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Foreword

ROM ITS rudimentary beginnings in the

1960s, through its widespread and increas-
ing availability to the present, dialysis has pro-
vided lifesaving replacement therapy for mil-
lions of individuals with end-stage renal disease
(ESRD). Paralel advances in understanding the
course of progressive kidney disease and its
complications have resulted in the development
of interventions that can slow the progression
and ameliorate the complications of chronic kid-
ney disease (CKD). Thus, while diaysis has
made it possible to prolong the lives of patients
with ESRD, today it is aso possible to retard the
course of progression of kidney disease, to treat
accompanying comorbidities earlier, and to im-
prove the outcomes and quality of life of all
individuals afflicted with kidney disease, well
before replacement therapy becomes necessary.
Yet, the application of these advances remains
inconsistent, resulting in variations in clinical
practice and, sadly, in avoidable differences in
patient outcomes.

In keeping with its longstanding commitment
to improving the quality of care delivered to al
patients with kidney disease and the firm convic-
tion that substantial improvements in the quality
and outcomes of their care are achievable, the
National Kidney Foundation (NKF) launched in
1995 the Diaysis Outcomes Quality Initiative
(DOQI), supported by an educational grant from
Amgen, Inc., to develop clinical practice guide-
linesfor dialysis. Sincetheir publication in 1997,
the DOQI Guidelines have had a significant and
measurable impact on the care and outcomes of
dialysis patients.1? The frequency with which
they continue to be cited in the literature and
serve as the focus of national and international
symposiaisbut apartial measure of their impact.
The DOQI Guidelines have also been trandated

into more than a dozen languages; selected com-
ponents of the Guidelines have been adopted in
various countries across the world; and they have
provided the basis of clinical performance mea-
sures developed and put into effect by the Health
Care Financing Administration (now renamed
the Center for Medicare and Medicaid Services
[CMS] in the United States).

In the course of development of DOQI it
became evident that, in order to further improve
dialysis outcomes, it was necessary to improve
the health status of those who reach ESRD, and
that therein existed an even greater opportunity
to improve outcomes for al individuals with
kidney disease, from earliest kidney injury
through the various stages of progression to
kidney failure, when replacement therapy be-
comes necessary. It was on this basis that in the
fall of 1999, the Board of Directors of the NKF
approved a proposal to movetheclinical practice
guidelineinitiative into anew phase, in which its
scope would be enlarged to encompass the entire
spectrum of kidney disease. This enlarged scope
increases the potential impact of improving out-
comes of care from the hundreds of thousands on
dialysis to the millions of individuals with kid-
ney disease who may never require dialysis. To
reflect these expanded goals, the reference to
“diaysis’ in DOQI was changed to “disease,”
and the new initiative was termed the Kidney
Disease Outcomes Quality Initiative (K/DOQI).

The objectives of K/DOQI are ambitious and
its challenges considerable. As afirst and essen-
tial step it was decided to adhere to the guiding

© 2003 by the National Kidney Foundation, Inc.
0272-6386/03/4204-0301$30.00/0
doi:10.1053/S0272-6386(03)00905-3

American Journal of Kidney Diseases, Vol 42, No 4, Suppl 3 (October), 2003: pp S7-S9 S7



S8

principles that were instrumental to the success
of DOQI. The first of these principles was that
the devel opment of guidelineswould be scientifi-
cally rigorous and based on acritical appraisal of
the available evidence. Secondly, the participants
involved in developing the guidelines would be
multidisciplinary. Thiswas especially crucial be-
cause the broader nature of the new guidelines
will requiretheir adoption across several special-
ties and disciplines. Thirdly, the Work Groups
charged with devel oping the guidelineswould be
the final authority on their content, subject to the
reguirements that they be evidence-based when-
ever possible, and that the rationale and eviden-
tiary basis of each guideline be explicit. By
vesting decision-making authority in highly re-
garded experts from multiple disciplines, the
likelihood of developing clinically applicable
and sound guidelines is increased. Finaly, the
guideline development process would be open to
general review, in order to alow the chain of
reasoning underlying each guideline to undergo
peer review and debate prior to publishing. It
was believed that such a broad-based review
process would promote a wide consensus and
support of the guidelines among health-care pro-
fessionals, providers, managers, organizations,
and patients.

To provide aunifying focusto K/DOQI, it was
decided that its centerpiece would be a set of
clinical practice guidelines on the evaluation,
classification, and dtratification of CKD. This
initial set of guidelines provided a standardized
terminology for the evaluation and classification
of kidney disease; the proper monitoring of kid-
ney function from initial injury to end stage; a
logical approach to stratification of kidney dis-
ease by risk factors and comorbid conditions;
and consequently a basisfor continuous care and
therapy throughout the course of CKD. The
Chronic Kidney Disease: Evaluation, Classifica-
tion, and Stratification Guidelines were pub-
lished in February 2002.3

K/DOQI aso includesinterventional, disease-
specific guidelines, based on the staging and
classification developed by the CKD: Evaua
tion, Classification, and Stratification Guide-
lines. Work on 2 of these interventional Guide-
lines was begun in 2000. We are proud to present
one of these interventional Guidelines for your
review and comments. The Work Group ap-
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pointed to develop the Guidelines screened over
22,300 potentially relevant articles; over 4,100
were subjected to preliminary review; about 470
were then selected for formal structured review
of content and methodology. While considerable
effort has gone into the development of the
Guidelines and every attention has been paid to
detail and scientific rigor, it is only the ongoing
review and ratification that assures their clinical
applicability and practical utility. The current
Guidelines have been through three extensive
reviews and represented herein is the product
with incorporation of these comments.

Ultimately, we also ask for your suggestions
for implementation of these Guidelines. It is
hoped that implementation plans, currently being
developed, will ensure the same acceptance of
K/DOQI by nephrologists as well as by the
broader spectrum of professionals who provide
primary care for kidney disease as that which
DOQI received from those who provide dialysis
care.

On behalf of the NKF, we would like to
acknowledge the immense effort and contribu-
tions of those who have made these Guidelines
possible. In particular, we wish to acknowledge
the following: the members of the Work Group
charged with devel oping the Guidelines, without
whose tireless effort and commitment these
Guidelines would not have been possible; the
members of the Support Group, whose input at
monthly conference calls was instrumental in
resolving the problems encountered over the
timeit hastaken to reach this stage; the members
of the K/DOQI Advisory Board, whose insights
and guidance were essentia in broadening the
applicability of the Guidelines; Amgen, Inc.,
which had the vision and foresight to appreciate
the merits of the K/DOQI initiative and to pro-
vide the unrestricted funds necessary for its
launching in 2000; Abbott Renal Care, which
shared the K/DOQI objectiveto improvethe care
of patients with CKD and as Primary Sponsor of
the present set of Guidelines provided an unre-
stricted grant for their development; Genzyme
Therapeutics, which as Associate Sponsor pro-
vided an unrestricted grant to support the comple-
tion of these Guidelines;, and the NKF staff
assigned to K/DOQI who worked so diligently in
attending to the innumerable details that needed
attention at every stage of Guideline develop-
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ment and in meeting our nearly impossible dead-
lines.

A specia debt of gratitude goes to Shaul G.
Massry, MD, Chair of the Work Group, whose
seminal contributions to the understanding of
parathyroid gland, bone disease, and phosphate
metabolismin CKD and personal commitment to
K/DOQI provided the leadership, intellectual
rigor, and invaluable expertise in synthesizing
these Guidelines;, and to ECRI, for providing
crucial methodological rigor and staff support in
developing the evidentiary basis of the Guide-
lines.

In avoluntary and multidisciplinary undertak-
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ing of such magnitude, many others have made
valuable contributions to these Guidelines but
cannot be individually acknowledged here. To
each and every one of them we extend our
sincerest appreciation.

Garabed Eknoyan, MD
NKF-K/DOQI Co-Chair

Adeera Levin, MD
NKF-K/DOQI Co-Chair

Nathan W. Levin, MD
NKF-K/DOQI Co-Chair Emeritus



INTRODUCTION

Disturbances in mineral and bone metabolism
are common in patients with CKD. A large body
of evidence indicates that these derangements
are associated with increased mortality and mor-
bidity. These patients have bone pain, increased
incidence of bone fractures and deformity, myop-
athy and muscle pain, and ruptures of tendons.
Hyperphosphatemia also appears to be associ-
ated with increased mortality, and elevated blood
levels of PTH exert significant adverse effectson
the function of almost every organ.

Importantly, the long-term effects of these
derangements on soft tissue calcification have
become an area of growing concernin the care of
CKD patients. Calcification of the lung leads to
impaired pulmonary function, pulmonary fibro-
sis, pulmonary hypertension, right ventricular
hypertrophy, and right-side congestive heart fail-
ure. Calcification of the myocardium, coronary
arteries, and cardiac valves results in congestive
heart failure, cardiac arrhythmias, ischemic heart
disease, and death. Vascular calcification leadsto
ischemic lesions, soft-tissue necrosis, and diffi-
cultiesfor kidney transplantation.

The processes causing disordered mineral me-
tabolism and bone disease have their onset in the
early stages of CKD, continue throughout the
course of progressive loss of kidney function,
and may be influenced beneficially or adversely
by the various therapeutic approaches now used.
Thus, prevention of the disturbances in minera
and bone metabolism and their management early
in the course of chronic kidney disease are ex-
tremely important in improving the quality of
life and longevity of CKD patients.

The present clinical practice guidelines were

Table 1. Stages of Chronic Kidney Disease
GFR

Stage Description (mUmin/1.73 m?)
1 Kidney damage 290

with normal or T GFR
2 Kidney damage 60-89

with mild | GFR

3 Moderate ¥ GFR 30-59
4 Severe 3 GFR 15-29
5 Kidney failure <15 (or dialysis)

Chronic kidney disease is defined as either kidney damage or GFR <60
mb/min/1.73 m2 for 23 months. Kidney damage is defined as
pathological abhormalities or markers of damage, including abnormalities
in blood or urine tests or imaging studies.

developed to provide an integrated clinical ac-
tion plan to the management of this complex
problem throughout the course of CKD. In the
guidelines, the stages of CKD are defined accord-
ing to the K/DOQI Clinical Practice Guidelines
for Chronic Kidney Disease: Evaluation, Classi-
fication, and Stratification (Table 1).

The target population of these guidelines is
adults (age 18 years and over) with CKD. While
many of the recommendations made apply to all
ages, there are sufficient issues unique to chil-
dren and adolescents that a subcommittee of the
Work Group of pediatricians has been consti-
tuted to address these issues. A separate set of
these guidelines targeted to children and adoles-
centswill be published separately.

The guidelines are based on a systematic re-
view of the literature through January 1%, 2001.
In formulating the guidelines, the rationale and
evidentiary basis of each recommendation was
made explicit. When all components of the ratio-
nale for a guideline were based on published
evidence, the guidelines were labeled “Evi-
dence.” When no definite evidence existed or the
evidence was considered inconclusive, and ei-
ther the guideline or steps in its rationale were
based on judgment they were labeled “ Opinion.”
As such, it is the available literature that deter-
mined the labeling of each guideline. Asaresult,
of the 111 recommendations made in these guide-
lines, about one third are evidence based and two
thirds are opinion based. This distribution is true
whether one considers the recommendations
made for CKD stages 3 and 4 patients or for
those in stage 5 who are already on maintenance
dialysis. There are 8 recommendations in the
guideline for the kidney transplant recipient; al
of these 8 statements are opinion based.

Concerning opinion based statements, it is
important to note that prior to their publication, a
fina draft of the guidelines was subjected to a
broad-based review by experts, organizations,
and the public. Thus, the chain of reasoning and
recommendation of each opinion based guide-
line was exposed to open debate, with the fina
published product reflecting a wide consensus of
healthcare professionas, providers, managers,
organi zations, associations, and patients.

No clinicd practice guidelines, irrespective of

S10 American Journal of Kidney Diseases, Vol 42, No 4, Suppl 3 (October), 2003: pp S10-S11
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the rigor of their development, can accomplish the
intended improvement in outcomes without an
implementation plan. Since the mgjority of the
recommendations madein this set of guidelinesare
based on opinion, it isimperative that evaluation of
their clinica outcomes be made a component of
their implementation. In addition, the paucity of
evidence based information in this field requires

S11

be planned and conducted to provide answersto the
many issues that remain to be elucidated. Actu-
aly, these are components of the implementation
of these guidelines that has already been initi-
ated. A coordinated approach to ongoing re-
search and evauation of the outcomes of the
recommendations made should provide the an-
swers necessary for the future updating of these

that a more integrated approach to research efforts

guidelines.

Conversion Factors of Metric Units to Sl Units

Test Metric Unit Conversion Factor Sl Units
Calcium (serum) mg/dL 0.25 mmol/L
Calcium ionized (serum) mg/dL 0.25 mmol/L
Phosphorus (serum) mg/dL 0.32 mmol/L
Magnesium (serum) mg/dL 0.41 mmol/L
Creatinine (serum) mg/dL 83.30 umol/L
BUN (serum) mg/dL 0.36 mmol/L
Albumin (serum) g/dL 10.00 g/L
Alkaline phosphatase (serum) IU/L 0.02 ukat/L
Intact parathyroid hormone (serum) pg/mL 0.11 pmol/L
25(OH)D (serum or plasma) ng/mL 25 nmol/L
1.25(0OH),D (serum or plasma) pg/mL 2.4 pmol/L

NOTE. Metric Units x Conversion Factor = Sl Units



GUIDELINE STATEMENTS

GUIDELINE 1. EVALUATION OF CALCIUM AND PHOSPHORUSMETABOLISM (p S52)

1.1 Serum levels of calcium, phosphorus, and intact plasma parathyroid hormone (PTH)
should bemeasured in all patientswith CKD and GFR <60 mL/min/1.73 m? (EVIDENCE)
The frequency of these measurements should be based on the stage of chronic kidney
disease (Table 14). (OPINION)

Table 14. Frequency of Measurement of PTH and Calcium/Phosphorus by Stage of CKD

CKD GFR Range Measurement of
Stage {mLU/min/1.73 m?) Measurement of PTH Calcium/Phosphorus
3 30-59 Every 12 months Every 12 months

4 15-29 Every 3 months Every 3 months

5 <15 or dialysis Every 3 months Every month

1.2 These measurements should be made more frequently if the patient is receiving concomi-
tant therapy for the abnormalitiesin the serum levels of calcium, phosphorus, or PTH, as
detailed in Guidelines 4, 5, 7, and 8, and in transplant recipient, Guideline 16.

1.3 Measurement of plasma PTH levelsmay be donelessfrequently for thosewith levelswithin
thelow end of thetarget levels (Table 15). (OPINION)

1.4 Thetarget rangeof plasmalevelsof intact PTH in thevariousstagesof CKD aredenoted in
Table 15.

Table 15. Target Range of Intact Plasma PTH by Stage of CKD

CKD GFR Range Target “intact” PTH (pg/mL

Stage (mLUmin/1.73 m?) [pmol/L})

3 30-59 35-70 [3.85-7.7 pmol/L} (OPINION)

4 15-29 70-110[7.7-12.1 pmol/L] (OPINION)

5 <15 or dialysis 150-300 [16.5-33.0 pmol/L]
(EVIDENCE)

GUIDELINE 2. ASSESSMENT OF BONE DISEASE ASSOCIATED WITH CKD (p S57)

2.1 The most accurate diagnostic test for deter mining the type of bone disease associated with
CKD isiliac crest bone biopsy with doubletetracycline labeling and bone histomor phomet-
ricanalysis. (EVIDENCE)

2.2 Itisnot necessary to perform bone biopsy for most situationsin clinical practice. However,
abone biopsy should be considered in patientswith kidney failure (Stage 5) who have:
2.2a Fractureswith minimal or no trauma (pathological fractures); (OPINION)
2.2b Intact plasma PTH levels between 100 and 500 pg/mL (11.0 to 55.0 pmol/L) (in CKD

Stage 5) with coexisting conditions such as unexplained hypercalcemia, severe bone
pain, or unexplained increasesin bone alkaline phosphatase activity; (OPINION)
2.2c Suspected aluminum bone disease, based upon clinical symptoms or history of

aluminum exposure. (OPINION) (See Guideline 11)

2.3 Boneradiographsare not indicated for the assessment of bone disease of CKD, (EVIDENCE)
but they are useful in detecting severe peripheral vascular calcification (OPINION) and bone
disease dueto B, microglobulin amyloidosis. (See Guideline 10) (EVIDENCE)

2.4 Bone mineral density (BMD) should be measured by dual energy X-ray absor ptiometry
(DEXA) in patients with fractures and in those with known risk factors for osteoporosis.
(OPINION)

S12 American Journal of Kidney Diseases, Vol 42, No 4, Suppl 3 (October), 2003: pp S12-S28



GUIDELINE STATEMENTS S13

GUIDELINE 3. EVALUATION OF SERUM PHOSPHORUSLEVELS (p S62)

3.1 In CKD patients(Stages 3 and 4), the serum level of phosphorus should be maintained at or
above 2.7 mg/dL (0.87 mmol/L) (EVIDENCE) and no higher than 4.6 mg/dL (1.49 mmol/L).
(OPINION)

3.2 In CKD patients with kidney failure (Stage 5) and those treated with hemodialysis or
peritoneal dialysis, the serum levels of phosphor us should be maintained between 3.5t05.5
mg/dL (1.13to 1.78 mmol/L). (EVIDENCE)

GUIDELINE 4. RESTRICTION OF DIETARY PHOSPHORUSIN PATIENTSWITH CKD (p S53)

4.1 Dietary phosphorus should be restricted to 800 to 1,000 mg/day (adjusted for dietary
protein needs) when the serum phosphoruslevelsareelevated >4.6 mg/dL (1.49 mmol/L) at
Stages 3 and 4 of CKD, (OPINION) and >5.5 mg/dL (1.78 mmol/L) in those with kidney
failure (Stage 5). (EVIDENCE)

4.2 Dietary phosphorusshould berestricted to 800 to 1,000 mg/day (adjusted to dietary protein
needs) when the plasma levels of intact PTH are elevated above target range of the CKD
Stage (see Table 15 in Guideline 1). (EVIDENCE)

4.3 The serum phosphorus levels should be monitored every month following the initiation of
dietary phosphorusrestriction. (OPINION)

GUIDELINE 5. USE OF PHOSPHATE BINDERSIN CKD (p S70)

In CKD Patients (Stages 3 and 4):

5.1 If phosphorus or intact PTH levels cannot be controlled within the target range (see
Guiddines 1, 3), despite dietary phosphorus restriction (see Guideline 4), phosphate
binder s should be prescribed. (OPINION)

5.2 Calcium-based phosphate binders are effective in lowering serum phosphorus levels
(EVIDENCE) and may be used astheinitial binder therapy. (OPINION)

In CKD Patientswith Kidney Failure (Stage 5):

5.3 Both calcium-based phosphate binder sand other noncalcium-, nonaluminum-, and nonmag-
nesium-containing phosphate-binding agents (such as sevelamer HCI) are effective in
lowering serum phosphorus levels (EVIDENCE) and either may be used as the primary
therapy. (OPINION)

5.4 In dialysis patients who remain hyper phosphatemic (serum phosphorus >5.5 mg/dL [1.78
mmol/L]) despite the use of either of calcium-based phosphate binders or other noncal-
cium-, nonaluminum-, nonmagnesium-containing phosphate-binding agents, a combina-
tion of both should be used. (OPINION)

5.5 The total dose of elemental calcium provided by the calcium-based phosphate binders
should not exceed 1,500 mg/day (OPINION), and the total intake of elemental calcium
(including dietary calcium) should not exceed 2,000 mg/day. (OPINION)

5.6 Calcium-based phosphate binders should not be used in dialysis patients who are
hypercalcemic (corrected serum calcium of >10.2 mg/dL [2.54 mmol/L]), or whose
plasma PTH levels are <150 pg/mL (16.5 pmol/L) on 2 consecutive measurements.
(EVIDENCE)

5.7 Noncalcium-containing phosphate binders are preferred in dialysis patients with severe
vascular and/or other soft-tissue calcifications. (OPINION)

5.8 In patients with serum phosphorus levels >7.0 mg/dL (2.26 mmol/L), aluminum-based
phosphate bindersmay be used as a short-term therapy (4 weeks), and for one cour se only,
to be replaced thereafter by other phosphate binders. (OPINION) In such patients, more
frequent dialysis should also be considered. (EVIDENCE)
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GUIDELINE 6. SERUM CALCIUM AND CALCIUM-PHOSPHORUS PRODUCT (p S77)
In CKD Patients (Stages 3 and 4):
6.1 The serum levels of corrected total calcium should be maintained within the “normal”
rangefor thelaboratory used. (EVIDENCE)
In CKD Patients With Kidney Failure (Stage 5):
6.2 Serum levels of corrected total calcium should be maintained within the normal range for
the laboratory used, preferably toward the lower end (8.4 to 9.5 mg/dL [2.10 to 2.37
mmol/L]). (OPINION)
6.3 In the event corrected total serum calcium level exceeds 10.2 mg/dL (2.54 mmol/L),
therapiesthat cause serum calcium to rise should be adjusted asfollows:
6.3a In patients taking calcium-based phosphate binders, the dose should be reduced or
therapy switched to a noncalcium-, nonaluminum-, nonmagnesium-containing phos-
phate binder. (OPINION) See Guideline5.

6.3b In patients taking active vitamin D sterols, the dose should be reduced or therapy
discontinued until the serum levels of corrected total calcium return to the target
range (8.4t0 9.5 mg/dL [2.10 to 2.37 mmol/L]). (OPINION) See Guideline 8B.

6.3c If hypercalcemia (serum levelsof corrected total calcium >10.2 mg/dL [2.54 mmol/L])
persists despite modification of therapy with vitamin D and/or discontinuation of
calcium-based phosphate binders, dialysis using low dialysate calcium (1.5 to 2.0
mMEQ/L) may be used for 3to 4 weeks. (OPINION) See Guideline9.

In CKD Patients (Stages 3 to 5):

6.4 Total elemental calcium intake (including both dietary calcium intake and calcium-based
phosphate binders) should not exceed 2,000 mg/day. (OPINION) See Guideline5.

