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The metabolic abnormalities affecting bone in the setting of chronic kidney disease (CKD)
are complex with over-lapping and inter-acting aetiologies and have challenging diagnostic
and management strategies. Disturbances in calcium, phosphate, fibroblast growth factor 23,
parathyroid hormone (PTH) concentrations and vitamin D deficiency are commonly
encountered and contribute to the clinical syndromes of bone disorders in CKD including
hyperparathyroidism, osteomalacia, osteoporosis and adynamic bone disease. Mineral and
bone abnormalities may also persist or arise de novo post-renal transplantation. The Kidney
Disease Improving Global Outcomes (KDIGO) organisation describes these mineral
metabolism derangements and skeletal abnormalities as ‘CKD Mineral and Bone Disorder’
(CKD-MBD). Patients with this disorder have an increased risk of fracture, cardiovascular
events and overall increased mortality. In light of the recently updated 2017 guidelines from
the KDIGO, we present a clinical case-based discussion to highlight the complexities of
investigating and managing the bone health of patients with CKD with a focus on these

updates.
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THE CASE

History and Investigations

The patient was a 69-year-old man with insulin-requiring type 2 diabetes mellitus for 20

years, complicated by retinopathy, neuropathy and nephropathy. Other medical co-
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morbidities included obesity (body mass index 31 kg/m? normal < 25), hypertension,

hyperlipidaemia, gastritis and obstructive sleep apnoea.

He developed chronic kidney disease (CKD) secondary to diabetic nephropathy and received
haemodialysis (HD) for 5 years prior to a cadaveric renal transplant in August 2012. CKD
was complicated by secondary hyperparathyroidism that was managed with phosphate
binders and calcitriol, and subsequently he developed persistently low normal parathyroid
hormone (PTH) values (22-34pg/ml) for years whilst on dialysis. Immunosuppression post-
renal transplantation consisted of induction therapy with basiliximab followed with
maintenance therapy of tacrolimus, mycophenolate and prednisolone. Prednisolone was
commenced at a dose of 30 mg/day weaning by 2.5 mg every 2 weeks commencing at 3
weeks post-transplant. Graft function plateaued at an estimated Glomerular Filtration Rate
(eGFR) of 44 ml/min/1.73m”. There were no episodes of acute rejection. His post-operative
course was complicated by unstable glycaemic control, prostatitis, shingles and a

deterioration of his pre-existing proximal myopathy.

Five weeks post-renal transplantation, he developed acute onset back pain after sliding off a
low stool in the shower from a sitting position. A lateral lumbar x-ray showed an acute crush
fracture at the first lumbar vertebrae with >50% loss of anterior vertebral height. Comparison
with previous imaging confirmed that this fracture was acute. He had no history of previous

clinical fractures.
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His acute inpatient management comprised of analgesia, physiotherapy and commencement
of cholecalciferol and he was booked for outpatient metabolic bone clinic follow up. His
medications at the time of his clinic appointment are listed in Table 1. Prednisolone dose at
the time of fracture was 17.5 mg and at clinic was 12.5 mg daily. A Dual Energy X-ray
Absorptiometry (DXA) scan showed a T-score of positive 0.3 standard deviations at the
lumbar spine and T-score of negative 2.7 standard deviations at the femoral neck as shown in
Figure 1 (osteoporosis defined by the World Health Organisation as a T-score negative 2.5
or less) (1). A summary of his blood results prior to the transplant, during his inpatient stay

and then during follow up in metabolic bone clinic are provided in Table 2.
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BONE HEALTH IN PATIENTS WITH CHRONIC KIDNEY DISEASE- MINERAL

AND BONE DISORDER (CKD-MBD)

Introduction

With progressive renal deterioration, there are increasing abnormalities of bone and mineral
metabolism including perturbations in calcium, phosphate, fibroblast growth factor -23 (FGF-
23), PTH and vitamin D homeostasis. CKD-MBD was first coined following the Kidney
Disease Improving Global Outcomes (KDIGO) Controversies Conference on Definition,
Diagnosis, and Classification of Renal Osteodystrophy, defining it as a systemic disorder of
mineral and bone metabolism due to chronic kidney disease (CKD), manifested by one or

combination of:

e Abnormalities of calcium, phosphate, PTH, or vitamin D metabolism
e Abnormalities in bone turnover, mineralization, volume, linear growth, or strength
e Vascular or other soft tissue calcification
Furthermore, it was recognized this complex interaction leads to an increased risk of

fractures, cardiovascular disease and overall increased mortality (2).

