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Abstract
Background—Symptomatic hypocalcemia after thyroidectomy is a barrier to same day surgery,
and the cause of ER visits. A standard protocol of calcium and vitamin D supplementation,
dependent on intact parathyroid hormone (iPTH) levels, can address this issue. How effective is
it? When does it fail?

Methods—We performed a retrospective review of the prospective Thyroid Database from
January 2006 to December 2010. 620 patients underwent completion (CT) or total thyroidectomy
(TT), and followed our post-operative protocol of calcium carbonate administration for iPTH
levels ≥10pg/ml and calcium carbonate and 0.25μg calcitriol BID for iPTH <10pg/ml. Calcium
and iPTH values, pathology and medication, were compared to evaluate protocol efficacy. A p
value <0.05 was considered statistically significant.

Results—Using the protocol, sixty-one (10.2%) patients were chemically hypocalcemic but
never developed symptoms and twenty-four (3.9%) patients developed breakthrough symptomatic
hypocalcemia. The symptomatic (SX) and asymptomatic (ASX) groups were similar with regard
to gender, cancer diagnosis, and pre-operative calcium and iPTH. The symptomatic group was
significantly younger (39.6 ± 2.8 vs. 49 ± 0.6 years, p=0.01), with lower post-operative iPTH
levels. 33% (n=8) of SX patients had an iPTH ≤5 pg/ml vs. only 6% (n=37) of ASX patients.
While the majority of patients with a PTH <5 pg/ml were asymptomatic, 62.5% (n=5) of SX
patients with iPTH levels ≤5 pg/ml, required an increased in calcitriol dose to achieve both
biochemical correction and symptom relief.

Conclusion—Prophylactic calcium and vitamin D supplementation based on post-operative
iPTH levels can minimize symptomatic hypocalcemia after thyroidectomy. An iPTH ≤ 5pg/ml
may warrant higher initial doses of calcitriol in order to prevent symptoms.
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Introduction
Hypocalcemia is the most common complication of thyroid surgery. Occurring most
commonly after total and completion thyroidectomy, the incidence ranges from 1.6 to 50%
[1, 2]. This incidence is dependent on the definition of hypocalcemia, what symptoms are
included, permanent versus transient occurrence, and the type of resection. Even rarer, is the
occurrence of permanent hypoparathyroidism, ranging from 0–3%, according to the
experience of most surgeons [1, 3]. Regardless of the underlying cause, the symptoms can
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be debilitating, hence the need to minimize its occurrence. Studies have demonstrated the
efficacy of supplemental calcium and/or vitamin D, in minimizing the occurrence of
hypocalcemia and subsequent emergency room visits and hospital readmission [4–6]. Others
have debated the efficacy and cost-effectiveness of standardized protocols, which provide
supplementation to all patients. There are differences in the protocols used, including the
utilization of ionized calcium versus serum calcium the timing of post-operative laboratory
values and the dosage of vitamin D to administer. [6–15]. There are also questions of
whether prophylactic vitamin D supplementation further suppresses parathyroid function,
and hence recovery.

Here, we evaluate the efficacy of our post-operative parathormone (iPTH) based protocol,
and attempt to identify any prognostic clinical factors, which would result in failure of the
protocol.

Methods
We performed a retrospective review of our prospective Thyroid database from January
2006 to December 2011, and identified all patients who underwent a thyroid resection.
Included in the study are all patients who underwent a total (TT) or completion (CT)
thyroidectomy, either alone or in conjunction with another procedure. Both benign and
malignant pathologies were included. We evaluated differences between patient
demographics, including age, gender, pre-operative diagnosis, and clinical parameters,
including pre-operative and post-operative calcium, intact parathormone (iPTH), operative
procedure(s), pathologic diagnosis, hypocalcemia symptoms, and medications and their
respective dosages. Patients were stratified into two groups, symptomatic (SX) and
asymptomatic (ASX), for comparison. In an effort to identify those patients with significant
symptomatic hypocalcemia while following the protocol, at least one of the following
criteria had to be met: 1) two or more episodes of peri-oral or extremity paresthesias,
muscles aches or cramps at any time in the post-operative period 2) symptoms presenting on
or persistent after post-operative day 3; 3) emergency room visitation; or 4) hospital
readmission for hypocalcemia management.

