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Abstract

Background The purpose of this study was to determine the prevalence of hypomagnesemia in patients undergoing
thyroidectomy and evaluate the relationship of hypomagnesemia with transient and severe hypocalcemia.
Materials and methods This was a prospective observational study of 50 patients undergoing thyroidectomy. Blood
samples were collected pre- and postoperatively for calcium, albumin, magnesium, phosphorous and parathormone
(PTH). Signs, symptoms of hypocalcemia and volume of intravenous fluids used perioperatively were documented.
The statistical analysis was performed using STATA I/C 10.1.

Results Preoperatively, twelve patients (24 %) had hypomagnesemia and one (2 %) hypocalcemia. On the first
postoperative day, hypomagnesemia was seen in 70 % and hypocalcemia in 30 %. A similar trend was observed in
the fall and rise of postoperative calcium and magnesium values (p = 0.41). Severe hypocalcemia was present in
three patients (6 %). All three patients had a very low postoperative PTH (<2 pg/ml). Among them, two patients
(66 %) had hypomagnesemia and their hypocalcemia responded to intravenous magnesium correction. Significant
risk factors for postoperative hypocalcemia include a higher volume of fluid used perioperatively and low postop-
erative PTH (<8 pg/ml) (p = 0.01 and 0.03, respectively).

Conclusion Preoperative hypomagnesemia (24 %) was prevalent in this cohort of patients. Postoperative hypo-
magnesemia is a common event (70 %) following total thyroidectomy, and magnesium levels tend to mimic the
calcium levels postoperatively. The cause of hypocalcemia post-thyroidectomy in this study is mainly a factor of
parathyroid function and fluid status. Severe hypocalcemia is a rare event, and hypomagnesemia is associated in the
majority of these patients. The role of magnesium correction to alleviate severe hypocalcemia needs to be further
studied.

Introduction

This study is registered with Clinical Trials Registry, India (CTRI): Total thyroidectomy has been advocated as the procedure
CTRI/2013/12/004195. of choice to reduce short-term and long-term recurrence in
malignant and benign disease. It requires skilled capsular
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to 65 % in the literature, and the response to treatment is
unpredictable [2—4]. The risk factors for the development
of hypocalcemia following total thyroidectomy have been
extensively investigated in the literature but there is limited
experience on the role of hypomagnesemia in this context.
Hypomagnesemia has long been associated with hypocal-
cemia in chronic disease states. Hypomagnesemia has been
postulated to result in decreased production/secretion of
parathormone (PTH), end organ resistance to PTH and
decreased production of vitamin D all of which results in
hypocalcemia [5-12]. In our experience with post-thy-
roidectomy hypocalcemia (unpublished data), we observed
a subset of patients in whom the serum calcium does not
rise, despite adequate supplements of oral elemental cal-
cium (1 gm thrice daily) and vitamin D (calcitriol 0.5 pg
twice daily). We termed this as “severe hypocalcemia”.
Hypomagnesemia was present in 75 % of these patients. In
the literature, there are only four studies that have inves-
tigated the effect of post-thyroidectomy hypomagnesemia
on the development of hypocalcemia [13-16]. All four
studies detected a significant fall in magnesium levels
following thyroidectomy. Wilson et al., Garrahy et al. and
Hammerstad et al. have additionally reported a significant
association between postoperative hypomagnesemia and
hypocalcemia (p = 0.04, 0.005 and 0.015, respectively)
[13-15].

We conducted this prospective study to determine the
prevalence of hypomagnesemia among patients undergoing
thyroidectomy and to evaluate if postoperative hypomag-
nesemia is a risk factor for the development of post-thy-
roidectomy temporary and severe hypocalcemia.

Materials and methods

A prospective observational study of fifty patients under-
going total thyroidectomy between 1st October 2012 and
30th September 2013 was conducted at the department of
Endocrine Surgery, Christian Medical College, Vellore,
Tamil Nadu, India. All adult patients undergoing total
thyroidectomy for benign or malignant disorders of the
thyroid were included in the study.

