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INTRODUCTION

Secondary hyperparathyroidism is one of the most com-
mon complications in patients with chronic kidney dis-

ease (CKD), including those on maintenance hemodial-
ysis (HD). CKD-mineral bone disorder (MBD) includes 
(1) imbalances in calcium and phosphate homeostasis, 
active vitamin D deficiency, and increased levels of in-
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Background/Aims: To prevent hypocalcemia after parathyroidectomy (PTX), 
parenteral calcium is required in addition to oral calcitriol and calcium. After 
switching to oral calcium, patients can be discharged from the hospital. The 
aim of this study was to analyze the clinical characteristics and outcomes of PTX 
performed at a single Korean center and to investigate the associated laboratory 
factors used to analyze the total amount of postoperative calcium required.
Methods: We enrolled 91 hemodialysis patients undergoing PTX from November 
2003 to December 2011. We collected clinical and laboratory data preoperatively, 
12 and 48 hours postoperatively, at discharge, and 3 and 6 months postoperatively.
Results: In total, 59 patients underwent PTX with autotransplantation (AT), 6 
underwent total PTX without AT, 11 underwent subtotal PTX, and 15 underwent 
limited PTX. Total PTX without AT showed the lowest recurrence rate. At all 
postoperative time points, the mean levels of serum calcium, phosphorus, and 
intact parathyroid hormone (iPTH) decreased significantly, compared with pre-
operative levels; however, alkaline phosphatase (ALP) increased significantly from 
48 hours postoperatively to discharge (p < 0.001). On multiple linear regression 
analysis, the total amount of injected calcium during hospitalization showed a 
significant correlation with preoperative ALP (p < 0.001), preoperative iPTH (p = 
0.037), and ∆phosphorus at 48 hours (p < 0.001). We developed an equation for es-
timating the total calcium requirement after PTX.
Conclusions: Preoperative ALP, preoperative iPTH, and ∆phosphorus at 48 hours 
may be significant factors in estimating the postoperative calcium requirement. 
The formula for postoperative calcium requirement after PTX may help to pre-
dict the duration of postoperative hospitalization.
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tact parathyroid hormone (iPTH), (2) skeletal deformi-
ties, and (3) extraskeletal calcification [1,2].

The management of CKD-MBD includes normaliza-
tion of serum phosphorus and serum calcium levels, 
optimization of the iPTH level, and improvement in 
skeletal deformities by medical therapy, such as phos-
phate binders, active vitamin D, and calcimimetics [3-6]. 
Despite medical therapy, ~10% to 30% of end-stage re-
nal disease (ESRD) patients who undergo HD for more 
than 10 years require a parathyroidectomy (PTX) [7,8]. 
PTX is an available treatment modality in cases of un-
responsiveness to medical therapy. Successful PTX can 
have a striking effect in reducing serum levels of calci-
um, phosphate, iPTH, and alkaline phosphatase (ALP). 
In some cases, postoperative hypocalcemia is severe 
and prolonged despite normal or even elevated levels of 
iPTH. The abrupt withdrawal of PTH results in a tran-
sient marked increase in bone remineralization and a 
rapid shift of calcium from the circulation to bone tissue 
[5,9]. This phenomenon, called ‘hungry bone syndrome,’ 
occurs most often in patients who have developed bone 
disease preoperatively due to a chronic increase in bone 
resorption, induced by high levels of PTH [7-9].

Hypocalcemia remains a frequently encountered com-
plication, and its prevention represents a clinical chal-
lenge because pronounced hypocalcemia is very serious. 
The maintenance of a stable postoperative serum cal-
cium level is critical in preventing hungry bone syn-
drome [10]. Prediction of the total postoperative calci-
um requirement would be of interest to determine the 
postoperative hospitalization period. A previous study 
suggested that ALP could be a useful parameter in de-
termining the amount of calcium supplementation re-
quired after PTX [11]; however, there is no previous 
report for estimating the total postoperative calcium 
requirement after PTX in patients with secondary hy-
perparathyroidism.

In the present study, we aimed to analyze the clinical 
characteristics and outcomes of PTX in a single center 
and to investigate clinical factors that may be related to 
the postoperative calcium requirement. We focused on 
developing an equation that could estimate the total cal-
cium requirement after PTX.

