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Abstract
After successful kidney transplantation, accumulated waste products and electrolytes are excreted and regulatory hormones return to normal levels. Despite the improvement in mineral metabolites and mineral regulating hormones after kidney transplantation, abnormal bone and mineral metabolism continues to present in most patients. During the first 3 mo, fibroblast growth factor-23 (FGF-23) and parathyroid hormone levels decrease rapidly in association with an increase in 1,25-dihydroxyvitamin D production. Renal phosphate excretion resumes and serum calcium, if elevated before, returns toward normal levels. FGF-23 excess during the first 3-12 mo results in exaggerated renal phosphate loss and hypophosphatemia occurs in some patients. After 1 year, FGF-23 and serum phosphate return to normal levels but persistent hyperparathyroidism remains in some patients. The progression of vascular calcification also attenuates. High dose corticosteroid and persistent hyperparathyroidism are the most important factors influencing abnormal bone and mineral metabolism in long-term kidney transplant (KT) recipients. Bone loss occurs at a highest rate during the first 6-12 mo after transplantation. Measurement of bone mineral density is recommended in patients with estimated glomerular filtration rate > 30 mL/min. The use of active vitamin D with or without bisphosphonate is effective in preventing early post-transplant bone loss. Steroid withdrawal regimen is also beneficial in preservation of bone mass in long-term. Calcimimetic is an alternative therapy to parathyroidectomy in KT recipients with persistent hyperparathyroidism. If parathyroidectomy is required, subtotal to near total parathyroidectomy is recommended. Performing parathyroidectomy during the waiting period prior to transplantation is also preferred in patients with severe hyperparathyroidism associated with hypercalcemia.
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Core tip: Despite the improvement in mineral metabolites and mineral regulating hormones after kidney transplantation, abnormal mineral metabolism continues to present in most patients. High dose corticosteroid and persistent hyperparathyroidism are the most important factors influencing abnormal mineral metabolism in long-term kidney transplant recipients. The use of active vitamin D with or without bisphosphonate and steroid withdrawal regimen are effective in preventing early post-transplant bone loss. Calcimimetic is an alternative therapy to parathyroidectomy. If parathyroidectomy is required, subtotal to near total parathyroidectomy is recommended. Performing parathyroidectomy during the waiting period is also preferred in patients with severe hyperparathyroidism associated with hypercalcemia.
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INTRODUCTION
After successful kidney transplantation, kidney function resumes. Accumulated waste products and electrolytes are excreted and regulatory hormones return to normal levels. Important mineral metabolites and regulatory hormones in bone and mineral metabolism include calcium, phosphate, parathyroid hormone (PTH), fibroblast growth factor-23 (FGF-23) and vitamin D. Improvement of bone and mineral metabolism are expected in most patients and, as a result, the progression of vascular calcification also attenuates. However, persistent abnormalities remain in some patients. Due to the dependency on life-long immunosuppression especially corticosteroid, new bone disorder may also develop. This review focuses on abnormalities of bone and mineral metabolism that occur after kidney transplantation.

