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The induction agents were 60 mg of sodium methohexitone
followed by 50 mg of suxethonium bromide cation, and
oxygen was given by mouth before and after each treatment.

C.P.K. MEASUREMENT

C.P.K. was measured using an L.K.B. enzyme analyser with
reagents supplied by Boehringer. The normal ranges were
established on a group of 72 healthy volunteers and found
to be 10-60 mU/ml for women and 10-105 mU/ml for men.
The C.P.K. activity at 35'C was estimated by linking the
C.P.K. catalysed reaction through hexokinase to a reaction
involving glucose-6-phosphate dehydrogenase and the con-
version of nicotinainide adenine dinucleotide phosphate to its
reduced form. Glutathione was included within the reaction
mixture to "activate" the C.P.K. The increase in optical
density at 340 mm due to the formation of the reduced nico-
tinamide adenine dinucleotide phosphate was plotted by us-
ing an LKB 8600 reaction rate analyser and is directly pro-
portional to the C.P.K. activity. The reagents used were sup-
plied by Boehringer in the form of a test kit for C.P.K.
determination (Cat. No. 15926. TCAF). Solutions were pre-
pared by Boehringer and the reaction was started by the auto-
matic addition by the L.K.B. 8600 of 75 ,u of creatine phos-
phate-solution 3 of the assay system. For all the solutions
only half the recommended test quantities were used because
the L.K.B. 8600 requires a minimum total volume of only 1
ml in each test cuvette.

Results
The results show that these patients had a combined total of
28 anaesthetics on occasions when their C.P.K. was grossly

raised. Three patients each received -six anaesthetics, three
each had two anaesthetics, and four each had one anaesthetic
during periods of raised C.P.K. In none of these patients
were there any untoward effects despite levels of C.P.K. be-
tween 200 and 400 mU/ml.

Discussion

This group of patients with raised C.P.K. activity had
anaesthetics on a total of 28 occasions for electric convulsion
therapy. None of the patients developed any untoward effects
such as masseter spasm, haemoglobinuria, or any associated
hyperpyrexia. If these patients had been in a general hospital
and screening tests, including that for C.P.K., had been per-
formed before the administration of general anaesthesia these
anaesthetics might have been withheld from this group of
patients. Since no adverse effect occurred in these patients
this casts doubt on the value of C.P.K. measurement as a
screening test in relation to malignant hyperpyrexia.

We thank Dr. H. A. Maher, formerly clinical assistant
anaesthetist at Middlewood Hospital, Sheffield, who gave many of
the anaesthetics.
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Summary

The results of simple ice stocage and prolonged perfusion
storage of kidneys were compared in two series, each of 100
cadaver kidney transplants. There was a similar warm
ischaemia time for both groups, but the average total storage
time was 17 hours for the perfused kidneys as compared to
three and a half hours for those stored in ice. The results of
transplantation (as shown by transplant function at three and
12 months) were the same for both groups. There was no
evidence of damage due to prolonged perfusion. The extra
time, however, enabled a more convenient operation time to
be chosen and more extensive tissue matching to be under-
taken.

Prince Henry's Hospital, Melbourne, Australia
D. F. SCOTT, M.D., F.R.A.C.S., Transplant Surgeon
J. REDHEAD, M.B., B.S., Surgical Registrar
D. WHITESIDE, S.R.N., Sister-in-Charge of Renal Unit
R. C. ATKINS, M.B., M.R.A.C.P., Renal Physician

Introduction

Perfusion preservation of cadaver kidneys for periods of 24
hours has changed cadaver kidney transplantation from a dis-
ruptive emergency to a semi-elective surgical procedure.
There have 'been doulbts, however, about ehe effec=s of per-
fusion preservation on both early post-transplant function and
subsequent rejection (Clark et al., 1973).
This paper compares the transplantation results of 100

consecutive kidneys stored by cooling in ice saline slush and
100 stored by hypothermic plasma perfusion.

Patients and Methods

All patients in the series were treated in the four Melbourne
transplant units. Cadaver donor treatment, recipient selection,
and management were essentially similar in each of the four
units and did not change substantially during the five years
of the study.
During the period April 1969 to January 1972 100 consecu-

tive cadaver kidneys were stored by cooling in ice saline slush
and from February 1972 to December 1973 100 cadaver kid-
neys were stored by hypothermic plasma perfusion and then
transplanted.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.4.5936.76 on 12 O
ctober 1974. D

ow
nloaded from

 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL 12 OCTOBER 1974 77

Whenever possible donors were given intravenous fluids
and a diuretic to maintain an adequate circulation and urine
output. Bilateral nephrectomy was carried out after cardiac
arrest had occurred. Amost all cadaver donors had ventilatory
support until immediately before nephrectomy.

After the kidneys were removed from the cadaver donor
they were flushed through with a cold electrolyte and colloid
solution, usually albumin in Hartmann's solution, and those
in the first series were placed in ice saline until transplanta-
tion. In the second series kidneys were transferred in ice
saline to the preservation unit for storage by hypothermic
plasma perfusion then later transferred again in ice saline to
the transplant unit with the selected recipient for transplanta-
tion. The details of perfusion preservation using a Belzer
unit have been described previously (Scott et al., 1970).

