
of fluids to reduce cerebral oedema will diminish
cardiac output and renal blood flow.
Kidney-The age limit for donation is around 70,

provided the plasma urea and creatinine values were
normal on admission and there is no history of renal
disease or hypertension. Essential requirements for the
kidneys are an adequate cardiac output and fluid input.
Diuretics should not be needed unless to treat acute
tubular injury due to an episode of hypotension.
Pancreas-Donors under 50 are suitable provided

there is no history of diabetes, pancreatitis, or alcohol
abuse.9 The pancreas is sensitive to ischaemic injury so
a good cardiac output is very important.
Liver-Donors under 50 are suitable if there is no

history of liver disease, gall stones, or alcohol abuse.'
Size matching is important so girth and weight measure-
ments are needed by the transplant team. The liver is
sensitive to ischaemic damage so donation is contra-
indicated if there has been prolonged resuscitation or a
systolic blood pressure of less than 70mm Hg for more
than 30 minutes. Liver function tests should be
performed.
Heart-The age limit is about 50, but older hearts

are more likely to be excluded on inspection because of
unexpected atheroma. " Size matching is liberal (±+20%
in body weight under ideal circumstances). The heart
should ideally be in sinus rhythm and must be able to
sustain good peripheral perfusion and urine output
with a low central venous pressure. Subendocardial
infarction can occur when there is prolonged external
cardiac massage or hypotension (criteria as for liver),
and these normally preclude donation. If hypotension
has occurred, cardiac enzyme measurement is useful to
diagnose subendocardial infarction. Echocardiography
may show unsuspected ventricular impairment.

Principles of management are to optimise blood
gases, fluids, and electrolytes and to avoid or minimise
the use of inotropes, which deplete myocardial high
energy phosphates. Ifdopamine is used for hypotension
and the dose cannot be reduced below 5 [1g/kg/min the
heart is unlikely to be suitable. Triiodothyronine may
reduce inotrope requirements.
Lungs- Lungs are normallv harvested with the heart

for combined transplantation,'" though lung trans-
plantation alone is now being done. Heart and lungs
from the same donor may therefore be used for
different recipients. Donors should be non-smokers
under 50 with no history of lung disorder, including
asthma. Ventilation for more than three or four days
usually makes the lungs unsuitable, as do fractured
ribs, pulmonary contusion, pneumothorax, infiltrates
on radiography, gross purulent secretions, or pul-
monary oedema. Blood gases must be normal at low
inspired oxygen concentration, compliance must be
high, and lung fields must be completely clear on a
chest radiograph, though very mild neurogenic
pulmonary oedema may be acceptable. Size matching
is critical, so various anthropometric and radiographic
measurements are needed. The transplant team will
advise on this.

Principles of management are to avoid infection by
proper care of the airways and prophylactic antibiotics,
maintain as low an inspired oxygen concentration as
possible to prevent oxygen toxicity, and avoid over-
hydration to reduce the likelihood of neurogenic
pulmonary oedema. Close monitoring ofcentral venous
pressure and urine output are needed to avoid com-
promising renal function. Volume expansion should be
performed only with colloids, and any blood given to
the donor should be filtered. The care of potential heart
and lung donors is the most demanding task required
of the team caring for a multiorgan donor.
Eyes-The only requirements for corneal grafting

are that there should be no history of ocular disease and
no eye trauma. Eves can be harvested some hours after
cessation of the circulation.

Conclusion
Care of the multiorgan donor follows basic physio-

logical principles. Transplant teams are always ready
to give advice about identification and management of
potential donors, and from their point of view good
communications and a positive interest on the part of
the donor hospital staff are more important than any
specific skill.
To increase the number of organs available for

transplantation, interest must be encouraged at a local
level. Attitudes must change, so that identification and
referral of potential organ donors comes to be regarded
as a duty rather than an option.

In writing this paper I received advice from Dr S Sterioff,
chief of transplantation, and Dr R Steffen, research fellow in
liver transplantation, Mayo Clinic, Rochester, USA.
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II -Logistical disincentives to organ donation

The retrieval of organs for transplantation is usually a
complex process. Two or three different transplant
teams may take part, often travelling large distances
to retrieve organs which need rapid transportation
and reimplantation. Organ retrieval is commonly
performed in small hospitals where the staff are
unfamiliar with the problems and extra demands are
made on their often limited time and resources.
Such problems may understandably deter staff from
referring potential donors.