FGF-23 AND PHOSPHATE
Prior to kidney transplantation, chronic kidney disease (CKD) patients often have high FGF-23 level as a result of phosphate retention. After successful kidney transplantation, as kidney function resumes, urinary phosphate excretion is normally exaggerated by the relatively high FGF-23 concentration resulting in renal phosphate wasting and low serum phosphate in some patients. Despite the rapid reduction of FGF-23 during the first 3 d up until 3 mo after transplantation, the average FGF-23 level is still higher than normal resulting in almost 90% of patients with functioning graft experiencing hypophosphatemia at some point[1-3]. The degree of hypophosphatemia is mild-to-moderate (1.5-2.3 mg/dL) in 20% and severe (≤ 1.5 mg/dL) in 60% of the patients. After 3 mo, FGF-23 levels still elevate in 60% and hypophosphatemia can still be observed in 30%. FGF-23 levels at 3 mo after transplantation are independently associated with fractional excretion of phosphate (FEP), decreased calcitriol levels and pre-transplant FGF-23 levels. There are no correlations between phosphate parameters and PTH during this early period[1,3]. The degree of hypophosphatemia can also be predicted by pre-transplant FGF-23 levels[4]. FGF-23 normally returns to baseline approximately 1 year after transplantation[5,6]. Among patients who have been transplanted for longer than 10 years with a well-functioning graft, FGF-23 levels are comparable to CKD patients matched for estimated glomerular filtration rate (eGFR)[7]. Nevertheless, despite the return of FGF-23 to baseline after 1 year, serum phosphate is still significantly lower than that in CKD patients[5]. Studies on phosphate metabolism in this later period reveal lower serum phosphate and higher serum calcium compared to CKD patients with equivalent eGFR and hypophosphatemia can still be observed in 5%-6% of the patients[8,9] (Figure 1A and B). Low serum phosphate is the result of phosphate loss in the urine but, in contrast to the early period, FGF-23 is not responsible for phosphaturia because FGF-23 levels are lower than the levels observed in CKD patients[9,10]. The presence of decreased serum phosphate and increased serum calcium seems to suggest the role of PTH in renal phosphate loss. In fact, PTH levels in KT recipients are higher than that in CKD patients at all levels of kidney function and only increased PTH level displays an independent association with FEP during this later period after kidney transplantation[8] (Figure 1C).

PTH
PTH levels decline substantially during the first 3 mo after kidney transplantation. However, a significant number of KT recipients with adequate allograft function still exhibits high PTH levels[11]. In long-term KT recipients with a well-functioning graft (eGFR > 30-45 mL/min), high PTH level can still be observed in 30%-60% one year after transplantation[5,7,8,12]. Elevated PTH level in this later period is responsible for an increase in serum calcium, a decrease in serum phosphate and an increase in FEP suggesting that the secretion of PTH is not entirely under the normal feedback control[8,13]. High PTH level prior to transplantation, long dialysis vintage, and monoclonal transformation (nodular hyperplasia) of parathyroid glands are important risk factors for the persistence of hyperparathyroidism after transplantation. Nodular hyperplastic parathyroid gland exhibits a decrease in calcium sensing receptor (CaSR), vitamin D receptor (VDR) and FGFR1-Klotho expression resulting in an upward increase in the set point of calcium that triggers PTH release and a resistance to active vitamin D and FGF-23[9,11,14-17]. Pre-transplant PTH and calcium levels can also predict the severity of persistent hyperparathyroidism and the need for parathyroid surgery after transplantation[18]. Restoration of CaSR and VDR expression after successful transplantation which can allow the shrinkage of gland size is expected only in non-nodular hyperplastic glands[19]. Due to the long life span of parathyroid cells (approximately 20 years) with a cell renewal rate of only 5% per year, the decrease in PTH level after the first 3 mo occurs at a very slow rate. Therefore, patients with high PTH level prior to transplantation are likely to experience long-term persistent hyperparathyroidism. The use of calcimimetic drug during the waiting period can also influence the degree of hyperparathyroidism after transplantation. In a  study that compared patients who had been on cinacalcet during the waiting period and then discontinued after transplantation to those who had never been on the drug revealed a higher incidence of post-transplant nephrocalcinosis and parathyroidectomy in patients who had been on cinacalcet before[20]. 

