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Early Predictors of Hypocalcemia After Total Thyroidectomy
An Analysis of 304 Patients Using a Short-Stay
Monitoring Protocol
Salem I. Noureldine, MD; Dane J. Genther, MD; Michael Lopez, CRNP;
Nishant Agrawal, MD; Ralph P. Tufano, MD, MBA

IMPORTANCE Postoperative hypocalcemia is common after total thyroidectomy, and
perioperative monitoring of serum calcium levels is arguably the primary reason for overnight
hospitalization. Confidently predicting which patients will not develop significant
hypocalcemia may allow for a safe earlier discharge.

OBJECTIVE To examine associations of patient characteristics with hypocalcemia, duration of
hospitalization, and postoperative intact parathyroid hormone (IPTH) level after total
thyroidectomy.

DESIGN, SETTING, AND PARTICIPANTS Retrospective study of consecutive patients who
underwent total thyroidectomy by a single high-volume surgeon between February 1, 2010,
and November 30, 2012. Postoperative serum 25-hydroxyvitamin D (vitamin D), calcium, and
IPTH levels were tested within 6 to 8 hours after surgery. Mild hypocalcemia was defined as
any postoperative serum calcium level of less than 8.4 to 8.0 mg/dL. Significant
hypocalcemia was defined as any postoperative serum calcium level of less than 8.0 mg/dL or
the development of hypocalcemia-related symptoms.

INTERVENTIONS Total thyroidectomy.

MAIN OUTCOMES AND MEASURES Associations of patient demographic and clinical
characteristics and laboratory values with postoperative mild and significant hypocalcemia
were examined using univariate analysis, and independent predictors of hypocalcemia,
duration of hospitalization, and IPTH level were determined using multivariate analysis.

RESULTS Overall, 304 total thyroidectomies were performed. Mild and significant
hypocalcemia occurred in 68 (22.4%) and 91 (29.9%) patients, respectively, of which the
majority were female (P = .003). The development of significant hypocalcemia was
associated with postoperative IPTH level (P < .001). On multivariate analysis, males had a
decreased risk of developing mild (odds ratio, 0.37 [95% CI, 0.16-0.85]) and significant (odds
ratio, 0.57 [95% CI, 0.09-0.78]) hypocalcemia. Every 10-pg/mL increase in postoperative
IPTH level predicted a 43% decreased risk of significant hypocalcemia (P < .001) and an 18%
decreased risk of hospitalization beyond 24 hours (P = .03). Presence of malignant neoplasm
carried a 27% risk of mild hypocalcemia (P = .02). There was a progressively increasing risk of
lower IPTH levels for each parathyroid gland inadvertently resected or autotransplanted.
Male sex and African American race were independently predictive of higher IPTH levels.

CONCLUSIONS AND RELEVANCE Low postoperative IPTH level, female sex, and presence of
malignant neoplasm are all significant, independent predictors of hypocalcemia after total
thyroidectomy. Clinicians should consider these variables when deciding how to best manage
or prevent postoperative hypocalcemia.
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B ecause of the current strain on the US health care sys-
tem, increasing emphasis is being placed on outpa-
tient management of conditions that necessitate sur-

gical procedures. In the modern era, a paradigm shift has taken
place in which an increasing number of operations that were
previously managed with postoperative hospitalization are now
commonly accomplished as outpatient procedures.1-3 Simi-
larly, total thyroidectomy is now being performed as a short-
stay or even an outpatient procedure at some medical centers.4

However, this shift in management has occurred in the ab-
sence of consensus and evidence-based parameters for defin-
ing the population of patients eligible to undergo outpatient
total thyroidectomy.5

Defining a framework for safe outpatient thyroidectomy is
crucial, especially given that the complication rates following
thyroidectomy are not insignificant (7.4%-13.8%).6,7 Hypo-
calcemia after thyroidectomy is the most common complica-
tion, with the reported incidence of transient and permanent
hypocalcemia ranging from 3% to 52% and 0.4% to 13%,
respectively.8,9 Various strategies for diagnosing and manag-
ing postoperative hypocalcemia have been used. The tradi-
tional approach of 2-day hospitalization and monitoring of se-
rum calcium levels after surgery is still being used by many
institutions worldwide because the nadir of hypocalcemia typi-
cally occurs within 48 hours after surgery.10,11 We agree that it
is important to observe patients in the initial postoperative hours
for hemorrhage and airway obstruction that may necessitate an
urgent return to the operating room; however, calcium moni-
toring with hospitalization beyond 24 hours, in the absence of
apparent perioperative complications, is often unnecessary be-
cause patients typically experience only mild postoperative pain
and rapidly return to baseline daily functionality.