Post-operative iPTH protocol: Calcium and iPTH levels at 1–4 hours post operatively were
evaluated (Elecsys; Roche Pharmaceuticals, Mannheim, Germany). The detection limit of
the iPTH assay at our institution is down to <2 pg/ml, with a reference range of 14–72 pg/
ml. Patients with an iPTH<10pg/ml were given 2–6g of oral calcium carbonate daily,
scheduled and as needed for symptom relief, with 25g calcitriol twice daily. Patients with an
iPTH ≥10 pg/ml were prescribed only 2–6 g daily of oral calcium carbonate scheduled, and
for symptom relief. Verbal explanation of the post-operative protocol was discussed during
the pre-operative clinic visit and at the time of discharge. The initial calcium dosage was
based on patient symptoms and the risk of hypocalcemia (i.e. surgery for Graves’ disease).
The patients are given instructions to start with 2 grams of calcium, at the onset of
symptoms. If the symptoms persist or do not show signs of improvement, they are instructed
to take an additional 1 gram of calcium every 30 minutes, until symptom resolution. All
symptomatic patients were told to increase their scheduled calcium intake to 2 gm three
times a day, if they were not already taking that much. Patients were provided with written
post-operative instructions, followed up by a midlevel practitioner, and had the first post-
operative visit within two weeks of surgery.

SPSS statistical software (SPSS Inc., Chicago, IL) was used to analyze the data. Student’s t
test was used to determine the statistical significance between SX and ASX groups.
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Results
From January 2006 to December 2011, 620 patients underwent either a total or completion
thyroidectomy (figure 1). 596 patients were classified into the asymptomatic (ASX) group.
In addition to patients who never experienced symptoms of hypocalcemia, this group
includes patients with biochemical hypocalcemia without symptoms, those who experienced
very mild hypocalcemia symptoms (had ≤ 2 episodes of symptoms within two days of
surgery), and those patients who did not follow the protocol and had symptom resolution
upon taking the previously recommended supplemental calcium. Twenty-four patients were
considered symptomatic (SX) (see definition in methods).

Both groups presented with similar pre-operative diagnoses and pathologic results (figure 2).
The SX group had a higher incidence of both Hashimoto’s thyroiditis (16.7% versus 11.5%)
and Graves’ disease (12.4% versus 8.8 %); however this was not statistically significant,
even when combining all causes of autoimmune thyroiditis. Women represented the
majority of patients in both groups. The SX group was significantly younger (39.6 ± 2.8
versus 49 ± 0.6 years, p=0.01) and had smaller thyroid glands (21.4 ± 3.2 versus 39.6 ± 1.8
grams, p<0.001). The size of the dominant nodule was similar in the two groups (table 1).
Parathyroid autotransplantations were performed in 4 (17%) patients in the symptomatic
group and thirty-one patients in the asymptomatic group (5%) (p=0.07). None of the 24 SX
patients had a parathyroid gland identified in their pathologic specimen.

Pre-and post-operative calcium levels were similar in the ASX group (9.7 ± 0.4 and 9.9 ±
0.03 mg/dl); whereas the symptomatic group had an average of a 7.5% decline in serum
calcium post-operatively (9.3 ± 0.1 and 8.6 ± 0.1). Both post-operative calcium (9.9 ± 0.03
versus 8.6 ± 0.1, p=0.06) and iPTH (31 ± 1 versus 16 ± 4, p=0.03) levels were higher in the
ASX group (table 1). Sixty-one (10.2%) ASX patients were chemically hypocalcemic in the
post-operative period. For patients who underwent same day surgery, laboratory values were
obtained one hour post-operatively; whereas, those patients admitted for a 23-hr short stay,
had laboratories values obtained both four hours post-operatively and the morning of post-
operative day 1 (POD1), prior to discharge. For those patients admitted for a 23-hr short
stay, the SX patients in this group continued to have a decrement in their serum calcium
levels (9.2 ± 0.9 versus 8 ± 0.2 mg/dl, p<0.001), compared to their 4hr post-operative
values. Though still significant, this depreciation was less significant in the short stay ASX
group (8.8 ± 0.03 versus 8.5 ± 0.3, mg/dl, p<0.001).