CKD-MBD is a clinical syndrome that encompasses the original term ‘renal osteodystrophy’
used to define histomorphometric bone abnormalities of bone turnover, mineralization and
volume. Since this classification, the last 10 years have seen a plethora of research evaluating
diagnostic and therapeutic interventions targeting CKD-MBD, commanding the KDIGO to
update their original 2009 guidelines to reflect the current state of evidence. The remainder of

this review will provide an overview of bone health in CKD-MBD highlighting changes to
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the recently published 2017 KIDGO guidelines on CKD-MBD (3). The patient’s management
is discussed in light of these clinical updates at the conclusion of the article. A detailed
discussion regarding phosphate control, vascular calcification and cardiovascular outcomes

are beyond the scope of this review.

Although the bone abnormalities seen in CKD-MBD result from interacting and over-lapping
aetiologies associated with mineral disturbances they are broadly divided into low and high
turnover bone disease states. Osteomalacia, adynamic bone disease (ABD) and aluminium
bone disease characterize low bone turnover states in CKD. Osteomalacia results from
inadequate mineralization of osteoid due to a relative calcium and or phosphate deficiency.
This was previously seen in patients administered long term aluminium containing phosphate
binders or aluminium based dialysates, however, the osteomalacic bone lesions (and other
encountered bone pathologies) associated with aluminium bone disease, are now a rare entity

with the introduction of aluminium-free phosphate binders and dialysates (4).

ABD is characterized by marked reduction of cell activity within the bone, both of osteoclasts
and osteoblasts without excess osteoid accumulation (5), commonly seen in dialysis patients,
and those with diabetes mellitus (6). The underpinning pathogenesis is skeletal resistance to
parathyroid hormone (PTH) or iatrogenic PTH suppression. Over-suppressed PTH may result
from overzealous use of calcium containing phosphate binders and/or use of vitamin D
analogues (7). Although PTH levels may be above the upper limit of the normal reference
range, patients with ABD frequently have skeletal resistance to the actions of PTH. This is
thought to be secondary to down regulation of PTH receptors on osteoblasts following

chronically high PTH levels (8). Furthermore, down regulation of calcium sensing receptors
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on the parathyroid glands, diminishes their responsiveness to hypocalcaemia and reduces
PTH pulsatility, a crucial factor in its anabolic actions on bone (8). Thus, the target range for
PTH values for patients on dialysis is 2-9 times the upper limit of the normal reference range

allowing for skeletal resistance(3).

Several other factors may contribute to the development of ABD. Patients with diabetes
mellitus (DM) have higher levels of advanced glycation end products (AGEs), products of
non-enzymatic glycation and oxidation of proteins and lipids, that disrupt skeletal collagen
compromising bone integrity and strength (9, 10). Metabolic acidosis, which results in
dissolution of bone mineral that is used as an acid buffer, low levels of bone morphogenic
protein 7 (BMP-7), a protein expressed by the kidney that induces osteoblast differentiation,
vitamin K deficiency and malnutrition and have also been implicated in the development of

ABD (11).

No diagnostic biochemical markers confidently confirm the diagnosis of ABD, however, PTH
levels consistently four to six times the upper limit of normal and an elevated ALP level

would make the diagnosis unlikely (2).

Osteitis fibrosa cystica characterises high turnover bone disease resulting from the
development of secondary hyperparathyroidism (SHPT). Phosphate retention, vitamin D
deficiency and reduced 1-alpha hydroxylase activity with declining renal function predispose
to SHPT (12). The compensatory rise in PTH is initially appropriate, increasing renal
phosphate excretion and intestinal calcium absorption, stimulating bone reabsorption and

increasing the activity of 1-alpha hydroxylase to correct developing hypocalcaemia (11).
g y p y y ping hyp
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More recently, fibroblast growth factor-23 (FGF-23) has also been recognized to play an
important role in this cascade. FGF-23 is a phosphaturic hormone secreted by osteocytes
rising early in the development of CKD in response to phosphate retention. It acts on the
sodium-phosphate transporters in the renal tubules to promote phosphaturia, inhibits the
action of 1-alpha hydroxylase further reducing 1, 25-hydroxy-vitamin D levels, with additive
effect of potentiating SHPT (13). Prolonged stimulation of the parathyroid glands may lead to
tertiary hyperparathyroidism as a result of parathyroid tissue hyperplasia and down regulation
of the calcium sensing and vitamin D receptors (14). This is a state of autonomously
functioning parathyroid glands without appropriate responsiveness to plasma calcium
concentrations. High levels of PTH continually stimulate bone turnover manifested by highly
active osteoclasts and osteoblasts. The consequence is progressive resorption, predominately

of cortical bone, that becomes increasingly weak with a predisposition for fracture (7).

The patient presented in this case exhibited many risk factors for the development of ABD.
Long standing DM, chronically low PTH levels and 5 years of dialysis therapy are primary
causative factors. High bone turnover disease was an unlikely diagnosis given low/normal

PTH levels for many years prior.