The routine use of postoperative oral calcium and/or vi-
tamin D supplementation has been advocated by some sur-
geons to minimize the incidence of hypocalcemia and shorten
hospital stays. Such routine use is particularly common in the
outpatient or short-stay setting, where there is limited time
available to correct hypocalcemia once it is discovered. Oth-
ers have advocated sending patients home with prescrip-
tions for elemental calcium supplementation to be filled if
symptoms of hypocalcemia develop.12,13 More recently, with
the aim of finding an earlier predictor for hypocalcemia, the
short half-life of the parathyroid hormone has led to in-
creased interest in postoperative intact parathyroid hormone
(IPTH) as an early marker of hypocalcemia.11,14-19 However, the
routine measurement of IPTH to assess the risk of postopera-
tive hypocalcemia has yet to become accepted as standard prac-
tice. The variability in assays, timing of measurements, and cut-
off levels makes comparisons between studies difficult.20

It is crucial to identify the most reliable early determi-
nants of hypocalcemia to help surgeons distinguish those pa-
tients who are at low risk for developing hypocalcemia from
those who need calcium supplementation therapy and inpa-
tient observation. The ability to discriminate between these
groups may allow for an up to 50% cost reduction compared
with traditional postoperative hospital stays.12 The objective
of the present study was to identify independent risk factors
for the development of postoperative hypocalcemia and to

identify subgroups of patients at particularly high or low risk.
The ability to consistently identify patients who are at risk for
developing hypocalcemia may allow surgeons to confidently
select patients who can undergo these procedures on an out-
patient or short-stay basis.

Methods
Data Source
This retrospective study was approved by the institutional re-
view board of Johns Hopkins University School of Medicine,
and informed consent was waived. Data were collected from
the medical records of all patients who underwent a total thy-
roidectomy with or without central neck dissection between
February 1, 2010, and November 30, 2012. All procedures were
performed by a single surgeon (R.P.T.) at a university-based ter-
tiary medical center. Using Current Procedural Terminology
codes, we identified all patients who underwent total thyroid-
ectomy (60240), substernal bilateral thyroidectomy with or
without sternal split (60270, 60271), and total thyroidectomy
with limited (central) neck dissection (60252). A compartment-
oriented neck dissection was performed for patients with clini-
cally apparent lymph node metastases. A prophylactic com-
partment-oriented neck dissection was only performed for
patients with medullary thyroid cancer. Patients undergoing
intentional parathyroidectomy for primary hyperparathyroid-
ism at the time of thyroidectomy were excluded.

Assessment of Postoperative Hypocalcemia
Routine serum calcium, IPTH (reference range, 10-65 pg/mL;
to convert to nanograms per liter, multiply by 1.0), and 25-
hydroxyvitamin D (vitamin D) levels were measured within 6 to
8 hours after completion of the operation. Patients were consid-
ered to have postoperative mild hypocalcemia if they had at least
1 postoperative serum calcium level of less than 8.4 but no value
of less than 8.0 mg/dL (reference range, 8.4-10.2 mg/dL; to con-
vert to millimoles per liter, multiply by 0.25). Patients were con-
sidered to have postoperative significant hypocalcemia if they
had a postoperative serum calcium level of less than 8.0 mg/dL
on at least 1 laboratory test or if they developed hypocalcemia-
related symptoms (diffuse perioral or fingertip paresthesias or
numbness, tetany, or a newly positive Chvostek sign).

