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Abstract Renal osteodystrophy is an important problem
in children with chronic renal failure, leading to skeletal
deformities. The most-frequent type of rena osteodys-
trophy is secondary hyperparathyroidism, and the main
factors contributing to the pathogenesis of this condition
are completely or partially corrected after successful re-
nal transplantation. The present paper reviews data on
the evolution of secondary hyperparathyroidism after
transplantation. Studies in both adults and children sug-
gest that secondary hyperparathyroidism and increased
bone remodelling activity may persist months after trans-
plantation. The severity of secondary hyperparathyroid-
ism prior to transplantation, the duration of dialysis, and
the development of nodular and/or monoclonal hyperpla-
sia of parathyroid glands are the most-important factors
that determine the phenomenon. Important issues, which
gtill need to be answered, are the possible roles of
growth factors, cytokines, VDR gene polymorphism (B/b
alele), and type of immunosuppressive regimen in the
skeletal abnormalities observed.
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Introduction

Renal osteodystrophy is an important problem in chil-
dren and adolescents with chronic rena failure (CRF),

P.C. Koch Nogueira - L. David - P. Cochat

Department of Pediatrics,

Hopital Edouard Herriot and Université Claude Bernard,
Lyon, France

P.C. Koch Nogueira
Department of Pediatrics,
Faculdade de Ciéncias Médicas de Santos, Brazil

P. Cochat ([ ])

Unité de Néphrologie Pédiatrique, Hopital Edouard Herriot,
F-69437 Lyon Cedex 03, France

e-mail: cochat@univ-lyonl.fr

Tel.: +33-4-72110346, Fax: +33-4-72110343

leading to skeletal deformities and growth retardation,
which are magjor determinants of CRF morbidity. It in-
cludes a broad spectrum of bone remodelling disorders,
ranging from high-turnover lesions (osteitis fibrosa, mild
lesions, and mixed lesions) to low-turnover lesions (ady-
namic bone disease and osteomalacia) [1].

The most-frequent type of renal osteodystrophy, sec-
ondary hyperparathyroidism (2HPT), results from an in-
crease in the synthesis and secretion of parathyroid hor-
mone (PTH), which usually gives rise to high-turnover
lesions. Induction of 2HPT is the consequence of both
hypertrophy and hyperplasia of parathyroid glands. The
main factors in the pathogenesis of 2HPT are hypocal ce-
mia, a reduced concentration of serum calcitriol, and an
increased concentration of serum phosphate. The first
two factors are both present as soon as the glomerular
filtration rate (GFR) fals below 80-60 ml/min per
1.73 m2, while phosphate retention appears only when
the GFR is less than about 30 mi/min per 1.73 m2. After
successful renal transplantation (RT), these abnormalities
are completely or partially corrected; nevertheless 2HPT
may persist. In addition to persistence of 2HPT after RT,
other bone disorders induced by graft tubular dysfunc-
tion and/or immunosuppression-related bone disease
may supervene [2]. As a consequence the occurrence of
bone disorders, such as osteopenia, fractures, calciphy-
laxis, and avascular necrosis of bone, are mgjor problems
in pediatric RT recipients [3-5]. The aim of the present
paper is to review data on the evolution of 2HPT after
RT.

Evolution of 2HPT after RT
Studiesin adults

Since the 1970s it has been known that 2HPT may per-
sist months or years after successful RT [6-9]. Since
then various reports with comparable results in adult pa-
tients have been published. In order to summarize repre-
sentative results, we pooled the data from two studies in
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Table 1 Demographic dataand