Pre- and postoperative blood samples were collected
for calcium, albumin, magnesium, phosphorous and PTH.
Postoperative blood samples were collected between 5
and 6 a.m. on all days following surgery till discharge and
a fasting sample at the first out-patient review. The defi-
nitions used in this study were as follows—Hypocal-
cemia: corrected calcium <8.0 mg/dl, hypomagnesemia:
S. magnesium (total) <1.8 mg/dl, hypophosphatemia: S.
phosphorous <2.5 mg/dl and hypoparathyroidism: PTH
<8 pg/ml. The biochemical estimation of serum calcium,
magnesium, phosphorous and albumin was performed
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using photometric method (modular P800 automated
analyser—Roche), and iPTH (intact parathormone) was
estimated by chemiluminescence (Adiva centaur centre—
Siemens). The volume of intravenous fluids used (in
millilitres) as well as the presence or absence of symp-
toms and signs (Chvostek’s and Trousseau’s) of
hypocalcemia was documented. The symptoms included
tingling/numbness in the face and extremities, typically
perioral, fingers and toes; cramping sensations in the
muscles of the arms, legs and abdomen. Chvostek’s sign
was elicited by tapping the cheek in the region of the
anterior border of the masseter (Chvostek’s II) which is
more sensitive than the Chvostek’s I elicited by tapping
antero-inferior to the tragus. Contraction of the facial
muscles indicated a positive test. The result was graded as
absent, sluggish or brisk. Trousseau’s sign was evaluated
by inflating the sphygmomanometer cuff to 20 mmHg
above the systolic blood pressure for one minute, during
which time induction of a carpal spasm indicated a pos-
itive test. The result was documented as being positive or
negative. These signs and symptoms were elicited
between 7 and 8 a.m. on all postoperative days till dis-
charge by the same person.

Normocalcemic patients were discharged on the second
postoperative day. Hypocalcemic patients received calcium
supplementation as per the post-thyroidectomy hypocal-
cemia treatment protocol depicted in Table 1. Hypocal-
cemic patients who despite supplementation with calcium
carbonate 3 gm and calcitriol 1mcg daily for at least 24 h
continued to have falling corrected calcium levels were
said to have “severe hypocalcemia”. In these patients, if
total serum magnesium was <1.8 mg/dl (hypomagne-
semia), intravenous (IV) magnesium sulphate 2 gm was
infused thrice daily for 2 days. Patients with hypomagne-
semia whose calcium levels marginally improved or
remained stable on calcium and vitamin D supplements
were not treated with intravenous magnesium.

The statistical analysis was performed using STATA I/C
10.1. The descriptive statistics were performed using mean
with standard deviation or frequency with percentages.
Categorical data were summarized using frequency along
with percentages. y° square test was used to assess the
association between variables. Postoperative hypocalcemia
and hypomagnesemia were binary outcome variables, and
therefore, a logistic regression was performed for univari-
ate and multivariate analysis. A significant association was
defined with a (p) value of less than 0.05.

Results

Patient characteristics, surgical details and pathology are
depicted in Table 2.
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Table 1 Post-thyroidectomy hypocalcemia treatment protocol

S. Ca (mg/dl) Signs Symptoms Treatment

>8.0 No No Calcium carbonate 1 gm once daily

<8.0 No No Calcium carbonate 1 gm twice daily

<8.0 Yes No Calcium carbonate 1 gm thrice daily
Calcitriol 0.25 mcg once daily

<8.0 Yes/no Yes (mild) Calcium carbonate 1 gm thrice daily

Yes (severe)

Calcitriol 0.25-0.5 mcg twice daily

Add to above infusion of 50 ml of 10 % calcium gluconate in 500 ml
of 5 % dextrose infused @ 1 ml/kg/h till asymptomatic

Table 2 Patient characteristics, surgical details and pathology

Parameter Result (%)
Total no. of patients 50
Male:female ratio 13:37
Age (years) median; range 42.5 (18-75)
Hyperthyroidism 5(10 %)
(Graves’-3, Toxic nodule-2)
Operation performed®
TT 36 (72 %)
CT 2 (4 %)
TT + CCND 4 (8 %)
TT + MRND 8 (16 %)
Pathology
Benign 14 (28 %)
Malignant 36 (72 %)

4 TT total thyroidectomy, CT completion thyroidectomy, CCND
central compartment neck dissection, MRND modified radical neck
dissection

