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Stéphane Collaud Æ Tania Staub-Zähner Æ Andrea Trombetti Æ
Thomas Clerici Æ Nicola Marangon Æ Isabelle Binet Æ Patrick O. Myers Æ
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Abstract

Background Few studies have reported changes of bone

mineral density (BMD) after parathyroidectomy in patients

with persistent hyperparathyroidism after renal transplan-

tation (3 HPT).

Patients and Methods We retrospectively analyzed 14

patients who underwent successful parathyroidectomy for 3

HPT and who had available BMD data before and after

parathyroidectomy.

Results Median follow-up time was 26 months (IQR:

16.8–40.2). Serum calcium levels decreased significantly

after parathyroidectomy (2.32 ± 0.09 versus

2.66 ± 0.16 mmol/l; p \ 0.01), as did PTH levels

(5.1 ± 3.0 versus 27.8 ± 23.7 pmol/l; p \ 0.01). Nine

patients (64%) had a steroid-free immunosuppression at

follow-up. Mean increase in BMD was 9.5 ± 8.0% for the

spine and 9.5 ± 7.9% for the hip (p \ 0.01 for both sites).

Patients with osteoporosis (T-score B 2.5) or osteopenia

(T-score B 1) before parathyroidectomy had the biggest

increase in BMD (10.7 ± 7.7% in hip BMD and of

12.3 ± 8.1% in spine BMD).

Conclusions Parathyroidectomy is an efficient treatment

of osteoporosis and osteopenia in patients with 3 HPT.

Introduction

Chronic renal failure (CRF) is associated with a cascade of

events affecting mineral metabolism and leading to renal

osteodystrophy. In CRF, the deficient production of calci-

triol by the kidney and the bone resistance to PTH action

lead to hypocalcemia. Phosphorus retention due to the

decreased filtration rate and hypocalcemia are both a strong

stimulus to the parathyroid glands, leading to an increased

proliferation of parathyroid cells and an increased PTH

secretion called ‘‘secondary hyperparathyroidism.’’ Sec-

ondary hyperparathyroidism in CRF leads to osteitis fibrosa

cystica and osteopenia [1–3].

Tertiary hyperparathyroidism after renal transplantation

(3 HPT) is defined as persistent hypercalcemia after suc-

cessful renal transplantation and can be observed with an

incidence of 30 to 50 percent [4, 5]. However, in most

patients, the hypercalcemia resolves in a few months, and

only a few percent of patients will need parathyroidectomy

[5, 6]. The mechanism of refractory PTH hypersecretion

after renal transplantation is due in part to a too high

parathyroid cell mass, leading to an inappropriately high

basal PTH secretion (diffuse parathyroid hyperplasia); it

may also result from parathyroid adenomas that have

developed during the course of secondary HPT (nodular
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hyperplasia), with parathyroid cells having an abnormal

PTH secretion curve in response to calcium [7]. The high

PTH levels lead to increased renal tubular reabsorption of

calcium and to increased bone resorption, both mechanisms

causing hypercalcemia.

In the course of renal failure, the bone becomes resistant

to the action of PTH, one of the leading causes of hypo-

calcemia in secondary HPT. After renal transplantation, the

bone recovers its sensitivity to PTH, and the high PTH

levels found in 3 HPT after renal transplantation lead to an

accelerated bone turnover and then to a rapid loss of bone

mass [8]. Immunosuppressive therapy also leads to bone

loss; corticosteroids reduce bone formation and increase

bone resorption [9, 10], and calcineurin inhibitors (cyclo-

sporine and tacrolimus) induce osteopenia [8]. The fall in

bone mass density (BMD) is more consistent during the

first post-transplant months, with a rate of bone loss of

1.6% per month during the first 5 months, and it usually

continues after that period but at a slower rate [8, 11].

In case of persisting 3 HPT after renal transplantation,

the only effective treatment is parathyroidectomy, which

corrects the calcium levels in more than 80% of the

patients in the long term in experienced centers [12–15].

However, the long-term effect on bone mass has rarely

been reported. Therefore, the aim of this retrospective

study was to evaluate the effect of parathyroidectomy on

BMD in patients with 3 HPT after renal transplantation.