comparison of parameters of Parameter Study RT recipients  Controls WMD (95% Cl) P
secondary hyperparathyroidism
(2HPT) in adult renal trans- n a 30 30 - -
plant (RT) recipients and con- b 82 82 - -
trols (WMD weighted mean dif- Total 112 112 - -
ference, Cl confidence interval, Gender a 17 females 17 females — -
PTH parathyroid hormone) b 35 females 35females - -
Age (years) a 50+14 49+12 - -
b 4441 4442 - -
Timeafter RT  a 2-61 - - -
(months) b 6-73 - - -
PTH a 98+175 27+11 71.000 (8.253, 133.747)
(pg/ml) b 6915 30+1 39.000 (37.896, 40.104)  <0.05
Total 39.010 (37.906, 40.113)  (RT>controls)
Calcium a 9.60+0.40 9.60+0.40 0.000 (-0.202,0.202)
(mg/dl) b 9.39+0.05 9.32+0.03  0.070 (0.057, 0.083) <0.05
Total 0.070 (0.057, 0.083) (RT>controls)
Phosphate a 3.10+0.60 3.40+0.60 —0.300 (—0.604,0.004)
(mg/dl) b 2.94+0.06 3.31+0.05 -0.370 (-0.387,-0.353) <0.05
Total —0.370 (-0.387,-0.353) (RT<controls)
Osteocalcin a 15.8+7.8 7.3t19 8.500 (5.627, 11.373)
(ng/ml) b 16.6+0.8 8.0+0.3 8.600 (8.415, 8.785) <0.05
Total 8.600 (8.415, 8.784) (RT>controls)
Creatinine a 1.30+£0.30 1.00+0.20 0.300 (0.171, 0.429)
- (mg/dl) b 1.25+0.20 0.90+0.01  0.320 (0.277, 0.363) <0.05
- Pietschmann et al. [10] Total 0.318(0.277,0.359)  (RT>controls)
Dumoulin et a. [11]
;aerbé%? zﬁ%mrﬁi”;ﬂﬂ to,f?—?""rrgm Parameter Study  RT recipients  Controls WMD (95% ClI) P
cipients and controls, consider-
ing only subgroups of individu- N a 8 23 - -
als matched for normal renal b 25 25 - -
function (NS not significant) Total 33 48 - -
PTH a 56+39 2818 28.000 (0.777, 55.223)
(pg/ml) b 5245 28+3 24.000 (21.714, 26.286)  <0.05
Total 24.028 (21.750, 26.306)  (RT>controls)
Calcium a 9.60+0.40 9.60+0.40  0.000 (-0.322, 0.322)
(mg/dl) b 9.37+0.09 9.36+0.04  0.010(-0.029, 0.049) NS
Total 0.004 (—0.028, 0.048) (RT=controls)
Phosphate a 3.40+0.90 3.40£0.60  0.000 (-0.670, 0.670)
(mg/dl) b 2.87+0.12 3.24+0.09 -0.370(-0.429,-0.311) <0.05
Total —0.342 (-0.534,-0.149) (RT<controls)
Osteocalcin a 12.3+3.6 7.3t1.9 5.000 (2.387,7.613)
_ (ng/ml) b 14.9+1.8 8.1+0.5 6.800 (6.068,7.532) <0.05
2Pietschmann et . [10] Total 6.355 (4.833,7.877) (RT>controls)

bDumoulin et al. [11]

which RT recipients were compared with controls [10,
11]. Although we did not perform a systematic review,
some techniques common to meta-analyses were adopted
for pooling the data. For comparison of the results the
weighted mean difference and 95% confidence interval
were used; all calculations were performed using a ran-
dom effects model, since we did not evaluate heteroge-
neity in the analysis of outcomes among the studies [12].
Results of this analysis are shown in Tables 1 and 2.
From these data it is apparent that RT recipients ex-
hibited significantly higher levels of serum PTH, calci-
um (Ca), and osteocalcin than controls, along with re-
duced levels of serum phosphate, which is consistent
with the persistence of 2HPT and increased bone remod-
elling activity months after RT. These abnormalities
might be explained by the reduced renal function of the

recipients (Table 1). However, both studies [10, 11] com-
pared subgroups of patients in which recipients and con-
trols were matched for normal rena function, but in-
creased serum concentrations of PTH and osteocalcin,
and reduced levels of phosphate, were still present in the
recipient subgroup (Table 2).

This suggests that a factor(s) other than reduced renal
function may participate in the 2HPT persistence of RT
recipients. These might include (1) a less suppressible
PTH secretion, which could be related to the duration of
dialysis treatment and to the size of the parathyroid
glands before transplantation [13, 14], (2) a slow involu-
tion of hyperplastic glands due to an ateration in the
clearance of excess cells by reduced apoptosis [15], and
(3) the type of tissue growth, since nodular rather than
diffuse hyperplasia is associated with less uniform distri-
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Table 3 Vitamin D receptor
genotype (intron 8 Bb allele)
and serum PTH levels at the
timeand 1 year after RT

Genotype (n) P
BB (13) Bb (40) bb (28)
PTH at time of RT (pg/ml) 70.7+46.8  412.0+617.0  388.0+107.7 <0.01
BB vs. Bb+bb
PTH 1 year after RT (pg/ml) 53.7420.3  127.6+93.7 114.1+87.9 <0.05
BB vs. Bb+bb

Modified from Messa et al.
(1998) Kidney Int 54:1704-1713

bution of calcitriol receptors, resulting in a lower inhibi-
tory feedback of vitamin D [16, 17]. Studies in uremic
patients have also shown a high prevalence of monoclo-
nal growth of parathyroid glands, regardless of the pres-
ence of nodular or diffuse hyperplasia [18, 19]. Should
the progression to monoclonal growth of parathyroid tis-
sue occur, it is logical to postulate that the involution of
the glands would not occur even after removal of the fac-
tors that induced 2HPT.