METHODS

This study included 91 patients who underwent PTX 
because of secondary hyperparathyroidism between 
November 2003 and December 2011 at Korea University 
Guro Hospital. The research protocol was approved by 
the Institutional Review Board of Korea University.

In total, 94 PTX were performed, including two cases 
of persistent hyperparathyroidism and one case of re-
current hyperparathyroidism. Clinical and biochemical 
data were collected from electronic medical records. 
Clinical data included gender, age, body weight, pres-
ence of diabetes mellitus, duration of dialysis, mode of 
renal replacement therapy (HD or peritoneal dialysis 
[PD]), systolic and diastolic blood pressure, indication 
for PTX, mode of anesthesia (general anesthesia [GA] or 
local anesthesia [LA]), type of operation (total PTX with 
autotransplantation [AT], total PTX without AT, subtotal 
PTX, limited PTX), pathology of the parathyroid glands, 
postoperative complications, hospitalization duration, 
and recurrence rate.

Preoperative localization studies were performed in 
all patients. Patients who had a single adenoma strongly 
suspected on preoperative localization studies under-
went limited PTX, and patients with multi-gland dis-
ease or those who had failed preoperative localization 
underwent total PTX with or without AT or subtotal 
PTX. A simultaneous thymectomy was not performed 
in any patient.

Indications for the type of PTX were similar to other 
studies [8] and included the following: (1) high level of 
parathyroid hormone (iPTH > 500 pg/mL); (2) detection 
of enlarged parathyroid glands by image diagnosis (the 
longest length of at least one gland > 1 cm on computed 
tomography); and (3) uncontrolled hypercalcemia and 
hyperphosphatemia or multiple severe bone deformi-
ties or extraskeletal calcifications when the iPTH level 
was < 500 pg/mL.

The number of parathyroid glands excised, the lon-
gest parathyroid gland length, the heaviest parathyroid 
gland weight measured, and the histopathological diag-
noses of parathyroid tissues were collected. Recurrence 
of secondary hyperparathyroidism was defined as an 
iPTH > 300 pg/mL at 6 months postoperatively. Labora-
tory parameters were evaluated in all patients from med-
ical records preoperatively and at multiple time points 
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postoperatively. Biochemical data, including calcium, 
ionized calcium, phosphorus, iPTH, ALP, albumin, and 
hemoglobin, were collected preoperatively and 12 and 
48 hours postoperatively, at the time of discharge, and 
3 and 6 months postoperatively. Preoperative data were 
collected at the preoperative assessment 1 to 2 days prior 
to surgery. iPTH levels were measured using radioim-
munoassay kits (Cisbio Bioassay, Codolet, France).

Postoperative calcium supplements in the form of 
intravenous calcium gluconate, oral calcium carbon-
ate, and oral calcium lactate with 2 µg of oral calcitriol 
were prescribed, per our standard protocol. In the initial 
standard protocol, oral calcium carbonate (equivalent to 
200 mg elemental calcium per 500 mg tablet) was started 
at a dose of 1,000 mg three times daily and intravenous 
calcium gluconate was given daily and titrated based on 
serum calcium and ionized calcium levels while the in-
fusion was titrated down. Calcium lactate was added if 
the tablet burden of calcium carbonate was high. The 
total calcium amount during the hospitalization period 
after PTX was totaled and converted to mEq.

Statistical analysis
Statistical analyses were performed with the SPSS ver-
sion 12.0.1 (SPSS Inc., Chicago, IL, USA), and all variables 
are presented as mean ± SD or median (range). To evalu-
ate changes in biochemical parameters of mineral bone 
disease after PTX, a paired t test was performed, pairing 
preoperative and postoperative data. For variables that 
were not normally distributed, a logarithmic transfor-
mation was used to make the calcium injection values 
to fit a normal distribution. Pearson correlation coeffi-
cients and univariate linear regression were used to ex-
amine associations between injected calcium and labo-
ratory parameters associated with mineral bone disease. 
Among significant factors, a multiple linear regression 
analysis was performed to develop an equation for the 
predicted total elemental calcium requirement. Values 
of p < 0.05 were considered to indicate statistical signif-
icance.

