 

special requirements which have to be met by a single 

protective solution. This solution must therefore be 

formulated on physiological principles applicable to 

all the tissues which make up the heart. The following 

kinds of cardiac tissue must be taken into account: 

~ 
000182 
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1. The working myocardium, composed of myocytes. 

2. The stimulus generating and conducting system, 

which consists of muscle tissue having a special 

structure. 

3. Special endocrine cells and receptor cells . 

4. The parts of the autonomic nervous system situated 

within the heart. 

5. The "smooth muscle cells" of the coronary vessels. 

6. ·The coronary endothelium and the endothelial 

structures of the valves and endocardium. 

For rapid and reliable induction of artificial cardiac 

arrest it is essential that the cardioplegic solution 

should maximally dilate the coronary arteries. Any 

coronary constriction would delay or prevent 

homogeneous equilibration of the myocardium, especially 

of its inner layers. The changeover or equilibration 

to the ionic composition of the cardioplegic solution 

must comprise the interstitial compartment as well as 

the intravascular compartment, and should if possible 

be completed within a few minutes. 

A.IV The concept of an organ-protective 

cardioplegic solution consisting solely of 

substances naturally present in the body 

rs01 
000183 

The concept discussed at the end of Section A.II, 
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namely enhancement of the capacity for and the 

efficiency of anaerobic energy production from 

glycolysis by means of intensive buffering, can be 

achieved in practice only if the "osmotic margin" - the 

high concentration of buffer substance of about 200 

mmol/1 necessary for the purpose - is provided in 

advance in the composition of the solution, i.e., if 

the other constituents of the solution do not create an 

osmolarity higher than about 100 mosmol/1, so that the 

total o~molarity of the cardioplegic solution does not 

significantly exceed the normal osmolarity of the 

plasma and the intracellular fluid of about 300 

mosmol/1. Furthermore, the buffer must have the 

following properties: 

1. Minimal adverse biological reactions, even in high 

concentration. 

2. Adequate solubility in water to provide the 

required concentration . 

3. Favourable pK value even at low temperatures. 

4. Good ·powers of permeation through the capillary 

endothelium to ensure equilibration of the 

interstitial space. 

5. Minimal powers of permeation through cell 

6. 

membranes to ensure osmotic equilibrium. 

As compared with its binding capacity for H. ions, 

it must have weak binding capacity for bivalent 

ions such as calcium and magnesium. ?":SO 

000184 
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In the present state of knowledge, these requirements 

appear to be best met by histidine buffer (58,92). 

These requisites for effective buffering of the 

extracellular space can only be fulfilled if the buffer 

concept is combined with the concept of a cardioplegic 

solution acting by withdrawal of extracellular sodium 

and calcium. Extensive experimental studies have shown 

that a decrease in sodium concentration to about 1/10 

of the normal value (to 15 mmol/1) and a decrease in 

ionized calcium to about 1/100 of the normal value (to 

15 ~mol/1) are optimal. The most favourable potassium 

concentration for use at these sodium and calcium 

concentrations is 10 mmol/1, and the best magnesium 

concentration is 4 mmol/1. The histidine/histidine 

hydrochloride concentration can thus be brought to 

180/18 mmol/1. For the purpose of special membrane 

protection tryptophan is added at 2 mmol/1. 

Ketoglutarate at 1 mmol/1 serves as a substrate for 

aerobic energy production during induction of 

cardioplegia. The remainder of the osmotic margin is 

made up by mannitol at 30 mmol/1, a substance which 

also offers beneficial properties as a ''free radical 

scavenger~. The total osmolarity of the solution is 

therefore 310 mosmol/1. 

000185 
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Consisting as it does entirely of substances naturally 

present in the body, and having a relatively low 

potassium concentration, the solution offers the 

advantage of a wide therapeutic safety margin. 

. -~· . 

B. Pharmacological action on the heart 

B. I Pharmacodynamics 

The mechanisms of action of this cardioplegic solution 

are 

1. Overall suspension of activation processes in all 

membrane structures capable of excitation, whether 

of muscular, neural or endocrine nature. 

2. Enhancement of glycolytic energy production by 

intensive buffering of the entire extracellular 

compartment. 

3. A consequent delay in the onset of critical 

intracellular acidosis and, 

4. on the basis of (2) and (3), postponement of 

critical intracellular oedema consequent on 

breakdown of osmotic regulation of the cell. 

The ·effects noted under (2) and (4) are especially 

pronounced, because energy requirements are 

minimized by the mechanism noted under (1). 

This minimization of energy turnover is effective 

throughout the entire temperature range from 40° to 
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ooc, and, in keeping with the RGT rule (van't Hoff's 

law governing the relation between reaction rate and 

temperature) it is most pronounced at low temperatures. 

Cardiac arrest can be induced whatever the conditions, 

irrespective of any supplementary pharmacological drive 

and of any electrical or mechanical stimulation. The 

residual energy requirement of the inactivated heart 

is, however, not governed by temperature alone; it is 

also to some extent dependent on thyroid hormone and 

catecholamine effects and on appropriate blocking 

drugs. 

Used as recommended with an initial perfusion pressure 

of 100 mmHg (for adults), the cardioplegic solution 

induces cardiac arrest 10 - 30 seconds after starting 

perfusion. Temperature equilibrium is reached after 2-

4 minutes of continued perfusion, and after 7-12 

minutes' perfusion oxygen consumption falls to a 

minimum corresponding to the temperature level reached. 

The recommended refrigerator temperature of about soc 

for the cardioplegic solution produces a heart 

temperature of about 10°C after a few minutes' 

perfusion; under these conditions the 0 2 consumption of 

the arrested heart is 0.15 ml/min x 100 g before the 

onset of anaerobiosis. This small 0 2 requirement is met 

(with a wide safety margin) by the 0 2 content of the ~;5 

cardioplegic solution; in equilibrium with air at 5 oc000187 
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the latter contains about 0.6vols% 02 • The partial 

pressure of oxygen in the venous efflux of cardioplegic 

solution is generally above 100 mmHg after as little as 

2 minutes' perfusion time. 

The fundamental pharmacodynamic and pharrnacokinetic 

research work was carried out mainly from 1960-1980 in 

numerous experiments chiefly in dogs. Once any 

possibility of acute harm to human beings had been 

completely excluded, this work opened the way for 

pioneering use in patients. The task of drafting this 

report more than two decades after the solution was 

first used in patients has presented certain 

difficulties in that the procedures employed in those 

days, notably during clinical use, obviously did not 

conform to all the formal regulations in force today 

(e.g., GCP). This report is accordingly based on 

numerous findings published in the international 

literature in recent decades, some by the author 

himself and some by other workers. Attention is drawn 

to the exhaustive collection of references at the end 

of this report. 

B. II Pharmacokinetics 

The induction of cardioplegia and myocardial 

protection, like their reversal and the reactivation or 
33
~ 

restarting of the heart, do not coincide in time wit~OOfS8 
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the "influx" of cardioplegic solution into the 

intravascular space and the "washing out" phase, but 

they do coincide with equilibration of the interstitial 

space with the new ionic medium. Whereas exchange 

·:. within the intravascular space is completed within the 

first minute, exchange in the interstitial space takes 

two or three minutes. Minor shifts in the 

extracellular milieu may necessitate even longer times, 

as a completely new steady state of aerobic metabolism 

:•. is not reached until perfusion with the protective 

solution has been in progress for at least 7 minutes. 

To ensure prompt discontinuation of cardioplegia and 

restarting of the heart it is essential not to use any 

drugs that have prolonged effects. Once the heart has 

been reconnected to the circulation, it will begin to 

beat again about one minute after resumption of blood 

flow through the coronary vessels. Provided it is 

within the tolerance limits of energy status, 

intracellular acidosis and intracellular oedema, the 

heart will resume i-ts normal rhythm within a few 

minutes; if reperfusion and rewarming are uneven 

cardiac activity may begin with fibrillation, but this 

can generally be corrected with a single electric shock 

after waiting for about 3 minutes. 

As already mentioned, the action of HTK solution 
/""'" 

355 

depends solely on ion exchange in the myocardium at 0001.89 
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cellular level. In pharmacodynamic terms, therefore, 

the solution cannot produce any unwanted effects unless 

large amounts enter the systemic circulation. For 

technical reasons this means that during cardiac 

surgery - unless the perfusate is aspirated - there may 

be systemic uptake of up to the total amount of 

solution perfused, i.e. up to 3000 ml. The 

consequences of systemic uptake of cardioplegic 

solution are theoretically as follows: 

1. Water balance (haemodilution). A haemodiluting 

effect from systemic uptake of a crystalloid 

solution during the course of coronary perfusion 

can be expected, though the measurable effects are 

not as great as those of the primary dilution 

resulting from the priming volume of the heart-

lung machine. Some minor uptake of water, 

probably distributed within the interstitial 

compartment for the first 24 hours, must be 

exp~cted, though it will be completely eliminated 

within 48 hours. Beneficial effects are likely 

from the improvement in blood rheology, which may 

be reflected both in improved intraoperative 

cerebral blood flow and in a lower perioperative 

infarct rate. 

2. Electrolytes and trace elements 

Sodium: 

After the cardioplegic solution has been 

completely taken up, the serum sodium level drops000190 
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briefly below the normal range. Total osmolarity 

is unaffected and serum levels return to normal 

within two hours. The fall in serum sodium level 

during the reperfusion phase may conceivably have 

beneficial effects. 

Potassium: The raised potassium concentration in 

the cardioplegic solution has practically no 

measurable effects on serum level. At most, any 

previous slight fall in serum potassium level will 

be made good. Postoperatively, after total uptake 

of the cardioplegic solution, patients require 

noticeably less potassium replacement. 

Magnesium: The cardioplegic solution contains 

magnesium and its uptake raises serum magnesium 

level above normal for a short time. Because many 

patients have increased magnesium requirements in 

the perioperative phase, this might help to reduce 

any perioperative magnesium replacement which 

would otherwise be necessary. 

Zinc: There is an initial fall in serum zinc 

level caused by haemodilution from the use of the 

heart-lung machine. Even if the cardioplegic 

solution is completely absorbed, this is not 

enough to make good any systemic zinc depletion. 

3. Aminoacid uptake 

Histidine: Full uptake of the histidine-

containing solution can have excessive 

~~ 
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repercussions on other amino acids as well. 

During the first 24 hours short-chain amino acids 

rise above the normal range. Double-chain amino 

acids react with a distinctly smaller decline; 

the significance of these amino acids for 

postischaemic cardiac metabolism is well known. 

The ketoglutarate added to the cardioplegic 

solution may be of value in maintaining normal 

serum levels of glutamic acid, as it is the 

preqursor of the latter. It occupies a key 
:· ".-: ··. . ~ . 

. ·· :·'• . position on the pathway leading to the 

intermediates of the citric acid cycle and can 

therefore raise intracellular oxidative energy 

production. 

Uptake of the solution with the amino acids which 

it contains can thus moderate some of the typical 

changes of postoperative metabolism. Amino acids 

which occupy important positions in the 

intracellular mechanisms of energy production and 

detox~cation can therefore have beneficial effects 

on postoperative rehabilitation. 

Biochemical breakdown of additives: 

Potassium hydrogen 2-ketoglutarate: Degradation takes 

place via the citric acid cycle. Outside the citric 

acid cycle, acceptance of an NH3 group and reaction with 
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each L-amina acid leads to glutamine. Glutamic acid 

can also.be formed. 

Tryptophan: The volume of solution employed entails 

uptake of more than 4mmol or about 1 g of tryptophan. 

Rises in serum level to a maximum of 130 pmol/ml have 

... ·· .. : ... 
been·faund during haemodilution. When given by mouth 

... 
' for therapeutic purposes, serum levels of up to 350 

pmol/ml are not unusual. Tryptophan is broken down 

within a few hours. Biochemical degradation normally 
.· : .. :: 

·> ..... ..... ·. 
·:. -. :·:· ~ takes place by the intervention of ketoglutarate as 

.. . .. .. . · .. 
::·· . 

ammonia acceptor and formation of glutamic acid via 

indol py~uvate to kinorenin, which is then broken down 

once more via numerous intermediate stages to 

oxaloacetate and ketoglutarate with the formation of 

other glutamic acids. The brevity of the serum peak 
·.••.• . ... 
· .. which follows a single dose, as compared with the 

. :.·.·:-:> .. 
sustained change in serum level during continuous ... ~ .· .. ~ :· . 

. . : .. f .. 
··. ;. 

medication, proves that there is no danger of systemic 

toxicity. The dose of 1 g is equivalent to the average 

quantity of tryptophan in commercial amino acid 

solutions for parenteral nutrition, for which the 

recommended daily dose is 1.8 to 2 g. The amount taken 

up from the cardioplegic solution is considerably less. 

Histidine: In the present state of knowledge a~y 

harmful effect from uptake of the cardioplegic solution000193 
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with its short duration of action can be ruled out. 

The total dose of about 70 g amino acids, though 

approximately equivalent to the resting requirement of 

a patient on total parenteral nutrition (0.7 g amino 

acids/kg body weight/day), is not sufficient completely 

to meet amino acid requirements (1 to 2 g/kg body 

weight/day) in the postoperative metabolic phase after 

major surgery such as a cardiac operation. Rapid 

elimination of histidine from the circulating blood is 

effected by several available metabolic pathways such 

as acetylation to N-acetylhistidine, methylation to 

3-methylhistidine or formation of carnosine. The 

typical degradation pathway in the human body is 

transamination followed by oxidative deamination. The 

end products are excreted via the kidney and through 

the skin in the sweat (16,18). 

B.III. Local side effects 

Complete immobility renders the myocardium vulnerable 

to overstretching. When inducing cardioplegia -

especially when carrying out perfusion via the root of 

the aorta - care must therefore be taken to ensure 

reliable venting of the left ventricle. Any 

overdistension - especially of children's and infants' 

hearts, which have thin walls and relatively little 

connective tissue - can also induce an unduly high 

coronary artery perfusion pressure. Small vulnerable 
~0 
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hearts should accordingly be perfused at a maximum 

pressure not exceeding about 50 mmHg. 

The very low concentration of calcium in the solution 

(50 ~rnol/1) reinforces and sustains the suspension of 

blood coagulation necessary in every open heart 

operation - any clotting would represent a special risk 

to the coronary system. 

The very low viscosity of the solution is attributable 

to the omission of colloidal and corpuscular elements 

and is of special value in patients with coronary 

artery disease. It ensures rapid and complete 

equilibration and inactivation, even of poststenotic 

areas. 