In evaluating protocol efficacy, 3.9% of patients were symptomatic, despite the use of the
protocol. For the eight patients with an iPTH >10pg/ml, all had symptom relief without an
increase in vitamin D supplementation, and the symptoms persisted for less than three
months. Fifteen (62.5%) of the symptomatic patients had a post-operative iPTH <10pg/ml.
Eight (33%) SX patients had a post-operative iPTH ≤ 5pg/ml and due to the severity of their
symptoms, 62.5% required an increase in vitamin D supplementation for relief, as compared
to only 2 (28.5%) of the SX patients with a post-operative iPTH >5pg/ml (table 2).

Discussion
Traditionally an inpatient procedure, due to concerns for bleeding, hematoma, airway
compromise and symptoms related to hypocalcemia, there has been a movement towards
outpatient and short stay thyroid surgery. In order to have a successful outpatient thyroid
program, it is essential that you have a low bleeding rate, and do a good job of predicting
who might have post-operative hypocalcemia, and hence, treat it pre-emptively. Several
studies have demonstrated the efficacy of prophylactic calcium and vitamin D
administration, structured around the iPTH and/or calcium levels [16, 10, 4, 5, 17 18, 11].
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As a result, the Australian Endocrine Surgeons Society instituted recommendations for same
day discharge with the presence of a 4 hour post-operative iPTH level within the normal
range [19, 20]. The use of post-operative parathyroid hormone (iPTH) levels as a guide to
determine which patients will experience hypocalcemia, has not been universally adopted, as
the studies are conflicting. Several have demonstrated its success, using levels obtained
within the first twenty-four hours [19, 21, 22]. Whereas others have noted its inaccuracy
when used alone, reporting an incidence of 13.4% hypocalcemia, with 2.1% of those
patients being symptomatic [23].

We obtained pre-operative intact PTH and calcium levels in all of our patients undergoing
total or completion thyroidectomy, even if the risk to the parathyroid glands was small. Our
reasoning is to recognize concurrent primary hyperparathyroidism. We have found a high
incidence of concurrent hyperparathyroidism in our patients who undergo thyroid surgery
[24]. In order to guide our intra-operative decision making, should an enlarged parathyroid
gland be identified, we have found it helpful to check intact PTH pre-operatively in all
patients.

Utilizing either the one or four hour iPTH level as a guide, 3.9% of our patients presented
with breakthrough symptoms. These results are comparative to prospective studies
performed by Roh et al, who had 7% symptomatic patients in their protocol with multiple
lab draws on post-operative day (POD) 1–7 and administering 1g every 8hr calcium with
0.5μg calcitriol every 12hr [4]. Wiseman et al reported similar results, with significantly
fewer patients requiring readmission and intravenous calcium, and more patients being able
to be discharged on POD # 1, with the administration of up to 1.5g of calcium carbonate
every 6hr with 0.25μg calcitriol every 8hr, for those patients with PTH <10 and calcitriol
0.25μg every 12hr for PTH 10–15 pg/ml, using an algorithm based on 1hr iPTH levels [8].
Youngwirth et al noted the economic benefits of such a protocol as well, noting fewer
emergency room visits with the administration of calcium to all patients, and 0.25μg
calcitriol every 12 hr to those patients with an iPTH < 10pg/ml [5].