For patients who developed hypocalcemia, oral calcium
carbonate supplementation was initiated or increased (from
preoperative dosage) with or without calcitriol, and intravenous
calcium gluconate was administered for symptoms. Any new
calcium or calcitriol supplementation postoperatively, or in-
crease from preoperative dose, was considered calcium supple-
mentation therapy. Oral calcium supplementation and, when
indicated, calcitriol were continued until postoperative follow-
up. The decision to continue or discontinue use of these medi-
cations was based on physical examination, laboratory results,
and clinical judgment of the surgeon (R.P.T.) at postoperative
encounters. All patients were eventually able to discontinue use
of calcitriol. Patients were categorized as permanently hypocal-
cemic when calcium supplementation therapy was required to
maintain normocalcemia beyond 6 months following surgery.
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Statistical Analysis
Data analysis was performed using Stata, version 11 (StataCorp).
On univariate analysis, continuous variables were compared
using 1-way analysis of variance, and categorical variables were
compared using the χ2 or Fisher exact test. Multivariate logis-
tic regression was used to determine independent predictors
of hypocalcemia, duration of hospitalization, and postopera-
tive IPTH level. All reported P values are 2 sided, and a level
of .05 was used to evaluate statistical significance.

Results
A total of 304 eligible thyroid procedures during the study pe-
riod were identified. Postoperative mild hypocalcemia oc-
curred in 68 patients (22.4%). Significant postoperative hypo-
calcemia occurred in 91 patients (29.9%); of those, 87 (96%) had
at least 1 serum calcium level of less than 8.0 mg/dL and 22 (24%)
developed hypocalcemia-related symptoms. Postoperative per-
manent hypocalcemia was encountered in only 2 patients (0.7%);
both were female and developed significant immediate post-
operative hypocalcemia. As summarized in Table 1, 76% and 79%
of patients who developed postoperative mild and significant
hypocalcemia, respectively, were female (P = .003). In addi-
tion, we found that patients who developed postoperative mild
and significant hypocalcemia were, respectively, a mean of 1 and
5 years younger than patients who did not (P = .02).

Overall, thesurgical indicationsforthyroidectomyweresimi-
lar between patients who developed postoperative mild and sig-
nificant hypocalcemia and those who did not (P = .37). Of the 163
patients who underwent thyroidectomy for a suspected malig-
nant neoplasm, 30 (18.4%) and 56 (34.4%) were found to have
mild and significant hypocalcemia, respectively. Of the 7 patients
with hypothyroidism who underwent thyroidectomy for benign
disease, 2 (29%) were found to have mild hypocalcemia, and 2
(29%) were found to have significant hypocalcemia. Of the 99
euthyroid patients who underwent thyroidectomy for benign
disease, 28 (28%) and 22 (22%) were found to have mild and sig-
nificant hypocalcemia, respectively. Of the 35 patients with hy-
perthyroidism and benign disease or those with disease related
directly to their hyperthyroid state (eg, Graves disease, chronic
lymphocytic thyroiditis) who underwent thyroidectomy, 8 (23%)
and 11 (31%) were found to have mild and significant hypocalce-
mia, respectively. Table 1 summarizes the differences in thyroid
diagnosis and extent of surgery performed between hypocalce-
mic and normocalcemic patients. Regarding duration of postop-
erative hospitalization, 82% of the normocalcemic patients were
discharged within 24 hours after surgery. Only 20% and 12% of
the patients discharged within 24 hours had mild and significant
hypocalcemia, respectively (P < .001) (Figure 1).

On univariate analysis, we found that every 10-year in-
crease in age was associated with a 20% decreased risk of post-
operative significant hypocalcemia (odds ratio [OR], 0.80 [95%
CI, 0.68-0.94]; P = .006). Age was not a predictor of mild hypo-

Table 1. Demographic and Clinical Characteristics of the Study Population

Variable

No. (%)a

P Value
Normocalcemia

(n = 145)

Mild
Hypocalcemia

(n = 68)

Significant
Hypocalcemia

(n = 91)
Age, mean (SD), y 51.5 (15.6) 50.7 (16.1) 45.9 (14.1) .02

Female sex 87 (60) 52 (76) 72 (79) .003

Race

White 107 (74) 49 (72) 70 (77)