The local tolerance of HTK solution is incontestable 

and there is no question of local side effects on the 

isolated heart. HTK solution consists exclusively of 

substances naturally present in the body, and as they 

are present in reduced concentrations, their effect, 

i.e. electromechanical decoupling and hence induction 

of cardiac arrest, also constitutes the sole "desired" 

side effect on the heart. Other solutions, however, 

because of their high potassium concentration, are 

known to be liable to produce serious local side 

effects postoperatively (postoperative sinus '31( 
000195 
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arrhythmias), and may even have systemic side effects 

(hypertension with a raised incidence of strokes). 

B.IV. Safety 

The volume of cardioplegic solution normally used for 

medium sized human hearts weighing 300 to 400 g is 2 to 

4 litres. Dyskiewicz reported experiments in which dog 

hearts were perfused for 24 hours, yet were fully 

capable of resuscitation at the end of that time (19). 

In our own studies dog hearts weighing about 200 g were 

continuously perfused for 1 hour, during which up to 

301 of the solution was perfused through the coronary 

system. Taking into account the smaller heart weight, 

this volume is equivalent to roughly 20 times the 

amount normally used in cardiac surgery. All four of 

the (isolated) dog hearts stressed in this way proved 

to be readily capable of resuscitation and were 

restarted without delay or complications after 

subsequent change over to perfusion with Tyrode 

solution. These experimental findings are in keeping 

with clinical experience in patients having a well 

developed non-coronary collateral circulation for the 

heart, most notably patients with coronary artery 

disease: in such cases the cardioplegic solution is 

relatively quickly washed out - in some circumstances 

~z 
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in as little as 15 minutes - although the ascending 

aorta is completely clamped and may have been opened as 

well. Cardioplegic perfusion must then be repeated at 

shorter intervals. If the normal mode of administering 

the cardioplegic agent is impracticable because of the 

need for surgical access to the root of the aorta or 

because of pathological lesions, retrograde perfusion -

via the coronary sinus - is another possibility, though 

this route usually fails to reach the right ventricle 

in its entirety. As regards the total volume of 

cardioplegic solution employed - and irrespective of 

the mode of perfusion (orthograde or retrograde) -

there are no limitations on the therapeutic safety 

margin; this statement applies to all forms of 

congenital and acquired cardiac defects and to diseases 

of the aorta. 

C. Pharmacology in the isolated systemic circulation, 

maintained by the heart/lung machine 

All the effects of the solution in the general 

circulation are quantitatively dependent on the amount 

of cardioplegic solution which finds its way from the 

coronary venous system via the right side of the heart 

into the general circulation, either directly or via a 

suction system. Depending on the nature of the cardiac 

defect requiring surgery, the chosen technique, the 

duration of the operation and the patient's body size, 

3~ 
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the necessary volume of cardioplegic solution varies 

between 0.1 and 2.0 litres (16,17). 

C.I. Flow resistance 

The low viscosity, the enhanced magnesium concentration 

and the greatly reduced concentrations of sodium and 

calcium in the solution induce a decrease in peripheral 

flow resistance. This effect is normally desirable 

beca~se patients not infrequently display "acute 

hypertension" during extracorporeal circulation (ECC), 

an abnormality due to vasoconstrictor reactions of 

unknown origin. 

C.II. Renal function 

Urine output is augmented by inflow of the solution 

into the general circulation, although - because of 

hypothermia during ECC - the kidney usually displays an 

antidiuretic tendency. This diuresis partially 

compensates for any excessive diluting effect from the 

ECC priming volume while the patient is still connected 

to the heart-lung machine. Forced diuresis during ECC 

also offers some protection against acute renal 

failure, formerly a frequent accompaniment of cardiac 

surgery. Furthermore, the cardioplegic agent possesses 

direct renal protective effects, as will be apparent 
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from the two publications cited at the end of the 

reference list. 

C.III. Systemic side effects 

The general effects and consequences of extracorporeal 

concentration are sufficiently well known. Despite 

continuous technical improvement, a perfusion syndrome 

can arise from contact of air with foreign surfaces or 

from interference with temperature regulation. 

Depending on the time which has elapsed, a wide range 

of possible mechanisms has been suggested. Deficient 

lymph drainage, microembolization by air, fat or 

particles, protein denaturation, intravascular protein 

aggregations, and endotoxin liberation are known 

causes. To be distinguished from these are the side 

effects which might possibly arise from inflow of large 

amounts of cardioplegic solution into the general 

circulation. 

In principle, any inflow of large amounts of 

cardioplegic solution into the general circulation will 

raise potassium and magnesium concentrations in the ECC 

and lower sodium and calcium concentrations. To arrive 

at a quantitative estimate of the relevant changes the 

patient's total extracellular space plus the priming 

volume for ECC must be taken as the baseline, and not 

A patient weighing 80 3 qs-
000199 

solely the intravascular space. 
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kg has an extracellular space of about 18 litres; 

together with 2 litres of ECC capacity this makes a 

total of about 20 litres. An inflow of 2 litres of 

cardiac solution - which would be the upper limit -

would represent only 1/10 or 10% of this. Any 

resulting increases in potassium and magnesium 

concentrations in the extracellular space would be 

negligible, especially as there is usually some fall in 

potassium level during ECC unless extra potassium is 

given. 

The effect of any substantial inflow of cardioplegic 

solution on sodium and calcium concentrations in the 

extracellular compartment is more pronounced, since the 

concentrations of these electrolytes in the solution 

differ substantially from their normal extracellular 

values. The differences are as follows: for sodium 

145-15 = 130mmo1/1, for calcium 2.5 - 0.015 = 2.5 

mmol/1. Replacement of sodium and calcium, guided by 

appropriate assays, is therefore necessary during ECC 

if more than 1 litre of cardiop1egic solution has 

entered the general circulation. 

There is no evidence of any side effects due to 

histamine, though this substance might conceivably 

arise from histidine; in such circumstances any traces 

of histamine would be antagonized by the surplus of 

histidine at the receptors. 

~% 
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Pronounced but short-lasting rises in histidine 

concentration in the ECC - in adults up to about 20 

mmol/1 from inflow of 2 litres of cardioplegic solution 

- are tolerated without adverse clinical signs and are 

··~ almost completely corrected by intense diuresis within 

24 hours. In this connection it should be emphasized 

that incorporation of about 20% of the solution will 

result in uptake of 80-90 mmol histidine. This 

quantity could conceivably rectify or moderate the drop 

in serum levels affecting short-chain and sulphur-

containing amino acids, and also aspartic 

acid/asparagine/glutamine and proline. Administration 

of the cardioplegic solution results in the uptake of 

more than 4 mmol of tryptophan, equivalent to roughly 1 

g. Tryptophan is known to have direct pharmacological 

effects. Measurements carried out by our research 

group have revealed a rise in serum concentration to a 

maximum of 130 ~mol/ml during haemodilution, but also 

show that the serum level is considerably lower than 

that known to be produced by oral administration in 

conventional daily doses. Pharmacokinetic findings in 

the patients studied confirm that tryptophan is swiftly 

broken down within a few hours, as stated in the 

literature. Because the serum peak after a single dose 

is so brief as compared with the sustained changes in 

serum level during long-term medication, there is no 

likelihood of systemic toxicity. A single input of l 
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is well below the daily dose of 1.8 to 2 g recommended 

for parenteral nutrition. 

The oxygen content of the cardioplegic solution is 0.6 

vols %. This is indeed ample to cover the oxygen 

requirement of the non-beating heart under hypothermia 

during selective perfusion, but it is not enough for 0 2 

transport function during ECC priming. Haemodilution 

to 70% or temporarily to about 50% of normal offers 

clear cut advantages during the heart-lung machine 

phase as compared with whole body perfusion with 

undiluted blood, but deeper haemodilution entails some 

danger of oxygen deficiency, especially in the brain. 

The volume of cardioplegic solution tolerated in the 

ECC is therefore dependent on the previously set level 

of haemodilution. 

Other evidence, in particular Doetsch's investigations, 

rules out any risk of acute harm and any probability of 

late sequelae from systemic uptake of HTK cardioplegic 

solution (16,18). 

C. IV. Safety (therapeutic margin) 

In the setting of cardiac surgery, the solution is not 

intended for use in the intact circulation. It is in 

fact employed for selective perfusion of the coronary ~l~ 
vascular system and for inducing artificial cardiac OUHJ~O~ 
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arrest, but not until the pump function of the heart 

has been taken over by a heart-lung machine. The 

statements made under C.III. are applicable under these 

conditions. 

If the cardioplegic solution were inadvertently given 

intravenously, an infusion of 500 ml in 30 minutes 

would be tolerated by adults without any unusual 

symptoms or signs. This conclusion is derived from the 

quantitative estimate set out under C.III. and has also 

been substantiated by appropriate experiments in dogs. 

When using the protective solution in the kidney in 

situ, a few hundred millilitres might escape into the 

circulation during the first minute of perfusion via 

the renal artery, until venous outflow from the kidney 

is cut off; the resulting short lived increase in 

dilution effect is well tolerated by the circulation. 

D. Toxicity 

D.I. Acute toxic effects on the heart 

As stated under B. - and particularly under B.IV. - the 

therapeutic safety margin in the heart is so wide that 

under clinical conditions in adults a potentially toxic 

range will never be reached even with a perfusion 

volume totalling more than 60 litres. 
sf/ 
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Nevertheless, if the three fundamental premises are 

disregarded there is some possibility of "toxic action 

in the wider sense": 

1. If the inactivated, relaxed myocardium is 

overstretched because of defective ventricular 

venting or unduly high coronary perfusion 

pressure. 

2. If perfusion flow rates, volumes or pressures are 

not adjusted in keeping with the physiological 

conditions in children's or infants' hearts. 

3. If the cardioplegic solution infused or pumped 

into the coronary system is not cooled to a 

temperature between soc and l0°C - as directed. 

If the cardioplegic solution is perfused at a 

temperature of around 37oc the so-called calcium 

paradox will be initiated after a few minutes. This 

takes the form of reactivation of the heart with 

destruction of myocardial cells. Provided the solution 

is cooled to 10oc or below any possibility of calcium 

paradox can be excluded even under extreme experimental 

conditions. The calcium concentration of the nominally 

calcium-free solution is approximately 15 pmol/1. This 

level has two consequences: first, at low 

temperatures any calcium paradox can be excluded, and 
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secondly, there will not be any calcium-dependent 

stimulation of energy consumption with associated 

curtailment of tolerated ischaemia time. Even a slight 

increase to a level of only 50 ~mol/1 calcium is 

definitely detrimental in this respect (22, 26, 67, 68, 

79). 

The methods available for assessing myocardial function 

or determining the reversibility of damage inflicted on 

the heart by isch~emia include electron microscopic 

changes, haemodynamic parameters and reproducible 

measurements of the electrical impedance of the heart~ 

Numerous studies in experimental animals have shown the 

clear superiority of myocardial protection given by HTK 

solution with regard to the contractile status of the 

heart damaged by ischaemia (15, 19, 28, 30, 32, 56, 57, 

75, 81, 82, 83, 84, 85, 86, 87, 88, 96). 

The acid test for judging the effectiveness of 

myocardial protection is and remains rapid post-

ischaemic recovery, i.e., immediate resumption of 

function after reconnection to the body's circulation 

(72, 76, 80). 

D.II. Acute toxicity in the general systemic 

circulation 

As stated in Section C. - in particular in C.III and 
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C.IV. - there is no question of toxicity in the general 

circulation, because 

1. In the context of cardiac surgery, the 

cardioplegic solution is not primarily intended 

for use in the general systemic circulation, 

2. In the event of any influx into the ECC the 

solution will be well tolerated in the volumes 

likely to be involved. 

3. Any further haemodilution is impermissible because 

of the fact that there is a lower limit to the 

oxygen transport capacity of the blood; any drop 

below this limit will not be tolerated, and it 

must not be transgressed. 

D.III. Chronic toxicity and embryotoxicity 

After complicated .cardiac operations, e.g., insertion 

of an aortic valve, the blame for postoperative 

mortality as such cannot be laid upon the cardioplegic 

solution. Immediate resumption of normal cardiac 

function must be regarded as the crucial criterion of 

the efficacy of the solution. It should be emphasised 

yet again that not one fatality following 

administration of HTK solution has hitherto been 

reported in the literature, though it now comprises 
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well over 100,000 operations in which the solution has 

been used (various references, in particular the 

clinical reports by Renner and Kubler) (59,78). 

-·~ 
Second and subsequent cardiac operations on the same 

patient with cardioplegia and heart-lung machine 

technique are still unusual, though becoming 

increasingly frequent. Among possible reasons are: a 

second operation on a congenital defect for the purpose 

of complete reconstruction after an initial operation 
:··· .. 

directed towards relief of symptoms; replacement of a 

prosthetic heart valve which has become defective; a 

second or subsequent coronary bypass operation; 

revision of previous surgery following a complication 

( re-operation). 

A second or third operation after a shorter or longer 

interval can hardly be simulated by studies in 

experimental animals - if only because of 

·:· . antivivisection legislation - and no relevant 

experimental work has in fact been published. However, 

extensive clinical experience in recent years shows 

that the cardioplegic solution is and remains well 

tolerated even in repeated operations on the same 
~. . . : 

patient. 

The calculations set out under C.III. show that the ~ 

electrolyte concentration changes in the extracellular
0 00:?~ 
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compartment of a pregnant woman can be kept so small as 

to be unquestionably harmless to the embryo. As 

regards histidine, this statement should not be 

accepted without further consideration: in the 

placenta there may conceivably be special transport 

systems for amino acids, similar to those in the 

proximal tubules of the kidney; on the other hand, 

bearing in mind the rapidly falling histidine level in 

the maternal circulation, it may be expected that 

retrograde transport - in keeping with the reversed 

gradient - will soon commence. For reasons of safety, 

however, .if an emergency operation .is necessary during 

pregnancy the cardioplegic solution should be aspirated 

from the right side of the heart, as was the general 

practice in the first few years when the cardioplegia 

method was on trial.. No cases of embryotoxici ty from 

the solution are known. 

D.IV. Carcinogenicity 

The composition of the solution, consisting as it does 

exclusively of substances naturally present in the 

body, the short time for which the constituents remain 

within the circulation, the fact that in substantial 

concentration they are confined exclusively to the 

isolated heart, and the restriction on the use of the 

4 solution to a single, or in extremely rare cases to 

several operations on the same patient - all these 0002(}& 
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considerations exclude any possibility of 

carcinogenicity. 

D.V. Acute and chronic toxic effects on the vein wall 

.··. 

