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ABSTRACT
Aim: Total thyroidectomy is significantly complicated by parathyroid dysfunction and hypocalcemia. These aspects impact
the decision regarding the timing of discharge and quantum
of calcium supplementation required. Therefore, we aimed
at evaluating the accuracy of next-day parathyroid hormone
(PTH) level as a predictor of post-thyroidectomy hypocalcemia.
Secondly, we aimed at establishing our institution’s postoperative PTH level, which can accurately predict the development
of post-thyroidectomy hypocalcemia to help us ensure the safe
and early discharge of patients.
Materials and methods: A prospective observational study
of 50 continuous patients undergoing thyroidectomy was
conducted at a tertiary hospital in South India. Postoperative
blood samples were collected for estimation of PTH, calcium,
albumin, and phosphorous. The data were collated and results
analyzed using Stata I/C 10.1.
Results: A total of 30% (15/50) of the patients had postoperative hypocalcemia (serum calcium <8 mg/dL). Postoperative
PTH was low (<8 pg/mL) in 40% (20/50) of patients. There
was a significant association between PTH < 8 pg/mL and
the presence of postoperative hypocalcemia (p = 0.029). The
area under the receiver operating characteristic (ROC) curve
was 0.7, and a next-day PTH of <6 pg/mL showed the highest
sensitivity and specificity (83 and 60% respectively) for the
development of postoperative hypocalcemia, with a positive
predictive value (PPV) and negative predictive value (NPV) of
83 and 60 respectively.
Conclusion: The PTH assessment performed the day after
surgery is an acceptable test to predict post-thyroidectomy
hypocalcemia; PTH <6 pg/mL can be used as our institution’s
cutoff value. Department protocols for calcium and vitamin D
supplementation following total thyroidectomy may be formulated based on the appropriately timed local postoperative PTH
value to assist safe and early discharge of patients.
Clinical significance: Discharge protocols for patients
undergoing thyroidectomy may be formulated based on the
postoperative PTH values, thus enabling safe and early discharge of patients.
Keywords: Calcium, Hypocalcemia, Observational study,
Parathyroid hormone, Thyroidectomy.
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INTRODUCTION
Total thyroidectomy is a common procedure performed
the world over. This procedure, though safe in experienced hands, is still associated with hypocalcemia. The
duration of hospital stay following thyroidectomy is also
largely dependent on the development of hypocalcemia.
Factors that can accurately predict the development of
post-thyroidectomy hypocalcemia would aid in early
and appropriate initiation of calcium supplements as
well as predict the safety of early discharge of patients.
Postoperative parathyroid hormone (PTH) lower than
a value between 8 and 15 pg/mL measured intraoperatively or on the same day of surgery has been shown to
accurately predict the development of post-thyroidectomy
hypocalcemia in various studies.1-5 At our institution, we
do not use intraoperative PTH testing and the default
discharge on 2nd/3rd postoperative day was restricting efficient patient turnover. In low- to middle-income
countries like India, the majority of patients do not want
to be discharged on the same day of operation because of
perceptions of safety and pain control. One additional day
in the hospital does not add a significant cost to the procedure. Additionally, postoperative hemorrhage usually
occurs within the first 24 hours of surgery and warrants
in-patient observation in the absence of efficient return
to hospital mechanisms.6 We found that the optimal time
for safe discharge of our patients is the day after surgery,
if the risk of hypocalcemia can be predicted. This study
aimed at evaluating the accuracy of next-day morning
PTH as a marker for predicting the development of
hypocalcemia and obtaining our institution’s cutoff value
of PTH that predicts hypocalcemia.

MATERIALS AND METHODS
A prospective observational study of 50 continuous
patients undergoing thyroidectomy between October 1,
2012, and September 30, 2013, was conducted at a tertiary
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care hospital in South India. All adult patients undergoing
thyroidectomy for benign or malignant disorders of the
thyroid were included in the study. Patients with renal
failure and those with concomitant parathyroid disorders
were excluded. All the postoperative blood samples were
collected between 5 and 6 am. Samples were collected
for PTH and albumin only on the 1st postoperative day
(next day), while for calcium and phosphorous, samples
were collected on all postoperative days until discharge.
Blood samples for serum PTH that were collected were
sent in ice to the biochemistry lab, where its estimation
was performed immediately. Hypocalcemia was defined
as corrected calcium <8.0 mg/dL. On the 2nd day following the operation, all patients who were asymptomatic
for hypocalcemia and in whom the corrected serum
calcium was normal were discharged. Patients who did
not fit the above criteria were continued to be monitored
in the ward for symptoms and signs of hypocalcemia and
with daily serum calcium and phosphorous. They were
discharged once asymptomatic for hypocalcemia or once
the corrected serum calcium showed a stable or rising
trend. The biochemical estimations of serum calcium,
phosphorous, and albumin were performed using the
photometric method (modular P800 automated analyzer –
Roche), and intact parathormone was estimated by
chemiluminescence (Adiva Centaur Centre – Siemens).
Our laboratory reference range for serum PTH is between
8 and 74 pg/mL. Statistical analyses were performed
using Stata I/C 10.1. The descriptive statistics were performed using mean with standard deviation or frequency
with percentages. Chi-square and independent t-tests
were used to assess the relationship between postoperative hypocalcemia and postoperative PTH. A significant
association was defined as a probability value (p) less
than 0.05. To determine the diagnostic accuracy of nextday PTH levels in predicting the onset of hypocalcemia,
we analyzed the receiver operating characteristic (ROC)
curve and calculated the area under the curve (AUC) for
all the patients. The cutoff concentration of PTH giving
the highest accuracy was determined directly from the
ROC curve. The specificity, sensitivity, positive predictive
value (PPV), and negative predictive value (NPV) of nextday PTH in predicting post-thyroidectomy hypocalcemia
were calculated. This study was approved by the institution’s review board and ethics committee.

