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Abstract
Primary hyperparathyroidism is a common endocrine disorder that often requires parathyroid-dectomy 

as a curative measure. However, post-operatively, patients are susceptible to severe and prolonged 
hypocalcemia, known as post-parathyroidectomy hypocalcemia syndrome (HBS), which can prolong the length 
of stay and increase the cost of care. Preoperative use of bisphosphonates has been proposed as a potential 
therapy to reduce the incidence of HBS. This EBCR aims to determine the effectiveness of preoperative 
bisphosphonate administration in reducing the risk of HBS in patients with primary hyperparathyroidism 
undergoing parathyroidectomy. A systematic literature review conducted through three electronic databases 
and critical analysis using FAITH tools from the Central of Evidence-based Medicine, University of Oxford, 
showed that pre-operative administration of bisphosphonates significantly reduces the occurrence of HBS 
with an overall NNT (Number Needed to Treat) of three. However, further research is needed to validate 
bisphosphonates’ effectiveness and safety in this context. Overall, these EBCR suggest that bisphosphonates 
can be considered as part of a preventive strategy for HBS in patients with primary hyperparathyroidism 
undergoing parathyroidectomy. 
Keywords: hungry bone syndrome, primary hyperparathyroidism, bisphosphonate.

Efek Pemberian Bisfosfonat Pra-Operasi dalam Mencegah Hungry Bone 
Syndrome pada Pasien Hiperparatiroidisme Primer yang Menjalani 

Paratiroidektomi

Abstrak
Hiperparatiroidisme primer adalah kelainan endokrin yang sering memerlukan paratiroidektomi sebagai 

tindakan kuratif. Namun, pasca-operasi, pasien rentan mengalami hipokalsemia berat dan berkepanjangan, 
yang dikenal sebagai sindrom hipokalsemia pasca-paratiroidektomi (hungry bone syndrome/HBS), yang 
dapat memperpanjang masa rawat inap dan meningkatkan biaya perawatan. Penggunaan bisfosfonat 
sebelum operasi telah diusulkan sebagai terapi potensial untuk mengurangi kejadian HBS. EBCR ini bertujuan 
untuk menentukan efektivitas pemberian bisfosfonat pra-operasi dalam mengurangi risiko HBS pada pasien 
hiperparatiroidisme primer yang menjalani paratiroidektomi.Tinjauan literatur sistematis yang dilakukan 
melalui tiga database elektronik dan analisis kritis menggunakan FAITH tools dari Central of Evidence-based 
Medicine, University of Oxford, menunjukkan bahwa pemberian bisfosfonat pra-operasi mengurangi terjadinya 
HBS dengan NNT secara signifikan (keseluruhan sebesar 3). Meskipun demikian, diperlukan penelitian lebih 
lanjut untuk memvalidasi efektivitas dan keamanan bisfosfonat dalam konteks ini. Secara keseluruhan, hasil 
EBCR ini menunjukkan bahwa bisfosfonat dapat dipertimbangkan sebagai bagian dari strategi pencegahan 
HBS pada pasien dengan hiperparatiroidisme primer yang menjalani paratiroidektomi.
Kata kunci: hungry bone syndrome, hiperparatiroidisme primer, bisfosfonat.
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Introduction
     Primary hyperparathyroidism ranks as the 

third most prevalent endocrine disorder, following 
diabetes mellitus and thyroid conditions, which 
affects up to 1% of the adult population.1 Primary 
hyperparathyroidism (PHPT) arises from the 
excessive secretion of parathyroid hormone 
independently, primarily attributed to adenoma 
(80% single, 4% double), hyperplasia (15%), and 
exceptionally malignancy (1%).2 The incidence of 
PHPT, in general, is rising globally. Prevalence has 
risen from 1.8 to 6.7/1000 between 1997 and 2006. 
Additionally, the worldwide incidence rate of PHPT is 
approximately 20 per 100,000 people under 50 
years old, with variations in incidence rates among 
different racial groups.3,4 

Parathyroidectomy is the sole curative option 
for PHPT. However, parathyroidectomy is not a 
complication-free procedure.5 Following a 
parathyroidectomy, the occurrence of low calcium 
levels in the blood, known as postoperative 
hypocalcemia, is a widely recognized complication. 
Patients with primary hyperparathyroidism who 
undergo parathyroidectomy experience a swift 
reduction in serum calcium levels following the 
removal of overactive glands. This decline in serum 
calcium levels typically peaks within 2 to 4 days post-
surgery; however, in patients with hungry bone 
syndrome (HBS), it may continue to decrease 
beyond the fourth day.6,7 HBS is defined as rapid, 
profound, and prolonged hypocalcemia of less than 
8.4 mg/dL that endures for over four days following 
surgery in the presence of normal or elevated 
parathyroid hormone (PTH) levels.8,9 HBS commonly 
manifests in the postoperative phase following 
parathyroidectomy in individuals with PHPT.9 The 
incidence of HBS in PHPT after parathyroidectomy 
varies, with reported prevalence rates ranging from 
24% to 87%.10