6.5 The serum calcium-phosphorus product should be maintained at <55 mg#dL? (EVI-
DENCE) Thisisbest achieved by controlling serum levels of phosphorus within the tar get
range. (OPINION) See Guidelines 3, 4, and 5.

6.6 Patientswhose serum levels of corrected total calcium are below the lower limit for the laboratory
used (<8.4 mg/dL [2.10 mmol/L]) should receive therapy to increase serum calcium levelsif:
6.6a There are clinical symptoms of hypocalcemia such as paresthesia, Chvostek’s and

Trousseau’s Signs, bronchospasm, laryngospasm, tetany, and/or seizures (OPINION); or
6.6b Theplasmaintact PTH leved isabovethetarget rangefor the CKD Stage. (See Table 15in
Guideline1.) (OPINION)

6.7 Therapy for hypocalcemia should include calcium salts such as calcium carbonate (EVI-

DENCE) and/or oral vitamin D sterols. (EVIDENCE) See Guideline 8B.

GUIDELINE 7. PREVENTION AND TREATMENT OF VITAMIN D INSUFFICIENCY AND
VITAMIN D DEFICIENCY IN CKD PATIENTS (Algorithm 1) (p S84)
In CKD Patients (Stages 3 and 4):
7.1 If plasmaintact PTH isabovethetarget rangefor the stage of CKD (Table 15, Guideline 1)
serum 25-hydroxyvitamin D should be measured at first encounter. If it is normal, repeat
annually. (EVIDENCE)
7.2 If the serum level of 25-hydroxyvitamin D is <30 ng/mL, supplementation with vitamin D,
(ergocalciferol) should beinitiated (Table 26). (OPINION)
7.3 Followinginitiation of vitamin D therapy:
7.3a The use of ergocalciferol therapy should be integrated with the serum calcium and
phosphorus (Algorithm 1).

7.3b The serum levels of corrected total calcium and phosphorus should be measured at
least every 3 months. (OPINION)

7.3c If the serum levels of corrected total calcium exceeds 10.2 mg/dL (2.54 mmol/L),
discontinue er gocalciferol therapy and all for ms of vitamin D therapy. (OPINION)
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In CKD patients with serum P <4.6 mg/dL (1.99 mmol/L), serum Ca <9.5 mg/dL
(2.37 mmol/L), and serum PTH in the higher level of the target range for CKD stage
(Stage 3: 35-70 pg/mL {3.85-7.7 pmol/L]; Stage 4: 70-110 pg/mL [7.7-12.1 pmol/L])

Measure serum
25(0OH)D

Is serum 25(OH)D
<30 ng/mL
{75 nmol/L)?

See Guideline 8A

Begin oral vitamin D2
orDa*

Initiate or increase
phosphate binder
{Guideline 5) or restrict

dietary phosphate
{Guideline 4)

o Measure serum
—>
Heold vitamin D dose P and Ca -

‘

Is serum Ca
<10.2 mg/dL
(2.54 mmol/L)?

No

Is serum P
<4.6mg/dL
(1.49 mmol/L)?

No

Continue or resume
vitamin D2 or D3

* Vitamin D2 (ergocalciferol) may be safer than D3 (cholecalciferot). When the 25(0OH)D level
is <15 ng/mi (37 nmol/L), 50,000 U weekly for 4 doses followed by monthly for 4 doses is effective.
With 25(0OH)D levels of 20-30 ng/mL (50-75 nmol/L), 50,000 iU monthly for 6 months is recommended

Algorithm 1. Vitamin D supplementation in CKD (Stages 3 and 4).
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Table 26. Recommended Supplementation for Vitamin D Deficiency/Insufficiency
in Patients with CKD Stages 3 and 4

Serum 25(0H)D Ergocalciferol Dose Duration Comment
(ng/mL) [nmol/L] Definition {Vitamin D») (months)
<5[12] 50,000 lU/wk orally x 12~ 6months ~ Measure 25{OH)D levels after
Severe vitamin wks; then monthly 8 months
D deficiency 500,000 1U as single L.M. Assure patient adherence;
dose measure 25(CH)D at 6 months
5-15 [12-37] Mild vitaminD 50,000 IU/wk x 4 weeks, 6 months  Measure 25(0H)D levels after
deficiency then 50,000 {U/month 6 months
orally
16-30 [40-75] Vitamin D 50,000 lU/month orally 6 months
insufficiency

7.3d If the serum phosphorus exceeds 4.6 mg/dL, add or increase the dose of phosphate
binder. (See Guidelines 4 and 5.) If hyper phosphatemia persists, discontinue vitamin
D therapy. (OPINION)

7.3e Once patients arereplete with vitamin D, continued supplementation with a vitamin-
D—containing multi-vitamin preparation should be used with annual reassessment of
serum levels of 25-hydroxyvitamin D, and the continued assessment of corrected total
calcium and phosphorus every 3 months. (OPINION)

In CKD Patients With Kidney Failure (Stage 5):
7.4 Therapy with an activevitamin D sterol (calcitriol, alfacalcidol, paricalcitol, or doxer calcif-
erol) should be provided if the plasma levels of intact PTH are >300 pg/mL. (OPINION)

See Guiddline 8B.

GUIDELINE 8. VITAMIN D THERAPY IN CKD PATIENTS (p S89)

This Guideline encompasses 2 parts. Guideline 8A, which deals with active vitamin D sterol
therapy in CKD Stages 3 and 4, and Guideline 8B, which dealswith CKD Stage5.

GUIDELINE 8A.ACTIVEVITAMIN D THERAPY IN PATIENTSWITH STAGES3AND 4
CKD (Algorithm 2) (p S89)
8A.1 In patients with CKD Stages 3 and 4, therapy with an active oral vitamin D sterol
(calcitriol, alfacalcidol, or doxercalciferal) is indicated when serum levels of 25(0OH)-
vitamin D are >30 ng/mL (75 nmol/L) and plasma levels of intact PTH are above the
target rangefor the CKD stage (see Table 15, Guideline 1). (EVIDENCE) Theinitial doses
areprovided in Table 27.

Table 27. Serum Levels of PTH, Calcium and Phosphate Required for Initiation of Oral
Vitamin D Sterol Therapy, and Recommended Initial Doses in Patients with Stages 3 and 4

CKD

Serum
Plasma PTH Ca Serum P Dose Dose Dose
pg/mL or mg/dL mg/dL Oral Oral Oral
[pmol/L] [mmol/L] {mmol/L] Calcitriol Alfacalcidol Doxercalciferol
>70 [7.7] (CKD Stage 3)
Or <9.5 <4.6[1.49] 0.25 p g/day 0.25 pyg/day 2.5 ug 3xweek
>110] 12.1] [2.37]

{CKD Stage 4)
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In CKD patients, Stages 3 and 4, with stable renal function, compliant with visits and
medications with serum phosphorus levels <4.6 mg/dL (1.49 mmol/L), calcium
<9.5 mg/dL (2.37 mmol/L), and 25(0H)D 230 ng/mL (75 nmol/L)

( Measure serum PTH )

is serum PTH
>70 pg/mL (7.7 pmol/l) {Stage

Monitor according to !
Guideline 1

(Stage 4)?

Begin vitamin D sterol
therapy
v
itami Initiate or increase
H M
» old or reduce vitamin > easure serum < phosphate binder
D dose PandCa :
» (Guideline 5) or restrict
dietary phosphate
(Guideiine 4)

is serum Ca
<9.5 mg/dL {2.37
mmol/L)?

No

Stop or reduce
dose of Ca-
based phosphate
binder, or reduce
Ca supplements
{Guideline 5)

Is serum P
<4.6mg/dL (1.49
mmol/L)?

> Continue oral dose of
vitamin D sterol

Measure T

serum
<35 pg/mL (3.85 pmol/L) (Stage 3), or PTH >70 pg/mL (7.7 pmoliL) (Stage 3}, or
<70 pg/mL (7.7 pmoliL) (Stage 4} >110 pg/mL {12.1 pmoV¥/L) (Stage 4)

Oral active vitamin D sterols available include calcitriol, alfacalcidol, and doxercalciferol; calcitriol (USA,
Canada) and alfacalcidol (Canada and Europe) are approved for use in CKD, Stages 3 and 4. Initial doses
should be low (calcitriol 0.25 ug/day or alfacalcidol, 0.25 pg/day). The dose of caicitriol should rarely
exceed 0.5 ug/day and then only if the corrected levels of calcium increase by less than 0.2-0.3 mg/dL.

Algorithm 2. Management of CKD patients (Stages 3 and 4) with active Vitamin D sterols.

8A.la Treatment with an active vitamin D sterol should be undertaken only in patients
with serum levels of corrected total calcium <9.5 mg/dL (2.37 mmol/L) and serum
phosphorus <4.6 mg/dL (1.49 mmol/L). (OPINION)

8A.1b Vitamin D sterols should not be prescribed for patients with rapidly worsening

kidney function or those who are noncompliant with medications or follow-up.
(OPINION)
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Table 28. Recommended Initial Dosing for Vitamin D Sterols
by Serum Levels of Intact PTH, Calcium, Phosphorus, and Ca-P Product
Plasma
PTH Serum Ca Serum P Dose per
pa/mL or mg/dL ma/dL Ca-P Dose per HD HD Dose per HD
[pmol/L] [mmol/L] {mmol/L] Product Calcitriolt" Paricalcitol*  Doxercalgiferolt’
300-600 <95([2.37] <55 [1.78] <55 V:05-1.5ug 25-50ug Oral: 5 ug
[33-66] Oral: 0.5-1.5ug V:2ug
600-1000 <95([237] <55[1.78] <55 V:1.0-3.0 g 6.0-10 ug Oral: 5-10 ug
[66-110] Oral: 1-4 ug V: 2-4 ug
>1000 <10.0 <5.511.78] <55 IV:3.0-50 ug 10-15ug Oral: 10-20 g
[110] [2.50] Oral: 3-7 ug IV:4-8 ug

*Intravenous; t Oral

8A.2

8A.3

During therapy with vitamin D sterols, serum levels of calcium and phosphorusshould be

monitored at least every month after initiation of therapy for the first 3 months, then

every 3monthsthereafter. Plasma PTH levels should be measured at least every 3 months

for 6 months, and every 3 monthsthereafter. (OPINION)

Dosage adjustmentsfor patientsreceiving active vitamin D sterol therapy should bemade

asfollows:

8A.3a If plasmalevelsof intact PTH fall below thetarget rangefor the CKD stage (Table
15, Guiddline 1), hold active vitamin D sterol therapy until plasma levels of intact
PTH riseto abovethetarget range, then resume treatment with the dose of active
vitamin D sterol reduced by half. If the lowest daily dose of the active vitamin D
sterol isbeing used, reduceto alter nate-day dosing. (OPINION)

8A.3b If serum levelsof corrected total calcium exceed 9.5 mg/dL (2.37 mmoal/L), hold active
vitamin D sterol therapy until serum calcium returnsto <9.5 mg/dL (2.37 mmol/L),
then resumetreatment at half the previous dose. If the lowest daily dose of the active
vitamin D sterol isbeing used, reduceto alter nate-day dosing. (OPINION)

8A.3c If serum levels of phosphorus rise to >4.6 mg/dL (1.49 mmol/L), hold active
vitamin D therapy, initiate or increase dose of phosphate binder until the levels of
serum phosphorusfall to =4.6 mg/dL (1.49 mmol/L); then resumetheprior dose of
activevitamin D sterol. (OPINION)

GUIDELINE 8B.VITAMIN D THERAPY IN PATIENTSON DIALYSIS(CKD STAGE 5) (p S92)

8B.1

8B.2

8B.3

Patients treated with hemodialysis or peritoneal dialysis with serum levels of intact PTH
levels >300 pg/mL should receive an active vitamin D sterol (such as calcitriol, alfacal-
cidol, paricalcitol, or doxercalciferol; see Table 28) to reduce the serum levelsof PTH toa
target range of 150 to 300 pg/mL. (EVIDENCE)
8B.1a The intermittent, intravenous administration of calcitriol is more effective than
daily oral calcitriol in lowering serum PTH levels. (EVIDENCE)
8B.1b In patients with corrected serum calcium and/or phosphorus levels above the
target range (see Guidelines 3 and 6, respectively), atrial of alternative vitamin D
analogs, such as paricalcitol or doxercalciferol may be warranted. (OPINION)
When therapy with vitamin D sterolsisinitiated or the doseisincreased, serum levels of
calcium and phosphor us should be monitored at least every 2 weeksfor 1 month and then
monthly thereafter. The plasma PTH should be measured monthly for at least 3 months
and then every 3 months oncetarget levelsof PTH are achieved. (OPINION)
For patients treated with peritoneal dialysis, oral doses of calcitriol (0.5 to 1.0 ng) or
doxercalciferol (2.5t05.0 ng) can be given 2 or 3timesweekly. Alternatively, alower dose
of calcitriol (0.25 ug) can be administered daily. (OPINION)
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/ A \
Ca >10.2 mg/dL \ e serum Ca j Ca <9.5 mg/dL

(2.54 mmol/L) (2.37 mmol/L)

Ca 9.5-10.2 mg/dL.
(2.37-2.54 mmol/L)

Continue or modify
vitamin D using
Algorithm 4 {Serum P)
and Algorithm &
(Serum PTH)

Reduce dose of Ca-
containing phosphate
) binders and change to
or increase dose of
non-Ca phosphate
binders

Stop vitamin D therapy

>

Ca >10.2 mg/dL /\ Ca <9.5 mg/dL.
{2.54 mmol/l) Measure (2.37 mmoliL)

serum Ca

Ca 9.5-10.2 mg/dL
(2.87-2.54 mmolfL)

M re serum PTH

e ot o 7w P

] . 1

: cc))i;;'sca)ngLé : OPTIONAL: !

| 2.0mEqg/Lfor 223HDRx 4 2300 pg/mL Change to "less calcemic”
’ 33.0 pmoi/L)?2 vitamin D sterol 1

b e e e To————- 1

Continue or modify vitamin
D using Algorithm 4
(Serum P) and Algorithm &
(Serum PTH)

Algorithm 3. Managing Vitamin D sterols based on serum calcium levels.

8B.4 When either hemodialysisor peritoneal dialysispatientsaretreated with activevitamin D
sterols, management should integrate the changesin serum calcium, serum phosphorus,
and plasma PTH. Each of these 3 variables is considered separately with suggested
interventions based on the various values obtained in Algorithm 3, Algorithm 4, and
Algorithm 5. (OPINION)

GUIDELINE 9. DIALYSATE CALCIUM CONCENTRATIONS (p S99)

9.1 The dialysate calcium concentration in hemodialysis or peritoneal dialysis should be 2.5
mEqg/L (1.25 mmol/L). (OPINION)
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/ Measure serum P

P >6.0 mg/dL P <5.5 mg/dL
(1.94 mmollL) \ / (1.78 mmol/L)

P 5.5-6.0 mg/dL
(1.78-1.94 mmol/L)

itarni Increase phosphate Continue or modify
Hold vitamin D therapy o de? dospe - AI;%%E‘;? ?;g‘ngjm

Ca) and Algerithm 5
(Serum PTH)

| Measure serum P

Is serum P
<5.5 mg/dL
1.78 mmol/L)?2

No

If patient has been on vitamin D:
reduce dose by 25%-50%

if vitamin D has been held:
resume at dose lowered by 25%-50%

Algorithm 4. Managing Vitamin D sterols based on serum phosphorus levels.

9.2 Higher or lower dialysate calcium levels are indicated in selected patients. (See Clinical
Applications.) (OPINION)

GUIDELINE 10. B,-MICROGLOBULIN AMYLOIDOSIS (p S102)

10.1 Screening for Bo-microglobulin amyloidosis, including measurement of serum levels of

B>-microglobulin, is not recommended. (OPINION)

10.1a Nocurrently availabletherapy (except kidney transplantation) can stop disease progres-
sion of B>-microglobulin amyloidosisor provide symptomatic relief. (EVIDENCE)

10.1b Kidney transplant should be considered to stop disease progression or provide symptom-
aticreief in patientswith B,-microglobulin amyloidoss. (EVIDENCE)

10.1c In patients with evidence of, or at risk for, B,-microglobulin amyloidosis noncu-
prophane (EVIDENCE), high-flux dialyzers (OPINION) should be used.

GUIDELINE 11. ALUMINUM OVERLOAD AND TOXICITY IN CKD (p S108)

11.1 To prevent aluminum toxicity, the regular administration of aluminum should be avoided
and the dialysate concentration of aluminum should be maintained at <10 pg/L.
(EVIDENCE)
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PTH >300 pg/mL (33 pmoliL),
P <5.5 mg/dL (1.78 mmol/L),

C Measure serum PTH

\oa <8.5 mg/dL {2.37 mmol/L)

)

Raise vitamin D dose
by 25%-50%

PTH <150 pg/mL
{16.5 pmol/L.)

A4

PTH 150-200 pg/mL
(16.5-22.0 pmol/L)

PTH 200-300 pg/imL
{22.0-33.0 pmoliL)

Hold vitamin D therapy
for 1 month

Reduce vitamin D dose by
half for 2 months

Maintain same vitamin D
dose for 3 months

>t

Measure

PTH <150 pg/mL
(16.5 pmol/L)

Hold vitamin D therapy
for 3 months

PTH 150-200 pg/mL
{16.5-22.0 pmol/L)

serum
PTH

PTH >300 pg/mL +
(33.0 pmol/L)
If on vitamin D, raise dose
by 10%-25%

If vitamin D has been held,
resume at 75% of
initial dose for 3 months

PTH 200-300 pg/mL
(22.0-33.0 pmol/L)

'

if on vitamin D, reduce dose
by another 25%-50%

If vitamin D has been held,
resume therapy with
earlier dose

'

Maintain same vitamin
D dose for 3 months

When intact serum PTH is between 300-500 pg/mL (33.0-55.0 pmol/L) and changes on two successive

determinations are small (<25%}), there is no need

to modify vitamin D dose as long as P and Ca are within

the desired limits (see Algorithms 3 and 4).

When intact PTH is persistently >500-800 pg/mL (55.0-88.0 pmol ng/L) and P is 5.5-6.5 mg/dL. (1.78-1.94
mmol/L) and/or Cais 10.2-10.5 mg/dL (2.54-2.62 mmol/L}, a trial with a "less calcemic" analog may be
warranted for 3-5 months; if such a patient fails to respond, parathyroidectomy may be required.

Algorithm 5. Managing Vitami

n D sterols based on intact PTH levels.

11.1a CKD patients ingesting aluminum should not receive citrate salts simultaneously.

(EVIDENCE)
11.2 To assess aluminum exposure and th
should be measured at least yearly
containing medications. (OPINION)

erisk of aluminum toxicity, serum aluminum levels
and every 3 months in those receiving aluminum-

11.2a Baselinelevelsof serum aluminum should be <20 ng/L. (OPINION)
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C Measure serum Al )

Is serum Al
<200 pg/L?

Dialysis 6 days/week
Stop all Al intake

Yes
< Measure Al q 1-2 week
until Al <200 pg/L
Alrise >300 pg/L
or neurological side-effects Perform Al rise <50 ug/L.
(F'Oy

< Repeat DFO test in
Al rise 50-300 pg/t 1 month
with no side-effects

Al rise <50 pgfL
with no side-effects

Go o Step A, Go to Step B,

Go to Step C,

Algorithm 8 Algorithm 9 Algorithm 9

Algorithm 6. Evaluation of aluminum neurotoxicity.

11.3 A deferoxamine (DFO) test should be performed if there are elevated serum aluminum
levels (60 to 200 mwg/L); clinical signs and symptoms of aluminum toxicity (Table 31, p
S109), or prior to parathyroid surgery if the patient has had aluminum exposure.
(EVIDENCE) (Algorithms6 and 7)
11.3a The test is done by infusing 5 mg/kg of DFO during the last hour of the dialysis
session with a serum aluminum measured before DFO infusion and 2 days later,
beforethe next dialysis session. (OPINION)

11.3b Thetest is considered positive if the increment of serum aluminum is =50 pg/L.
(OPINION)
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Symptomatic 2°
hyperparathyroidism
and excess Al
exposure

Other
symptomatic or
severe Al loading

Dialysis
encephalopathy

Al bone disease

v g v
Exercise caution with Delay
Perform EEG vitamin D Rx parathyroidectomy

P Measure serum Al |-

'

Dialysis 6X per week,
dialysate Al <5 pg/L,
AND stop ali Al intake

Y

Measure serum Al
every 1-2 weeks until
<200 ug/l

Is baseline serum
Al <200 pg/L?

Serum Al rise 2300 pg/t

Serum Al rise <50 ug/L
OR side-effects

AND no side-effects

DFG test 5 mg/
kg over last hour

after DFO test of HD: measure after DFO test
v serum Al before
next HD 2 days
Wait 1 month tater

¢ Serum Al rise 50-299 pg/L
AND no side-effects
after DFO test

Repeat DFO test >

Serum Al rise <50 ug/l.
AND no side-effects
after DFO test

Go to Step B, Go to Step A,

Go to Step C,

Algorithm 9 Algorithm 8

Algorithm 8

This algorithm is exclusive of acute Al neurotoxicity

Algorithm 7. Evaluation of aluminum-related disorders: considerations for DFO test and subsequent DFO
treatment.
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Al rise 2300 pgiL,
OR side-effects after
DFO test

!

DFO therapy, 5 mg/kg over 1 hour LV.
5 hours before HD, 1 per week for 4 months
High-efficiency HD after DFO Rx

Al rise <50 pgiL Perform

v

Hold DFO for 1 month

Al rise 2300 pg/L

'

~pp| Hold DFO for 1 month

v

Al rise 50-299 ug/L

DFO test,
5 mg/kg

Al rise 50-299 pg/L

DFO therapy, 5 mg/kg
over 1 hour LV.
» 5 hours before HD,
1 per week for 4 months

Go to Step B, High-efficiency HD after

Al rise <50 pg/L

Algorithm 9 DFO Rx

Go to Step C,

Al rise 2300 pg/L

Algorithm 9

Algorithm 8. DFO treatment after P, rise =300 pg/L.