HTK solution has proved of value for short term storage 

of vein grafts, usually taken from the great saphenous 

vein, as successfully used for many years for bypassing 

narrowed segments of the coronary arteries. By analogy 

with the considerations set out above, and bearing in 

mind that the solution consists exclusively of 
•. ·.: 

substances naturally present in the body, no cytotoxic 

effect is to be expected when the solution is used for 

protectiqn of venous endothelium and no such effect has 

ever been described in the literature (31,66,95). 

E. Statement of problem and fundamentals of renal 

protection 

..... E.1. Requirements for operations on the ischaemic 

kidney 

The amazingly rapid development of modern surgical 

techniques and materials, in particular suture 

materials and microsurgical instruments, together with 

progress in invasive and noninvasive investigative 

techniques, besides broadening the potentialities of 

cardiac surgery, has greatly expanded the scope of 
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surgery in other organs such as the kidney. For 

example, a renal transplant, besides offering life 

expectancy comparable with that of the general 

population, is economically advantageous in that it 

offers considerable cost savings. There are currently 

two indications where organ protection of the kidney is 

necessary: 

1. Operations of long duration which have to be 

performed with the kidney under ischaemia. 

2. Kidney transplants where long ischaemia times are 

inevitable while the donor kidney is being 

transported to the recipient. In principle - as 

in myocardial protection - the aim is to achieve 

the.longest possible ischaemia tolerance time and 

at the same time to ensure rapid and complete 

restoration of function after reconnection to the 

general circulation. 

E.II. Physiology and biochemistry of aerobic 

and anaerobic energy supply to the 

kidney 

The pathophysiological phenomena taking place in the 

various cells of the kidney during ischaemia are 

fundamentally the same as in the cells of the heart 

(10,13). For further information the reader is 
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referred to Section A.II. 

E.III. Principles governing the use of the 

organ-protective solution 

The effects utilised for renal protection are 

fundamentally the same as those employed for myocardial 

protection. The fact that the sodium concentration of 

the solution is lowered to approximately intracellular 

levels relieves the ion pumps of the burden of tubular 

sodium reabsorption and thus helps to reduce the energy 

consumption of the kidney. As the solution is 

practically calcium-free, any calcium influx into the 

cell is cut down. This reduces anaerobic energy 

turnover and delays the emergence of lactic acidosis. 

The elevated magnesium content of the solution likewise 

helps to lessen energy turnover, by its calcium

antagonistic effect on the cell membrane. The minimal 

amount of added potassium also reduces anaerobic 

glycolysis in the renal cell, and by its buffering 

action the added histidine-HCl prevents any tendency to 

tissue acidosis. Added tryptophan has inhibitory 

effects on amino acid transport, and mannitol retards 

the osmotically-induced formation of cellular oedema in 

the renal cell. At 10oc the physically dissolved 

oxygen amounts to 0.6 volumes percent at a partial 

pressure of 150 mmHg. Because of the reduced energy 

requirement, this is sufficient to maintain aerobic 
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metabolism during the perfusion phase. 

F. Pharmacology in the kidney 

F.l. Pharmacodynamics 

;·-: 

In principle, the statements made under B.I. apply also 

to the kidney, i.e., the mechanisms of action of the 

organ-protective solution are the same as for the 

heart. 

Protection of the kidney can be divided into the 

following phases: 

1. Aerobic blood flow with pretreatment under general 

anaesthesia. 

2. Aerobic perfusion in situ with the protective 

solution. 

3. Subsequent complete ischaemia, during which 

ischaem~c. stress is governed, as in the heart, by 
·.· · .. _ 

time and temperature. 

4. The phase of aerobic reperfusion divided into 

ear~y recovery (during the first 1-3 hours 

postoperatively) and subsequent recovery over 1-2 

weeks. 

Studies in experimental animals prove that, as in 

myocardial protection, homogeneous equilibration of the 

extracellular space of the kidney and an adequate levelJOOZlZ 
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of urine output during selective perfusion are of 

importance. During perfusion with HTK solution an 

outflow of ,artificial urine, at a rate of about 13 

ml/minute/lOOg wet weight was recorded in dogs during 

perfusion of 6 minutes' duration. More or less 

complete equilibration in the vascular system and even 

in the renal tubular system was reached at 6 minutes. 

Renal oxygen cons.umption fell to 0. 2 ml/minute x 100 g 

wet weight after 6 minutes. After 6 minutes' 

protective pe+fusion with HTK solution the ATP 

concentration in the kidneys took 60 minutes at 35°C to 

drop from the initial level of 10 ~mol/g dry weight to 

1 pmol/g; The corresponding time in control kidneys 

was only 30 minutes. Neither at 35oc nor at 25°C did 

intrarenal pH fall below 6.7 at any point in the entire 

ischaemia period. At 25°C an ATP concentration of 1 

pmol/g dry weight was not reached until 120 minutes. 

Given· previous HTK protection, renal oxygen 

consumption after 120 minutes' ischaemia was 5 

ml/minute x 100 g wet weight at 30°C as compared with 

5-6 ml/minute x 100 g ~et weight in control kidneys. 

After this ischaemic stress endogenous creatinine 

clearance was 20-25 ml/minute/ 

100 g wet weight (41, 42, 43, 44, 45). 

F.II. Pharmacokinetics 

As already stated in Section B. II, the solution, 
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whether intended for use in the heart or the kidney, 

does not contain any drugs that remain for long in the 

body. After reconnecting the kidney to the general 

circulation reperfusion commences immediately, though 

function is not fully resumed at first. In 

experimental animals, after ischaemia of 120 minutes 

duration at 32-34°C under HTK protection, there was a 

transient rise in plasma creatinine level, maximum 

readings on the first or second post-operative day 

amountin~ to 2.6.rng%. After 7 days there were no 

detectable differences, either in terms of functional 

efficiency or in biochemical or morphological findings, 

between these kidneys and those from untreated 

controls. This is not true of other protection 

methods; they are known to entail some danger of 

anuria after as little as 60 minutes' ischaemia and 

necessitate elaborate haemodialysis procedures after 

the operation. The limiting factor governing ischaemia 

tolerance in kidneys protected by the use of HTK 

solution is in the last analysis the critical energy 

status of the kidney or of the renal cell. This 

limitation comes into operation much later than after 

the use of other protective methods (38, 39, 40). 

F.III. Local side effects in the kidney 

Experimental investigations in the dog kidney have 3~ 

shown that recovery of renal function may take up to 100021.4 
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days and is sometimes accompanied by a temporary rise 

in creatinine. Histologically, there is evidence of 

damage to the ultrastructure of the renal cell in the 

shape of cellular swelling and single cell necrosis; 

as the duration of renal ischaemia lengthens, the 

latter lesions coalesce to form necrotic patches. 

However, after perfusion with HTK solution at sac, 

structural lesions do not occur until 48 hours' 

ischaemia have elapsed, whereas after pure ischaemia 

without protection or ~ith·other protective techniques 
-

such lesions become apparent very much earlier. Four 

weeks later, histological examination of dog kidneys 

which had been protected with HTK solution showed 

normal appearances in the parenchyma. No other 

structural lesions were observed (37, 49, 51, 53, 54, 

55). 

F.IV. Safety 

The volume generally used for protection of one kidney 

is 2-3 litres. Given a healthy kidney, this is enough 

to ensure protection for 48 hours at 0-5°C. In terms 

of therapeutic safety margin, there are no limitations 

on the total volume of organ-protective solution which 

can be used. 
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G. Toxicity 

G.I. Acute toxic effects on the kidney 

As in the heart (see above, especially B.IV and o.·r) 

the therapeutic safety margin in the kidney, despite 

its totally different cell structures, is very wide. 

In dogs, long-term perfusion even of several days' 

duration does not lead to irreversible structural 

damage or to loss of renal function. At worst, unduly 

high perfusion pressures may conceivably cause local 

damage to the renal parenchyma in the acute phase of 

perfusion (61). 

G.II. Chronic toxic effects on the kidney 

Without protective perfusion, adequate protection of 

the structures of the kidney during deep hypothermia 

cannot be guaranteed beyond a maximum of 12 hours' 

ischaemia. Perfusion with HTK solution under deep 

hypothermia guarantees good structural protection of 

all segments of the nephron and of the renal vessels 5U~ 

for up to 48 hours' ischaemia. Only after 72 hours do 0()0~1G 
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cell swelling and necroses become apparent, and AMP 

concentration drops below 5 pmol/dry weight. This 

unavoidable fall in energy-rich phosphates is the 

ultimate factor limiting protection. After complicated 

operations on the kidney such as partial nephrectomy 

for cancer or implantation of a donor kidney into a 

recipient after prolonged ischaemia, any postoperative 

delay in resumption of renal function cannot be blamed 

upon HTK solution. Rejection of the graft - a frequent 

complication-in the early days of renal t~ansplantation 

though now less common since the introduction of 

cyclosporin for immunosuppressive therapy - can 

likewise not be laid at the door of HTK solution. The 

ultimate criterion of renal protection is and remains 

healthy postoperative function of the kidney, this 

functional health being reflected in good preservation 

of the ultrastructure. Up to the present there have 

been no reports of fatalities or complications 

associated with the use of HTK solution for renal 

protection (78). 

H. Possible prophylactic value 

The possibility of prophylactic value might at most be 

discussed in terms of a beneficial influence on 

postoperative metabolism. At present there is no 

concrete evidence of any such effect, and the same is 

true of possible benefits in the perioperative period 

3CR) 
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due to changes in blood electrolyte composition, e.g. 

temporary lowering of sodium or elevation of magnesium. 

Here again, there are no substantiated results. 

I. Interactions with other drugs 

Premedication - and also long-term medication - with 

digitalis glycosides, diuretics, nitrites, 

antihypertensives, bet.areceptor blockers and calcium 
-

antagonists in therapeutic doses do not interfere with 

the action of the cardioplegic and organ-protective 

solution: Routine medication therefore need not be 

discontinued - or at most just before the day of 

operation. During extracorporeal circulation with the 

heart-lung machine, drugs are not infrequently needed 

to control hypertensive reactions; but as the heart is 

cut off from the general circulation these reach it 

only in minimal amounts through a non-coronary 

collateral circulation (see Section B.IV). Over the 

many years in which cardioplegia has been practised, a 

large range of drugs has been used simultaneously. 

During the perioperative phase these include 

antiarrhythmic agents (e.g., digitalis glycosides, 

betablockers, calcium antagonists), diuretics, 

corticosteroids, antithrombotics, fibrinolytics, 

analgesics, sedatives, anaesthetics and muscle 

relaxants, antihypertensives and anti-inflammatory 
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drugs. There are no reports of any interactions with 

other drugs in any of the numerous clinical studies 

reviewed. 

Addition of drugs to the cardioplegic solution itself 

is in principle inadvisable, until such time as 

relevant experimental studies have proved their 

usefulness and harmlessness beyond all doubt. This 

warning is based on extensive experimental studies in 

the·author's laboratory. Their negative results can be 

summarised as follows; 

1. The electrolyte composition of the cardioplegic 

solution differs greatly from that of plasma; in 

nearly all cases this causes a marked change in 

pharmacodynamics and a shift in the dose-effect 

relationship. 

2. The intracellular and extracellular acidosis which 

becomes increasingly marked during anaerobiosis 

causes further and unpredictable modification of 

the spectrum of action of any drugs added to the 

cardioplegic solution. 

3. The fluctuating temperatures to which the 

myoqardium is exposed during cardioplegia cause 

further alterations in specific pharmacological 

effects. 

AQ 
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J. Contraindications 

Nearly 30 years have now passed during which well over 

100,000 operations have been performed on the arrested 

heart, y~t no contraindications have ever been 

reported. 

This applies both to infants with grave cardiac 

defects, many of whom would formerly have died a few 

days or weeks after birth, and desperately ill cardiac 

patients who would have been classified as inoperable 

before the introduction of cardioplegia. There are no 

known concurrent diseases which would preclude use of 

the cardioplegic agent in a cardiac operation (see 

Section D.III). In this connection the reader is again 

referred to the extensive list of references from 

clinical sources on which the two expert clinical 

reports are based. 

K. Summary 

The therapeutic concept of the cardioplegic 

organ-protective solution - as outlined in Section A 

and in particular in A. IV - is fully in accordance with 5'2 (p 
experimental findings and with clinical experience. ooozzo· 
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The physiological principles on which it is based are 

applicable to the majority of organs and tissues. The 

composition of the solution, consisting exclusively of 

substances naturally present in the body, is derived 

from these principles. The wide ranging scope of 

indications for its use and the generous safety margin 

are further corollaries. In terms of the prolongation 

of ischaemia tolerance time attainable over the entire 

temperature range down to ooc - as compared with the 

unprot~cte~_~tat~- the solution is superior to any of 

the techniques for cardioplegia and myocardial 

protection previously introduced, and in addit:ion itis 

highly suitable for preserving the heart. One 

reservation is necessary (Section D.I.), namely that 

the solution must not be used at body temperature but 

only at reduced temperature. As stated in the 

directive, it is most effective when infused into the 

coronary system at a temperature between soc and l0°C. 

L . Conclusion 

The concept of cardioplegia pioneered by Melrose in 

1955 is now an everyday reality, implemented with 

maximum efficiency and safety by the use of HTK 

solution. The solution is now like modern surgical 

instruments - an indispensable necessity for a wide 

range of operations. Delicate and intricate operations 

000221 
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now offer infants and young children the chance of 

living practically normal lives - an outcome that would 

have been inconceivable before the introduction of 

cardioplegia. The underlying principle of HTK solution 

is not confined to the heart. Over the last 15 years is 

has proved of great value in other organs such as the 

kidney and also for the short-term 

preservation of vein grafts (62, 63, 77, 91, 93, 94). 