Following parathyroidectomy, the sudden 
decrease in serum PTH levels is thought to alter 
the equilibrium between bone formation and 
resorption, promoting bone formation and leading 
to a substantial increase in skeletal calcium 
uptake, ultimately causing severe hypocalcemia.11 
HBS extends hospital stays and increases 
disease expenses, as HBS can persist over 
an extended duration, necessitating prolonged 
calcium supplementation. Patients experiencing 
hypocalcemia had notably longer hospitalizations 
(5.7 days compared to 3.1 days) and incurred 
higher individual costs ($8,367.35 versus 
$2,534.44) than those without hypocalcemia.12 

According to Nicholson et al13 treatment expenses for 
hypocalcemia ranged from $329 to $4,955 per 
patient, primarily attributable to the monitoring and 
management of hypocalcemia. Meanwhile, there is 
no data on the cost of treatment of hypocalcemia in 
Indonesia. Therefore, it would be sensible to prevent the 
development of HBS to avoid prolonged hospital stays 
and to reduce healthcare costs of post-
thyroidectomy hypocalcemia in the setting of limited 
resources in the healthcare system due to 
hypocalcemia.14 

One of the strategies that can be applied to this 
circumstance is preventing the occurrence of HBS. 
Bisphosphonates have been studied for their 
potential to prevent HBS in patients with PHPT 
undergoing parathyroidectomy. Administering 
preoperative intravenous zoledronic acid has been 
shown to notably decrease the requirement for 
intravenous calcium supplementation and shorten 
the length of postoperative hospitalization, indicating its 
potential to reduce the incidence of HBS in 
patients with PHPT.15 Bisphosphonates, including 
zoledronic acid, can inhibit osteoclast activity, which 
may help prevent excessive bone resorption and the 
subsequent release of calcium into the bloodstream, 
thereby reducing the risk of HBS.16 Although some 
studies reported encouraging results, results on the 
protective role of bisphosphonates are conflicting.17,18 
Thus, this EBCR aims to determine the 
effectiveness of preoperative bisphosphonate 
administration in reducing the risk of HBS in patients 
with primary hyperparathyroidism undergoing 
parathyroidectomy. 

Clinical Scenario
An 18-year-old man came to dr. Cipto 

Mangunkusumo National Hospital, Jakarta, with a 
chief complaint of weakness for two days. The 
patient was previously diagnosed with primary 
hyperparathyroidism and was referred from 
Moewardi Hospital for parathyroidectomy due to left 
parathyroid adenoma. Since his condition 
deteriorated abruptly, the patient came to the ER and 
was referred to internal medicine from the surgery 
department for evaluation and treatment of the PHPT 
and sudden weakness. 

The patients denied having any syncope, 
seizure, or one-sided weakness—no vomiting or 
diarrhea preceding the complaints. Patients reported 
other symptoms, such as tingling on both feet and 
arms and knee pain after prolonged walking or 
doing  sports  activities.  Complaints  of  a  lump in
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the neck were denied, and swallowing problems/
hoarseness were absent. There were no complaints 
about sweating or heart palpitations.  His prior 
clinical history included nephrocalcinosis in 2021 
and a fracture of the left femoral bone in 2022 due 
to minor trauma, elevation of intact PTH levels, and 
hypercalcemia. The patient denied the consumption 
of any medication. There was no history of alcohol 
consumption or smoking, no medication, and no 
history of undergoing radiotherapy. The history of 
malignancy was denied.  

During the physical examination, the patient 
was alert and showed stable vital signs. A neck 
examination resulted in no remarkable finding. 
There were no signs of enlargement of the thyroid 
and lymph nodes. An examination of the extremities 
showed a shortening of the left inferior limb. We 
found no tremors or lateralization with normal motor 
and sensory function. On admission, moderate 
hypercalcemia (serum corrected Ca 12.5 mg/dL) 
and elevated intact PTH level (556.4 pg/mL) were 
found. We found low phosphate levels (1.37 mg/
dL), vitamin D deficiency (7.4 ng/ml), and increased 
urinary Ca (325 mg/24 h). A Sestamibi parathyroid 
scan found a left parathyroid adenoma with 8.1 x 
11.1 x 20 mm dimensions. 

Various risk factors have been identified to 
correlate with an increased risk of HBS, including 
increased levels of PTH, pre-operative serum 
calcium, and vitamin D deficiency. Due to the 
increased risk of HBS in the patient, preventive 
treatment was needed to prevent HBS. Studies 
showed that bisphosphonate can be used as a 
preventive measure for HBS. We planned to initiate 
pre-operative treatment for patients with PHPT with 
bisphosphonates to prevent complications of HBS 
after parathyroidectomy.

Problem Formulation
In adult patients with PHPT undergoing 

parathyroidectomy, how is the effect of pre-
operative bisphosphonates therapy on preventing 
HBS?

The PICO in this study was as follows: 
Population: adult patients with PHPT undergoing 

parathyroidectomy; Intervention: pre-operative 
zoledronic acid or bisphosphonates; Comparison: no 
pre-operative zoledronic acid or bisphosphonates; 
Outcome: HBS

Search Strategy 
We systematically searched databases using 

three electronic databases, including Pubmed, 
ProQuest, and SCOPUS, from each database’s 
inception to February 15, 2024, without language 
restriction to identify relevant studies. The following 
keywords were used: ‘primary hyperparathyroidism,’ 
‘parathyroidectomy,’ ‘hungry bone syndrome,’ 
‘bisphosphonates,’ ‘zoledronic acid’ with various 
synonyms (Table 1). The “related articles” function 
in PubMed and citation screening for reference 
lists of retrieved articles were also used to identify 
additional articles.

