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Background: Data on the risk factors and clinical course of hungry bone syndrome are lacking 

in dialysis and renal transplant patients who undergo parathyroidectomy. In this study, we aimed 

to assess the risks and clinical course of hungry bone syndrome and calcium repletion after 

parathyroidectomy in dialysis and renal transplant patients.

Methods: We performed a retrospective review of parathyroidectomies performed at The 

Nebraska Medical Center.

Results: We identified 41 patients, ie, 30 (73%) dialysis and eleven (27%) renal transplant 

patients. Dialysis patients had a significantly higher pre-surgery intact parathyroid hormone 

(iPTH, P,0.001) and a larger iPTH drop after surgery (P,0.001) than transplant recipients. 

Post-surgery hypocalcemia in dialysis patients was severe and required aggressive and prolonged 

calcium replacement (11 g) versus a very mild hypocalcemia requiring only brief and minimal 

replacement (0.5 g) in transplant recipients (P,0.001). Hypophosphatemia was not detected 

in the dialysis group. Phosphorus did not increase immediately after surgery in transplant 

recipients. The hospital stay was significantly longer in dialysis patients (8.2 days) compared 

with transplant recipients (3.2 days, P,0.001).

Conclusion: The clinical course of hungry bone syndrome is more severe in dialysis patients 

than in renal transplant recipients. Young age, elevated alkaline phosphatase, elevated pre-

surgery iPTH, and a large decrease in post-surgical iPTH are risk factors for severe hungry 

bone syndrome in dialysis patients.
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Introduction
Secondary hyperparathyroidism is a common complication of end-stage renal disease 

(ESRD). Despite appropriate treatment, 50% of ESRD patients have parathyroid 

hormone (PTH) levels more than three times the normal value.1 Hyperparathyroidism 

with the associated hyperphosphatemia and elevated calcium × phosphorus product 

have been associated with increased mortality, increased cardiovascular morbidity, 

and uremic bone disease in the ESRD population.2

Vitamin D3 deficiency, increased fibroblast growth factor 23, and abnormalities of 

calcium-phosphorus metabolism induced by the progressive decline in renal function 

are considered the main factors in the pathogenesis of secondary hyperparathyroidism.3 

Initially, the uremic milieu causes a diffuse hyperplasia of the parathyroid glands, which 

is the pathologic lesion found in secondary hyperparathyroidism. This diffuse prolifera-

tion of parathyroid cells is relatively slow-growing and is associated with decreased 

concentrations of calcium sensing receptors and vitamin D receptors compared with 
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normal parathyroid tissue, but is still responsive to medical 

therapy. Without optimal treatment, diffuse hyperplasia pro-

gresses to nodular hyperplasia, the pathologic counterpart 

of refractory secondary hyperparathyroidism. In nodular 

hyperplasia, the parathyroid gland contains nodules of rap-

idly proliferating parathyroid cells. Each nodule, formed by 

monoclonal proliferation of parathyroid cells, is producing 

excessive amounts of PTH. Because of the low density of cal-

cium sensing receptors and vitamin D receptors, these cells are 

refractory to medical treatment (activated vitamin D, calcimi-

metics, control of hyperphosphatemia).4–6 Parathyroidectomy 

with reimplantation of parathyroid tissue is the treatment of 

choice for refractory secondary hyperparathyroidism. All the 

patients (dialysis and renal transplant) included in our study 

had secondary refractory hyperparathyroidism.

Renal transplantation is not followed by resolution of 

secondary hyperparathyroidism in all patients. Despite 

adequate renal function, 25% of patients still have elevated 

PTH levels one year post-transplantation.7 Tubulointerstitial 

calcifications were described in early protocol renal biopsies 

for patients with persistent hyperparathyroidism and hyper-

calcemia, and were associated with inferior graft outcomes 

one year post-transplantation.8 Hyperparathyroidism and 

hypercalcemia can promote vascular calcifications that are 

associated with increased post-transplant morbidity and 

mortality.9 For these reasons, parathyroidectomy is performed 

in renal transplant patients. Although slightly increasing the 

30-day mortality, parathyroidectomy is associated with a 

10%–15% lower long-term mortality in the ESRD popula-

tion compared with ESRD patients who do not undergo 

surgery.10,11 The incidence of reoperation for moderate to 

severe recurrent hyperparathyroidism is 6%–14%.12

A common complication of parathyroidectomy is “hun-

gry bone syndrome”, manifested as severe and persistent 

hypocalcemia. There are no well-defined criteria for diagnosis 

of hungry bone syndrome. A large study of 198 patients 

undergoing parathyroidectomy for primary hyperparathy-

roidism defined hungry bone syndrome as a serum calcium 

concentration ,8.5 mg/dL and a serum phosphate concen-

tration ,3 mg/dL 3 days post-surgery.13 Jofré et al14 reported a 

20% incidence of hungry bone syndrome after parathyroidec-

tomy for secondary hyperparathyroidism in dialysis patients. 