Donor hospitals
The primary task of medical and nursing staff in all

hospitals is to care for their own patients. It requires
some breadth of vision on their part to see that if their
patients die they become potential donors for the
benefit of other patients they will never meet. Many
staff are emotionally affected by the death of a patient
and feel reluctant to ask the relatives about organ
donation.' Caring for a multiorgan donor is demanding
and time consuming, and such demands may compete

BMJ VOLUME 300 16 JUNE 1990 1573

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.300.6739.1573 on 16 June 1990. D
ow

nloaded from
 

http://www.bmj.com/


with the needs of other patients. Much time is spent in
ordering investigations for the transplant teams, and in
communicating by telephone; this may be an added
disincentive to donor referral.
The staff of intensive care units and theatres may

become antagonised by the demands of the transplant
teams. There may even be local policy decisions
resulting in a reduction in organ donation, as occurred
when an intensive care unit consultant prohibited
transplant teams from outside his region from harvest-
ing organs in his unit. It is easy to condemn such
policies, but it is more important to address the
underlying causes. (In this case staff on a busy unit,
short of beds and nurses, were antagonised by the
demands of certain transplant teams.)

Transplant teams
The regional transplant coordinator is responsible

for organising the local kidney transplant team and for
communicating with liver and heart teams, who may
need to travel far by air. Some surgeons may wish to
retrieve organs quickly if the donor's condition is
unstable or if they have other commitments, while
others may wish to delay retrieval. The collecting
teams themselves may be unavoidably delayed, as may
the organ harvesting if recipients need to travel a long
way, or if a direct cross match is needed before organ
retrieval to minimise delay in transplanting organs
such as hearts or lungs.

It is easy to see how the conflicting interests of
different teams can lead to friction. This is com-
pounded if there are communication problems-for
example, difficulty in contacting people through busy
hospital switchboards. If the condition of the donor
deteriorates and organs are lost as a result, disappoint-
ment and frustration may ensue.

Nevertheless, inultiorgan retrievals are usually
conducted smoothly, and the relationships with most
transplant teams, and in particular with regional
coordinators, are excellent. Those disputes that do
arise between different teams or with donor hospitals
must not be allowed to interfere with future relation-
ships. The attitude that one is "doing the transplant
team a favour" by referring donors must be strongly
discouraged. Donors are not the property of the
medical profession. It should be the prerogative of the
relatives alone to decide on behalf of the deceased
whether or not to donate.'

Future technical developments
Communications--Although long range pagers are

almost universally used, improvements in communica-
tions are still needed, particularly the installation
of dedicated telephone lines which bypass hospital
switchboards. Cellular telephones are also being intro-
duced, which enable retrieval teams and recipient
hospitals to be in constant touch.
Donor management- Improved donor management,

such as the use of hormone replacement therapy,'
should enable donors to be maintained for longer
periods. This will allow harvesting to be arranged on a
semielective basis, making it easier for different teams
to organise their schedules and allowing more time for
preparing the recipient.
Organ preservation --Improved techniques of organ

preservatiorn will ease some of the logistical problems
encountered by transplant teanms. The new University
of Wisconsin solution has already extended the
maximum ischaemia time for livers from eight to over
18 hours.4 Similar developments in heart and lung
preservation should shortly extend the ischaemia time
from four to eight or more hours. This will enable
recipient operations to be performed at more con-

venient times and reduce the need for air transport,
police escorts, and potentially dangerous high speed
journeys, and the unnecessary publicity that such
activities tend to generate.

Sending organs--Until recently only kidney trans-
plant teams have routinely harvested organs on each
others' behalf. In the past two years, however, heart
and liver teams have begun to retrieve organs on behalf
of teams in other parts of Britain and abroad. This
practice will certainly increase in the future, thereby
reducing journey times and transport costs.

Other organs--The logistical problems of transplan-
tation will increase as other organs become transplant-
able. Bone transplants are being developed," and,
while still experimental, small bowel transplantation
will probably become a reality within a few years.'

Future organisational developments
There was a recent conference of the medical royal

colleges on the supply of donor organs (Conference
of Medical Royal Colleges and their Faculties in the
UK. Report of the working party on the supply of
donor organs for transplantation (Hoffenberg report)).
There is also an audit in progress in which all instances
of brain death are being recorded, along with a record
of requests to donate and of actual donations. I shall
address some of the issues raised.