Eligibility Criteria
Studies meeting the eligibility criteria were 

selected, with inclusion based on the following 
criteria: adult participants aged ≥18 years old 
with PHPT undergoing parathyroidectomy, 
comparison between patients with and without 
pre-operative zoledronic acid therapy, and the 
outcome of interest was HBS. HBS is defined as 
prolonged hypocalcemia for more than four days 
after parathyroidectomy. The types of studies 
included are meta-analysis/systematic reviews of 
RCTs or cohort studies, RCTs, and cohort studies. 
Restrictions by language, sample size, and year of 
publication were not applied. The exclusion criteria 
were abstracts, books, correspondences, case 
series, and case reports.  

Study Selection and Data Extraction
Publications from systematic searches were 

screened for duplicates, then assessed by title and 
abstract for inclusion. Full-text evaluation based on 
PICO followed, with discrepancies resolved through 
discussion. One meta-analysis was selected for 
appraisal, and data extracted included author, 
year, country, study design, population traits, and 
summary of results.
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Table 1. Keywords for Search Strategies

Database Search Strategies Hit
Pubmed ((Primary hyperparathyroidism[Title/Abstract]) OR (Primary hyperparathyroidism[MeSH Terms]) 

OR (hyperparathyroidism[TitSle/Abstract]) OR (hyperparathyroidism[MeSH Terms])) AND 
(parathyroidectomy[Title/Abstract] OR (parathyroidectomy[MeSH Terms])) AND ((Postoperative[Title/
Abstract]) OR (Postoperative[MeSH Terms]) OR (Post-operative[Title/Abstract]) OR (Post-
operative[MeSH Terms])) AND ((hungry bone syndrome[Title/Abstract]) OR (hungry bone 
syndrome[MeSH Terms])) AND ((Bisphosphonates[Title/Abstract]) OR (Bisphosphonates[MeSH Terms]) 
OR (Zoledronic acid[Title/Abstract]) OR (Zoledronic acid[MeSH Terms]))

10

ProQuest #S1 abstract(Primary hyperparathyroidism) OR title(Primary hyperparathyroidism)
#S2 abstract(hyperparathyroidism) OR title(hyperparathyroidism)
#S3 [S1] OR [S2]
#S4 abstract(parathyroidectomy) OR title(parathyroidectomy)
#S5 abstract(Postoperative) OR title(Postoperative)
#S6 abstract(Post-operative) OR title(Post-operative)
#S7 [S5] OR [S6] 
#S8 abstract(hungry bone syndrome) OR title(hungry bone syndrome)
#S9 abstract(Bisphosphonates) OR title(Bisphosphonates)
#S10 abstract(Zoledronic acid) OR title(Zoledronic acid)
#S11 [S9] OR [S10]
#S12 [S3] AND [S4] AND [S7] AND [S8] AND [S11]

5

SCOPUS TITLE-ABS-KEY (primary AND hyperparathyroidism OR hyperparathyroidism) AND TITLE-ABS-KEY 
(postoperative OR parathyroidectomy) AND TITLE-ABS-KEY (hungry AND bone AND syndrome) AND 
TITLE-ABS-KEY (bisphosphonates OR zoledronic AND acid)

21

Figure 1. PRISMA Flow Diagram of Systematic Article Searches

Role of Bisphosphonate to Prevent Hungry Bone Syndrome
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Critical Appraisal
Selected studies were critically appraised using 

FAITH tools for systematic review/meta-analysis 
studies developed by the Center for Evidence-
Based Medicine (CEBM) at the University of 

Oxford. Critical appraisal was conducted by authors 
independently. A critical appraisal was carried out 
regarding validity, importance, and applicability. 
Differences in critical appraisal were discussed 
until a consensus was made.

Results
The study selection process included one 

study, as depicted in Figure 1. No articles were 
discovered through screening. Included study for 
this analysis is a meta-analysis conducted by Pal 
et al27 evaluated the risk of hungry bone syndrome 
(HBS) following parathyroidectomy in patients with 
primary hyperparathyroidism (PHPT) who received 
preoperative bisphosphonate therapy. This study 
included two retrospective cohort studies involving 
a total of 42 participants with PHPT who underwent 
parathyroidectomy. The analysis found that the 
risk of developing HBS was significantly lower 
in patients who had received bisphosphonates 
preoperatively compared to those who had not, 
with a relative risk (RR) of 0.12 (95% confidence 
interval [CI] 0.02–0.89; p = 0.04; I² = 0%).  The 
study included a meta-analysis, which was the 
conclusion of two studies that had been conducted 
previously. The following is a list of articles included 
in the meta-analysis (Table 2). The included article 
was critically appraised using FAITH tools, and the 
result of the critical appraisal of the included meta-
analysis and its validity is shown in Table 3.