VITAMIN D
25-hydroxyvitamin D (25-OH-D) deficiency is commonly observed in KT recipients. Recent study in the northern latitude of European continent revealed 49% of long-term KT recipients (median transplant vintage of 6 years) were vitamin D deficient (25-OH-D < 20 ng/mL), 33% were insufficient (20-30 ng/mL) and 18% were sufficient (> 30 ng/mL)[21]. Other studies in western countries found similar results with only 10%-20% of patients had sufficient 25-OH-D level[22-25]. Studies in Asian countries closer to the Equator with more sun exposure revealed the prevalence of 25-OH-D deficiency ranging between 20%-30%, 25-OH-D insufficiency around 50% and 25-OH-D sufficiency ranging between 25%-30%[8,26]. Time from transplantation seems to positively influence 25-OH-D level in which every year out of transplantation decreases the risk of deficiency by approximately 10%[27]. In addition to the reduced sunlight exposure, the use of sun protectors, and the impaired kidney function, immunosuppressive drugs especially high doses of steroid, metabolic syndrome and obesity are also associated with 25-OH-D deficiency[26,28] Lower 25-OH-D level in KT recipients can worsen the degree of hyperparathyroidism by depleting the substrate for 1,25-dihydroxyvitamin D (1,25-OH2-D) production[25]. Severe 1,25-OH2-D deficiency can be observed in up to 80% in the immediate post-transplant period[29]. The concentration of 1,25-OH2-D increases rapidly thereafter and becomes comparable to CKD patients with equivalent kidney function after 3-12 mo[5]. During the early period post-transplantation, 1,25-OH2-D levels are negatively correlated with FGF-23 levels suggesting that the excess of FGF-23 suppresses the production of 1,25-OH2-D. Twelve months after transplantation, only allograft function displays an association with 1,25-OH2-D level indicating the return of vitamin D physiology towards that of CKD[5]. Roles of vitamin D in KT patients are diverse. In addition to the effect on bone and mineral metabolism, vitamin D also exerts several important immunological effects. The effect of vitamin D on adaptive immune responses including inhibition of dendritic cell proliferation and maturation causing an impairment of antigen presenting activity may reduce the risk of transplant rejection[30]. In addition to suppression of cell growth, vitamin D also promotes cell apoptosis while inhibiting angiogenesis which may also protect against cancer development after transplantation[31]. The details of this topic can be found in a review by McGregor et al[32]. 

CALCIUM
Immediately after successful kidney transplantation, serum calcium decreases secondary to the discontinuation of calcium and active vitamin D. The rapid decline in PTH results in the movement of calcium back into the bone and the loss of calcium in the urine[33]. Thereafter, serum calcium gradually increases and becomes stabilized after 3-6 mo. Due to the high prevalence of persistent hyperparathyroidism as mentioned earlier, hypercalcemia usually develops in 10%-15% of KT recipients[8,12]. Pre-transplant calcium and PTH levels are the significant determinant of hypercalcemia after transplantation[6,15]. Increased serum calcium may also occur in association with low PTH levels. In this case, other causes such as malignancy and opportunistic infection should be considered. Hypercalcemia in conjunction with pneumocystis jirovecii pneumonia (PCP) is being increasingly reported in immunocompromised patients[34]. The increase in serum calcium was due to granulomatous PCP infection and extrarenal production of 1,25-OH2-D[35]. Hypercalcemia may be a prodromal feature of indolent PCP infection with full blown pneumonia developing few months later[36]. Hypercalcemia and suppressed PTH level normally resolve after a successful treatment of pneumonia.

BONE LOSS
Prevalence of osteoporosis in long-term KT recipients ranges between 11%-56% with the incidence of vertebral fracture 3%-29% and peripheral fracture 11%-43%[37]. Bone loss occurs at a highest rate in the first 6 mo and continues to occur at a slower rate during the following 6-12 mo after transplantation[38,39]. According to bone mineral density (BMD) data, the rate of bone loss in the first 6 mo ranges between 5.5%-19.5%, which decreases to 2.6%-8.2% after 6-12 mo. After the first year, BMD largely stabilizes but, in some patients, a gradual decline may still be observed at a rate between 0.4%-4.5%[40]. The data on bone histology in KT recipients revealed abnormalities in nearly all patients. The decrease in bone volume and bone formation was observed indicating the presence of adynamic bone disease[41]. In addition, there was an increase in osteoblast apoptosis, some degree of mineralization defect as well as an increase in bone resorption[42]. Abnormal bone pathology and bone loss that occur after kidney transplantation are largely due to the high cumulative dose of corticosteroid and persistent hyperparathyroidism[43]. Corticosteroid can inhibit osteoblastogenesis, suppress bone formation, promote osteoblast apoptosis, stimulate bone resorption and attenuate calcium absorption from the intestine[44]. Persistent hyperparathyroidism is an important factor for the increased bone resorption after kidney transplantation[39]. Despite the presence of hypophosphatemia in the early post-transplant period, only 5% of KT recipients display bone histologic finding consistent with osteomalacia[45]. In addition to corticosteroid and hyperparathyroidism, factors other than age, gender and diabetes that may influence post-transplant bone loss include long dialysis vintage, previous transplantation and poor allograft function[46]. Recently published study also revealed the relationship of HCV infection and post-transplant osteoporosis[47]. As for fracture risk, the risk of hip fracture in KT recipients during the first 6 mo after transplantation is 34% higher than that in dialysis patients[48]. In long-term KT recipients, fracture risk within 10 years of transplantation is 4 times higher than fracture risk in general population[49]. After 10 years, the risk decreases to twice of that in general population[50].