11.3c ADFO test should not be performed if the serum levels of aluminum are >200 pg/L
to avoid DFO-induced neurotoxicity. (OPINION)

11.4 The presence of aluminum bone disease can be predicted by arisein serum aluminum of
=50 ug/L following DFO challenge combined with plasma levels of intact PTH of <150
pg/mL (16.5 pmol/L). (OPINION) However, the gold standard for the diagnosis of
aluminum bone diseaseis a bone biopsy showing increased aluminum staining of the bone
surface (=15% to 25%) using aluminum stain and often adynamic bone or osteomalacia.

(EVIDENCE)
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B

Al rise <300 pgfl,
AND no side-effects
after DFO test

Y

DFO therapy, 5 mg/kg for last hour of HD,
1 per week for 2 months
High-efficiency HD 44 hours later

!

Hold DFO for 1 month

A4
A

:

Al rise 50-300 pg/L

Alrise <50 pg/l{f C

Hold DFQ for 4 months

l

Repeat
DFO test,
5 mg/kg

Al rise 50-300 g/l

Al rise <50 pg/L

Stop DFOC therapy

Algorithm 9. DFO treatment after Py, rise between 50 and 300 pg/L.

GUIDELINE 12. TREATMENT OF ALUMINUM TOXICITY (Algorithm 8 and Algorithm 9) (p S116)

12.1 In all patients with baseline serum aluminum levels >60 ug/L, a positive DFO test, or
clinical symptomsconsistent with aluminum toxicity (Guideline 11, Table 31) the sour ce of
aluminum should beidentified and eliminated. (OPINION)

12.2 In symptomatic patientswith serum aluminum levels >60 pg/L but <200 ug/L or arisein
aluminum after DFO >50 ug/L, DFO should be given to treat the aluminum overload.
(SeeAlgorithm 8 and Algorithm 9). (OPINION)

12.3 To avoid DFO-induced neurotoxicity in patients with serum aluminum >200 ug/L, DFO
should not be given until intensive dialysis (6 days per week) with high-flux dialysis
membrane and a dialysate aluminum level of <5 ug/L and until the pre-dialysis serum
aluminum level hasbeen reduced to <200 pg/L. (OPINION)

GUIDELINE 13. TREATMENT OF BONE DISEASE IN CKD (p S122)

The therapeutic approach to bone disease in CKD is based on its specific type. As such, this
Guideline encompasses 3 parts. Guideline 13A deals with high-turnover and mixed bone disease,
Guideline 13B with osteomalacia, and Guideline 13C with adynamic bone disease.
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GUIDELINE 13A. HYPERPARATHYROID (HIGH-TURNOVER) AND MIXED
(HIGH-TURNOVER WITH MINERALIZATION DEFECT) BONE DISEASE (p S123)

13A.1 In CKD patients (Stages 3 and 4) who have plasma levels of intact PTH >70 pg/mL (7.7
pmol/L) (Stage 3) or >110 pg/mL (12.1 pmol/L) (Stage 4) on more than 2 consecutive
measurements, dietary phosphate intake should be restricted. If this is ineffective in
lowering plasma PTH levels, calcitriol (EVIDENCE) or one of its analogs [alfacalcidol
(EVIDENCE) or doxercalciferol (OPINION)] should be given to prevent or ameliorate
bone disease. (See Guideline 8A.)

13A.2 In CKD patients(Stage 5) who have devated plasmalevesof intact PTH (>300 pg/mL [33.0
pmol/L]), calcitriol (EVIDENCE) or one of its analogs (doxercalciferol, alfacalcidal, or
paricalcital) (OPINION) should be used to rever sethe bonefeatures of PTH overactivity (ie,
high-turnover bone disease) and to treat defective mineralization. (See Guideline 8B.)

GUIDELINE 13B. OSTEOMALACIA (p S124)

13B.1 Osteomalacia due to aluminum toxicity should be prevented in dialysis patients by
maintaining aluminum concentration in dialysatefluid at <10 pg/L and avoiding theuse
of aluminum-containing compounds (including sucralfate). (OPINION)
13B.2 Aluminum overload leading to aluminum bone disease should be treated with deferox-
amine (DFO). (See Guiddines 11 and 12.) (OPINION)
13B.3 Osteomalacia due to vitamin D, or D3 deficiency or phosphate depletion, though
uncommon, should be treated with vitamin D, or D3 supplementation (see Guideline 7)
and/or phosphate administration, respectively. (OPINION)
13B.3a If osteomalacia due to vitamin D deficiency failsto respond to ergocalciferol or
cholecalciferol, particularly in patients with kidney failure (Stage 5), treatment
with an active vitamin D sterol may be given. (OPINION) (See Guideline 8B.)
13B.3b Doses of phosphate supplementation should be adjusted upwards until normal
serum levels of phosphorus are achieved. (OPINION)

GUIDELINE 13C. ADYNAMIC BONE DISEASE (p S125)

13C.1 Adynamic bone disease in Stage 5 CKD (as determined either by bone biopsy or intact
PTH <100 pg/mL [11.0 pmol/L]) should be treated by allowing plasma levels of intact
PTH torisein order toincrease boneturnover. (OPINION)
13C.1a This can be accomplished by decreasing doses of calcium-based phosphate
bindersand vitamin D or eliminating such therapy. (OPINION)

GUIDELINE 14. PARATHYROIDECTOMY IN PATIENTSWITH CKD (p S127)

14.1 Parathyroidectomy should be recommended in patients with severe hyperparathyroidism
(persistent serum levelsof intact PTH >800 pg/mL [88.0 pmol/L]), associated with hypercalce-
mia and/or hyper phosphatemiathat arerefractory to medical therapy. (OPINION)
14.2 Effective surgical therapy of severe hyperparathyroidism can be accomplished by subto-
tal parathyroidectomy or total parathyroidectomy with parathyroid tissue autotr ansplan-
tation. (EVIDENCE)
14.3 In patientswho under go par athyroidectomy the following should be done:
14.3a The blood level of ionized calcium should be measured every 4 to 6 hours for the
first 48 top 72 hours after surgery, and then twice daily until stable. (OPINION)

14.3b 1f theblood levelsof ionized or corrected total calcium fall below normal (<0.9 mmol/L
or <3.6 mg/dL corresponding to corrected total calcium of 7.2 mg/dL [1.80 mmol/L]), a
calcium gluconate infusion should beinitiated at arate of 1 to 2 mg elemental calcium
per kilogram body weight per hour and adjusted to maintain an ionized calcium in
the normal range (1.15 to 1.36 mmol/L or 4.6 to 5.4 mg/dL). (OPINION) A 10-mL
ampule of 10% calcium gluconate contains 90 mg of elemental calcium.



GUIDELINE STATEMENTS S27

Table 32. Frequency for Measurement of Serum
Levels of Total CO,

CKD GFR Range Frequency

Stage {mL/min/1.73 m?) of Measurement

3 30-59 At least every 12 months

4 15-29 At least every 3 months

5 <15 At least every 3 months
Dialysis At least every month

14.3c Thecalcium infusion should be gradually reduced when the level of ionized calcium
attainsthe normal range and remains stable. (OPINION)

14.3d When oral intakeispossible, the patient should receive calcium carbonate1to2g3
times a day, as well as calcitriol of up to 2 pg/day, and these therapies should be
adjusted as necessary to maintain the level of ionized calcium in the normal range.
(OPINION)

14.3e If the patient was receiving phosphate binders prior to surgery, this therapy may
need to be discontinued or reduced as dictated by the levels of serum phosphorus.
(OPINION)

14.4 Imaging of parathyroid glands with ®Tc-Sestamibi scan, ultrasound, CT scan, or MRI
should bedoneprior to re-exploration parathyroid surgery. (OPINION)

GUIDELINE 15. METABOLIC ACIDOSIS (p S129)

15.1 In CKD Stages 3, 4, and 5, the serum level of total CO, should be measured.
15.1a The frequency of these measurements should be based on the stage of CKD as
shown in Table 32. (OPINION)
15.2 In these patients, serum levels of total CO, should be maintained at =22 mEq/L (22
mmol/L). (EVIDENCE) If necessary, supplemental alkali salts should be given to achieve
thisgoal. (OPINION)

GUIDELINE 16. BONE DISEASE IN THE KIDNEY TRANSPLANT RECIPIENT (p S130)

16.1 Serum levels of calcium, phosphorus, total CO, and plasma intact PTH should be
monitored following kidney transplantation. (OPINION)
16.1a The frequency of these measurements should be based on the time following

transplantation, as shown in Table 33. (OPINION)

16.2 During thefirst week after kidney transplantation, serum levels of phosphorus should be
measured daily. Kidney transplant recipientswho develop persistently low levels of serum
phosphate (<2.5 mg/dL [0.81 mmol/L]) should be treated with phosphate supplementa-
tion. (OPINION)

16.3 To minimize bone massloss and osteonecrosis, the immunosuppressive regimen should be
adjusted to the lowest effective dose of glucocorticoids. (EVIDENCE)

Table 33. Frequency of Measurement of Calcium, Phosphorus, PTH and Total CO,
after Kidney Transplantation

Parameter First 3 Months 3 Months to 1 year
Calcium Every 2 weeks Monthly
Phosphorus Every 2 weeks Monthly

PTH Monthly Every 3 months
Total GOz Every 2 weeks Monthly

One year after transplantation, the frequency of measurements should follow the
recommendations of Table 14,15, Guideline 1, depending on the level of kidney function.
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16.4 Kidney transplant recipients should have bone mineral density (BM D) measured by dual
ener gy X-ray absorptiometry (DEXA) to assessthe presence or development of osteopor o-
sis. (OPINION)
16.4a DEXA scans should be obtained at time of transplant and 1 year and 2 years
post-transplant. (OPINION)

16.4b If BMD t-scoreisegual to or lessthan —2 at the time of the transplant, or at subsequent
evaluations, ther apy with parenter al amino-bisphosphonatesshould be consdered. (OPIN-
ION)

16.5 Treatment of disturbancesin bone and mineral metabolism is determined by the level of
kidney function in the transplant recipient as provided in Guidelines 1 through 15 for
CKD patients. (OPINION)



BACKGROUND

ISTURBANCES in mineral and bone me-

tabolism are common in patients with
chronic kidney disease (CKD). Table 2 lists the
major features of these abnormalities.*1> The
processes causing disordered mineral metabo-
lism and bone disease have their onset in the
early stages of CKD, continue throughout the
course of progressive loss of kidney function,
and may be influenced beneficially or adversely
by various therapeutic approaches used.

In this section and those that follow, the stage
of CKD is defined according to the Clinical
Practice Guidelines for Chronic Kidney Disease:
Evaluation, Classification, and Stratification
(Table 1).

PATHOGENESIS OF BONE DISEASE IN CKD

Hypocal cemia and Secondary
Hyper parathyroidism

Patients with CKD almost always develop
secondary hyperplasia of the parathyroid glands,
resulting in elevated blood levels of parathyroid
hormone (PTH). This abnormality is due to the
hypocalcemia that devel ops during the course of
kidney disease and/or to a deficiency of 1,25-
dihydroxycholecalciferol [I,25(0OH),D5] that may
directly affect the function of the parathyroid
glands. With progressive loss of kidney function,
a decrease in the number of vitamin D receptors
(VDR) and calcium-sensing receptors (CaR) in
the parathyroid glands occurs, rendering them
more resistant to the action of vitamin D and
calcium. In addition, the development of hyper-
phosphatemia directly affects the function and
the growth of the parathyroid glands. These
events will allow secondary hyperparathyroid-
ism to worsen.

At least 3 hypotheses have been proposed to
explain the pathogenesis of the hypocalcemia:
(a) phosphate retention, (b) skeletal resistanceto
the calcemic action of PTH, and (c) altered
vitamin D metabolism. The zeal and vigor with
which the proponents of these hypotheses have
defended these concepts have created theimpres-
sion that amajor controversy existsin the patho-
genesis of hypocalcemia and secondary hyper-
parathyroidism. However, these possibilities are
not mutually exclusive but rather interrelated.
Together, these factors form a unified and inte-

grated explanation for the hypoca cemiaof CKD,
and provide aframework for the management of
altered mineral and bone metabolism of CKD.

Role of phosphate retention. Severa lines
of evidence suggest that phosphate retention can
provoke secondary hyperparathyroidism. Firstis
a disorder called sneezing disease described in
piglets ingesting high-phosphate diets. This dis-
ease is characterized by labored respiration and
sneezing and is due to deformities of turbinate
nasal bones caused by generalized osteitis fi-
brosa. This disease was reproduced in horses fed
high-phosphate, low-calcium diets. The animals
developed lameness and a “ big head” secondary
to swelling of facia bones; both abnormalities
were due to osteoclastic bone resorption. Ini-
tially, these animals developed hyperphos-
phatemia and hypocalcemia followed by hy-
pophosphatemia and hypercalcemia. Their
parathyroid glands were diffusely hyperplastic.
These observations demonstrate that the inges-
tion of an excessive amount of phosphate is
associated with secondary hyperparathyroidism,
even in the absence of CKD.

Second, the acute ingestion of inorganic phos-
phate by normal subjects has been shown to
cause a transient rise in the levels of serum
phosphorus, afall in the concentration of ionized
calcium, and a significant elevation in the blood
levels of PTH even in the presence of normal
kidney function.

Third, the development of secondary hyper-
parathyroidism in dogs with experimentally-
induced reduction in kidney function is influ-
enced by the magnitude of dietary phosphate
intake; and the secondary hyperparathyroidism
was prevented when dietary intake of phosphate
was reduced in proportion to the experimentally
induced reduction in the glomerular filtration
rate (GFR).

It is evident, therefore, that phosphate reten-
tion and hyperphosphatemia can provoke second-
ary hyperparathyroidism in the absence or pres-
ence of impaired kidney function. Consequently,
because secondary hyperparathyroidism occurs

© 2003 by the National Kidney Foundation, Inc.
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Table 1. Stages of Chronic Kidney Disease
GFR

Stage Description (mUmin/1.73 m?)
1 Kidney damage 290

with normal or T GFR
2 Kidney damage 60-89

with mild | GFR

3 Moderate ¥ GFR 30-59
4 Severe 3 GFR 15-29
5 Kidney failure <15 (or dialysis)

Chronic kidney disease is defined as either kidney damage or GFR <60
mb/min/1.73 m2 for 23 months. Kidney damage is defined as
pathological abhormalities or markers of damage, including abnormalities
in blood or urine tests or imaging studies.

early in the course of CKD, hyperphosphatemia
would be expected to devel op at an early stage of
reduced kidney function. However, the available
data indicate that patients with moderate loss of
kidney function (Stage 3) are not hyperphos-
phatemic but are either normophosphatemic or
mildly hypophosphatemic. To explain this dis-
crepancy, it was postulated that a transient and
possibly undetectableincreasein serum phospho-
rus occurs early in CKD with each decrement in
kidney function. Such a transient hyperphos-
phatemia would directly decrease the blood lev-
els of ionized calcium, which then stimulates the
parathyroid glands to release more hormone
(PTH). The elevation in the blood levels of PTH
would decrease the tubular reabsorption of phos-
phate in the kidney and increase the excretion of
phosphate in the urine, with the return of serum
phosphorus and calcium levels to normal, but at
the expense of a new steady state characterized
by elevated blood levels of PTH.

BACKGROUND

This postulateimpliesthat the adaptive changes
occurring in patients with incipient loss of kid-
ney function, and leading to secondary hyperpara
thyroidism, are geared to maintain normal phos-
phate homeostasis. However, ample evidence
exists indicating that phosphate homeostasis in
CK D can be maintained without secondary hyper-
parathyroidism. First, in thyroparathyroidecto-
mized dogs with experimentally induced reduc-
tion in kidney function in which the serum
calcium was maintained at a normal level by
vitamin D supplementation, the fraction of fil-
tered phosphate excreted by the kidney increased
and the serum concentration of phosphorus re-
mained normal despite the loss of kidney func-
tion. Second, rats immunized against tubular
basement membrane devel oped interstitial nephri-
tis and reduced kidney function, and the kidneys
lost the ability to generate cyclic AMP in re-
sponse to PTH. Despite these changes, the frac-
tion of filtered phosphate excreted in the urine
increased markedly. Third, studies in rats with
reduced kidney function have clearly demon-
strated that PTH is not the main regulator of the
handling of phosphate by the kidney. Fourth, a
very high fractional excretion of phosphate is
present in patients with CKD, even after total
parathyroidectomy.

If the sequence of events described by the
phosphate retention hypothesis does occur, the
basal serum levels of phosphorus and calcium
should display one of the following combina
tions: hyperphosphatemiaand hypocal cemia, nor-
mophosphatemia and normocalcemia, or hy-

Table 2. Major Features of Abnormalities in Mineral
Metabolism in Kidney Failure**®

Hypocalcemia

Hyperphosphatemia

Bone disease

valves calcification

Secondary hyperparathyroidism

Defective intestinal absorption of calcium
Altered vitamin D metabolism

Soft-tissue calcification including coronary arteries and cardiac

= Altered handling of phosphate, caicium, and magnesium by the

kidney
= Pruritus
»  Proximal myopathy

= Skin ulceration and soft-tissue necrosis




BACKGROUND

pophaosphatemia and hypercalcemia. The latter
may occur if the adaptive response of the parathy-
roid glands is exaggerated, as in the case of
nutritionally induced secondary hyperparathy-
roidism in horses. However, available data show
that the mean levels of both serum phosphorus
and calcium in most patients with moderate loss
of kidney function are actually lower than the
values in normal subjects. These observations
cannot be explained by the phosphate retention
theory alone. Thus, other factors must aso be
operative and contribute to the genesis of the
hypocalcemiain the early course of CKD.

These considerations do not necessarily mean
that phosphate retention is not an important fac-
tor in the pathogenesis of the hypocal cemia and
secondary hyperparathyroidism of CKD. Rather,
they suggest that phosphate retention in the course
of CKD may contribute to the hypocalcemia by
mechanisms other than a direct effect of hyper-
phosphatemia on serum calcium.

It should be mentioned that with more ad-
vanced loss of kidney function (Stages 4 and 5)
when hyperphosphatemia devel ops, the elevated
blood levels of phosphorus may suppress blood
levelsof calcium and contribute to the hypocal ce-
mia. In addition, experimental evidence indi-
cates that the very high levels of serum phospho-
rus may directly affect the function of the
parathyroid glands; such high serum phosphorus
levels may induce hyperplasia of the parathyroid
glands independent of hypocacemia and/or re-
duced blood levels of 1,25(0H),Ds. Hyperphos-
phatemia has a direct effect on post-transcrip-
tional mechanisms that increase PTH synthesis
and secretion.

Role of skeletal resistance to the calcemic
action of PTH. The calcemic response to the
infusion of PTH or to an acute rise in the blood
levels of endogenous PTH is markedly blunted
in patients with mild to moderate loss of kidney
function (creatinine clearance 25 to 85 mL/min/
1.73 m? [0.42 to 1.42 mL/s/1.73 m?]), indicating
that this skeletal resistance occurs early in the
course of loss of kidney function. Thisabnormal-
ity has aso been documented in patients with
severe loss of kidney function (creatinine clear-
ance of lessthan 20 mL/min/1.73 m?[0.33 mL/¢/
1.73 m?]) and in those treated with hemodialysis
and in many kidney transplant recipients whose
kidney function is usually below normal (creati-

S31

nineclearance 71 = 6.7 mL/min/1.73m?[1.18 +
0.11 mL/s/1.73 m?)).

Skeletal resistance to the calcemic action of
PTH occursin patients with acute kidney failure
as well. Hypocalcemia is amost always ob-
served in these patients. The degree of hypocal ce-
mia is moderate to marked (range, 7.5 to 8.0
mg/dL) and lower levels have also been reported.
The hypocalcemia occurs early in the course of
the oliguric phase of the disease and persists
through the diuretic period. This hypocalcemiais
observed in patients with low, normal, or €l-
evated serum concentrations of phosphorus, indi-
cating that the hyperphosphatemia of acute kid-
ney failure is not the major determinant of the
hypocal cemia. Also, the hypocal cemia cannot be
attributed to a failure in the function of the
parathyroid glands because the blood levels of
PTH are elevated and display an inverse correla
tion to the concentrations of serum calcium.
Further, the infusion of PTH fails to dlicit a
normal rise in serum calcium. All these derange-
ments are reversed after the return of kidney
function to normal.

These observations indicate that there is a
skeletal resistance to the calcium-mobilizing ac-
tion of PTH, an abnormality that occurs early in
the course of both acute and chronic kidney
disease and is not reversed by hemodialysis. This
derangement is an important factor contributing
to the hypocalcemiain kidney disease and to the
pathogenesis of secondary hyperparathyroidism
in these patients.

A series of studies in thyroparathyroidecto-
mized dogs with diverse models of acute kidney
failure (bilateral ureteral ligation, bilateral ne-
phrectomy, or diversion of both ureters into the
jugular veins) has demonstrated that the skeletal
resistance to the calcemic action of PTH is par-
tially due to a deficiency of 1,25(OH),D3 and its
complete correction requires adequate amounts
of both 1,25(0OH),D3; and 24,25(0OH),D3. Other
studies suggest that the skeletal resistance to the
calcemic action of PTH is, at least in part, due to
downregulation of PTH receptors. Indeed, sev-
eral studies have shown that the PTH-PTHrP
receptors are downregulated in many organs in
uremia; theseinclude the kidney, liver, and heart.
This downregulation of the PTH-PTHrP recep-
tors is not due to the high blood levels of PTH
but rather to the PTH-induced elevation in the
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basal levels of intracellular concentrations of
calcium (cytosolic calcium) in those organs. In-
deed, in kidney failure the basal levels of cytoso-
lic calcium is elevated in al organs, and the
correction of this abnormality by treatment with
calcium channel blockersisassociated with rever-
sal of the downregulation of the PTH-PTHrP
receptors.

Role of altered vitamin D metabolism. The
experimental data cited previously suggest that
aterations in vitamin D metabolism and/or a
deficiency of 1 or more of the vitamin D metabo-
lites are present in patients with early CKD
(Stage 2 and 3) because these patients display
skeletal resistance to the calcemic action of PTH.
Indeed, disturbances in the functional integrity
of the target organs for vitamin D (impaired
intestinal absorption of calcium and/or defective
mineralization of osteoid) have been found in
patients with mild CKD (Stage 2 and 3), indicat-
ing that a state of relative or absolute vitamin D
deficiency existsin these patients.