A critical review of the study by Pal et al27 
assessed its validity, importance, and applicability 
in evaluating the role of bisphosphonates 
in preventing hungry bone syndrome (HBS) 
following parathyroidectomy in patients with 
primary hyperparathyroidism (PHPT). The study 
demonstrated high validity, with positive responses 

to six out of seven critical appraisal questions. 
The findings were considered significant, as 
they indicated a reduction in the occurrence of 
HBS postoperatively in patients who received 
bisphosphonates. While the study suggested that 
bisphosphonates might be beneficial in preventing 
HBS, the authors emphasized the need for further 
high-quality research to evaluate their efficacy and 
safety profile. Based on the evidence hierarchy, the 
study was classified as Level 2A.

Discussion
Parathyroidectomy is widely considered 

the best treatment for PHPT due to its curative 
potential and effectiveness in managing the 
condition. The efficacy of parathyroidectomy in 
treating PHPT is well-established, with studies 
highlighting its role as the gold standard procedure 
for surgical management of the condition and the 
only curative option providing a permanent solution 
for the underlying cause of the disease for patients 
with PHPT and offering a definitive resolution of 
the disease and its associated symptoms.19,20 
Parathyroidectomy is effective in restoring 
calcium homeostasis in patients with primary 
hyperparathyroidism.21

Hypocalcemia is a frequent complication post-
parathyroidectomy, where, in some cases, the 
condition is prolonged and results in HBS.  It enhances 
skeletal calcium usage, leading to an immediate halt 
in bone resorption despite ongoing bone formation, 

Table 2. List of Articles Included in the Meta-Analysis

Author Year Country Study design Intervention Control Sample 
size

Lee et al34 2006 Taiwan Retrospective 
cohort study

IV plus oral 
clodronate,
intravenous 
pamidronate, and 
oral clodronate 
alone.

No preoperative 
bisphosphonate 
treatment

23

Mayilvaganan et al35 2017 India Retrospective 
cohort study

IV zoledronic acid No preoperative 
bisphosphonate 
treatment

19

Fahri A. Baihaqi, et  al
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resulting in a profound and sometimes long-lasting 
decrease in serum calcium levels.22 

The pathophysiology of HBS involves an 
accelerated bone formation rate and a sudden 
reduction in the expanded resorption space, 
resulting in heightened skeletal calcium utilization 
once the impact of elevated circulating PTH 
diminishes.23 After parathyroidectomy, the sudden 

drop in serum PTH levels triggers a hyperdynamic 
process of calcium reabsorption into bones, 
resulting in severe and prolonged hypocalcemia, 
which characterizes HBS.21 This phenomenon is 
due to the rapid remineralization of bone tissue 
following the removal of the parathyroid glands, 
leading to a state of “hungry bones” that avidly 
absorb calcium from the bloodstream.24

Table 3. Result of Critical Appraisal Based on Validity

Item of Appraisal Description
Critical appraisal

Title Role of Bisphosphonates in The Prevention of Postoperative Hungry Bone 
Syndrome in Primary Hyperparathyroidism: A Meta-Analysis and Need for 
Randomized Controlled Trials

Study design Meta-analysis of cohort studies
Level of evidence 2A

Validity
Question – Does the systematic review 
address a focused question (PICO)?

Yes – in this article, the PICO, which the author asked about, was clearly stated 
in the title and abstract.

… and use it to direct the search and 
select articles for inclusion?

Yes – this article’s inclusion and exclusion criteria were clearly stated in the 
methods section. Inclusion criteria consisted of observational studies that 
examined administering at least one dose of any bisphosphonate pre-operatively 
in PHPT patients and compared the incidence of HBS in the postoperative 
period between those who received it and those who did not. Meanwhile, the 
exclusion criteria for this meta-analysis include case reports and case series.

Find – Did the search find all the relevant 
evidence?

Yes – A literature search for this article was conducted in two databases, PubMed 
and Google Scholar. This literature search was not limited by language and 
time. In a literature search in two databases, 533 articles were obtained, which 
were then carried out by eliminating duplicates, screening titles and abstracts, 
and assessing eligibility criteria, leaving two articles that met the eligibility 
criteria to be reviewed and included in this meta-analysis. The keywords used 
in the literature search have also been mentioned. Keywords used included 
‘Primary hyperparathyroidism’ OR ‘Hyperparathyroidism’ AND ‘Hungry bone 
syndrome’ AND ‘Bisphosphonates’ OR ‘Zoledronic acid.’

Appraise – Have the studies been 
critically appraised?

Yes – Two reviewers critically reviewed the articles selected for this meta-analysis.  
The assessment of the chosen articles’ quality was conducted utilizing the 
Methodological Index for Non-Randomized Studies (MINORS) scale, consisting 
of 12 criteria rated as 0 (not documented), 1 (documented but insufficient), or 2 
(documented and sufficient). The highest achievable score for non-comparative 
studies is 16, while for comparative studies is 24. The MINORS scores of 14 and 
15 for the included studies indicate suboptimal quality.

Include – Did they only include high-
quality studies?

No – The selected articles in this meta-analysis were all retrospective cohorts, 
which are not the best for intervention study designs. The quality of the selected 
articles was still sub-optimal because they had moderate quality based on their 
MINORS scale.

Total up – Have the results been totaled 
with appropriate summary tables and plots?

Yes – A summary table of the selected articles is presented in supplemental 
articles. Apart from that, this article also displayed a pooled effect as a forest plot. 