RESULTS
Clinical Characteristics
The mean age was 42.5 ± 14.1 years, with a range of
18–75 years. There were 13 male and 37 female patients.
The operations performed included total thyroidectomy
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in 36 (72%), total + central compartment clearance in 4
(8%), total + neck dissection in 8 (16%), and completion
thyroidectomy in 2 (4%) patients. A total of 37 patients
(74%) had a malignant histopathology.

Intraoperative Parathyroid Status
A total of 37 patients did not require parathyroid
autotransplantation during thyroidectomy. Among
them, nine patients (24.3%) developed hypocalcemia.
In 13 patients, parathyroid autotransplantation was performed and 6 patients (46.2%) developed hypocalcemia.
Parathyroid autotransplantation in this cohort was not
a risk factor for the development of post-thyroidectomy
hypocalcemia (p = 0.14).

Postoperative Investigations
Postoperative hypocalcemia was present in 15/50 (30%)
patients. Low postoperative PTH (<8 pg/mL) was present
in 20/50 (40%) patients. Among them, nine (45%) had
hypocalcemia. The PTH for these nine patients was very
low (<3 pg/mL). The remaining 11 patients were normocalcemic despite low PTH values. A total of 30 patients
(60%) had normal postoperative PTH levels. Among
them, six patients (20%) had hypocalcemia. These patients
are defined as having a false-negative PTH (patients with
normal postoperative PTH, but developing biochemical
hypocalcemia). These findings are depicted in Flow
Chart 1. There was a significant association between low
postoperative PTH (<8 pg/mL) and the development of
post-thyroidectomy hypocalcemia (p = 0.029).
In the postoperative period, as the calcium level
decreased, serum phosphorous levels increased, suggesting the presence of hypoparathyroidism. Statistical
analysis showed no association between serum phosphorous and serum calcium or with PTH (p = 0.14 and
0.07 respectively).

The ROC Curve
The AUC was 0.67. A postoperative PTH level of 4.1 to 6
pg/mL had a sensitivity of 83% and specificity of 60% to
predict the development of postoperative hypocalcemia,
with PPV of 83 and NPV of 60 (Fig. 1 and Table 1).
Flow Chart 1: Postoperative PTH and calcium values
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Table 1: The sensitivity, specificity, PPV, and NPV of various
PTH levels
Next-day PTH cutoff
value (pg/mL)
0–2
2.1–4
4.1–6
6.1–8
8.1–10
10.1–12

Fig. 1: The ROC curve

DISCUSSION
Thyroid disorders are common the world over.7,8 Many
of these can be managed medically. However, there are
a large number of patients who require surgical management in the form of thyroidectomy. The indication for
surgery includes pressure symptoms, toxicity, retrosternal extension, suspicion of malignancy, malignant goiter,
and patient wishes.9-14 Our institution being a tertiary
center has patients referred for the treatment of thyroid
cancer. This is reflected in our department’s unpublished
audit report on thyroid operations during 2011, 2012, and
2013, which reveal a malignant pathology in 225/357
(63%), 270/437 (61.78%), and 292/440 (66.36%) patients
respectively. In this study as well, a higher percentage
of malignancy was seen, 37/50 (74%).
Thyroidectomy is generally a safe procedure, and
most patients are discharged 48 hours after surgery. The
development of reactionary hemorrhage or hypocalcemia
prolongs the duration of hospital stay. Reactionary hemorrhage is a rare occurrence, with an incidence of 0.36
to 4.3% in the literature.6 The majority of hemorrhages
present within the first 24 hours of surgery.6,15 Monitoring for postoperative hypocalcemia involves observing
for symptoms (perioral/extremities paresthesia and
numbness) and signs of hypocalcemia (Chvostek’s and
Trousseau signs) and serial monitoring of serum/ionized
calcium. In some patients, there may be a delayed fall in
serum calcium (5–7 days) following surgery. If an accurate
marker for hypocalcemia can be identified, postoperative
monitoring may be limited to 24 hours and may also help
to prevent delayed hypocalcemia.