The blood levels of |,25(0H),D3 are usualy
normal or modestly elevated in patients with
moderate CKD (creatinine clearance >50 mL/
min/1.73 m?2 [0.83 mL/5/1.73 m?]), although low
levels have also been noted in both adults and
children with these levels of kidney function.
Therefore, it appears that absolute deficiency of
and/or resistance to vitamin D [norma blood
levelsof 1,25(0H),D4] develop early inthe course
of CKD. As mentioned earlier, the number of
VDRs decreases as the loss of kidney function
progresses, resulting in resistance to vitamin D
action. The blood levels of 1,25(0OH),Dsin Stage
4 of CKD are definitely low and are usualy
undetectable in the dialysis patients.

It is intriguing that, despite the presence of
adequate functioning kidney mass in patients
with moderate reduction in kidney function (Stage
2), the production of 1,25(OH),D; does not in-
crease adequately to meet the needs of the target
organs for vitamin D. Because the regulation of
the kidney la-hydroxylase, the enzyme respon-
sible for 1,25(0OH),D3 production, is influenced
by alterations in phosphate homeostasis, it is
possible that phosphate retention, which may
develop with declining kidney function, plays a
role in the disturbances in 1,25(0OH),D5 produc-
tion. Indeed, dietary phosphate restriction in pro-
portion to the reduction in GFR in adults with
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Stage 2 CKD has been associated with a signifi-
cant increase in the blood levels of |,25(0OH),D3
and with biological evidence for the normaliza-
tion of the target organ response to vitamin D.

The mechanisms through which dietary phos-
phate restriction in patients with Stage 2 CKD is
associated with increased production of
[,25(0OH),D3 are not evident. This effect does not
seem to be mediated by changes in the serum
levels of phosphorus because no significant
changes in this parameter were found in adults.
The effect of dietary phosphate on kidney produc-
tion of 1,25(0OH),D5 could be mediated through
changes in transcellular flux of phosphate and/or
in the concentration of inorganic phosphorus in
kidney cortical cells. Indeed, studiesin rats have
shown that the level of inorganic phosphorus in
the kidney cell is reduced during the feeding of a
phosphate-restricted diet.

Interaction between 1,25(0OH),D; and para-
thyroid glands. Available data indicate that
[,25(0H),D3; may have a direct effect on the
parathyroid glands. First, exposure to
1,25(0H),D3 both in vivo and in vitro may
directly suppress the activity of the parathyroid
glands. Second, 1,25(0OH),D; rendersthe parathy-
roid glands more susceptible to the suppressive
action of calcium. Such an effect of 1,25(0OH),D3
may correct the abnormal shift in set point for
calcium of the parathyroid glands in patients
with CKD. Third, 1,25(0OH),D; decreases prepro-
PTH messenger RNA in a dose-dependent man-
ner. Thus, it is possible that deficiency of
1,25(0OH),Ds; may initiate secondary hyperpara-
thyroidism even in the absence of overt hypocal-
cemig; this has been demonstrated in dogs with
reduced kidney function.

Regulation of the parathyroid hormone gene
by vitamin D, calcium, and phosphorus. Sec-
ondary hyperparathyroidism in CKD is due to
increased synthesis and secretion of PTH second-
ary to an increase in PTH gene expression and
parathyroid cell proliferation. 1,25(0OH),D5 acts
directly on the PTH gene, causing a decrease in
its transcription and hence in the synthesis of
PTH. Hypocalcemia increases and hypophos-
phatemia decreases PTH gene expression by an
effect on the stability of the PTH mRNA. Thus,
there is an increase in the stability PTH mRNA
associated with hypocalcemia, resulting in in-
creased synthesis of the PTH protein. In contrast,
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the stability of PTH mRNA is decreased during
hypophosphatemia, leading to increased degrada-
tion of the PTH mRNA and hence decreased
production of PTH. Thus, the effects of hypercal-
cemia and hypophosphatemia on PTH synthesis
iS post-transcriptional .

INTEGRATION OF THE VARIOUS
PATHOGENETIC FACTORS IN THE GENESIS
OF SECONDARY HYPERPARATHYROIDISM

(FIG 1)

Theclinical and experimental evidence consid-
ered thus far allow an integrated formulation for
the mechanisms of secondary hyperparathyroid-
ism in CKD. It appears that phosphate retention,
which may develop with loss of kidney function,
interferes with the ability of patients with CKD
to augment the production of 1,25(0OH),D3; by
the kidneys to meet the increased need for this
metabolite. Thus, a state of absolute or relative
vitamin D deficiency develops, leading to defec-
tive intestinal absorption of calcium and im-
paired calcemic responseto PTH. These 2 abnor-
malities produce hypocalcemia which in turn
causes secondary hyperparathyroidism. Although
this formulation still assigns an important role to
phosphate retention in the genesis of secondary
hyperparathyroidism in CKD, the pathway
through which such phosphate retention medi-
ates its effect is different from that originaly
proposed. The original theory maintained that
phosphate retention in the early courseof CKD is
associated with arisein levels of serum phospho-
rus and a consequent fal in the levels of serum
ionized calcium, which in turn stimulates the
parathyroid gland activity. However, it must be
emphasized that if marked hyperphosphatemia
does develop in a patient with CKD, it could
directly lower the level of serum calcium and
contribute to the severity of the hypocalcemia
and the secondary hyperparathyroidism. In addi-
tion, hyperphosphatemia per se may stimulate
parathyroid hormone synthesis by a post-tran-
scriptional effect on PTH gene expression. An
Na-P cotransporter is present in the parathyroid
gland, and this transporter may play arolein the
process that alows the parathyroid gland to
sensethe level of extracellular phosphorus.

An additional pathway through which an abso-
lute or relative deficiency of 1,25(0OH),D3, inde-
pendent of hypocalcemia, may mediate second-
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ary hyperparathyroidism is related to its direct
effect on the parathyroid glands, as discussed
earlier.

Thisintegrated formulation for the pathogene-
sis of secondary hyperparathyroidism hasimpor-
tant clinical implications. It is consistent with the
hypothesis that dietary phosphate restriction in
proportion to the fall in GFR in patients with
CKD is adeqguate to reverse and correct second-
ary hyperparathyroidism and other abnormalities
in mineral metabolism. However, achieving the
proper and adequate dietary phosphate restric-
tion and successful patient compliance with the
dietary regimen may prove difficult. Because the
available data indicate that dietary phosphate
restriction exerts its effect through the increased
production of 1,25(OH),D3; and because thisvita-
min D metabolite also exerts a direct effect on
the parathyroid glands, an alternative therapeutic
approach would be supplementation of
1,25(0OH),D3. Indeed, treatment of patients with
Stage 3 CKD with 1,25(0OH),D for 12 months
was associated with improvement or normaliza-
tion of the disturbances in mineral metabolism,
including secondary hyperparathyroidism and
bone disease.

Structure and Function of the Parathyroid
Glands

Hyperplasia of the parathyroid glands is a-
most always present in patients with CKD, but
the increase in volume and mass of the glands
varies among patients and among the 4 glandsin
the same patient. The size of the glands may
reach 10 to 50 times normal. Occasionally, the
parathyroid glands may be of normal size in
patients with CKD. Histologicaly, the glands
show chief cell hyperplasiawith or without oxy-
phil cell hyperplasia. The usual cell is the vacu-
olated or chronically stimulated chief cell, 6 to 8
pwm wide, with a sharply defined plasma mem-
brane. Nodular or adenomatous-like masses may
be found within the hyperplastic glands. These
nodules are well circumscribed and surrounded
by a fibrous capsule. The cells in the nodular
hyperplasia have less VDR and calcium-sensing
receptor (CaR) density and a higher proliferative
potential than the cells of diffuse hyperplasia
The change in the structure of the parathyroid
glands begins as polyclonal diffuse hyperplasia.
The cells with the lower density of VDR and
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Fig 1. Pathogenesis of abnormalities in

CaR start to proliferate monoclonally (early nodu-
larity in diffuse hyperplasia) and form nodules.
Several monoclonal nodules of different size
may develop resulting in multinodular hyperpla-
sia. Alternatively, the cells of 1 of the nodules
may proliferate faster and more vigorously giv-

mineral metabolism and bone disease in CKD.

ing rise to a very large nodule that amost occu-
pies the entire gland (single nodular gland). Mo-
lecular changes are implicated in the
tumorigenesis of the parathyroid gland in CKD.
However, the exact abnormalities underlying the
monoclonal cell proliferation and the biochemi-
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cal and molecular processes responsible for the
differencesin the proliferative potentials of these
nodules are, as yet, not elucidated.

Hypocalcemia, relative or absolute deficiency
of 1,25(0OH),D5, and phosphate retention or hy-
perphosphatemia are the most important factors
responsiblefor the hyperplasia of the parathyroid
glands. Because hypocalcemia and relative or
absolute deficiency of 1,25(0OH),D3 (vitamin D
resistance) may develop early in the course of
CKD, hyperactivity of the parathyroid glands is
also encountered in the early stages of kidney
disease. Indeed, elevated blood levels of PTH
may be noted when the GFR falls below 60
mL/min/1.73 m2,

The appearance of spontaneous and persistent
hypercalcemia in some uremic patients (Stage 4
and 5 CKD) has led to the suggestion that the
parathyroid glands in these patients may ulti-
mately become autonomous. However, after cal-
cium infusion, the blood levels of PTH of these
patients invariably fall, but not to normal levels.
Thus, the parathyroid glandsin these patients are
suppressible at higher levels of serum calcium.
The appearance of spontaneous hypercalcemia
and the failure of the blood levels of PTH to fall
to normal values after calcium infusion in uremic
patients (Stage 4 and 5 CKD) are most likely due
to the large mass of the parathyroid glands in
these individuals. Malregulation of PTH release
at the cellular level may also be present. Indeed,
in vitro studies of dispersed cells from the para-
thyroid glands of such patients show that ahigher
concentration of calcium isrequired to achieve a
suppression of PTH secretion. This has been
interpreted to indicate a shift in the set point for
calcium; thisabnormality isat least in part dueto
deficiency in 1,25(0OH),D3. True adenomas may
develop and function autonomously in certain
cases of secondary hyperparathyroidism, but such
cases are not common. The use of the term
tertiary hyperparathyroidism should be limited
to those cases in which it is documented that a
true adenoma has developed in a previously
hyperplastic gland.

Multiple factors control the release of PTH
from the glands, and they do so by inducing
changes in the cellular function of the parathy-
roid glands. Calcium is the most important regu-
lator of PTH secretion, and its effect is mediated
by changes in intracellular concentration of cal-
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cium. An increase in the latter influences PTH
secretion through several cellular mechanisms
such as inhibition of CAMP accumulation or its
action, and/or the stimulation of intracellular
degradation of preformed PTH.

The CaR is located in the membrane of the
cells of the parathyroid glands. This receptor
protein plays an important role in the ability of
parathyroid glands to recognize changes in the
concentration of calcium ion in the blood and as
such, CaR mediates the effect of calcium on the
secretion of PTH from the parathyroid glands. In
the course of CKD, there is a reduction in the
density of CaR in the parathyroid gland cells.
The levels of serum calcium and 1,25(0H),D5 as
well as dietary phosphate do not appear to regu-
late the synthesis of CaR.

The relationship between the serum levels of
calcium and the parathyroid gland in the modul a-
tion of PTH secretion is altered in CKD patients.
In normal subjects, this relationship is sigmoidal
over a narrow range of calcium concentration,
but in patients with CKD, higher levels of serum
calcium are needed to suppress the secretion of
PTH compared to normal subjects. Also, in CKD
patients, the susceptibility of parathyroid adenyl
cyclase to the inhibitory effect of calcium is
reduced. Such an effect would impair the ability
of calciumtoinhibit PTH secretion. These abnor-
malities in calcium and PTH secretion could be
evaluated by the changes in set-point for cal-
cium. Thelatter is defined asthe cal cium concen-
tration that produces half the maximal inhibition
of PTH and that is the midpoint between the
maximal and minima PTH secretions. Indeed,
aterationsin set-point for calcium with a shift to
right (eg, 50% inhibition of PTH secretion oc-
curs at higher calcium concentration) were ob-
served in parathyroid glands of patients with
primary or secondary hyperparathyroidism. Ad-
ministration of 1,25(0OH),D; to dialysis patients
was associated with suppression of PTH secre-
tion and with a shift of the set-point to the left,
supporting the hypothesis that deficiency of this
vitamin D metabolite plays an important role in
the genesis of secondary hyperparathyroidismin
CKD.

Thus, the available evidence suggests that in
patients with CKD, the structural changesin the
parathyroid glands (increase in their mass due to
diffuse and nodular hyperplasia) and its func-
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Table 3. Factors Affecting the Level of Serum Phosphorus in CKD

Dietary intake of phosphate

metabolites

Parenteral alimentation

Level of residual kidney function

Ingestion of phosphate-binding compounds

Degree of secondary hyperparathyroidism and the responsiveness of the
skeleton to parathyroid hormone

Magnitude of vitamin D deficiency and treatment with vitamin D or its

Balance between degradation and synthesis of tissue protein
Frequency, duration, and adequacy of dialysis

Intake of large supplements of calcium

tional abnormality (shift in set point of calcium
to the right) are responsible to the increase pro-
duction and release of PTH. Because the changes
in the structure and function of the parathyroid
glands occur early in the course of CKD, the
blood levels of PTH are elevated when the GFR
fallsbelow 60 mL/min/1.73 m?.

After its secretion from the parathyroid gland,
intact PTH is cleaved by the liver into an N- and
a C-terminal fragment. The half-life of both the
intact hormone and its N-terminal fragment is
short (about 5 minutes), whereas that of the
C-terminal fragment is much longer. Stages 4
and 5 of CKD are associated with alterations in
PTH metabolism. Both the hepatic removal of
the intact hormone and the kidney clearance of
the C-terminal fragment are impaired. Thus, the
elevated blood levels of PTH in CKD are due to
both increased secretion and impaired degrada-
tion. The major component of the elevated blood
levels of the immunoreactive PTH in these pa-
tients is the C-terminal fragments and particu-
larly the midmolecule or midregion of C-termi-
nal fragments.

Hyperplasia of the parathyroid glands in pa-
tientswith CKD isnot easily reversed, even after
the correction of its causes. Some investigators
found that parathyroid gland hyperplasia re-
gresses in al patients in whom PTH secretion
was successfully suppressed. The mechanisms
underlying this regression are not well under-
stood. Apoptosis has been proposed, and certain
invitro studiesindicate that very high concentra-
tions of 1,25(0OH),D induce apoptosis of parathy-
roid gland cells. Such an effect may occur invivo
as well. This phenomenon has been utilized to
achieve medical parathyroidectomy by injecting

1,25(0OH),D5 directly into the hyperplastic para-
thyroid glands. In some patients, spontaneous
hemorrhage in the hyperplastic glands occurs
and may be responsible for the regression of the
hyperplastic glands in occasional cases.

Hyper phosphatemia

Although phosphate retention occurs early in
the course of CKD (Stage 2), hyperphosphatemia
becomes evident in patients with marked loss of
kidney function (Stage 4). Severa factors may
affect the level of serum phosphorus in patients
with CKD (Table 3).

As mentioned earlier, elevation in serum lev-
els of phosphorus occurs when GFR falls below
30 mL/min/1.73 m? and the severity of hyper-
phosphatemia becomes greater with further de-
clines in GFR. The dietary intake of phosphate
and the fraction of the ingested phosphate ab-
sorbed by the intestine have an important effect
on the serum levels of phosphorus in patients
with CKD. These patients have only mild impair-
ment in intestinal absorption of phosphate, but
their kidneys are unable to adequately handle
phosphate loads. Thus, an increase in phosphate
intake can cause amarked risein serum phospho-
rus levels when GFR falls below 30 mL/min/
1.73m>,

Intestinal absorption of phosphate is enhanced
by 1,25(0H),D5, and its administration to pa
tientsin Stages 4 and 5 of CKD may produce or
worsen hyperphosphatemia. In patientswho have
substantial osteomalacia, the levels of serum
phosphorus may remain unchanged or even fall
during therapy with 1,25(0OH),Ds. Thisis dueto
the deposition of calcium and phosphorus into
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bone as 1,25(0H),D3; improves mineralization of
osteoid and heals osteomalacia.

Phosphate-binding compounds render dietary
phosphate and phosphate contained in swal-
lowed saliva and intestinal secretions unabsorb-
able. Thus, patients receiving these compounds
may have normal levels of serum phaosphorus or
develop modest hypophosphatemia. It should be
emphasized that these compounds are most effec-
tive when dietary intake of phosphate is below
1.0 g/day. With higher phosphate intake (more
than 2.0 g/day), their effectiveness is reduced and
hyperphosphatemiamay persist despitetheir use.

An important factor determining the level of
serum phosphorus in Stage 4 and 5 CKD is the
degree of hypersecretion of PTH and the re-
sponse of the skeleton to the high levels of this
hormone. Normally, PTH decreases the tubular
reabsorption of phosphate by the kidney, in-
creases urinary phosphate excretion, and conse-
guently maintains serum phosphoruslevels. This
effect becomes progressively limited as loss of
kidney function advances (GFR <20 mL/min/
1.73 m?). In such patients, the severely damaged
kidneys cannot respond to further increments in
PTH with additional augmentation in phosphate
excretion. The enhanced bone resorption, which
is induced by the high levels of PTH, liberates
calcium and phosphorus from the skeleton into
the extracellular fluid. This phosphorus cannot
be excreted by the kidney and hence serum
phosphorus concentration rises. The same phe-
nomenon occurs in dialysis patients. Severd
clinical observations support this view. First, the
levels of serum calcium and phosphorus are
higher in patients with advanced kidney failure
(Stage 5) and severe secondary hyperparathyroid-
ism than in other patients with comparable kid-
ney failure but without severe hyperparathyroid-
ism. Second, following total or subtotal
parathyroidectomy in patients with kidney fail-
ure and severe secondary hyperparathyroidism,
the serum concentrations of calcium and phospho-
rusfall (Fig 2). Third, when patientswith chronic
kidney disease and overt secondary hyperparathy-
roidism are treated with hemodialysis, the serum
phosphorus levels not only may remain above
normal but may rebound rapidly after dialysisto
predialysislevels.

A shift in the balance between protein synthe-
sis and breakdown toward catabolism, as occurs
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Fig 2. Changes in total serum calcium and inor-
ganic phosphorus observed in 11 uremic patients be-
fore and after subtotal parathyroidectomy. Repro-
duced with permission.16

with infection, trauma, starvation, and the admin-
istration of glucocorticoids or tetracycline, can
cause an increasein serum phosphorus concentra-
tion. The parenteral administration of solutions
containing large quantities of glucose and amino
acids to such patients cause an abrupt reduction
in serum phosphorus levels. Also, the concentra-
tion of serum phosphorus may fall during refeed-
ing after a period of calorie or protein malnutri-
tion.

The use of calcium compounds in patients
with Stage 4 and 5 CKD results in the reduction
in the serum levels of phosphorus due to the
ability of these compounds to bind phosphate in
the intestine. In addition, these calcium com-
pounds cause a rise in serum calcium levels
which would inhibit the parathyroid gland and
resultsin afall in blood PTH levels. This would
be followed by a reduction in serum levels of
serum phosphorus as discussed above.

Altered Vitamin D Metabolism

Patients with Stage 2 and 3 CKD may have a
vitamin D-resistant state and/or a relative vita-
min D-deficient state. Askidney function deterio-
rates further, an absolute vitamin D-deficient
state develops, with the blood levels of
1,25(0OH),D3 being reduced when GFR falls be-
low 50 mL/min/1.73 m2 (Stage 3) in children and
below 30 mL/min/1.73 m? (Stage 4) in adults. In
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Table 4. Biological Consequences of Vitamin D Deficiency and its Metabolite

Proximal myopathy

Shift in set-point of calcium for the parathyroid gland

Secondary hyperparathyroidism

Skeletal resistance 1o the calcemic action of parathyroid hormone
Impaired mineralization of osteoid

Abnormalities in formation and maturation of collagen

Retarded growth in uremic children

Defective intestinal absorption of calcium and phosphorus
Abnormalities in the structural integrity of the intestinal mucosa

anephric patients and in those treated with dialy-
sis, the blood levels of 1,25(0H),D; are usually
undetectable. In advanced CKD (Stages4 and 5),
the number of VDRs is reduced, leading to
vitamin D resistance. Thus, in such patients,
there is vitamin D deficiency and vitamin D
resistance aswell.

The blood levels of 25-hydroxyvitamin D
[25(0OH)D4] in patients with CKD may be low.
Low levels of 25(0OH)D3; may be encountered in
patients who have nephrotic-range proteinuria
due to loss of 25(0OH)D5 in urine, those who are
treated with peritonea dialysis due to loss of
25(0OH)D3in peritoneal fluid, or those who have
nutritional vitamin D deficiency.

The biological consequences of vitamin D
deficiency are multiple and are manifested by
disturbances in the function of its target organs:
parathyroid glands, bone, intestine, and skeleta
muscle (Table 4). Because other organs such as
testes, myocardium, and pancreas have receptors
for 1,25(0OH),D3, it is possible that a deficiency
of this vitamin D metabolite plays arole in the
dysfunction of these organsin kidney failure.

The factors responsible for the decrease in the
number of VDRs in kidney failure are not fully
elucidated, but may include (a) reduced levels of
1,25(0OH),D5 because this metabolite affects the
production of VDRs (low levels of 1,25(0OH),Ds,
downregulates the mRNA of VDR); (b) hyper-
parathyroidism of CKD (high levels of PTH
interfere with the 1,25(0OH),Ds-induced upregu-
lation of VDR); and (c) uremic toxins, which
may decrease the stability of the mRNA of VDRS,
resulting in reduced expression of VDR protein.

The action of vitamin D is mediated by its
binding toits cytosolic receptor, VDR. The DNA
binding site for VDR is a nuclear receptor that
contains 2 “zinc fingers’ that mediate the bind-

ing of VDR to a regulatory promoter in regions
of DNA upstream of the vitamin D-responsive
genes. Thisdomainisthe VDR element (VDRE).
Thus, the binding of the vitamin D-VDR com-
plex to the VDRE results in the transcription of
specific MRNAs. In advanced CKD, there are
impairments in the binding of vitamin D to VDR
as well as in the binding of the vitamin D-VDR
complex to the VDRE. Both of these events, in
addition to the reduced number of VDR, are
responsible for the vitamin D-resistant state of
severe kidney dysfunction (Stages 4 and 5).