Messa et al. [20] recently suggested another potential
cause of persistent 2HPT after RT. They studied the role
of the vitamin D receptor (VDR) gene polymorphism in
intron 8 (B/b alele) in the evolution of 2HPT after RT in
81 consecutive adult RT recipients, and observed that in-
dividuals with the BB polymorphism had lower serum
PTH levels both at the time of RT and 1 year later
(Table 3). In addition, among 8 RT recipients who need-
ed a parathyroidectomy after RT, none expressed the
genotype BB (6 were Bb and 4 bb), and all exhibited
nodular hyperplasia in the removed glands. These find-
ings are consistent with the hypothesis that the b aleleis
associated with lower transcriptional activity and/or
MRNA stability, thus producing a lower degree of VDR
expression that would decrease the inhibitory effect of
calcitriol on parathyroid tissue [20]. However, when RT
recipients were divided into two groups according to the
PTH serum concentration 3 months after RT (group A
PTH <80 pg/ml and group B PTH >80 pg/ml), group A
patients, who had a greater prevalence of the BB geno-
type (group A=10/40, group B=3/41), were younger
(group A=39.9+11.5 years, group B=48.7+11.7 years)
and had a significantly shorter duration of dialysis before
RT (group A=23.8+14.4 months, group B=44.6+37.2
months) [20]. It is therefore possible that the less-severe
form of 2HPT in group A patients than group B patients
was simply due to a shorter duration of end-stage rena
disease. More studies are necessary to better define the
possible role of the B/b allele.

Another point that must be considered is that bone re-
modelling is not exclusively controlled by PTH; calcitri-
ol, growth factors, and cytokines are aso involved. Fac-
tors such as tumor necrosis factor a (TNFa) and inter-
leukin-1 (IL-1) induce the osteoblasts on bone surfaces
to produce IL-6, I1L-11, granulocyte-macrophage colony-
stimulating factor, macrophage colony-stimulating fac-
tor, and stem cell factor. These molecules stimulate the
differentiation of preosteoclasts to osteoclasts, leading to
the development of the ruffled borders, which are spe-
cialized bone resorption areas of osteoclast plasma mem-

branes. On the other hand, the products of bone resorp-
tion together with Ca and transforming growth factor 3
limit osteoclast function and serve as growth factors for
osteoblasts, resulting in the deposition of new bone in
the resorption lacunae. Insulin-like growth factor-1 pro-
duction is increased by PTH and may also promote os-
teoblast proliferation. In CRF the expression of TNF-a,
IL-1, IL-6, and IL-11 and their receptors are increased,
which might contribute to the augmented bone remodel-
ling cycle [21, 22], but their role in the pathophysiology
of renal osteodystrophy after RT has not been evaluated.

Studiesin children

Studies in children are far more scarce than in adults.
Koch Nogueira et al. [23] compared two groups of chil-
dren who received a first RT, according to the duration
of end-stage rena disease [group |, pre-emptive RT
(n=17) and group I, RT after 6.1+7.3 months on dialysis
(n=24)]. The groups were matched for age, gender, caus-
es of renal insufficiency, duration of ischemiatime, type
of donor, and immunosuppressive treatment. There were
no significant differences in the serum levels of Ca,
phosphate, 25-hydroxyvitamin D, and magnesium be-
tween the two groups, however serum PTH levels were
significantly higher in the dialyzed group, both before
(group 1=95£150 pg/ml, group 11=253+346 pg/ml,
P=0.03) and 90 days after RT (group 1=40+20 pg/ml,
group 11=69+42 pg/ml, P=0.01), despite the fact that
graft function was identical at the end of the follow-up
period. On day 90, 13 of 24 (54%) children from group
I had serum PTH concentrations above the normal range
compared with only 3 of 17 (18%) children from group
[, thus suggesting that the severity of 2HPT is related to
the duration of end-stage renal disease prior to RT.
Moreover, although some involution of the parathyroid
glands may be anticipated in children after RT, recipients
who have developed a more-severe form of 2HPT may
exhibit a lower regression rate. The slow cell involution
once 2HPT has occurred is in agreement with the work
of Parfitt [24], who observed that cells of human para-
thyroid glands have a low turnover, the normal rate of
parathyroid cell renovation being around 5% per year,
which correspondsto a cell life span of 20 years.

