
1680 BRITISH MEDICAL JOURNAL VOLUME 290 8 JUNE 1985

Such data may imply none of these things, but clearly these
are some of the questions to be addressed-yet they are not.
For example, these data could easily be presented in relation
to population size, and yet the documents contain hardly a
single population based rate. We cannot, therefore, tell how
much of the increase is simply due to the increasing
proportion of elderly people in the population. The necessary
calculation is not complex-indeed, something very similar
is performed routinely to compare resources for regional
health authorities with the Resource Allocation Working
Party's (RAWP) formula. The method is not perfect but it is
a good deal better than counting episodes of admission. We
are now used to seeing seasonally adjusted unemployment
figures; we might reasonably expect population adjusted
expenditure and utilisation figures.

Likewise, we are told, the volume of coronary bypass
surgery has more than doubled since 1978. But in 1978 the
evidence for its efficacy was less certain than it is now.
What are the resource consequences of this increase? How
many eligible patients remain untreated in spite of it, judged
perhaps by numbers on waiting lists in given years? What is
the effect of changing length of stay on overall costs and
therefore aggregate efficiency? What does it mean for the
staff of busier wards? What is happening to morbidity and
mortality from coronary heart disease? Without answers to
these questions the data have little meaning.
The collection of NHS statistics depends on the good will

and effort of people who work in the NHS, and the
Department of Health and Social Security should recognise
its obligation to collate and report the data in a manner which
is meaningful and useful. Only when this is done can the
people who work for the NHS recognise the service they
know in the descriptions produced by politicians. As it is,
most people are left with an uneasy feeling that either they are
unusually badly off or that statistics are meaningless. They
need not be.

I am grateful to Phil Strong, Alison McFarlane, Angela Coulter, and Ann
McPherson for helpful comments.
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Non-cemented hip prostheses

In Britain 38 000 total hip replacements are performed each
year,' but the problem of permanently securing the artificial
joint to bone remains.23 Acrylic cement provides excellent
immediate fixation, but unfortunately the effect does not
always last and painful loosening of the prosthesis is the most
important long term complication of total hip replacement.45
Between four and nine years after total hip replacement 20-

50% of femoral prostheses show radiological evidence of
loosening,67 and in patients aged 30 or less 57% develop
radiolucent lines over 2-5 mm wide at the bone-cement
interface, or movement of the prosthesis, or require further
surgery within five years.8 Revision surgery is often technically
demanding, and the results are inferior to those of a primary
replacement of the hip.

Loosening of the prosthesis may be due to a combination
of factors. Firstly, in overweight or extremely active patients
the forces transmitted through the artificial joint exceed the
strength of its fixation, which may result in "mechanical"
loosening. Secondly, the strength of the supporting layer of
acrylic cement may deteriorate with time and repeated
weight loading.9 Cement is not a true adhesive (there is no
known substance which will permanently adhere to bone)'"
and acts simply as a grouting agent, filling irregularities
between the endosteal surface of the bone and the prosthesis
and thus holding the two together. It has a crystalline
structure so that cracks may propagate in areas under
excessive stress.9 Thirdly, bone next to the cement may
undergo resorption leaving only a fibrous membrane, evident
radiologically as a lucent line which may expand with time."
This "biological" loosening may be a thermal, chemical, or
allogeneic response by the bone attempting to isolate a
prosthesis, which it recognises as a foreign body. Alternatively,
it may represent disuse porosis-for example, in the proximal
femur.
The mechanisms of loosening are not well understood, but

fracture of the cement, giant cell reactions to wear and tear
debris, and remodelling ofbone all play a part. Moreover, the
fibrous membrane at the bone-cement interface of loose
joints is not inert for it produces prostaglandin E2 and
collagenase and these may cause further resorption of bone."2
Infection at the bone-cement interface accelerates resorption
of bone and loosening of the prosthesis. In vitro studies
suggest that methylmethacrylate cement may inhibit the
chemotactic migration of polymorphonuclear leucocytes
towards bacteria such as Staphylococcus epidermidis, Staph
aureus, and Eschenrchia coli,3 as well as inhibiting the
phagocytic and killing properties of these cells. 4

All these adverse local effects of acrylic cement are long
term problems, but it may also cause systemic effects at the
time of surgery. Intraoperative, cardiovascular, and pulmonary
complications have tended to occur at the time of impaction
of the femoral component, and some have attributed this to
absorption of toxic acrylic monomers.'9 In rabbits methyl-
methacrylate is known to be cardiotoxic. 1 Adverse reactions
in man include cardiac irregularities, arterial hypotension
(which is rarely fatal), and arterial hypoxaemia. ' Alternative
explanations of these complications include pulmonary fat
embolism,'8 '9 pulmonary microembolism,2' neurogenic
reflexes,2' and air embolism.22