Bone Disease

The nature and type of bone disease that
develops in CKD may vary from one patient to
another. Multiple reasons may account for these
variations (Table 5). The 2 major types of bone
disease that are commonly encountered in pa-
tients with CKD are enhanced bone resorption
(osteitis fibrosa) and adynamic bone disease.
Some patientsmay have 1 of these types predomi-
nantly, whereas others may have a mixed type of
bone disease. Mild forms of these derangements
in bone metabolism may be observed in the early
stages of CKD (Stage 2) and they become more
severe askidney function deteriorates. Osteoscle-
rosis may aso occur, and osteoporosis may be
encountered.

Bone lesion of excess PTH (high-turnover
bone disease). The elevated blood levels of
PTH are responsible for the enhanced number
and activity of osteoclasts leading to increased
bone resorption. As this process increases in
severity, marked fibrosis involving the marrow
space develops, with the histological picture of
osteitis fibrosa becoming evident. The marrow
fibrosisis caused by activation of marrow mesen-
chymal cells, which differentiate into fibroblast-
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Table 5. Possible Reasons for Variations in Bone Disease
Among Patients with Chronic Kidney Disease

Age of the patient
Genetic effects

Type of underlying kidney disease
Duration of kidney failure
Relative severity of the pathogenetic processes

underlying the derangement in bone metabolism

Aluminum burden
Diabetes

Differences in dietary habits
Type of therapy used
Treatment with dialysis and its duration

like cells, which form fibrous tissue. In this
condition, thereis also increased bone formation
as evidenced by increased amounts of osteoid.
This osteitis fibrosa is a high-turnover bone dis-
ease. The manifestations of excess PTH in the
bone of uremic patients include increased num-
bers of osteoclasts and osteoblasts, osteoclastic
bone resorption, enlarged haversian lacunage, en-
dosteal fibrosis, and accumulation of woven os-
teoid and woven bone.

Bonelesion of defectivemineralization. De-
fective mineralization of osteoid leads to rickets
in children and osteomalaciain adults. Histologi-
cally, osteomalacia can be accurately diagnosed
only by the evaluation of undecalcified bone
specimens. Osteomalaciais dueto adelay in the
rate of bone mineralization resulting in accumu-
lation of excess unmineralized osteoid. How-
ever, it must be emphasized that the presence of
excess osteoid does not necessarily mean osteo-
malacia. Excess osteoid may be (a) secondary to
abnormalitiesin normal mineralization (osteoma-
lacia); or (b) caused by an increased rate of
synthesis of bone collagen, which exceeds nor-
mal mineraization. The use of double tetracy-
cline labeling can differentiate between these 2
possibilities and is thus critical for the diagnosis
of osteomalacia. The skeleton in osteomalaciais
weakened, and patients with this bone disease
have skeletal deformities, bone pain, fractures,
and musculoskeletal disabilities.

Several mechanisms may underlie the defec-
tive mineralization of osteoid and hence the
development of osteomalacia in CKD patients.
The most important factor in the development of
osteomalacia is aluminum overload. Also, rela

tive or absolute deficiency of vitamin D or its
active metabolites and/or resistance to their ac-
tion are factors responsible for the osteomal acia.
Vitamin D may affect mineralization through
severa pathways; it may affect collagen synthe-
sisand maturation, directly stimulate bone miner-
alization, and/or increase the levels of calcium
and phosphorus in the extracellular fluid sur-
rounding the bone. This latter effect is the result
of the action of vitamin D on intestinal absorp-
tion of these minerals. It is not evident whether a
deficiency in one or more of the vitamin D
metabolites is critical. For example, few aneph-
ric patients with undetectable blood levels of
1,25(0OH),D; did not show histological evidence
of osteomalacia. On the other hand, long-term
therapy with 1,25(OH),D3 improved or healed
osteomalacia in many patients with advanced
CKD. Osteomalacia may be more frequently
encountered in uremic patients with low blood
levels of 25(OH)Ds.

Second, abnormalities in the formation and
maturation of collagen have been found in rats
with experimental uremia and in patients with
advanced CKD. These derangements result in a
defect in collagen cross-linking and may affect
bone mineralization. These abnormalitiesin col-
lagen metabolism are most likely due to vitamin
D deficiency. Indeed, treatment with 25(OH)D3
reversed these defects.

Third, inhibition of maturation of amorphous
calcium phosphate to its crystalline phase is
another defect participating in the genesis of the
osteomalacia. The magnesium content of the
bones of these patientsisincreased, and this may
interfere with the process of normal mineraliza-
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tion. Magnesium stabilizes the amorphous cal-
cium phosphate and inhibits its transformation
into hydroxyapatite. The bone content of pyro-
phosphate is aso increased in these patients, and
pyrophosphate may inhibit mineralization.
Fourth, aluminum toxicity may be responsible
for a certain type of mineralization defect that is
resistant to vitamin D therapy. This type of bone
disease has been called low-turnover bone dis-
ease or low-turnover osteomalacia. Thisismainly
seenin dialysis patients who have alarge content
of aluminum in bone and in whom the aluminum
is localized in the mineralization front (ie, the
limit between osteoid and calcified tissue). With
a decrease in the use of aluminum-containing
compoundsfor the control of hyperphosphatemia,
the incidence and prevalence of osteomalacia
have been decreasing. Increased burden of iron,
aone or in combination with auminum, can
cause osteomalaciain kidney failure patients.
Adynamic bone disease. The exact mecha-
nisms underlying adynamic bone disease (ABD)
are not fully elucidated. It is seen in kidney
failure patients before and after treatment with
peritoneal dialysis or hemodialysis. The preva-
lence of ABD varies between 15% and 60% in
dialysis patients. In 1 study, 30% of bone biop-
sies from patients with Stage 4 CKD displayed
findings consistent with ADB. This entity is
characterized by a defect in bone matrix forma-
tion and mineralization, increased osteoid thick-
ness, and a decrease in the number of both
osteoblast and osteoclast on bone surfaces. There
are no excessive amounts of aluminum in the
mineralization front. Patients with ABD have
lower blood levels of PTH than those with other
forms of bone disease. The oversuppression of
the parathyroid gland activity with high calcium
intake and/or administration of 1,25(0OH),D5 re-
sulting in normal blood levels of PTH may be a
factor inthe genesisof ABD. ABD isa so encoun-
tered after parathyroidectomy, in CKD patients
with diabetes, and in those with increased alumi-
num burden; in all these clinical settings, the
blood levels of PTH are low. This relationship
between the PTH level and ABD is understand-
able because hypersecretion of PTH in patients
with CKD is needed to maintain normal rates of
bone formation. It is generally accepted that the
blood levels of PTH in the range of 2 to 3 times
normal are necessary to maintain normal rates of
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bone formation and prevent the emergence of
ABD.

Patients with ABD have increased rates of
overt fractures and microfractures. The latter
causes bone pain. Calcium uptake by the ady-
namic bone is reduced, and therefore patients
with ABD may develop hypercalcemia if cal-
ciumintakeisincreased or if dialysate calciumis
high.

Osteosclerosis and osteoporosis.  Osteoscle-
rosis appears as increased bone density in roent-
genographic studies. Histologically, osteosclero-
sis is most likely due to accumulation of
unmineralized trabecular bone with an increase
in total bone mass. Because osteosclerosis af-
fects trabecular bone, it is most evident in the
vertebrae, pelvis, ribs, clavicles, and metaphyses
of long bones, which are made predominantly of
cancellous (trabecular) bone. In patients with
osteosclerosis, no correlation is found between
the bonelesion and any specific pattern of change
in serum levels of calcium, phosphorus, or aka-
line phosphatase. Certain experimental and clini-
cal evidence suggests that osteosclerosis could
be induced by excess PTH. Indeed, patients with
primary hyperparathyroidism may display radio-
graphic evidence of osteosclerosis.

Osteoporosis is defined as a decrease in the
mass of normally mineralized bone. Immobiliza-
tion, calcium deficiency per se, and chronic pro-
tein depletion may be causes of the osteoporotic
component of kidney osteodystrophy. In patients
older than 50 years, factors that cause postmeno-
pausal, idiopathic, or senile osteoporosis may
contribute to the skeletal abnormalities of CKD.

Role of Acidosisin Bone Disease

Acute acidosis produces a significant loss of
the acid-soluble calcium carbonate from bone
and is usually associated with negative calcium
balance. Rats fed a diet rendering them perma-
nently acidotic were found to have less calcified
bone than control animals, despite adequate in-
take of calcium. Patients with CKD show a
persistent positive retention of hydrogen ion
which is partially buffered by bone. Indeed,
evauation of the composition of bone in CKD
reveals aloss of calcium carbonate. These obser-
vations imply that acidosis may contribute to
negative calcium balance and the development
of skeletal demineralization. However, there is
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Table 6. Factors That May Predispose to Soft-Tissue
Calcification in Stages 4 and 5 CKD

Local tissue injury

Hyperphosphatemia
An increase in serum calcium-phosphorus product
Secondary hyperparathyroidism

Arise in local pH of tissue
Removal of calcification inhibitors by dialysis
Excessive calcium intake

no evidence that the chronic acidosis observed in
CKD can produce continued loss of bone miner-
als once the labile calcium carbonate component
of bone is lost. Although there may be a slight
improvement in negative calcium balance follow-
ing treatment of the chronic acidosis with akali,
a positive balance for calcium usually does not
occur, and hypocalcemia, bone pain, and radio-
graphic abnormalities are not corrected. More-
over, there is no convincing evidence suggesting
that chronic acidosi s can cause defective mineral -
ization. It appears that the chronic acidosis of
CKD may not play amgjor role in the pathogen-
esis of bone disease in adult patients with CKD.

Soft-Tissue Calcification

Various factors present in Stage 4 and 5 of
CKD may predispose to soft-tissue calcification
(Table 6). Anincrease in the cal cium-phosphorus
product in the extracellular fluid is probably the
most important pathogenetic factor. The inci-
dence of soft-tissue calcification is high when the
calcium-phosphorus product (each in mg/dL)
exceeds 70, while soft-tissue cal cification isinfre-
quently noted when the cal cium-phosphorus prod-
uct isbelow 50. These breakpoints not withstand-
ing, and because of the biological variations in
range of cal cium-phosphorus product over which
calcification may occur and because of other
contributing factors including age, it is recom-
mended that the product be maintained bel ow 55.
Alkalemia, which often occurs after hemodialy-
Sis, may persist during the interdiaytic period
and may predispose to precipitation of calcium
salts in soft tissues. An increase in local pH due
to loss of CO, from the exposed part of the eye
may bring about the observed conjunctival and
corneal cacification. PTH enhances movement
of calcium into cells, and the state of secondary
hyperparathyroidism may play an important part

in the genesis of soft-tissue calcification in kid-
ney failure. Certain factor(s) that may act locally
to inhibit calcification and are present in the
blood of these patients may possibly be removed
during hemodialysis. Local tissue injury may
also predisposeto cal cification when the calcium-
phosphorus product is normal or only dlightly
elevated. The expression of genes coding for
certain proteinsinvolved in prevention of calcifi-
cation has been demonstrated in macrophages
and smooth muscle cells of blood vessel walls.
One of these proteinsis matrix glaprotein (MGP).
Its deficiency permits medial calcification of
blood vessels. Indeed, MGP knockout homozy-
gous mice displayed extensive and severe vascu-
lar calcification. It is possible that downregula-
tion of the production of this protein occurs in
uremia and participates in the genesis of the
vascular calcification seen in patients with kid-
ney failure.

The chemical nature of soft-tissue calcifica-
tion may vary in different tissues. Thus, the
calcification found in nonvisceral tissue (periar-
ticular and vascular calcification) consists of
hydroxyapatite, withamolar Ca:Mg:Pratio simi-
lar to that of bone. In contrast, the calcification
found invisceral organs (skeletal and myocardial
muscle) is made of amorphous (CaMg)s(PO,),
which has a much higher magnesium content.
These observations suggest that the mechanisms
responsible for the calcification of various tis-
suesin uremic patients may be different.

Soft-tissue calcification constitutes a serious
prablem in CKD patients. These extraskeletal
calcification may be localized in the arteries
(vascular calcification), in the eyes (ocular calci-
fication), in the visceral organs (visceral calcifi-
cation), around the joints (periarticular calcifica-
tion), and in the skin (cutaneous calcification).
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Vascular calcification. Vascular calcifica-
tion is detected radiographically. The cacifica-
tion appears as a fine, granular density outlining
a portion of the entire artery, giving a radio-
graphic appearance of a pipestem due to deposi-
tion of calcium within the media and the internal
€elastic membrane of the artery. The lumen of the
vessel isusually not involved. This medial calci-
fication may first be seen in the dorsalis pedis as
aring or atube as it descends between the first
and second metatarsals. Calcification can also
occur in atherosclerotic plagues in the intima of
large vessels whose radiographic appearance is
that of discrete, irregular densities. It is possible
that uremic patients are more prone to this type
of calcification because of the presence of hyper-
tension and apropensity to accel erated atheroscle-
rosis.

Arteria calcificationisrarein children, uncom-
mon between 15 and 30 years of age, and com-
mon in those older than 40. Vascular cacifica
tions are seen in kidney failure patients and in
those treated with hemodialysis, and they persist
after kidney transplantation. The reported inci-
dence of arterial calcification in dialysis patients
has varied from 3% to 83%. In general, the
reported incidence of arterial calcification in-
creases with duration of dialysis treatment. In a
series of 135 patients published in 1977, the
incidence of vascular calcification increased from
27% in those treated for less than 1 year to 83%
in patients treated for more than 8 years.

Vascular calcification may involve almost ev-
ery artery and has been seen in arteries of the
forearm, wrist, hands, eyes, feet, abdominal cav-
ity, breasts, pelvis, and brain. The calcification
may be very extensive, rendering the artery so
rigid that the pulseis not pal pable and the K orot-
koff sounds may be difficult to hear during the
measurement of the blood pressure. Such calcifi-
cation may also present difficulties during sur-
gery for the creation of arteriovenous shunts or
fistulas for maintenance hemodialysis or during
renal transplantation.

Arterial calcification shows little tendency to
regress; in some patients, improvement or disap-
pearance of arterial calcification occurs within
monthsto years after subtotal parathyroidectomy
or rena transplantation.

Ocular calcification. Ocular calcification are
the most common types of soft-tissue calcifica-
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tion seen in Stage 4 and 5 CKD. Calcium deposi-
tionin the eye may produce visibleinflammation
and local irritation, resulting in the red eye of
uremia. Thisis atransient phenomenon and may
last only a few days. Recurrence of the red eye
phenomenon is not infrequent, and it becomes
apparent each time a new calcium deposition
occurs in the conjunctiva. More commonly, con-
junctival calcium deposits are asymptomatic and
are seen as white plaques or as small punctate
deposits on the lateral or medial segment of the
bulbar conjunctiva. Also, calcium deposits may
occur within the cornea at the lateral or medial
segments of the limbus, the so-called band kera-
topathy. Slit-lamp examination permits easier
recognition of these lesions. The loss of CO,
through the conjunctival surface into the air
increases the local pH of the ocular tissue, and
thisrisein pH predisposesto cal cium deposition.
Visceral calcification. Deposits of calcium
may be found in the lungs, stomach, myocar-
dium, skeletal muscles, and kidney. These calci-
fication are usually not evident radiographically,
but can be detected by ™ Tc-pyrophosphate scan.
Visceral calcification may cause serious clini-
cal complications. Congestive heart failure, car-
diac arrhythmias, and heart block may occur in
patients with calcium deposition in the myocar-
dium or in and around the conduction system of
the heart or the mitral annulus. Calcification of
cardiac valves are not infrequent. Abnormal pul-
monary function may be noted in patients with
pulmonary calcification. Such patients may have
reduced vital capacity and reduced carbon mon-
oxide diffusion. Improvement in pulmonary func-
tion has been noted after subtotal parathyroidec-
tomy in these patients. Extensive pulmonary
calcification may |ead to severe pulmonary fibro-
sis, pulmonary hypertension, and right ventricu-
lar hypertrophy. Calcification of the heart and
lung constitute a major risk factor for increased
morbidity and mortality in dialysis patients.
Increased oxalate burden may occur in Stage 5
CKD patients, especialy if they receive large
amounts of ascorbic acid. Thismay be associated
with marked deposition of calcium oxalate in
soft tissues. Such deposition in the myocardium,
or mitral and aortic valves, can cause cardiomy-
opathy and congestive heart failure, eventualy
leading to death. Since vitamin C is metabolized
to oxalic acid, it is recommended that vitamin C
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intake in Stage 5 CKD patients be limited to the
daily recommended dose.

Periarticular calcification. Periarticular cal-
cification, with or without symptoms, may de-
velop in patients with Stage 5 CKD. The inci-
dence of periarticular calcification varies widely
among dialysis patients. These calcification were
absent in 1 report but were encountered in up to
52% of the patients in other series of dialysis
patients. The incidence of periarticular calcifica-
tion may increase with the duration of dialysis.
In astudy of 135 patients, the incidence of these
calcification increased from 9% to 42% from the
first to the eighth year of dialysis. With better
control of serum levels of phosphorus, this type
of calcification is not encountered frequently.

Periarticular calcification may be detected be-
cause of the pain induced by the deposition of
calcium or may be noted by routine X-ray exami-
nation. Most frequently, the calcification appear
assmall discrete radiodensities around the shoul-
ders, wrists, phalangeal joints, hips, or ankles.
Tendosynovitis or tendonitis with abrupt pain
may develop, presumably caused by deposition
of microcrystals of hydroxyapatite. The synovial
fluid of the involved joints is clear with normal
viscosity and number of cells. This acute periar-
ticular illnessis called calcific periarthritis.

Occasionally, large tumoral masses consisting
of encapsulated chalky fluid or pastelike material
develop adjacent to joints of dialysis patients.
The lesions are usualy painless, but they may
restrict movement of the joint by virtue of their
size. The intake of food with high phosphorus
content may enhance the development of tu-
moral calcification. These lesions often regress
with the control of serum phosphorus levels by
phosphate-binding antacids or following subtotal
parathyroidectomy.

Cutaneous calcification. These lesions may
appear as small macules or papules composed of
firm calcium deposits which are best detected by
the chemical analysis of small skin biopsy speci-
mens. Calcium content of skin is increased in
most uremic patients and such increments are
more commonly seen in patients with severe
secondary hyperparathyroidism. Subtotal parathy-
roidectomy is followed by a decrease in the
calcium content of skin, underscoring the role of
secondary hyperparathyroidism in the genesis of
the cutaneous cal cification. Children exhibit soft-
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tissue calcification far less frequently than adults,
and the calcium content of skin is significantly
lower than that observed in adults.

Skin ulcerationsand tissue necrosis. A syn-
drome characterized by the development of pro-
gressive ischemic skin ulcerations involving the
fingers, toes, thighs, legs, and ankles has been
observed in a small number of patients with
advanced kidney failure. This syndrome occurs
in patients after successful kidney transplanta-
tion, in those treated with hemodiaysis, and less
frequently in patients with Stage 5 CKD who are
not on dialysis. It appears that this entity is less
common among patients treated with continuous
ambulatory peritoneal dialysis.

The patients almost always have vascular cal-
cification involving the media of the arteries, and
they usually exhibit X-ray evidence of subperios-
teal bone resorption. Serum calcium is usualy
normal and occasionally elevated. A period of
hyperphosphatemia has been present for some
time before the appearance of the syndrome. The
lesions may be preceded or accompanied by
severe pain. Before the appearance of ulcerations
or tissue necrosis, tender, slightly erythematous,
subcutaneous nodules may devel op, or there may
be blotchy, bluish discoloration. Raynaud's phe-
nomenon may also precede the lesions of the
fingers or toes. The ulcers may develop slowly
over several months, or may appear and progress
rapidly over a few weeks. Infection may super-
vene, leading to sepsis and death. The origind
reports of this entity termed it calciphylaxis
because of an apparent similarity to the calciphy-
laxis described by Seyle in 1962. Others have
argued that the name should be changed to cal-
cific uremic arteriopathy.

This syndrome could be life-threatening and
requires aggressive therapeutic attention. The
lesions do not respond to treatment with local
measures but have healed following subtotal
parathyroidectomy in most patients. However, in
some patients, the lesions did not heal after
parathyroidectomy, and in others, the lesions
seem to be aggravated.

Although disturbancesin mineral metabolism,
secondary hyperparathyroidism, and vascular cal-
cification appear to play an important role in the
genesis of this entity, other factors may also
contribute to its emergence and progression. Ac-
quired protein C deficiency has been reported in
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patientswith CKD, and such a derangement may
lead to a hypercoagulability state and conse-
quently to vascular occlusion and tissue necrosis.
Therefore, it is important that the blood levels
and the activity of protein C be measured in
patients with calciphylaxis. It is interesting that
obesity, especially in white women, predisposes
to calciphylaxis, and therelativerisk for calciphy-
laxis rises with weight increase. Local trauma
may be a contributory factor as to site where the
lesion may appear; indeed, in some patients, the
necrotic lesions began in areas where insulin,
heparin, or iron dextran were injected. Warfarin
prescription is apossible risk factor aswell.

WHY THESE GUIDELINES ARE NEEDED

Disturbances in mineral and bone metabolism
are common in patients with CKD. The pro-
cesses causing disordered mineral metabolism
and bone disease have their onset in the early
stages of CKD, continue throughout the course
of progressive loss of kidney function, and may
be influenced beneficially or adversely by vari-
ous therapeutic approaches used. The pathogene-
sis of abnormalities in bone mineral metabolism
and diseasein CKD are shownin Fig 1.

A large body of evidence has accumulated
indicating that the derangements in mineral and
bone metabolism in CKD are associated with
increased morbidity and mortality. These pa-
tients have bone pain, increased incidence of
fractures, bone deformity, myopathy, muscle pain,
and ruptures of tendons, and children with chronic
kidney failure suffer from retarded growth.