In a more-recent study, Sanchez et al. [5] performed
iliac crest bone biopsy to evaluate the extent and severity
of renal osteodystrophy in 47 patients 3.2+1.7 years after
RT; 11 of 47 (23%) had mild hyperparathyroidism, 31 of



Table 4 Evolution of type of bone disease before and after RT in
children (n=24)

Pre RT biopsy Post RT biopsy
Normal bone formation rate (n=8)
2HPT (n=14) 2HPT improved (n=5)

Adynamic lesion (n=1)

Normal bone formation rate
(n=7)

Normal bone formation rate (n=7)

Normal bone formation rate (n=1)
Adynamic lesion (n=1)
2HPT (n=1)

Adynamic lesion without
auminum (n=3)

Modified from Sanchez et al. (1998) Kidney Int 53:1358-1364

47 (66%) had normal bone formation, and 5 of 47 (11%)
had adynamic lesions; the three groups were matched for
graft function. In 11 of the 47 patients, serum PTH levels
were higher than the reference value for normal individ-
uals (i.e., <65 pg/ml) and 4 of 47 had values greater than
100 pg/ml; 3 of these had a normal rate of bone forma-
tion and 1 had a mild osteitis fibrosa [5]. It is noteworthy
that the serum PTH level could not distinguish the three
groups of patients and that there was no significant cor-
relation between the rate of bone formation and PTH
level [5]. This study demonstrates that even after a long
post-RT follow-up there may be a considerable number
of patients who still exhibit mild 2HPT, although some
improvement is to be expected in the mgjority of chil-
dren. Furthermore, an isolated serum PTH determination
alone does not appear to be a sufficiently specific marker
of the type of renal osteodystrophy. In the same study [5]
24 of 47 patients had a previous bone biopsy performed
4.7+3.2 years previously; the evolution of rena osteo-
dystrophy prior to and after RT is shown in Table 4.

The severity of post-transplant 2HPT may range from
an asymptomatic state of “inappropriate PTH secretion,”
such as the cases described above [5, 23], to a more-
critical situation of refractoriness of parathyroid glands
to any form of medical treatment, know as tertiary hy-
perparathyroidism (3HPT). In arecent report, Nieto et al.
[25] described three children in whom 3HPT was noted
1 month to 3 years after RT; in al children hemodialysis
was of long duration (7-11 years) and two had under-
gone more than one transplant (one had 2 RT and the
other had 3 RT). These three patients underwent subtotal
parathyroidectomy and pathological examination re-
vealed adenoma transformations in the affected glands.
The authors suggested that this might be the result of
monoclonal parathyroid growth by inhibition of the tu-
moral suppression factor of chromosome 11 [25].

Effects of immunosuppressive drugs
on post-transplant 2HPT

Among the commonly used drugs for immunosuppres-
sion after RT, cyclosporine A (CyA) is known to induce
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a state of high-turnover osteopeniain rats [26], and there
are in vitro data suggesting that CyA inhibits bone re-
sorption of cultured mouse calvaria [26]. Although one
study in humans has shown a rise in serum alkaline
phosphatase activity in CyA-treated patients, suggesting
a high-turnover osteopathy [27], two more-recent reports
failed to confirm any deleterious effect of CyA on bone
and Ca metabolism after RT [28, 29]. The direct effect of
CyA on parathyroid gland function, if any, has not been
assessed to date, to the best of our knowledge.

To review the extensive data on the role of glucocor-
ticoids on bone metabolism is not within the scope of
this paper. It is well known that patients treated with
these drugs develop osteopenia, mainly secondary to im-
paired intestinal absorption of Ca, inhibition of osteo-
blast function, and increased urinary Ca excretion [28].
All these actions promote a state of negative Ca balance
that might contribute to indirect stimulation of parathy-
roid function after RT. Furthermore, in vitro data suggest
that glucocorticoids may have a direct dose-dependent
stimulatory effect on PTH secretion in both bovine [30]
and human [31] cultured parathyroid cells.

Conclusions

From the datareviewed here it is apparent that persistence
of 2HPT after RT is a significant problem that may occur
in up to 50% of recipients. A possible increase in the risk
of acute tubular necrosis following RT, hypercalcemia, hy-
pophosphatemia, and the extension of renal osteodystro-
phy after RT are expected clinical consequences[28, 32].

The severity of 2HPT prior to RT, the duration of di-
alysis treatment, and the development of nodular and/or
monoclonal hyperplasia of parathyroid glands are the
most-important factors that determine the degree of
2HPT after RT. Important issues which still need to be
answered are the possible roles of growth factors, cyto-
kines, VDR gene polymorphism (B/b allele), and type of
immunosuppressive regimen in the genesis of skeletal
abnormalities observed after RT.

These conclusions may have implications for clinical
practice, since the data suggest that assessment of bone
metabolism parameters should be performed systemati-
cally after a successful RT. We do not know at present
what is the optimal PTH serum level after RT; it islikely
that normal values obtained from healthy individuals are
not adequate in this situation. Furthermore, based on the
existing evidence it is reasonable to speculate that pa-
tients could benefit from continued efforts to control
2HPT after RT.
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