They defined hungry bone syndrome as total calcium ,8 mg/

dL despite adequate intravenous and oral calcium and calcit-

riol therapy. The abrupt drop in PTH after parathyroidectomy 

is believed to modify the balance between bone formation 

and bone resorption, favoring bone formation with net bone 

uptake of calcium, phosphorus, and magnesium, leading to 

severe hypocalcemia. The lack of well-defined criteria for 

the diagnosis of hungry bone syndrome makes the study of 

this condition more challenging.

Despite current advances in our understanding of the 

pathophysiology of secondary hyperparathyroidism, there 

is a lack of data regarding the hungry bone syndrome that 

develops after parathyroidectomy in dialysis and renal 

transplant patients. The aim of this study was to gain an 

insight into aspects of hungry bone syndrome that had not 

been previously analyzed. We attempted to establish: the 

predictors of developing severe hypocalcemia; the amount of 

calcium supplementation needed; how long patients need to 

be admitted for to maintain a safe calcium level; the number 

of postsurgical days requiring more calcium supplementa-

tion; whether hungry bone syndrome in the renal transplant 

population is as severe as that in dialysis patients; if hypo-

phosphatemia is present; and whether there is any need for 

phosphate replacement.

Materials and methods
We undertook a retrospective chart review of all patients with 

ESRD and renal transplantation who underwent parathyroi-

dectomy for refractory secondary hyperparathyroidism at 

The Nebraska Medical Center, Omaha, NE, USA, between 

January 2000 and December 2007. Indications for surgery 

in ESRD patients consisted of markedly elevated and non-

suppressible serum intact PTH (iPTH) despite appropriate 

medical therapy associated with symptoms attributable to 

secondary hyperparathyroidism. Indications for parathy-

roidectomy in the renal transplant group were persistently 

elevated PTH levels and hypercalcemia. All the surgeries 

were performed at our institution. The transplant patients had 

a mean of 2.5 (range 1–3.5) glands removed and no auto-

transplantation, while the hemodialysis patients had a mean 

of 3.0 (range 1–4) glands removed and 13 of 30 had one gland 

autotransplanted. The patient’s electronic medical record and 

pharmacy records were reviewed. We recorded demographic 

data, comorbid conditions, time on dialysis (dialysis group) 

or creatinine before surgery (transplant group), pre-surgery 

serum iPTH, calcium, phosphorus, albumin, creatinine, surgi-

cal procedure performed (including the main operator), gland 

reimplantation, pathological evaluation of the parathyroid 

glands, number of glands and their weight, postoperative 

PTH, post-surgery calcium, phosphorus, calcium repletion 

(including oral and intravenous during the entire hospital 

admission that was converted for our analysis into elemental 

calcium), use of vitamin D products, calcium baths used in 

hemodialysis, and duration of hospitalization. Calcium and 
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phosphorus were checked several times a day. Large doses 

of oral calcium given 2 hours after meals and calcitriol were 

started immediately after surgery and intravenous calcium 

was used to treat severe hypocalcemia. Dialysis patients 

received high calcium bath dialysis. Phosphorus binders were 

not given. For each hospital day, we recorded mean serum 

calcium and phosphorus levels.

Definitions
In an attempt to identify predictors of severe hungry bone 

syndrome in dialysis patients, we defined severe hungry 

bone syndrome as the need for .11 g of oral and intrave-

nous elemental calcium replacement during the hospital 

admission, .8 days of hospitalization, and lowest calcium 

recorded at ,7 mg/dL. We chose these values as being above 

the mean values for these three parameters. To calculate the 

elemental calcium administered, we used the following: 

90 mg of elemental calcium contained in 1,000 mg of cal-

cium gluconate, 270 mg of elemental calcium in 1,000 mg 

of calcium chloride, 169 mg of elemental calcium in 667 mg 

of calcium acetate, and 400 mg of elemental calcium in 

1,000 mg of calcium carbonate.