VASCULAR CALCIFICATION
Atherosclerosis and vascular calcification are common among patients with CKD due to the high prevalence of cardiovascular risk factors including aging, smoking, diabetes, hypertension and dyslipidemia. Comparing to general population of the same age, the severity of atherosclerosis and vascular calcification in CKD patients is intensified by the prolonged exposure to phosphate retention, the increased calcium load from calcium-based phosphate binder and high dialysate calcium and the presence of uremia and inflammation[51,52]. Prevalence of coronary artery calcification (CAC) in dialysis patients ranges between 80%-90%[53,54]. In the study that evaluated vascular calcification at the time of transplantation found the presence of CAC in 65%[55]. Pathogenesis of vascular calcification involves an active cellular process of vascular smooth muscle cell transformation into osteoblast-like cells. This programmed cellular transformation can be induced by high calcium and high phosphate environment and made worse by the reduction of calcification inhibitors that occurs in uremic environment[56]. Kidney transplantation offers a mean to improve both kidney function and abnormal mineral metabolism at the same time. Following KT recipients with a good allograft function for 1-2 years after transplantation revealed a stabilization of vascular calcification in most patients[57]. However, with longer follow-up period up to 4 years, the overall progression was observed[58,59]. When compared vascular calcification in patients who remained on dialysis to KT recipients, the degree of vascular calcification was more pronounced in KT recipients especially among those who had been on dialysis for longer than 2 years (Figure 2A). With increasing length of time after transplantation, worsening of vascular calcification was also observed (Figure 2B)[60]. A review of 13 studies on vascular calcification in KT recipients found that CAC continued to progress at a slow rate after transplantation. There was a strong association between baseline CAC score and CAC progression. A significant improvement in hyperparathyroidism after transplantation retarded the progression of CAC and low 25-OH-D level was an independent determinant of CAC progression[61]. Since abnormal mineral metabolism is largely restored by kidney transplantation, these data suggest that cellular changes within the vascular wall are likely to be irreversible. Moreover, the continued exposure to traditional risk factors such as diabetes, hypertension and dyslipidemia as well as corticosteroid may also encourage the progression.

OUTCOMES
Similar to CKD population, increased FGF-23 levels in KT recipients predict cardiovascular mortality, all-cause mortality and the composite outcome of allograft loss and death[62,63]. Serum phosphate greater than 3.5 mg/dL is a predictor of all-cause mortality after 4 years of follow-up independent of allograft function[64]. PTH level higher than 135 pg/mL at 10 wk after transplantation has been shown to predict the composite endpoint of cardiovascular events, graft loss and all-cause mortality[65]. PTH levels greater than 130 pg/mL at 3 mo after transplantation is an independent predictor of fracture after 5 years of follow-up[66]. In a retrospective review, high serum calcium with low serum phosphate in KT recipients was associated with a decline in graft function during the first year[67]. Low 25-OH-D level can predict all-cause mortality but not cardiovascular mortality in long-term KT recipients. This observation suggests that conditions other than cardiovascular disease, such as malignancy, may be the cause of an increased mortality[21,68]. Low 25-hydroxyvitamin D concentration measured 3 mo after transplantation is also an independent risk factor for interstitial fibrosis progression and is associated with a lower GFR 1 year after transplantation[69]. The presence of CAC score greater than 100 and the progression of CAC in KT recipients are strongly predictive of cardiovascular events and mortality[61,70].

