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Abstract

Original Article

IntRoductIon

Thyroidectomy is a clean surgical procedure with minimal 
blood and fluid loss. Total thyroidectomy has been established 
as the preferred operation for a range of thyroid pathologies. The 
most common postoperative complications are hypocalcemia. 
Homeostasis of magnesium ions is directly related to calcium 
levels.[1] An abrupt fall in magnesium concentration leads 
to a reduction in the production and release of parathyroid 
hormone (PTH) and secondarily exacerbates the clinical 
manifestations of hypocalcemia. Therefore, hypocalcemic 
patients with hypomagnesemia will present with relative 
hypoparathyroidism.[2] Plasma calcium correction without 
concurrent normalization of magnesium may prolong the 
clinical manifestations.[3] The aim of this study was to 
estimate magnesium and calcium ion levels in patients 
undergoing thyroidectomy and to evaluate the association of 
hypomagnesemia with hypocalcemia after thyroidectomy.

MateRIals and Methods

A total of 50 new patients who underwent thyroidectomy in 
Medical College Hospital, Calicut, from December 2012 to 
November 2013 were enrolled into this prospective study.

Inclusion criteria
All patients with benign/malignant thyroid disorder undergoing 
total/near-total/subtotal thyroidectomy with or without neck 
dissection in Medical College, Calicut.

Exclusion criteria
Coexisting hypo/hyperparathyroidism, patients with renal 
dysfunction and hypoalbuminemia.
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Procedure
This study involved determination of serum calcium and serum 
magnesium preoperatively and serum magnesium and serum 
calcium level 24 h postoperatively. After taking informed 
consent, under all aseptic precautions, about 4 ml of venous 
blood will be collected in a vacutainer. It will be subjected for 
centrifugation, and serum will be separated. Serum calcium and 
magnesium were measured by ion-selective electrode method 
by automate electrolyte analyzer. Estimation is done within 2 
hours. If there occurs delay in processing, serum sample stored 
at 4 degree celcius in deep freezer. Clinical findings suggestive 
of hypocalcemia, that is, perioral numbness, paresthesias, tetany, 
Chvostek sign, Trousseau sign, seizures, and electrocardiogram 
changes, are also watched for and recorded.

Concentrations that were below the reference values for the 
ions evaluated were considered to be cases of hypocalcemia 
and hypomagnesemia.
• Total calcium – reference value: 8.5 mg/dl to 10.5 mg/dl, 

hypocalcemia: S. Ca <8.5 mg/dl
• Magnesium – reference value: 1.8 mg/dl to 2.2 mg/dl, 

hypomagnesemia: S. Mg <1.7 mg/dl.

Statistical analysis
Data analysis was performed by SPSS, version 17 (IBM 
Company, Chicago). If normal distributed, continuous 
variables were presented as the mean ± standard deviation (SD) 
and compared by t-test. Pearson Chi-square test or Fisher’s 
exact test was used to compare frequency (percentage) for 
categorical variables. P < 0.05 indicated statistically significant 
difference.

Results and dIscussIon

The study included 50 patients, of both genders and all the age 
groups, who underwent thyroidectomy. The patients were of 
varied age group, the youngest being 14 years and the oldest 
63 years of age. The mean age was 40.12 years. About 68% 
of the patients were in the age group of 31–50 years. The age 
did not have any significant correlation with postoperative 
hypomagnesemia (Pearson’s correlation 0.110).

Among these 50 patients, 8 (16%) were male and 42 (84%) 
were female. Three out of five males and 14 of 28 females 
developed postoperative hypomagnesemia. There was no 
any statistically significant difference in the occurrence of 
hypomagnesemia between males and females (P = 0.820).

Case group was selected on fine-needle aspiration cytology report 
and confirmed on postoperative histopathology report. In this 
study, 39 (78%) patients were diagnosed as multinodular goiter, 
6 (12%) patients follicular neoplasm, 3 (6%) patients papillary 
carcinoma, 1 (2%) patient Hurthle cell neoplasm, and 1 (2%) 
patient solitary nodular goiter. Patients underwent different types 
of surgeries. Ten (20%) patients underwent total thyroidectomy, 
36 (72%) patients were treated with near-total thyroidectomy, 
and 4 (8%) of them underwent subtotal thyroidectomy. 12 out 
of the total 39 patients of multinodular goiter, 2 of 6 patients of 

follicular neoplasm, 2 of 3 of papillary carcinoma and the sole 
case of SNT developed hypomagnesemia. Demographic and 
clinical characteristics of the study population with occurrence 
of hypomagnesemia are summarized in Table 1.