Pre- and postoperative serum calcium
and magnesium

Preoperative hypocalcemia was present in only one patient
whose corrected calcium was 7.8 mg/dl. In four patients
(8 %), the corrected calcium values were between 8 and
8.29 mg/dl. The remaining forty-five patients (90 %) had
corrected calcium within our laboratory reference range.
Twelve patients (24 %) had hypomagnesemia preopera-
tively (range 1.62-1.78 mg/dl). Fifteen patients (30 %)
developed hypocalcemia (corrected calcium range
6.9-7.9 mg/dl), and thirty-five patients (70 %) developed
hypomagnesemia (range 1.10-1.78 mg/dl) following
surgery.

Postoperative symptoms and signs of hypocalcemia

Twenty-five patients (50 %) had clinical features of
hypocalcemia postoperatively. 21/25 patients (84 %) had

either symptoms or signs present. Among these patients,
hypomagnesemia was present in 19/21 (90.5 %), whereas
hypocalcemia was present in 11/21 (52.4 %) patients. Four
patients (16 %) had both symptoms and signs present, and
both hypocalcemia and hypomagnesemia were present in
all four patients. Hypomagnesemic patients were at a
higher risk of developing clinical features of hypocalcemia
(p = 0.06).

Risk factors for postoperative hypocalcemia

Univariate analysis of the risk factors for postoperative
hypocalcemia in this study is shown in Table 3. The sig-
nificant risk factors were PTH status and hemodilution.

We used postoperative PTH to assess the degree of
parathyroid injury. Twenty patients had low postoperative
PTH (<8 pg/ml). Among these, nine patients (45 %) had
hypocalcemia. The PTH for these nine patients was very
low (<3 pg/ml). The remaining eleven patients were nor-
mocalcemic. Surprisingly, 6/30 patients (20 %) with nor-
mal PTH were hypocalcemic. Two of these patients
developed a positive Chvostek’s sign on postoperative day
one alone, while one patient had mild symptoms of
hypocalcemia. None of these patients required readmission
for hypocalcemia. The risk of developing hypocalcemia
was four times greater (95 % CI 1.11-15.06) in patients
with low postoperative PTH than in those with a normal
postoperative PTH (p = 0.034). Additionally in the post-
operative period as the calcium decreased, phosphorous
increased suggesting the presence of hypoparathyroidism
(Fig. 1). Postoperative low PTH was a significant indicator
for the development of postoperative hypocalcemia on
multivariate analysis as well (p = 0.05).

The volume of fluids used perioperatively varied from
1500 to 4000 ml, averaging 2330 ml. Forty two percent
received 2500 ml of intravenous fluids in the perioperative
period. When analysed as a continuous variable, a signifi-
cant association between the volume of fluids used and the
presence of postoperative hypocalcemia was observed
(p = 0.03). Univariate analysis revealed that patients who
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Table 3 Univariate analysis of the risk factors for postoperative hypocalcemia

Variable Number of patients with hypocalcemia (%) Relative risk (95 % CI) p value
Age >40 years 10/31 (32.2 %) 1.15 (0.32-4.13) 0.84
Female gender 12/37 (32.4 %) 1.41 (0.32-6.14) 0.65
Hyperthyroidism 3/5 (60 %) 4.64 (0.68-31.44) 0.15
Extent of surgery (TT 4+ CCND £+ MRND) 4/12 (33.3 %) 1.4 (0.35-5.68) 0.64
Volume of fluids >2500 ml 5/7 (71.4 %) 9.44 (1.57-56.96) 0.01
Postoperative PTH <8 pg/ml 9/20 (45 %) 4.09 (1.11-15.06) 0.03
Postoperative magnesium <1.8 mg/dl 12/35 (34.3 %) 1.83 (0.43-7.84) 0.41
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Fig. 1 Depicting the trend of postoperative serum magnesium,
calcium and phosphorous

received more than 2500 ml of fluids were at nine times
greater risk (95 % CI 1.57-56.96) of developing hypocal-
cemia compared to those who received less than 2500 ml.
On multivariate analysis, as well, these patients were at
significantly greater risk of developing postoperative
hypocalcemia (p = 0.01).