MANAGEMENT
Screening and diagnosis
Kidney Disease Improving Global Outcomes (KDIGO) recommends following serum calcium and phosphate at least once a week during the first 2 mo after transplantation or until the concentrations stabilize. Thereafter, the frequency of monitoring depends on the level of allograft function. In KT recipients with eGFR ≥ 30 mL/min (stage 3T), serum calcium and phosphate should be followed every 6-12 mo and PTH should be followed yearly. Once eGFR decreases to 15-29 mL/min (stage 4T), serum calcium and phosphate should be followed every 3-6 mo and PTH every 6-12 mo. In KT recipients stage 5T, serum calcium and phosphate should be followed every 1-3 mo and PTH every 3-6 mo[71]. 25-OH-D level should also be checked in the early post-transplant period. Regarding monitoring of bone loss and evaluation of fracture risk, in patients with eGFR > 30 mL/min, BMD measurement can be valuable and should be determined within the first 3 mo and then every year thereafter. If the loss of BMD is less than 5%, monitoring every 2 years is adequate[71].

Phosphate replacement
Hypophosphatemia is common in the early period post-transplantation as a result of renal phosphate loss from FGF-23 excess and calcitriol deficiency[3]. Patients with mild to moderate hypophosphatemia are largely asymptomatic and phosphate replacement may do more harm than good causing a binding to calcium resulting in hypocalcemia and nephrocalcinosis[72]. Acute phosphate nephropathy has also been reported in association with oral phosphate replacement in KT recipients[73]. However, if serum phosphate drops below 1-1.5 mg/dL or patients are symptomatic, phosphate replacement may be necessary in order to alleviate the symptoms and to prevent bone demineralization. Once serum phosphate is stable, phosphate replacement should be discontinued.

Vitamin D
Earlier studies have shown the effectiveness of oral calcitriol with or without calcium supplement in reducing PTH in KT recipients with normocalcemic hyperparathyroidism[74,75]. Calcitriol can also prevent bone loss especially during the first year after transplantation[76,77]. Similar to calcitriol, oral alfacalcidol can lower PTH and improve BMD in KT recipients[78,79]. In these studies, transient hypercalcemia occurred in a few patients but all incidences were without clinical significance. In a later randomized controlled study of paricalcitol vs no treatment for 1 year in incident KT recipients under steroid withdrawal protocol revealed the effectiveness of oral paricalcitol in lowering PTH with a 54% relative risk reduction of hyperparathyroidism. BMD increased in both groups and there were no differences in the change of BMD among the two groups. The reason for preservation of BMD in all patients was likely due to the steroid withdrawal regimen used in this study. Few patients developed hypercalcemia and/or hypercalciuria necessitating discontinuation of the drug or reduction of the dosage[80]. Another randomized controlled trial of paricalcitol vs no treatment for 6 mo in prevalent KT recipients with transplant duration 5-17 years also revealed the ability of paricalcitol in lowering PTH. In this study, vertebral BMD as well as proteinuria improved after paricalcitol therapy[81]. The above evidence indicate that oral active vitamin D are beneficial in alleviating persistent hyperparathyroidism and improving bone mass. In incident KT recipients, oral active vitamin D with or without calcium supplement for at least 6 mo to 1 year after transplantation can also prevent early post-transplant bone loss. Hypercalcemia and increased calcium load are major limiting factors for the use of active vitamin D. As for nutritional vitamin D, according to KDIGO guideline, 25-OH-D level should be measured and nutritional vitamin D should be given according to the recommendation for general population[71]. Since nutritional vitamin D supplement can provide the substrate (25-OH-D) for 1,25-OH2-D production, the decrease in PTH levels were observed after cholecalciferol 25000 IU/mo or 400 IU/d supplementation. However, the benefit of nutritional vitamin D in preservation of bone mass was inconsistent[82,83].