Patients and method

From October 1992 to October 2005, 19 patients under-

went parathyroidectomy at the University Hospital of

Geneva (15 patients) and at Sankt-Gallen KantonsSpital,

Sankt-Gallen, Switzerland (4 patients) for 3 HPT, defined

as 2 HPT that did not regress after successful renal trans-

plantation. Among these 19 patients, 5 were excluded from

our study; 2 because of persistent 3 HPT after surgery (one

had a missed fourth gland and was successfully reoperated

after the end of this study and the other had a subtotal

parathyroidectomy and is currently under medical treat-

ment), 2 died prematurely of a nonsurgical etiology without

enough follow-up, and 1 was lost to follow-up. Patients

were transplanted between 1986 and 2004. The immuno-

suppression regimen varied among the different timing of

transplantation, but most of the patients were on a cyclo-

sporin, mycophenolate mofetil, and steroid regimen begun

immediately after transplantation. Induction with IL2-R

(Basiliximab) was used beginning in 2000. Steroids were

withdrawn when possible. All patients were followed from

the initiation of dialysis by a team of nephrologists,

transplant surgeons, and bone specialists. All patients

received appropriate calcium and vitamin D

supplementation before parathyroidectomy (according to

the serum and urinary calcium levels) and after parathy-

roidectomy. All patients with osteoporosis received

bisphosphonates during the first year after transplantation.

The criteria for surgery were persistent hypercalcemia

(calcium level greater than 2.6 mmol/l) with a raised PTH

concentration (PTH level greater than 6.8 pmol/l) usually

longer than 1 year after kidney transplantation. The pro-

cedure was an intended subtotal parathyroidectomy, which

is defined as bilateral neck parathyroid exploration, leaving

a remnant the size of two normal parathyroid glands.

Outcomes were based on review of the surgery,

nephrology, and bone disease specialist case records,

including demographic data, history of end-stage renal dis-

ease, cumulative dose of corticoid, and pre- and

postoperative values of patients’ weight, serum creatinine,

calcium, and PTH. The two biological markers used in

Geneva only to evaluate bone turnover were serum osteo-

calcin and the ratio of urinary D-pyridinolin/creatinin for

formation and resorption, respectively. Bone mineral density

values at the lumbar spine (L1–L4) and proximal femur were

measured with dual energy x-ray absorptiometry the year

before parathyroidectomy and regularly thereafter to assess

the effects of medical and surgical treatments. Different

measurements in each patient were performed with the same

machine. At both sites, BMD is expressed in T-scores, which

is the number of standard deviation (SD) between the mea-

sured values and the mean BMD for a control group

composed of patient with same gender, aged from 25 to 35.

Therefore definitions of normal, osteopenic, and osteopo-

rotic patients are, respectively, C -1 SD, -1 to -2.5 SD,

and \ -2.5 SD. Glomerular filtration rate (GFR) was cal-

culated using the Cockroft and Gault formula [16]. The

cumulated dose of corticoid is in prednisone equivalent. It is

calculated from the first renal graft and included the loading

dose, the graft rejection dose, and the everyday dose.

Statistical analysis

Parameters with normal distribution are expressed as

mean ± SD. Parameters with skewed distribution are

expressed as median and interquartile range (IQR). Sta-

tistical analysis was performed with SPSS software (SPSS,

Chicago, IL). Comparisons between preoperative and

postoperative values of BMD, T-score, serum calcium,

serum PTH, serum osteocalcin, urinary D-pyridinolin/

creatinin, and GFR were made with a paired t-test. A value

of p \ 0.05 was considered statistically significant.