Hypogonadism is reported in one-third to one-half of men with pre-dialysis CKD, increasing
to a prevalence of 50% to 75% in dialysis cohorts (15). There is a strong association between
low testosterone, loss of BMD and fractures in men without CKD (16). Similarly in women,
oestrogen deficiency is a known risk factor in the general population contributing to fragility
fractures (17). Although the potential effects of hypogonadism on bone quality in patients

with CKD-MBD were recognized by the KDIGO working group during the 2015 summit
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(18), the lack of clinical research examining this relationship did not allow for commentary
regarding screening or treatment in the 2017 guidelines. Thus, the contribution of

hypogonadism to fracture risk in patients with CKD or those on dialysis remains unclear.

Immunosuppressant medications, most notably glucocorticoids (GCs) also accelerate the risk
for metabolic bone disorders, mainly osteoporosis. The commonly used loop diuretics in
CKD can contribute to hypercalciuria and negative calcium balance, a further risk factor for
defective mineralization (19). Importantly, ABD, SHPT, osteomalacia and other contributory
bone abnormalities are not discrete entities, and patients frequently have mixed bone disease
with features of both high and low turnover bone disorders (11). The type of bone disease that
may occur in an individual may change over time and is dependent on the stage of CKD.
SHPT and high turnover bone disease is typically observed early with the risk of low bone
turnover disease increasing with progressive renal dysfunction, and particularly common in
those on long-term dialysis. Furthermore, age-related osteoporosis becomes an increasing
participant in the underling bone abnormalities in patients with CKD (20). Irrespective of the
underlying histological defect, patients with pre-dialysis and dialysis dependant CKD have an

increased risk of fractures compared to age, gender and BMD matched controls (21).

Diagnosis and Investigations

Assessment of bone mineral density (BMD) is most commonly measured using DXA and is
recommended as per the general population in CKD stages 1-3 in the absence of mineral

derangements; where low BMD remains a strong risk for fracture (22). The World Health
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Organisation (WHO) defines osteoporosis by DXA derived T-scores of d -2.5 or in the
presence of a low trauma fracture (1). Osteoporosis is also defined mechanically as a
reduction in bone strength (comprised of bone density and bone quality) that predisposes to

fracture (23).

In CKD stages 4-5, BMD typically underestimates fracture risk (2), with the disparity
between BMD and fracture risk reflecting altered bone quality (trabecular and cortical bone
microarchitecture, bone turnover, mineralization and collagen structure) that is not captured
by the two-dimensional areal measurement of primarily bone mass by DXA (24).
Additionally, it is well known that vascular calcification of the aorta or osteophytic changes
in the lumbar spine, both frequently present in patients with CKD, can produce an

artefactually higher lumbar spine BMD and DXA T-score (25, 26).

Despite these limitations, there have been four prospective studies demonstrating value in
fracture prediction of BMD measured by DXA at the hip, lumbar spine and or radius in the
later stages of CKD (27-29) and those receiving HD (30). In light of these new data, the 2017
KDIGO guidelines have updated their recommendations to include DXA screening for all

stages of CKD if the results will impact management decisions (Table 3) (3).

Newer imaging techniques with high-resolution peripheral quantitative computed tomography
CT (HRpQCT) or MRI can assess aspects of bone quality (trabecular and cortical bone
microarchitecture) utilising three-dimensional images with voxel sizes as low as 60um and
thus may provide more accurate diagnoses of the predominant bone disorder (31). These and

other investigational imaging modalities, such as the Trabecular Bone Score (TBS) or micro-

10
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indentation techniques, have shown encouraging results in improving fracture prediction in
the general population but are yet to be validated in the setting of CKD and not yet widely

available.

Bone biopsy remains the most accurate tool for diagnosing metabolic bone disease in CKD,
allowing for the histomorphometric assessment of bone quality, including bone volume,

mineralization and dynamic parameters of bone turnover.

In Australia bone biopsies are rarely performed to delineate the underlying bone disorder.
When undertaken bone is biopsied from the iliac crest under local anaesthetic following
preparation with two doses orally administered tetracycline 10-14 days apart which provides
fluorescent labelling at two time points and thus the calculation of kinetic indices of bone
turnover. The bone fragment obtained must contain trabecular and cortical bone and is
embedded without de-calcification prior to analysis. Despite being the gold standard for
diagnosing the underlying pathology in CKD-MBD (known as renal osteodystrophy (ROD)),
it is performed in few specialised centres and its processing and analysis require significant
expertise and thus is seldom performed in routine clinical practice. It is also limited by its
ability to provide a measure of bone quality at a single site, and studies have shown
significant discrepancies in the underlying ROD when samples have been concomitantly
taken from the iliac crest, lumbar vertebra and proximal tibia (32, 33). Furthermore, two or
more bone biopsies are required to assess response to therapy and no studies have
demonstrated bone biopsy findings provide fracture prediction. The initial 2009 KDIGO
guidelines necessitated a bone biopsy in patients with CKD-MBD prior to consideration of

anti-resorptive therapy given theoretical concerns of inducing or worsening ABD in patients

