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CURRENT SURVEY

The present status of organ preservation: a review
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Department of Surgery, Yale University,
New Haven, Connecticut

IN THE LAST DECADE there has been some advance-
ment in the field of organ transplantation, but
organ preservation remains in the embryonic
stage. The necessity for a simple and efficient
method for organ preservation is becoming in-
creasingly important.

In 1951, Dempster said, 'If the immunological
problems, and other problems involved in pro-
curing a normal functioning organ were solved
our difficulties would be by no means over'.
While there is no difficulty in preserving skin

and blood vessels in the frozen state, other organs
require more delicate handling. Many research
workers in this field are aiming at the possibility
of setting up organ banks, but this wishful thought
remains still a distant goal. Storage of organs up
to 24-48 hr (especially of the kidney) has been
attempted, but there is not yet a reliable simple
method for use in clinical practice.
History
Some research workers correlate organ preserva-

tion with the fact that hibernating animals (ham-
ster, squirrel, etc.) are capable of storing them-
selves satisfactorily at low temperatures without
impairment of function. However, this correlation
may be insignificant as an organ becomes ischae-
mic after the blood vessels are severed, a factor
which may contribute to the unsuccessful experi-
mental results in preservation of organs.

Different methods of storage have been
attempted, e.g. perfusion, hypothermia and hyper-
baric oxygen, or various combinations of the
above.

LeGallois (1812), a French physiologist, wrote
very evasively regarding the possibility of perfus-
ing a vital organ, but he made no attempt to
practice his ideas experimentally due to the lack
of knowledge regarding a suitable perfusate. Carrel
& Lindberg (1938) reviewed the historical points
of organ preservation very clearly and mentioned
the work of Lobell who first perfused a kidney
in 1849.

Towards the end of the last century and at
the beginning of this century, unsuccessful
attempts were made to develop an apparatus to
perfuse vital organs. In 1938, Carrel & Lindberg
developed a pulsatile pump carrying an oxygenated
perfusate. The first organ preserved in vitro in
their machine was the thyroid gland, but they
failed to preserve kidneys; Carrel observed that
the kidneys developed severe cellular damage
within 24 hr, while being perfused in vitro.
With the advancement of medical science in

the last two decades, organ preservation remained
obscure until the work of Dubost et al. (1951a, b)
in Paris, Dempster (1950) in London and Hume
et al. (1952) in the United States, in the field of
kidney transplantation, stimulated other investiga-
tors to experiment in this field. Recently, with
the advancement of cardiovascular research and
the development of heart-lung machines, some
workers have attempted to correlate this with
organ preservation.

Preservation of kidneys
It has been observed that at room temperature,

if the total ischaemic period is less than 1 hr, then
adequate renal function is to be expected imme-
diately after transplantation with only temporary
abnormalities. If the period of ischaemia is be-
tween 1 and 2 hr, a varying degree of tubular
necrosis occurs in the preserved kidney. Beyond
3 hr of preservation there is irreversible damage
and the kidney may never function sufficiently
well to maintain life (Murray & Holden, 1954).

(a) Hypothermia
Carrel & Lindberg (1938) reported that after

storage at -1VC to 7'C the kidney ceased to
function.

Lefebre & Nizet (1952) and Archibal & Cawley
(1956) attempted to apply hypothermia in vitro
to kidneys at 4'C up to 24 hr but medullary
necrosis resulted.
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Schloerb et al. (1957) reported successful 8-hr
preservation at 0-5 C of canine kidneys. Murray
& Holden (1954) observed that the kidney sur-
vived and regained function after 21 hr storage
at room temperature. On cooling from 10 to 40'C,
however, there was a longer interval during which
it could be deprived of its blood supply without
necrosis.
The author successfully preserved canine auto-

grafts by a simple cooling method at 4'C tem-
perature up to 9 hr with 80% success, but failed at
12 and 24 hr.
Calne (1963), Cleveland et al. (1964), Dempster

et al. (1964) and Kiser et al. (1960), all reported
successful kidney storage for 6-12 hr.

