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HE ABNORMALITIES of the skeleton in
chronic kidney disease (CKD), collec-
tively known as renal osteodystrophy, are an

important cause of morbidity and decreased qual-

ity of life. In the management of patients with

of renal osteodystrophy. A number of important
guestions, listed in Table 1, were considered.

BONE BIOPSY
The precise nature of abnormalities of bone

kidney disease, it is necessary to have a rational turnover can be reliably determined with the use
approach to the diagnosis and assessment ofof bone biopsy, which remains the gold standard
renal osteodystrophy in order to devise a treat- for diagnosis. Bone biopsy is the parameter to
ment plan that hopefully will lead to an improved  Which all serum biochemistry and other noninva-
outcome. In the past, the term renal osteodystro- Sive assessments of bone turnover in CKD must
phy was mainly equated only with abnormalities be compared A major disadvantage is the inva-
of bone turnover, but as described in the article sive nature of the procedure, the analysis of a
by Cunningham and Spraghie this same issue, ~ single site and type of bone, as well as its overall
renal osteodystrophy is a complex disorder of complexity and cost. While the general statement
compromised bone strength in CKD patients. that bone biopsy is the gold standard is beyond
While osteoporosis is a term used to describe debate, there are many issues with the technique
fragile bones prone to fracture in the general that need to be consider&d.The principal site
population and is most often assessed by dual of biopsy is the iliac crest. Investigators use 1 of
x-ray absorptiometry (DEXA), renal osteodystro- 2 techniques to obtain the bone sample—either a
phy should be the principal term to describe transiliac approach or vertical biopsy. The bone
fragile bones prone to fracture and other morbidi- iS then embedded in plastic, sectioned, stained,
ties in CKD. Renal osteodystrophy is a function and analyzed using quantitative histomorphom-
of bone turnover (assessed by bone biopsy), bonee€try, a technique that requires considerable exper-
density (assessed by DEXA or quantitative CT tise and is only available at a few centers in the
[qCT]), and bone architecture, but the principal World. The standard assessment has been mainly
determinant of bone fragility in CKD is abnor- of trabecular bone, and evaluation of cortical
mal bone turnover. However, diagnosing and width or cellular activity in the cortex and en-
treating bone turnover abnormalities remains dosteal envelope has not been well integrated
challenging. into the evaluation of renal osteodystrophy. Addi-

Our discussion group met to assess the currenttional difficulties with the biopsy procedures
state of knowledge, understand the basis of our include the number and nature of the healthy
current therapy, and identify the information that bone samples used to define the normal ranges
needs to be gathered to improve the therapy of for the various cellular activities. Normal ranges
bone turnover and thereby improve the disorder are often based upon small numbers of patients
and may not be truly representative of the patient
groups for which they serve as controls.

Age, sex, race, and geographic area may be
important in determining the normal ranges for
the parameters measured, and appropriate nor-
mal ranges need to be developed and expanded
using standardized techniques. There is a need
for the biopsy technique to be standardized, not
only in the approach, but also in the parameters
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Table 1. Questions Considered by the Work Group
on Diagnosis, Assessment, and Treatment of Renal
Osteodystrophy

® Should bone biopsy remain the gold standard?

® \What is the current prevalence of the different types of
bone turnover abnormalities in renal osteodystrophy
(ROD)?

® How and how often should PTH be measured?

® \What bone markers are useful?

® In there a role for DEXA in assessing bone turnover?

® How does bone turnover relate to vascular calcification?

® \What about CKD Stages 3 and 4?

® What is the role of newer dialysis techniques?

® What is the role of new therapeutic agents?

® \Where should we go from here?

that are measured and their method of measure-
ment. In general, histomorphometry follows the
nomenclature established by the American Soci-
ety of Bone and Mineral Research. However,
standardization of sample processing, sample
preservation, and analysis could be further im-
proved by the use of quality control samples sent
to the various laboratories making the measure-
ments. Standardization of the histomorphometric
analysis of uremic bone would help ensure the
integrity and consistency of bone histology anal-
ysis regardless of the laboratory being used.
Thus, while bone biopsy remains the gold stan-
dard for assessment of bone turnover, the work
group identified aneed for improved standardiza-
tion of this assessment tool, and a need to in-
crease the number of individuals who are trained
in the technique.

