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Introduction: Renal osteodystrophy includes the complete range of mineral metabolism disorders that affect the skeleton in patients
with chronic renal failure. Patients and Methods: 200 patients with end-stage renal disease and on dialysis were investigated
regarding the clinical, biochemical and histological findings of bone disease. Results: The spectrum of renal osteodystrophy consisted
mainly of high turnover bone lesions (74.5%), including osteitis fibrosa in 57.5%. Patients with mild bone disease were on dialysis
for shorter periods of time and were mostly asymptomatic. Patients with aluminum-related bone disease (16.5%) had the greatest
aluminum exposure, either orally or parenterally, and together with patients with high turnover mixed disease, were the most
symptomatic. Although on a non-regular basis, the vast majority of the patients (82.5%) had been receiving vitamin D. The incidence
of adynamic bone disease was high (n=8) among parathyroidectomized patients (n=12). Significantly higher serum levels of alkaline
phosphatase were observed in osteitis fibrosa. Conclusions: The use of calcitriol and phosphate-binding agents on a non-regular
basis seems to be the reason for the apparent reduced response to the treatment of secondary hyperparathyroidism. Alkaline
phosphatase has been shown to be a fair marker for bone turnover in patients with osteitis fibrosa. The severity of the clinical
manifestations of bone disease correlates with the histological features of bone lesion and to the time spent on dialysis.

Uniterms: Renal osteodystrophy. Chronic renal failure. Hemodialysis. Aluminum intoxication. Bone metabolism.

INTRODUCTION osteomalacia, aluminum-related or non-aluminum related
adynamic bone disease), or consisting of mixed high and

low-turnover bone disease.? Because the distinction

he term renal osteodystrophy is used to describe
the skeletal syndromes and alterations in mineral
metabolism associated with end-stage renal
disease.! It is a multifactorial disorder of bone remodeling
consisting of either high-turnover (secondary
hyperparathyroidism) or low-turnover bone disease (pure
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between high-turnover and low-turnover lesions of renal
osteodystrophy depends, in part, on measurements of the
dynamics of bone remodeling, transition from one
histologic subtype to another may occur. Thus, renal
osteodystrophy should be viewed as a continuum with a
spectrum of histologic manifestations, ranging from
osteomalacia and low-turnover bone disease to osteitis
fibrosa and high-turnover bone lesions.3

During the 1970s and 1980s, aluminum was
recognized as an important factor in the pathogenesis of
several subtypes of renal osteodystrophy.*> Most patients
with the skeletal lesions of osteomalacia and many with
the adynamic lesions of renal osteodystrophy show
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evidence of substantial aluminum deposition in bones,
whereas this finding is much less common in those with
secondary hyperparathyroidism and osteitis fibrosa.>®

The maintenance of normal serum levels of calcium
and phosphorus to prevent further hyperplasia of the
parathyroid glands,' the introduction of continuous
ambulatory peritoneal dialysis, the improved results in kidney
transplantation,’ the therapeutic administration of active
vitamin D sterols such as 1,25 dihydroxy vitamin D' and the
recognition of the risk of aluminum intoxication from
cumulative ingestion of aluminum-containing medications®’
are among the major approaches to the successful
management of patients with renal osteodystrophy.

The present study was aimed at studying the
correlation between clinical, biochemical and histological
features of renal bone disorders in 200 patients with
chronic renal failure treated with long-term hemodialysis.

METHODS

Study Patients

Initially, 293 patients with end-stage renal disease
under maintenance hemodialysis in the Rio de Janeiro
metropolitan area were considered for participation in this
study. All these patients had previously been submitted to
an iliac crest bone biopsy in the periods 1987-1988 and
1990-1995 for the investigation of bone disease. Iliac crest
bone biopsies were performed in those patients with
clinical findings of bone disease, such as unexplained bone
pain, proximal myopathy or fractures; and/or altered
laboratory parameters, such as persistently high plasma
phosphorus concentrations, uncontrollable hypercalcemia,
high plasma alkaline phosphatase or parathyroid hormone
concentrations. Ninety-three patients were excluded from
the study on the grounds of being under continuous
ambulatory peritoneal dialysis (CAPD), being pre-dialysis
patients, having previous renal transplantation, not
providing the medical and/or laboratory information
requested on the questionnaire and failing to ingest the
tetracycline before the biopsy procedure. Thus, 200
patients from eight different dialysis units formed the
material for this study.