The factors of age greater than 40 years, female gender,
hyperthyroidism and the extent of surgery were not sig-
nificantly associated with the development of postoperative
hypocalcemia in this study (p = 0.84, 0.65, 0.12 and 0.64,
respectively).

Risk factors for postoperative hypomagnesemia

Univariate analysis of the risk factors for postoperative
hypomagnesemia in this study is shown in Table 4.
Gender was the only significant risk factor. The risk of
development of postoperative hypomagnesemia was
almost seven times greater (95 % CI 1.71-27.46) for
females when compared to males on univariate analysis
(» = 0.007). This risk fell to five times (95 % CI
0.85-30.76) on multivariate analysis which was close to
significance (p = 0.075).

All other factors evaluated were not significant.
Among the twenty patients with low postoperative PTH,
as many as sixteen (80 %) had hypomagnesemia; how-
ever, hypomagnesemia was also high (19/30, 63.3 %) in
patients with normal PTH. Despite the boxplot (Fig. 2)
illustrating lower magnesium levels among patients with
low postoperative PTH than those with normal PTH, this
was not significant (p = 0.21). The volume of perioper-
ative fluids used, age greater than 40 years or the extent
of surgery were significantly associated with the devel-
opment of postoperative hypomagnesemia (p = 0.1, 0.11
and 0.10, respectively). There were five patients with
hyperthyroidism in this cohort and all five were hypo-
magnesemic. Hence univariate analysis could not be
performed to compare hyperthyroidism and development
of postoperative hypomagnesemia. Chi-square test
showed no significant association between these two
factors (p = 0.12).

Table 4 Univariate analysis of the risk factors for postoperative hypomagnesemia

Variable Number of patients with hypomagnesemia (%) Relative risk (95 % CI) p value
Age >40 years 19/31 (61.3) 0.30 (0.07-1.24) 0.10
Female gender 30/37 (81.1) 6.86 (1.71-27.46) 0.01
Extent of surgery (TT + CCND + MRND) 6/12 (50) 0.31 (0.08-1.20) 0.10
Volume of fluids >2500 ml 3/7 (42.9) 0.26 (0.50-1.34) 0.11
Postoperative PTH <8 pg/ml 16/20 (80 %) 2.32 (0.62-8.70) 0.21
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Fig. 2 Relationship between postoperative PTH and magnesium
levels

The hypocalcemia—hypomagnesemia relationship

Among the fifteen patients with hypocalcemia, twelve
(80 %) had associated with hypomagnesemia. Though a
similar trend of fall in calcium and magnesium below the
normal range in the immediate postoperative period and
normalization by end of the first week was observed
(Fig. 1), this was not significant (p = 0.41).

Three patients (6 %) developed severe hypocalcemia
with very low postoperative PTH (<2 pg/ml). Two of these
patients (66 %) were hypomagnesemic (Mg of 1.07 and
1.14 mg/dl) and had persistent symptoms of hypocalcemia.
Following intravenous magnesium correction, hypocal-
cemic symptoms resolved and serum calcium rapidly nor-
malized. These numbers were too small for statistical
analysis.

Discussion
Preoperative serum calcium and magnesium

Five patients had calcium levels below our laboratory
reference range prior to surgery. Among them, only one
patient developed postoperative hypocalcemia (corrected
calcium 7.6 mg/dl). This patient had associated mild
symptoms which resolved in 2 days with calcium supple-
mentation. In the study by Wilson et al., preoperative
calcium level below their laboratory reference range was
detected in only one patient. This patient developed mild
symptoms of hypocalcemia following surgery, though
calcium levels were normal and the symptoms resolved
without calcium supplementation [13]. Other authors have
depicted normal preoperative calcium levels in all patients
[15-17].

Literature on the prevalence of hypomagnesemia among
the normal population is scarce. In this study, 12 patients
(24 %) were found to be hypomagnesemic prior to surgery.
All the twelve patients had mild hypomagnesemia with
values between 1.6 and 1.79 mg/dl. To the best of our
knowledge, this is the first documentation of the prevalence
of hypomagnesemia among this subset of patients in India.
This prevalence lies between the estimates of 4.6 and
14.5 % in Iranian and German population and 43 % among
pregnant women in Haryana [18-20]. The study from
Haryana in India also found a significant association
between parity and hypomagnesemia, women with parity
of more than two being at a higher risk of developing
hypomagnesemia than nulliparous women [20]. The higher
prevalence of hypomagnesemia observed in our study as
well as the one from Haryana may be secondary to nutri-
tional factors.