EPIDEMIOLOGY OF RENAL
OSTEODYSTROPHY

The prevalence of the different types of bone
turnover observed in renal osteodystrophy ap-
pears to have changed within the past 2 decades.
The predominance of hyperparathyroid bone dis-
ease (high-turnover disease) has diminished as
more adynamic renal osteodystrophy (low-bone-
turnover disease) has appeared, especialy in the
dialysis population.>” The changing profile of
the different types of bone turnover has likely
occurred because of changes in the therapy of
renal osteodystrophy, changes in dialysis tech-
niques, and changes in patient populations. The
current prevalence of the different types of bone
turnover is uncertain, not only in patients on
dialysis, but also throughout the course of CKD.

Prevalence may also vary according to differ-
encesinindividual centers and geographic areas.

Abnormalities of bone turnover begin early in
CKD.8 Therefore, it would be highly desirableto
begin therapy in CKD stages 3 and 4 (or earlier
in children), rather than the current approach of
deferring intervention until the patient reaches
dialysis. Recent observations indicate that many
variablesin the pathogenesis of renal osteodystro-
phy have not been routinely considered in epide-
miologic studies of its treatment. Thus, it is
becoming increasingly important to consider race,
sex, age, the type and chronicity of kidney dis-
ease, the effects of prior therapy including glu-
cocorticoids and immunosuppressive agents, re-
combinant growth hormone in children, the
effects of nutrition and malnutrition on the skel-
eton, menopausal status, and the differences be-
tween hemodiaysis and peritoneal dialysis. It
may also be necessary to consider the geographic
location of the patients studied. All of these
variables may lead to abnormal bone turnover
and induce other abnormalities of bone strength.

Because of these multiple variables, the pre-
cise prevalence of the different types of rend
bone diseaseisuncertain. Additional broad cross-
sectional studies would be useful to form abasis
for further evaluation of traditional and new
therapies. Information on the state of the skel-
eton in CKD stages 3 and 4 is also heeded so that
adequate treatment strategies can be planned.
Thework group identified a need for large cross-
sectional studiesto better characterize bone across
al stages of CKD.

BIOCHEMICAL MARKERS
Parathyroid Hormone

While bone histology is the gold standard for
accurate assessment of bone turnover, the search
for biochemical markers has been ongoing for a
number of years. Measurement of parathyroid
hormone (PTH) has been widely used since PTH
isamajor regulator of bone turnover and skeletal
cellular activity.”®11 Over the past 1 to 2 de-
cades, the principal biochemica marker for diag-
nosis and classification and for monitoring the
therapy of bone turnover has been measurements
of PTH by a 2-site immunometric technique
caled “intact” PTH. While such assays have
been extremely valuable, it is now known that
these assays also measure a large PTH fragment
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Table 2. Glossary of PTH Terminology

Intact PTH, usually refers to PTH measured by a 2-site immunometric assay. If radioactive reagents are used, the term
immunoradiometric assay (IRMA) would apply, while if chemiluminescent reagents are used, the term immunochemilum-
inescence assay (ICMA) would apply. Initial assays were called “second-generation PTH assays” as a comparison to the
older mid-region and n-terminal assays. However, the widely used intact assay is a first generation of intact assays
whereby 2 antibodies are used to simultaneously detect the N-terminal and C-terminal. However, it is now known that
many, if not all, such assays also measure C-terminal PTH fragments such as PTH 7-84, which are of unclear biologic
significance. As a result, new “second-generation intact” assays such as the bio-intact and whole PTH assays have been

developed.

Bio-Intact PTH is a 2-site chemiluminescence assay specific for PTH 1-84 developed by Nichols Institute Diagnostics.
Whole PTH is also a 2-site immunoradiometric assay specific for PTH 1-84 developed by Scantibodies, Inc. Since PTH
1-84 mediates its biological effects by increasing the activity of adenylate cyclase, this assay is also know as CAP

(cyclase-activating PTH).

Since PTH 7-84 does not stimulate adenylate cyclase, the measurement of PTH 7-84 is known as CIP (cyclase-inactive
PTH). PTH 7-84 can be measured by subtracting values for PTH 1-84 from values obtained with the older “ intact” PTH

assays.

that is likely PTH 7-84. This has lead to the
development of PTH assays specific for PTH
1-84. Currently, there are 2 such assays avail-
able, Bio-Intact PTH from Nichols (Santee, CA)
and Whole PTH (CAP) from Scantibodies (San
Clemente, CA)-14 (Table 2). Much of the data
with renal osteodystrophy and its correlation
with PTH values, however, relate to data ob-
tained with the original immunometric “intact”
PTH assays from patients either untreated with
vitamin D or who received small doses of ord
calcitriol.