Prof.(em~) Dr. med. Dr.med.h.c.H.J.Bretschneider 

Gottingen (date) 

Appendices: 

(M) Reference list 
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Curriculum vitae 

Prof Dr.med.Hans Jilrgen Bretschneider 

born 30th July 1922 in Neubrandenburg (Mecklenburg) 

1939-1946 Service in the German Navy 

1947-1952 Studied medicine in the University of 

Gottingen 

1952 Awarded degree of Dr.med. in Gottingen 
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Institute, Gottingen, and the Max-Planck 

Institute for Experimental Medicine, 
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medicine 

1960-68 Head of Department of Experimental 

Surgery, University of Cologne 

1964 Appointed to the Chair of Experimental 

Surgery, University of Cologne 

1968 Accepted call to the Chair of Physiology 

I, University of Gottingen 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



From 1972 

1975, 76, 77 

1971-1986 

1981 

1986 

1986-87 

1987 

from 1987 

1990 
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Member of the Academy of Sciences, 

Getting en 

Dean of Medical Faculty, University of 

Gottingen 

Spokesman for the Special Research Unit, 

Cardiology, Gottingen (SFB 89) 

Declined a call to the University of 

DUsseldorf 
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Society for Anaesthesiology and 

Intensive Care 

President of the German Society for 

Cardiovascular Research 
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Society for Thoracic, Cardiac and 

Vascular Surgery 

Spokesman for the Special Research Unit 

Organ Protection (SFB 330), Gottingen 

Award of Emeritus Status, University of 

Gottingen 

Honorary membership of the German 

Society for Cardiovascular Research 
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Currant Status of the HTK Solution of Bretschneider in 
Organ Preservation 

M. Holscher and A.F. Groenewoud 

THE clinical introduction of University of Wisconsin 
(UW) and Histidine· Tryptophane-Ketoglutera.te 

(HTK) solutions for single· and multiple-organ donation 
have stimulated scienti1k discussions about organ preser· 
vation methoas In the field of transplantation, ,as in the 
1970s. 

,Basically organ-protective methods during anaerobiosis 
have to be strOngly differentiated from those that a.Jlow 
aecobic mc14bolism in hyp6thermia. During anaerobiosis. 
energy resources for maintenance of the structural protec· 
tion !lre limitad~ Therefore, all· protective procedures 
adapted to anaerobiosis are focusing on prese:"-~ation of all 
individual organ functions (protection of functions), on 
protection of the energy resources (protection of energy 
status), and on protection of the morphological.strucrures 
(protection of structure). 

The aim of preservation is to develop llu~. or so~alled, 
equilibration solutions: using general biC?Iogical principles 
of preservation tO· protect di.tferent ortans with all their 
morphological and biochemical heterogen~city. ThC effect 
of hypothermia has to be differentiated from the specific 
protective effect of protective solutions. The general prin
ciples o! organ protection in toEal ischemia can be summa
rized as inhibition of unavoidable acidosis (intra· and 
extraee!Iular) and prevention from critical pH values; 
maintenance or volume regulation of all cells, especially of 
endothelial ceUs; optimal use of anaerobic energy re
sourc~; rcveniblc Inhibition. or unuseful working pro· 
cesses; and maintenance of structure, which will keep 
ready organ function. ln judgment on dlCrerent protective 
procedures, the criterion of immediate restitution of all 
organ functions seems to be more importal'lt than the 
criterion of life support after a certain recovery time from 
ischemia. 

HISTORICAL DEVELOPMENT OF HTI<. SOLUTlON 

About 30 yC3rS ago, Prof. Bretschneider W:J.£ looking for a 
electrolyte composition as basis for a cardioplegic solu
tion. In the early 1970s, a biologically compatible, admin
istrable bu.trer system with a high buffer capacity was 
found using the amino acid histidine. Startinr experimental 
worlc in I 961 , he clinically introduced his solution. t.: 
Gennan heart surgeons, who were in favour of this solu
tion, have been using HTK (Dr. Franz Kohler Chemie 
GmBH, FRO) in heart tr:l.nsplantation as wcU since 1985. 
In 1978, experimental work was set up for renal prorec· 
tion,l-1 resulting in the first human kidney transplants 
protected with HTK solution. • Because this solution has a 
protective ability even in wann ischemia, the solution has 

\.,..,.· .... 
·.- .. 

Table1. Historical Oevalopmem of HTl< Solution (Custodlo4} 
by Bretschnalder 

a.gin E:<p. 
WoN.· Ctlnioal u ... 

Cardioplegia 1961 
Open heart swgery 1979 
Transplantation 1985186 

Kidney protection 1978 
Related and unrelated lransplatrtation 1987 
In-situ !urgery 1987 

w-.,.,. protedion 1987 
Transplanlation 1988 
Ex-vi'io surgery 1S&S 

Panans protection 1989 
Tran$plantalion 1989 

'1'ha 8:1porimenlal work wae mainly done ll'f Prcl. Sro~et ;and alw0111· 
ere, s~ ll'f SFB ollile OoutsoCIIe Forsctwng~emeorectlafl. 

been thought to be ideal for in situ and ex vi.,..o sur~:ery of 
kidneys.' 0

•11 The protection of the liver with the HTK 
solution is experimentally and clinically under evalua
tfon. 1: The first ex situ operations protecting the liver by 
HTK solution have been performed by Pichlmayr. 13 The.,, 
latest field of research is the protection of the pancreas, as 
well as the heart and lungs, with HTK against total 
i~chcm~ 

Of course, the originally discovered and designed solu
tion for ardioplcgia h:as been sJJghtly c:.hanged over the 
years. Since the solution· fulfills the above-mentioned gen
eral criteria for organ protection, indicatjon~ t'or appUca-
tion will expand in future. · 

PRINClPLES OF ORGAN PROTECTlON WITH 
HTK SOLUTION 
Equi)bratlon 

In a wide sense, the HTK solution is a tlush solution like 
Euro-Collins (EC) or UW solution, but it is important to 
:stay witllln the Um!ts 0! equilibration. To get optimal 
protective efrects, the vascular, extracellular, and rubula.r 
space (kidney) have to be equilibrated with the tluid. The 
equilibration of the diil'erent compartments of the kidney is 
nearly accompli:shed after 10 co !2 minutes oC perfusion 

From the 09!)31'1ment ot Surgery, Technics! University of 
Munich, MOnclten 80, GenMn~. 

Addreee reprint requ~t:l to M. HOISCI'Ier, MD. Deparlment of 
Surgesy, Technical University of Munich, lsmaninger Str. 22. 8000 
Munchen so. Germany. 

4:1 1991 by Appleton & Lange 
0041·13o45191 1$3.001..,. 0 

Transplantation Proceedings, Vol 2:3, No 5 (October), 1991: pp 2334-2337 

... 

000250 
'tO\ 

I i 
I 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



01-09-98 11:13 Von:DR F KOHLER CHEMIE +49625750946 T-484 A.06/07 Mr.-077 

CURRENT STATUS 01" HTK SOI.UTION 2:335 

Table 2. current Statu:~ of Clinical Ustt of HTX Solution (Custcdlol) by Brersenneldar• 

Numbmin 
ClJnlCal vse 

(e=mated 1:1911 ~lion of Clinical Use (Mai~) Sft.odias 

Catdloplegia 
Open heart surgery >100,000 40 centers FAG + EC counllies Routinely used rel7ospedive s!lldles 
T ransplanr:arion 350-400 FFIG Singlo canter "rudy 

K"ldney Protection 
In-situ surgery ~0 FAG Single case studY 
Aelaled lransplantaJion 14 FAG Single center shldy 
Unrelated transplantallon aoo Eurotransplanr Mulllcenter pilot study 

Liver proteedon 
Transplantalion 60 FAG 
Ex""ivo surgery ~0 FAG 

Pancreas transplantation 5 FRG 

·All dlllial walk 4ana in cooper&llo<1 wilh Pn:.f. BI'CIISCMeiaar. 

with a hydrostatic pressure of 120 em H10. The perfusion 
volume should be sufficient, and the kidney requires at 
least a ten-fold of the organ weight, according to measure
ments of fiuid substrates of the venous and tubular out
fiow.14 

Different amounts of fluid are needed for the equilibra
tion of the compartments of othc:T organs; eg, the heart 
needs two to three times the organ weight, and the liver six 
times the organ weight. 

Buffering 

Buffering of the compartments of an organ is as important 
as the fact tbat H'" ions and lactate an: able to pass the cell 
membrane in anaerobiosis. a process that is pH depen
dent. Since anaerobic glycolysis is the only energy re
source in anaerobiosis. this process is important for the 
metabolism of snuctural integrity. Interstitial pH measure
ments at the corticomedullary pordcr of incubated canine 
kidneys demonstrate the rempetarure and buffer-capacity
dependent pH values. Experimental data and clinical stud
ies show that a pH of 6.2 at 35"C or 6.6 at s•c is marginally 
tolerated. Intrarenal acidosis beyond these values seems to 
be the first limiting factor for graft function in kidneys. 6.'1.u 
Because of difrerenUy existing quantitative anaerobic gly
colysis. bWTerlng is necessary In organ-specific W'ays. 

Cellular SWelling 

As we now understand, cellular swelling is caused by 
insufficient ion pumps due to ischemia and excessive 
charge of the lactate transport system which is pH depen
dent. Low extracellular sodium, buffering, and a low 
glycolysis race are important to prevent cellular swelling, 
which is even possible with an iso-osmolar fluid like HTK 
solution. 16

• 11 

Energy Stalus 

Energy turnover, caused mainly by anaerobic glycolysis, 
influences the degradation process of energy-rich phos-

Random HTl<-EC -t- HTK-llW ~tudles 

Single center study 
Single center siUdy 
Sincle case SIUCIY 

phates which deliver energy for metabolism of strucnn:al 
integrity. On the other hand, it is impoTtDnt to have a 
certain amount of energy to maintain the possibility of 
resuscitation in anaerobiosis. 18 However, the imerpreta
tion of energy status is quite difficult in comparing different 
flush solutions, bec.au~ the energy &t:ltus is nor correlated 
to structural procection.' 6

•19.l0 

Slnlctural Protection 

Structural protection, metabolism, energy resources, and 
functional readiness are closely related, 16

•18•111 and it js 
difficult to reveal the limiting factor, especially when 
comparing the use of difi"erent solutions with different 
orgaru. 

CURRENT STATUS OF CLINICAL HTI< 
ORGAN PROTECTION 

Cardioplegia for open heart surgery has been the first aim 
o( chis preservation solution. At the end of 1990, approx
imately 120,000 to !50,000 op~rations have routinely been 
performed in more than 40 centers. German and some 
other European centers have used the solution in cardiac 
1ransplantation in approximately 350 to 400 cases since 
1985. Cold ischemia time of 4 to 8 hours (the longest time 
was !8 hours) did noc play a major role in posttransplant 
patnology. Therefore, the surgeons did not respond to this 
subject with uials until now. :a The procedure of cardiople
gia seems ro be safe for 4 to 8 hours of cold ischemia. 

Human kidney preservation with HTK solution started 
in 1997.9 Since a protective ability oC the solUtion was 
described in 19826 at all temperature ranges, especially in 
warm iec:hemia, in 3itu surgery abo 3ta:ted 1987. 11 A 
Eurotransplant pilot study in kidney transplantation wcu 
set up in 1988 and completed in 1990.12 Until now, 800 
unrelated transplants have been pciormed. A two-arm, 
randomized trial has been set up by Eurocransplant in 
1990, comparing HTK vs EC solution and HTK vs UW 
solution. The set-up of this study is comparable with the 
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European study UW v5 EC ~obuion, which hilS alsO been 
completed recently. %J 

Liver protection with HTK solution is mllinly llSeci in 
two German centers, Essen and Hannover. Single center 
studies are '·on their way," but have not practiced ran
domized trials} 2 Because of the protective ability. even in 
warm ischemia. ex-vivo surgeey an the liver baa been 
made justifiable. 13 

Clinical pancreas transplantation has successfully been 
done in single cases using H1'K solution, on the basis of 
experimental da.ta.1-' There is clinical evidence rhat HTK 
solution can be used for several organs, however. the 
limits of protection have not been worked out precisely 
regarding the liver and pancreas. 

COMPARISON OF THE PROTECTIVE ABILrTY 
OF EC. UW, AND HTK SOLUTION IN 
KIDNEY TRANSPLANT AT! ON 

Whcrc.u c:Jtpcrimcnts In small animals are not very help
ful, because ischemia and anaerobiosis are not complete, 
ideal experimental conditions can be set up in larger 
animals. These ideal conditions, however, cannot be tran5· 
ferred to the clinie2.l situ;ltion in human:s. Thc:y do, .1t lca.:st, 
give us a hint of what to expect. 

Harvested organs very often do not have nonnaland, by 
no means, optimal functions. Several facrors, such as 
donor age, aging of an orean. possible uru:IA!l"lyins noc 
clinically evident diseases, and acquired functional organ 
injuries by the disease leading ro brain death are influ
encing the outcome of transplantation and organ protec
tion. Be!ore organ donation, we only have rou~ parame
ters to reveal structural integrity and to quantify organ 
function (at least we rely on clinical judgment). Comparing 
the resUlts of c.Jinical studies, those factors have to be 
taken into account. What is the demand on organ protec· 
cion? We are able to define the limits of a protective 
procedure as immediate, quick restitution of all organ 
functions at the .. good end,·· and functions which give life: 
support after a certain time of recovery at the i·bad end." 
But :~on organ in which i3c::hcmic tolerance is not exceeded, 
should be oft"ered nowadays. · 

Since t~ random~ed HTK trial5 arc not comprete, we 
compared the European randomized study. VW vs EC 
solution. 2J with the liuro~nsplant pilot ~tudy usin; H'I'K 
solution alone in kidney transpla.ntation.z;: Those studies 
were conducted in the same period (1988-89), and were 
evaluared by the Same criteria. Only the mas~ important 
donor and grafting criteria arc shown (Table 3). The~• 
data, in heart-beating donors, demonstrate minor differ
ences between the groups only. Graft loss. &Uaft loss for 
ischemic iqjury, delayed graft function (two or more dial· 
ysjs the first week); and recipient death is s~gniticant!Y 
higher using the EC solution (Table 4). · 

The historical comparison of HTK and UW data (ditfer
ent studies) are demonstrating no di.tference. However, the 
data of aU groups demonstrate clearly that ischemic injury 

+49625750946 T-484 A.OS/07 Nr.-077 

HOLSCHER AND GAOENEWOUO 

Tal:lle J. campartson of Conor and Grafting Crltlllla In Kldnoy 
TranaptantaUon Wllh Olrterent Protective Solutions 

l'ffi(' uwr Ecr 
H~·Beallng Oonct~ (n '" 20S) (n • J62) (n • 343) 

Oonor age (yeats) 41.0 
Donor diagnosis 

Trauma capiti3 4070 

Intracranial bleeding 42% 

Olhers 18% 

Cardiac: srre~ 19% 
Severe hypotensive period:~ 39% 
Oliguria last 24 hours 30% 
Cold ischemia period (hours) 23 
Anastomosis time (minuleS) 31 
Vascular preql!lms 9% 

'Euloii'M$pl~l piiOI iiUCiy (Gmanewco..d). 
TEuropean t81)damizlld srudy (P!cc91· 

61.2 42.5 

4Zl'o 47"/. 
38% 40,.. 
20% 13% 

16% , 7"!. 
29•1. 33% 
31~. 4S% 
24 24 
30 32 
7% 10% 

is responsible for 3.5% to 6.5% of graft loss and 20% to 
35% of impaired function&. 