11
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with already low bone turnover states. However, with no definitive evidence to suggest anti-
resorptive therapy induces ABD, increasing post-hoc analyses of major osteoporosis trials
and anecdotal clinical experience for the safety and efficacy of anti-resorptives and other
osteoporosis treatments in patients with CKD (34-36), withholding treatment in the absence

of a bone biopsy is no longer supported by the 2017 KDIGO clinical guidelines (Table 3) (3).

Bone turnover markers may be a useful adjunct to assessing metabolic bone disease in the
general population; however, their utility is blunted in the context of CKD. The bone
resorptive marker CTX is dependent on glomerular filtration for excretion and accumulates in
patients with CKD, and may be misleadingly elevated. Procollagen type 1 N-terminal
propeptide (PINP) and bone specific alkaline phosphatase (BSAP), markers of bone
formation, are not renally excreted and thus may be more reliable markers of bone turnover.
Furthermore, concomitant GCs use for patients’ primary renal disease may also affect bone
turnover markers, especially in the early phase of GC therapy, most commonly reducing bone
formation markers and increasing bone resorption markers (37-39). Although there is a
paucity of longitudinal data correlating bone turnover markers with incident fractures, there
are small cross-sectional studies correlating PTH and BSAP levels with their underlying bone
histomorphometry in patients with CKD (6, 40). The conclusion from these studies, and
recommendations adopted by the KDIGO are that PTH levels consistently above 450 pg/ml
(multiple by 0.105 to covert to pnmol/L) are unlikely to be associated with the presence of

ABD.

More novel markers of bone activity, including the bone resorptive marker tartrate-resistant

acid phosphatase (TRAP5Sb), FGF-23, and the osteocyte-derived glycoprotein, sclerostin, are

12
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currently being investigated for their utility in predicting fracture risk, but yet to be validated

for clinical use.

CKD-MBD management

In all patients, non-pharmacological interventions to improve bone health and reduce fracture
risk (eg. reducing falls) should always be offered. Weight bearing exercises and
physiotherapy are an important part of primary and secondary fracture prevention, enhancing
muscle strength and function and may reduce falls (41). Correcting cholecalciferol deficiency
may also be important to maintain and improve bone and muscle health. As observed in the
case, consideration should be given to peripheral neuropathy and proximal myopathy, and

other risk factors for falls, and be managed appropriately.

Phosphate binders

Although the target phosphate level remains controversial, recommendations are to maintain
levels towards the normal range with the use and up-titration of calcium or non-calcium based
phosphate binders (such as lanthanum or sevelamer) and avoiding the long-term use of
aluminium-containing phosphate binders. The revised guidelines stress that therapeutic
decisions should be based according to the trend in levels rather than single measurements.
Caution should be observed not to overly supplement calcium due to concerns of increasing

vascular calcification and cardiovascular morbidity (42).

Vitamin D and their analogues

13
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Vitamin D (cholecalciferol) supplementation can partially limit PTH elevations in patients
with CKD (43), but few studies have examined the benefits of supplementation on bone
outcomes. Active vitamin D analogues (1,25 di-hydroxycholecalciferol) such as calcitriol
available in Australia (paricalcitol available in USA), may be considered if
hyperparathyroidism persists after phosphate levels are controlled. Doses are up-titrated
aiming for the KDIGO’s recommended PTH value 2-9 times the upper limit of the reference
range, owing to accumulation of c-terminal PTH fragments and PTH resistance of uraemic
bone (2, 8). The PRIMO trial randomized 227 patients with CKD stage 3a-4 to receive
paricalcitol or placebo, (44) with secondary end points showing a significant reduction of
PTH levels to 30% of baseline in the paricalcitol group versus 16.5% reduction in the placebo
group (p< 0.001). This was however, at the expense of significant increases in serum calcium
and phosphate. Notably, these data are derived from post-hoc analyses as the primary
outcomes were cardiovascular, and furthermore the short 12-month follow-up does not allow
for adequate evaluation on fracture rates. Although their use has been shown to reduce PTH
levels, the optimal target level of PTH for bone outcomes remains to be determined for
patients with pre-dialysis and dialysis dependant CKD, and there have been no studies

adequately powered to show benefit in clinical outcomes such as fractures (45).

