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Abstract

Background: The purpose of this study was to evaluate the clinical usefulness of routine oral calcium and
vitamin D supplements in the prevention of hypocalcemia after total thyroidectomy.
Methods: Ninety patients who underwent total thyroidectomy were randomly assigned to routinely
receive or not receive a supplement containing oral calcium (3 g/d) and vitamin D (1 g/d) for 2 weeks.
Hypocalcemic signs and symptoms, serum calcium, and parathyroid hormone (PTH) levels were moni-
tored and compared between the 2 groups.
Results: The incidences of symptomatic and laboratory hypocalcemia were significantly lower in the oral
calcium/vitamin D group than in the group not receiving the supplement: 3 of 45 patients (7%) versus 11
of 45 (24%) and 6 of 45 (13%) versus 16 of 45 (36%), respectively (P � .02). The hypocalcemic symptoms
were minimal in the supplement group but more severe in the group not receiving the supplement. Serum
calcium levels decreased in both groups after surgery but recovered earlier in the supplement group. No
hypercalcemia or PTH inhibition developed in the supplement group.
Conclusion: Routine administration of a supplement containing oral calcium and vitamin D is effective
in reducing the incidence and severity of hypocalcemia after total thyroidectomy. © 2006 Excerpta Medica
Inc. All rights reserved.
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ostoperative hypocalcemia is observed in up to one third of
otal or completion thyroidectomy patients and is the most
ommon complication [1,2]. Hypocalcemia after total thy-
oidectomy is usually transient, and the incidence of per-
anent hypoparathyroidism is 3% or less according to the

xperience of most of the surgical units studied [1,2]. De-
pite being self-limiting in most patients, symptomatic hy-
ocalcemia is of particular concern because of a delay in its
anifestation and the consequent need for prolonged patient

ospitalization or readmission. Several authors have at-
empted to identify risk factors in the development of hy-
ocalcemia. Declines in serum calcium [3,4] or intact para-
hyroid hormone (iPTH) levels [5,6] after surgery have been
uggested as being reliable predictors of postoperative hy-
ocalcemia. Although measurements of serum calcium or
PTH allow the identification of patients who have no risk of
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ypocalcemia after total thyroidectomy, it is not always
asy to predict which patients can be discharged early from
he hospital or to identify those requiring close monitoring
f serum calcium levels or those that should receive calcium
nd vitamin D supplements.

Routine oral calcium and vitamin D supplements have
een proposed to prevent the development of symptomatic
ypocalcemia and to increase the likelihood of early hospi-
al discharge after bilateral surgical treatment of the thyroid
land or exploration of the parathyroid glands [7,8]. Be-
ause symptomatic hypocalcemia usually develops as late
s 24 hours to several days after surgery, postoperative
reatment with oral calcium and vitamin D may be a useful
pproach for avoiding the risk of postoperative hypocalce-
ic crisis. This may, in turn, reduce the cost associated with
ultiple blood samplings in monitoring the development of

ypocalcemia as well as costs associated with prolonged
ospitalization [7–9]. For these reasons, the present study

valuated the clinical usefulness of routine administration of

ed.
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ral calcium and vitamin D supplements for the prevention
f hypocalcemia after total thyroidectomy.

atients and Methods
A prospective controlled study of patients undergoing

otal thyroidectomy was performed from January to Decem-
er 2004. All of the patients had no history of prior thyroid
r neck surgery. Patients requiring unilateral lobectomy or
ubtotal or completion thyroidectomy were excluded, and
nly patients undergoing total thyroidectomy were enrolled
nto the study. Modified radical neck dissection was per-
ormed in patients with papillary thyroid carcinoma and
linically positive neck nodes. The parathyroid glands were
arefully preserved, and the devascularized parathyroid
lands were transplanted into the sternocleidomastoid mus-
le. All patients had normal renal function at the time of
urgery. Patient information regarding age, sex, pathology,
perative procedure, number of parathyroid glands pre-
erved or autotransplanted, the presence of hypocalcemic
ymptoms, and oral or intravenous supplementation of cal-
ium or vitamin D were recorded. Institutional review board
pproval was obtained in this study.