Assays
Total serum calcium (normal range 8.9–10.3 mg/dL), serum 

phosphate (2.4–4.7 mg/dL), iPTH (12–88 pg/mL), serum 

albumin (3.4–4.7 g/dL), serum creatinine (0.44–1.03 mg/dL), 

and serum alkaline phosphatase (31–91 U/L) were measured. 

All calcium values were recorded as total serum calcium 

measured in mg/dL and the values were corrected for the 

decrease in serum albumin by adding 0.8 mg/dL to the 

calcium value for each 1 g/dL decrease in serum albumin 

below 4 g/dL.

Statistical analysis
Descriptive statistics were used to describe the study 

populations. Comparison of means for the two groups was 

done using the Student’s t-test with the pooled variance 

estimate when the group variances could be assumed to 

be equal. Comparisons of means when the two variances 

should not be considered equal were analyzed with an 

unequal variance model. Both types of tests were computed 

with PROC MIXED (SAS Institute, Cary, NC, USA). For 

most variables, plots of the data indicated no severe outliers 

or serious departure from normality. The three variables 

corresponding to the amount of calcium received showed 

some outliers and an undesirably large number of zeros, so 

a nonparametric Wilcoxon test was run to test for equality of 

medians with PROC NPAR1WAY (SAS Institute). Duration 

of hospital stay was analyzed using the log-rank test from 

PROC LIFEREG (SAS Institute). We used multivariate 

regression analysis to identify predictors of severe hungry 

bone syndrome in dialysis patients after assessing the rela-

tionships of individual variables with the outcome.

Results
Study population
Forty-one patients were identified, comprising 30 (73%) on 

dialysis and 11 (27%) with a functioning renal allograft. The 

mean age was 47.5 years in the dialysis group and 52.0 years 

in the transplant group. The mean time spent on dialysis in 

the dialysis group was 6.26 years. The mean serum creatinine 

in the transplant group was 1.7 mg/dL. The mean time from 

renal transplantation to parathyroidectomy was 5.3 years. 

Table 1 shows the study population.

Calcium and iPTH
In the dialysis group, 26 of 30 patients (86.6%) had postop-

erative serum calcium ,8 mg/dL despite aggressive calcium 

replacement. In contrast, only three of eleven patients (27.3%) 

in the transplant group had a serum calcium ,8 mg/dL. In 

the dialysis group, 26 patients (86.6%) required intravenous 

calcium versus four of eleven (36.3%) in the transplant group. 

Table 2 presents the major findings of this analysis.

The pre-surgery iPTH was significantly higher in the 

dialysis group than in the transplant group, as seen in 

Figure 1. The post-surgery iPTH decline was higher in the 

dialysis group than in the transplant group. The pre-surgery 

corrected total serum calcium was higher in the transplant 

group. The post-surgical decrease in serum calcium was 

higher in the dialysis group than in the transplant group 

(1.86 mg/dL versus 1.5 mg/dL). In the dialysis patients, 

the post-surgery decrease in serum calcium was limited by 

Table 1 Description of the study population

Patients (n) 41
  Dialysis 30 (16 men,  

14 women)
  Renal transplant 11 (5 men, 6 women)
Mean (SD) patient age (years)
  Dialysis 47.5±16.14
  Transplant 52.0±7.33
Mean duration of ESRD (years) in dialysis patients 6.26±4.75
Mean (SD) serum creatinine level at surgery  
for transplant patients 
Mean time to parathyroidectomy after  
renal transplantation (years)

1.74±0.67 mg/dL 
 
5.3

Abbreviations: SD, standard deviation; ESRD, end-stage renal disease.
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aggressive calcium repletion. The mean lowest recorded 

calcium value was significantly lower in the dialysis group 

than in the transplant group despite the dialysis group receiv-

ing much larger doses of intravenous and oral calcium and 

3.5 mEq/L calcium bath hemodialysis treatments.

The calcium requirements between the groups were 

very different. As presented in Figure 2, the amounts of 

intravenous and oral elemental calcium required to treat 

hypocalcemia were much higher in the dialysis group 

than in the transplant group. The transplant group required 

roughly 0.5 g of elemental calcium during the entire admis-

sion versus dialysis patients requiring on average 11 g of 

elemental calcium.

Phosphorus
As expected, serum phosphorus was higher in the dialysis group 

than in the transplant group. The postoperative decrease in 

phosphorus was minimal in both groups (0.46 mg/dL in the 

dialysis group and 0.13 mg/dL in the transplant group) despite 

successful parathyroidectomy. No patient became hypophos-

phatemic and no patient received phosphate repletion.