Calcimimetics

Cinacalcet is a calcimimetic that reduces circulating PTH by binding to the calcium sensing
receptor on the parathyroid glands, reducing the release of PTH. It is primarily used in
patients with CKD to control SHPT, but its effects on BMD and fracture reduction efficacy

have been debated. A one-year cohort study of 25 haemodialysis patients with

14
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hyperparathyroidism showed improvement of femoral neck BMD by 7.3% in patients
receiving cinacalcet compared to a 6.2% decline in the control group (46), whilst other
studies including a Cochrane systematic review have shown no benefit (47). Recent
extrapolation of data used for the EVOLVE trial (48), where cinacalcet was compared to
placebo in 3883 haemodialysis patients with SHPT, showed a reduction in PTH levels but no
significant difference in fracture rates in unadjusted analysis, however there was a significant

reduction after adjustment for baseline characteristics. (49).

Despite the lack of clear evidence or consensus amongst the KDIGO workgroup, the use of
calcimimetics, calcitriol, vitamin D analogues or their combination in patients receiving
dialysis requiring PTH lowering therapy continue to be recommended for patients receiving
dialysis in the 2017 guidelines and are all are considered acceptable first line agents. Similar
to the 2009 guidelines, the 2017 guidelines do not routinely recommend the use of these
agents in patients with pre-dialysis CKD stage 4-5 except in cases of severe and progressive
hyperparathyroidism (3). Of note, the use of cinacalcet in Australia is limited to private
prescriptions given it was removed from subsidisation on the Pharmaceutical Benefits

Scheme (PBS) in August 2015.

Bisphosphonates

Bisphosphonates are the most commonly used medication for management of osteoporosis in
the general population. They are analogues of inorganic pyrophosphate which adsorb to the
surface of bone hydroxyapatite and interfere with osteoclast-mediated bone resorption. 50-

80% of bisphosphonates are taken up by bone and 20-50% renally excreted without prior

15
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metabolism (50). Most clinical trials analysing their efficacy in fracture reduction have
excluded patients with significant renal impairment (36, 51, 52) and there are limited clinical
studies of bisphosphonate use in patients with CKD stages 4-5. Additionally, the use of
bisphosphonates has also been associated with direct nephrotoxicity and in general they have
been contraindicated in patients with an eGFR < 30mls/ min. Nevertheless, there is growing
evidence from post hoc analyses of data from the major trials of bisphosphates including
risedronate (36) and alendronate (51), that have shown improvements in BMD in post-
menopausal women with CKD stage 3-4 without increased renal adverse events. Of note
however, these patients did not have perturbations in mineral metabolites. Trials in dialysis
patients are equally sparse, although one randomized control study treated haemodialysis
patients with 6 months of alendronate, and demonstrated stable hip BMD compared to
placebo, but fracture outcomes were not reported (53). There is a theoretical concern
however, that bisphosphonate administration in patients with ABD may exacerbate the
underlying low activity metabolic abnormalities, further suppressing bone remodelling (50),
but no studies have confirmed this hypothesis. With the current body of evidence, anti-
resorptive therapy with bisphosphonates in CKD stages 1-3 is recommended according to
osteoporosis guidelines in the general population if there are no biochemical derangements
(36). In CKD stage 4-5 treatment may also be considered, weighing an individual’s benefit
risk profile, based on biochemical disturbances, BMD, previous fracture history with

consideration of an accurate diagnosis by bone biopsy (3).

Denosumab

16
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Denosumab is a fully humanized monoclonal antibody to the receptor activator of nuclear
factor Kappa-B Ligand (RANKL) that inhibits osteoclast formation and functions in a dose
dependant manner. It undergoes hepatic metabolism and renal function does not have a
significant effect on its pharmacokinetic or pharmacodynamic properties (54). Although its
safety and fracture reduction efficacy in CKD stage 4-5 has not been thoroughly evaluated,
post hoc analyses of data from the FREEDOM trial (Fracture Reduction Evaluation of
Denosumab in Osteoporosis every 6 Months) (54), demonstrated beneficial treatment
outcomes with improvements in BMD and reduced risk of fracture amongst patients with
stage 1-4 CKD (35). There were no patients with CKD stage 5 enrolled in the trial. As with
bisphosphonates, there are concerns regarding the potential to worsen metabolic
abnormalities in the presence of ABD due to its potent anti-resorptive properties.
Concerningly, however, precipitating profound and prolonged hypocalcaemia resulting in
seizures, cardiac arrhythmias and laryngospasm, post-denosumab administration in patients
with CKD have been reported (55-58). Although there are no standardised and proven clinical
recommendations to prevent this complication, evidence from small studies and expert
opinion have recommended adequate vitamin D stores prior to the commencement of
denosumab, with careful monitoring and supplementation of calcium as required post-dose,
especially within the first few weeks following its administration (58-61). Anecdotally, some
centres now avoid the use of denosumab in patients with CKD 4-5. Thus, although its non-
renal pharmacokinetics are appealing for use in CKD, its role is yet to be fully defined for

these patients, and risk of hypocalcaemia in patients with CKD remains a concern.