Median serum creatinine decline of all kidneys (perma
nent nonfunctioning kidneys excluded) demonstrates an 
advantage for UW and HTK protection (Fig 1). In analyz
ing the HTK group accordirut to the .Parameter of c:cmplete 
immediate recovery of organ function, 38% of the trans
plants do have normal function after 24 hou.rs of ischemia 
(serum creatinine and clearance). They have the same 
function after operation as the remaining kidneys in living 
related donors, and as transplantS within 4 hours of cold 
ischemia and HTK protection.' Twenty-nine percent g.f 
kidneys had nearly normal function (values not with stan
dard deviatio11 of nonnal function). 

From u:u:: cllnlcaJ point of view, I 1% still had a good 
function but were significantly impaired up to I 0 days 
post~plant. Dc:layed graft runctlon (DGF) due to ische
mic injury was only observed in 11%. whereas, in another 
llo/;, DGF was additionally caused by other reasons, le, 
rejection, etc (Fig 2). 

UMITS OF ORGAN PROTECTION 

In animal e:<periments, ideal conditions for organ preser
vation exist. We are able to define limits of ischemic 
tolerance o{ animal organs and of the protective proce
dures; ie. limitS of protection of functions, e.n~y srarus, 
and structure. Howevc.r, the·results are usually not com-

Table 4. Comparison o~ Kidney Tr:anaplant Function 

ec tJtN HT1( 
NO. ar Reclpleni:S (n • 3431 (n • 3.52) (n • 205) 

Gran loss (3-monlh) 12"k 8..2'1'o 9.~~ 

Caused by ischemia 6.4% 3.7% 3.4"/~ 

Celayecf graft tundion 33% 23% 22-A. 
I= unction 67% 7'7""'/o 78'Yo 

Redplent dealh (3-monll"l) 1~. 0.5% 0.5% 

Eume>ean rard)ml:ICI sructy: tJW..€W solution: EU1"0!1'811:5Q11nt pilot aury: HTI< 
saullon. 
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CURRENT STATUS OF HTK SOLUTION 
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Fig 1. Comparison of mean serum creatinine decline (European 
randomized [Uw-EC solution) and Eurotransplant pilot study (HTK 
solutionD. 

pa.ra.ble with the clinical situation. Donor and recipient 
criteria currently being utilized demonstrate chat we have 
rough criteria for the func:tionalscatus or organs only, and 
that there lacks good correlation with the posttransplant 
function of the graft. Even hypotension, cardiac arresr, 
and oliguria are not correlating with the qualitative func:
tion of kidney allogl<lfts, which could be 3hown by the 
above~mentioned srudies. But recipients of grafts from 
donors with a combination of hypotension, c:udiac arrcst, 
and oliguria, so-called "bad donors," do not have a DGF 
after 24 hours of cold ischemia in 63% u~ing EC, 7i~ using 
UW, and 85% using HTK solution. Therefore, we con· 
elude that most donor criteria existing for kidney trans
plants are not suitable to predict posttransplant graft 
function. 

In most clinical situations, ischemic stress is tolerable 
using the above-mentioned protective procedures, bur noc 
all organs tolerate the amount of ischemic stress in addi
tion to their preexisting i!ijury. This leads to ischemic graft 

(log .. 1 
T 

8 

s 

• 
3 

.. ~ 
··-. 

• 

• 

"Q_ 
,UIOCT10Nt 

- NCIIUIAL 39 .. 

\\ . - NEAA•Y NORW41. 2~'1. 

• IICOD n'l. 
\ ... Q ... I.SCWCir.uC AJ"N 11'11 

'· -. ..... ,..," ,___ 

0~~--~----~~~~~~-r~~~r-~ 
1 : 3 4 s • 1 a a 10 16 20 25 ~o 80 so 

DAYS AFTE.R TRAHS,LANTATION 

Flg 2. Mean serum creadnine decline of dllferenr groups of 
HTK-protected kidney transplants CEurotransplanr pilot srudy). 
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loss of 3% to 7% and 20% to 40% of delayed graft function 
in kidney transplants. Therefore, it seems logical t_o focus 
on organ function in donors to define the risk group which 
will tolerate less ischemic stress . 

Bretschneider's HTK solution uses general principles of 
organ protection that have been successfully used in the 
pro[ection or heal'is and kidneys. Initial clinical results 
demonstrate that it can be used in human liver and 
pnncrc~ 11.3 well. In the near ruture we may have two 
competitive solutions for multiple organ donation. 
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ORGANPROTEKTIVE LOSUNG HTK 

nach Bretschneider 

Niere - Pankreas - Leber • Multi-Organ 
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Anomalies. Transplantation Proceedings 25 (1993), 3160-3161. 

44. ERHARD, J. et al.: 
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Labeling 

1000 ml perfusion solution 

Custodio!® 
Bretschneider HTK solution 
For organ preser.:ation (heart, kidney, liver and multiorgan protection) 

1000 ml perfusion solution contains 

0,8766 g sodiwn chloride 
0,6710 g potassium chloride 
0,1842 g potassium hydrogen 2-ketoglutarate 
0,8132 g magnesium chloride x 6 HzO 
3 7733 cr histidine x HCl HzO 

' ::> 
27,9289 g histidine 

0,4085 g tryptophan 
5 4651 cr mannitOl 

' ::> 
0,0022 g calciwn chloride 

in water for injections 

Osmolality: 310 mosmol/kg Anion: Cl50 mEq 

= 
= 
= 

= 
= 
= 
= 
= 

15,0 mmol./1 
9,0 mmol./1 
1,0 mmol/1 
4,0 mmoi.J1 

18,0 mmol./1 
180,0 mmoL'1 

2,0 mmoL'l 
30,0 mmoL'l 
0,015 mmoL'l 

Solution for organ perfusion in connection with ,in-situ-operations" and organ 
transplantation, and for organ preservation and arterial and venous graft storage. 

Do not use the solution if it is not clear or if the container is damaged! 

Store at 8°- 15°C 
.PFesssription OJ:J.l: · a:J:seieine 

Protect from light 
Sterile and pyrogen-free 

Batch number: /expiry date: 

Ca. .. \.i-io.,.,, Fe cfe..-a..l law r-es+ric.+s "tb.; s J evic.e... to s~fe.. b '1 er 0 ., -th.e.. 
otrde..r t)F ..... plt.'t...sic..t'a._,, 

Dr. F. Kohler Chemie GmbH 
P.O. Box 1117, D-64659 Alsbach-Hahnlein 

Germany 
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For the urgent attention of : 
Dr. Schaffner 
Kohler Chemie 

FAX 00 49 62 57 50 946 

Dear Or. Schaffner, 

Eurotransplant Telefax 
... 31 71 5 79 00 57 

Leiden, January 8, 1999 

Enclosed you will find an overview of the number of kidney and liver donor organs, perfused 
with HTK and used in a transplant (carried aut in the Eurotransplant area). 

With best regards, 
Yours sincerely, .... / .......... 

. ~··' 

Dr. Johan De Meester 
Head Medical Affair 

... · 

41° 
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Transpl Int (1994) 7 [Supplt]: S479-S480 
© Springer-Verlag 1994 PRESERVATION - .. · ' ·. '·>. ·,> .. ·' ' ''. . ---. ' . . . . " . ..: 

A. F. Groenewoud 
J.de Boer 
for the HTK study group 

A report of the eurotransplant 
randomized multicenter study 
comparing kidney graft preservation 
with HTK, UW and EC solutions 

A. F. Groenewoud ~ · J. de Boer 
Department of Surgery and 
Transplantation, 
Technical University Hospital 
Rechts der Isar, 
Ismaningerstrasse 22, 
D-81675 Munich, Germany 

Abstract Special attention has been 
focused in this randomized study 
on the primary function of renal 
allografts preserved with different 
solutions. Histidine-Tryptophane
Ketoglutarate (HTK) and Univer
sity of Wisconsin (UW) solutions 
provided a significantly lower 
incidence of delayed graft function 
compared to Euro-Collins solution. 

Improved renal function after 
transplantation was observed in the 
HTK and UW groups compared to 
the EC group. 

Key words Renal transplantation 
Delayed graft function 
Randomized study 
Preservation with HTK, UW, and 
EC 

lntroductio n 

The aim of preservation is to maintain k;idneys in optimal 
condition from the time of explantation until transplan
tation. Delayed graft function (DGF) is a serious compli
cation. A multifactorial pathogenicity has been attributed 
to the aetiology ofDGF that may include donor manage
ment, age, ischemic periods, use of cyclosporin-A (CyA) 
and preservation quality. Tl;le aim of this study was to test 
the efficacy of the Histidine-Tryptophane-Ketoglutarate 
(HTK) preservation solution compared to the University 
of Wisconsin (UW) and Euro-Collins (EC) solutions by 
means of two prospective randomized clinical trials. 

Materials and methods 

Forty-seven centers have participated and followed a strict protocol 
for organ preservation. Randomized assignment of the preservation 
solution and data collection were coordinated by a central office. 
The follow-up questionnaires of 1078 consecutive kidney transplan
tations were available for this analysis. 

Results 

The characteristics of donor and recipient that could 
influence the graft function were comparable between all 
groups. The median cold ischemic period in HTK- and 
UW-preserved kidneys was 26 h, and in EC-preserved it 
was 27 h. Initial nonfunction with graft failure within the 
1st. postoperative week was 5% in all groups. DGF 
requiring two or more dialysis treatments in the 1st 
postoperative week was 20% (107/544) in the HTK, 25% 
(66/266) in the UW, and 32% (85/268) in the EC group 
(P = 0.001). For all risk factors, DGF was lower in the 
HTK and UW groups than in the EC group. Postopera
tive serum creatinine values in functioning grafts de
creased more rapidly in HTK- and UW -preserved kid
neys than in the EC-preserved kidneys. The median 
creatinine clearance on day 14 was 58 ml/min in HTK 
kidneys, 49 ml/rnin in UW kidneys and 38 mlfmin in EC 
kidneys. 

000319 
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Conclusions 

An important finding in this study was that the incidence 
of DGF was 5% lower in the HTK group than in the UW 
group and 12% lower in the HTK group than in the EC 

group. Improved renal allograft function was indicated 
by a rapid decrease in serum creatinine levels and higher 
creatinine values in the HTK and UW groups compared 
to the EC group. 

00032() 

l-(~ 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



EXHIBIT 16 

L(1~ 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



~ 0 
-.....JO 
~0 

w 
N 
~ 

Testing Parameter 

1. Identification 
1 . 1 Infrared Absorption 

1 . 2 Specific Rotation 
1.3 pH 

1 .4 Loss on Drying 

2. Impurities 
2.1 Chloride 
2.2 Sulfate 
2.3 Arsenic 
2.4 Iron 
2.5 Heavy metals 
3 Assay 

COMPARISON OF USP AND EP SPECIFICATIONS 
FOR HISTIDINE HYDROCHLORIDE MONOHYDRATE 

USP Specification (the EP Specification (for Histidine 
Histidine monograph of USP Hydrochloride Monohydrate) 
23 is used) 

The test specimen is Examine by infrared 
compared to a reference spectrophotometry (V.6.18). 
standard The absorption maxima in the 

spectrum obtained with the 
substance to be examined 
must correspond in position 
and relative intensity to those 
in Histidine HCI•H 20 CRS 

Between + 12.6° and 14.0° Between + 9.2° and 10.6° 
Between 7.0 and 8.5, in a Between 3.0 and 5.0 
solution 1 :50 
n.m.t. 0.2% of its weight Between 7.0% and 1 0.0% 

n.m.t. 0.050% N/A 
n.m.t. 0.030% n.m.t. 0.030% 
n.m.t. 1.5 ppm Not listed 
n.m.t. 0.003% n.m.t. 0.001% 
n.m.t. 0.0015% n.m.t. 0.001% 
Potentiometric titration (98.5 Potentiometric titration (98.5 
- 1 01.5%) - 1 01.0%) 

--------------------------

Comments 

EP is equivalent to USP 

The specifications 1 . 2-1 .4 are 
not comparable on a 
quantitative basis because 
USP is for Histidine and EP is 
for Histidine HCI•H 20. 
However, they are 
specifications for the same 
characteristics. 

EP is equivalent to USP 

EP is better than USP 
EP is better than USP 
EP is equivalent to USP 
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vra )an
(BELZER UW) 
COLD STORAGE SOLUTION 
DIRECTIONS FOR PREPARATION AND USE 

** 

NOT FOR DIRECT lllJECTION OR INTRAVENOUS INFUSION. 

DESCJIPTION . 
VIa Spall• (Balzet' UW) can bit used lor bypolhtrmlc fiU5hlng 1111d l.torago ol or{IWJS lnduding kidney, 
fiver, and pancrens in preparation lor lrusport~on prior to ranspl111lallon. 
The sot.tlion oomposilion Is: 

Pentalraction • 50 gil 
Laclobionic Acid (as Lactone) 35.83 giL 
Potassium Phosphate monobasic 3.4 g/l 
Magnulum Sulfate heptahydrata 1.23 giL 
Aalllnola ponlahydrala 17.83 giL 
Adanosine 1.34 giL 
Allopumol 0.1J6 giL 
Total Glutalhiono 0.922 gJl 
Potassium HydroMida q.s. 
Sodium Hydr<llide adjust to pH 7.4 
Water lor lnjee~ion q.s. 

VIaS pan • (Belzer UW} is a claar to light yellow, slatila, non-pyoooenlc soluUon tor hypothermic flu sling 
and staage ol organs. The solulicn ha.s an app-aximata calwlated osmolulty ol 520 m:JsM, a sodium 
concentration of 29 mEq/L, a potassium concantraUon ol 125 mEq/l, and a pH ol about 7.4 al toom 
temperature. 

ACTIONS 
Alter pnteoo~ng the solution to about 2-{)"C (35.6-43"F) In Ice, tha cold &dutlon Is usod to llush the 
isolated organ immediately belate removal from tho donor ud/or lmmedia!oly after romoval ftom the 
donot. fh11 lidUiion ti then left In the organ vasculature durlag hyp~tharmlc storage and transpotlallon. 
Thl=; sdulion is to be used lot cold storage oil be otgan and not lot conllruous machine perfusion. 
AdminiWalion or the solution at tho rooomm&ndad tempatalutos wil eflec11vely CA:OI tho organ and shou 
reduce its melabolic requirements. 