The recently published NKF K/DOQI guide-
lines (Am J Kidney Dis 42:S1-S202, 2003 [suppl
3]) provide guidance on the diagnosis and treat-
ment of disorders of renal osteodystrophy using
evidence-based guidelines constructed from lit-
erature with the intact assay, and the work group
felt it was premature to utilize the new assays as
bone biopsy datawith the new specific PTH 1-84
immunometric assays are limited at the present
time. Clearly, further definitive confirmatory data
are necessary.

A comparison of PTH determinations in pa-
tients on hemodialysis using intact and whole/
bioactive immunometric assays is shown in Fig
1. While the correlation between the 2 assays is
excellent, the more specific PTH 1-84 assayswill
ultimately be useful, offering the potential for
improved standardization of PTH measurements
in every country. This will likely bring some
homogeneity to thefield, since many of the older
assays measure these PTH fragments with vary-
ing efficacy, asillustrated in Fig 2. PTH valuesin
these assays are not readily comparable to those

obtained by other investigators using different
clinical laboratories. In contrast, asillustrated in
Fig 3, results obtained with 2 different whole/
bioactive PTH 1-84 immunometric assays ap-
pear to give comparable results. Thus, there is
now the possibility of widespread standardiza-
tion of PTH determinations. Some investigators
have suggested that measurement of these N-
terminally truncated PTH fragments, particularly
when considered together with values for PTH
1-84, may offer some enhanced diagnostic poten-
tial by creating a ratio between the intact PTH
1-84 and PTH fragments.®®> Such conclusions
remain controversial,*316 and much further work
isrequired on the biology of such PTH fragments
before reliable diagnostic or therapeutic deci-
sions would be made from these values.
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Fig1l. Acomparison of PTHdeterminations using a
first-generation immunometric assay (Nichols Advan-
tage Intact) to results obtained with a second-genera-
tion PTH 1-84 immunometric assay (Bio-Intact PTH
1-84) in patients on hemodialysis. (Dr K. Ramki, Ni-
chols Diagnostic Institute, personal communication;
cited in Martin et al.*5)
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% Recovery of PTH (7-84)

Fig 2. The ability of various commercial first-
generation “intact” PTH immunometric assays to de-
tect PTH 7-84. Considerable variability is apparent and
may contribute to variations in PTH values between
different laboratories. (Data from UK NEQAS, with per-
mission.)

Research is currently ongoing to define the
variables involved in such measurements, and
with time, it is likely that the diagnostic corre-
lates of PTH assays will improve. If measure-
ments of PTH are the mainstay of categorizing,
monitoring, and treating abnormal bone turn-
over, it is critical to handle the sample carefully,
evauate sample stability, and consider the tim-
ing of the blood draws in order to obtain reliable
results. In general, more frequent measurements
of PTH should be performed and consideration
should be given to multiple results of PTH deter-
minations for trend analysis. Ambient serum
calcium also must be considered for diagnostic
and therapeutic consideration. This is particu-
larly important in the initial assessment of hyper-
parathyroidism and in the active phases of treat-
ment. Measurements of PTH every 3 months are
sufficient only in an otherwise stabl e patient who
has reached the established bone management
targets.

Other Biochemical Markers

While measurements of PTH are the mainstay
of the assessment of bone turnover and thus the
precise type of rena osteodystrophy, other bio-
chemical markers may also be useful. Measure-
ments of total alkaline phosphatase should be

considered in conjunction with determinations of
PTH.120 Measurements of total alkaline phos-
phatase are complicated by the measurement of
nonskeletal enzyme and accordingly, in some
cases, measurements of bone-specific alkaline
phosphatase may berequired. However, thereare
insufficient data available to recommend that
bone-specific alkaline phosphatase concentra-
tions be measured routinely.