.049
African American 22 (15) 6 (9) 6 (7)

Asian 2 (1) 7 (10) 5 (5)

Other 14 (10) 6 (9) 10 (11)

Specific thyroid diagnosis

Papillary thyroid carcinoma 72 (50) 25 (37) 46 (51)

…b

Graves disease 7 (5) 4 (6) 8 (9)

Hashimoto thyroiditis 11 (8) 4 (6) 5 (6)

Goiter 33 (23) 23 (34) 22 (24)

Nodule 14 (10) 6 (9) 4 (4)

Follicular thyroid carcinoma 1 (1) 2 (3) 0

Hurthle cell carcinoma 1 (1) 2 (3) 0

Medullary thyroid carcinoma 4 (3) 0 5 (6)

Anaplastic thyroid carcinoma 1 (1) 1 (1) 0

Insular cell thyroid carcinoma 0 1 (1) 0

Type of thyroidectomy

Total 94 (65) 41 (60) 52 (57)

.10

Total + CND 26 (18) 15 (22) 26 (29)

Substernal, cervical approach 24 (17) 9 (13) 9 (10)

Substernal, sternal split 0 2 (3) 3 (3)

Substernal, cervical approach + CND 1 (1) 1 (1) 0

Substernal, sternal split + CND 0 0 1 (1)

Abbreviation: CND, central neck
dissection.
a Percentages may not sum to 100%

because of rounding.
b Unable to determine a reliable P

value for comparison between
subgroups because of the large
number of categories.
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calcemia (OR, 0.97 [95% CI, 0.81-1.17]; P = .75). Males had a 54%
and 50% decreased risk of developing mild and significant hy-
pocalcemia compared with females (OR, 0.46 [95% CI, 0.24-
0.89]; P = .02 and OR, 0.50 [95% CI, 0.28-0.88]; P = .02, respec-
tively). Asians had a 7.64 odds (95% CI, 1.53-38.14) of developing
mild hypocalcemia compared with whites (P = .01). Although
Asian race did not predict significant hypocalcemia (OR, 1.23
[95% CI, 0.40-3.83]; P = .71), they had a 5.59 odds (95% CI, 1.22-
25.55) of having a postoperative calcium level of less than 8.4
mg/dL compared with whites (P = .03).

Undergoing central neck dissection did not predict mild
(OR, 1.34 [95% CI, 0.67-2.71]; P = .41) or significant (OR, 1.67
[95% CI, 0.95-2.92]; P = .07) hypocalcemia. Intraoperative para-
thyroid gland autotransplantation or inadvertent removal did
not predict mild hypocalcemia (OR, 0.96 [95% CI, 0.54-1.73];
P = .90). Conversely, if any parathyroid gland was autotrans-
planted or inadvertently removed intraoperatively, there was
a 70% increased risk of developing significant hypocalcemia
(OR, 1.70 [95% CI, 1.04-2.79]; P = .04), and for each individual
parathyroid gland autotransplanted or inadvertently re-
moved, there was a 60% increased risk of significant hypocal-
cemia (OR, 1.60 [95% CI, 1.18-2.17]; P = .003).

Postoperative serum vitamin D levels were not predictive
of postoperative mild or significant hypocalcemia (P = .46 and
.69, respectively). As seen in Table 2, there was a progressive
decreased risk of significant hypocalcemia with increasing
postoperative IPTH levels. There was a 20%, 14%, and 5% risk
of significant hypocalcemia, respectively, for patients with
IPTH levels of 10 to 19, 20 to 29, and at least 30 mg/dL com-
pared with those patients with an IPTH level of less than 10
mg/dL (P < .001 for all). This finding was consistent on con-
firmatory analysis treating IPTH as a continuous variable; for

every 10-pg/mL increase in postoperative IPTH, there was a
46% decrease in the risk of developing significant hypocalce-
mia (OR, 0.54 [95% CI, 0.44-0.67]; P < .001).