Duration of hospital stay
The length of admission was significantly longer in the 

dialysis group compared with the transplant group (Figure 3), 

Table 2 Comparison of different variables between dialysis 
patients and transplant recipients

Variables Dialysis 
group

Transplant 
group

P-value

Pre-surgery mean iPTH (ng/L) 2,042.1 261.7 ,0.001
Post-surgery mean iPTH (ng/L) 289.9 114.7 0.21
Post-surgery decrease  
in iPTH (ng/L)

1,752 147 ,0.001

Pre-surgery corrected  
tCa (mg/dL)

9.70 10.51 0.035

Post-surgery corrected tCa  
at day 1 (mg/dL)

7.96 9.01 0.003

Post-surgery decrease  
of serum tCa (mg/dL)

1.86 1.50 0.44

Mean lowest corrected  
tCa (mg/dL)

6.98 8.60 ,0.001

Pre-surgery serum  
phosphorus (mg/dL)

6.27 3.61 ,0.001

Post-surgery phosphorus (mg/dL) 5.63 3.58 ,0.001
Post-surgery decrease  
in phosphorus (mg/dL)

0.46 0.13 0.473

Mean IV elemental Ca during 
admission per patient (g)

2.48 0.16 0.0017

Mean oral elemental Ca during 
admission per patient (g)

8.67 0.38 ,0.001

Mean IV and oral elemental Ca  
during admission per patient (g)

11.15 0.55 ,0.001

Gland weight (g) 1.51 0.99 0.194
Length of admission (days) 8.2 3.18 ,0.001

Abbreviations: iPTH, intact parathyroid hormone; tCa, total calcium; Ca, calcium; 
IV, intravenous.
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Figure 1 Mean iPTH (ng/L) levels before and after surgery in dialysis and transplant groups. 
Abbreviation: iPTH, intact parathyroid hormone.
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reflecting the need for more intensive calcium monitoring 

and supplementation in the dialysis group.

Univariate and multivariate analysis
The results of univariate analysis using Spearman correlation to 

identify predictors of severe hungry bone syndrome in dialysis 

patients are presented in Table 3. Multivariate regression anal-

ysis of predictors of longer than 8 days admission found that 

a higher removed gland weight correlated with longer length 

of hospitalization (95% confidence interval [CI] 0.07–1.5526; 

P=0.0308) and elevated alkaline phosphatase showed a trend 

toward significant correlation (95% CI -0.0002 to 0.0092; 

P=0.0628) for the same outcome. Multivariate analysis of 

predictors for calcium replacement showed that younger age 

was significantly correlated with larger calcium replacement 

(95% CI -0.3208 to -0.0366; P=0.0137) while elevated 

alkaline phosphatase was again close to statistical significance 

(95% CO -0.0001 to 0.0228; P=0.0529) for the same outcome. 

Multivariate analysis for predictors of lowest recorded calcium 

value showed that younger age correlated with lower calcium 

values (95% CI 0.0102–0.0607; P=0.0059), while elevated 

alkaline phosphatase (95% CI -0.0034 to 0.0000; P=0.0550) 

showed a trend towards the same outcome.

Discussion
We found significant differences in iPTH levels between 

dialysis and transplant patients. The pre-surgery serum iPTH 

levels were much higher in dialysis patients (2,042.1 ng/L) 

than in transplant patients (261.7 ng/L). We have to high-

light that the hyperparathyroidism was relatively mild in the 

transplant group, with iPTH levels below 300 ng/L, close 

to the results presented by Evenepoel et al,7 ie, 107 pg/mL 

(107 ng/L). This reflects a tendency toward resolution of the 

hyperparathyroidism, with a gradual decrease in iPTH after 

renal transplantation. Despite adequate post-transplant renal 

function, 25% of patients still have elevated PTH levels one 

year post-transplantation.7 In most patients, the plasma iPTH 

will gradually return to normal after successful renal transplan-

tation, but there will be patients who fail to do so.15 The risk of 

post-transplant persistence of secondary hyperparathyroidism 

increases with the duration of dialysis16,17 and with the sever-

ity of pre-transplant hyperparathyroidism.17,18 The ability of 

hyperparathyroidism to spontaneously resolve after restoration 

of renal function is believed to be determined by the degree 

of parathyroid hyperplasia.19 Patients with persistent post-

transplant hyperparathyroidism requiring parathyroidectomy 

are those who developed nodular hyperplasia and secondary 

refractory hyperparathyroidism prior to transplantation.20

After parathyroidectomy, the iPTH decreased by 

1,752 ng/L in dialysis patients versus only 147 ng/L in the 

transplant group. The post-surgery mean iPTH was higher in 

the dialysis patients than in the transplant patients, probably 

reflecting the pre-surgery levels.