Postoperatively, the patients were randomly assigned to
outinely receive or not receive oral calcium and vitamin D
upplements. Patients in the supplement group were admin-
stered oral calcium (Korea United Pharmaceutical Co,
eoul, Korea), 3 g/d taken at 3 times (1 g every 8 hours),
nd vitamin D (Ilsung Pharmaceutical Co., Seoul, Korea),
g/d taken twice (0.5 g every 12 hours). Treatment was

tarted on the night of the operation and continued to post-
perative day 14. Patients not receiving supplement were
dministered the therapy only when symptomatic hypocal-
emia developed. Intravenous calcium gluconate was ad-
inistered if significant hypocalcemia persisted despite oral

upplementation.
Serum ionized and total calcium and iPTH levels were

hecked the morning of the operation and at 1 and 24 hours
fter total thyroidectomy. Serum ionized calcium levels
ere measured twice a day and total calcium levels daily
ntil hospital discharge. The reference ranges of ionized
alcium and total calcium were 1.2 to 1.38 mmol/L and 8.5
o 10.5 mg/dL, respectively. The following blood work was
lso obtained preoperatively and postoperatively: albumin,
rea, creatinine, magnesium, phosphate, and electrolytes.
erum calcium levels were corrected for measured abnor-
al serum albumin levels [10]. Serum iPTH levels were
easured by using a standard ELSA-PTH immunoradio-
etric assay (Cis Bio International, Cedex, France) at 1

our and 1 and 3 days after surgery. The normal range of
PTH, according to the assay manufacturer, is 8 to 76
g/mL. The detection limit of the assay is 0.7 pg/mL, and
he intraassay and interassay coefficients of variation are
elow 7% at PTH concentrations of 6 to 95 pg/mL. All
atients were clinically evaluated for signs and symptoms of
ypocalcemia. Postoperative hypocalcemia was defined as
ither symptomatic or laboratory. Hypocalcemic symptoms
nd signs, from perioral tingling and numbness to carpope-
al spasms and tetany, were registered in detail. Laboratory
ypocalcemia was defined as serum ionized calcium levels

f �1.0 mmol/L or total calcium concentrations of �8.0 T
g/dL, even if recorded only in a single measurement,
ither during the hospital stay or at any time after discharge
rom the hospital [11].

This study protocol required hospitalization of all pa-
ients for a minimum of 3 days after surgery in order to
erform the required blood tests. All patients were followed
t 1 week and at 1, 3, and 6 months after surgery, at which
imes serum ionized calcium, total calcium, and iPTH levels
ere measured.
The t test was used when comparing continuous vari-

bles between different groups; the paired t test was used for
omparison of paired samples; and the chi-square test was
sed for categorical data analysis, with SPSS 11.0 for Win-
ows (SPSS Inc, Chicago, IL). Data from each group were
xpressed as mean � standard error of the mean. P � .05
as regarded as statically significant.

esults
Ninety patients underwent total thyroidectomy over the

tudy period. The ratio of males to females was 17 of 73,
nd patient age ranged from 21 to 77 years, with a mean age
f 47 years. Each group included 45 patients; the clinical
haracteristics of the 2 groups are summarized in Table 1.
here were no differences in age and sex between the 2
roups (with and without routine oral calcium and vitamin

supplements). The thyroid diseases of the patients in-
luded well-differentiated thyroid carcinoma in 75 patients,
ultinodular goiter in 10, and diffuse toxic goiter in 5. The

perative procedures were total thyroidectomy alone in 71
atients and combined with modified radical neck dissection
n 19 patients with metastatic papillary thyroid carcinomas.

able 1
haracteristics of patients with/without routine oral calcium and vitamin
supplements

ariable No
supplement

Supplement P
value*

o. of patients 45 45 NS
ge† 46 � 2 48 � 2 NS
ex (M/F) 9/36 8/37 NS
hyroid disease (n) NS
Malignancy 37 38
Benign 8 7

peration (n) NS
Total thyroidectomy alone 35 36
Total thyroidectomy � MRND 10 9

o. of parathyroid glands
preserved† 3.5 � 0.1 3.4 � 0.1 NS

arathyroid autotransplantation (n) 9 10 NS
emporary hypocalcemia (n)
Symptomatic 11 3 .020
Laboratory‡ 16 6 .014

ntravenous calcium 5 0 .022
ermanent hypocalcemia 2 1 NS

MRND � modified radical neck dissection; NS � not significant; M �
ale; F � female.
* A P value � .05 was considered as significance.
† Mean � standard error of the mean.
‡ Defined as serum ionized calcium levels of � 1.0 mmol/L or total

alcium levels of � 8.0 mg/dL.
he mean number of preserved parathyroid glands was 3.4,
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nd the parathyroids were autotransplanted in 19 patients
21%). The pathology, operative procedure, and parathyroid
land status were comparable between patients of the 2
roups.