On multivariate analysis, after controlling for age, sex, race,
indication for thyroidectomy, diagnosis, type of procedure,
number of parathyroid glands removed, and postoperative
IPTH and vitamin D levels, we found that males had a 63% and
56% decreased risk of developing postoperative mild and sig-
nificant hypocalcemia, respectively (Table 3). Mild hypocal-
cemia was also predicted by the presence of thyroid malig-
nant neoplasm (OR, 0.27 [95% CI, 0.09-0.78]; P = .02). In
addition, there was a progressively increasing risk of having a
lower IPTH level for each parathyroid gland resected or auto-
transplanted. A higher IPTH level (≥20 pg/mL) was predicted
by male sex (OR, 1.98 [95% CI, 1.01-3.91]; P = .047) and Afri-
can American race (OR, 3.41 [95% CI, 1.12-10.40]; P = .03) com-
pared with females and other races, respectively. An IPTH level
of at least 30 pg/mL was predicted by African American race
(OR, 4.20 [95% CI, 1.60-10.98]; P = .003). For every 10-pg/mL
increase in the postoperative IPTH level, there was a 43% de-
creased risk of significant hypocalcemia (OR, 0.57 [95% CI, 0.45-
0.72]; P < .001) and an 18% decreased risk of hospitalization
longer than 24 hours (OR, 0.82 [95% CI, 0.68-0.98]; P = .03).

Figure 1. Proportions of Patients With Hypocalcemia
vs Normocalcemia by Duration of Hospital Stay

80

60

40

20

0

Pa
tie

nt
s,

 %

Normocalcemia (n = 145)

Mild hypocalcemia (n = 68)

Significant hypocalcemia (n = 91)

Time to Discharge, h
<24 24-48 >48

P <.001

Of the patients discharged within 24 hours after surgery, 68%, 20%, and 12%
had normocalcemia, mild hypocalcemia, and significant hypocalcemia,
respectively. Of the patients discharged between 24 and 48 hours after surgery,
22%, 26%, and 52% had normocalcemia, mild hypocalcemia, and significant
hypocalcemia, respectively. Of the patients discharged beyond 48 hours after
surgery, 31% and 69% had mild and significant hypocalcemia, respectively.

Table 2. Predictors of Postoperative Mild and Significant Hypocalcemia
on Univariate Analysis

Predictor Variable
of Mild Hypocalcemia

Odds Ratio
(95% CI)

P
Value

Postoperative IPTH level, pg/mL

<10 1 [Reference]

10-19 0.67 (0.18-2.60) .57

20-29 0.23 (0.06-0.92) .04

≥30 0.39 (0.11-1.36) .14

Postoperative IPTH level, pg/mL (continuous) 1.01 (0.87-1.16) .94

Postoperative vitamin D level, ng/mL

<20 1 [Reference]

20-39 0.57 (0.21-1.57) .28

≥40 0.43 (0.15-1.24) .12

Postoperative vitamin D level, ng/mL
(continuous)

0.93 (0.78-1.12) .46

Predictor Variable
of Significant Hypocalcemia
Postoperative IPTH level, pg/mL

<10 1 [Reference]

10-19 0.20 (0.09-0.48) <.001

20-29 0.14 (0.06-0.33) <.001

≥30 0.05 (0.02-0.12) <.001

Postoperative IPTH level, pg/mL (continuous) 0.54 (0.44-0.67) <.001

Postoperative vitamin D level, ng/mL

<20 1 [Reference]

20-39 1.48 (0.55-3.97) .44

≥40 1.71 (0.62-4.71) .30

Postoperative vitamin D level, ng/mL
(continuous)

1.03 (0.89-1.20) .69

Abbreviation: IPTH, intact parathyroid hormone.