In the comparison of the duration of kidney storage warm
ischaemia time indicated the time from donor cardiac arrest
until the kidney was removed and cooled in ice saline slush.
The time from cardiac arrest in the donor until revasculariza-
tion in the recipient represented the total storage time and
was the combination of initial warm ischaemia time and cold
storage time. All kidneys used in the analysis of ischaemia
times were subsequentlv transplanted. Function after trans-
plantation was evaluated by patient survival with a function-
ing graft at three months and 12 months.

Results

The mean warm ischaemia time of the 100 consecutive kid-
nevs stored in ice slush before transplantation was 31 minutes
(range 8-81), and that of the 100 kidneys stored by perfusion
was 22 minutes (range 15-60). The average total storage time
for the perfused group (17 hours, range 8-25) was five times
as long as that for the ice-stored group (3 5 hours, range
0 8-9-5).
Complete information was not available on the number of

kidnevs stored in ice that were not suitable for transplanta-
tion. Onlv macroscopically normal kidneys were transplan-
ted. During the second series of 100 kidneys stored by per-
fusion a further four kidneys were discarded. Two were
stippled and biopsy confirmed a glomerulonephritis, one had
cortical scarring due to pyelonephritis, and one was discarded
because of multiple small arteries.
There was one technical accident with the perfusion

machine when one kidney was perfused with air for 15
minutes and after transplant showed cortical necrosis. All
other kidneys functioned at some stage.
Of the kidneys sitored in ice 65 required postoperative

dialysis in the first three post-transplant weeks as compared
with 51 of the perfusion storage kidneys. Insufficient informa-
tion was available to indicate the cause of postoperative
dialvsis in the ice storage group.
Of the patients who received perfused kidneys 49 did not

require postoperative dialysis. Twenty-six patients required
one or more dialyses for acute tubular necrosis, and with the
exception of one case of hyperacute rejection all subsequently
improved. Ten patients had initial good function but needed
dialysis in the second and third post-transplant week be-
cause of subsequent deterioration due to severe rejection.
The final group of 14 patients showed poor function in the
first and subsequent weeks and were considered to have
evidence of both tubular necrosis and rejection; most of these
kidneys were removed within three months.
Three months after transplantation there were 69 patients

with a functioning kidney in each group. Loss of kidneys
from rejection three months to one year afiterwards was
60/% in the ice storage group and 4% in 48 patients available

for 12-month follow up in the second series. The one-year
survival was 63 % of the 100 kidneys stored with ice and
65' of the 48 patients whose kidneys were stored by per-
fusion that attained a one year follow up. Thus there was
no difference in the incidence of irreversible rejection be-
tween kidneys stored in ice for an average of three and a
half hours and those stored by perfusion for an average of
17 hours. In particular, there was no deleterious effect on
long-term survival due to the prolonged perfusion.

Discussion

Clark et al. (1973) presented evidence from a multicentre
review of transplant survival that perfusion preservation in
some centres damaged kidneys and so made them more
likely to undergo irreversible rejection or, conversely, that
initial washout of the kidneys with a high-potassium solu-
tion and simple ice storge may in some as yet undefined way
diminish irreversible rejection. This study shows that per-
fusion preservation does not damage the kidney more than
simple ice storage as both groups of stored kidneys had iden-
tical three-month survival rates.
Immediate postoperative function of the transplanted

kidney depends on many variables, which makes it difficult
to compare preservation techniques (Scott et al., 1971). Since
the method of harvesting donor kidneys remained unchanged
over the five-year period it can be assumed that the two
groups of donor kidneys were comparable. Thus perfusion
storage for an average of 17 hours had no more deleterious
effect than three and a half hours of storage in ice saline
slush.
The problems of perfusion preservation were the complex

technical procedure and increased cost when compared to
simple ice storage. This preservation service was run en,tirely
by haemodialysis sisters. The estimated cost of perfusion
preservation, including wages, recurrent costs, and deprecia-
tion on capital equipment, is $A150 per kidney when there is
a work load of 30 pairs of kidneys a year.
The advantages of this perfusion preservation programme

lie almost entirely in the extra time it provides. Time is
available to tissue type and cross-match with donor spleen
cells after the death of the donor so there need no longer be
the cost of tissue typing potential donors. Time is available
for adequate preoperative preparation of the recipient, includ-
ing dialysis if necessary, and scheduling of the transplant
operation at the convenience of theatre and surgical staff.
Kidneys can be assessed on perfusion and if indicated frozen-
section histological specimens can be obtained and unsatis-
factory kidneys discarded. Belzer and Kountz (1970) have
proposed that kidneys which perfuse poorly are more likely
to develop acute tubular necrosis and can be discarded. No
kidneys in the present series were discarded because of poor
perfusion characteristics. This may have been due to the
policy of donor pretreatment with phenoxybenzamine to
abolish agonal vasconstricition (Belzer et al., 1970).

We thank the staff of the transplant units at the Royal Mel-
bourne Hospital, St. Vincent's Hospital, and the Alfred Hospital
in Melbourne for participating in this co-operative study and
allowing the details of all patients to be reviewed.
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