Bisphosphonates
[bookmark: _GoBack]Bisphosphonates are analogs of inorganic pyrophosphate that have the ability to suppress osteoclastic bone resorption. Bisphosphonates are commonly used in the treatment of osteoporosis in general population. Trials that evaluated the effectiveness of intravenous bisphosphonates in prevention of bone loss in KT recipients revealed the ability of intravenous ibandronate, pamidronate and zoledronic acid in preservation of BMD especially at the lumbar spine during the first year after transplantation[84-86]. Comparison between intravenous pamidronate given at baseline, months 1, 2, 3, and 6 on top of oral calcitriol and calcium carbonate to oral calcitriol and calcium alone in incident KT recipients revealed the superiority of intravenous pamidronate in preservation of vertebral BMD but all patients that received pamidronate developed adynamic bone disease at the end of the study[87]. In a randomized controlled trial comparing intravenous ibandronate every 3 mo for 12 mo to placebo on top of oral calcitriol and calcium in incident KT recipients revealed the effectiveness of ibandronate in further improving BMD at femur and ultradistal radius compared to oral calcitriol and calcium alone[88]. As for oral bisphosphonates, oral alendronate and risedronate are either superior or equally effective to oral active vitamin D in prevention of early post-transplant bone loss at the lumbar spine and the hip but failed to show benefit in the reduction fracture risk[79,89-92]. Bone biopsy study that evaluated the effect of oral risidronate for 12 mo on bone turnover in incident KT recipients revealed no evidence of adynamic bone disease[93]. The difference between this study and the intravenous pamidronate study mentioned earlier may be due to the use of a combined regimen of oral calcitriol and pamidronate or the dose and/or the route of administration of pamidronate that might have exaggerated the suppression of bone turnover. The systematic review of randomized controlled trials and the retrospective review of trials in prevention of early post-transplant bone loss revealed the superiority of a combined regimen of bisphosphonate and active vitamin D (± calcium) to active vitamin D (± calcium) alone in prevention of bone loss during the first year after transplantation but both regimens failed to show the favorable outcome in reducing fracture risk[94,95]. Another study in patients with an average transplant vintage of 2 years revealed the superiority of a combined regimen of oral risedronate on top of nutritional vitamin D (cholecalciferol) and calcium to nutritional vitamin D and calcium alone in reducing bone loss at the lumbar spine. However, the incidence of fracture was not different among the two groups[96]. In long-term KT recipients, data on the benefit of bisphosphonates appear to be inconsistent. An earlier study in KT recipients with an average transplant vintage of 9 years who had osteopenia or osteoporosis at baseline revealed the same degree of effectiveness of oral alendronate and oral calcitriol in improving BMD at the lumbar spine and femur[77]. However, in a recent observational study in patients who received kidney transplantation 10 years ago, oral alendronate given for 36 mo did not improve bone mass and failed to prevent fracture[97]. According to these data, oral bisphosphonate with or without active vitamin D should be given to KT recipients with osteopenia and/or osteoporosis during the first year after kidney transplantation. Nevertheless, care should be taken in giving bisphosphonate to patients with suspected a dynamic bone disease. The benefit of bisphosphonate beyond the first 1-2 years remains unclear and will require further study.

Steroid withdrawal
In earlier studies of steroid withdrawal, discontinuation of oral prednisolone 3 mo after transplantation resulted in a stabilization of BMD at lumbar spine and femoral neck after 3 mo of follow-up and withdrawal of prednisolone approximately one year or more after transplantation resulted in an improvement in BMD at femoral neck and total hip by 2%-3% after one year and lumbar spine by 3%-7% after 1-3 years[98-101]. A recent study in KT recipients who were managed with early corticosteroid withdrawal protocol using high-resolution peripheral quantitative computed tomography (HRpQCT) and dual energy X-ray absorptiometry (DXA) to examine bone architecture revealed the preservation of bone mass at lumbar spine and total hip up to at least 12 mo after transplantation. The study also found the decline in cortical bone area, density and thickness and the decrease in trabecular bone density and stiffness and failure load in the distal 1/3 of radius and tibia indicating the benefit of steroid withdrawal on central skeleton but not peripheral skeleton. The loss of cortical bone was associated with the increased severity of hyperparathyroidism and the loss of trabecular bone was most severe at the lowest and highest PTH levels[102]. Unfortunately, these studies did not evaluate the impact of steroid withdrawal on fracture risk. A recent analysis of 77430 KT recipients from United States Renal Data System (USRDS) revealed the incidence of fracture that led to hospitalization after a median follow-up of 32 mo to be 0.0058 per patient-year in patients who did not receive steroid compared to 0.008 per patient-year in patients who received steroid. The most common fracture sites were femur (29%), ankle (15%) and spine (11%). Corticosteroid withdrawal was associated with a 31% reduction in the fracture risk[103]. According to the above data, steroid withdrawal can preserve bone mass especially in the central skeleton. A prospective study is required to confirm the benefit of steroid-sparing regimen on fracture risk.