Heterogeneity - … and heterogeneity 
between studies assessed and 
explained?

Yes – In each forest plot for each outcome, the Chi2 and I2 values are included, 
which indicate heterogeneity. For the outcome of preventing HBS, the value of 
I2 = 0% was obtained, which means that the results of the selected articles on 
the outcome of preventing hungry bone syndrome were homogeneous.

Role of Bisphosphonate to Prevent Hungry Bone Syndrome
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Studies have indicated varying rates of 
occurrence of HBS in PHPT.25,26 The severity 
of HBS is highlighted by its classification as a 
severe and underdiagnosed complication of 
parathyroidectomy in the treatment of primary 
hyperparathyroidism. It can be life-threatening 
if not managed appropriately.27,28 The condition 
necessitates long-term calcium supplementation to 
address the hypocalcemic state resulting from the 
remineralization of various minerals in the bones.29

Various factors contribute to the development 
of HBS including elevated levels of PTH, alkaline 
phosphatase (ALP), blood urea nitrogen (BUN), 
higher BMI, and larger removed glands.22,30  
Deficiency in vitamin D, lower dietary calcium 
intake, and younger age at surgery may also 
increase the risk of HBS.22,31  Patients with HBS 
often exhibit larger volumes and weights of removed 
glands, along with higher pre-operative levels 
of serum calcium, PTH, and alkaline phosphate 
compared to those who undergo uncomplicated 
parathyroidectomy.22,32 Additionally, radiological 
evidence of bone diseases such as brown tumors, 

fractures, and osteitis fibrosa cystica, along with 
higher osteoclast numbers on bone biopsy, are 
associated with an increased risk of HBS.22,33 

Prevention strategies for HBS have been 
explored, such as the pre-operative use of 
pamidronate to prevent the risk of severe and 
prolonged hypocalcemia post-parathyroidectomy.34 

Additionally, treatments like zoledronic acid have 
been investigated in preventing HBS in PHPT 
patients. These interventions aim to reduce 
the likelihood of developing this challenging 
complication, which can lead to prolonged 
hospitalization and require careful management.

Bisphosphonates are commonly utilized 
as antiresorptive medications for managing 
osteoporosis and bone conditions linked 
to heightened bone turnover. In primary 
hyperparathyroidism, bisphosphonates act by 
inhibiting osteoclastic bone resorption and reducing 
the frequency of remodeling site activation, thereby 
aiding in replenishing remodeling spaces. When 
used before parathyroidectomy in the context 
of PHPT, bisphosphonates may prevent the 

Table 4. Result of Critical Appraisal Based on Importance, and Applicability

Item of Appraisal Description
Importance

What measure was used, and how 
significant was the effect (could it have 
been due to chance)?

The meta-analysis results in this article were presented as a forest plot to 
determine the role of pre-operative bisphosphonates in preventing HBS in PHPT 
patients undergoing parathyroidectomy. The study showed that pre-operative 
biphosphonate therapy could prevent hungry bone syndrome (RR: 0.12; 95% 
CI: 0.02-0.89; P: 0.04). Apart from that, in the forest plot, the value of I2 = 0% 
was obtained, which means that the results from the selected articles on the 
outcome of preventing HBS were homogeneous. The calculated NNT was 3, 
implying that the intervention substantially reduces the risk of hungry bone 
syndrome occurrence.

Applicability
Is my patient so different from those in 
the study that the results cannot apply?

No – Patient characteristics in this meta-analysis were similar to those in clinical 
scenarios.

Is the treatment feasible in my setting? Yes – Bisphosphonate is now widely available in Indonesia and is included in the 
National Health Insurance Forum (JKN). Thus, it can be used under appropriate 
indications.

Will the potential benefits of treatment 
outweigh the potential harms of 
treatments for my patient?

Yes – The results show that pre-operative bisphosphonates can reduce the risk 
of HBS by 88% compared to those without therapy with an NTT of 3. A lower NNT
generally indicates a more significant benefit of treatment. In this case, an NNT 
of 3 suggests that the benefit of pre-operative bisphosphonates in preventing 
hungry bone syndrome is relatively substantial. However, the robustness of the 
result is questionable because it was synthesized from studies with low levels of 
evidence and did not include RCTs in the analysis. Thus, bisphosphonates may 
be considered while further studies with a higher level of evidence are being 
conducted.

Fahri A. Baihaqi, et al
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intensity and duration of HBS by decreasing bone 
turnover levels or even normalizing them before 
surgery.35,26  This proactive approach could have 
a postoperative impact by moderating the rate of 
calcium influx into the bone, thereby averting a 
sudden decline in calcium levels and the onset of 
severe hypocalcemia.

The available evidence based on included 
studies in the meta-analysis showed various dosages, 
drug forms, and initiation times of bisphosphonate 
therapy were applied. Lee et al34 analyzed patients 
with primary hyperparathyroidism who had been 
given either oral clodronate 400–1,600 mg/day or 
intravenous pamidronate 60 mg/day within 1 to 17 
days before their parathyroidectomy. Mayilvaganan 
et al35 analyzed 19 patients with PHPT who had 
been given 4 mg of intravenous zoledronate 24 to 
48 hours before parathyroidectomy. These studies 
showed that all bisphosphonate was administrated 
pre-operatively with various days of initiation, 
dosage, and forms of bisphosphonate.