Teriparatide

17

This article is protected by copyright. All rights reserved.



Teriparatide is a PTH analogue that directly stimulates osteoblastic bone formation, yielding
anabolic benefits when given in cyclical doses to patients with osteoporosis. It improves
BMD and reduces fractures in post-menopausal women with severe osteoporosis (62). In post
hoc analyses of post-menopausal women with stage 3 CKD, it was shown have similar
increments in PINP and BMD compared to women with normal renal function, but at the cost
of higher rates of hypercalcaemia and hyperuricaemia in the lower creatinine clearance group
(62). Despite its fracture efficacy, studies of teriparatide in patients without CKD have
demonstrated increased cortical thinning and cortical porosity, and thus its use may augment
these abnormalities in patients with CKD-MBD with already high baseline PTH and should
be avoided in such patients. Teriparatide has been proposed as a potential therapeutic
intervention in patients with CKD and ABD, with the conceivable mechanism of activating
inactive osteoclasts and osteoblasts. There have been case reports and small trials (n<10
patients) in haemodialysis patients with biopsy confirmed ABD with benefits in BMD
following teriparatide administration (63-65). However, given the limited data evaluating its
effect on BMD, no evidence for fracture risk reduction and undefined safety profile, its use

remains undefined in patients with CKD-MBD and ABD.

Renal transplantation

Successful renal transplantation reverses many metabolic and mineral derangements that
occur in CKD, with ensuing improvements in morbidity and mortality compared to dialysis
(66). Renal transplant recipients, however, remain at high risk of fracture, with a fourfold
increased risk over the general population and hip fracture rates exceeding those on dialysis

(67, 68). Hyperparathyroidism, in the absence of autonomous function, usually improves,

18
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within the first one to two years. Persistently elevated PTH levels are seen in up to 45% of
patients due to parathyroid hyperplasia or adenomas (69) and correlate with significant bone
loss at the hip (70) and levels > 130 pg/ml 3 months post-transplantation are associated with a
significant increased risk for incident fracture (71). Serum calcium levels usually normalise,
however in the face of persistent hyperparathyroidism and improved 1, 25 hydroxy-vitamin D
production, elevated levels may become exacerbated and potentially worsen.
Hypophosphataemia is common early post-transplant due to elevated FGF-23 and PTH levels
and use of calcineurin inhibitors (72). FGF-23 levels decline following transplantation, and
tend to normalise by 12 months, and together with reductions in PTH levels, there is
concurrent stabilisation of phosphate levels (72). Persistent hypophosphataemia has been
reported in the presence of ongoing elevated PTH levels (72, 73) and there has been a report
of increased fracture rates in renal transplant recipients with lower serum phosphate levels
(74). However, the long term consequences of low serum phosphate post-transplantation on

bone metabolism and fracture, remain to be established (72).

Low bone turnover states may improve many years following transplantation with restoration
of PTH levels, but ABD remains common (75). Bone disease in renal transplant recipients
may reflect pre-existing, persistent or de novo mineral and bone disturbances but commonly
also results in the development of osteoporosis, as a consequence of advancing age and GCs
immunosuppression (76). Early studies showed rapid bone loss in the first 6-12 months post-
transplantation, with 4-10% declines in BMD at 6 months (77). More recent data from
prospective trials suggest BMD losses are lower at 0.1-5.7%. This has been attributed to

earlier withdrawal of GCs, increased use of vitamin D analogues and anti-resorptive agents in

19
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the post-transplant period and potentially better pre-transplantation management of CKD-

MBD (78).

Differentiating between high and low turnover bone disease or osteoporosis also remains
challenging post-renal transplantation whereby biochemical and DXA imaging parameters are
not consistent predictors of the underlying bone disease or fracture. Although the predictive
value of DXA in these patients is not widely acknowledged, the KDIGO now recommends
DXA screening in transplant patients with eGFR >30mls/min/1.73m? (3), following the recent

studies demonstrating its value in fracture prediction (27-30, 79, 80).