SI conversion factors: To convert IPTH level to nanograms per liter, multiply by
1.0; to convert vitamin D level to nanomoles per liter, multiply by 2.496.
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Of all the male patients with a postoperative IPTH level of
at least 30 pg/mL, only 4 (14%) and 1 (3%) developed postop-
erative mild and significant hypocalcemia (P = .03 and .11) and
3 (19%) and 0 with IPTH of at least 40 pg/mL (P = .22 and .18),
respectively. Only 10 (20%) and 6 (11%) males with an IPTH level
of 20 pg/mL or more developed mild and significant hypocal-
cemia (P = .08 and .049), respectively. Conversely, 25 (39%) and
12 (16%) female patients with an IPTH of at least 30 pg/mL de-
veloped mild and significant hypocalcemia (P = .03 and .11),
and 5 (71%) and 24 (77%) female patients with an IPTH of less
than 10 pg/mL had postoperative mild and significant hypo-
calcemia (P = .24 and .71), respectively.

Discussion
Various factors have been reported to influence the risk of post-
operative hypocalcemia, including biochemical, patient-
related, disease-related, and surgical factors.10,21,22 These fac-
tors may help to identify the most reliable markers of early
hypocalcemia, helping surgeons to risk stratify patients for
short-stay or outpatient total thyroidectomy.

Patient-Related and Disease-Related Factors
The literature is divided as to whether age is a risk factor for hy-
pocalcemia after thyroidectomy. A small number of studies have
found hypocalcemia to be associated with advanced age,15,23-25

whereas others have reported an association with younger
age.26-28 A recent meta-analysis by Edafe et al20 evaluated age
as a predictor of hypocalcemia in 2576 patients and found no
significant difference in mean age between patients with hy-
pocalcemia and those without. Conversely, in our study we ob-
served that patients who developed postoperative mild and sig-
nificant hypocalcemia were a mean of 1 and 5 years younger than
patients who did not (P = .02). We also found that every 10-
year increase in age was associated with a 20% decreased risk
in developing postoperative significant hypocalcemia (P = .006)
on univariate analysis. However, in the present study, on mul-
tivariate analysis, after adjustment for demographic and clini-

cal characteristics and laboratory values, age was found not to
be an independent predictor of hypocalcemia.

The literature also contains conflicting reports with regard
to associations with sex. In some studies, sex has not been shown
to affect calcium homeostasis postoperatively.29,30 In contrast,
a largebodyofliteraturereportsthatfemalesexisassociatedwith
a significantly higher incidence of hypocalcemia compared with
males.20,24,27,28,31-34 In our study, 76% and 79% of patients who
developedpostoperativemildandsignificanthypocalcemiawere
female (P = .003), respectively, and male sex was found to be in-
dependently protective against postoperative hypocalcemia.

Few authors discuss the association of race with the devel-
opment of postoperative hypocalcemia. A study by Burge et al35

found that race is not associated with postoperative hypocalce-
mia. On multivariate analysis, our study also did not find an as-
sociation with race in predicting mild or significant hypocalce-
mia.Conversely,AfricanAmericanracedidindependentlypredict
a higher (≥20 pg/mL) IPTH level compared with other races.

The positive association of Graves disease with hypocalce-
mia has been reported and may be due to increased bone turn-
over or increased vascularity of the thyroid gland, rendering
these operations more difficult than others.36 Zambudio et al37

and McHenry et al38 conducted multivariate logistic regres-
sion analysis and found hyperthyroidism to be an indepen-
dent predictor of postoperative hypocalcemia. Furthermore,
Thomusch et al31 found that a preoperative diagnosis of Graves
disease was associated with hypocalcemia after controlling for
potential confounders. In our study, we did not find a positive
association of Graves disease with either mild or significant hy-
pocalcemia. Furthermore, we did not observe a significantly
higher incidence of hypocalcemia in patients with hyperthy-
roidism when compared with euthyroid patients (P = .37), and
hyperthyroidism and hypothyroidism were not indepen-
dently associated with postoperative mild or significant hypo-
calcemia on multivariate analysis.