Routine Postoperative Calcium Supplementation
Many authors advocate routine postoperative supplementation of oral calcium and vitamin D for patients
undergoing total thyroidectomy.16-20 They claim the

Sensitivity
(%)
100.00
85.71
82.86
74.29
68.57
62.86

Specificity
(%)
0.00
46.67
60.00
60.00
60.00
60.00

PPV
–
78.9
82.9
81.3
80
78.6

NPV
–
58.3
60
50
45
40.9

routine calcium and vitamin D supplementation may
prevent hypocalcemic symptoms developing in patients
with false-negative postoperative PTH. Further, if severe
hypocalcemia develops despite routine supplementation, it may be less severe than in patients who were not
supplemented and, hence, may be easier to treat. Additionally, multiple measurements of postoperative PTH
and calcium may be avoided. On the contrary, in spite
of routine supplementation, Singer et al20 have reported
development of hypocalcemic symptoms in 7.5% of
their patients and intravenous calcium requirement for
severe hypocalcemia in 0.7%. Routine supplementation
may cause hypercalcemia with unwanted side effects.
None of the above studies except that of Singer et al have
mentioned if any of their patients developed adverse
effects of calcium supplementation (nausea, abdominal
pain, decreased appetite, and constipation), nor do they
mention if any patient developed hypercalcemia. Landry
et al speculate that routine supplementation may prolong
suppression of the parathyroid glands that may be mildly
ischemic, and selective supplementation keeping calcium
in the low-normal range will prevent unwanted parathyroid suppression.21 Routine supplementation can also be a
burden to the patients as they will require multiple drug
dosing and laboratory testing postoperatively with added
cost. Finally, it would be difficult to decide when to taper
and stop the supplementation. For the above reasons, we
do not routinely supplement patients following thyroid
surgery.

Next-day PTH
A total of 15 patients (30%) developed postoperative
hypocalcemia in this study. Among them, nine patients
(60%) had low postoperative PTH (<8 pg/mL). The
circulating half-life of PTH is about 3 to 5 minutes.22,23
Therefore, its measurement after thyroidectomy should
provide an accurate estimation of the remaining parathyroid function. This is in contrast to both ionized and
total serum calcium concentrations, which decrease
more slowly and do not reach a steady state for several
days after a change in parathyroid activity.2 The area
under the ROC curve of 0.7 in this cohort suggests that
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postoperative PTH is an acceptable test to determine
post-thyroidectomy hypocalcemia. The AUC in this study
is less compared with other studies probably because of
the small number of patients recruited.3-5,24,25 Different
postoperative PTH cutoff points (<10 and <15 pg/mL)
have been described to predict postoperative hypocalcemia.1,3,4,26 In the present study, a next-day PTH of 4.1
to 6 pg/mL showed the highest sensitivity (83%) and
specificity (60%). Thus, a next-day PTH value of 6 pg/mL
may be used as our institution’s cutoff to decide safe, early
discharge of patients.
There are reports of a poor predictive value of postoperative PTH to predict post-thyroidectomy hypocalcemia.
Del Rio et al27 found no significant correlation between
1st postoperative day PTH and the onset of hypocalcemia.
Lombardi et al28 report a false-negative postoperative PTH
rate of 19.4% (70/360 patients). In our study, a similar falsenegative PTH rate was seen in 20% (6/30 patients). However,
none of the patients with false-negative PTH in the present
study required readmission for calcium infusion. They were
all early, mild, and transient hypocalcemia, which could
be managed with oral supplements alone. Hence, though
the development of post-thyroidectomy hypocalcemia is
multifactorial, postoperative PTH is an acceptable test to
predict significant hypocalcemia of clinical importance.

LIMITATIONS
For this study to be adequately powered, we required 36
patients who developed hypocalcemia and 36 patients
who did not develop hypocalcemia. Hence, this study
was underpowered. Following this study, we have been
using next-day PTH as a marker for the development
of post-thyroidectomy hypocalcemia in our patients
routinely and have found it to be a reliable test.

CONCLUSION
The development of post-thyroidectomy hypocalcemia
is multifactorial, hypoparathyroidism being the most
common cause. Next-day PTH is an acceptable test
to predict post-thyroidectomy hypocalcemia and a
PTH <6 pg/mL can be used as our institution’s cutoff
value. Institutional protocols for selective calcium and
vitamin D supplementation following total thyroidectomy may be formulated based on the appropriately
timed local postoperative PTH value to assist in safe
and early discharge of patients.

CLINICAL SIGNIFICANCE
Discharge protocols for patients undergoing thyroidectomy may be formulated based on the postoperative PTH
values, thus enabling safe and early discharge of patients.
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