Calcimimetics
Calcimimetic is an allosteric modulator of calcium sensing receptor that has the ability to increase the sensitivity of the receptor to calcium and suppress PTH secretion. Cinacalcet, the only drug in this class, is used as an add-on therapy to active vitamin D in the treatment of secondary hyperparathyroidism in CKD. Discontinuation of cinacalcet at the time of transplantation can cause rebound hypercalcemia and hyperparathyroidism resulting in an increase in the incidence of post-transplant nephrocalcinosis and parathyroidectomy and, therefore, stopping the drug immediately after transplantation is not recommended[20,104]. Since a decade ago, cinacalcet has been utilized as an alternative therapy to parathyroidectomy in KT recipients with hypercalcemia due to persistent hyperparathyroidism[105,106]. After initiation of cinacalcet, serum calcium decreased, serum phosphate increased and hyperparathyroidism improved without a significant change in serum creatinine. The increase in serum phosphate helps keeping serum phosphate within the normal range. A systematic review and meta-analysis of 411 KT recipients confirms the effectiveness of cinacalcet in controlling hypercalcemia and hyperparathyroidism after kidney transplantation[107]. Despite the improvement in hyperparathyroidism, a two-year therapy with cinacalcet in prevalent KT recipients did not result in an improvement in BMD[108,109]. Few reports have described the development of hypercalciuria and nephrolithiasis in the kidney allograft after cinacalcet therapy. Nephrolithiasis resolved after discontinuing cinacalcet and parathyroidectomy suggesting the role of hyperparathyroidism in addition to cinacalcet alone in kidney stone formation[110,111]. Long-term data on cinacalcet therapy up to 6 years revealed the safety and effectiveness of the drug in the treatment of hypercalcemia and hyperparathyroidism. Discontinuation of cinacalcet after 3.5 years of continuous therapy resulted in an increase in serum calcium with one-third of the patients required re-initiation of the drug due to hypercalcemia[112]. Overall cinacalcet is a safe and effective therapy for hypercalcemia and persistent hyperparathyroidism after kidney transplantation. The effectiveness of cinacalcet is maintained for several years. There is no cut point as to how long the therapy should be continued since the severity and duration of hyperparathyroidism varies from patient to patient and, therefore, the time required for the shrinkage of enlarged hyperplastic parathyroid glands differs among patients.