Results

Fourteen patients (7 males, 7 females) underwent successful

parathyroidectomy for 3 HPT after renal transplantation.
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Age at parathyroidectomy was 50.0 ± 10.1 years. Delay

from first dialysis to renal transplantation was 27 months

(IQR: 6.0–68.2). Two patients experienced failure of a first

kidney graft and underwent, respectively, two and three renal

transplantations before parathyroidectomy. Delay from last

transplantation to parathyroidectomy was 19 months (IQR:

9.8–55.2). Cumulated prednisone dose at parathyroidectomy

was 7.2g (IQR: 4.3–22.9). Twelve patients had subtotal

parathyroidectomy, one patient had total parathyroidectomy

with autotransplantation, and one patient needed three

operations to have PTH in the normal range: he first under-

went an intended total parathyroidectomy at another medical

center for 2 HPT while on dialysis. He was referred to our

center after recurrence of 2 HPT, and he underwent a

selective right inferior parathyroidectomy, according to the

concordant results of preoperative sestamibi scan and

ultrasound. After kidney transplantation, he presented per-

sistent/recurrent HPT and underwent a selective left inferior

parathyroidectomy, at which a 270 mg hyperplastic para-

thyroid gland was removed. There were no perioperative

deaths in our series. One patient has persistent hypopara-

thyroidism and is receiving calcium and vitamin D

substitution. Laryngoscopy was not routinely performed, but

no patient had postoperative dysphonia. Preoperative and

follow-up characteristics of the patients are summarized in

Table 1.

Follow-up time was 26 months (IQR: 16.8–40.2) after

parathyroidectomy. No patient was hypercalcemic at fol-

low-up, and all patients had PTH in the recommended

target range according to renal function [1]. Nine patients

(64%) had a steroid-free immunosuppression regimen, two

patients had 2.5 mg of prednisone, one patient 5 mg and

two patients 7.5 mg at follow-up. One patient had only

measurement of preoperative spine BMD; all others had

pre- and postoperative hip and spine BMD measurements.

Patients had two to five BMD measurements during follow-

up according to length of follow-up.

All patients increased their hip BMD, except one who

decreased it by 2% and who had the highest preoperative

BMD (Fig. 1). Similarly, all patients increased their

spine BMD except one, who decreased it by 5% (Fig. 2)

Mean increase in BMD was 9.5 ± 8.0% for the spine

and 9.5 ± 7.9% for the hip, corresponding to a mean

yearly increase of 3.8 ± 3.3% for the spine and

4.3 ± 4.8% for the hip. Patients with significant bone

loss preoperatively (osteoporosis or osteopenia, T-score

B 1) had an increase of 10.7 ± 7.7% in hip BMD and of

12.3 ± 8.1% in spine BMD. Before parathyroidectomy,

2 patients were osteoporotic at the spine and 3 at the

hip, and six were osteopenic at the spine and 8 at the

hip. At follow-up, no patient was osteoporotic, either at

the spine or at the hip, and three were osteopenic at the

spine and 7 at the hip. All sites combined, 5 patients

changed from osteoporosis to osteopenia and 8 from

osteopenia to normal BMD. Patients with more BMD

loss (worse T-score) had the biggest increase in BMD

(Fig. 3). The increase in BMD was higher in patients

without steroids at follow-up; however, the difference

was not significant, possibly because of the small sample

size (10.1 ± 8.9% versus 8.5 ± 6.8% for the spine and

10.2 ± 4.9% versus 8.2 ± 11.9% for the hip). Similarily,

a decrease in serum osteocalcin and urinary D-pyridin-

olin/creatinin ratio suggested a decrease in bone

turnover. However, these changes were statistically not

significant.

Discussion

The aim of this retrospective study of patients with 3 HPT

after renal transplantation was to investigate the effect of

parathyroidectomy on BMD. We found that parathyroid-

ectomy significantly increased postoperative BMD in 25 of

27 sites studied in 14 patients.

Table 1 Preoperative and follow-up characteristics of patients undergoing parathyroidectomy for 3HPT after renal transplantation