THE CASE

Patient management

This case exemplifies the difficulties in the diagnosis and management of patients with
fragility fractures in the context of CKD. The patient reported had multiple risk factors for
fragility fracture, including long standing diabetes mellitus and CKD, chronic haemodialysis,
and PTH levels that were consistently low prior to renal transplantation consequent to the use
of phosphate binders and calcitriol. The patient’s biochemical profile of a normal ALP and
persistent low normal PTH values make a diagnosis of osteitis fibrosa cystica unlikely. The
acute elevation in PTH immediately prior to his transplant was secondary to cessation of
calcitriol and phosphate binders and is not characteristic of the chronic elevation in PTH seen

in secondary or tertiary hyperparathyroidism. Immunosuppressant agents used, most notably

20
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GCs, are likely culprits that further impaired his bone microarchitecture and bone strength
post-transplant. The DXA scan revealed a BMD in the osteoporotic range at the femoral neck
and osteopenic range at the lumbar spine, and this discrepancy between femoral neck and
lumbar spine BMD is commonly seen in patients with CKD-MBD due to overlying aortic

calcification and/or osteophytic changes at the lumbar spine.

This patient was a high risk for future fractures and treatment was deemed necessary,
however, given the concerns about anti-resorptive agents in patients with a biochemical
profile suggestive of low bone turnover, and given the patients presentation preceded the
2017 KDIGO update, a bone biopsy was considered essential prior to commencing anti-
resorptive treatment and thus performed. The bone biopsy, utilising double labelled
doxycycline, showed sparse inactive trabecular bone with no observable mineralization front,
nor osteoclasts or osteoblasts (Figure 1a and 1b). The toluidine blue stain revealed only a
very small rim of osteoid present with less than 1% coverage of the bone surface (Figure 1c).
The Congo red stain for amyloid was negative and there were no features of aluminium
deposition (images not shown). Collectively, these features were consistent with a diagnosis

of ABD.

He was treated with cholecalciferol replacement, with an ensuing reduction in his PTH levels,
a result of replenished cholecalciferol status and improved renal function, and repeat
testosterone levels were within normal limits. He was advised to increase his dietary calcium
intake and continue physiotherapy with weight bearing exercises. Teriparatide treatment was
a potential avenue but given the paucity of evidence to support beneficial effects in ABD and

its unclear safety profile in patients with CKD-MBD, it was not pursued.
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Conclusion

Patients with CKD-MBD are at high risk of fracture, cardiovascular disease and have
increased overall mortality.  Although our understanding of the pathophysiological
mechanisms underpinning these bone and mineral disturbances has progressed, development
of accurate screening tools has lagged. Given the recent validation of DXA to predict fracture
across all stages of CKD including those receiving dialysis, in the absence of a bone biopsy,
the combination of low BMD on DXA and biochemical markers coupled with clinical risk
factors remain our most powerful indicators of fracture risk in these patients. Management of
bone health in patients with stages 1-3 CKD without mineral abnormalities should be
equivalent to the general population, and in later stages of CKD focuses on controlling SHPT
without over suppression of PTH, but optimal target levels of PTH, phosphate and vitamin D
for bone health remain unclear. Despite increasing evidence and clinical experience for the
efficacy and safety of bisphosphonates and teriparatide in patients with CKD and treatment
supported by the 2017 KDIGO guidelines, the use of bisphosphates or teriparatide in patients
with an eGFR <30mls/min (CKD 4 and beyond) is not currently approved in Australia.
Although denosumab is registered for use in all stages of CKD with efficacy in BMD
improvements, no studies have yet evaluated fracture data and the increasing concerns
regarding its safety in patients with moderate and severe CKD has brought caution to its

routine use in these patients.

The updated 2017 KDIGO guidelines for the diagnosis, evaluation, prevention and treatment
of CKD-MBD reflect the current evidence pool, with major updates influencing bone health

in the diagnostic usefulness of BMD testing by DXA, regression of mandatory bone biopsy
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requirements and suggestion of individualised treatment strategies according to patients’
clinical, biochemical and BMD risk factors. However, significant evidence gaps remain and
given the high fracture risk, associated increased morbidity, mortality and economic burden
of patients with CKD-MBD, there is an urgent need for additional research to further define
pathophysiological mechanisms, validate accessible diagnostic tools and develop evidence-

based treatment strategies for these patients.