The long-term effects of soft tissue calcifica-
tions have become an area of growing concern
for CKD patients and those who treat them.
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Calcification of the lung leads to impaired pulmo-
nary function, pulmonary fibrosis, pulmonary
hypertension, right ventricular hypertrophy, and
right-side congestive heart failure. Calcification
of the myocardium, coronary arteries, and car-
diac valves result in congestive heart failure,
cardiac arrhythmias, ischemic heart disease, and
death. Vascular calcification leads to ischemic
lesions, soft-tissue necrosis, and difficulties for
kidney transplantation.

Hyperphosphatemia al so appears to be associ-
ated with increased mortality, and elevated blood
levels of PTH exert significant adverse effects on
the function of almost every organ. Thus, preven-
tion of the disturbances in mineral and bone
metabolism and their management early in the
course of chronic kidney disease are extremely
important in improving patients quality of life
and longevity.

Although much remains to be learned about
these conditions, the recommendations made in
these guidelines are intended to aid clinicians in
developing an integrated approach to their diag-
nosis and management of this complicated area,
based on the best available evidence. It is clear
that the kidney community has many opportuni-
tiesto develop strategic alliances in order to add
to the existing body of knowledge. Ongoing
researchin thisexciting areawill lead toimprove-
mentsin care and, thus, to updating of guidelines
when such information is available.

Throughout the guidelines, the stages of CKD
are defined according to the K/DOQI Clinical
Practice Guidelines for Chronic Kidney Disease:
Evaluation, Classification, and Stratification
(Table2).
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AIMS

HE OVERALL AIMS of the project were
to develop a set of clinical practice guide-
lines that would improve diagnoses and treat-
ment of bone disease in CKD and serve as a
clinical action plan for the hedlth care practitioner.
Fundamental to this effort was the develop-
ment of an evidence base upon which the guide-
lines are founded. This base was derived through
a systematic summary of the available scientific
literature on the clinical assessment and treat-
ment of bone disease and derangement in min-
eral metabolism in CKD, and the inter-relation-
ship of disorders of mineral and bone with the
various stages of CKD.

Two products resulted from this process: (a)
an evidence report which consists of the sum-
mary of the literature (portions of the evidence
report are contained in this document; the entire
evidence report remains on file with the Nationa
Kidney Foundation) and (b) a set of clinical
practice guidelines regarding the clinical action
plan which are contained in this report.

ASSIGNMENT OF DOMAINS

The Co-Chairs of the K/DOQI Advisory Board
selected the Work Group Chair and Vice Chair,
who selected the Work Group and assigned “do-
main experts’ to be responsible for the develop-
ment of guideline statements in different areas.
Thesewereindividualsfrom North Americawith
expertise in nephrology, pediatrics, laboratory
medicine, bone disease, and nutrition. ECRI was
selected by the National Kidney Foundation as
the Evidence Review Team that would review
and analyze the published evidence and produce
an evidence report, collaborating integrally with
the Work Group. The Evidence Review Team
and the Work Group collaborated closely through-
out the project.

OVERVIEW OF PROCESS

Three Work Group meetings and a series of
conference calls were carried out to develop an
evidence model, assess the literature, evaluate
the evidence base, review the evidence report,
and draft guideline statements. Prior to the devel -
opment of the evidence base, a set of hypotheti-
cal guideline statements (leaving a blank where

values from the evidence were to be inserted
following development of the final evidence re-
port) were developed by the Work Group in
order to define the parameters of the literature
review. This evidence base consisted of an evi-
dence report prepared by the Evidence Review
Team that included 26 meta-analyses of the avail-
able scientific literature and numerous summa-
ries of data.

The steps used to develop the guidelines and
evidence base arelisted in Table 7.

Final voting was used to arrive at a Work
Group consensus on final guideline statements
and supporting rationale, graded according the
level of evidence on which it was based. The
overall guidelines were then graded according to
the strength of evidence supporting the line of
logic of the rational e statements.

DEVELOPMENT OF TOPICS

The goals of the Work Group spanned a di-
verse group of topics. The Work Group Chair
and Vice Chair initially formulated aworking list
of “key questions’ that should be addressed in
the evidence report and then converted into hypo-
thetical guideline statements. At an initial Work
Group meeting in April 2000, these questions
and resulting statements were refined through
discussions between the Work Group and the
Evidence Review Team. Work Group members
were given two additional opportunitiesto refine
the key questions, which were finalized in May
2000. Each key question typically had several
outcomes of interest, from long-term, patient-
oriented outcomes such as quality of life and
mortality, to short-term intermediate outcomes
such as serum calcium and phosphate levels. The
key questions were divided into 9 sections:

Phosphate
Cacium

PTH

Vitamin D
Bone Diseases
Dialysis
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Table 7. Steps Used to Develop the Bone Disease Guidelines

METHODS FOR ANALYSIS OF LITERATURE

Develop a set of key questions addressed by the literature,
serving as an underpinning to the hypothetical guideline
statements

Meet to discuss process, methods, and results

Develop and refine topics via conference calls and
correspondence, and finalize that development at the face-to-
face meetings

Define populations of interest

Develop literature search strategies

Define a prioriinclusion and exclusion criteria of the literature
Create and standardize quality assessment metrics

Perform literature searches

Create data abstraction forms

Screen abstracts and retrieve full articles

Review literature

Create draft evidence tables

Quantitatively analyze literature {when appropriate)

Create draft guideline statements and rationales

Tabulate standardized data from articles into summaries and
create summary graphics

Write guideline statements and rationales based on literature

7. Amyloidosis
8. Aluminum
9. Acid-Base

Hypothetical guideline statements were then
prepared from the key questions, and these state-
ments were used to formulate and refine the final
guideline statements. The Work Group voted on
the final wording of each guideline statement in
relationship to the final evidence report pre-
sented. As the hypothetical guideline statements
were formulated, these questions were redivided
into 16 different Guideline areas corresponding
to the guidelines set forth in this document.

LITERATURE SEARCHES

The Work Group and Evidence Review Team
agreed on a systematic process to be followed to
review literature pertaining to the key questions
and hypothetical guideline statements. Based on
these key questions, information specialists at
the Evidence Review Team performed database
literature searches to identify the relevant pub-
lished medical literature to address the key ques-
tions. A list of terms pertaining to specific kidney
and bone diseases was forwarded to the Work
Group members for review. Terms were ex-
cluded from the strategies only if all members of

the Work Group agreed that they were not essen-
tial. The strategies were modified following the
first Work Group meeting in April 2000, and
were further modified following the second meet-
ing in July 2000. Mgjor databases searched in-
cluded: Medline, Embase, PsychLit, Cochrane
Library, and CINAHL. In total, 10 mgjor data-
bases were searched.

ARTICLE RETRIEVAL CRITERIA

A priori criteriawere established for determin-
ing whether an article identified by the literature
searches should be retrieved before the searches
were performed to reduce the possibility of bias
in selecting articles. The criteria served to estab-
lish minimum standards of relevance and quality
of the retrieved articles. The agreed-upon inclu-
sion criteriawere;

® Articles must be published as letters or

full-length articles. Meeting abstracts were
not included. Abstracts were not included
because the space limitations of abstracts
do not allow evaluation of the quality of the
study. Further, it is likely that not all ab-
stracts are submitted as full articles for
publication, which calls the authors’ confi-
denceintheir datainto question.

® Multi-arm crossover studies must contain 5
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or more patients in each arm. Trials of all
other designs must contain 10 or more
patientsin each arm.

® The study must address a key question as
developed by the Work Group.

® The study must be written in English, due
to prohibitive trandation costs of articles
written in other languages.

® The study must include chronic kidney dis-
ease patients and not mix results with other
types of patients or individuals without dis-
ease.

® | iterature was searched back to the earliest
date of articles available on the database
being used, eg, Medline coverage began in
1966, while EMBASE coverage began in
1972. The cutoff date for all literature con-
sidered as evidence was January 1, 2001.

ARTICLE RETRIEVAL METHODOLOGY

Abstracts of each article identified in the elec-
tronic searches were downloaded into the Evi-
dence Review Team's database. These abstracts
were then reviewed by research analysts trained
in the assessment and analysis of medical data.
Articles were requested if they appeared to meet
the criteria outlined above. If there was any
uncertainty as to whether an article met the
criteria, the article was requested.

ARTICLE INCLUSION CRITERIA

The resulting articles were then evaluated to
determine whether they met criteriafor inclusion
in this evidence report. There were both generad
and question-gpecific inclusion criteria, in order
to include only the most appropriate and highest-
quality evidence. Studies were included only if:
® The article provided sufficient detail about
diagnostic or treatment protocols to deter-
mine that it addressed a question from the
K/DOQI Bone Guideline List of Questions;

® The article provided sufficient detail about
important study protocols to allow one to
evaluate study quality;

® Results from Stage 5 CKD patients both

prior to dialysis and on dialysis, and/or
post-transplant patients were not combined
(except in diagnostic studies);

® The diagnostic or treatment of interest was

applied to the patient population in the way
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Table 8. Summary of Article Retrievals

No. of

Articles Status

4,223 Requested

4,161 Received

892 Cited in the final evidence report
{including excluded articles)

467 Serve as the evidence base for

these Guidelines

it was intended or designed to be used in
clinical practice;

® The study was not confounded by concur-

rent administration of other therapies ap-
plied inconsistently (ie, al groups in the
study received similar concurrent thera-
pies);

® Single-arm studies provided baseline mea-

surements.

In the consideration of any treatment-related
question, the following hierarchy, an adaptation
of that proposed by the US Preventative Health
Task Force, was used to identify the highest
quality studies:

Highest quality

® Randomized controlled trials

® Matched controlled trials

® Prospective nonrandomized/nonmatched

controlled trials

® Retrospective nonrandomized/nonmatched

controlled trials
Low quality

® Uncontrolled pre- or post-cross-sectional

studies

RETRIEVAL AND INCLUSION OF PUBLISHED
TRIALS

There were 22,353 citations identified for this
project through electronic and hand searches.
Some of these citations represent entire database
searches rather than a single document. Any
studies deemed relevant to the topic were re-
trieved. Article retrieval requests made for this
project are summarized in Table 8.

Table 9 outlines the number of studies in-
cluded in each of the 15 evidence reports, aswell
as the number of patients represented by these
studies.
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Table 9. Evidence Base for Evidence Reports

No. of Studies

in
No. of Studies Evidence No. of Patients in

Evidence Report Considered* Base Evidence Base
Risk Factors for Bone Diseases 88 49 13,229
Evaluating Bone Diseases 78 26 1,868
Treatment of Bone Disease 6 1 120
Dietary Phosphorus Restriction 71 41 4,214
Phosphate Binders 38 28 3,157
Treatment of Hypocalcemia 22 15 3,339
Vitamin D Supplementation 92 78 2,809
Monitoring During Galcium and Vitamin D 48 11 850
Treatment
Calcium in Dialysis 35 11 541
B2 Microglobulin Amyloidosis 103 61 4,815
Diagnosis and Treatment of Aluminum 55 31 4,852
Bone Toxicity
Assessing Hyperparathyroidism 51 9 729
Hyperparathyroidism 142 65 1,817

. Acid-Base Status 33 22 2,809
Kidney Transplant 26 18 1,872

* Includes studies that met the general inclusion criteria but were later excluded because they did not meet the question specific inclusion criteria.

Format for Evidence Tables

Five types of evidence tables were prepared
during the course of this project and were in-
cluded in the Evidence Reports prepared by the
Evidence Review Team.

Detailed tables contain data from each field of
the components of the data abstraction forms.
These tables were initially distributed to the
Work Group in September 2000, so that they
could evaluate the evidence and determine
whether any important articles were missed or
inappropriate articleswereincluded. Thesetables
are contained in the Appendix of each Evidence
Report.

In-text study detail tables summarized the most
salient aspects of study design, in particular
those aspects that were used to determine the
methodology qudlity rating. These tables were
constructed for each key question and included
in the body of each evidence report.

In-text patient characteristics tables summa-
rized the most salient aspects of the patients
included in each study. The tables were produced
for each key question. In particular, these tables
pointed out the number of patients, number of
women, number of patients with diabetes, num-
ber of children, and mean age of the patients

(with standard deviation), among other character-
istics.

In-text evidence tables were produced for each
outcome measure within each key question. The
evidence tables reported the evidence as it was
used by the Evidence Review Team to perform
guantitative analyses, not the evidence as it was
reported by the authors of a study. Whenever
possible, the results from each study were recal-
culated and standardized into a common, metric,
Hedges' d. This is a standardized metric that
convertsresults comparing 2 independent groups
into standard deviation units. In this way, results
from different studiesthat were reported in differ-
ent metrics could be combined for anaysis. P
values were not reported in these tables, as they
are strongly affected by the study size and there-
fore can be misleading about the true size of the
effect found.

Study Quality Overview tables, aso included
in the body of the evidence reports, were pro-
duced for those key questions that addressed a
treatment issue for which controlled trials were
available. The rating scheme used was applied
only to controlled trials. No rating scheme was
developed for diagnostic studies, as there is no
widely accepted hierarchy of evidence in the
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technology assessment community. These tables
described the strength of evidence accordingto 3
dimensions: size of the study, applicability, and
methodological quality.

Rating Scheme to Evaluate the Quality of
Controlled Trials

Rating schemes are an essentia part of the
clinical guideline development process. To the
reader of a guideline, the use of these rating
scales provides an easy indicator of the quality of
the evidence on which the guideline was formu-
lated. Asaresult, any clinician reading the guide-
line knows how confidently to believe the recom-
mendations of the guideline.

The rating scheme used in this evidence report
is multidimensional and takes into account the
following study attributes:

® study design and methodology;

® patient generdizability (“applicability”); and

® the statistical significance of the study find-

ings (“association”).

The exact rating method used for each of these
dimensionsis outlined briefly below.

Study Design and Methodol ogy

The quality of the study design, or “internal
validity” was the focal point of the rating scale.
The methodology of a single study was rated
using a0to 7 scale as shown in Table 10.

This 0 to 7 rating scale was developed by
extracting the following data from each study,
and assigning various point values:

® prospective or retrospective design;

® patients randomized to treatment and con-

trol groups,

® randomization method (if randomization

method was described);

® control method and group; and

® blinding.

All points were then added together for afinal
score in the range of 0 to 7. The final score was

Table 10. Rating of Methodological Quality

Rating Description Symbol
0-2 High quality studies °
34 Studies with some limitations in °

quality that may limit
interpretability of results
57 Low quality studies that may be o
substantially affected by bias
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Table 11. Rating of Applicability
Points

Given Description Symbol

1 Low applicability %

2 Applicable, but with tt
limitations

3 Very applicable 37T}

represented using the graphics shown above in
the Overview of Study Quality table included for
each key question answered in the evidence
reports.

Patient Applicability

Patient applicability refersto whether a patient
group included in any given trial is relevant to
the issue being addressed. This is a measure of
external validity or generalizability of a study’s
results.

Therating of patient applicability was done on
a3 point scale as shown in Table 11.

The entries on patient applicability for each
study required the input of the Work Group.
They were instructed to enter the point rating for
each study as they reviewed draft copies of the
evidence reports for these Guidelines, produced
by the Evidence Review Team.

An example of the quality overview of astudy
isshown in Table 12. A filled-in circle represents
the highest quality and an empty circlethe lowest
quality. Applicability indicates whether the pa-
tients included in this study were appropriate for
answering the question; 3 figures is most appro-
priate, while 1 figureisleast appropriate. (Adults
and children wereindicated separately, as shown.)
We stress that rating systems such as this are
highly subjective.

Reporting of Results

The results for most controlled and pre-/post-
treatment trialswere reported in terms of Hedges
d, a standardized effect size. Because Hedges d
isin standard deviation units, its value generally
can range from —3 to +3. Thus, the graphical
representation used was as follows:

T Hedges' d significantly greater than zero
& Hedges’ d not significantly greater than zero

J Hedges' d significantly less than zero
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Table 12. Example of a Study Quality Overview Table

Methodology
Author Year N Quality Applicability
Author A (1 2000 27
) o the
Pediatrics
Author B (2) 1999 53 o YT
Author C (3) 1995 223 ° i

If Hedges d could not be calculated for a
particular study (because not enough informa
tion was available), the reported study results
were tabled instead, and the above graphics were
used to represent whether the results were statis-
tically significant or not (as indicated by the P
value reported by the study).

Quantitative Analysis of Studies

Toandyzediagnogtictrias, ECRI used amethod
called the" summary receiver operating characteris-
tics (ROC) curve” This is the most widely ac-
cepted analytica method for combining results
from different diagnogtic trials. It combines and
plotsthe sengtivity (true positive rate) against speci-

/—-— ///

ficity (inverse of thefalse positiverate) of aparticu-
lar diagnostic test from severd trids. The summary
ROC includes 95% confidence intervals for com-
plete evaluation of the Statigtical significance of the
efficacy of the test compared to flipping a coin
(chance). In this way, dl the available evidence
about atest’s tradeoffs between false positives and
false negatives can be considered.

In ROC space, sensitivity is plotted against
specificity. The more effective the diagnostic
test, the closer it falls to the upper left corner of
the grid (sensitivity and specificity 100%). The
summary ROC curve (Fig 3) represents adiagnos-
tic meta-analysis, combining the results from all
4 studies on X-ray erosions. This curve reflects

90% +—— — ”
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Fig 3. Example of Summary ROC analysis.
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the necessary tradeoff between sensitivity (1 —
false negative rate) and specificity (1 — false
positive rate) inherent in any diagnostic test. By
changing the diagnostic threshold between re-
sults called positive and results called negative,
the test can theoretically operate at any point
along the ROC curve. The summary ROC is
superior to averaging study results for meta-
analysis of diagnostic test results because averag-
ing systematically underestimates sensitivity and
specificity.

The mean threshold point is the best single
point estimate of the sensitivity and specificity of
the diagnostic test in question. The 95% confi-
dence intervals (Cls) for the ROC curve are aso
important to consider. If the lower 95% CI line
were to fall below the chance line (a 45° line), it
would suggest that the diagnostic test does not
have a statistically significantly probability
greater than chance of detecting the disease.

Voting Procedures on Final Guideline
Statements

The following voting method was used:
Atally wastaken to determine whether consen-
sus among Work Group members exists for each
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Table 13. Grading Rationale Statements

Rationale Statements
1. Analysis of controlled trials, generalizable
studies of high methodological quality

2. Analysis of lower quality studies

3. Vote count analysis of evidence tables

4. Review of reviews and selected original
articles

5. Opinion

Guideline statement. Consensus among Work
Group members was defined by at least a 75%
majority approval of a Guideline statement (eg,
with 12 Work Group members present, a vote of
9 was necessary to consider the statement ap-
proved). Guidelinesthat did not receive approval
were re-drafted and re-submitted to Work Group
members for final voting.

STRENGTH OF EVIDENCE

Each rationale statement has been graded ac-
cording to the level of evidence on which it is
based (Table 13). The overall guideline is then
graded according to the strength of evidence
supporting the rational e statements.
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GUIDELINE 1. EVALUATION OF
CALCIUM AND PHOSPHORUS
METABOLISM

1.1 Serum levels of calcium, phosphorus,
and intact plasma parathyroid hor-
mone (PTH) should be measured in all
patients with CKD and GFR <60 mL/
min/1.73 m?2 (EVIDENCE) The fre-
guency of these measurements should
be based on the stage of chronic kidney
disease (Table 14). (OPINION)

1.2 These measurements should be made
more frequently if the patient isreceiv-
ing concomitant therapy for the abnor-
malities in the serum levels of calcium,
phosphorus or PTH, as detailed in
Guidelines 4, 5, 7, and 8 and in trans-
plant recipient, Guideline 16.

1.3 Measurement of plasma PTH levelsmay
be done less frequently for those with
levels within the low end of the target
levels (Table 15). (OPINION)

1.4 The target range of plasma levels of
intact PTH in the various stages of
CKD aredenoted in Table 15.

Background

A disorder of bone remodeling, the osteodys-
trophy of CKD, is a common complication. By
the time patients require dialysis replacement
therapy, nearly al are affected. The onset of the
disorder is detectable about the time 50% of
kidney function is lost.1'8 There are multiple
histological types of bone pathology in patients
with CKD. At the present time, the ability to
diagnose the exact type of osteodystrophy of
CKD without the pathological description en-
abled by bone biopsy does not exist. Since high-
turnover osteodystrophy can be prevented,'°20
patients with CKD should be monitored for im-
balances in calcium and phosphate homeostasis,
and for secondary hyperparathyroidism, by deter-

mination of serum calcium, phosphorus, and
intact PTH levels.

Levelsof intact parathyroid hormone as deter-
mined by immunoradiometric assay (IRMA) or
immunochemiluminometric assay (ICMA) are
an adequate screening tool to separate high-
turnover bone disease (osteitis fibrosa) from low-
turnover bone disorders (adynamic bone disor-
der).2+-26 While the ability to discriminate between
the histological types of osteodystrophy of CKD
has been demonstrated with determination of
blood levels of intact parathyroid hormone, the
optimal target level for PTH in CKD is not
known due to limitations in the available data,
and the emerging consensus that those target
levels may be lower than currently thought.?”
Recent studies demonstrate that intact PTH as-
says overestimate the levels of hiologically ac-
tive PTH by detecting C-terminal fragments miss-
ing amino acids from the N-terminus of the
molecule, which may have an inhibitory activity.
Newer PTH assays have been devel oped to over-
come this problem by using an antibody that
detects the first several amino acids in a 2-site
assay, but sufficient research has not accumu-
lated to establish the predictive power of these
newer assays, and whether they will overcome
the shortfalls in the intact hormone assays. Fur-
thermore, the newer assays have not as yet re-
placed the intact hormone assays as standard
clinical tools.