Our protocol is efficacious for multiple reasons. First, it is easy to administer and follow.
Second, it is inexpensive. We initially prescribe one half of the calcitriol as other studies [4,
8, 13]. Only 83 (13.4%) of our patients were prescribed calcitriol, based on the protocol.
Taking into account only the cost of the prescription, 87.6% of our patients saved a total of
$23,134 per month, by not routinely being prescribed calcitriol [25]. Some studies favor
routine supplementation, as the optimal algorithm is unknown. Cost-analysis studies suggest
that either prophylactic treatment with vitamin D or metabolites and calcium, or calcium
alone or routine supplementation, is cost effective [25, 26]. Even with routine vitamin D
administration with calcium, patients pay on average one half the cost of emergency room
visitation and evaluation, and evaluation and treatment during a one-day hospital
readmission is more than three times the cost [25]. Tartaglia et al demonstrated the
effectiveness of prophylactic calcium therapy; however due to their inability to perform
iPTH testing, all patients received vitamin D [16]. Considering the determination of the
development of hypocalcemia based on post-operative iPTH levels is not an exact science,
we believe giving lower doses of calcitriol only to those patients with an iPTH < 10 pg/ml,
captures the majority of patients who would have been symptomatic, as well as minimizes
the risks hypocalcemia and the costs of routine supplementation. Noting that the critical
days for hypocalcemia occur with the nadir of calcium and the recovery time of the
parathyroid glands, on POD # 2 and # 3, the amount of calcitriol given is pertinent [4, 27].
Calcitriol induces a fourfold increase in oral calcium uptake, as well as suppresses
parathyroid function [28]. Hence, higher initial doses may result in a higher incidence of
hypercalcemia and prolong parathyroid gland recovery; thus starting with a lower dosage,
and administering higher dosages on an individual basis, may be sound.
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Another issue is the timing of the post-operative laboratory studies. Several studies have
suggested that four hours or later while others suggest 1 hour or earlier [5, 7, 8, 11, 15, 17].
Our protocol is effective, using both one and four hour post-operative laboratory values.
With only 3.9% symptomatic patients and 0.1% readmission rate, this time point, allows for
monitoring and observation for the more dire complications of bleeding, hematoma, and
airway compromise. Our results coincide with others, demonstrating safety and efficacy in
both total and completion thyroidectomy patients [4, 29, 30].

There are a few limitations to the study. First, it is a retrospective non-random review, which
may result in selection bias. Secondly, our definition of symptomatic hypocalcemia, focused
on symptoms, which are inherently subjective. Taking this into consideration, in an effort to
minimize the bias, we implemented a stricter definition. This allowed us to exclude patients
who were non-compliant with the protocol, only reported one episode of paresthesias lasting
less than 5 minutes, or did not maintain telephone and office visit follow-up. This was done
in an effort to truly scrutinize the protocol when it was adhered to. Our protocol relies on
patient reporting hence this may not reflect the true symptoms of hypocalcemia because of
reporting error. The stricter definition aided in our ability to better assess the efficacy of the
protocol, and to assess where changes may need to be made. The variability in post-
operative calcium administration was also a concern, considering the wide range (2–6g
daily) that patients take. Despite this range, patients took the initial prescribed dose, and then
additional doses with the occurrence of symptoms, until resolution, as per the protocol. The
majority of patients were initially prescribed calcitriol 0.25μg twice daily; however, there
was some variability between individual surgeons, with respect to the threshold to increase
the dose. The strengths of the study were our inclusion of completion thyroidectomies and
exclusion of lobectomies to more accurately include the population at risk. It has been well
documented that completion thyroidectomies have higher complication rates, as compared to
other thyroid procedures, due to the presence of adhesions and a more tenuous surgical field
[27, 29]. In addition, we included patients who had a parathyroid gland re-implanted or
included in the pathology specimen

Several others have reported the feasibility and safety of outpatient thyroid surgery [29, 31–
34]. Our clinical protocol for the prophylactic administration of supplemental calcium and/
or vitamin D, based on the one or four hour iPTH value is efficacious and supports an
algorithmic approach. The protocol is easy to follow, and implementation is inexpensive.
The costs are minimal, with each PTH assay being $7 per usage at our institution [5]. Both
calcium and calcitriol can be purchased in a generic formulation, the majority of patients
require less than one month of medication, and patients can undergo same day
thyroidectomy or a 23-hour short stay, as opposed to being admitted as an inpatient, without
a high risk of readmission [5]. Serial laboratory studies are not necessary, as an iPTH value
< 10 pg/ml, adequately identifies those patients who require supplementation with both
calcium and vitamin D. This minimizes the costs of phlebotomy and laboratory charges. An
algorithm proposed by Wiseman et al, significantly decreased costs associated with reduced
length of stay, lab draws, need for IV calcium, and hospital readmissions, reporting an
average savings $1631 per patient [8]. Our protocol is comparative, with only 3.9% of
patients being symptomatic, all patients being discharged on hospital day 0 or 1, and a 0.1%
readmission rate.