There are several reports of hypomagnesemia following
chronic proton pump inhibitor (PPI) usage [21-24]. PPIs
impair absorption of magnesium by the intestinal epithelial
cells by inducing inhibition of transient receptor potential
melastatin 6 and 7 channels [25]. In India, these medica-
tions are commonly dispensed over the counter. These
factors were not assessed in our study.

Postoperative symptoms and signs of hypocalcemia/
hypomagnesemia

Wilson et al. showed that both hypocalcemia and hypo-
magnesemia were significantly associated with symptoms
(p = 0.015 and 0.006, respectively), and patients were
more likely to be symptomatic when both cations were low
(p = 0.019) [13]. Szubin et al. in a study of forty patients
undergoing total thyroidectomy detected that serum mag-
nesium levels decreased slightly in all patients postopera-
tively and stated that this could exert an unrecognized
effect on serum calcium levels. They concluded that
magnesium levels need to be monitored postoperatively
and corrected if below normal [26]. Jones et al. described a
patient with primary hyperparathyroidism who developed
symptomatic hypocalcemia (S. calcium—6 mg/dl) on the
tenth postoperative day following surgery. This was unre-
sponsive to oral and intravenous calcium correction. She
was detected to be hypomagnesemic (S. magnesium—
0.7 mg/dl), and following intravenous magnesium correc-
tion, there was dramatic improvement in her symptoms and
gradual normalization of serum calcium [27]. The present
study also suggests that hypomagnesemia correlates closely
with the clinical features of hypocalcemia (p = 0.06).
Among the three “severe hypocalcemic” patients, two
were hypomagnesemic and the persistent hypocalcemic
symptoms in these patients were relieved only after intra-
venous magnesium correction. Hence the correction of
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hypocalcemia without concurrent normalization of mag-
nesium may prolong the clinical manifestations of
hypocalcemia in a subset of patients.

Risk factors for postoperative hypocalcemia
and hypomagnesemia

Hypocalcemia is the most common complication following
total thyroidectomy [28, 29]. Improved understanding of
surgical anatomy as well as advancements in surgical
technique has led to lowered rates of post-thyroidectomy
hypocalcemia [30]. The rate of post-thyroidectomy
hypocalcemia in this study is comparable to that in the
literature—up to 30 % [3, 31]. Among the various causes
for post-thyroidectomy hypocalcemia, parathyroid injury/
ischemia during thyroidectomy has been established as the
most common cause [17]. Consistent with the literature, a
strong correlation between low postoperative PTH and the
development of  post-thyroidectomy  hypocalcemia
(p = 0.034) was seen in this study as well. The release of
antidiuretic hormone in response to surgical stress and
consequent retention of water is responsible for hemodi-
lution. Hemodilution leads to alteration of plasma elec-
trolyte concentration resulting in transient postoperative
decrease of calcium, magnesium, phosphorous and albu-
min. Demeester-Mirkine et al. have demonstrated fall in
postoperative total and ionized calcium due to hemodilu-
tion. [32]. In the present study, the volume of fluids used
perioperatively was significantly associated with the
development of postoperative hypocalcemia (p = 0.01)
despite correction for albumin. From our results, it appears
that the serum albumin correction may not fully account for
the perioperative dilutional change in calcium levels, and
the quantum of IV fluids used may be an independent
factor; the mechanism is not clearly understood. Hence,
low postoperative PTH and hemodilution were the main
factors for the development of postoperative hypocalcemia
in this cohort.