Other potential disease-related predictors of hypocalce-
mia include thyroid malignant neoplasm.35 In our study, of all
the patients who underwent thyroidectomy without central
neck dissection for as suspected thyroid malignant neoplasm

Table 3. Multivariate Logistic Regression Analysis for Postoperative Outcomes After Thyroid Surgery

Outcome Variable Predictor Variable
Odds Ratio

(95% CI) P Value
Postoperative mild hypocalcemia Male sex 0.37 (0.16-0.85) .02

Malignant neoplasm 0.27 (0.09-0.78) .02

Postoperative significant hypocalcemia Postoperative IPTH level, per 10 pg/mL 0.57 (0.45-0.72) <.001

Male sex 0.44 (0.21-0.92) .03

Hospitalization >24 h Mild hypocalcemia 5.31 (2.34-12.03) <.001

Significant hypocalcemia 13.56 (5.90-31.21) <.001

Postoperative IPTH level, per 10 pg/mL 0.82 (0.68-0.98) .03

Hashimoto thyroiditis 0.16 (0.04-0.67) .01

Postoperative IPTH level ≥10 pg/mL No. of parathyroid glands removed 0.46 (0.29-0.74) .001

Postoperative IPTH level ≥20 pg/mL Male sex 1.98 (1.01-3.91) .047

African American race 3.41 (1.12-10.40) .03

Central neck dissection 0.43 (0.19-0.94) .04

No. of parathyroid glands removed 0.62 (0.42-0.91) .02

Postoperative IPTH level ≥30 pg/mL African American race 4.20 (1.60-10.98) .003

Abbreviation: IPTH, intact
parathyroid hormone.

SI conversion factor: To convert IPTH
level to nanograms per liter, multiply
by 1.0.
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(n = 93), 14 (15%) developed mild hypocalcemia and 29 (31%) de-
veloped significant hypocalcemia. Of patients who underwent
thyroidectomy with a central neck dissection for thyroid ma-
lignant neoplasm (n = 70), 16 (23%) developed mild hypocalce-
mia and 27 (39%) developed significant hypocalcemia. On mul-
tivariate analysis, after demographic and clinical characteristics
were controlled for, thyroid malignant neoplasm indepen-
dently predicted mild hypocalcemia (P = .02).

Biochemical Factors
Perioperative IPTH is currently the most emphasized biomark-
er of impending postoperative hypocalcemia.11,14-19,39-41 In the
systematic review and meta-analysis by Edafe et al,20 a low post-
operative IPTH level (defined as less than 6-35 pg/mL) between
1 hour and 1 day after thyroidectomy had a high sensitivity (69%-
100%) and specificity (81%-100%) for predicting postoperative
hypocalcemia. A postoperative decline in IPTH of more than 38%
to88%comparedwithpreoperativelevelswasalsofoundtohave
a sensitivity ranging from 70% to 100% in predicting postopera-
tive hypocalcemia. Consistent with these reports, we found that
the postoperative IPTH level was independently associated with
the development of postoperative significant hypocalcemia but
not mild hypocalcemia. On multivariate analysis, each 10-pg/
mL increase in the IPTH level was associated with a 43% de-
creased risk of significant hypocalcemia (P < .001). In addition,
each 10-pg/mL increase in IPTH was associated with an 18% de-
creased risk of hospitalization longer than 24 hours (P = .03).
Generally, a low IPTH level predicts patients at risk of hypocal-
cemia and a mid-high normal level excludes permanent
hypoparathyroidism.20 In our study, only 14% and 3% of males
who had a 30 pg/mL or greater IPTH level developed postopera-
tive mild and significant hypocalcemia (19% and 0% with IPTH
≥40 pg/mL), respectively. Conversely, 39% and 16% of females
with an IPTH value of 30 pg/mL or greater developed mild and
significant hypocalcemia, respectively. Also, despite vitamin D
deficiencybeingcommoninpatientsundergoingthyroidectomy,
our results do not suggest that this increases the rate of hypo-
calcemia. Given that the primary effect of vitamin D is to enhance
the absorption of calcium from the gastrointestinal tract and is
not directly correlated with calcium levels or calcium regulation,
this is not surprising. Intact parathyroid glands will maintain nor-
mal serum calcium levels as long as there is calcium available
in bone that can be mobilized. Therefore, postoperative evalu-
ation of serum vitamin D levels is unlikely to aid in the assess-
ment of postoperative hypocalcemia risk.