The measurements of many other biochemical
markersthat may reflect skeletal activity, such as
collagen breakdown products and osteocalcin,
are complicated by the accumulation of these
collagen breakdown products in serum, since
they depend on the kidney for glomerular filtra-
tion and excretion. Thus, the measurement of
these markers has limited utility in the setting of
kidney failure. While it would be attractive to
use such markersin the presence of lessimpaired
renal function, particularly in stages 3to 4 CKD,
correlative data with bone histology are lacking
at these stages of CKD. Much further work needs
to be done to validate the use of these biochemi-
cal markers at the various stages of kidney dis-
ease. Recent studies have provided preliminary
evidence that measurements of the isoenzyme
acid phosphatase, TRAP-5b, may be useful asan
index of osteoclast activity in the setting of
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Fig 3. The correlation between 2 different second-
generation PTH 1-84 immunometric assays in patients
on hemodialysis. CAP refers to cyclase-activating PTH
and is the PTH 1-84 assay from Scantibodies Inc.
Bio-Intact PTH is the PTH 1-84 assay from the Nichols
Diagnostic Institute. The correlation between the 2
assays is excellent. Comparable values are obtained
with each assay, offering the potential for excellent
standardization of PTH 1-84 results between different
laboratories. (Data from Martin et al.*6)
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kidney disease. Similarly, emerging data suggest
that measurements of osteoprotogerin (OPG) may
also contribute useful information in the assess-
ment of renal osteodystrophy. These observa-
tions stem from developments showing that the
receptor activator of nuclear factor kB [RANK]/
RANK ligand [RANKL]/OPG system is amajor
regulator of bone metabolism,?! and accordingly,
measurements of the components of this system
may provide useful information. The data avail-
able at the present time should be considered
preliminary, and much further work needs to be
done before such results can be interpreted in a
definitive fashion. Indeed, such results will need
to be compared with bone histology.

ROLE OF DEXA

DEXA is awidely used technique to measure
bone mineral density; however, its role in the
assessment and therapy of rena osteodystrophy
is not well established.?® In general, there is no
role for the use of DEXA in the assessment of
bone turnover. Its role is limited to providing
information on overall bone mineral content/
density, but not how that mineral is arranged. In
the setting of kidney disease, measurements of
bone mineral content do not give any indication
of abnormalities in the cellular components of
bone, and so cannot be used for classification of
various forms of renal osteodystrophy (eg, high-
turnover and low-turnover disease). While it is
reasonable to assume that some useful informa-
tion could be obtained with this technique on a
longitudinal basis, precise data are not available
to support this view. Theoretically, if bone min-
eral content is progressively decreasing, the skel-
eton is undergoing demineralization, a problem
that ultimately will need to be addressed. Much
of the current data on the use of bone mineral
density relates to fracture risk in osteoporosis.
No such data are available for the fracturerisk in
patients with renal osteodystrophy. Similarly,
thereisalack of datato support the use of DEXA
in CKD stages 2 to 4, since interpretation of
results may be complicated by menopausal sta-
tus, testosterone levels, or other concurrent
therapy, eg, with glucocorticoids, which may
contribute to decreased bone mineral content. In
general, the correlations with bone histology and
DEXA arepoor. Overal, therole of DEXA inthe
assessment and management of renal osteodystro-
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phy is uncertain at the present time, and much
further work needs to be done to define the role
of thistechnique.

VASCULAR CALCIFICATION AND ITS
RELATION TO BONE TURNOVER

The relationship between vascular calcifica-
tion and bone turnover is an active area of
research. Existing data demonstrate an associa-
tion between these parameters, but many details
remain to be determined. This topic is explored
in detail by the vascular cacification group and
will not be considered further here.

RENAL OSTEODYSTROPHY IN CHILDREN

Renal osteodystrophy in children appears to
differ from that seen in adults in that bony
deformities and abnormal linear bone growth
and abnormal growth velocity are significant
problems. Associated abnormalities such as aci-
dosis, vitamin D deficiency, protein-calorie mal-
nutrition, and abnormal insulin-like growth fac-
tor (IGF-1) and growth hormone systems may
play a role?? These factors may be operative
through the course of CKD from CKD stages 2
to 5. The correction of acidosis aswell as admin-
istration of calcitriol each can lead to improved
growth velocity. In general, adynamic bone is
not commonly seen in childhood but may de-
velop as aresult of treatment with large doses of
cdcitriol,? and may result in severe growth
retardation.2* In children, high-turnover bonedis-
ease secondary to hyperparathyroidism seems to
predominate. Thus, broad generalizations be-
tween findings in adults and children should be
considered with caution because of the different
manifestations of skeletal abnormalities. The ab-
normalities of the growth plate merit detailed
consideration.

ROLE OF NEWER DIALYSIS TECHNIQUES

Much of what we currently know about renal
osteodystrophy in patients on dialysis applies to
patients on hemodialysis 3 times a week or to
patients who receive chronic ambulatory perito-
neal diaysis. How newer diaysis techniques
may impact bone and minera metabolism is
unknown. Long dialysis 6 days a week, eg,
nocturna dialysis, is often associated with phos-
phate depletion, and phosphate supplementation
is required. Progressive decreases in bone min-
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eral content occur in these patients, the signifi-
cance of which isunclear at the present time. In
such patients, this loss of bone minera has been
treated with increases in diaysate calcium, but
the consequences of this treatment on bone or
other extraskeletal calcification processesare un-
known. Since long nocturna dialysis is such a
major difference from our current therapies, this
approach needs detailed study in order to refine
how the needs of the skeleton should be ad-
dressed. Similarly, whether short daily dialysis
may be associated with a different spectrum of
skeletal abnormalities remains to be determined.