INTENDED USE 
This sdutlon i:i Intended for llushing and cold $forage of organs lndudlng kidney, liV&r and pm1Claa.s el 
tha llm1 of their removal lrom the donor In ptoparatlon tor storage, transportaUon and evontual 
transplu11alioo Into a· recipient. 

CONTRAINOICA. TlONS 
There are no known conltaindications wh&n ustd as direct ad. 

WARNINGS 
NOT FOR DIRECT IIIJECTION OA INTRAVENOUS INFUSION. 

PRECAUTIONS 
ViaSpan• (BelzBf UW) Includes aug constituents which lndhtldually have caused hypersensitivity 
reacliollS In pollients (allopurinol, penicillin, lnso.Ain, dexamethuona, and pantalracUon). 
Physicians :;hould consull drug labeling i'ldillldually and be alert lo treat p»Sible reactions. 
Before rapllffuslon I& sstabli$had h tho recipient, tho donor organ must bt flushed free of 
lha col4 :rtoraga sollltion using a physiological tolutlon to prevonl oceuue~ce In lhe redplent Dl potll(llla 
serious cardl,ascular compllcallcns such as h,-p&ttlalemlc cardiac arrest or bradyarrh~hmla. 
Becaua ollhl high conceollallon of ·potassium In the soluUon, precautions mun bo laton during dCJlor 
organ rvtriav~ to aveld cardiac anesl. · 

ADVERSE REACTIONS 

I 
No adverse teacllons thought to be alltlb.Jii\hlelo lhe 54lullcn have been obnrvad when lhu solution is 

, ured as described. However, carctovascular compllc:allons sach as brady arrhythmia have been repolted 
cases where lha orgilll has !Man 10thahtd with fresh solutlon within a sh4Jrt pt»fod (1-3 hours! prior to 
release ol voucular anastomosis clamps tllhe reclplont, or 'oth&n lnadequlte !lush out ol the solullon ha 
OCCUlTed. 

~: ~ . 

~ 

PREPAAA TION ANO ADMIHISTRATION 

A•JOOY• ovstWrap prior to u511. Cod I he Sjllulion lo 2-0"C In ice. Remove twist-oN plug tram port 
d8$1gnattd "delivery sol port". Insert spiko I rom tha administration sal Into port with IWI$ling million. Prior 
to connection to the org11n, the solution container should bo suspended !tom a &ullclonl hsight to allow 
lor a aleady stream or solution 1111d to prc6uco now rates or atle~ 30 mUmln dwing nushlng. Aushfng 
should bo conti'lultd .until tht organ Is uniformly palo and tho allluen! 15 r&lallve!y clear. 

IIMleeiale!y prior to use, lo lormula!e tha Hnal solution, aseptically add the lollowlng additives: 

I. Penicillin G 200,000 units 
2. Aegu!ar Insulin 40 units 
3. DexUlelhn:ma 16 mo 

Suggested Minimum Volumes 

In IWo aoolic !lush: 

- adults. 2-4 L 
- lnlaniS, 50 miJl«g 

E~ "li'P hlusion: 
- liver (Ilia portal vein and biliary ltee) 

- adults, 1200 ml 
- Infants, 50 mUkg 

- pancreas or kidney 

- adults, 300...500 ml 
- infants. 15(}250 ml 

Additional aolullon should bt dlspansed lnlo lha container hakjing lha organ. Sullhe container 
aseplically. Tllt organ storage conlainor ~hould bo malnlained wilhin a well-insutaled transport container. 
lea shoud ba us ad to surround lha organ storage container, but should not be use<l within lh• oontafnar, 
Y1her11 the lea could come into direct contact with lha agan. 
Do no1 usa solution if particulato maller, precipllatos, a contamlna11on Is evident In the solull<Jn. Chock 
bag lor laaks by squeezing container Jimiy. lllaal<s are lound, di~cud solullon containers. 
In order to mlrimlze residu05 ol lht solullon In lha liver, just prior Ia anutomosls, liush one lilar ol 
l<¥:1ated Rlngar's through lha hep.-lc penal vein. 

HOW SUPPLIED 

Code - J000-46·06 

1000 ml VIa Span • (Balzer UW}, Cold SIDtaga SotuiiCI'l in one liter bags, 11hall ca.rton of 1 o. Stora product 
al rehlgualed temparalures 2-s•c (35.646"F) until ust. Avol:l axce~sille heat. Do not freeze the solution. 
Do r.ot usa il discolored or particulates are present. 

CAUTION: Federal (USA) law raslricts lhls davlce to sale by or on lha ardor of a physician. 

Matlufaelurod by: 
NPBI B.V. 
The Nalherlands 

Obtribuled by 

Du Pont Pharmaceuticals 
Tha Du Pont Marek Pharmaceutical Co. 
Wlm~~on, Oelawaro 19680 

620(-4/Rev. Oct., 1992 

• Patent 4,790,824 
" Patent 4,819,283 

~ ~ 
ViaSpan• is a~~:;;: lradamart ~ 
ol Tho D.J Pont Merck Pharmaceutical Co. 
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ViaS pan® 
.. (BELZER UW) 
·:cOLD STORAGE SOLUTION** 
~ DIRECTIONS FOR PREPARATION AND USE 

NOT FOR DIRECT INJECTION OR INTRAVENOUS INFUSION. 

·~ DESCRIPTION 
ViaS pan" (Belzer UW) can be used for hypothermic flushing and storage of organs including kidney, 
liver, and pancreas in preparation for transportation prior to transplantation. 
The solution composition is: 

Pentatraction • 50 g/L 
Lactobionic Acid (as Lactone) 35.83 g/L 
Potassium Phosphate monobasic 3.4 g/L 
Magnesium Sulfate heptahydrate 1.23 g/L 
Raffinose pentahydrate 17.83 g/L 
Adenosine 1.34 g/L 
Allopurinol 0.136 g/L 
Total Glutathione 0.922 g/L 
Potassium Hydroxide q.s. 
Sodium Hydroxide adjust to pH 7.4 
Water for Injection q.s. 

ViaSpan" (Belzer UW) is a clear to light yellow, sterile, non-pyrogenic solution for hypothermic flushing 
and storage of organs. The solution has an approximate calculated osmolarity of 320 mOsM, a sodium 
concentration of 29 mEq/L, a potassium concentration of 125 mEq/L, and a pH cf about 7.4 at room 
temperature. 

ACTIONS 

After precooling the solution to about 2-6°C (35.6-43°F) in ice, the cold solution is used to flush the 
isolated organ immediately before removal from the donor and/or immediately after removal from the 
donor. The solution is then left in the organ vasculature during hypothermic storage and transportation. 
This solution is to be used for cold storage of the organ and not for continuous machine perfusion. 
Administration of the solution at the recommended temperatures will effectively cool the organ and should 
reduce its metabolic requirements. 

INTENDED USE 

This solution is intended for flushing and cold storage of prgans including kidney, liver and pancreas at 
the time of their removal from the donor in preparation for storage, transportation and eventual 
transplantation into a recipient. 

CONTRAINDICATIONS 
There are rio known contraindicat'ions when ·used as directed. 

WARNINGS 

NOT FOR DIRECT INJECTION OR INTRAVENOUS INFUSION. 

· PRECAUTIONS 
ViaSpan" (Belzer UW) includes drug constituents which individually have caused hypersensitivity 
reactions in patients (allopurinol, penicillin, insulin, dexamethasone, and pentafraction). 
t-'m,~.c~rl'lrl~ should consult drug labeling individually and be alert to treat possible reactions. 

reperfusion is established in the recipient, the donor organ must be flushed free of 
t!}e cold storage solution using a physiological solution to prevent occurrence in the recipient of potentially 

cardiovascular complications such as hyperkalemia cardiac arrest or bradyarrhythmia. 
oc'c;,.,J,..,.· of the high concentration of potassium in the solution, precautions must be taken during donor 