Legislation-A "required request" law appears to be
the most honest approach."9 Under such a law the
request to donate would become a legal precondition
for discontinuing ventilation after the diagnosis of
brain death. This would ensure that the decision of
the relatives alone would determine whether or not
donation of suitable organs occurs. Legislation has not
been recommended by the Hoffenberg report, in the
belief that audit, education, and practical support for
donor hospitals are more important. It may be that
legislation will be reconsidered in the future, after
other measures have been implemented.
Donor hospital reimbursement-At present costs in-

curred by donor hospitals in looking after organ donors
have been met by those hospitals themselves. So far as
the salaries of the staff caring for the donor are
concerned, these are considerable, and reimbursement
might encourage a more positive approach to donor
referral. Such a system could be introduced only after
studies to estimate and attempt to standardise the
costs. If reimbursement is introduced payment must
be made in the right way, ideally from a central source.
If individual transplant teams had to reimburse donor
hospitals, there would be unnecessary fragmentation
and even distasteful haggling over the relative values of
different organs.

Role of regional transplant coordinators-Transplant
coordinators are key people, whose task it is not only to
coordinate individual transplants but also to develop
close working relationships with the peripheral hospi-
tals in their regions and with heart and liver transplant
teams nationally. They should function as coordinators
for all transplantable organs, not just those used by
their own kidney teams. While most coordinators are
keen to refer donors for heart and liver donation, there
is some regional variation. A notable example is
Northern Ireland, where, despite a rate of kidney
donation comparable with the rest of Britain, heart and
liver donation has been extremely low. Coordinators
must realise that multiorgan donation generally does
not jeopardise the kidneys."
The regional coordinator, or someone else in the

regional transplant service, must be available at all
times to receive calls from donor hospitals. In the best
organised regions coordinators make themselves avail-
able to travel to donor hospitals to assess potential
donors and help in the care and organisation, thereby
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reducing demands on local staff. This also helps
to foster good relationships and encourage future
referrals. Additional coordinators are needed in some
regions to provide a more comprehensive service to
donor hospitals. The cost involved should be amply
repaid by an increase in referrals.

Role ofdonor hospitals-Among transplant teams it is
well known that some hospitals are very good at
referring organ donors, whereas others provide almost
none. This partly reflects the efforts of the regional
transplant coordinators to develop close working rela-
tionships with the medical and intensive care unit staff,
but it also reflects the efforts of particular individuals
within the hospitals. There is at present no system to
deal specifically with organ donation within many
peripheral hospitals and this is a powerful disincentive.
There is an argument for encouraging every district

general hospital to appoint an existing member of staff
as a part time "donor monitor." Anaesthetists are
well suited to this role because of their training in
supportive care and because they are not normally
directly responsible for the care of cerebrally injured
patients. Donor monitors would develop a specific
interest in organ donation within their own hospitals
and form working relationships with the regional
transplant team. On those occasions when the donor
monitor is not available to manage a particular donor
the medical and intensive care unit staff would com-
municate directly with the regional coordinator.
The donor monitor could also be responsible for

maintaining an audit of potential donors and for
organising staff education in such matters as the
diagnosis of brain death, counselling of relatives, and
donor management.

Conclusion
I hope this article may stimulate thought on the

problems of identifying and referring organ donors in
peripheral hospitals. Only in this way can we achieve
the aims of maximising the number of brain dead
patients who become organ donors, and the number of
organs which can be successfully harvested from each
donor.

A more formal approach to organ donation is
needed, to eliminate local idiosyncrasies and to opti-
mise the use of what will always be a scarce and
valuable resource. There is evidence that this will
increase donor referral significantly.9 The identifica-
tion of potential organ donors and their subsequent
referral should be regarded as a duty, not an option.

The following people gave valuable advice: Mr R M R
Taylor, director of transplantation, Royal Victoria Infirmary,
Newcastle upon Tyne; and Mrs P E Buckley, transplant
coordinator, Northern region.

I Robinette MA, Stiller CR, Marshall WJS. Barriers to organ donation within
hospitals and involving health care professionals. Findings of the Ontario
Government [ask Force on Kidnev Donation. 7ransplant Proc 1986;18:
397-8.

2 Tavlor RMR, Salaman JH. The obligation to ask for organs. Lancet
1988;ii:986.

3 Nositskv D, Cooper DKC. Human PA, Reichart B, Zuhdi N. Triiodothyro-
tinie therapy for heart donor and recipient. J Heart Transplant 1988;7:370-6.

4 Beltzer FO, Southard JH. Principles of solid organ preservation by cold
storage. Transplantation 1988;45:673-6.

5 Kalavoglu Mi, Sollinger HWY, Stratta RJ, et al. Extended preservation of the
liver for clinical transplantation. Lancet 1988;i:617-9.

6 Mankin HJ, Gcbhart NIC, Tomford WW. The use of frozen cadaseric allo-
grafts in the management of patients with bone tumors of the extremities.
Surg Clit North Am 1987;18:275-89.