Bisphosphonates have several severe adverse 
effects, including upper GI discomfort,  worsening 
renal function, hypocalcemia, musculoskeletal pain, 
flu-like symptoms, reduced bone mineralization, 
and osteomalacia.36   Adverse effects in the upper 
gastrointestinal tract are frequently observed with 
oral bisphosphonates, particularly in individuals with 
gastroesophageal reflux issues. Bisphosphonates 
are eliminated from the bloodstream through renal 
filtration, and patients with a creatinine clearance 
below 30 to 35 ml should avoid all types of 
bisphosphonates. Due to their action as inhibitors 
of bone resorption, bisphosphonates can lead to 
a drop in circulating calcium levels, mainly if high 
concentrations are rapidly achieved, as is the case 
with intravenous administration. 

Symptomatic hypocalcemia is more 
common in patients treated with intravenous 
zoledronate compared to those treated with oral 
bisphosphonates.36,37,38 Musculoskeletal pain 
is frequent, particularly following intravenous 
bisphosphonate therapy, where pain may manifest 
alone or alongside flu-like symptoms such as 
fever. In the initial study of zoledronic acid, 16% 
experienced fever, 9.5% reported muscle pain, and 
6.3% complained of joint pain. Musculoskeletal 
pain is less prevalent with oral bisphosphonates.38

The study by Pal et al27 indicates that preoperative 
bisphosphonate administration significantly reduces 
the risk of hungry bone syndrome in patients with 
PHPT undergoing parathyroidectomy (RR 0.12; 
95% CI 0.02–0.89; p-value 0.04; I2 = 0%). The meta-

analysis demonstrates a significant reduction in 
HBS with bisphosphonate administration, showing 
an 88% decrease in the risk of developing HBS. 
This risk reduction is statistically significant with a 
p-value of less than 0.005 and confidence intervals
that do not cross 1. Also, the calculated NNT was
3, which signifies a clinically meaningful benefit
of pre-operative bisphosphonates in reducing the
incidence of HBS among patients undergoing
parathyroidectomy. However, the studies included
in this meta-analysis lack high-quality levels of
evidence. All studies included in this meta-analysis
are retrospective cohort studies, and none are
randomized controlled trials (RCTs). RCTs are
considered the gold standard in interventional
studies, while non-RCTs have lower levels of
evidence due to various limitations, such as a high
risk of bias. Additionally, the population sizes in each
study included in this meta-analysis were also small,
which may affect the robustness of the results.

In terms of applicability, bisphosphonates may 
be recommended for use to prevent HBS in patients 
with PHPT due to its substantial effect on preventing 
HBS. Given the limited data on the efficacy and safety 
of bisphosphonates, further studies with higher levels 
of evidence are awaited. Bisphosphonate drugs are 
widely available in Indonesia. This medication is 
sold at a high price in the market, costing around 
1.5 to 3 million Indonesian Rupiah per bottle. 
However, it remains affordable for some segments 
of the population and is already included in the list 
of drugs covered by the National Health Insurance 
(JKN). With an overall NNT of 3, one additional 
case of hypocalcemia is expected to be prevented 
for every three patients treated. Further economic 
analysis needs to be carried out regarding the costs 
of administering bisphosphonates and prolonged 
hospital stays due to hypocalcemia.

This article has limitations which may affect 
the robustness of the result. First, it was a meta-
analysis of a retrospective observational study 
with a limited number of included studies and 
participants. Second, the suboptimal study quality 
in the meta-analysis may suggest moderate 
quality, a less-than-ideal study. Third, most of the 
population has yet to receive standardized types, 
dosages, and duration of bisphosphonate therapy. 
It is critical to ensure consistency, comparability, 
and replicability, establish causal relationships, and 
promote patient safety in interventional studies.  

While the use of bisphosphonates to prevent 
HBS in PHPT shows promise and has been 
suggested in some studies, further research, 
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including prospective studies and RCTs, 
preferably using a standardized regiment with a 
larger sample size and appropriate blinding and 
randomization, is needed to establish the efficacy 
and optimal protocols for the use of preoperative 
bisphosphonates in preventing this challenging 
complication following parathyroidectomy. Drawing 
conclusions and making decisions based on such 
studies should be done judiciously.

Conclusion
Based on a critical review of meta-analysis 

that has been carried out, the pre-operative 
use of bisphosphonate in patients with PHPT 
undergoing parathyroidectomy can reduce the risk 
of HBS compared to those who have not received 
the treatment. Based on the evaluated data, 
bisphosphonates may be considered for clinical 
use, as the study results indicate a substantial 
impact on reducing the risk of HBS. However, 
further studies with stronger evidence are needed 
to confirm their efficacy and safety.

References
1. Cordellat IM. Hyperparathyroidism: primary or

secondary disease? Rheumatol Clin. 2012;8:287-91.
doi: 10.1016/j.reuma.2011.06.001.

2. Aygün N, Uludağ M. Surgical treatment of primary
hyperparathyroidism: which therapy to whom? Sisli
Etfal Hastan Tip Bul. 2019;53:201-14. doi: 10.14744/
SEMB.2019.67944.