A large number of patients were hypomagnesemic fol-
lowing surgery; thirty-five patients (70 %). A similar
prevalence of postoperative hypomagnesemia was detected
by Wilson et al. in 36/50 patients (72 %) undergoing thy-
roidectomy. They found hemodilution to play a significant
role in the development of hypomagnesemia following
thyroidectomy (p = 0.027) [13]. Surprisingly, in this
study, the volume of fluids used was not significantly
associated with the development of postoperative hypo-
magnesemia (p = 0.11). However, we have showed a
significant association between female gender and the
development of post-thyroidectomy hypomagnesemia on
univariate analysis (p = 0.007) and a near significant
association on multivariate analysis (p = 0.075). Increased
parity has been reported to be associated with
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hypomagnesemia [20]. Though we had not assessed parity,
the significant association of female gender and hypo-
magnesemia could be attributed to increased parity.

PTH stimulates magnesium reabsorption from the kid-
ney and small intestine [33, 34]. PTH also causes release of
magnesium from the bone. These actions of PTH result in
increasing the magnesium levels. Therefore, a low PTH
would result in decreased magnesium levels. In this study,
we have documented a low PTH in twenty patients (40 %)
postoperatively. Though postoperative PTH and hypo-
magnesemia were not significantly associated (p = 0.21),
magnesium levels were found to be lower in the patients
with low postoperative PTH than in patients with normal
postoperative PTH.

Hyperthyroid patients have been shown to have
decreased serum magnesium concentrations and increased
urinary magnesium excretion which could lead to hypo-
magnesemia [5]. In this study, five patients were hyper-
thyroid, and though all five were hypomagnesemic, there
was no significant association between the two (p = 0.12).
The other causes for hypomagnesemia include severe
postoperative vomiting and diarrhoea, uncontrolled blood
sugars and chronic alcoholism.

The Hypocalcemia—hypomagnesemia relationship

Wilson et al. demonstrated that hypomagnesemia was
common in patients undergoing thyroidectomy (72 %) and
significantly associated with the development of post-thy-
roidectomy hypocalcemia [13]. A similar conclusion was
made by Garrahy et al. in a retrospective study of two
hundred and one patients undergoing thyroidectomy. They
also showed that a significant fall in magnesium levels after
surgery (p < 0.0001) was significantly associated with the
development of permanent hypocalcemia (p = 0.0004)
[14]. Hammerstad et al. evaluated the risk factors for the
development of hypocalcemia among forty patients with
Graves’ disease undergoing total thyroidectomy. They
found that patients who developed permanent hypocal-
cemia exhibited a significant fall in magnesium levels
postoperatively at 48 h compared to the preoperative
magnesium levels (p = 0.015) [15]. In all the above
studies, the lower limit of the reference range for magne-
sium was 1.7 mg/dl. Sousa et al. evaluated 333 patients
undergoing thyroidectomy and found a significant fall in
postoperative magnesium levels compared to preoperative
levels (p = 0.017) which also varied with the calcium
level. However, as the postoperative magnesium levels
remained within the reference range (1.6-2.3 mg/dl), they
surprisingly concluded that there was no relationship
between calcium and magnesium levels in their study [16].

In the present study, though postoperative magnesium
levels fell proportionately with the calcium levels,
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hypomagnesemia was not significantly associated with
hypocalcemia (p = 0.41). In the three patients with severe
hypocalcemia, two were hypomagnesemic and resistant to
calcium and vitamin D therapy. The correction of hypo-
magnesemia in these two patients resulted in a dramatic
normalization of clinical and biochemical hypocalcemia.
Hence, a possible role for magnesium correction in severe
hypocalcemic patients is proposed and needs to be further
studied.

Conclusion

The prevalence of preoperative hypomagnesemia was fre-
quent in this cohort of patients undergoing thyroidectomy
and all had mild deficiency. Postoperative hypomagne-
semia is seen in the majority of patients following total
thyroidectomy, and female patients are at a significantly
greater risk of developing the same. Magnesium levels tend
to mimic the calcium levels postoperatively. Hypomagne-
semia is significantly associated with symptoms and signs
of hypocalcemia. The cause of hypocalcemia post-thy-
roidectomy is mainly a factor of parathyroid function and
fluid status. Severe hypocalcemia is a rare event and
hypomagnesemia is associated in the majority. We con-
clude that evaluation for hypomagnesemia should be per-
formed only among the patients who develop severe
hypocalcemia following surgery and not routinely before
or after thyroid surgery. The role of magnesium correction
to alleviate severe hypocalcemia needs to be further
studied.
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