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RESUMEN

Patologia dsea postrasplante renal.

La complicacién 6sea mds frecuente del trasplante renal ha sido la necrosis vas-
cular en relacién con el tratamiento esteroideo. Sin embargo, algunos datos pare-
cen indicar que tanto la osteomalacia inducida por aluminio como el hiperparati-
roidismo secundario severo serian factores predisponentes para el desarrollo de la
misma. El uso de dosis bajas de esteroides postrasplante ha reducido la inciden-
cia de enfermedad 6sea en el trasplante renal.

SUMMARY

Bone disease following renal transplantation.

The most common complication affecting the bones following renal transplanta-
tion has been avascular necrosis mainly related to steroid treatment. However,
it seems that aluminium-related osteomalacia and secondary hyperparathyro:drsm
may be predisposing factors. Low-steroid regimes have reduced the /nCldence of
bone disease in transplant patients.
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Although some patients require surgery for
hyperparathyroidism presenting as hypercalcaemia
after successful renal transplantation ' the most
common complication affecting the bones of recipients
of renal allografts has been avascular necrosis. Since it
was first described by Starzl in 1964 ? this condition
has been the subject of many studies which have had
contrasting conclusions *2.

Although steroids have been implicated as a
contributory factor, some authors > but not all 1+ 8
have found a positive correlation between steroid dose
and bone necrosis despite the fact that avascular bone
necrosis has been described in many other conditions
where steroids have been used 7. In our retrospective
comparison of patients treated using two widely
differing steroid regimes, bone necrosis was
significantly more common in patients receiving the
higher steroid doses °. However the patients in the low
steroid group who developed bone necrosis received
significantly less steroid than those patients who did not
develop the problem in the high steroid group
suggesting that there was an underlying individual
predisposition. If all patients in a study receive similar
doses of steroids and an individual predisposition exists
the effect of steroids will not be evident. This might help
to explain the differing views on the contribution of
steroids to the aetiology of avascular bone necrosis.

What could this underlying predisposition be? In our
survey, using multivariate analysis, there was a
suggestion that bone necrosis might be more common
in patients with particular HLA antigens, namely B8
and B12. Steroid pharmacokinetics differ between
patients 2 and it has been reported that patients with
reduced prednisolone clearances develop more steroid
induced complications including bone necrosis '%'2,
In a prospective study prednisolone clearances in
patients with HLA B8 and B12 who had developed
bone necrosis were compared with those from renal
transplant recipients without these antigens and who
did not have bone necrosis. The difference in
prednisolone levels between the two groups following
a test dose of 30 mg orally was not significantly
different at any time up to 12 hours later (unpublished
data). Intersubject variations in prednisolone
pharmacokinetics can therefore not be attributed to the
presence of these antigens although it is possible that
prednisolone metabolism may have been different at
the time of transplantation.

As > 90 % of cases of avascular bone necrosis occur
within the first 3 vyears after transplantation some
change must occur to reduce the risk of bone necrosis
developing later. Although this may be a reduction in
the dose of steroids our data suggest that another factor
or factors may be involved. A further change which
takes place post transplantation is that
hyperparathyroidism usually resolves spontaneously
and vitamin D metabolism returns to normal. Renal
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osteodystrophy is therefore at its worst at the time of
exposure to the highest dose of steroids and
subsequently improves.

The state of underlying renal osteodystrophy has
been alleged by some authors to predispose to the
subsequent development of bone necrosis * 8 13 but
this has not been confirmed by others ' 7 ', As most
studies have been retrospective, these counter claims
have usually depended on simple indices such as
calcium, phosphate, alkaline phosphatase and
radiological skeletal surveys. PTH levels did not
correlate with the development of bone necrosis '% '*
nor did serum 25-OH-vitamin D concentrations '* but
the assays were not carried out at the time of
transplantation. One of us (BJR]) was involved in a
study of avascular bone necrosis in renal transplant
recipients in Melbourne, Australia where a
significantly higher alkaline phosphatase at the time of
transplantation, presumed to reflect the state of bone
turnover, was founf in patients who later developed
bone necrosis '°. This correlation was not found when
patients in Glasgow were studied. Can these two
findings be reconciled?