3. Yu  N, Donnan  PT, Murphy  MJ, Leese  GP. Epidemiology
of primary hyperparathyroidism in Tayside,
Scotland, UK. Clin Endocrinol. 2009;71:485‐93. doi:
10.1111/j.1365-2265.2008.03520.x.

4. Dandurand K, Ali DS, Khan AA. Primary
hyperparathyroidism: a narrative review of diagnosis
and medical management. J Clin Med. 202;10:1604.
doi: 10.3390/jcm10081604.

5. Callender GG, Udelsman R. Surgery for primary
hyperparathyroidism. Cancer. 2014;120:3602–16. doi:
10.1002/cncr.28891.

6. Jain N, Reilly RF. Hungry bone syndrome. Curr Opin
Nephrol Hypertens. 2017;26:250-5. doi: 10.1097/
MNH.0000000000000320.

7. Carsote M, Nistor C. Forestalling hungry bone
syndrome after parathyroidectomy in patients with
primary and renal hyperparathyroidism. Diagnostics.
2023;13:1953. doi: 10.3390/diagnostics13121953.

8. Kritmetapak K, Kongpetch S, Chotmongkol W,
Raruenrom Y, Sangkhamanon S, Pongchaiyakul C.
Incidence of and risk factors for post-parathyroidectomy
hungry bone syndrome in patients with secondary
hyperparathyroidism. Ren Fail. 2020;42:1118–26. doi:
10.1080/0886022X.2020.1841655.

9. García Díaz FJ, Martin LB, Gómez Gila AL, Navarro
Moreno C. Intensive calcium monitoring following
parathyroidectomy: prevention of hungry bone
syndrome in children. Turk Arch Pediatr. 2024;59:109–
11. doi: 10.5152/TurkArchPediatr.2023.23158.

10.	Cartwright C, Anastasopoulou C. Hungry bone
syndrome. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing. 2025. Available from
https://www.ncbi.nlm.nih.gov/books/NBK549880/

11. Kaya C, Tam A, Dirikoc A, Kilicyazgan A, Kiliç M,
Turkolmez S. et al. Hypocalcemia development in
patients operated for primary hyperparathyroidism: can
it be predicted preoperatively? Arc Endocrinol Metabol.
2016;60:465–71. doi: 10.1590/2359-3997000000207.

12.	Niaki NZ, Singh H, Moubayed SP, Leboeuf R,
Tabet JC, Christopoulos A, et al. The cost of
prolonged hospitalization due to post thyroidectomy
hypocalcemia: a case-control study. Adv Endocrinol.
2014;2014:1–4. doi: 10.1155/2014/954194.

13.	Nicholson KJ, Smith KJ, McCoy KL, Carty SE, Yip L.
A comparative cost-utility analysis of postoperative
calcium supplementation strategies used in the
current management of hypocalcemia. Surgery.
2020;167:137–43. doi: 10.1016/j.surg.2019.05.077.

14.	Danese MD, Fox KM, Duryea JL, Desai P, Rubin RJ.
The rate, cost and outcomes of parathyroidectomy in
the United States dialysis population from 2016–2018.
BMC Nephrol. 2022;23:220. doi: 10.1186/s12882-022-
02848-x.

15.	Gurevich Y, Poretsky L. Possible prevention of
hungry bone syndrome following parathyroidectomy
by preoperative use of pamidronate. Otolaryngol
Head Neck Surg. 2008;138:403–4. doi: 10.1016/j.
otohns.2007.11.014.

16.	Chandran M, Bilezikian JP, Salleh NM, Ying H, Lau J,
Lee J, DeJong MC, Chan Maung A, Parameswaran R.
Hungry bone syndrome following parathyroidectomy
for primary hyperparathyroidism in a developed
country in the Asia Pacific. a cohort studies.
Osteoporos Sarcopenia. 2022;8:11–6. doi: 10.1016/j.
afos.2022.03.004.

17.	França TC, Griz L, Pinho J, Diniz ET, Andrade LD,
Lucena CS, et al. Bisphosphonates can reduce bone
hunger after parathyroidectomy in patients with primary
hyperparathyroidism and osteitis fibrosa cystica. Rev
Bras Reumatol. 2011;51:131–7. doi: 10.1590/S0482-
50042011000200005.

18.	Corsello SM, Paragliola RM, Locantore P, Ingraudo
F, Ricciato MP, Rota CA, et al. Post-surgery severe
hypocalcemia in primary hyperparathyroidism
preoperatively treated with zoledronic acid. Hormones.
2010;9:338–42. doi: 10.14310/horm.2002.1286.

19.	Ullmann T., Adam M., Sosa J. Surgeon volume and
outcomes in primary hyperparathyroidism—what is old
is new again. Jama Surg. 2022;15:589. doi: 10.1001/
jamasurg.2022.1359.

Fahri A. Baihaqi, et  al



89

eJKI Vol. 13, No. 1, April 2025

20.	Al-Githmi I. Minimally invasive mediastinal
parathyroidectomy: an effective and safe technique
in patients with ectopic primary hyperparathyroidism.
Open J Thorac Surg. 2017;07:70–6. doi: 10.4236/
ojts.2017.74010.