Given the adverse effects of cement and given that it acts
simply as a grouting agent between the prosthesis and the
bone, why not dispense with it and use a carefully designed
prosthesis which fits securely into an accurately cut bone?
Numerous non-cemented hip replacements have already
been developed, principally on the Continent, and in Russia,
where cement is not widely available, non-cemented prostheses
predominate.23 It was in Britain, however (where cement
fixation was first widely used), that the complications of its
use were first pointed out and the earliest reports of
cementless fixation appeared.24

Studies in animals have attempted to establish the ideal
overall size, shape, and surface texture of a prosthesis which
would ensure intimate bone-prosthetic contact and encourage
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bony ingrowth.29 One study in dogs reported that bony
ingrowth occurred over just above half of the porous
acetabular surface within five to eight months26 and that no
intervening membrane appeared at the prosthesis-bone
interface by 18 months, provided that the prosthesis fitted
tightly.27 Areas of bone which were stressed through contact
with the prosthesis underwent trabecular hypertrophy, while
areas not in contact underwent trabecular atrophy with
eventual disappearance of bone. This, according to Wolff's
law, is consistent with normal bone physiology.28

In man the radiolucent line which appears around a
cemented hip replacement does not necessarily imply clinical
loosening. Cement holding the acetabulum demarcates from
bone in just under two thirds of clinically successful cases.29
This intervening radiolucent fibrous layer may be important
as a buffer zone between two materials of different elasticities.30
To eliminate micromovement at the bone-prosthesis interface
Morscher and Dick designed a cementless femoral component
made of polyacetyl resin, which they claimed had roughly the
same modulus of elasticity as bone.3' Nevertheless, this
"isoelastic" prosthesis initially accelerated bone resorption in
the proximal femur and it was only by introducing a metal
core to reduce its elasticity that the need for revision for
loosening was abolished in 40 patients over a five year follow
up. 31

It may not, however, be possible to achieve isoelasticity
between prosthesis and bone. Firstly, bone is anisotropic-
asymmetrical in internal structure-whereas implant materials
are isotropic. Secondly, bone is constantly remodelling,
particularly in response to prosthetic implantation, and
clearly the implant is incapable of remodelling. Thirdly,
individual variation in shape, size, and strength of human
bone cannot be matched by the manufacturers of standard
joint replacements.

Radiolucent lines have been reported by Ring around non-
cemented femoral components, but they were under 1 mm
wide and none of the patients had symptoms of loosening.
The only change he noted in serial radiographs of 164
patients assessed one to three years after operation was the
evolution of a dense layer of bone on the upper surface of the
cup of the acetabulum. He thought that such a condensation
of bone was in accordance with Wolff's law and appeared to
be a favourable sign.32
Lord and Bancel's series of 1509 non-cemented total hip

replacements included a five to seven year radiological follow
up of 235 patients.33 Of these, 175 showed no bony change in
the femur, while 54 had definite bony ingrowth. Radiolucent
lines observed in seven patients at one year did not increase
and sometimes disappeared during the second postoperative
year. Evidence suggests that the strength of fixation of the
non-cemented prosthesis increases with time as bony ingrowth
occurs.3435 Bony ingrowth seems to occur early: histological
sections of a non-cemented femoral stem revised for technical
reasons at four months showed growth of bone into the
porous coating.35
The reported follow up of patients with non-cemented hip

replacements ranges from a few months to almost 20 years
and indicates that good short term results may be maintained
over longer periods.323336 If a permanent metal to bone
fixation could be achieved an interchangeable acetabular
plastic lining would be the only maintenance required ifwear
became a problem, since improvements in prosthetic design
and manufacture with the use of new metal purification and
casting techniques and the use of stronger alloys have
succeeded in reducing the incidence of metal fatigue and
fracture of the femoral stem.

The success of the non-cemented prosthesis has been due
to strict adherence to certain important principles. Firstly,
the materials used for manufacture must be biocompatible
for there is no intervening cement.37 38 Secondly, a low
friction bearing is necessary to reduce loosening. The
coefficient of friction of an artificial joint is roughly 40 times
that of the normal mammalian joint. Friction at the articula-
tion is transposed to shear force at the prosthesis-bone
interface.39 This may be reduced by careful design. Thirdly,
a secure primary fixation of the prosthesis to bone must be
achieved to permit secondary bony ingrowth. Poor prosthetic
fit, inadequate prosthesis-bone contact, or surface pores too
small to support well vascularised bone ingrowth result in
further loosening. Fourthly, a large contact area between
prosthesis and bone reduces the load per unit area at the
interface.' Finally, the best long term results may be
expected when the prosthesis is implanted into well vascular-
ised, non-sclerotic, mechanically resilient bone capable of
mounting a vigorous endosteal osteogenic response. At
present, therefore, cementless fixation is unsuitable for
patients with osteoporosis and bone tumours.