The vast majority of the biopsies were performed at
Hospital Universitario Antonio Pedro (Universidade Federal
Fluminense) and all samples were processed and examined
by a single observer in the Department of Pathology of the
same University. Clinical, laboratory and risk parameters
for bone disease of these patients were investigated
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according to a standardized questionnaire. The clinical
parameters assessed at the time of bone biopsy included
muscle weakness, unexplained bone pain and pathological
fractures. All blood samples for subsequent measurements
of serum levels of total albumin, calcium, phosphorus and
alkaline phosphatase were collected before dialysis and the
values are expressed as the average of the three most recent
measurements. All patients were on regular hemodialysis
and the concentration of calcium in the dialysate was 3.5
mEqg/liter. Calcium carbonate or acetate was used as the
primary phosphate-binding agent in most subjects, and doses
were adjusted according to the phosphorus serum levels.
Aluminum containing antacids was used as a phosphate
binder in a smaller number of patients.

Bone Biopsy

All the study patients underwent an iliac crest needle
biopsy under local anesthesia. Patients were given two
courses of tetracycline separated by an interval of 11 days.
The biopsy was performed 3-10 days after the last dose of
tetracycline. The bone samples were fixed in 70% ethanol
and dehydrated by sequential changes in ascending
concentrations of ethanol and xylene and then embedded
in methyl methacrylate. For histological analysis,
undecalcified sections (Smm) of cortical and trabecular
bone were stained by the Goldner method'® and by aurin-
tricarboxylic acid for detection of aluminum.''> Bone
remodeling and turnover was investigated on 10mm
unstained sections under fluorescent light.

Classification of bone lesions

The histologic classification for the skeletal lesions
of renal osteodystrophy used in this study has been
previously described'? as follows:

a) osteitis fibrosa: increased remodeling, resorption and
formation, increase in bone-forming cell proliferation'
and bone marrow fibrosis;

b) mild disease: slightly increased bone remodeling and
no fibrosis;

¢) osteomalacia: increased osteoid volume and surface,
defective mineralization;

d) adynamic disease: hypocellular bone surfaces, no
remodeling;

e) mixed disease: features of both osteitis fibrosa and
osteomalacia.
These histologic diagnoses were combined into two
major groups: high-turnover bone disease (osteitis fibrosa,
mild lesion and mixed disease with a prevalence of osteitis
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fibrosa) and low-turnover bone disease (osteomalacia,
adynamic disease and mixed disease with a prevalence of
osteomalacia). The low turnover group (osteomalacia,
adynamic and mixed disease, predominantly osteomalacia)
was further divided, according to the presence or absence
of stainable bone surface aluminum, into aluminum bone
disease (stainable aluminum on =25% of bone surfaces)
and non-aluminum bone disease.

Statistical analysis

Differences between the means of laboratory
measurements for all studied groups were tested for
statistical significance using analysis of variance
(ANOVA) followed by Student’s t-test.

RESULTS

Patient characteristics

Themean age of the 200 patientswas40.7+14.8 years
(range 11-74), and 53.5% were men. The patients had been
hemodialyzed for 73.8+48.3 months (range 1-192). In 93%
of the patients, thewater used for the preparation of dialysis
solutions was purified by deionization. Aluminum-
containing phosphate binding agents were intermittently
used for the control of hyperphosphatemia in 70.5% of
the patients. Ninety-four percent of the patients had been
treated with calcium carbonate or acetate and 82.5% with
vitamin D on anon-regular basis. Parathyroidectomy had
been performed in twelve patients (7%) for the treatment
of severe secondary hyperparathyroidism. Bone aluminum
deposition on =25% of bone surfaces was detected in
16.5% of the patients (Fig. 1).

Bone histology

Overall, 57.5% of the patients had osteitis fibrosa,
12.5% had mild bone disorder and 4.5% had mixed bone
disease, predominantly with features of osteitis fibrosa.
The distribution of patients with low turnover disorders,
either aluminum or non-aluminum bone disease, was as
follows: 11% had aplastic bone disease, 7.5% had
osteomalacia and 7% had mixed bone disease,
predominantly osteomalacia (Figs. 2 to 5). Patient
characteristics divided according to bone disorder are
shown in Table 1. The patients with low turnover bone
diseases were further divided according to the presence
or absence of stainable bone aluminum.
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Figure 1 - Distribution of 200 dialysis patients according to the
use of purified water in the dialysis solutions, aluminum gels,
calcium carbonate or acetate, vitamin D, parathyroidectomy (PTX)
and deposition of aluminum in 225% of all bone surfaces.
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Figure 2 - Distribution of 200 dialysis patients according to the
histological type of bone disease.