Symptomatic hypocalcemia developed in 14 patients (16%),
n 11 of 45 in the group not receiving supplement (24%) and
n 3 of 45 in the supplement group (7%) (P � .02). Labo-
atory hypocalcemia developed in 22 patients (24%), 16 of
5 in the group not receiving supplement (36%) and 6 of 45
n the supplement group (13%) (P � .014). The incidence of
ypocalcemia was significantly lower in the supplement
roup than in the no-supplement group (P � .02). Hypocal-
emic symptoms were minimal in the supplement group but
ore severe in the no-supplement group, including carpope-

ial spasms in 3 patients. Intravenous calcium was admin-
stered to 5 patients in the no-supplement group but not to
ny patients in the supplement group (P � .022). Permanent
ypocalcemia developed in 3 patients (3%).

Serum calcium and iPTH levels decreased by 3 days
fter thyroidectomy and nearly completely recovered ap-
roximately 3 months after surgery in both groups. Total
alcium values measured at postoperative days 2, 3, and 7
ere lower in the group not receiving supplement than in

he supplement group (P � .05) (Table 2 and Fig. 1).
owever, there was no statistical difference in the preoper-

tive and postoperative iPTH levels of the 2 groups. The
ecrease in patient serum calcium and iPTH levels during
he early days after surgery was less, and the levels recov-
red earlier in the supplement group than in the no-supple-
ent group (Fig. 1). Hypercalcemia or other side effects did

ot develop in any of the patients receiving routine oral
upplements.

omments
The present study shows that routine oral calcium and

itamin D supplements significantly reduce the incidence of
ypocalcemia after total thyroidectomy (P � .02). Postop-
rative treatment prevented a significant decrease of serum

able 2
omparison of serum test values (mean � standard error of the mean)
fter total thyroidectomy between groups with and without oral calcium
nd vitamin D supplements

ariable No
supplement

Supplement P
value*

otal calcium (mg/dL)
PO day 1 8.3 � 0.1 8.4 � 0.1 NS
PO day 2 8.0 � 0.1 8.5 � 0.1 .045
PO day 3 7.9 � 0.1 8.6 � 0.1 .002
PO day 7 8.4 � 0.1 9.0 � 0.1 .003
PO month 1 8.9 � 0.2 9.2 � 0.2 NS

ntact PTH (pg/mL)
PO hour 1 30.1 � 2.7 27.6 � 2.1 NS
PO day 1 25.8 � 2.3 23.8 � 3.9 NS
PO day 3 23.6 � 3.9 22.5 � 4.8 NS
PO day 7 24.8 � 2.9 20.5 � 2.5 NS
PO month 1 31.6 � 4.8 33.4 � 4.5 NS

PO � postoperative; PTH � parathyroid hormone; NS � not significant.
* t test, P value � .05.
alcium levels as well as the subsequent development of r
ajor hypocalcemic symptoms after total thyroidectomy. In
he supplement group, the symptoms were minimal and
atients did not experience hypocalcemic crisis. By con-
rast, hypocalcemic symptoms were more severe in the
roup that did not receive supplement. In this group, 3
atients suffered from carpopedal spasms and 5 patients
equired intravenous calcium administration after their per-
istent significant hypocalcemia failed to respond to subse-
uent administration of oral calcium and vitamin D supple-
ents. Therefore, our data suggest that routine oral calcium

nd vitamin D supplements can significantly reduce the
ncidence and severity of hypocalcemia after total thyroid-
ctomy, although they do not completely eliminate the oc-
urrence of postoperative hypocalcemia.

Two studies have evaluated the efficacy of routine cal-
ium supplements for the prevention of hypocalcemia after
hyroidectomy [7,8]. Moore [7] reported that only 4 of 124
atients who received daily treatment of calcium (5 g) after
ilateral thyroid resection developed hypocalcemia, and 1
equired administration of intravenous calcium. Based on
mpirical observations, the prophylactic use of oral calcium
o reduce the risk of hypocalcemic crisis and increase the
ikelihood of early hospital discharge was recommended.
ellantone et al [8] reported in a prospective control study

hat only 3 of 26 patients (11%) receiving oral calcium
upplement (3 g/d) had symptoms related to hypocalcemia
fter total thyroidectomy, whereas 11 of 27 patients (40%)
ot receiving calcium supplement had symptoms. These
tudies suggest that postthyroidectomy hypocalcemia can be
onsiderably prevented by the routine administration of
alcium supplements.