eva! to avoid cardiac arrest. 
~~~;~ 
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PREPARATION AND ADMINISTRATION 

·~.c~ ~.":~ ·!' .... • 

···,_~~..:; ~ ...... ;. 

Remove overwrap prior to use. Cool the solution to 2-6°C in ice. Remove twist-off p.lug from-:: ;c;rt.<:: < · 
designated "delivery set port". Insert spike from the administration set into port with twisting motion. Prior 
to connection to the organ, the solution container should be suspended from a sufficient" height "to· allow 
for a steady stream of solution and to produce flow rates of at least 30 mUmin during flushing. Flushing ! 
should be continued until the organ is uniformly pale and the effluent is relatively clear. · ·: 

Immediately prior to use, to formulate the. final solution;· aseptically add the following additives: · · 

1. Penicillin G 200,000 units 
2. Regularlnsulin 40 units 
3. Dexamethasone 16 mg 

Suggested Minimum Volumes 

In vivo aortic flush: 

adults, 2-4 L. 
infants, 50 r:nUkg 

Ex vivo infusion: 
liver (via portal vein and biliary tree) 

. - adults, 1200 ml 
- infants, SO mUkg 

pancreas or kidney · · 

adults, 300-500 ml · 
- infants, 150-250 mL 

• ::r~:;:-~:: .. :.:··. 

···-•1-' \... • .... 

:._. ' . . . . -~ 

. .... ·-:..: .:,:. 

Additional solution should be dispensed into the container holding the organ. Seal the container 
aseptically. The organ storage container should be maintained within· a well-insulated transport container. 
Ice should be used to surround the organ storage container, but should not be used within the container, 
where the ice could come into direct contact with·the organ. · ·. 
Do not use solution if particulate matter, precipitates, or contamination is evident in·the solution: Check 
bag for leaks by squeezing container firmly. It leaks are found, discard solution containers. · 
In order to minimize residues of the solution in the liver, just prior to anastomosis, flush one liter of ·· · 
lactated Ringer's through the hepatic portal vein. 

HOW SUPPLIED 

Code == 1000-46-0S 
·: . 

1000 mL ViaSpan~ (Belzer UW), Cold Storage Solution in one liter bags, shelf carton of 10 .. Store product 
at refrigerated temperatures 2-8°C (35.6-46°f) until use. Avoid excessive heat. Do not. freeze the solution. 
Do not use if discolored or particulates are present. ·· · · · · · · · · · · · • ·· 

CAUTION: Federal (USA) law restricts this devic~ to ·sale by .or on. the. order. of a physician .. · .. _ . 

Manufactured by: 
NPBI BN ... ·:.-: ; . ~ .... ·. . ·:.-;.:. .. 
The Netherlands :.' . . ... . : .... ~~: :.: ..... .. •: .. _ :•: ~- "~·-· .. . -· ... · ·- . 

- •• :::;. • .:·. • :: :- ~: t ;- _: : :: . ; • 7' .• •• : '. ••• ·-: . •. -. ·. : .••.. •• .. :...~ · ... .: .. .... ; . :: .. . ~;._ ·. . 

Distributed by ·~ ·:·~·; :·-·:•~.··: :::..:···_:·.:.: ... ,..~ .. ~· -··:: ~:--: .;:·.~.:~:.- ... ·.~:. ·:; ~:;,•':. '.:·-.•·.:~. :· .. ·. '::c ' · 

·· Du · Pont:P.ha.n.TI~c-eutical$;::~· . .-::·:·:.::~ .. -·.·.=,~;::~.::;.~:~:·~.·~··._:<:~,:~·-!:~: .. ~:~·.:·::::~.,~: ·:··~ .. ~~",~':.''~:· :~.:. ~-~·,:_,: :··:·. 
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.. . ViaSpan .·· is a registered trademark . ..; 

. · ···of The Du Porit Merck .Pharmaceutical_ Co~.~- 1.") 
• ' ;', • ' • • '., ,,f o I • ~ 

... ·.~· ····.· ...... . . ;.• ....... ,., 
..... ~ .. P.atent 4,798,824.,· ~.-.: .. :.~·~ ~:: .. -~:;· .. ·. 
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Introduction Since the first living-related kidney transplant 
was performed at Brigham Hospital, Boston, in 
1954, transplantation surgery has advanced at a 
startling pace. Nineteen eighty-nine will be remem
bered as the year of a particularly significant break
through in organ preseNation and transplantation 
because of the introduction of ViaSpan'M (Belzer 
UW Cold Storage Solution). 

Although you've probably heard of ViaSpan'~ 
read about it, or may have even used it in clinical 
trials, you may want to know more about this 
remarkable cold storage solution. With this in 
mind, DuPont Pharmaceuticals has developed 
this brochure to answer some of the most com
monly asked questions about ViaSpan'~ We are 
confident you will agree that ViaSpan'" is the name 
to remember for superior organ preseNation. 

ViaSpan'" was designed and developed 
through the efforts of Folkert Belzer, M.D., 
a transplant surgeon, and James Southard, Ph.D., 
a biochemist, both from the University of Wisconsin, 
in collaboration with Du Pont Pharmaceuticals. 
This cold storage solution marks the first in a new 
Du Pont family of important transplantation prod
ucts. As the leader in synthetic colloids, Du Pont 
Pharmaceuticals continues to be fully committed 
to ongoing research and development of innova
tive high-quality products for the advancement of 
transplantation surgery. 

For more clinical information about ViaSpan'~ 
please call Du Pont Pharmaceuticals, Medical Affairs, 
at 1-800-441-9861. To place an order, please phone 
Customer Service at 1-800-543-8693. 
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QUESTION -----ANSWER 

What is ViaSpan•w 
(Belzer UW Cold 
Storage Solution)? 

What important 
advantages does 
ViaSpan'M offer? 

In view of these 
advantages, 
how can ViaSpan•w 
improve 
transplantation 
surgery? 

ViaSpan'M is a sterile, nonpyrogenic solution that 
safely preserves the human kidney, liver, or pancreas 
prior to transplantation. It can be used for in vivo 
aortic flush, ex vivo infusion, and subsequent cold 
storage.'·2 

ViaSpan•w dramatically prolongs the ex vivo 
viability of these organs, which will increase the 
number of organs available for transplantation. The 
time available between donation cf a liver or pan
creas and its transplantation into a recipient can be 
up to tripled with the solution. Previously, these 
organs had to be transplanted within eight hours. 
ViaSpan'M also matches .current kidney preserva
tion times up to 40 hours. Preliminary findings from 
one study demonstrated that kidneys preserved in 
ViaSpan•w required less postoperative dialysis than 
those preserved in Euro-Collins solution?·3 

Increased ex vivo organ viability with ViaSpan•w 
opens up a number of important opportunities: 
Organs can be removed and preserved prior to 
the recipient's arrival; livers can be obtained even 
before there is a recipient, thus increasing organ 
availability and reducing waste; organs can be 
transported from greater distances; and there is 
more time for analysis of donor organ and recipient 
tissues. Overall, transplantation surgery can now 
be scheduled in advance rather n-.an as an emer
gency procedure? 

y . 

How does 
ViaSpan'M confer 
these benefits? 

Because of its unique formulation, ViaSpan'M 
fulfills the criteria essential for safe, effective, and 
extended preservation of the donor kidney, liver, 
or pancreas prior to transplantation: 

• Contains Pentafraction'~ a unique low
molecular weight colloid, for superior oncotic 
support to prevent expansion of the interstitial 
space 

• Contains lactobionate, an impermeant 
anion with a large relative molecular mass, 
and raffinose, a saccharide with a large relative 
molecular mass, to prevent hypothermic
induced cell swelling 

• Contains glutathione· which is depleted 
during ischemia and considered essential for the 
reduction of cyiotoxic agents, such as hydrogen 
peroxide, lipid peroxides, disulfides, ascorbate, 
and free radicals 

• Contains allopurinol* to inhibit xanthine 
oxidase, which, in turn, prevents injury from 
oxygen-free radicals especially during reperfusion 

• Contains adenosine* to stimulate adenosine 
triphosphate (ATP) synthesis afler perfusion, 
necessary for energy metabolism 

• Contains no glucose to stimulate lactic acid or 
hydrogen ion production and thus prevents intra
cellular acidosis, which is particularly important 
for effective liver and pancreas preservation• 

'Included for theoretical reasons; the role of this 
ingredient in organ preservation is not clear. 

3 
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Why is the colloid 
Pentafraction'" 
such an important 
ingredient of 
ViaSpan'w? 

What other 
ingredients does 
ViaSpan•w contain? 

Should any spe~ 
cific precautions 
be taken when 
preserving organs 
in ViaSpan'w? 

Why should 
ViaSpan'" be used 
at the onset of 
in vivo aortic 
flushing and for 
ex vivo infusion 
and cold storage? 

Pentafraction•w is a unique low-molecular 
weight colloid that is a modification of Du Pont 
Pharmaceuticals' widely used plasma volume 
expander Hespan• (6% hetastarch). By providing 
superior oncotic support, Pentafraction•w helps to 
maintain an open vascular network and prevents 
the expansion of extracellular space for improved 
organ preservation.2·• 

In addition to the aforementioned ingredients, 
ViaSpan'" contains potassium phosphate mono
basic, magnesium sulfate heptahydrate, potassium 
hydroxide, sodium hydroxide, and water for injec
tion. Immediately before use, the following should 
be added aseptically to formulate the final solution: 
200,000 units of penicillin G; 40 units of regular 
insulin; and 16 mg of dexamethasone.• 

Because ViaSpan'" has a high potassium con
centration, the donor organ, particularly the liver, 
must be flushed just prior to anastomosis with one 
liter of lactated Ringer's solution to wash out the 
cold storage solutlon before reperfusion. This is 
extremely important in order to prevent hyper
kalemic cardiac arrest in the recipient. The kidney 
and pancreas should be allowed to drain com
pletely prior to anastomosis.• 

There are important reasons to use ViaSpan'" 
from the beginning of in situ flushing, as well as 
for subsequent ex vivo infusion and cold storage. 
Using ViaSpan'w achieve~ rapid cooling and maxi
mal saturation of the organ's vasculature. In this 
way, you can avoid cell swelling that can occur 
once the organ has been clamped off. Ex vivo . 
infusion allows for continued flushing of blood 
and effluent to yield a uniformly pale and relatively 
clear effluent. 

How does 
, ViaSpan•w differ 
l from Euro~Collins l solution? 

Does ViaSpan•w 
have advantages 
over other cur~ 
rently available 
preservation solu~ 
tions in kidney 
transplantation? 

Unlil<e ViaSpan•w, which contains the imper
meants lactobionate and raffinose, Euro-Collins 
solution utilizes glucose as the main impermeant. 
Because glucose can pass into the liver and 
pancreas, it does not effectively prevent cell 
swelling and qm cause acidosis in these organs. 
In view of this, Euro-Collins solution is not effec
tive for extended preservation of these organs. 
Moreover, ViaSpan•w contains Pentafraction'" to 
help maintain an open vascular network and pre
vent the expansion of extracellular space, while 
Euro-Collins does not contain a colloid to exert 
oncotic support.• 

According to preliminary results reported by 
Or. Rutger Ploeg of the University Hospital 
Leiden, The Netherlands, and colleagues, at the 
American Society of Transplant Surgeons meet
ing in June 1989, ViaSpan'" is superior to Euro
Collins solution for the preservation of kidneys. 
Of the 1 08 kidney transplants analyzed in the 
prospective, randomized phase of this multi
center European clinical trial, patients with l<idneys 
preserved in ViaSpan•w showed a 50% decrease 
in postoperative serum creatinine levels within 
five days compared to 14 days for those with 
Euro-Collins-preserved kidneys. 

Furthermore, patients with kidneys preserved 
in ViaSpan•w required less postoperative dialysis: 

• 16.6% lower dialysis rate (8 of 54 patients for 
the ViaSpan•w group vs. 17 of 54 patients for 
Euro-Collins solution) 

• 63% fewer procedures 

• The total number of dialyses required until day 14 
was 29 with ViaSpan•w-preserved kidneys and 78 
with Euro-Collins-preserved kidneys3 

5 
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How does 
ViaSpan'" com
pare with other 
currently available 
preservation 
solutions in 
extending liver 
preservation time? 

0 
0 
0 
C..; Cl\ 
~ ~ 

Considering the demonstrated superior 
quality of the kidneys preseNed in ViaSpan'" 
and the reduced need for dialysis, this in vivo 
aortic flushing and cold storage solution greatly 
increases the potential for more successful and 
cost-effective kidney transplantations. 

Liver graft preseNation time ex vivo was signifi
cantly longer with ViaSpan'" than with Euro-Collins 
solution, according to a study conducted by Drs. 
Satoru Todo and Thomas Starzl and colleagues. 

ViaS pan'" 

(N = 185) 
Euro-Collins solution 
(N = 180) 

Mean cold·.:·.-·'.·. '; ..... ·::. '· >·,;.~. ·.: :·, .. ·> . .:.,•i;j 
ischemia.·.~ .. ' > 10.1'± 5.0* 5:9 ± 1:4 .'::-.;''; ;;.j 
~lme (hours) · .. ·. · ·•. · '•·:.~ · ' · .. , · · ·~ · '' 

Range (hours) 4-24 · 3-9.5 
! .. , 
·statistically significantly longer at the pdl01 level. 

Moreover, these investigators from the University 
Health Center of Pittsburgh obseNed higher rates 
of graft suNival and graft function with ViaSpan'". 
Also, there was a significant reduction of hepatic 
artery thrombosis (p<.05), possibly due to inhibition 
of cell swelling by ViaSpan'". Very importantly, 
fewer retransplantations were required in the 
ViaSpan'" group. According to this study pub
lished in JAMA, "The remarkable effectiveness of 
the UW solution [ViaSpan'1 has revolutionized liver 
transplantation at almost every level:' 5 

How does 
ViaSpan'" com
pare with other 
currently available 
preservation 
solutions in 
regard to degree 
of hepatic preser
vation injury? 

Can ViaSpan'" be 
used to preserve 
other organs? 

How is ViaSpan'" 
supplied? 

Are there any 
special storage 
requirements for 
ViaSpan'"? 

Liver allografts sustained far less preseNation 
injury when preseNed in ViaSpan'" as opposed to 
Euro-Collins solution, according to a retrospective 
analysis of 215 liver transplants. Using initial trans
aminase levels (24 hours postoperative), Drs. Todd 
Howard and Goran Klintmalm and colleagues at 
the Baylor University Medical Center, Dallas, classi
fied 70 livers as severely injured (SGOT>2000) and 
35 as minimally injured (SGOT <600). Severe injury 
occurred more often than minimal injury in grafts 
preseNed in Euro-Collins solution; in contrast, min
imal injury was more prevalent than severe injury in 
livers preseNed in ViaS pan'". 

Rejection during the first 35 postoperative days 
was significantly greater In severely injured livers 
than in those with minimal injury (71% vs. 37%, 
p<.002). Also, there was more graft loss (17% vs. 
3%) and delayed recovery of graft function when 
preseNation injury was severe. Rejection severity 
and the frequency of recurrent or chronic rejection 
were comparable in the two groups. In light of 
these ~esults, the investigators recommend mea
sures be taken to reduce hepatic preseNation 
injury in order to reduce rejection and increase 
graft suNival.6 

Ou Pont Pharmaceuticals is now investigating 
ViaSpan'" and modifications of the cold storage 
solution for use in transplantation of other organs. 

ViaSpan'" is packaged in convenient one-liter 
plastic bags, with 10 bags per shelf carton. 
The minimum order is one carton. The solution is 
available in the U.S., Canada, and Europe. 

ViaSpan'" should be stored at refrigerated 
temperatures of 2-8° C (35.6-46° F). 

· ... / 
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What is the shelf
life of ViaSpan'"? 

Why does 
ViaSpan'" cost 
more? 

Is ViaSpan'" 
readily available? 

Is ViaSpan'" 
available on an 
emergency basis? 

How can I obtain 
more clinical 
information about 
ViaSpan'"? 

The shelf-life of ViaSpan'" from the date of man
ufacture is 12 months; on receipt at your hospital, 
the shelf-life will probably be six to nine months. 

ViaSpan'" contains several ingredients that have 
to be specially formulated, and the solution requires 
constant refrigeration prior to use, both of which are 
costly. Although ViaSpar]'" may seem expensive, its 
far-reaching benefits in transplantation surgery 
should result in more cost-effective hospitalization. 

ViaSpan'" is normally shipped only on Mondays, 
Tuesdays, and Wednesdays to ensure that person
nel are available to receive and refrigerate the solu
tion upon arrival and prior to the weekend. To ensure 
prompt and efficient delivery, Du Pont Customer 
SeNice should be notified of your receiving hours. 

Should a supply of ViaS pan'" oe required for an 
emergency procedure, it can be delivered the same 
day or overnight. To place an order, please phone 
Du Pont Pharmaceuticals, Customer SeNice at 
1-800-543-8693. 

For more clinical information about ViaSpan'~ 
please call Du Pont Pharmaceuticals, Medical 
Affairs at 1-800-441-9861. 
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DUPONT 
PHARMA 

NORTii AMERICAN REGION 

P .0. Box 80025 
Wilmington. Delaware 19880-0025 

July 15, 1994 

Colin Kendell, M.D. 
267 Cherry Valley Road 
Princeton, NJ 08540 

Dear Dr. Kendell: 

Thank you for your inquiry regarding information about v"'ASPAN® (Belzer 
UYV-CSS). 

BACKGROUND 

VIASP AN® (Belzer UW -CSS) 

COLD STORAGE SOLUTION 

VIASP AN is intended for use as an in situ hypothermic flushing agent and cold 
storage solution for organs including the kidney, liver, and pancreas in 
preparation for storage, transportation. and eventual transplantation: After 
the solution is ,precooled, it is infused into the isolated organ either 
immediately before or after its removal from the donor .. The solution· is then 
left in the organ vasculature during hypothermic storage and transportation. 
VIASP AN is to be used only for cold storage of the organ and not for 
continuous machine perfusion. 

VIASPAN was developed by Folkert 0. Belzer, M.D., and· James H. Southard, 
Ph.D., both of the University of Wisconsin at Madison.l Its composition was 
designed to meet specific requirements that these investigators believe are 
necessary for an effective cold storage solution. It contains lactobionate and 
raffinose as osmotically active, nonmetabolized impermeants to suppress 
cellular swelling induced by hypothermia; potassium phosphate for effective 
buffering to prevent intracellular acidosis; pentafraction• (a modified 
pentastarch), to provide sufficient colloidal osmotic pressure to prevent 