Characteristics Preoperative Follow-up p Values

Serum calcium level (mmol/l) (ref 2.2–2.52) 2.66 ± 0.16 2.32 ± 0.09 \0.001

Serum PTH level (pmol/l) (ref 1.1 - 6.8) 27.8 ± 23.7 5.1 ± 3.0 0.004

GFR ( ml/min) 67.6 ± 23.5 59.2 ± 28.0 0.094

Serum osteocalcin (g/l) (N = 7) 31.5 ± 18.9 23.1 ± 18.2 0.59

Urinary D-pyridinolin/creatinin (nmol/mmol) (N = 7) 12.4 ± 3.9 9.1 ± 2.8 0.234

BMD at spine (g/cm2) 0.977 ± 0.176 1.061 ± 0.146 \0.001

BMD at proximal femur (g/cm2) 0.748 ± 0.124 0.825 ± 0.125 0.002

T-score at spine (SD) -1.0 ± 1.4 -0.3 ± 1.1

T-score at proximal femur (SD) -1.8 ± 0.8 -1.1 ± 0.8

GFR glomerular filtration rate; BMD bone mass density; ref reference range

Results are mean ± SD
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Among 19 patients who underwent surgery for 3 HPT

after renal transplantation in both centers, one patient was

lost to follow-up and 2 were excluded because of persis-

tent/recurrent HPT. Therefore, parathyroidectomy was

effective in normalizing calcium and PTH levels in 16 of

18 patients (89%), similar to the long-term cure rate of

70%–100% reported in other series, the difference in cure

rate being mainly due to the different criteria used [12–15,

17–19].

Very few studies on parathyroidectomy for tertiary

hyperparathyroidism after renal transplantation have

reported the long-term effect on bone mass, although some

have reported the change in total alkaline phosphatase. In

the study by Seehofer et al., the results are given for sec-

ondary and tertiary patients together [20]. Sitges-Serra and

Caralps-Riera reported a decrease from 186 ± 153 IU/l to

77 ± 33 IU/l [21], and Nichol et al. reported a decrease

from 195.9 U/l to 94.7 U/l [13].

One study, by Abdelhadi and Nordenstrom, on bone

recovery after parathyroidectomy in patients with primary

and renal hyperparathyroidism (patients on dialysis and

patients after renal transplantation) reported an ‘‘only

marginal increase’’ in BMD after parathyroidectomy in

patients with 3 HPT [22]. Data taken from the graph show

that total body, lumbar spine, and femoral neck BMD

increased by about 2.1 ± 1.1%, 4.4 ± 2.1%, and 2.2 ±

3.3% (mean ± sem), 3 years after parathyroidectomy in 11

patients. In their study, published in 1998, all kidney

transplant recipients (transplanted between 1977 and 1992)

were on a corticoid based immunosuppression (predniso-

lone, cyclosporine, and/or azathioprine), ate a normal diet

(probably no calcium supplementation), and none of them

received vitamin D supplementation.

Milas and Weber showed a mean increase of

7.1 ± 6.4% in bone mass density of the hip, lumbar spine,

and forearm 23 ± 25 months after parathyroidectomy in a

subgroup of 16 patients with available pre- and postoper-

ative data, among 36 patients with tertiary

hyperparathyroidism. The date of kidney transplantation is

not mentioned is this subgroup of patients but, according to

the follow-up time, patients most likely received trans-

plants after 1995 [23].

Patients
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The present study shows an increase in BMD by

9.5 ± 8.0% at the spine and 9.5 ± 7.9% at the hip after a

median follow-up of 26 months after parathyroidectomy.

The BMD increased less in the study by Abdelhadi and

Nordenstrom, and there are different possible reasons

for that. First, their study is older than the two other.

Therefore, most of their patients probably did not receive a

bone-sparing immunosuppression regimen, as currently

recommended [1, 24]. The detrimental effects of long-term

immunosuppression, and particularly of corticoid therapy,

on bone mass is well established [8, 25–27], and, because

of prolonged survival after kidney transplantation, more

interest is now given to bone metabolism. In our study, one

patient was transplanted in 1986, the 13 others between

1996 and 2004. All of them had the lowest possible dose of

steroids, as demonstrated by the fact that 64% of them had

a steroid-free regimen at follow-up, compared to none of

their patients. Moreover, among different possible inter-

ventions to prevent bone loss after transplantation, vitamin

D supplementation has consistently demonstrated its effi-

cacy [27] and is currently recommended after renal

transplantation [1, 24, 27]. No patient in the study by

Abdelhadi and Nordenstrom received calcium and vitamin

D supplementation, whereas all patients in our study

received both. Second, the three studies were small (14

patients in ours, 16 in the study by Milas et al., and 13 at

2 years and 11 at 3 years in the study by Abdelhadi and

Nordenstrom), and the differences might not be statistically

significant. Third, the preoperative bone mass density is not

mentioned for the hip and spine in the subset of patients

with 3 HPT in the study by Abdelhadi and Nordenstrom,

and it may be that patients in the study by Milas et al. and

in our study had more advanced bone loss than their

patients. In effect, BMD increases more in patients and at

sites with lowest preoperative T-score, as also reported in

previous studies in primary and renal hyperparathyroidism

[22, 28].