Patients in the areas surrounding Glasgow were
previously exposed to high dialysate aluminium levels
resulting in a number of cases of dialysis dementia '°.
Since 1978 effective water treatment has prevented
further cases of dialysis dementia but aluminium
related osteomalacia has been a common finding on
iliac crest bone biopsy of dialysis patients in Glasgow
and has been thought to be due to the use of aluminium
containing phosphate binding agents. -Patients with
aluminium related osteomalacia tend to be
hypercalcaemic and have normal or only mildly
elevated PTH and alkaline phosphatase levels '7. If
patients with aluminium related osteomalacia at the
time of transplantation are susceptible to the
development of bone necrosis under the influence of
steroids the alkaline phosphatase at the time of
transplantation will not be significantly elevated. If
bone necrosis affected a population consisting of
patients with both aluminium related osteomalacia and
hyperparathyroidism the mean alkaline phosphatase
might well not be different from a control group. The
effect of both types of underlying bone disease would
then be masked which could explain the different
findings between Glasgow and Melbourne with respect
to alkaline phosphatase at the time of transplantation.

This hypothesis is supported by the fact that one of
the only two patients since our study was completed to
develop bone necrosis on low dose steroids was a
young girl who had severe aluminium related
osteomalacia. A bone biopsy at the time of
transplantation showed significant deposition of
aluminium within the calcification front (MH. Table 1).
Although her serum aluminium was not particularly
high at the time of transplantation it was 4 months later



BONE DIEASE FOLLOWING RENAL TRANSPLANTATION

Table [
Osteoid Active osteoid Al % OS Calcification Resorption
surface (OS) surface front surface
Pre 75.9 0.9 59.8 9.1 6.2
MH
8 mth 56.7 9.4 15.8 32.6 6.6
Pre 52.2 6.3 54.9 8.0 17.7°
EK
6 mth 70.0 11.2 15.9 33.5 7.9

before it began to fall towards 1 pmol/! (Fig. 1). At this
time her PTH level also began to rise again after an
initial fall post transplantation. The serum alkaline
phosphatase also rose simultaneously to a peak 10
months after the operation before slowly falling to
reach the normal range 7 months later. The PTH level
also returned to normal around this time.

A second bone biopsy 8 months after transplant
showed a marked improvement in the” extent of
aluminium present in the calcification front (table I).

Fig. 1.—MH. Serum alkaline phosphatase, PTH and aluminium levels from date of transplan
114 1U; PTH, 600 ng/l. :

Despite this improvement a significant amount of
aluminium remained although the serum aluminum
levels were low. During the time of maximum exposure
to steroids she therefore continued to have histological
changes of aluminium related osteomalacia. As the
aluminium slowly disappeared from the bones
biochemical evidence of hyperparathyroidism became
evident suggesting that this may have been present at
the time of exposure to aluminium. The
hyperparathyroidism later slowly resolved with both
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the alkaline phosphatase and PTH levels returning to
the normal range.

A second patient with known aluminium related
osteomalacia at the time of transplantation (EK. Table 1)
showed similar changes in PTH and alkaline
phosphatase levels, the latter being confirmed to be
from bone by iso-enzyme studies. On bone biopsy 6
months later the histological changes were almost
identical to the first patient but bone necrosis did not
subsequently occur.

As avascular bone necrosis tends to affect
predominantly weight bearing surfaces > '8 the
pressure on that surface could be expected to influence
the development of bone necrosis. This was shown by
the correlation between weight gain post
transplantation and bone necrosis in our study °. The
state of the bone undergoing these stresses could also
be expected to help determine whether bone necrosis
occurred or not. The effect of steroids on bone is likely
to be influenced by the presence or absence of
significant histological changes during the period of
treatment. Patients with aluminium related
osteomalacia would therefore be at risk of developing
avascular bone necrosis as well as those with
secondary hyperparathyroidism. However the general
change to low steroid regimens and the improved
management of renal osteodystrophy have both

probably contributed to the falling incidence of

avascular bone necrosis following transplantation.
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