Onaverage, patientswerein smilar agegroups. Petients
with low turnover non-aluminum bone disease tended to be
dightly younger. Those with mild bone disease had been
treated by dialysisfor shorter periodsof time. It wasobserved
that patients with aluminum-related bone disease had
undergonethegreatest exposureto inadequately treated water
or duminum gels. The vast mgjority of patients had received
calcium carbonate or acetate. Although onanon-regular basis,
82.5% of al patients had received vitamin D at some time
since beginning dialysis. Twelve patients, 4 with osteitis
fibrosaand 8 with non-aluminum low turnover bone disease,
had previously been treated by parathyroidectomy. The
histochemical stain for aluminum was positive in >25% of
the bone surfaces in 83% of the patients with aluminum-
related bone disease. Aluminum deposition was related to
the osteomalacic component of the disease in 22.3% of the
patients with high turnover mixed bone disease.

Theclinical and laboratory findings are displayed in
Table 2. Most of the patients with mild bone disease were
asymptomatic whereas patients with aluminum bone
disease and mixed bone disease, predominantly osteitis
fibrosa, were the most symptomatic. The levels of total
albumin were similar among the groups as well as tota
calcium and plasma phosphorus. As expected, patients
with ogteitis fibrosa and high turnover mixed disease had
the highest plasma alkaline phosphatase concentrations.
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Figure 3 - Distribution of patients with high-turnover bone disease. OF = osteitis fibrosa.
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Figure 4 - Distribution of patients with low-turnover non-aluminum bone disease. OM = osteomalacia.
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Figure 5 - Distribution of patients with low-turnover aluminum bone disease. OM = osteomalacia.

DISCUSSION

Theresults of the present study demonstrate that high
turnover bone diseases, especially osteitis fibrosa, are the
commonest bone disorders associated with chronic renal
failure. Furthermore, important risk factors for bone
disease including dialysis duration, water treatment,
vitamin D usage and the patient’s exposure to toxic agents

such as aluminum have been shown to play an important
role in the determination of the type of bone lesion.

It is well established that aluminum accumulates in
the bones of patients undergoing maintenance dialysis.***
This may be due to parenteral exposure to inadequately
treated water for dialysis solutions and/or the use of large
amounts of aluminum-containing phosphate binding agents
for prolonged periods>®2 |n the last decade, the use of
adequate water purification methods for the preparation of
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Table 1
Characteristics of 200 dialysis patients subdivided according to the bone remodeling turnover, type of bone
disease and stainable aluminum bone deposition.

High turnover bone disease

Low turnover bone disease

(n=149) (n=51)

Osteitis Mild bone Mixed bone Aluminum bone Non-aluminum

fibrosa disorder disease, disease* bone disease*

(n=115) (n=25) predominantly (n=29) (n=22)

osteitis fibrosa
(n=9)

Age(years)* 40.9 (15.0) 36.4 (13.2) 46.2 (14.1) 47.0 (16.6) 34.5 (9.67)
Sex (M/F) 1:1 26:1 05:1 12:1 1.7:1
Duration of dialysis (months)* 76.8 (47.4) 50 (44.1) 91.5 (44.8) 73.7 (36.1) 77.8 (56.4)
Water treatment (%) 95.7 100 100 72.4 95.5
Use of Al(OH), (%) 72.1 48 77.8 89.7 50
CaCO,/acetate (%) 93 88 89 100 96
Vitamin D therapy (%) 82.6 80 66.7 93.1 77.3
Parathyroidectomy (%) 3.5 - - - 36.4
Bone stainable Al 025% surfaces (%) 4.3 - 22.3 83 -

* includes aplastic bone disorder, osteomalacia and mixed bone disease.

* Values expressed as mean and standard desviation.

Table 2
Clinical and laboratory findings in 200 dialysis patients subdivided according to the bone remodeling
turnover, type of bone disease and stainable aluminum bone deposition.

High turnover bone disease

Low turnover bone disease

(n=149) (n=51)
Osteitis Mild bone Mixed bone Aluminum bone  Non-aluminum
fibrosa disorder disease, disease* bone
(n=115) (n=25) predominantly (n=29) disease*
osteitis fibrosa (n=27)
(n=9)
Miopathy (%) 49.6 36 78 69 36.4
Fracture (%) 20.9 8 22 34.5 27.3
Bone pain (%) 71.3 24 100 89.7 68.2
Total calcium (mg/dl)** 8.8 (1.5) 9.3 (0.9) 7.9 (1.5) 9.1 (1.5) 8.9 (1.1)
Phosphorus (mg/dl)** 5.6 (1.7) 5.6 (1.8) 4.9 (1.1) 5.0 (1.2) 5.1(1.8)
Total albumin (g%)** 3.8 (0.5) 4.0 (0.3) 3.6 (0.6) 4.0 (0.6) 4.0 (0.5)
Alkaline phosphatase (U/l)** 888.2 (203.7)5 268.6 (135.6) 660 (82.1)8 159.1 (94.82) 436 (108.6)

* includes aplastic bone disorder, osteomalacia and mixed bone disease (predominantly osteomalacia).