7 Cohen Z, Wassef R, Langer B. 'I'ransplantation of the small intestine.
Surg Clin North Am 1986;66:583-8.

8 Caplan AL. Ethical and pttlicy issues in the procurement of cadaver organs for
transplantation. N Englj Med 1984;311:981-3.

9 Oh HK, ljniewski MH. Enhancing organ recovery b initiation of required
request within a major medical centre. 7ransplant Proc 1986;18:426-8.

10 Groenwoud AF, Persijn GG, Hendrics GFJ, de Lange P, d'Amaro J, Cohen B.
Multi-organ procurement and its consequences. Transplant Proc 1986;18:
429-30.

(Accepted 9 Februars 1990)

Correction

ABC of Major Trauma
Initial assessment and management-II: secondary survey
A printer's error occurred in this article by Mr Peter Driscoll and
Mr David Skinner (19 May, p 1329). In the box listing indications
of positive diagnostic peritoneal lavage (p 1332) the second
indication in the list is > 500 white blood cells/mm3 and not > 5000
as published.

ANY QUESTIONS
What is the best method of sterilising.water when trekking in India and Nepal?
Is there any evidence that sterilising tablets or iodine solution are effective? As
water boils at less than 100°C at high altitude does this reduce the sterilising
effect ofboiling and ifso is it worth adding salt or sugar to raise the boiling point?

At sea level boiling water for five minutes is an effective way of producing
drinkable water, but by 6000 m the boiling point has fallen to 8 10C. At this
temperature increased boiling time will still ensure the elimination of
pathogens, though times are arbitrary-for example, 10 minutes plus one
minute for every 300 m above sea level. Adding sufficient solute will render
the water unsuitable for most purposes. Sea water boils at only 4°C above
pure water. Time, convenience, and the serious ecological impact of
deforestation in Nepal all make boiling water unsuitable. Use of a pressure
cooker is a partial solution (1 kg/cm2 is equal to one atmosphere).

Halogens are effective and convenient sterilising agents, though they
seem to lose efficacy at low temperatures,' but the water should be
reasonably free of organic debris, which may reduce the agent's efficacy.
Iodine is probably more active, especially against amoebic cysts, and may
be more palatable.' Iodine tablets are available but 2% tincture of iodine is
a good alternative and less prone to decay during storage; 0 4 ml/litre water
for 30 minutes is effective. An alternative is saturated iodine solution,
which is safe, long lasting, and convenient. -P H M McWHINNEY, medical
registrar, Glasgow
1 Jarroll EL, Bingham AK, Meyer EA. Giardia cvst destruction: effectiveness of six small quantity

water disinfection methods. Am3' Trop AledHlvg 1980;29:8-1l1.
2 Wilkerson A, ed. Preventive measures. In: Medicine for mouintaineering. Seattle: The

Mountaineers, 1985:79-92.
3 Khan FH, Visscher BR. Water disinfection in the wilderness: a simple, effective method of

iodination. West_JAfled 1975;122:450-3.

Are the risks of radioisotope scintigraphic scanning greater than the risks of
anticoagulation in an elderly person with a clinical diagnosis of pulmonary
embolism, and what are the current methods of establishing the diagnosis
non-invasively iffeasible in these patients?

Several factors determine the optimal risk management of affected
patients. Firstly, is the likelihood of the diagnosis. Thromboembolism is a
systemic disease and some objective evaluation of the presence of
peripheral thrombosis should form part of the clinical diagnosis. This may
include non-invasive radionuclide phlebography. Secondly, the accuracy
of ventilation-perfusion scans alone in diagnosis has been questioned.' 2

Only 65% of high probability scans have been found to be positive at
angiography.2 This latter invasive procedure remains the definitive tool for
diagnosis with a mortality in experienced centres of 0 3%.' Thirdly,
there are obvious unacceptable risks associated with anticoagulation,
particularly in those patients prone to gastrointestinal bleeding, subject
to repeated falls, and liable not to comply with oral treatment (these last
two are common problems in the elderly). Readily available non-invasive
methods of establishing the diagnosis also include chest radiography and
electrocardiography, but these are neither sufficiently sensitive nor
specific. Other non-invasive techniques include real time femoral vein
compression ultrasonography, detection of deep venous thrombosis with
radiolabelled antibodies, and magnetic resonance imaging. -BRIAN
LIVESLEY, professor, the care ofthe elderly (geriatrics), London

1 McBride K, Wavne W, La Morte WW, Menzoian JO. Can ventilation-perfusion scans accurately
diagnose acute pulmonary embolism? Arch Surg 1986;121:754-7.
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3 Benlotti JR. IPtilmotiarN angiographv in the diagnosis of pulmonary embolism. Herz 1989;14:
115-25.
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