At the crux of such a protocol, is patient education, as the protocol is not perfect. Patients
must be educated and take an active role in their post-operative care. This effect can be seen
in the younger patients with thyroiditis and those with post-operative iPTH ≤5 pg/ml. Even
though there was no significant difference in the groups, a combination of these
characteristics were more common in the symptomatic patients with an iPTH ≤ 5pg/ml.
Patients in both cohorts were, on average, in the pre- and peri-menopausal age range. The
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younger age and lower gland weight of the SX group is likely a result of the higher
incidence of Hashimoto’s thyroiditis and hypothyroidism, as the inflammation and
vascularity associated with this disease has been shown to increase the risk of complications
[35]. In order for the protocol to work best, patients must have access to medical
professionals when questions arise. Our program is supported by a nurse practitioner who is
able to answer patient questions and adjust calcium or calcitriol doses if necessary in order
to prevent emergency room visits and/or readmissions. Our low incidence of symptomatic
hypocalcemia with adherence to the protocol supports the notion that total and completion
thyroidectomies can be performed safely on an outpatient basis, with the institution of an
algorithm for prophylactic therapy.

Conclusion
A standardized iPTH protocol for the prevention of symptomatic hypocalcemia following
total or completion thyroidectomy is highly efficacious. By using a PTH cutoff of <10 pg/
mL to determine which patients should be treated with calcitriol we were able to minimize
the number of patients requiring treatment and reduce our rate of symptomatic hypocalcemia
to 3.9%. Since most of the patients that required an increase in their calcitriol dose despite
the protocol had PTH levels <5 pg/mL, we have modified our protocol to increase the dose
of calcitriol from 0.25 mcg to 0.5 mcg twice a day, for patients with PTH <5 pg/ml and we
anticipate that this change will help lower our rate of symptomatic hypocalcemia even
further..
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Figure 1.
Breakdown of thyroid resection patients and hypocalcemia from January 2006 to December
2010
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Figure 2.
iPTH based protocol
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Figure 3.
Pathologic diagnoses (given as percentage of total) for symptomatic and asymptomatic
patients (absolute numbers within bar)
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Table 1

Comparison of clinical parameters for symptomatic and asymptomatic patients

ASYMPTOMATIC SYMPTOMATIC P value

Gender (%F) 116M; 480F (81%) 3M; 21F (90%) NS

Age (years) 49 ± 0.6 39.6 ± 2.8 0.01

Nodule size (cm) 2.9 ± 0.5 2.5 ± 0.4 NS

Thyroid weight (gm) 39.6 ± 1.8 21.4 ± 3.2 <0.001

Pre-op calcium (mg/dl) 9.7 ± 0.4 9.3 ± 0.1 NS

Pre-op iPTH (pg/ml) 71 ± 14 44 ± 2 NS

Post-op calcium (mg/dl) 9.9 ± 0.0 8.6 ± 0.1 NS

Post-op iPTH (pg/ml 31 ± 1 16 ± 4 0.03

POD 1 calcium (mg/dl) 8.5 ± 0.0 8 ± 0.2 0.02
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Table 2

Distribution of asymptomatic and symptomatic patients based on post-operative iPTH values, with percentage
of iPTH group total. Number of SX patients who required an increased in calcitriol dosage for symptom relief.

iPTH ASYMPTOMATIC SYMPTOMATIC Increased calcitriol requirement

<2pg/ml 4 (57.1) 3 (42.9) 2(28.5)

2–5 pg/ml 24 (82.8) 5 (17.2) 3 (60)

6–9 pg/ml 36 (83.7) 7 (16.3) 2 (4.7)

10–15 pg/ml 54 (95.6) 3 (6.4) 0

16–20 g/ml 60 (98.8) 1 (1.2) 0

≥21 pg/ml 418(98.2) 5( 1.2) 0
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