** Values expressed as mean and standard desviation.
§ p<0.05 versus mild and low turnover bone diseases.

dialysis solutions and the avoidance of aluminum-containing
gels for the control of hyperphosphatemia have significantly
decreased the incidence of aluminum intoxication in
dialyzed patients.’ In the present study, a small number of
patients (7%) was found to have been exposed to untreated
water during the last decade. This was more commonly
observed in patients receiving dialysis in small, non-urban
centers, where the control of water purification methods
was not very rigorous. Aluminum-containing phosphate
binding gels, another potential source of aluminum
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exposure, were occasionally used by 70% of the studied
patients. Our data demonstrates that patients with the highest
aluminum exposure, either orally or parenterally, had heavy
aluminum bone deposition (J25% of bone surfaces) detected
by histochemical techniques. These patients either had low
turnover bone lesion (adynamic lesion or osteomalacia) or
the aluminum accounted for the osteomalacic component
of mixed bone disorder. These two aluminum exposure
sources accounted for 16.5% of the observed aluminum-
related bone disease.

Duarte MEL, Peixoto ALP, Pacheco AS, Peixoto AV, Rodriguez RD, Lugon JR, Cruz EAS. The

spectrum of bone disease in 200 chronic hemodialysis patients: a correlation between clinical,

biochemical and histological findings.



In the 1980s,%2!*2 and more recently,? the prevalence
of aluminum-related bone disease in patients undergoing
hemodialysis was reported as approaching 30%. Our
results show that this figure has decreased substantially.
Both clinical and experimental data indicate that aluminum
impairs skeletal mineralization and diminishes bone cell
activity. =

Aluminum deposition in bones is often found within
the mineralization front, which is located at the junction
between osteoid seams and the mineralized bone.* At this
site, calcification of newly formed bone collagen is
initiated and aluminum has been shown to disrupt the
mineralization process, slowing the rate of formation and
growth of hydroxy apatite crystals.?

The proliferation and differentiation of osteoblast
precursors into mature cells are both impaired by
aluminum. A characteristic finding in aluminum-related
bone disease is the decrease in osteoblast numbers, with
reductions in collagen synthesis and mineralized bone
formation. Together, these changes account for the
development of adynamic bone lesion and osteomalacia.?

Alterations in the metabolism of vitamin D and in
mineral homeostasis, and disturbances in the control of
PTH synthesis, are the major factors in the pathogenesis
of renal osteodystrophy. In the treatment of patients with
symptomatic renal osteodystrophy, daily oral doses of
calcitriol have been reported to diminish bone pain,
improve muscle strength and resolve osteitis fibrosa
partially or completely.?>-%’

Despite the use of calcitriol for the treatment of
secondary hyperparathyroidism in 82.5% of this population
of patients, osteitis fibrosa, at various degrees of severity,
was the commonest disorder (57.5%) of renal
osteodystrophy. The use of calcitriol and calcium-
containing agents on a non-regular basis and in many
instances in insufficient doses, could be the reason for the
diminished therapeutic response of calcitriol in controlling
the development and improvement of established osteitis
fibrosa.

The efficacy of active vitamin D sterols is well-known
in the treatment of secondary hyperparathyroidism.?*?° The
administration of active vitamin D sterols can be
accomplished either based on a daily schedule of
administration or, alternatively, in large intermittent doses
of oral or intravenous calcitriol.?*?* Unfortunately, a great
number of patients in this study were unable to afford the
treatment with vitamin D compounds, resulting in the use
of'this compound on a non-regular basis and in insufficient
doses.

Prior to parathyroidectomy, aluminum intoxication
must be excluded®® and the diagnosis of severe osteitis
fibrosa should be well-documented by biochemical,
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radiographic and, whenever possible, by bone biopsy means.
It is well-established that patients who have undergone
previous parathyroidectomy may respond less well or not
at all to deferoxamine (DFO) therapy for aluminum
removal.’! Furthermore, for patients who may subsequently
undergo renal transplantation, partial resection should be
considered (subtotal parathyroidectomy). The preservation
of some parathyroid tissue may help to maintain calcium
homeostasis after renal function is restored.!