Serum calcium levels decrease in most patients early
fter total thyroidectomy and are secondary to the impair-
ent of parathyroid function in most cases [12]. Several

ays after surgery, serum calcium levels begin to recover in
arallel with the increase of iPTH levels. Nonetheless, post-
perative calcium supplements administered prophylacti-
ally may contribute to preventing the initial drop in serum
alcium concentrations. Our study revealed that the de-
rease in serum calcium was less and that calcium levels

ig. 1. Changes in serum total calcium levels before and after total thy-

oidectomy.
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ecovered earlier in patients receiving supplement than in
atients not receiving supplement. Consequently, routine
alcium supplements seem to prevent the occurrence of
ajor hypocalcemic symptoms.
In a prior study [8], regimens of oral calcium alone and

f a calcium and vitamin D combination were effective.
owever, the study also revealed that the addition of vita-
in D to oral calcium supplements was associated with

ignificantly higher serum calcium concentrations on post-
perative days 2 and 3 and with a lower incidence of
ypocalcemia. Although it has been reported that vitamin D
dministration inhibits iPTH secretion by normally func-
ioning parathyroid glands [13], prior studies and our own
esults showed that iPTH secretion was not affected by
itamin D administration in postthyroidectomy patients.
herefore, the early use of vitamin D in addition to calcium
upplements can be recommended for patients undergoing
otal thyroidectomy. The dosages and durations of calcium
nd vitamin D administration are also of concern. In a
revious study [7] in which patients were given oral calcium
n an empirical basis, an elderly patient supplemented with
alcium 5 g/d for 2 weeks became lethargic and hypercal-
emic. In another prospective controlled study [8], the daily
dministration of oral calcium (3 g) and vitamin D (1 g) for
days after surgery did not lead to complications. In the

resent study, oral calcium (3 g) and vitamin D (1 g) were
dministered daily to patients for 2 weeks after total thy-
oidectomy. Hypercalcemia or other side effects were not
bserved. Given that serum calcium decreased after surgery
nd then recovered during the postoperative period of more
han 1 month in this study, a treatment duration of 2 weeks
s proposed.

The prevention of significant symptomatic hypocalcemia
ill allow early discharge of postthyroidectomy patients

rom the hospital. In turn, early discharge eliminates the
ecessity of multiple blood samplings for close monitoring
f serum calcium or iPTH levels. Our medical health care
ystem is national and supported by the government. Most
atients pay for only a small part of medical costs and thus
refer to be remain in the hospital for as long as possible
ntil all postoperative problems are eliminated. Despite the
dvantages for patients, multiple blood samplings and pro-
onged hospitalization increase the total cost of the coun-
ry’s medical health care system. In our country, the 1-time
ean costs of the following blood tests are total calcium,

1.5; ionized calcium, $5.5; and iPTH, $20. In contrast, the
otal price of calcium and vitamin D supplements is only
bout $1.5 per day. Thus, if thyroidectomy patients are
ischarged from the hospital on the day of the procedure or
he day after, the total medical costs per patient can be
educed by more than $300 to 500 compared with the costs

f patients remaining in the hospital for more than 3 days
fter surgery. The avoidance of multiple blood samplings
nd prolonged hospitalization is a major cost saving and
ay be even greater in developed countries.
In conclusion, our data suggest that routine oral cal-

ium and vitamin D supplements are effective in reduc-
ng the incidence and severity of hypocalcemia after total
hyroidectomy. Only a minority of patients receiving the
upplements presented with minimal symptoms related to
ypocalcemia, and higher levels of serum calcium during
he first few days after total thyroidectomy were mea-
ured in patients receiving the supplement. We therefore
dvocate routine oral calcium and vitamin D supplements
n the prevention of postoperative hypocalcemia and for
ncreasing the likelihood of a safe and early discharge
rom the hospital. This will ultimately lead to improved
atient satisfaction and significant cost savings. How-
ver, this should be investigated by another, carefully
esigned study that includes a comparison between pa-
ients receiving routine oral supplements and being dis-
harged early and those not given supplements and hav-
ng a standard hospital stay.
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