expansio:r:t of the interstitial space during the flush-out period; glutathione and 
allopurinol to prevent cytotoxic injury from oxygen free radicals; and adenosine 
for regeneration of high-energy phosphate compounds during reperfusion. 
Finally, the solution contains magnesium, an impermeable anion, to prevent 
cellular swelling and a high concentration of potassium to facilitate the 
maintenance of normal intracellular osmolality. VIASPAN has an 
approximate calculated osmolality of 373 mOsM. a sodium concentration of 

CTSI: 71-151 
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29 mEq/L, a potassium concentration of 125 mEq/L, and a pH of 7.4 at room 
temperature. 

The following is a· brief summary of currently available data on the use of 
v.IASPAN in the preservation and cold storage of human liver, pancreas. and 
lddney. 

*Du Pont Patent 

LIVER· .. ~-. ....... ; 

Kalayoglu et aL2 have published the results of :::1-z...:.consecutive successful 
orthotopic liver transplants using VIASPAN (in situ flush and cold storage). 
The patients .. ranging in age from 6 months to 60 years, were all suffering from 
end-stage liver disease. The mean total preservation time was 10.5 hours 
(range, 6-20 l;lr): in nine cases, the preservation time exceeded 10 hours (range, 
11-20 hr). In all patients, intra- and postoperative bile production was 
excellent and there was primary graft function: intraoperative liver biopsies 
revealed normal liver histology. Serum aspartate an;J.inotransferase (.AST) levels 
were found to be similar in patients with livers preserved for 6 to 10 hours or 
11 to 20 hours (all values returned towards normal by the fifth postoperative 
day). The duration of graft preservation did not affect serum total bilirubin, 
prothrombin time, or partial thromboplastin time. All patients left the 
hospital with normal liver function and enzyme values. 

In a clinical study conducted by Todo: et al3 VIASP AN and Euro-Collins 
solution were compared by following the-outcome of liver transplantation for 3 
months in VIASPAN patients and 5 months in Euro-Collins patients. Data on 
VIASP AN -stored livers preserved for 4 to 24 hours were collected prospectively; 
retrospective data on livers stored for3.0 to 9.5 hours in Euro-Collins solution 
were used for comparison .. 

Of the 316 recipients studied, 164 patients~_received ~I85 -livers~·preserved with 
VIASPAN while 152 patients received 180 livers stored in Euro-Collins 
solution.3 More than twice as many primary transplant patients in the Euro
Collins group required retransplantation as compared to the VIASP AN group 
(29 of 144 vs. 17 of 151; 20% and 11%, respectively). In addition, the VIASPAN 
group had a statistically significant (p<0.05) decrease in hepatic artery 
thrombosis. Alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) were significantly increased (p<0.05) and prothrombin time was prolonged 
in livers stored in Euro-Collins solution for more than 5 hours. A correlation 
between preservation time up to 24 hours and liver abnormalities was not 
observed in the VIASPAN group. Despite the longer preservation time for the 
VIASPAN-stored grafts. hepatic function tests (ALT. AST. and prothrombin 
time) were comparable to the livers preserved in Euro-Collins solution during 
the first postoperative week. 
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PANCREAS.:~~ 

In a clinical trial (tmpublished data.~. May 25, 1986, to February 7, 1988) 
conducted by Dr. Belzer, Euro-Colliris solution and VIASPAN were compared 
for their effectiveness as a cold storage solution for preservation of human 
pancreas grafts. Prospective data from nine grafts preserved with VIASPAN 
were compared with retrospective data on six Euro-Collins-preserved pancreas 
grafts. Graft frmction after transplantation was assessed by examining serum 
and urinary amylase results, as well as blood glucose levels, measured daily for 
1 week and at 1 month following surgery. 

The mean preservation time for grafts stored in VIASPAN (8.7 hr; range, 4.0-
16.0 hr) was. significantly longer (p=0.01) than for Euro-Collins-stored grafts 
(3.7 hr; range, 3.0-5.0 hr). 4 Statistically significant differences were not 
observed between the two groups in serum amylase, urinary amylase, or blood 
glucose levels even with longer. storage times. However, mean serum amylase 
levels were considerably higher (561 vs. 287. U /L) in the Euro-Collins group on 
the first day after transplantation. The blood glucose values tended to increase 
at the end of the 7 -day postoperative period in Euro-Collins patients, but 
decreased in VIASP AN patients. These data suggest that pancreas grafts 
preserved with VIASP AN and Euro-Collins solution have comparable post
transplant function despite longer storage times with VIASPAN. 

KIDNEY 

A worldwide multicenter trial (unpublished data, 4 August 1986 to October 
1988) was conducted to compare the effectiveness of VIASPAN and Euro
Collins solution for flushing and cold storage of kidneys for transplantation. 
Data for VIASP AN were collected prqspectively, while ~uro-Collins data were 
gathered retrospectively. One hundred fifty-eight (158) patients, ranging in age 
from one to 66 years, suffering mainly from diabetes mellitus, 
glom~rulonephritis, hypertension, and polycystic kidney disease. received 161 
kidney transplants. Of these, 69 kidneys were stored in VIASPAN and 92 were 
stored in Euro-Collins solution. 

An interim analysis of data showed no statistically significant differences 
between the two groups in mean preservation times or in graft function during 
the first postoperative week as assessed by serum creatinine and blood urea 
nitrogen (BUN). 4 Only 14 of 69 patients (20%) who received VIASPAN-stored 
kidneys required 1 or more days of dialysis within the first postoperative week 
as compared to 26 of 92 patients (28%) in the Euro-Collins group. These data 
suggest that VIASPAN is substantially equivalent to Euro-Collins solution as 
a cold storage solution for donor kidneys awaiting transplant, although post 
transplant kidney function appears to be better in those kidneys stored in 
VIASPAN. 

000373 
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A European multicenter trial began in July 1988 to compare the efficacy of 
VIASP AN versus Euro-Collins solution in the cold storage preservation of the 
liver, kidney, and pancreas for transplantation. 5 To date, 37 transplant centers 
are participating in this ongoing study. Data on procedures for organ 
procurement as well· as pre- and postoperative procedures on kidney recipients 
are being collected. Following surgery, kidney function is measured daily for 14 
days and at 1, 3, and 12 months. Preliminary kidney results on the 
prospectively randomized portion of the study are presented below. 

Currently 450 kidney transplants have been performed (240 nonrandomized, 
220 randomized).5 Interim data analysis on kidney preservation from the 
prospectively randomized portion of the study was performed on 115 kidneys 
(57 preserved with VIASPAN and 58 preserved with Euro-Collins solution). 
There were no differences in patient demography between the two groups. The 
median cold storage preservation time was 25 hours (range, 6-45 hr) for kidneys 
stored in VIASPAN and 24 hours (range, 13-38 hr) for those stored in Euro
Collins solution. There have been seven graft failures (three in VIASPAN and 
four in Euro-Collins solution) and one death in the Euro-Collins group. None 
of these occurrences were transplantation or preservation related. In the first 
14 days following transplantation, serum creatinine values decreased much 
faster in the 54 functioning kidneys preserved with VIASP AN than in the 54 
functioning kidneys preserved with Euro-Collins solution. Within 5 days after 
surgery, the mean postoperative serum creatinine levels decreased 49% from 
preoperative levels in the VIASP AN -stored kidneys (from 801 to 407 )..LIDOl/L), 
whereas 14 days was required for kidneys stored in Euro-Collins solution to 
achieve the same percent reduction (from 799 to 380 ~mol/L; 52%). 
Approximately twice as many patients in the Euro-Collins group required 
postoperative dialysis (17 of 54; 31 %) as compared to the VIASPAN patients (8 
of 54; 15%). These preliminary data suggest that kidneys stored in VIASPAN 
maintain their quality better than those stored in Euro-Collins solution. 

Sillvnv1ARY 

In summary, clinical trial results thus far indicate th~t VIASPAN safely 
preserves the kidney, liver, and pancreas prior to transplantation. 
Additionally, it extends the preservation time for these organs compared with 
the duratiqn of organ preservation currently used with Euro-Collins solution. 
It has the potential to increase the supply of needed and valuable donor organs 
by reducing organ wastage, improving organ function after transplantation, 
providing additional time for tissue matching between donor and recipient, and 
making liver and pancreas transplantation "semi-elective" operations. For 
patients with end-stage liver disease, VIASPAN can be potentially life saving by 
providing more organs for transplantation and reducing morbidity afterward. It 
can also yield cost savings by reducing the requirements for postoperative care. 

9~ ' -000374 
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If you need further information or assistance, please do not hesitate to contact 
us at 1-800-4-PHARMA (1-800-474-2762). We welcome the opportunity to 
assist you and appreciate your interest in our products . 

. 
Sincerely, 

~UI-- P.~ L'\ 
Teresa P. Dowling, Pharm.D. 
Associate Director 
Professional Services 

TPD:J_I\H 

Enclosure: VIASP AN Package Insert 

1. 

2.· 

3. 

4. 

5: 

REFERENCES 

Belzer FO, Southard JH. Principles of solid-organ preservation by cold 
storage. Transplantation 1988; 45(4):673-676. 

Kalayoglu M, Stratta RJ, Hoffmann RM, Sollinger HW, · D'Alessandro 
.AM:, Pirsch JD, Belzer FO. Extended preservation of the liver for 
clinical transplantation. Lancet 1988;1:617-619. 

Todo S, Nery J, Yanaga K, Podesta L, Gordon RD,.Starzl TE. Extended 
preservation of human liver grafts with UW' solution. J AMA 
1989;261(5):711-714. 

Data on file, DuPont Pharmaceuticals. 

Ploeg RJ. Kidney preservation with the UW'.and Euro-Collins solutions: 
a preliminary clinical comparison. Rutger J. Ploeg, M.D. for· the 
European Multicenter Trial sponsored by F.O. Belzer, M.D. Presented 
at the American Society of Transplant Surgeons; May 31-June 2, 1989; 
Chicago. 

Records processed under FOIA Request 2014-5611; Released 10/29/14

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



\ 

•••• ' v ._... t-""" 

SUMMARY OF SAFETY AND EFFICACY SUBMITIED IN 1988 TO SUPPORT 
ORIGINAL 519(k) FILING 

Introduction 
The Belzer UW Cold Storage Solution preserves organs, by cold storage, just as well as 
currently marketed media, such as Collins' solution. Belzer UW Cold Storage Solution, 
hereafter known as BELZER UW -CSS, can be used for cold storage of the liver, pancreas, 
and kidney. BELZER UW-CSS has the potential to be used as a general solution for most 
organs. both for initial cooling during iiui1Y. donor organ flushing and for subsequent cold 
storage. Use of BELZER UW-CSS could transfonn liver and pancreas transplantation from 
emergency operations to semi-elective procedures. 

Preclinical Data 
Kidney 
Currently, kidneys are preserved by cold storage in Collins' or EuroCollins' solution (ECS) 
for cold storage transportation for clinical transplantation. Preservation in these solutions is 
limited to 48 hours. A comparison of EuroCollins' solution to BELZER UW~CSS in a dog 
transplant model gave 80% survival of dogs receiving kidneys stored for 48 hours in 
EuroCollins', but no dog survived after organ storage for 72 hours in this solution. In 
contrast, all dogs transplanted with kidneys preserved in BELZER UW -CSS for 48 to 72 
hours survived. Initial post transplant renal function was better in kidneys stored in BELZER 
UW -CSS, as indicated by serum creatinine values immediately posHransplant and the rapid 
return of renal function to normal. Thus, storage in BELZER UW -CSS produces less 
damage to the kidney than storage in ECS. The results of this study indicate the equivalency, 
and suggest superiority of the BELZER UW-CSS to ECS for lddney preservation. 

Clinical Data 
Liver 
A clinical study compared EuroCollins' Solution (ECS) and the BELZER UW-CSS as 
preservation and cold storage media for livers harvested for orthotopic transplant. Data for 
ECS were collected retrospectively, while BELZER UW~CSS data were gathered 
prospectively. The sample consisted of 126livers preserved in ECS and 1221ivers preserved 
in BELZER UW-CSS. 

Once a donor became available, the liver was isolated and flushed in...sim with lactated 
Ringer's solution and/or ECS solution. The final ex-vivo flush utilized either ECS or 
BELZER UW -CSS with subsequent storage in the same medium. The preservation time for 
each liver was recorded. After transplantation, graft function was assessed by the following 
selected clinical laboratory variables (SGOT, SGPT, alkaline phosphatase. total bilirubin. 
prothrombin time and partial thromboplastin time) for seven days after surgery and at one 
month post transplanL Post transplant patient follow up included monitoring for indication 
of graft dysfunction or r~jecrion, which might indicate the need for a retransplantation. 
Donor and recipient selection followed the requirements established by the respective 
institutions sponsoring the transplant procedure. 

Two hundred forty-eight liver transplants (126 in ECS group and 122 in the BELZER UW
CSS group) were done in 219 patient'). Mean liver preservation times were significantly 
different for the two treatment groups, with BELZER UW-CSS livers preserved 88% longer 
than ECS livers (see Table 1 ). 

1 
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Mean Preservation Time (hours) 

Range (hours) 

Tahle l 

ECS 
(n-126) 

5.53±0.14 

0.75-10.0 

BELZER UW-CSS 
(n=l22l 

10.39±0.47 (p<O.Ol) 

0.5-28.7 

The principle differences among the various laboratory values examined between the two 
treattnent groups occurred in SGOT, SGPT, total bilirubin and alkaline phosphatase. Mean 
levels of SOOT and SGPT in BELZER UW-CSS patients were significantly lower than ECS 
patients on the tirst day after surgery. 

The differences between the ECS and BELZER UW-CSS groups in total bilirubin and 
alkaline phosphatase became apparent in the seven-day follow-up period. At the end of 
seven days, alkaline phosphatase levels in the BELZER UW -CSS patients were significantly 
lower than those in the ECS patients whereas total bilirubin levels were slightly higher in 
BELZER UW -CSS patients, than in ECS patients. 

The need for retransplantation was higher in the ECS group, compared to the BELZER UW
CSS group ( 19 vs. I 0). There were 23 deaths over 21.5 months for ECS patients compared 
to seven deaths over four months in the BELZER UW -CSS group. The incidence of hepatic 
artery thrombosis was greater for ECS patients (7 vs. 3), as well. It should be noted, the 
observation period for patients in the retrospective (ECS) sample was longer than that for 
BELZER UW-CSS patients (21.5 vs. 4 months). 

In conclusion, BELZER UW -CSS was found to compare favorably with the present 
preservation cold storage solution, ECS. These data show that the use of BELZER UW -CSS 
for liver preservation prior to transplant can .safely extend storage times. In addition. livers 
preserved in BELZER UW -CSS solution showed better post transplant function, as 
evidenced by lower enzyme levels (SGOT, SGPT), when compared to livers preserved with 
ECS. 

A safety concern with the use of both Collins' solution or BELZER UW-CSS relates to the 
high potassium concentration. Both of these solutions must be flushed from the vascular 
space of the preserved liver prior to transplantation to prevent a systemic overload of 
potassium. Therefore, no contraindications to use of this solution are anticipated particularly 
since this solution is not given to the patient but is flushed from the donor organ prior to 
transplantation. 

Pancreas 
A clinical study was performed to compare the effectiveness of ECS and the BELZER UW
CSS as preservation media for cold storage of human pancreas grafts intended for transplant 

ECS data (six grafts) were collected retrospectively while BELZER UW-CSS data (nine 
grafts) were obtained prospectively. Graft function post transplant was assessed by 
examining serum and urinary amylase values, as well as blood glucose levels, for seven days 
following surgery and at one month. 

2 
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The mean preservation time for pancreas grafts stored in BELZER UW -CSS was 
significantly longer than for those stored in ECS (Table 2). 

Mean Preservation Time (hours) 

Range (hours) 

Table 2 

ocs. 
n-6 

3.7±0.3 

3.0-5.0 

BELZER UW..CSS 
n=9 

8.7+1.4 

4.0-16.0 

There were no statistically significant differences in mean Day 1 serum amylase, urinary 
amylase or blood glucose levels between the two treatment groups, although Day 1 serum 
amylase values were higher in ECS versus BELZER UW-CSS patients. 

Over the seven day postoperative period, serum and urinary amylase levels were not 
significantly different in the ECS and BELZER UW -CSS groups. However, blood glucose 
values tended to increase at the end of the week in ECS patients. but decreased in BELZER 
UW-CSS patients. 

In conclusion. these data show that pancreas grafts preserved with BELZER UW-CSS or EC 
are substantially equivalent when compared by post transplant function. 

Summary 
Results from clinical trials demonstrate the ability of this solution to safely preserve kidney, 
liver. and pancreas prior to transplantation. Furthermore. this solution extends the 
preservation time for all of these organs compared with the duration of organ preservation 
deemed safe and effective with Collins' solution. This should increase the supply of much 
needed and valuable donor organs by reducing organ wastage. 

Thus. this solution is both safe and substantially equivalent to Collins' and EuroCollins 
solutions. 
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