RESULTS

In total, 91 patients with secondary hyperparathyroidism 
underwent PTX between 2003 and 2011. In total, 94 PTX 

were performed due to recurrent hyperparathyroidism. 
Demographic data of the study population are shown in 
Table 1. The mean age was 48.9 years (range, 19.9 to 70), 
and the mean duration of dialysis was 12.8 years (range, 
1 to 27). Most patients were undergoing HD, although 11 
patients (12%) were on continuous ambulatory PD. The 
mean duration of hospitalization was 18.64 ± 13.17 days 

Table 1. Demographics and clinical characteristics of the 
study population (n = 91, persistence 2, recurrence 1)

Characteristic Value

Age, yr 48.9 ± 10.3

Male sex 46 (50.5)

Body weight, kg 58.1 ± 10.4

Dialysis duration, yr 12.8 ± 5.6

Hemodialysis 80 (87.9)

Diabetes mellitus 8 (8.8)

Blood pressure

Systolic blood pressure, mmHg 131.7 ± 18.3

Diastolic blood pressure, mmHg 78.7 ± 10.1

Bone mineral density score –2.9 ± 1.7

Preoperative laboratory data

Ca, mg/dL 10.6 ± 1.3

Ionized calcium, mg/dL 5.0 ± 0.5

Phosphorus, mg/dL 5.9 ± 1.7

ALP, IU/L (reference value, 8–76) 313.6 ± 308.1

Albumin, g/dL 4.1 ± 0.8

Parathyroid hormone, pg/mL 1,385.5 (154.6–1,742.4)

Hemoglobin, g/dL 11.0 ± 1.6

Phosphate binders (n = 94)

Al containing phosphate binders 10 (10.6)

Ca containing phosphate binders 28 (29.8)

Sevelamer 26 (27.7)

Lanthanum 19 (20.2)

None 11 (11.7)

Vitamin D (n = 94)

Cholecalciferol 3 (3.2)

Calcitriol 29 (30.9)

Pericalcitol 24 (25.5)

Cinacalcet 6 (6.4)

None 32 (34.0)

Values are presented as mean ± SD, number (%), or median 
(range).
ALP, alkaline phosphatase.
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(range, 2 to 74). In 88 patients, the indication for PTX 
was uncontrolled secondary hyperparathyroidism de-
spite medical therapy. The most common symptoms as-
sociated with secondary hyperparathyroidism included 
musculoskeletal aches, fatigue, and pruritus. The symp-
toms did not correlate with biochemical markers. The 
mean level of preoperative iPTH was 1,647.1 ± 1,803.1 pg/
mL (median, 1,385.5; range, 544.6 to 1,742.4) with an en-
larged parathyroid gland. In the other six cases, where 
PTX was indicated due to uncontrolled hypercalcemia 
(serum calcium level > 12 mg/dL), the iPTH level was < 
500 pg/mL.

Two modes of anesthesia were used: GA and LA. In 
94 surgeries, 11 cases (12%) were performed under LA 
due to poor preoperative general condition. Four types 
of PTX were performed: total PTX with AT, total PTX 
without AT, subtotal PTX, and limited PTX. There were 
59 (63%) total PTX with AT and 6 (6%) total PTX without 
AT. It was not possible to transplant AT to the patients’ 
forearms because AT was contraindicated according to 
glandular pathological findings. There were 11 (12%) 
subtotal PTXs in patients awaiting kidney transplanta-
tion or patients with an aluminum pre-exposure his-
tory. There were 15 (10%) limited PTX due to a single 
parathyroid adenoma or an ectopic parathyroid gland.

In 94 operations, the length of the longest excised 
parathyroid glands was measured in 93  cases, and 58 
glands were weighed. The mean length of the longest 
gland was 2.4 ± 0.8 cm (range, 0.5 to 5.0), and the mean 
weight of the heaviest gland was 2.7 ± 2.5 g (range, 0.28 to 
10). The distribution of the final histopathological diag-
noses for the excised parathyroid glands is shown in Fig. 
1; diffuse hyperplasia (45 cases, 47.87%) and nodular hy-
perplasia (45 cases, 47.87%) showed the highest incidence 
in the excised parathyroid glands. Parathyroid adenoma 
and carcinoma were identified in three cases (3.19%) and 
one cases (1.1%), respectively.

In this study, there were few complications after PTX. 
The main postoperative complication associated with 
PTX was transient hoarseness (5%). There was one pa-
tient with persistent hoarseness after 6 months. No post-
operative bleeding requiring surgical intervention was 
noted. One patient died within 3 months after PTX due 
cardiovascular complications, not postoperative com-
plications. There were 19 cases of recurrence, defined as 
an iPTH >  300 pg/mL at 6 months after PTX. Conse-

quently, the recurrence rate after PTX in our center was 
20.2%. Among these patients, four were able to maintain 
iPTH levels < 300 pg/mL at the 1-year follow-up.