Acknowledgment: The patient presented in this case consented to release of his de-identified
clinical information for this publication.
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Table 1: Patient’s medication list

e Cholecalciferol 3000 IU daily
(Started 2 weeks before his appointment)
Prednisolone 12.5 mg
Mycophenolate

Tacrolimus

Dapsone

Amphotericin lozenges
Valganciclovir

Novorapid TDS

Glargine daily

Atorvastatin

Pregabalin
Levodopa-carbidopa
Amitriptyline
Oxycodone
Domperidone TDS
Ranitidine
Metoprolol
Moxonidine
Frusemide
Hydrochlorothiazide
Potassium chloride
Magnesium
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Table 2: Patients Biochemical and metabolic bone profile

1.24 1.53 1.63 0.73
115 109 87

N/A N/A 628 167
22.6 34.8 673 277
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Patient Patient
taking taking
calcitriol, calcitriol,
phosphate  phosphate
binders binders

6.4 (Oct
2012)
LH 3 FSH
5
L1#
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Table 3: Updated recommendations from the 2017 KDIGO guidelines on the diagnosis and treatment of CKD-MBD*®)

- 2009 KDIGO guidelines 2017 KDIGO guidelines Rationale \

Diagnosis
BMD by DXA In patients with CKD G3a—-G5D
with evidence
of CKD-MBD, we suggest that
BMD testing not be
performed routinely, because
BMD does not
predict fracture risk as it does
in the general
population, and BMD does not
predict the type of
renal osteodystrophy

Bone Biopsy In patients with CKD G3a—-G5D,
itis
reasonable to perform a bone
biopsy in various
settings including, but not
limited to: unexplained

In patients with CKD Stages 3a-
5D with evidence of CKD-MBD
and/or risk factors for
osteoporosis, BMD testing is
suggested to assess fracture
risk if results will impact
treatment decisions

In patients with CKD G3a—G5D,
itis
reasonable to perform a bone
biopsy if
knowledge of the type of renal
osteodystrophy

This article is protected by copyright. All rights reserved.

Four prospective cohort
studies of DXA BMD and
incident fractures in adults
with CKD stages 3a - 5D
DXA BMD predicted fractures
across the spectrum from CKD
stages 3ato 5D

The primary motivation for
this revision was
the growing experience with
osteoporosis
medications in patients with
CKD, low BMD,

Evidence
grade &

2B

Not graded
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fractures, persistent bone pain,
unexplained
hypercalcemia, unexplained
hypophosphatemia,
possible aluminum toxicity,
and prior to therapy
with bisphosphonates in
patients with CKD-MBD

In patients with CKD G4-G5D
having
biochemical abnormalities of
CKD-MBD, and low
BMD and/or fragility fractures,
we suggest
additional investigation with
bone biopsy prior to
therapy with antiresorptive
agents

Bisphosphonates
(and other
osteoporosis
medications)

will impact treatment
decisions

Treatment

In patients with CKD G3a—-G5D
with biochemical
abnormalities of CKD-MBD and
low BMD and/or fragility
fractures, we suggest
treatment choices take into
account the magnitude and
reversibility of the biochemical
abnormalities and the
progression of CKD, with
consideration of a bone biopsy

This article is protected by copyright. All rights reserved.

and a high risk of fracture. The

inability to

perform a bone biopsy may
not justify

withholding antiresorptive

therapy from
patients at high risk of
fracture.

The primary motivation for 2D
this revision was
the growing experience with
osteoporosis
medications in patients with
CKD, low BMD,
and a high risk of fracture. The
inability to
perform a bone biopsy may
not justify
withholding antiresorptive
therapy from
patients at high risk of
fracture.
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*These represent a select number of clinical updates from the 2017 KDIGO guidelines and are not a complete summary.
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Figure 1: DXA scan results
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Figure 2: Bone biopsy histology

Acid Phosphatase Stain

Low Power; for osteoclasts
Shows minimal cellular activity
Thin trabeculae (arrow)

Acid Phosphatase Stain
Medium Power; for osteoclasts

Shows minimal cellular activity
Small rim of tetracycline labelling
(arrows)
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Toluidine Blue Stain

Medium power

Demonstrates well mineralized
bone

Minimal osteoid present (arrow)
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ABSTRACT

The metabolic abnormalities affecting bone in the setting of chronic kidney disease (CKD)
are complex with over-lapping and inter-acting aetiologies and have challenging diagnostic
and management strategies. Disturbances in calcium, phosphate, fibroblast growth factor 23,
parathyroid hormone (PTH) concentrations and vitamin D deficiency are commonly
encountered and contribute to the clinical syndromes of bone disorders in CKD including
hyperparathyroidism, osteomalacia, osteoporosis and adynamic bone disease. Mineral and
bone abnormalities may also persist or arise de novo post-renal transplantation. The Kidney
Disease Improving Global Outcomes (KDIGO) organisation describes these mineral
metabolism derangements and skeletal abnormalities as ‘CKD Mineral and Bone Disorder’
(CKD-MBD). Patients with this disorder have an increased risk of fracture, cardiovascular
events and overall increased mortality. In light of the recently updated 2017 guidelines from
the KDIGO, we present a clinical case-based discussion to highlight the complexities of
investigating and managing the bone health of patients with CKD with a focus on these

updates.

Key words: Chronic Kidney Disease, Metabolic bone disease, Fractures
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