21.	Tai Y, Shen H, Nai W, Fu J, Wang I, Huang C, et al.
Hungry bone syndrome after parathyroid surgery.
Hemodial Int. 2023;27:134–45. doi: 10.1111/hdi.13067.

22.	Witteveen J., Thiel S., Romijn J.,  Hamdy N. Therapy
of endocrine disease: hungry bone syndrome: still
a challenge in the post-operative management of
primary hyperparathyroidism: a systematic review of
the literature. Acta Endocrinologica 2013;168:R45–53.
doi: 10.1530/EJE-12-0528.

23.	Bransky N, Iyer N, Cannon S, Tyan A, Mylavarapu P,
Orosco R, et al. Three rare concurrent complications
of tertiary hyperparathyroidism: maxillary brown tumor,
uremic leontiasis ossea, and hungry bone syndrome.
J Bone Metabol. 2020;27:217–26. doi: 10.11005/
jbm.2020.27.3.217.

24.	Jakubauskas M, Beiša V,  Strupas K. Risk factors
of developing the hungry bone syndrome after
parathyroidectomy for primary hyperparathyroidism.
Acta Medica Lituanica 2018;25:45–51. doi: 10.6001/
actamedica.v25i1.3703.

25.	Ko W, Liu C, Lee J, Liu T, Wu C, Cheng S. Osteocalcin
is an independent predictor for hungry bone syndrome
after parathyroidectomy. World J Surg. 2019;44:795–
802. doi: 10.1007/s00268-019-05251-0.

26.	Cannizzaro MA, Veroux. Hypocalcemia after
parathyroidectomy. In: Gasparri G, Palestini N, Camandona
M. (eds) Primary, secondary and tertiary hyperparathyroidism.
Updates in Surgery. Milan:Springer;2016. doi: 10.1007/978-
88-470-5758-6_16.

27.	Pal R, Gautam A, Bhadada S. Role of bisphosphonates
in the prevention of postoperative hungry bone
syndrome in primary hyperparathyroidism: a meta-
analysis and need for randomized controlled trials.
Drug Res. 2020;71:108–9. doi: 10.1055/a-1325-0351.

28.	Ebina K, Miyoshi ., Izumi S, Hashimoto J, Naka
N, Tsukamoto Y, et al. A case of adolescent giant
parathyroid adenoma presenting multiple osteolytic
fractures and postoperative hungry bone syndrome.
Clin Case Rep. 2015;3:835–40. doi: 10.1002/ccr3.360.

29.	Savio R, Gosnell J, Posen S, Reeve T, Delbridge L.
Parathyroidectomy for tertiary hyperparathyroidism
associated with x-linked dominant hypophosphatemic
rickets. Arch Surg 2004;139:218. doi: 10.1001/
archsurg.139.2.218.

30.	Ho LY, Wong PN, Sin HK, Wong YY, Lo KC, Chan SF,
et al. Risk factors and clinical course of hungry bone
syndrome after total parathyroidectomy in dialysis patients
with secondary hyperparathyroidism. BMC Nephrol.
2017;18:1–10. doi: 10.1186/s12882-016-0421-5.

31.	Lang BHH, Lo CY. Vitamin D3 deficiency is associated
with late-onset hypocalcemia after minimally invasive
parathyroidectomy in a vitamin D borderline area.
World J Surg. 2010;34:1350e5. doi: 10.1007/s00268-
010-0540-5.

32.	Brasier AR, Nussbaum SR. Hungry bone syndrome:
clinical and biochemical predictors of its occurrence
after parathyroid surgery. Am J Med. 1988;84:654–60.
doi: 10.1016/0002-9343(88)90090-1.

33.	Jofré R, Gómez JM, Menárguez J, Polo JR, Guinsburg
M, Villaverde T, et al. Parathyroidectomy: whom and
when? Kidney Int. 2003;63:S97–100. doi: 10.1046/
j.1523-1755.63.s85.23.x.

34.	Lee IT, Sheu WH, Tu ST, Kuo SW, Pei D.
Bisphosphonate pretreatment attenuates hungry bone
syndrome postoperatively in subjects with primary
hyperparathyroidism. JBMM. 2006;24:255–8. doi:
10.1007/s00774-006-0646-2.

35.	Mayilvaganan S, Sarathi V, Shivaprasad CC.
Preoperative zoledronic acid therapy prevents
hungry bone syndrome in patients with primary
hyperparathyroidism. Indian J Endocrinol Metab.
2017;21:76. doi: 10.4103/ijem.IJEM_411_16.

36.	Hatano M, Kitajima I, Yamamoto S, Nakamura M,
Isawa K, Hirota Y, et al. Case report: osteomalacia
due to bisphosphonate treatment in a patient on
hemodialysis. BMC Nephrol. 2021;22. doi: 10.1186/
s12882-021-02497-2.

37.	Arboleya L, Alperi M, Alonso S. Efectos adversos de
los bisfosfonatos. Reumatología clínica. 2011;7:189–
97. doi: 10.1016/j.reuma.2010.10.005.

38.	Skjødt MK, Frost M, Abrahamsen B. Side effects of
drugs for osteoporosis and metastatic bone disease.
Br J Clin Pharmacol. 2019;85:1063–71. doi: 10.1111/
bcp.13759.

Role of Bisphosphonate to Prevent Hungry Bone Syndrome