Previous studies reported some BMD increase after the

immediate post-transplant period in some patients [4, 29];

however, the increase was never more than a few percent.

The[9% increase shown in the present study suggests that

it does not only occur as a result of spontaneous bone

change after better medical management. As all our

patients were followed by the same team from the time of

dialysis, it is anticipated that the medical treatment was

already the best possible before parathyroidectomy.

After parathyroidectomy for primary hyperparathyroid-

ism, the reported increase in BMD ranges between 3.2%

and 12.2% in different studies according to follow-up times

and severity of bone loss preoperatively [28, 30–32]. Our

study showing an increase of 9%–10% in hip and spine

BMD suggests that, in 3 HPT after renal transplantation,

results at least as good as those obtained in primary

hyperparathyroidism can be expected. This contrasts with

the hypothesis of Abdelhadi and Nordenstrom [22], who

suggested that performing a parathyroidectomy on kidney

transplant recipients could be too late from a bone-pre-

serving perspective.

Calcimimetics have been recently developed and may

offer an interesting alternative to parathyroidectomy in

patients with 3 HPT after renal transplantation in the

future. However, they are not currently approved for the

treatment of 3 HPT in most countries, leaving parathy-

roidectomy as the single option. The obligatory cessation

of calcimimetics after renal transplanation might lead to

rebound hyperparathyroidism and, while a decrease in the

prevalence of parathyroidectomy is currently seen in 2

HPT patients, an increase in the need for parathyroidec-

tomy in 3 HPT patients is anticipated by some authors [6].

Three recent series reported the use of Cinacalcet in kidney

transplant recipients [33–35]. All of them demonstrated its

efficacy in normalizing serum calcium level and its safety

on graft function. However, one study did not show any

change in PTH level [33], and the other two showed only

minimal decrease of PTH level (171 versus 148 pg/ml [35]

and 176 versus 135 pg/ml [34], before and after treatment,

respectively). Bone mineral density and bone markers were

not studied in these short-term studies (maximum

6 months). In primary hyperparathyroidism, calcimimetics

were similarly effective in normalizing serum calcium

levels; only slightly decreased PTH levels, however, did

not change BMD after 1 year [36], nor after 5 years. The

effects of calcimimetics on BMD in patients with 3 HPT

after transplantation are still awaited.

This study has several limitations; first, it is retrospec-

tive and therefore BMD analysis and blood and urine

sampling occurred at different time points after parathy-

roidectomy. However, the consistent increase in BMD

postoperatively suggests that this increase persists over

time, as previously demonstrated for primary hyperpara-

thyroidism [32]. Apart from small sample size, the

nonstandardized timing of blood and urine sampling might

be the reason for the nonsignificant difference in bone

markers pre- versus postoperatively. Second, the sample

size is small and heterogeneous in terms of patient char-

acteristics such as age, sex, kidney function, delay between

kidney transplantation and parathyroidectomy, not allow-

ing subset analysis of patients who would benefit more

from parathyroidectomy. Whether the BMD would

increase more after parathyroidectomy by waiting until the

patient reaches a baseline immunosuppression, if possible

steroid free, or whether the BMD would increase more if

parathyroidectomy were performed as early as possible

once the persistence of 3 HPT has been demonstrated, is an

important issue that needs further study.Third, the different

impact of the different procedures (parathyroidectomy,
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steroid withdrawal, calcium and vitamin D supplementa-

tion) on BMD changes cannot be elucidated from this

study.