Parathyroidectomy has been reported to ameliorate
the symptoms of hyperparathyroidism in hemodialysis and
transplant patients. Recurrent disease has been observed
in 22% of hemodialysis patients and has rarely been seen
in transplant recipients.*

In the present study, subtotal parathyroidectomy was
considered as the treatment of choice in 12 patients with
advanced secondary hyperparathyroidism. Indications for
parathyroidectomy included extraskeletal calcifications,
calciphylaxis, intractable pruritus, persistent hypercalcemia
or its development during calcitriol therapy, and
unsuccessful management of hyperphosphatemia via the
regular use of phosphate-binding antacids.’**

Parathyroidectomy surgery led to the development
of adynamic bone disease in 8 patients and ameliorated
the severity of osteitis fibrosa in the other 4 patients. For
these reasons, parathyroidectomy should be carefully
considered in the treatment of secondary hyperpa-
rathyroidism.

Alkaline phosphatase values are considered fair
markers for the severity of secondary hyperparathyroidism
and, among the studied hemodialysis population, those
with osteitis fibrosa had higher serum alkaline phosphatase
concentrations. The bone isoenzyme of alkaline
phosphatase is expressed by osteoblasts, and high serum
levels normally reflect the extent of high turnover lesions
and their values frequently correlate with serum PTH
levels.* Thus, alkaline phosphatase measurements can be
useful for monitoring the skeletal response to treatment
with vitamin D sterols in patients with osteitis fibrosa.
Hyperphosphatemia, when observed in isolated cases, was
corrected by dietary phosphorus restriction and the use of
phosphate binding agents. Similarly to phosphates, serum
calcium levels did not differ among the various patient
groups.

Among the symptoms investigated, bone pain was
the most common. Patients with high turnover mixed
bone disease and aluminum bone disorder were the most
symptomatic. It is well-established that severe bone pain
is a clinical hallmark of aluminum-related bone disease.*
However, there is marked variation among patients, and
some with advanced secondary hyperparathyroidism are
severely incapacitated.! Patients treated by dialysis for
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shorter periods of time (50+44.1 months) tended to be
younger (36.4+13.2 years), were less symptomatic and
also had less evidence of histological bone lesion (mild
bone disease subgroup). Although the symptoms of renal
osteodystrophy are nonspecific,*® our results suggest that
the severity of the clinical manifestations of bone disease
correspond with the histological features of bone lesion,
which in turn may be related to the time on dialysis. The
physiologic basis of the uremic myopathy is not well-
understood and the role of abnormal vitamin D
metabolism remains uncertain.*® Proximal myopathy was
the second most frequently observed symptom in all
groups except the mild bone disorder subgroup.

In conclusion, we have observed in the studied
population, consisting of 200 patients with end-stage renal
disease under maintenance hemodialysis, that the spectrum
of renal osteodystrophy was comprised mostly of osteitis
fibrosa. Our results have shown that, in comparison to
previously published data,®%2!22 the prevalence of
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RESuUMO

Introducgao: A osteodistrofia renal compreende todas as formas de alteracdes do metabolismo mineral que afetam o tecido
6sseo de pacientes renais cronicos. Pacientes e Métodos: 200 pacientes submetidos a dialise regular foram investigados
quanto aos aspectos clinicos, laboratoriais e histopatoldgicos relacionados com doenca 6ssea. Resultados: As lesdes de alto
turnover foram observadas em 74.5% dos pacientes, sendo que 57.5% eram portadores de osteite fibrosa. Pacientes com
lesdo minima estavam em dialise por menos tempo e em geral eram assintomaticos. Pacientes com osteopatia aluminica
(16.5%) tiveram a maior exposicao ao aluminio por via oral e/ou parenteral e, ao lado dos portadores de doenga mista de alto
turnover, eram 0s mais sintomaticos. A grande maioria dos pacientes (82.5%) fazia uso irregular de vitamina D. Foi alta a
incidéncia de doenca adinamica (n=8) nos pacientes paratireoidectomizados (n=12). Na osteite fibrosa foram observados os
niveis mais elevados de fosfatase alcalina. Conclusdes: A utilizacdo de calcitriol e quelantes de fésforo de forma irregular e
em doses insuficientes parece ter sido a principal causa para a resposta reduzida ao tratamento do hiperparatireoidismo
secundario. A fosfatase alcalina pode ser considerada um bom marcador bioquimico do turnover ésseo. A intensidade das
manifestacdes clinicas relacionadas com o sistema musculo esquelético correlacionam-se com o tipo histolégico da lesdo
6ssea e com o tempo em didlise.
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spectrum of bone disease in 200 chronic hemodialysis patients: a correlation between clinical,
biochemical and histological findings.
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