Parathyroidectomy
In the past, surgical treatment for persistent hyperparathyroidism after kidney transplantation has been either total parathyroidectomy with autotransplantation or subtotal (3.5 glands) to near total parathyroidectomy. Limited glandular resection is advocated in patients presenting with only one or two macroscopically enlarged glands. Choices of preoperative localization study include 99mTc-sestimibi scintigraphy, ultrasound, computed tomography and magnetic resonance imaging. In a single-center study, both total parathyroidectomy with autotransplantation and subtotal parathyroidectomy were equally effective in alleviating hyperparathyroidism and hypercalcemia but patients who underwent total parathyroidectomy showed a tendency toward lower PTH level with an increased risk of hypoparathyroidism[113]. Subtotal to near total parathyroidectomy is now a standard surgery for persistent hyperparathyroidism after kidney transplantation. A recent retrospective review revealed near total parathyroidectomy resulting in a resolution of 96.9% of patients’ hypercalcemia with 78.4% of the patients had PTH level below 250 pg/mL after a median follow-up of 3 years[114]. After parathyroidectomy, deterioration of allograft function is common with a 5%-30% drop in eGFR. The severity of baseline hyperparathyroidism seems to predict the decline in eGFR after surgery. Recovery of allograft function may be expected after 12 mo[115]. However, long-term follow-up data comparing eGFR in patients who underwent parathyroidectomy during the first year after transplantation to those who had surgery prior to transplantation revealed a significantly lower eGFR after 5 years in patients who had parathyroidectomy after transplantation[116]. Due to this evidence, several centers consider performing parathyroidectomy during the waiting period in patients with severe hyperparathyroidism associated with hypercalcemia. However, the cut-off values for PTH and serum calcium during the waiting period are not clearly defined. In one retrospective review, patients who required parathyroidectomy after transplantation had an average PTH level of 723 pg/mL (range 557-919) 1 year prior to transplantation whereas those who did not require surgery had an average PTH level of 212 pg/mL (range 160-439)[18]. Data on parathyroidectomy in end-stage renal disease (ESRD) patients on the waiting list indicated that total parathyroidectomy with autotransplantation could cause permanent hypocalcemia in 50%-83% after transplantation whereas less-than-total parathyroidectomy resulted in normocalcemia in all patients[117]. After parathyroidectomy, it is better to wait until serum calcium and phosphate are stable and hungry bone syndrome subsides before proceeding to kidney transplantation in order to avoid intractable hypocalcemia postoperatively. In those who did not have surgery prior to transplantation, currently, there is no consensus as to when parathyroidectomy should be performed. It is recommended that, during the first year, physicians should try to manage hypercalcemia and hyperparathyroidism with available medications in order to allow the time for the shrinkage of hyperplastic parathyroid glands to occur[118,119]. If patients continue to have hypercalcemia with elevated PTH levels despite the use of active vitamin D and/or calcimimetic after 1 year, display a continuous decline in BMD or develop a fracture or nephrolithiasis in the kidney allograft, in these cases, parathyroidectomy should be considered. If hypoparathyroidism develops after kidney transplantation, methods that have been used to correct hypocalcemia in addition to calcium and calcitriol include daily teriparatide injection, the use of parathyroid tissue that has been cryopreserved at the time of surgery for a metachronous autotransplantation and parathyroid allotransplantation from a well-matched living or cadaveric donor[120-122].

CONCLUSION
Despite the improvement in mineral metabolites and mineral regulating hormones after kidney transplantation, abnormal bone and mineral metabolism continues to present in most patients. High dose corticosteroid and persistent hyperparathyroidism are the most important factors influencing abnormal bone and mineral metabolism after kidney transplantation. The use of active vitamin D with or without bisphosphonate is effective in preventing early post-transplant bone loss. Steroid withdrawal regimen is also beneficial in preservation of bone mass in long-term. Calcimimetic is an alternative therapy to parathyroidectomy in KT recipients with persistent hyperparathyroidism. If parathyroidectomy is required, subtotal to near total parathyroidectomy appears to result in a more favorable long-term outcome compared to total parathyroidectomy with autotransplantation. Performing parathyroidectomy during the waiting period prior to transplantation is also preferred in patients with severe hyperparathyroidism associated with hypercalcemia.
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Figure 1 Serum calcium (mean ± SD) (A) and serum phosphate (mean ± SD) (B) in chronic kidney disease patients and kidney transplant recipients according to chronic kidney disease stages, Intact parathyroid hormone levels [median (IQR)] in chronic kidney disease patients and kidney transplant recipients according to CKD stages8 (C). aP < 0.05 vs CKD, bP < 0.001 vs CKD. CKD: Chronic kidney disease.
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Figure 2 Total vascular calcification scores of chronic kidney disease stages 5D patients and kidney transplant recipients categorized according to (A) dialysis vintage (B) kidney transplant vintage. Total VC scores are expressed as mean ± SE60. aP < 0.05 vs CKD. VC: Vascular calcification; KT: Kidney transplant; CKD: Chronic kidney disease.
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