Simple cooling has been produced by surround-
ing the organ with ice packs or ice-cold saline in
plastic containers. Cooling of an organ to 25'C
produces no more than minimal improvement
(Mitchell & Woodruff, 1957; Moyer et al., 1957).
At 15-25'C the improvement is more beneficial,
2 hr ischaemia being readily tolerated (Bogardus
& Schlosser, 1956; Dottori et al., 1962).
However, when the temperature range between

5 and 15'C is reached, the preserved kidney im-
proves significantly (Stueber et al., 1958). During
cooling of the kidney, oxygen consumption de-
creases exponentially with falling temperature as
reported by (Semb et al., 1960) reaching less than
5%h of normal at 5'C (Levy, 1959).
(b) Hypothermia and perfusion
Lapchinsky (1960) reported successful preserva-

tion of organs, particularly kidneys. He pumped
cold blood through a kidney for 1 hr and stored
it at 2-4'C. Prior to transplantation warm blood
was perfused. He reported successful storage for
24-48 hr. He reported successful survival of some
experimental dogs after contralateral nephrec-
tomy, using a special refrigerated machine for
this perfusion-cooling method.
Humphries et al. (1962) perfused a kidney with

diluted homologous blood at very low pressure
(40 mmHg), slightly pulsatile, oxygenated by a
Clowes'-type membrane at 10'C, and were able
to prolong kidney preservation up to 24 hr.

Aird (1953) and Humphries et al. (1963) re-
ported decreased blood flow in the preserved
organ, and organ oedema during the 24-hr per-
fusion of an isolated organ. Kiser et al. (1960)
used a blood-dextran perfusion method to obtain
a renal temperature of 1-50C and satisfactory
function resulted after 7 hr ischaemia. Recently,
Calne (1965) reported successful storage of canine
kidneys for 24 hr using cold blood to lower renal
core temperature before refrigeration.

(c) Super-cooling
Deshpande et al. (1963) using sub-zero tem-

perature -6-8 'C reported successful- kidney
storage up to 7 hr.

This is accomplished by using protective agents
such as dimethylsulphoxide (DMSO) and glycerol.
The above agents are chemical compounds which
penetrate the cell membrane readily, they are
non-toxic and bind intracellular water by forming
very firm hydrogen bonds. At -5'C DMSO
interferes with the passage of intracellular water
to the extracellular space. This prevents the forma-
tion of extracellular ice crystals and prevents
freezing and its subsequent damage of the cells.
Bloch et al. (1963) have studied in detail the use
of DMSO and glycerol in super-cooling methods.
(d) Hyperbaric oxygen
As perfusion has proved to be inadequate in

the preservation of kidneys, and the time factor
a hazard in the use of hypothermia, hyperbaric
oxygen was next introduced as another means of
extending the preservation time. Saltzman et al.
(1965) in a monograph reviewed the historical
background of hyperbaric environment from the
earlier days until the more recent advances in this
field.

During the last decade, much work has been
done by several investigators on the biological
responses after increased atmospheric pressure
and high tension of oxygen in animal and man.
Borema (Borema et al., 1960) reported his famous
experiment 'Life without Blood', using the pig
and was able to sustain life without haemoglobin
for 45 min at 3 atm high oxygen tension. Since
the work of Borema, a new era started in this
field but it remains in the experimental stages.
Carrel (Carrel & Lindberg, 1938) considered the
potentials of hyperbaric environment in organ
storage, reviewed later on by Woodruff (1960).
Recently, Manax and his co-workers (1964) pre-
served kidneys up to 24 hr and occasionally 48 hr
using hyperbaric oxygen and hypothermia. On
increasing the pressure of oxygen to 8-15 atm,
it was found to be more detrimental than bene-
ficial in preserving the kidney.
Many research workers are now using various

combinations of hypothermia, hyperbaric oxygen
and perfusion.
Ackerman & Barnard (1966) gave an excellent

account of successful storage of kidneys by using
a combination of the existing methods of hypo-
thermia and hyperbaric oxygen at 3 atm, and low
pressure perfusion.

Preservation of small intestines
Cooling of the small intestine by lowering the

temperature up to 24 hr was unsuccessful (Eyal
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et al., 1965). Lillehei and his co-workers (1964)
successfully preserved canine small intestine up
to 24 hr using hypothermia, 20C and 3 atm of
hyperbaric oxygen. Other research workers have
been able to preserve small intestine up to 24 hr
using hyperbaric oxygen (Mandel & Rudolf, 1966).
Other organs

Preservation of lungs, heart and liver is in the
early experimental stages in many research depart-
ments but to date no significant progress has been
reported.
The best method of organ preservation is still

debatable, and some investigators have success-
fully preserved an organ for a reasonable time
without using any complicated methods. A new
approach to the problems involved is indicated,
and a closer collaboration is called for between
research workers in the field of transplantation,
biologists and physiologists. The need for more
comparative statistical research is necessary to
establish the advantageous factors, and eliminate
the methods which are not practicable in clinical
work.
The work of preservation is quite correctly

directed to autografts, but as yet we have no
results of preservation in homografts, or evidence
of the behaviour of an homograft after trans-
plantation. It may be that in the experimental
stages of preserving homografts, valuable infor-
mation will be determined in solving this major
problem.

Summary
A review of organ preservation has been made

with special reference to the preservation of
kidneys.
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