As expected, the transplant patients were hypercalce-

mic before surgery. The postoperative calcium drop was 

1.86 mg/dL in the dialysis group and 1.5 mg/dL in the 

transplant group. This moderate decrease in calcium should 

not be misleading. The postoperative drop in calcium was 

prevented in the dialysis group by frequent monitoring of 

calcium levels and aggressive repletion using massive doses 

12
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Figure 2 Comparison between dialysis and transplant patients of mean oral and 
intravenous elemental calcium (g) administered after parathyroidectomy per patient 
during hospital admission (P,0.001). 
Abbreviations: IV, intravenous; Ca, calcium.
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Figure 3 Comparison of length of admission (days) between dialysis and transplant 
patients (P,0.001).
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of intravenous and oral calcium. During the entire admission, 

dialysis patients received on average 11.15 g of elemental 

calcium versus 0.55 g for the transplant patients.

The mean lowest serum calcium recorded was significantly 

lower in the dialysis patients (6.98 mg/dL) than in the transplant 

recipients (8.60 mg/dL), despite dialysis patients receiving on 

average 20 times more elemental calcium. This highlights the 

need for frequent calcium monitoring especially in dialysis 

patients, because the calcium can decrease rapidly and needs 

prompt replacement to avoid severe hypocalcemia.

Further supporting the important differences between 

the groups in the severity of the hungry bone syndrome, 

in the dialysis group 86.6% had postoperative serum cal-

cium ,8 mg/dL despite aggressive calcium replacement 

compared with only 27.3% in the transplant group. Further, 

in the dialysis group, 86.6% required intravenous calcium 

versus only 36.3% in the transplant group. With careful moni-

toring and aggressive calcium repletion we did not record any 

complication attributable to severe hypocalcemia.

The length of admission was dictated by the need for 

intravenous calcium replacement and less by post-surgical 

recovery. The mean duration of admission was 8.2 days for 

dialysis patients. In contrast, the transplant patients could be 

discharged after 3.18 days on average.

In contrast with the dialysis patients, the transplant 

patients did not develop hungry bone syndrome. Their preop-

erative calcium was higher and decreased to levels just below 

the normal limit. The need for calcium supplementation in 

the transplant patients was minimal and they could be safely 

discharged home after a short hospital stay.

The large differences in the severity of hungry bone 

syndrome we found might be related to pre-surgery 

iPTH levels. Pre-surgery iPTH was very elevated in the 

dialysis patients and only mildly elevated in the transplant 

patients. Consequently, after parathyroidectomy, the mean 

iPTH drop was more than ten times higher in the dialysis 

patients than in transplant patients. This suggests that the 

pre-parathyroidectomy iPTH level and/or the magnitude of 

postoperative iPTH drop might correlate with the severity 

of hungry bone syndrome following surgery.

Prior to surgery, phosphorus was elevated in the dialysis 

group and within normal limits in the transplant group. 

After parathyroidectomy, serum phosphorus decreased by 

0.46 mg/dL in the dialysis group and by 0.13 mg/dL in the 

transplant patients. No patient became hypophosphatemic 

and none required phosphorus supplementation in either 

group. This is surprising. In ESRD patients, we currently 

consider that post-parathyroidectomy hypocalcemia is caused 

by an acute decrease in bone resorption and persistence of 

rapid bone formation which consumes large amounts of 

calcium. However, creation of new bone also requires large 

amounts of phosphorus, and a major drop in phosphorus 

was not seen. The explanation for this is unclear. We can 

hypothesize that the phosphorus needed for bone forma-

tion in ESRD patients is more easily available from other 

sites in the body and severe hypophosphatemia is averted. 

Compared with calcium, that is 99.9% stored in the bones, 

7% of body phosphorus is located intracellularly and 93% 

in the bone.21 The intracellular compartment might supply 

the phosphorus needed for bone formation. Further, in order 

to produce the main bone mineral, ie, hydroxyapatite [Ca
10

 

(PO
4
)

6
 (OH)

2
], the amount of phosphorus needed to match the 

calcium used is roughly half (for each 1,000 mg of calcium, 

465 mg of phosphorus is needed) and the lower phosphorus 

requirement dampens the magnitude of the decrease in serum 

phosphorus. Transplant patients were not hypophosphatemic 

despite their elevated iPTH and relatively preserved renal 

function (mean creatinine 1.74 mg/dL). In the transplant 

group, serum phosphorus decreased by 0.13 mg/dL imme-

diately post-parathyroidectomy. This decrease is surprising. 