Surgical Factors
Trauma, devascularization, or inadvertent excision of para-
thyroid glands can impair parathyroid function following thy-
roid surgery. Although the etiology of postoperative hypocal-
cemia seems to be multifactorial, reports have found the most
important factor to be iatrogenic surgical trauma to the para-
thyroid glands, which is further exacerbated by the extent of
surgical dissection.10,42 A greater extent of thyroid and cen-
tral neck surgery creates not only a higher risk for accidental
excision of parathyroid glands but also endangers the arterial
and venous vasculature of the parathyroid glands. In our study,
central neck dissection did not predict mild or significant hy-

pocalcemia; however, a central neck dissection procedure was
independently associated with a 57% decreased risk of hav-
ing a postoperative IPTH level of at least 20 pg/mL.

Intraoperatively, ifaparathyroidglandisexcisedaccidentally
or is devascularized, it has been the standard of care to autotrans-
plant the gland in situ.31,41 In our series, parathyroid gland auto-
transplantation occurred more frequently in the hypocalcemic
groups (P = .006). This may be partially explained by the fact that
successful revascularization of the autotransplanted gland may
takeasmuchas8weekstooccur;meanwhile,thepatientmayde-
velop transient hypocalcemia. Nonetheless, the number of para-
thyroid glands removed during thyroidectomy did not appear to
be a major determinant of the outcome. Individual parathyroid
gland removal or autotransplantation did not predict mild or sig-
nificant hypocalcemia postoperatively, after adjustment for po-
tential confounders. Moreover, it has been shown that postop-
erative hypocalcemia is dependent on the surgeon’s experience
and the operative technique used.6,7 In this study, all operations
were performed by a single high-volume thyroid surgeon (R.P.T.),
and the surgical technique was uniform in all cases.

RoutineadministrationoforalcalciumandvitaminDsupple-
ments has been advocated by some surgeons to minimize the in-
cidenceofsignificanthypocalcemiaandtoincreasethelikelihood
of early hospital discharge after total thyroidectomy.5,43 We pre-
fer to educate patients about hypocalcemia symptoms and per-
sonalizethepostoperativemanagementofhypocalcemiaaccord-
ing to the individual risk profile of each patient. The reason for
not administering routine calcium supplementation to all our pa-
tients is that the morbidity of high-dose calcium supplementa-
tion is not negligible.44 Symptoms of gastritis and constipation
are frequently reported by patients. The possibility of develop-
ing a temporary state of hypercalcemia is also a concern. The
strongbindingpropertyofcalciumcarbonatemayalterthethera-
peutic effects of other drugs taken by the patient,45 and possi-
bly levothyroxine sodium. It may also alter a drug’s action by
changing the stomach acidity.44 Moreover, the potential adverse
events of routine supplementation, and the need for follow-up
to discontinue these supplements, represent an increase in costs
thathavenotbeenconsideredintheanalysisofcost-effectiveness
studies of routine administration.43

The information obtained from this study was used to cre-
ate a risk stratification scheme for developing and managing
postoperative hypocalcemia that we have implemented in our
practice (Figure 2). We incorporated the predictors of hypo-
calcemia identified in this study into our previous manage-
ment protocol to create a personalized algorithm for the
safe management and discharge of patients after total
thyroidectomy.46 The final points on the algorithm were the
following recommended actions: Discharge the patient on the
day of surgery if all other same-day discharge criteria are met;
monitor calcium levels twice a day until deemed safe for dis-
charge; and start oral or intravenous calcium and calcitriol
supplementation depending on clinical findings.

The major limitations of this study include its retrospec-
tive nature, as well as the fact that the postoperative calcium
levels recorded were not corrected for serum albumin levels,
which may have falsely increased the number of patients in
the mild hypocalcemia category.
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Conclusions

Sex, postoperative IPTH levels, and the indication for the thy-
roidectomy are factors that can be used to risk stratify pa-
tients for the development of hypocalcemia after total thy-

roidectomy. A low postoperative IPTH level, female sex, and
thyroid malignant neoplasm are all independent predictors of
postoperative hypocalcemia. These variables should all be
taken into account when decisions are being made about how
to most effectively prevent or manage postoperative hypocal-
cemia after total thyroidectomy.
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