The predictive power of parathyroid hormone
levelsisincreased by concomitant consideration
of alkaline phosphatase levels,?® although insuf-
ficient data exist to determine the sensitivity and
specificity of alkaline phosphatase in osteodystro-
phy of CKD, or itsconcomitant use with parathy-
roid hormone levels. These studies were per-
formed in the eraof high osteomalaciaprevalence,
and it remains to be determined whether alkaline
phosphatase determinations are additive to the

Table 14. Frequency of Measurement of PTH and Calcium/Phosphorus by Stage of CKD

CKD GFR Range Measurement of
Stage {mLU/min/1.73 m?) Measurement of PTH Calcium/Phosphorus
3 30-59 Every 12 months Every 12 months

4 15-29 Every 3 months Every 3 months

5 <15 or dialysis Every 3 months Every month

S52 American Journal of Kidney Diseases, Vol 42, No 4, Suppl 3 (October), 2003: pp S52-S140
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Table 15. Target Range of Intact Plasma PTH by Stage of CKD

CKD GFR Range Target “intact” PTH (pg/mL
Stage (mLUmin/1.73 m?) [pmol/L})

3 30-59 35-70 [3.85-7.7 pmol/L} (OPINION)
4 15-29 70-110[7.7-12.1 pmol/L] (OPINION)
5 <15 or dialysis 150-300 [16.5-33.0 pmol/L]

(EVIDENCE)

newer PTH assays. Severa other biochemical
markers of bone turnover have been developed
(osteocalcin, hydroxyproline) and are possibly
useful in the evaluation and management of
osteoporosis, but CKD affects each of these
determinations, and no evidence of their useful-
ness in this population exists.?® No bone imaging
methods exist for measuring bone disease that
can be used diagnostically in place of bone
biopsy for osteodystrophy of CKD.

Rationale

Blood levels of PTH begin to rise when GFR
falls below 60 mL/min/1.73 m?, and evidence of
bone disease due to hyperparathyroidism may be
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Fig 4. Graph showing relationship between serum
I-PTH levels and CCR based on data extracted from
Martinez et al (1997). Values on the y-axis are serum
I-PTH levels (pg/mL). Values on the x-axis are CCR in
mL/min. The lines fitted to the data set are based on 4
different mathematical functions (power, linear, expo-
nential, and logarithmic), rather than on any assump-
tions about an underlying physiological mechanism.
The horizontal line represents the upper limit of the
normal range of serum |-PTH levels.

present at Stage 3 of CKD (Fig 4). This second-
ary hyperparathyroidism progresses as kidney
function worsens. During this process, changes
in blood levels of serum phosphorus (hyperphos-
phatemia) and calcium (hypocal cemia) occur and
contribute to the worsening of hyperparathyroid-
ism and bone disease. Therefore, measurements
of serum levels of phosphorus, calcium, and
PTH should be made when GFR falls below 60
mL/min/1.73 m? and these parameters should be
monitored thereafter in patients with CKD (Ta-
ble 14).

Most patients with kidney failure or those on
maintenance dialysis have some form of os
teodystrophy of CKD. Despite considerable ad-
vances in understanding the pathophysiology,
prevention, and treatment of osteodystrophy of
CKD, an adequate substitute for bone biopsy in
establishing the histological type of osteodystro-
phy has not been developed. Standard bone radi-
ography can reliably detect bone erosions, but
has a sensitivity of approximately 60% and a
specificity of 75% for the identification of oste-
itis fibrosa using such erosions (Fig 5). Skeletal
radiography is therefore an inadequate test. Suf-
ficient data to assess the sensitivity and specific-
ity of other imaging methods in the diagnosis of
osteodystrophy of CKD do not exist. Data on the
assessment of the usefulness of quantitative com-
puted tomography in the diagnosis of osteodys-
trophy of CKD are aso insufficient. Standard
radiography is more useful in the detection of
vascular calcification than it is for osteodystro-
phy. Studies determining the sensitivity and speci-
ficity for detection of vascular calcification in
CKD have not been performed, but the sensitiv-
ity is expected to be low. Recently, newer imag-
ing techniques such as electron beam computed
tomography (EBCT) and spird CT have been
developed to detect vascular calcification.29:30
These studies demonstrate an alarming and pro-
gressive vascular calcium burden during CKD
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Fig 5. Summary ROC derived from 4 individual studies assessing the diagnostic characteristics of erosions on
X-ray for diagnosis of osteitis fibrosa. Values on the y-axis are the diagnostics sensitivity and values on the x-axis
are the diagnostics specificity. The more effective the test is as a diagnostic, the closer it falls to the upper left hand
corner of the graph. The summary ROC curve and its 95% confidence interval provides a summary estimate of the
performance of the test based on the meta-analytically combined results from all 4 studies. The mean threshold
(indicated on the graph by adiamond icon) is the best point estimate of the sensitivity and specificity of erosions on

X-ray for diagnosis of osteitis fibrosa.

and the treatment of kidney failure with replace-
ment therapies. These techniques will likely be-
come standard tools to monitor vascular calcifi-
cation and its therapy.

There are very few studies with sufficient
detail about diagnostic protocols to assess the
usefulness of dual energy X-ray absorptiometry
(DEXA) in the diagnosis of osteodystrophy of
CKD. However, whole-body DEXA isareliable,
noninvasive method of assessing bone minera
density (BMD). Since BMD is helpful in the
diagnosis of osteopenia and/or osteoporosis, and
may assist in predicting risk for fractures, DEXA
is a useful tool in assessing these abnormalities
in CKD patients. Indeed, available data indicate
that BMD decreases as CKD progresses (Fig 6).

DEXA should be employed in CKD to moni-
tor patients with fractures or those with known
risk factors of osteoporosis. These include, but
are not limited to: menopause, other causes of
gonadal hormone deficiency, smoking, Cauca
sian race, age greater than 65, and medications
such as glucocorticosteroids. Guidelines to treat
osteoporosis in the general population are avail-

able at www.nof.org. Whether these Guidelines
are applicable for the treatment of osteoporosis
in CKD patients has not been established.
Multiple studies have been performed using
intact PTH assaysto diagnose high-turnover bone
disorders and distinguish them from low-turn-
over disorders. A receiver operating characteris-
tics (ROC) anaysis (in essence, a diagnostic
meta-analysis) of using PTH to diagnose high-
turnover disorders revedled an estimate of the
sensitivity 93% (95% ClI, 87% to 97%) and a
specificity of 77% (95% Cl, 62% to 87%), using
threshold PTH levels between 150 and 200 pg/
mL. Thus, PTH is a useful test in detecting
high-turnover bone disorders (Fig 7). Studies
performed using PTH to diagnose low-turnover
bone disorders use levels of 60 pg/mL as the
threshold. In this case, the estimated sensitivity
and specificity from the ROC analysis were 70%
and 87%, respectively. Thus, PTH is aso useful
in diagnosing low bone turnover (Fig 8). Newer
assays specific for 1-84 PTH have recently be-
come available and will likely refine and update
this information. In the diagnosis and manage-
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Fig 6. Graph showing relationship between prevalence of osteoporosis as a function of GFR based on data
extracted from Rix et al (1999). Values on the y-axis are the prevalence of osteoporosis as defined by a T-Score less
than —2.5. Values on the x-axis are midpoint values of GFR in mL/min. The lines fitted to each data set are empirical
fits and are not based on any assumptions about an underlying physiological mechanism. Reproduced with

permission.3!

ment of osteodystrophy of CKD, the usefulness
of these newer assays for parathyroid hormone
are being examined. The normal range for the
new assay for 1-84 PTH is7to 36 pg/mL (0.77to
3.96 pmol/L) compared to 16 to 65 pg/mL (1.76
to 7.15 pmol/L) for intact PTH. Thus, therelation-
ship between the 2 assaysisabout 1:2 (1-84 PTH
to intact PTH). The differences in the levels
between the 2 types of assays are a reflection of
the levels of circulating PTH fragments that are
detected by the intact PTH assay but not by the
new 1-84 PTH assay.

Current data are insufficient to assess the diag-
nostic utility of bone markers such as osteocalcin
and serum pyridinoline.

Srength of Evidence

Extensive review of the literature revealed
numerous gapsin the available database, necessi-
tating that some aspects of this Guideline be
based upon opinion. For instance, there were no
data indicating the appropriate frequency with
which parameters of osteodystrophy of CKD
should be followed.

Four studies that provided GFR data showed
an inverse relationship between serum PTH lev-
elsand GFR (Fig 7). The 2 studies that presented
creatinine clearance data showed that serum PTH
increases as creatinine clearance decreases (Fig
4). It was not possible to find a function that best

described the rel ationship between GFR and PTH
or the relationship between serum creatinine or
creatinine clearance and PTH. Despite this diffi-
culty, these data still permit one to make clini-
cally relevant decisions about when to begin
screening for high serum levels of PTH. Based
on these studies, it is the opinion of the Work
Group that measurements of serum PTH levels
in CKD patients should be initiated when GFR
fals below 60 mL/min/1.73 m? (ie, Stage 3
CKD).

The most robust available data were related to
the use of intact PTH levels as a marker of
osteodystrophy of CKD. In this instance, there
were seven studies that met the defined criteria
selected for meta-analysis and derivation of an
ROC curve.?326:32-34 These data demonstrated the
usefulness of intact PTH for predicting both
high- and low-turnover bone disease (Figs 7 and
8, respectively). The ability of bone imaging
methods to substitute for bone biopsy in the
diagnosis of osteodystrophy of CKD has only
been adequately studied in the case of erosions
demonstrated in standard X-rays as a diagnosis
of ogteitis fibrosa. A meta-analysis of 5 studies
met the criteria to perform an ROC curve.233>38
The best single-point estimates of the sensitivity
and specificity of erosions as a tool to diagnose
osteitis fibrosa were 60% sensitivity and 76%
specificity. Thus, standard X-rays were not con-
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Fig 7. Summary ROC derived from 5 individual studies assessing the diagnostic characteristics of iPTH levels
for the diagnosis of high-turnover bone disease. Values on the y-axis are the diagnostic sensitivity and values on
the x-axis are the diagnostic specificity. The more effective the test is as a diagnostic tool, the closer it falls to the
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performance of the test based on the meta-analytically combined results from all 5 studies. The mean threshold
(indicated in the graph by a diamond icon) is the best point estimate of the sensitivity and specificity of iPTH levels

for the diagnosis of high-turnover bone disease.

sidered an adequate diagnostic tool. There were
no adequate studies evaluating the usefulness of
guantitative computed tomography (QCT), dual
photon absorptiometry, or DEXA in the diagno-
sisof osteodystrophy in CKD patients. However,
a study using DEXA showed that BMD de-
creases as GFR declinesin CKD patients (Fig 6).

Limitations

The application of modern techniques for as-
sessing bone turnover from biochemical markers
or imaging is severely limited in osteodystrophy
of CKD by the effects of CKD on the tests
themselves and by the lack of sufficient studies.
As aresult, accurate diagnosis and management
are difficult. The most robust currently available
data, using intact PTH, permit a general distinc-
tion to be made between high- and low-turnover

osteodystrophy, but recent studies suggest the
need for more accurate assays of PTH levels.

Clinical Applications

These Guidelines promote the use of PTH in
the diagnosis and management of osteodystro-
phy in patients with CKD. They indicate the
limited usefulness of other biochemical markers
related—in large part—to lack of information.
They demonstrate that standard X-rays are not
useful and that inadequate data exist in the utili-
zation of other imaging techniques.

Research Recommendations

Much work is needed to relate biochemical
markers of bone turnover to osteodystrophy in
CKD. The role of new PTH assays must be
further defined. The usefulness of DEXA re-
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of low-turnover bone disease.

quires demonstration. Optimal clinical practice
guidelines await outcome studies on the monitor-
ing of osteodystrophy of CKD, and validating
outcome data of the recommendations made in
these guidelines.

GUIDELINE 2. ASSESSMENT OF BONE
DISEASE ASSOCIATED WITH CKD

2.1 The most accurate diagnostic test for de-
termining thetype of bone disease associ-
ated with CKD isiliac crest bone biopsy
with doubletetracyclinelabeling and bone
higomor phometricanalyss. (EVIDENCE)

2.2 1t is not necessary to perform bone
biopsy for most situations in clinical
practice. However, abonebiopsy should

be considered in patients with kidney

failure (Stage 5) who have:

2.2a Fractures with minimal or no
trauma (pathological fractures);
(OPINION)

2.2b Intact plasma PTH levels between
100 and 500 pg/mL (11.0 to 55.0
pmol/L) (in CKD Stage 5) with
coexisting conditionssuch asunex-
plained hypercalcemia, severe
bone pain, or unexplained in-
creases in bone alkaline phospha-
tase activity; (OPINION)

2.2¢c Suspected aluminum bone disease,
based upon clinical symptoms or
history of aluminum exposure.
(OPINION) (See Guiddine 11.)
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Table 16. Factors Prevalent in CKD Patients
Which May influence the Type of Osteodystrophy Lesion

= Prolonged aluminum exposure
= Glucocorticoid therapy as in patients with parenchymatous
kidney diseases and in kidney transplant recipients

Vitamin D treatment
Diabetes mellitus2

Metabolic acidosis

Previous parathyroidectomy

Be-microglobulinemia amyloidosis

Hypophosphatemia secondary to aggressive dietary phosphate

restriction or excessive use of phosphate binders

aDiabetes mellitus is a common cause of CKD and is responsible for 30%-40% of

patients reaching dialysis.

2.3 Boneradiographsare not indicated for
the assessment of bone disease of CKD,
(EVIDENCE) but they are useful in
detecting severe peripheral vascular
calcification (OPINION) and bone
disease due to B,-microglobulin amy-
loidosis. (See Guideline 10.) (EVI-
DENCE)

2.4 Bonemineral density (BMD) should be
measur ed by dual ener gy X-ray absor p-
tiometry (DEXA) in patients with frac-
tures and in those with known risk
factorsfor osteoporosis. (OPINION)

Background

Bone disease may occur early in the course of
CKD, and worsens as the decline in kidney
function progresses. In Stage 5 CKD, bone dis-
ease is common and, by the time diaysis is
initiated, nearly all patients are affected. In addi-
tion, patients with CKD (especially those at
Stage 5) have an above-average risk for bone
fractures.3240

Beginning at Stage 3, patients with CKD al-
most always have secondary hyperparathyroid-
ism and elevated blood levels of PTH.3141-46 |n
these patients, the classical lesion that is seenin
bone biopsy is osteitis fibrosa cystica due to
hyperparathyroidism,14232647-54 glthough recent
studies have shown increasing prevalence of
other bone lesions such as low-turnover bone
dl sease. 14,23,33,47-51,53,55-62

In addition to secondary hyperparathyroidism,
there are other factors that are common in CKD

patients and may have a major impact on bone-
and mineral metabolism. A partial list of some of
these factorsis shown in Table 16.

Current therapy with biologically active la-
hydroxyvitamin D metabolites, aswell asthe use
of various phosphate-binding agents, adjust-
ments of dialysate calcium, and introduction of
other drugs (such as anti-bone resorptive agents),
have led to the emergence of bone disorders
associated with low or nearly normal levels of
parathyroid hormone. Many of these latter le-
sions are associated with below-normal rates of
bone formation (adynamic or low-turnover bone
disease).

CKD patients with prolonged exposure to alu-
minum-based phosphate binders (see Guidelines
11 and 12) and those with diabetes melli-
tus!42347.55-5962 have |ower blood levels of PTH
than other patients with comparable levels of
kidney function. Aluminum deposition in bone,
secondary to aluminum overload, interferes with
bone mineralization (see Guidelines 11 and 12).
Therefore, low-turnover and/or adynamic bone
disease may be more prevalent in these patients.

Patients with CKD may also have other fac-
tors that are not related to their CKD, but may
impact bone and mineral metabolism (Table 17).
Advanced age and deficiency in sex hormones
(estrogen and androgens) are associated with
osteoporosis and loss of bone mass. Nutritional
vitamin D deficiency, medications that affect
vitamin D metabolism such as anticonvul sants,
and/or hypophosphatemiawould cause defective
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Table 17. Non-CKD-Related Factors
Which May Affect Bone Metabolism in CKD Patients
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Old age
Postmenopausal status
Race

anticonvulsants)

= Prolonged immobilization

Nutritional vitamin D deficiency
Medications that interfere with Vitamin D metabolism (e.g.,

Malignancy with or without bone metastasis

mineralization of osteoid leading to osteomala-
cia.

Bone Histomorphometric Diagnoses

In general, bone histomorphometric examina-
tions can help classify bone diseases into one of
the following general diagnostic categories: mild
hyperparathyroid bone disease; moderate-to-
severe hyperparathyroid bone disease; mixed
bone disease; osteomalacia; or adynamic bone
disease (Table 18). Histochemical aluminum
staining may show deposition of aluminum in
any of these conditions, and suggest coexisting
aluminum-related bone disease, coexistent with
the basic type of osteodystrophy of CKD. Osteo-
porosis and osteopenia are characterized by de-
creased in trabecular or cortical bone volume on
bone biopsy. Osteopenia may aso be diagnosed
by aternate means, such as DEXA, permitting
selective determination of bone mineral density
in the entire skeleton or in specific regions (eg,
lumbar spine, hip, femoral neck).

Rationale

In deciding when it is appropriate to perform a
bone biopsy in patients with chronic kidney
disease, 2 questions should be considered:

® At what level of kidney function does bone

disease begin?

® \Why should bone biopsies be performed in

patients with chronic kidney disease?

Regarding thefirst question, it has been estab-
lished that blood levels of PTH begin to rise
when GFR falls below 60 mL/min/1.73 m?,31:41-46
and levels of Vitamin D [1,25(0H),D5] fall at
this level of GFR.*%367 Since these develop-
ments are considered central to the development
of bone disease in CKD patients, it is reasonable
to assume that bone disease begins at Stage 3 of
CKD (when GFR declines below 60 mL/min/
1.73 m?) and that it progresses as GFR continues
to decline.

Despite considerable advances in the under-
standing of the pathophysiology, prevention, and

Table 18. Frequently Used Histomorphometric Parameters

Three-Dimensional Parameters

Normal Values

1. Bone volume/tissue volume

16 - 23%

2. Osteoid thickness

4-20um

3. Osteoid surface/bone surface

1-39%

4, Osteoblast surface/bone surface

0.2-10%

5. Osteoclast surface/bone surface

0.15-1.2%

6. Activation frequency

0.49-0.72 Year !

7. Fibrosis volumeftissue volume

0

8. Mineralization lag time

< 50 Days

Lower values in parameter 1 indicate osteoporosis, higher values in 2-7 indicate hyperparathyroid bone
disease or osteitis fibrosa, higher values in 2&8 and lower values in 6 indicate osteomalacia, lower values in
2-6 and absence of fibrosis indicate adynamic bone disease.
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treatment of osteodystrophy of CKD, thereisno
adequate substitute for bone biopsy in establish-
ing the histological type of osteodystrophy in
these patients.23242647-5153 Qver the past 50 years,
bone biopsy has provided the most accurate
diagnosis of the type of bone disease in both
CKD and non-CKD patients. Over the last 3
decades, quantitative bone histomorphometry
with double tetracycline labeling has become the
“gold standard” for the diagnosis of metabolic
bone disease in CKD patients,1423,33:48-53,55,57,68-75

There have been many reports of bone biopsy
findings in patients with CKD that have docu-
mented abnormalities in bone histology with
increasing prevalence, when the GFR has de-
clined below 50 to 60 mL/min/1.73 m2.14.23.26.47-54

Several studies have demonstrated a direct
correlation between elevated blood levels of in-
tact PTH and bone biopsy findings of increased
bone turnover, the main feature of bone disease
due to hyperparathyroidism (Fig 6).23.24.26.32-34,58
Evidence of increased bone resorption has been
detected in bone biopsies obtained from CKD
patients with a GFR below 60 mL/min/1.73 m?2
when blood levels of PTH begin to rise.3141-46

The prevalence of osteopenia and/or osteopo-
rosis aso increases with decreasing levels of
GFR.3! In a study of patients with CKD, the
highest levels of BMD in the lumbar spine, hip
and distal forearm were found in those with GFR
between 70 and 110 mL/min/1.73 m? (Stage 1
and 2 CKD), while those with GFR between 6
and 26 mL/min/1.73 m? (Stage 4 CKD) had the
lowest BMD levels (Fig 6).3! The abnormalities
in bone metabolism that might be responsible for
the decreased BMD were not characterized in
these studies. The presence of osteoporosis is a
strong predictor of increased risk for fracturesin
the general population. Therefore, the measure-
ment of BMD by DEXA isan important diagnos-
tic procedure for the identification of CKD pa-
tients who are more prone to fractures. Three
recent studies have noted an increased risk of
fracture in CKD patients.324%.76 However, there
are limited data on the correlation of BMD with
fracturesin CKD.”’

Limitations

There were very few studies of bone biopsies
that met all of the inclusion criteria as described
in the Method of Analysis of the Literature. This

CLINICAL PRACTICE GUIDELINES

was due to differences in patient populations,
various definitions of bone disease, and incom-
plete information regarding the level of kidney
function. Many studies were retrospective in
nature, and therefore subject to potential bias.
None of the studies met the criteria for highest
quality (ie, double-blind, placebo-controlled, ran-
domized), but sufficient information was avail-
able to permit some conclusions. Overall, arela
tively small amount of moderate- to high-quality
studies and a small amount of data were relevant
to the issues in this Guideline. Effect size could
be calculated for individual studies in many
instances, but it was not possible to combine
multiple studies into an overall statistical analy-
sis. Therefore, certain biases may occur in this
interpretation due to the fact that most studies
had to be evaluated individually.

Clinical Applications

The use of bone biopsy as a diagnostic tool
reguires trained personnel for the preparation of
a decalcified section of the biopsy and for per-
forming the morphometric analysis. At present,
these personnel are not available in most medical
institutions. Reimbursement for obtaining and
interpreting bone biopsies should be made avail-
able, and will require education of payors as to
the importance of bone biopsy in the diagnosis
and management of patients with CKD.

The Work Group recognized that, in most
circumstances, clinicians will have to depend
upon indirect methods, rather than bone biopsy,
to diagnose the type of bone disease associated
with CKD. Thereasonsfor lack of more frequent
use of bone biopsy include: patient refusal; a
mistaken perception that bone biopsy is painful
and overly invasive; thelack of local resourcesto
properly procure, process, and reliably interpret
the bone biopsy; and difficulty in obtaining appro-
priate reimbursement for bone biopsy perfor-
mance.