At each of the five postoperative time points (12 hours 
postoperatively, 48 hours postoperatively, discharge, 3 
months postoperatively, 6 months postoperatively), the 
mean levels of serum calcium, phosphorus, and iPTH 
decreased, while ALP levels increased, compared with 
preoperative levels. Serum calcium, phosphorus, and 
iPTH showed statistical differences between preopera-
tive and postoperative data at each time point (Fig. 2). 
PTH levels decreased significantly within 12 hours af-
ter PTX (preoperative iPTH 1,647.08 ± 1,803.15 pg/mL vs. 
postoperative 12 hours iPTH 299.14 ± 577.99 pg/mL, p = 
0.016). Postoperative PTH levels remained in the opti-
mal target range, according to Kidney Disease Outcomes 
Quality Initiative guidelines (150 to 300 pg/mL) from 
12 hours to 6 months after PTX. Analogous to the course 
of PTH levels, serum calcium and phosphorus levels de-
creased dramatically within 12 hours after PTX. Mean 
calcium (9.28 ± 1.18 mg/dL) and phosphorus (4.79 ± 1.52 
mg/dL) remained at target levels (serum calcium < 9.5 
mg/dL, serum phosphorus < 5.5 mg/dL) within 6 months 
postoperatively. Serum calcium and phosphorus levels 
postoperatively were significantly lower compared with 
preoperative serum calcium and phosphorous levels 
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Figure 1. Histopathological profiles of resected parathyroid 
glands.
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(preoperative vs. 6 months postoperative calcium, 10.61 
± 1.31 mg/dL vs. 9.27 ± 1.18 mg/dL, p < 0.0001; preopera-
tive vs. 6 months postoperative phosphorus, 5.89 ± 1.74 
mg/dL vs. 4.79 ± 1.51 mg/dL, p = 0.003). Mean ALP (456 ± 
454.67 IU/L; range, 49 to 3,037) was increased significantly 
at discharge (p < 0.001) but returned to the normal range 
by 6 months postoperatively (Fig. 2). Transient hypocal-
cemia, defined as a serum calcium level < 8.5 mg/dL, was 
observed in 71% of patients. Severe hypocalcemia, de-
fined as a serum calcium level < 7.5 mg/dL, was observed 
in 25% of patients. Calcium was administered paren-
terally in the immediate postoperative period and later 
administered orally via tablets with calcitriol to prevent 
postoperative hypocalcemia. All patients were given an 
oral calcium supplement and calcitriol at discharge. 
The total amounts of injected calcium 24, 48 hours, and 
7 days after PTX, and during the total hospitalization pe-
riod, were 61.03 ± 44.16, 135.76 ± 78.96, 502.73 ± 262.98, and 
1,049.1 ± 936.6 mEq, respectively (Fig. 3).

The duration of postoperative hospitalization cor-

related significantly with the total amount of calcium 
supplement (r = 0.775, p < 0.001). A longer length of hos-
pitalization could itself be a cause of increased mor-
bidity and potentially be related to adverse outcomes. 
Univariate analysis was performed to clarify the correla-
tion between preoperative laboratory parameters and 
changes in calcium and phosphorus in the postopera-
tive state and log (total calcium injected during hospi-
talization). Log (total calcium injected during hospital-
ization) correlated with preoperative ALP, preoperative 
iPTH, ∆phosphorus at 48 hours, and ∆calcium at 12 
hours in univariate analyses (Table 2). However, in a 
multiple linear regression analysis, log (total calcium 
injected during hospitalization) correlated with preop-
erative ALP (p < 0.001), preoperative iPTH (p = 0.037), and 
∆phosphorus at 48 hours (p < 0.001), but not ∆calcium 
at 12 hours. Using the variables with significant relation-
ships in the multiple linear regression analysis, the fol-
lowing equation was developed for estimating the total 
calcium requirement during hospitalization: 

p = 0.000b

p = 0.358 p = 0.055 p = 0.000b p = 0.000b p = 0.000b p = 0.016a p = 0.003b p = 0.001b p = 0.0041a p = 0.006b

p = 0.000b p = 0.000b p = 0.000b p = 0.000b p = 0.008b p = 0.000b p = 0.000b p = 0.000b p = 0.003b
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Log (total calcium injected during hospitalization) = 
2.576 + 0.001 × (preoperative ALP) + 3.575×10–5 × (preoper-
ative iPTH) + 0.06 × (∆phosphorus 48 hours).