JoHN NIXON
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Clinical heart and lung
transplantation
Patients with end stage parenchymal lung disease or pulmon-
ary vascular disease present a difficult therapeutic problem,
for these conditions are ultimately fatal and conventional
treatment is no more than palliative. Transplantation of the
lung or combined transplantation of the heart and lung offer
the only chance of cure.
Over the past 20 years repeated efforts have been made to

transplant single lungs and until 1980 there had been three
attempts at combined heart and lung transplantation. 1-3
Nevertheless, between 1963 and 1980 experience with isola-
ted transplantation of the lung was disappointing, and only
two of about 38 patients survived more than one month.4 One
of these lived for six months and the other 10 months; but
apart from a two week period in the second case both
remained in hospital throughout their postoperative course.
All three recipients of the combined heart and lung trans-
plants died within a few days.
Improved results of cardiac transplantation at Stanford

with the use of cyclosporin,5 and long term survival after
combined heart and lung transplantation in primates,6
encouraged further efforts, and in March 1981 the world's
fourth heart and lung transplant operation was carried out.
The patient, a 45 year old woman with primary pulmonary
hypertension, remains alive and well 45 months later.
Twenty two patients have now undergone 23 combined
operations in the Stanford series with one, two, and three
year actuarial survivals of 71%, 58%, and 58% respectively.
Comparable figures for survival after isolated cardiac trans-
plantation were 82%, 75%, and 68%.7 The total period of
follow up ofrecipients ofcombined heart and lung transplants
is 332 months (mean 16 months, range 4-45 months). Early
mortality was 26% which largely reflects the initial surgical
experience, and there has been only one early death in the last
eight patients.

Neither the operation nor the postoperative management
of these patients is straightforward. Adhesions from previous
cardiac surgery (common in those with Eisenmenger's
syndrome), exacerbated by a hypocoagulable state due to

hepatic congestion, and prolonged periods on cardio-
pulmonary bypass increase the operative risk and have
contributed to three of the six early deaths. Furthermore, as
the transplanted lungs are denervated there is no cough
reflex, so the patients need vigorous postoperative physio-
therapy to the chest including instruction on how to achieve
postural drainage.

Early diagnosis of rejection of the lung is difficult. The
hypothesis that pulmonary and cardiac rejection occur
simultaneously-and therefore that rejection of both organs
may be diagnosed by endomyocardial biopsy-is no longer
tenable, for isolated lung rejection has occurred after com-
bined heart and lung transplantation in primates and in one
patient.8 la Chest radiographs show diffuse opacification but
this appearance may be confused with cardiac failure or
infection and thus there is no satisfactory non-invasive way to
diagnose lung rejection.
The 16 patients in the Stanford series who were discharged

from hospital had normal exercise tolerance and normal gas
exchange four weeks after operation.9 Cardiac catheterisa-
tion, performed in 13 patients after one year and in five after
two years, showed normal haemodynamic values, including
pulmonary artery pressure and pulmonary vascular resist-
ance. The appearances on coronary arteriography were
normal apart from the development of extensive coronary
mediastinal collateral vessels. One of two patients studied at
three years had triple vessel coronary artery disease and
raised pulmonary artery pressure as a result of recurrent
pulmonary vascular disease; both the pulmonary and
coronary vascular disease were probably the result of im-
mune mediated injury. This patient was given a second
transplant and has since made a full recovery and left
hospital.
There have been two late deaths at 14 and 15 months from

acute anterior myocardial infarction and respiratory failure
respectively. Six of the long term survivors, including the
two who died, have developed late pulmonary complications.
Symptoms have included progressive breathlessness, cough
(often productive), and fever, with signs of diffuse crepita-
tions and expiratory rhonchi.'0 Serial tests of lung function
have shown an obstructive pattern in all six patients with
superimposed restrictive changes in three. Histological
examination of tissue from open lung biopsy or necropsy has
shown obliterative bronchiolitis in five of these six patients.
This syndrome has been unresponsive to treatment with
antibiotics, bronchodilators, or physiotherapy. A course of
corticosteroids was given in four patients, late in the course of
their deterioration, but no sustained response was obtained.
Four ofthese six patients remain alive, one remains dyspnoeic
on moderate exertion, one has undergone successful retrans-
plantation, and two await a repeat operation.
The development of late respiratory dysfunction is worry-

ing, but this may be due to inadequate immunosuppression
and thus may be avoidable in the future. In support of this
view a seventh patient who recently presented with this
syndrome was given early augmented immunosuppression
and this resulted in resolution of his symptoms and a return
to normal values of lung function. Most patients, however,
have had no late complications and the remaining 10 patients
are now fully rehabilitated and able to choose their own
lifestyle-a remarkable achievement, especially in those
with Eisenmenger's syndrome who are born severely in-
capacitated and have never before been able to exercise
normally.

Recent results of combined heart and lung transplantation
are considerably better than those for isolated lung transplan-
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