Conclusions

Subtotal parathyroidectomy is a safe and efficient treatment

to correct the calcium and PTH levels and to increase BMD

in patients with 3 HPT after renal transplantation. In the

present study, parathyroidectomy combined with bone-

preserving immunosuppression and calcium and vitamin D

supplementation led to a [10% increase of BMD in

patients with osteoporosis or osteopenia 2.2 years after

parathyroidectomy. Whether calcimimetics will have a

different impact on bone mineral density remains to be

investigated; however, so far, only parathyroidectomy has

been demonstrated to have such a beneficial effect on

BMD. Further studies are needed to show whether early

parathyroidectomy (3 months after renal transplantation

has been suggested by some authors [6]) could avoid

severe loss of BMD after renal transplantation. We there-

fore recommend parathyroidectomy in patients with 3 HPT

after renal transplantation and reduced bone mass density.

References

1. K/DOQI clinical practice guidelines for bone metabolism and

disease in chronic kidney disease (2003) Am J Kidney Dis 42(4

Suppl 3):S1–201

2. Llach F (1995) Secondary hyperparathyroidism in renal failure:

the trade-off hypothesis revisited. Am J Kidney Dis 25:663–679

3. Hruska KA, Teitelbaum SL (1995) Renal osteodystrophy. N Engl

J Med 333:166–174

4. Heaf J, Tvedegaard E, Kanstrup IL et al (2003) Hyperparathy-

roidism and long-term bone loss after renal transplantation. Clin

Transplant 17:268–274

5. Evenepoel P, Claes K, Kuypers D et al (2004) Natural history of

parathyroid function and calcium metabolism after kidney

transplantation: a single-centre study. Nephrol Dial Transplant

19:1281–1287

6. Evenepoel P, Claes K, Kuypers DR et al (2007) Parathyroidec-

tomy after successful kidney transplantation: a single centre

study. Nephrol Dial Transplant 22:1730–1737

7. Tominaga Y, Johansson H, Johansson H et al (1997) Secondary

hyperparathyroidism: pathophysiology, histopathology, and

medical and surgical management. Surg Today 27:787–792

8. Brandenburg VM, Westenfeld R, Ketteler M (2004) The fate of

bone after renal transplantation. J Nephrol 17:190–204

9. Manolagas SC, Weinstein RS (1999) New developments in the

pathogenesis and treatment of steroid-induced osteoporosis. J

Bone Miner Res 14:1061–1066

10. Canalis E (1996) Clinical review 83: mechanisms of glucocorti-

coid action in bone: implications to glucocorticoid-induced

osteoporosis. J Clin Endocrinol Metab 81:3441–3347

11. Horber FF, Casez JP, Steiger U et al (1994) Changes in bone

mass early after kidney transplantation. J Bone Miner Res 9:1–9

12. Gasparri G, Camandona M, Abbona GC et al (2001) Secondary

and tertiary hyperparathyroidism: causes of recurrent disease

after 446 parathyroidectomies. Ann Surg 233:65–69

13. Nichol PF, Starling JR, Mack E et al (2002) Long-term follow-up

of patients with tertiary hyperparathyroidism treated by resection

of a single or double adenoma. Ann Surg 235:673–658

14. Triponez F, Dosseh D, Hazzan M et al (2005) Subtotal parathy-

roidectomy with thymectomy for autonomous

hyperparathyroidism after renal transplantation. Br J Surg

92:1282–1287

15. Triponez F, Kebebew E, Dosseh D et al (2006) Less-than-sub-

total parathyroidectomy increases the risk of persistent/recurrent

hyperparathyroidism after parathyroidectomy in tertiary hyper-

parathyroidism after renal transplantation. Surgery 140:990–999

16. Cockcroft DW, Gault MH (1976) Prediction of creatinine clear-

ance from serum creatinine. Nephron 16:31–41

17. Kerby JD, Rue LW, Blair H et al (1998) Operative treatment of

tertiary hyperparathyroidism: a single-center experience. Ann

Surg 227:878–886

18. Punch JD, Thompson NW, Merion RM (1995) Subtotal para-

thyroidectomy in dialysis-dependent and post-renal transplant

patients. A 25-year single-center experience. Arch Surg 130:

538–542

19. Schmid T, Muller P, Spelsberg F (1997) Parathyroidectomy after

renal transplantation: a retrospective analysis of long-term out-

come. Nephrol Dial Transplant 12:2393–2396

20. Seehofer D, Rayes N, Klupp J et al (2005) Predictive value of

intact parathyroid hormone measurement during surgery for renal

hyperparathyroidism. Langenbecks Arch Surg 390:222–229

21. Sitges-Serra A, Caralps-Riera A (1987) Hyperparathyroidism

associated with renal disease. Pathogenesis, natural history, and

surgical treatment. Surg Clin North Am 67:359–377

22. Abdelhadi M, Nordenstrom J (1998) Bone mineral recovery after

parathyroidectomy in patients with primary and renal hyper-

parathyroidism. J Clin Endocrinol Metab 83:3845–3851

23. Milas M, Weber CJ (2004) Near-total parathyroidectomy is

beneficial for patients with secondary and tertiary hyperparathy-

roidism. Surgery 136:1252–1260

24. European best practice guidelines for renal transplantation (2002)

Section IV: long-term management of the transplant recipient.

IV.8. Bone disease. Nephrol Dial Transplant 17(Suppl 4):43–48

25. Dempster DW (1989) Bone histomorphometry in glucocorticoid-

induced osteoporosis. J Bone Miner Res 4:137–141

26. Lukert BP, Raisz LG (1990) Glucocorticoid-induced osteopo-

rosis: pathogenesis and management. Ann Intern Med 112:

352–364

27. Palmer SC, Strippoli GF, McGregor DO (2005) Interventions for

preventing bone disease in kidney transplant recipients: a sys-

tematic review of randomized controlled trials. Am J Kidney Dis

45:638–649

28. Silverberg SJ, Gartenberg F, Jacobs TP et al (1995) Increased

bone mineral density after parathyroidectomy in primary hyper-

parathyroidism. J Clin Endocrinol Metab 80:729–734

29. Casez JP, Lippuner K, Horber FF et al (2002) Changes in bone

mineral density over 18 months following kidney transplantation:

the respective roles of prednisone and parathyroid hormone.

Nephrol Dial Transplant 17:1318–1326

30. Almqvist EG, Becker C, Bondeson AG et al (2004) Early para-

thyroidectomy increases bone mineral density in patients with

mild primary hyperparathyroidism: a prospective and randomized

study. Surgery 136:1281–1288

31. Rao DS, Phillips ER, Divine GW et al (2004) Randomized

controlled clinical trial of surgery versus no surgery in patients

with mild asymptomatic primary hyperparathyroidism. J Clin

Endocrinol Metab 89:5415–5422

1800 World J Surg (2008) 32:1795–1801

123



32. Silverberg SJ, Shane E, Jacobs TP et al (1999) A 10-year pro-

spective study of primary hyperparathyroidism with or without

parathyroid surgery. N Engl J Med 341:1249–1255

33. Kruse AE, Eisenberger U, Frey FJ et al (2005) The calcimimetic

cinacalcet normalizes serum calcium in renal transplant patients

with persistent hyperparathyroidism. Nephrol Dial Transplant

20:1311–1314

34. Serra AL, Schwarz AA, Wick FH et al (2005) Successful treat-

ment of hypercalcemia with cinacalcet in renal transplant

recipients with persistent hyperparathyroidism. Nephrol Dial

Transplant 20:1315–1319

35. Szwarc I, Argiles A, Garrigue V et al (2006) Cinacalcet chloride

is efficient and safe in renal transplant recipients with post-

transplant hyperparathyroidism. Transplantation 82:675–680

36. Peacock M, Bilezikian JP, Klassen PS et al (2005) Cinacalcet

hydrochloride maintains long-term normocalcemia in patients

with primary hyperparathyroidism. J Clin Endocrinol Metab

90:135–141

World J Surg (2008) 32:1795–1801 1801

123


	Increase in Bone Mineral Density after Successful Parathyroidectomy for Tertiary Hyperparathyroidism after Renal Transplantation
	Abstract
	Background
	Patients and Methods
	Results
	Conclusions

	Introduction
	Patients and method
	Statistical analysis

	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