In their series, Evenepoel et al7 did not report the immedi-

ate postoperative phosphorus values but they did report a 

mild increase (0.7 mg/dL) in phosphorus one month after 

parathyroidectomy. The late post-parathyroidectomy increase 

Table 3 Spearman correlation of predictors of severe hungry bone syndrome

Lowest Ca level Ca replacement Length of hospitalization

Correlation coefficient P-value Correlation coefficient P-value Correlation coefficient P-value

Duration of ESRD -0.243 0.24 0.022 0.92 -0.09 0.67
Pre-surgery iPTH -0.640 0.002 0.583 0.006 0.192 0.40
Post-surgery iPTH -0.521 0.032 0.579 0.015 0.414 0.10
Change in iPTH -0.596 0.019 0.396 0.14 0.013 0.96
Age 0.608 ,0.001 -0.583 ,0.001 -0.171 0.37
Gland weight 0.186 0.36 0.061 0.77 0.408 0.038
Alkaline phosphatase -0.586 0.003 0.540 0.006 0.436 0.033

Abbreviations: Ca, calcium; ESRD, end-stage renal disease; iPTH, intact parathyroid hormone.
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in phosphorus can be explained by the disappearance of the 

phosphaturic effect of elevated PTH and by resolution of 

hypercalcemia. The immediate decrease in phosphorus after 

parathyroidectomy in transplant patients we are reporting 

has no clear explanation. We can hypothesize that increased 

phosphorus utilization for new bone formation might be 

responsible for the immediate, mild post-parathyroidectomy 

decrease in phosphorus we found in our transplant patients.

The mean time to parathyroidectomy after renal transplant 

was 5.3 years. This is different from the 11 months reported 

by Evenepoel et al.7 This large difference might be explained 

by the lack of uniform indications for parathyroidectomy 

after renal transplantation. In our transplant group, the main 

indication for parathyroidectomy was persistently elevated 

iPTH and hypercalcemia.

We attempted to identify additional risk factors for devel-

oping severe hungry bone syndrome in ESRD patients. As 

presented before, the univariate analysis identified elevated 

pre-surgery iPTH (mean 2,042.1 ng/L), a large post-surgical 

iPTH decrease (mean 1,752 ng/L), young patient age (mean 

age 47.5 years), and elevated serum alkaline phosphatase 

(mean 263.95 U/L) as correlating with the occurrence of 

severe hungry bone syndrome. Multivariate analysis showed 

that young patient age and increased parathyroid gland 

weight are important risk factors for severe hungry bone 

syndrome, while elevated alkaline phosphatase showed a 

trend that was close to statistical significance. These factors 

can be used to identify patients at risk of developing severe 

hungry bone syndrome after parathyroidectomy in order to 

ensure appropriate calcium monitoring and adequate calcium 

replacement. The presence of the above-mentioned prognos-

tic factors predicts a need for a longer hospital stay to ensure 

intravenous calcium replacement.

The study has some limitations in view of it being a retro-

spective chart review analysis and our population being rela-

tively small. We tried to minimize the limitations by rigorous 

data collection and using pharmacy records to assess calcium 

repletion. We consider that our study relies largely on labora-

tory and pharmacy data that were appropriately captured in 

the medical records and increased its reliability. We identi-

fied possible predictors of severe hungry bone syndrome in 

ESRD patients. It is our belief that these findings should not 

be considered definitive but rather hypothesis-generating for 

prospectively designed research in the future.

Conclusion
Our study identified major differences between the clinical 

course and treatment after parathyroidectomy in dialysis patients 

versus renal transplant patients. Dialysis patients had a much 

higher pre-surgery iPTH and a larger post-surgery decrease in 

iPTH than transplant patients. Post-surgery hypocalcemia in 

dialysis patients was severe and required aggressive and pro-

longed intravenous and oral calcium replacement versus a very 

mild hypocalcemia requiring only brief and minimal replacement 

in transplant patients. Hypophosphatemia was not found during 

the hospital stay in the dialysis group and no patient required 

phosphorus repletion. The postoperative hospital stay was signifi-

cantly longer in the dialysis group than in the transplant group. 

In dialysis patients, a young age, elevated alkaline phosphatase, 

elevated pre-surgery iPTH, and a large postoperative iPTH 

decrease might predict severe hungry bone syndrome.
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