DISCUSSION 

PTX remains one of the most important treatment mo-
dalities for secondary hyperparathyroidism refractory to 
medical treatment. This study showed our experience 
of PTX based on clinical characteristics and outcomes 

in a single center over 9 years. This study also showed 
the postoperative total calcium requirement and asso-
ciated factors for total calcium requirements after PTX. 
Patients with primary hyperparathyroidism can be dis-
charged immediately after PTX, whereas patients with 
secondary hyperparathyroidism on dialysis require 
much more postoperative calcium and a longer hospital 
stay [12]. Our results suggest a formula for the prediction 
of postoperative calcium required after PTX during hos-
pitalization using significant variables from a multiple 
linear regression analysis.

We showed that in patients with poor cardiorespira-
tory reserve and refractory secondary hyperparathyroid-
ism who were unlikely to be optimized adequately for 
GA, PTX under LA was an appropriate treatment option. 
In this study, a total of 11 patients had severe medical 
conditions such that they could not tolerate GA, and we 
performed limited PTX under LA. Though one patient 
died after limited PTX under LA, the cause of death 
was other medical problems. Recently, Cheong et al. 
[13] reported a series of total PTX under LA in patients 
with risk factors for GA. They enrolled 32 consecutive 
patients with severe cardiorespiratory dysfunction who 
underwent total PTX under LA over a period of 7 years. 
The postoperative complications were minimal and all 
patients reported symptomatic improvement [13]. Taken 
together, PTX can be performed safely and successfully 
under LA. Although PTX under LA is relatively safe and 
effective for high-risk patients, multiple PTX under LA 
is not yet considered a standard procedure for second-
ary hyperparathyroidism except in patients with very a 
high risk for GA. Multiple PTX under LA requires more 
precautions than cases performed under GA.

There is still much debate over the most efficient sur-
gical technique in terms of avoiding both recurrence 
and the development of adynamic bone disease. Cur-
rently, subtotal PTX with a cervical remnant and total 
PTX with AT are standard procedures for secondary 
hyperparathyroidism [14,15]. In this study, a total PTX 
with AT in the forearm was the standard technique. In 
previous studies, the recurrence rate in total PTX with 
AT was reported as 10.5% (16 of 152 patients) [16]. In a se-
ries of 1,053 patients treated with total PTX with AT, the 
recurrence rate was 8.1% [8]. In contrast, the recurrence 
rate of total PTX without AT was reported as 4% (55 cas-
es) [17] and 2.3% (43 cases) [18]. In this study, recurrence 

The total amounts of injected calcium
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Figure 3. Total amount of calcium injected during 24, 48 
hours, and 7 days after parathyroidectomy and during the 
total hospitalization period.

Table 2. Univariate analysis of total amount of injected 
calcium and parameters associated with bone and mineral 
metabolism by Pearson correlation analysis

Variable
Log 

(total amount of injected calcium)

r p value

Preoperative

Ca –0.063 0.560

P 0.118 0.278

ALP 0.453 0.000a

PTH 0.275 0.010a

∆Ca 12 hr 0.249 0.020b

∆P 48 hr 0.346 0.001a

∆ALP 48 hr –0.011 0.921

∆Ca 48 hr 0.051 0.639

Ca, calcium; P, phosphorus; ALP, alkaline phosphatase; 
PTH, parathyroid hormone.
ap < 0.01. bp < 0.05.
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occurred in 10 of 59 cases (16.9%) of total PTX with AT. 
No recurrence was found in total PTX without AT cases. 
In previous studies, subtotal PTX showed a higher re-
currence rate (32.1%) than total PTX with AT [19]. In the 
present study, the recurrence rates of subtotal PTX and 
limited PTX were 27.2% (3/11cases) and 40% (5/15 cases), 
respectively. Total PTX without AT showed the lowest 
recurrence rate, which was similar to previous studies 
for total PTX without AT and subtotal PTX.