Recognizing these limitations, the Work Group
agreed that in the following circumstances, a
bone biopsy will often yield essentia informa-
tion and should be strongly considered:

® |n the absence of other known causes of a

bone fracture (eg, malignancy), a bone bi-
opsy should probably be undertakenin CKD
patients with a pathological fracture. Bone
biopsy is useful to assess the net effect of
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various factors (known or unsuspected)
upon bone formation rate, bone mineraliza-
tion rate, and bone architecture (eg, hyper-
parathyroidism, osteomalacia, duminumin-
toxication, osteoporosis).
® Thereisinsufficient sensitivity and specific-
ity of serum levels of PTH to reliably pre-
dict the presence of adynamic bone disease
(PTH <100 pg/mL [11.0 pmol/L]) or hyper-
parathyroidism (PTH >500 pg/mL [55.0
pmol/L]) (see Guideline 1) when the serum
levels of intact PTH levels are between 100
and 500 pg/mL (11.0 to 55.0 pmoal/L). If a
CKD patient with serum levels of intact
PTH between 100 and 500 pg/mL (11.0 to
55.0 pmol/L) develops unexplained hyper-
calcemia, bone pain, or an increase in bone
akaline phosphatase activity, abone biopsy
can be useful. The bone biopsy will alow
more accurate assessment of the rate of
bone formation and bone mineralization
and will help guide therapy.
® |f a patient is suspected of having alumi-
num toxicity (see Guidelines 11 and 12),
then the Work Group recommends that in
certain situations a bone biopsy be per-
formed to ascertain the diagnosis before
starting deferoxamine therapy. The Work
Group made this recommendation because
of the potentia toxicity and side effects of
deferoxamine (see Guidelines 11 and 12).
The Work Group agreed that bone biopsy
should a'so be considered in some patients prior
to parathyroid ablation therapy. If the clinical
history includes ora or parentera auminum
exposure, then a bone biopsy may be helpful to
exclude the coexistence of hyperparathyroidism
and aluminum bone disease (see Guidelines 11
and 12). In these circumstances, parathyroid ab-
lation therapy may worsen aluminum toxicity of
bone; therefore, aluminum toxicity must be ex-
cluded prior to parathyroidectomy. In other pa-
tients, the levels of PTH may not be excessively
elevated, yet there may be other suggestions of
excessive effects of PTH (hypercalcemia, hyper-
phosphatemia, elevated bone alkaline phospha-
tase activity, bone resorption on X-ray, etc). In
such patients, inappropriate parathyroid ablation
can induce hypoparathyroidism and adynamic
bone disease. For this reason, any patient with
PTH levelslessthan 800 to 1,000 pg/mL (88.0to
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110.0 pmol/L) may require bone biopsy prior to
parathyroid ablative therapy, to clearly document
the increased bone formation rate and histol ogi-
cal findings of hyperparathyroidism prior to an
ablative procedure.
Several conditions should be satisfied to en-
sure that the bone biopsy provides reliable infor-
mation:
® The bone biopsies should be performed
after tetracycline labeling and be obtained
from the anterior iliac crest using an instru-
ment designed to obtain a core of bone of at
least 4 to 5 mm diameter. The bone speci-
men should be processed and analyzed in
accordance with accepted standard tech-
niques.
® Data on norma bone histomorphometry
should be obtained and the results reported
in accordance with the standard nomencla-
ture suggested by the American Society of
Bone and Mineral Research (www.asbmr.
org).”® Normal ranges, with appropriate con-
fidenceintervals, for all histomorphometric
parameters must be developed for each lab-
oratory performing diagnostic bone biopsy.

® The most commonly used histochemical
stain for aluminum uses the “auminon”
method.14545569,79.80 The results for alumi-
num stain should be quantitative or semi-
quantitative and the location for aluminum
staining (at the osteoid-mineralized bone
interface or in cement lines) should be
reported. Aluminum-positive surfaces <5%
are usually not considered to be significant,
while those >25% are considered to be
strongly positive.

Research Recommendations

Considering the invasive nature of bone bi-
opsy, there is a need to investigate whether other
markers of bone disease could be developed to
replace bone biopsy for the accurate diagnosis of
bone disease in patients with chronic kidney
disease.

At the present time, there are not any noninva-
sive tests that have sufficient accuracy for the
diagnosis of bone disease in CKD patients. The
Work Group recommends that bone biopsy be
used to accurately establish the diagnosis in
CKD patients enrolled in clinical research proto-
cols studying bone disease. These protocols may
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be designed to assessthe sensitivity or specificity
of other diagnostic tests, or to assessthe effective-
ness of various therapies. In either instance,
accurate diagnosis of the bone disease is pivota
to the quality and utility of such studies.

Most of the currently used PTH assays are
purported to measure only the “intact” PTH
molecule, consisting of 84 amino acids. Most of
the biological activity of the PTH molecule re-
sidesin the N-terminal, and, in large part, in the
amino acid residuesin positions1to 7. It appears
that many “intact PTH” assays also detect biologi-
cally inactive fragments of PTH formed from the
amino acids in the 7 to 84 positions.88 This
phenomenon leads to spurious elevations in the
levels of intact PTH in CKD patients, in that
these patients do not have significant hyperpara-
thyroid bone disease even though the PTH level
isabove normal. If clinicians attempt to maintain
intact PTH levels of CKD patients in the “nor-
mal” range below 65 pg/mL (7.15 pmol/L), then
some CKD patients have low levels of bone
formation and adynamic bone disease.?'-8 Hence,
our current recommendations distinguish be-
tween the “desired target range” for intact PTH
in CKD patients and the “normal range” that has
been determined for patients with normal kidney
function.

GUIDELINE 3. EVALUATION OF
SERUM PHOSPHORUS LEVELS

3.1 In CKD patients (Stages 3 and 4), the
serum level of phosphorus should be
maintained at or above 2.7 mg/dL (0.87
mmol/L) (EVIDENCE) and no higher
than 4.6 mg/dL (1.48 mmol/L). (OPIN-
ION)

3.2 In CKD patients with kidney failure
(Stage 5) and those treated with hemo-
dialysis or peritoneal dialysis, the se-
rum levels of phosphorus should be
maintained between 3.5 and 5.5 mg/dL
(2.13 and 1.78 mmol/L). (EVIDENCE)

Background

Hyperphosphatemia leads to secondary hyper-
parathyroidism and elevated blood levels of PTH
by: () lowering the levels of ionized calcium;
(b) interfering with the production of
1,25(0OH),D5; and (c) by directly affecting PTH
secretion. 84,85
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These processes lead to high-turnover bone
disease and other adverse consequences of ex-
cess PTH (see Background).

Prolonged hyperphosphatemia causes soft-
tissue and vascular calcification due at least in
part to an increase in calcium-phosphate prod-
uct®s-89 and is associated with increased morbid-
ity®091 and mortality.9%% In the case of vascular
calcification, hyperphosphatemia exerts a direct
calcifying effect on vascular smooth muscle
cells.% Calcification of coronary arteries, cardiac
valves, and pulmonary tissues produces cardiac
disease, the leading cause of death in patients
with CKD.%0979 |t is therefore imperative to
prevent hyperphosphatemia and maintain serum
phosphorus levels within the normal range.

Rationale

Among the factors that contribute to second-
ary hyperparathyroidism in CKD patients are
phosphate retention and/or elevated levels of
serum phosphorus. Hyperphosphatemiais associ-
ated with increased morbidity and mortality in
CKD patients.89 Therefore, the maintenance of
norma serum levels of phosphorus in CKD
patientsiscritical for the prevention of abnormali-
ties in parathyroid hormone metabolism and for
the reduction of morbidity and mortality.

Strength of Evidence

The influence of phosphorus levels on PTH
secretion has not been conclusively demon-
strated in humans. While available experimental
data support a direct role of phosphorus on PTH
secretion,®8 the datain humans are less straight-
forward. One study has shown elevated PTH
levels in patients with serum phosphorus levels
>6.2 mg/dL (2.0 mmol/L).% On the other hand,
other studies have failed to demonstrate consis-
tent changes in PTH levels across a range of
serum phosphorus levels,1® and no direct corre-
lation between the level of serum phosphorus
and PTH has been established.?> The lack of
conclusive studies in humans is to be expected,
given that many studies measuring serum PTH
levels are confounded by the use of phosphate
binders and vitamin D therapy. Such a study
design precludes the evaluation of a direct asso-
ciation between serum phosphorus and PTH lev-
els. Based on available evidence and upon clini-
cal experience, it is the opinion of the Work
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Group that elevated phosphorus levels in CKD
and dialysis patients contribute to the develop-
ment of hyperparathyroidism.

In order to eliminate the potentially confound-
ing influence on outcomes of a uminum-contain-
ing phosphate binders, only studies of diaysis
patients, and only those published after 1990,
were included in the data analysis. Four studies
meet these criteria, and all are observational or
cross-sectional in design. 9293190 These studies
correlate serum phosphorus levels with multiple
end-points in patients treated with hemodialysis.

The 4 cross-sectional studies®92:931% that met
theinclusion criteria evaluated the association of
serum phosphorus levels with extraskeletal out-
comes. Two studies evaluated the relative risk of
mortality associated with serum phosphorus lev-
es in patients treated with hemodiaysis. In 1
study, areference serum phosphorus range of 4.6
to 5.5 mg/dL (1.49 to 1.78 mmol/L) was used®;
the relative risk of mortality increased with se-
rum phosphorus levels >6.5 mg/dL (2.10 mmol/
L). In the other study, areference range of 5to 7
mg/dL (1.61 to 2.26 mmol/L) was used®; the
relative risk of mortality increased with serum
phosphorus levels less than or greater than this
range. The increase in mortality was particularly
significant for levels of phosphorus >7 mg/dL
(2.26 mmol/L) or <3 mg/dL (0.97 mmol/L).
Serum phosphorus levels <2.5 mg/dL (0.81
mmol/L) may be associated with abnormalities
in bone mineralization such as osteomal acia.’®

In another study, serum phosphorus levels
>6.2 mg/dL (2.00 mmol/L) were associated with
increased blood pressure, hyperkinetic circula-
tion, increased cardiac work, and high arteria
tensile stress.% One study failed to find an asso-
ciation between serum phosphorus levels and
quality of life.1

The available evidence supports an associa-
tion between serum phosphoruslevels both above
and below the normal range with poor outcomes,
including mortality. Given that the major goal of
phosphorus control in patients with CKD is to
prevent morbidity and mortality, it was the opin-
ion of the Work Group that serum phosphorus
should be maintained between 2.7 and 4.6 mg/dL
(0.87 and 1.49 mmol/L) in CKD patients Stages
3 and 4, and between 3.5 and 5.5 mg/dL (1.13
and 1.78 mmol/L) in CKD patients Stage 5.
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Limitations

Cross-sectional studies have established a cor-
relation between serum phosphorus levels and
various extraskeletal outcomes, but this correla-
tion does not rise to the level of causality. Fur-
ther, the studies of higher methodological qual-
ity929 relied on data from 1990 or earlier,
indicating that their results may have been con-
founded by the use of aluminum hydroxide and/or
by less aggressive vitamin D therapy. To date,
studies performed in dialysis patients have failed
to conclusively demonstrate a reduction in mor-
bidity or mortality through dietary intervention
or the use of phosphate binders to lower serum
phosphorus levels to the suggested target range.

Clinical Applications

This Guideline supports intensive control of
serum phosphorus in patients with CKD. Most
data indicate that fewer than 30% of dialysis
patients are able to maintain phosphorus in the
suggested target range. The goa should be to
increase the percentage of patients in this target
range. Successful implementation will require an
increased dietitian-to-patient ratio, educational
tools to increase patient compliance, as well as
studies to further explore the feasibility of dia-
Iytic techniques that are better able to control
serum phosphorus levels (such as nocturnal or
daily hemodialysis), and the widespread availabil-
ity and affordability of different phosphate bind-
ers, regardless of patient insurance.

Research Recommendations

Longitudinal studies of patientson dialysisare
needed, evaluating the effects of controlling se-
rum phosphorus in the target range on morbidity
and mortality.

GUIDELINE 4. RESTRICTION OF
DIETARY PHOSPHORUS IN PATIENTS
WITH CKD

4.1 Dietary phosphorusshould berestricted
to 800 to 1,000 mg/day (adjusted for
dietary protein needs) when the serum
phosphorus levels are elevated (>4.6
mg/dL [1.49 mmol/L]) at Stages3 and 4
of CKD, (OPINION) and >5.5 mg/dL
(2.78 mmol/L) in those with kidney fail-
ure(Stage5). (EVIDENCE)
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Fig 9. Relationship between serum phosphorus and CCR.

4.2 Dietary phosphorusshould berestricted
to 800 to 1,000 mg/day (adjusted to
dietary protein needs) when the plasma
levels of intact PTH are elevated above
target range of the CK D stage (see Table
15in Guideline 1). (EVIDENCE)

4.3 The serum phosphoruslevels should be
monitored every month following the
initiation of dietary phosphorusrestric-
tion. (OPINION)

Background

Levels of serum phosphorus in patients with
CKD remain within the normal range or may
even be modestly below the normal range until
the GFR declines to 20 to 30 mL/min/1.73 m?
(Stage 4 of CKD). At these latter levels of GFR,
hyperphosphatemia becomes evident (Fig 9).
Therefore, it may appear that dietary phosphate
intervention is not necessary in patients with
Stages 1, 2, and 3 of CKD. However, phosphate
retention occurs very early in the course of CKD
(probably at Stage 1, but definitely at Stage 2)
and such phosphate retention participates in the
genesis of secondary hyperparathyroidism. In-
deed, the blood levels of PTH are elevated when
GFR falls to 60 mL/min/1.73 m?, even though
serum phosphorus levels are not elevated. Stud-
iesin animal 85191 and in human adult patientst®2
and children showed that dietary phosphate re-
striction in proportion to the decrease in GFR in
the early and moderate stages of CKD (Stages 2
and 3) when blood levels of PTH are elevated

and serum phosphorus levels are normal, was
effectivein lowering blood PTH levels.

Rationale

Since phosphate retention occurs early in the
course of CKD (probably Stage 1, but certainly
Stage 2) and contributesto the genesis of second-
ary hyperparathyroidism, and since PTH levels
begin to rise when GFR falls below 60 mL/min/
1.73 m? (Stage 3 of CKD), even when serum
phosphorus levels are normal, the plasma level
of PTH is a better marker in the early course of
CKD for the need to begin dietary phosphate
restriction than is serum phosphorus, calcium, or
creatinine levels. Of course, at later stages of
CKD (Stage 4 and 5), the levels of serum phos-
phorus are elevated and therefore dictate the
need for the prescription of dietary phosphate
restriction, as an essential approach to control-
ling serum phosphorus and plasma levels of
intact PTH.

Strength of Evidence

The efficacy of dietary phosphate restriction
and the timing of its initiation were assessed
through an evidence-based review of the litera-
ture. Because dietary phosphate restriction alone
is most commonly used in CKD patients, the
focus was on the following questions:

(1) What is the correlation between serum
phosphate levels and outcomes?

(2) How effectiveisdietary phosphate restric-
tion at different stages of CKD?
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(3) What percentage of patients comply with
dietary phosphate restriction and how does non-
compliance affect patient outcomes?

(4) What side-effects are associated with a
phosphorus-restricted diet?

Unfortunately, there were no studies in CKD
patients that met the inclusion criteria and ad-
dressed the relationship between serum phos-
phate and multiple indices of morbidity and
mortality such that an absolute level of serum
phosphorus could be used to guide initiation of
dietary phosphate restriction.

The relationship between kidney function and
serum phosphorus was evaluated. The included
studies evaluated the rel ationship between serum
phosphorus and creatinine clearance or serum
creatinine (Cr)193-105; they showed an inverse
relationship between serum phosphorus levels
and kidney function. Two studies!®1% that could
be used to determine the correlation between
serum phosphorus levels and creatinine clear-
ance reported data on 51 patients (Fig 9). These
studies showed that serum phosphorus levels
begin to rise when creatinine clearance falls
below 20 to 30 mL/min/1.73 m? (0.33 to 0.50
mL/s/1.73 m?). Other studies on 121 patients
reporting a direct relationship between serum
phosphorus and serum Cr showed no clear indi-
cation asto the absolute level of serum Cr that is
associated with hyperphosphatemia.103-108 Taken
together, the data support an association be-
tween the decline in kidney function and therise
in serum phosphorus, with increments in the
latter becoming evident when creatinine clear-
ance falls to 20 to 30 mL/min/1.73 m? (0.33 to
0.50 mL/g/1.73 ¥) (Sage 4).

However, there are other confounding issues
when utilizing the serum Cr or creatinine clear-
ance as a guide for the initiation of dietary
phosphorus restriction, since serum creatinine is
influenced by existing muscle mass, which var-
iesfrom patient to patient. There may be patients
who have increased levels of serum phosphorus
at alower level of serum creatinine because of
their lower muscle mass. Most importantly, arise
in the serum phosphorus level represents a fail-
ure of the normal compensatory response of
elevated parathyroid hormone to adequately in-
crease kidney excretion of phosphate. It appears
that at creatinine clearances of 20 to 30 mL/min/
1.73 m? (0.33 to 0.50 mL/s/1.73 m?), the maxi-
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mum decrement in kidney reabsorption of phos-
phate has been reached. With further deterioration
in kidney function, thereis no further increasein
urinary excretion of phosphate, even in the pres-
ence of elevated parathyroid hormone; thus, se-
rum phosphoruslevelsbegintorise. Thereareno
reports that met the inclusion criteria to specifi-
cally identify the level of kidney function at
which the decrement in reabsorption of phos-
phate by the kidney reaches its maximum and/or
at what levels of serum phosphorus, in the course
of CKD, blood PTH levelsbegintorise.

In summary, the available data and the opin-
ion of the Work Group support the proposal that
dietary phosphate restriction should be initiated
when blood PTH levels begin to rise (Stage 2)
and/or when serum phosphorus levels are el-
evated at any stage of CKD.

The effectiveness of dietary phosphate restric-
tion in controlling the hyperphosphatemia of
CKD was analyzed in 19 studies examining
2,476 patients. Fifteen randomized controlled
trials''%14 and 4 nonrandomized controlled tri-
als'?>128 met the inclusion criteria. The last 4
studies evaluated the side effects of dietary phos-
phate restriction (Table 19). The vast mgjority of
studies evaluated restricted protein diets, which
are usualy (but not always) equivaent to low
phosphorus diets. In many of these studies, cal-
Cium?100.103-108,129,130 gnd vitamin D supplements
were Used,87'90'92'93'100'103'108'129'131 or phosphate
binders were also administered to the patientsin
addition to the dietary intervention. Thus, the
interpretation of these data should be done with
caution. Various end-points were utilized:

® Quality of life. One study reported that low

protein diet did not adversely affect employ-
ment,'?” but the results of the Modification
of Diet in Renal Disease (MDRD) study
indicated that patients with CKD (Stages 3
and 4) treated with very restricted protein
dietswere less able to socialize.1*?

® Mortality. Nearly al of theincluded studies

evaluated the role of dietary restriction of
protein/phosphorus on mortality. The re-
ported results were variable. When these
data were analyzed by meta-analysis, no
effect on mortality was found.

® Kidney Function. Seven of nine studiesin

adult patients with CKD suggest that di-
etary phosphorus restriction may stabilize
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ki dney functi On.110'111’113'116'117’121'123'125'128

Conclusions in this regard could not be
drawn from studies in children or in adults
with severe CKD.
® Bone and Mineral Metabolism. Several
small studiesreported that dietary phospho-
rus restriction in patients with CKD had no
significant effect on serum alkaline phospha-
tase,112'115'117'126 PTH |e\/e|5112'117'125'127 e
rum calcium levels12115117.125126 gerym
phosphorus|evel s, 112115122 125,126,133 gng yri -
nary phosphate excretion.!1.119122 |n con-
trast, in a careful and well-controlled study
of 4 patients with Stages 1 and 2 of CKD
conducted in a metabolic ward before and
after 8 weeks of dietary phosphate restric-
tions in proportion to the decrement in
GFR, there was a reduction in blood PTH
levelsto normal without significant changes
in the serum levels of phosphorus, signifi-
cant decrements in blood levels of alkaline
phosphatase and in urinary excretion of
phosphate, and significant increments in
blood levels of 1,25(0OH),D5 and intestina
absorption of calcium.’® Also, the dietary
phosphate restriction was associated with
marked improvement in bone resorption
and defects in bone mineralization as evi-
denced by studies of bone biopsy.1°
Moderate dietary phosphate restriction is also
appropriate for children, provided close monitor-
ing of linear bone growth is exercised, as no
study provided evidence for adverse ef-
fects,116120,134.135 | gddition, studiesin adults did
not support any adverse effect on nutritiona
status as a result of dietary phosphate restric-
ti on. 110-112,115-117,119,123,126,128,136,137
Compliance. Compliance with dietary restric-
tionintheresearch setting of clinical studies may
not reflect the situation in clinical practice. While
compliance with dietary phosphorus restriction
in clinical practice is commonly believed to be
poor, there is a lack of data to support this
supposition. Most studies have found compli-
ance rates of 35% to 91% with low-protein
diets. 102116122132 One study reported 41% and
77% compliance at years 1 and 3, respectively.138
The compliance rates with dietary phosphate
restriction were similar to compliance rates for
low-protein diets. It was not addressed whether
the improvement at year 3 is related to continu-

CLINICAL PRACTICE GUIDELINES

ous education and/or the realization by the pa-
tient of the adverse effects of noncompliance.

Given the lack of evidence of adverse effects,
and the evidence of positive benefit of dietary
phosphate restriction, it is the consensus of the
Work Group that dietary phosphate restriction be
initiated in patients with CKD when PTH levels
are elevated (GFR <60 mL/min/1.73 n?, Sage
3) or with elevated blood level s of serum phospho-
rus (Stages 4 and 5).

Limitations

Despitetherelatively large number of prospec-
tiverandomized trial s eval uating dietary phospho-
rus restriction, most of these studies specifically
utilized protein-restricted diet and therefore indi-
rectly restricted phosphate intake. While protein
and phaosphorus are closely related in foods, it is
possible to restrict protein without fully restrict-
ing phosphorus. Much of the datais also difficult
to interpret since most of the reports provided
analysis for “prescribed diet” rather than “con-
sumed diet.” Furthermore, in many studies, the
patients had concomitant therapy with Vitamin D
and/or phosphate binders making interpretation
of the results difficult.

While the available data do not support the
common belief that dietary phosphate restriction
negatively impacts nutritional status, it must be
stressed that dietary phosphate restriction hasthe
potential of adversely impacting nutritional<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>