THE ROLE OF NEW THERAPEUTIC AGENTS
Vitamin D Analogs

While the identification and therapy of renal
osteodystrophy continues to evolve, new thera-
pies are being brought to bear on this problem.
Over the last several years, there has been an
introduction of 4 vitamin D analogs designed to
manipulate the activity of the parathyroid glands
while minimizing the toxicities that may result
from increased intestinal absorption of calcium
and phosphorus produced by the native hor-
mone, calcitriol. 19-nor-1,25-(0OH),D,), or pari-
calcitol, an analog based upon the vitamin D,
structure with lesser toxicity than calcitriol, isthe
most widely used vitamin D sterol in the United
States.2>29 Also in the United States, a synthetic
pro-hormone, 1-a-(OH)D,, or doxercalciferol,
has been introduced that al so has the potential for
lesser toxicity than calcitriol because it too is
based on the vitamin D, structure.3231 |n Asia,
22-oxacalcitrol, or maxacalcitol, iswidely used,32
and falecalcitriol has also been introduced.3?
With paricalcitol, there is broad experimental
evidence in animals of lesser toxicity than the
native hormone.3*3” These findings have been
confirmed in patients, albeit to a more limited
extent. The influence of this sterol on the histol-
ogy of boneisnot well understood at the present
time. Recent retrospective data suggest that there
may be a survival advantage in patients treated
with paricalcitol compared to calcitriol, which
cannot be accounted for by adjustmentsfor known
comorbidities.®® Further studiesin thisregard are
indicated. If this survival advantage can be con-
firmed, the strategy for the use of such vitamin D
analogs with lesser toxicity than the parent com-
pound would be validated.®® Differences in the

actions of such analogs on the vasculature and
vascular calcification processes need to be clari-
fied. One area of therapy that has not been
adequately addressed is the possibility that vita-
min D sterols may affect the skeleton indepen-
dent of PTH, and so reliance on the reduction in
PTH measurements may be an oversimplifica-
tion. The independent influences of vitamin D
sterols on bone should be considered.

Novel Phosphate Binders

In recent years, as a result of the focus on
calcification at extraskeletal sites, including the
vasculature, non—calcium-containing phosphate
binders have been developed. Sevelamer hydro-
chloride, a phosphate-binding, nonabsorbable
polymer, is widely used.*® One prospective ran-
domized trial indicates that the progression of
vascular calcification may be retarded with this
agent,*! and this observation needs to be con-
firmed. Other non—calcium-containing phos-
phate binders are in development or in clinical
trial .4

Calcimimetic Agents

A novel class of agents, the calcimimetics, has
been designed to target the calcium receptor in
the parathyroid glands, thereby providing the
means of controlling hyperparathyroidism inde-
pendent of other approaches. Preliminary studies
of 1 calcimimetic agent appear to show efficacy
in the control of hyperparathyroidism. The
mechanism of action of this agent isindependent
of traditional approaches to the control of hyper-
parathyroidism in that it offers the potentia to
lessen calcium toxicity and is likely to be useful
to augment current therapeutic approaches.*34°

SUMMARY

Renal osteodystrophy, in which abnormalities
of bone turnover predominate, continues to be a
complication of CKD and is associated with
morbidity and poor quality of life. There is a
need to assess the current status and distribution
of thetypes of renal osteodystrophy and to define
appropriate therapeutic targets. Bone biopsy re-
mains the gold standard in the diagnosis of the
precise type of pathologic changes of bone turn-
over. There is also a need to standardize bone
histology and biopsy techniques and to refine the
targets for biochemical parameters that will al-
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low more accurate noninvasive assessment of
skeletal activity. Enhanced understanding of the
differences in renal osteodystrophy in children
compared to adults is needed. The use of newer
vitamin D anal ogs such as paricalcitol may result
in improved patient outcomes compared to
therapy with the native hormone, calcitriol. Such
studies need to be confirmed and extended. Novel
compounds such as the calcimimetics may pro-
vide additional therapeutic approachesto control
hyperparathyroidism with minimum cal cium tox-
icity.
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