A previous study explained a hypothesis for detectable 
PTH levels after PTX without AT as follows. During the 
embryological development of the parathyroid glands, it 
has been suggested that microscopic islands (“rests”) of 
parathyroid tissue can be deposited anywhere along the 
descent of the glands from the third and fourth bran-
chial pouches. Hyperplasia of these microscopic rests, 
attributable to the persistent uremia stimulus created by 
ongoing ESRD, may occur, resulting in detectable PTH 
in the long term despite total PTX without AT [20]. A 
recent study also proposed that total PTX without AT 
may still be considered the operation of choice in pa-
tients with aggressive forms of secondary hyperparathy-
roidism or of advanced dialysis vintage with no access 
to renal  transplantation because of its low recurrence 
rate [21,22]. Theoretically, total PTX without AT may 
suit aggressive forms of secondary hyperparathyroid-
ism more than a potential renal transplant in view of 
the increased frequency of very low or undetectable PTH 
in renal transplant recipients. However, this procedure 
may place them at greater risk of adynamic bone disease, 
compared with a dialysis-dependent population who do 
not undergo PTX. A prospective randomized trial and 
bone biopsies comparing total PTX without AT with 
both subtotal and total PTX with AT would clearly help 
to determine the incidence of adynamic bone disease.

Postoperative hypocalcemia or hungry bone syndrome 
is a common complication in patients with secondary 
hyperparathyroidism, but the management of hypocal-
cemia is not well defined in HD patients. Viaene et al. 
[23] reported transient hypocalcemia in more than 80% 
of patients after PTX despite frequent monitoring of the 
serum calcium level and adjustments of calcium and vi-
tamin D supplements. Prolonged hypocalcemia despite 
continuous intravenous and oral calcium replacement 
increases hospitalization duration after PTX. From a 
clinical standpoint, the length of hospitalization after 

PTX is significantly correlated with the grade of compli-
cations, and medical management and monitoring for 
postoperative hypocalcemia yield an increase in costs 
for the healthcare system. Thus, knowledge of the de-
terminants of total calcium requirement after PTX is 
important for decreasing the length of hospitalization 
and improving calcium balance. Only a few studies have 
reported the total calcium requirement after PTX in pa-
tients with secondary hyperparathyroidism. Goh et al. 
[11] reported that ALP could predict calcium require-
ments after total PTX. They showed a significant cor-
relation between serum ALP levels on admission and 
the elemental calcium dose at discharge, when correct-
ed for serum calcium variation. In another study, a high 
preoperative PTH level and a low serum calcium level 
were identified as independent predictors of high post-
operative calcium demands [23]. Cheng et al. [24] showed 
that a high preoperative ALP was significantly associated 
with a prolonged hospital stay in patients undergoing 
PTX for secondary hyperparathyroidism. In the pres-
ent study, consistent with these reports, we observed 
a significant correlation with preoperative PTH, ALP, 
and the change in phosphorus during the first 48 hours 
postoperatively. We found statistically significant val-
ues that influenced the total injected calcium require-
ments during hospitalization (Table 2). The equation 
may be helpful for optimizing management strategies 
to prevent symptomatic hypocalcemia or prolonged 
hospital stays. Our center has managed postoperative 
hypocalcemia after PTX by means of implementation 
of a standardized protocol using specific calcium-ori-
ented targets. Thus, our researchers are planning a fur-
ther prospective randomized controlled study to reduce 
postoperative hospitalization duration after PTX by ad-
justing postoperative target calcium levels through ap-
plication of this equation.

We acknowledge that our study has several limita-
tions, mainly related to its retrospective nature. In ad-
dition, there was a relatively small sample size and short 
follow-up period. Thus, a larger study to confirm these 
findings is needed.

In conclusion, we propose PTX under LA as a treat-
ment choice in patients with poor preoperative condi-
tions. The standard surgical technique for PTX in sec-
ondary hyperparathyroidism is still controversial; our 
center decides the type of operation based on whether 
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the patient is on the waiting list for kidney transplan-
tation. Finally, preoperative ALP, preoperative iPTH, 
and ∆phosphorus at 48 hours postoperatively may be 
significant factors in estimating the duration of hospi-
talization and calcium requirements. A formula for the 
postoperative calcium requirement after PTX during 
hospitalization helps to prevent prolonged hypocalce-
mia by predicting the appropriate calcium requirement 
and to reduce the hospitalization period after PTX by 
adjusting postoperative target calcium levels.
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