Among the study group, 29 patients (58%) developed 
hypocalcemia, biochemical (S. Ca <8.5) [Figure 1] and 
among them 15 patients (51.7%) developed symptomatic 
hypocalcemia. In study group, 17 patients (34%) developed 
hypomagnesemia, biochemical and/or symptomatic 
(S. Mg <1.7) [Figure 2]. Of the 17 patients who developed 
hypomagnesemia postoperatively, 13 (86.7%) patients 
were symptomatic. In contrast, even though the serum 
magnesium level was >1.7, 2 (13.3%) patients developed 
symptoms [Table 2]. Hypomagnesemia present with symptoms 
such as muscle cramps, muscle fasciculation and tremors, 
convulsions, carpopedal spasm-positive Chvostek’s sign, and 
Trousseau’s sign.[4,5]

Fifteen (30%) patients developed both hypocalcemia and 
hypomagnesemia with biochemical value S. Ca <8.5 and 

Table 1: Demographic and clinical characteristics of the 
study population with occurrence of hypomagnesemia

Variable Normomagnesemia Hypomagnesemia P
Sex

Male 5 3 0.820
Female 28 14

Diagnosis
Follicular neoplasm 4 2 0.397
Hurthle cell neoplasm 1 0
MNG 27 12
Papillary carcinoma 1 2
SNT 0 1

Type of surgery
TT 25 11 0.668
NTT 2 2
STT 6 4

MNG: Multinodular goiter, SNT: Solitary nodule of thyroid, TT: Total 
thyroidectomy, NTT: Near total thyroidectomy, STT: Sub total thyroidectomy

42%

58%

Normal Low

Figure 1: Hypocalcemia
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S. Mg <1.7 [Figure 3]. 12 out of 15 patients show symptoms 
of both hypocalcemia and hypomagnesemia [Table 3]. A total 
of 24% from study patients developed symptoms with both 
hypocalcemia and hypomagnesemia.

In this study, 17 patients show hypomagnesemia. Six out of 
17 patients were having preoperative low calcium with the 
mean calcium of 7.8 (SD-0.5924. Eleven patients were having 
normal calcium with the mean calcium of 9.3 (SD-0.5732). 
The occurrence of hypomagnesemia with preoperative 
low calcium is statistically not significant (P = 0.052) 
[Table 4 and Figure 4].

Of the 17 postoperative hypomagnesemia patients, 15 were 
having postoperative low calcium with a mean calcium 
level of 7.7 (SD-0.5876). Two patients were having 
normal postoperative calcium with the mean calcium of 
8.6 (SD-0.7174). By this study, simultaneous occurrence of 
hypomagnesemia and hypocalcemia is statistically significant 
(P = 0.002) [Table 5].

Of the 17 patients,  who developed postoperative 
hypomagnesemia, 1 patient had preoperative low magnesium 
level (S. Mg mean value 1.847, SD-0.2939). Sixteen patients 
had normal preoperative magnesium level with a mean value of 
2.106 (SD-0.2499). By this study, occurrence of postoperative 
hypomagnesemia with preoperative low magnesium is 
statistically not significant (P = 0.626) [Table 6]. By this study, 
hypomagnesemia is not statistically significant with S. albumin 
level (P = 0.233).

There was no significant difference statistically in the 
occurrence of hypomagnesemia with regard to diagnosis 
(P = 0.397). 11 patients out of the 36 NTT, 4 patients of 
6 TT, and 2 of 4 STT developed hypomagnesemia. There 
was no statistically significant difference in the occurrence 
of hypomagnesemia with regard to the type of surgery 
(P = 0.668).

dIscussIon

Standard treatment for benign thyroid disorder is used to be 
subtotal thyroidectomy, but nowadays near-total and total 
thyroidectomies are becoming the most common operations for 

Table 2: Symptomatic hypomagnesemia

Symptoms Frequency (%)
No

Hypomagnesemia 4 (11.4)
Normal 31 (88.6)
Total 35 (100.0)

Yes
Hypomagnesemia 13 (86.7)
Normal 2 (13.3)
Total 15 (100.0)

Table 3: Both hypocalcemia and hypomagnesemia with 
symptom

Both Frequency (%)
Symptoms 12 (80)
No symptoms 3 (20)
Total 15 (100)

34%

66%

Normal Low

Figure 2: Hypomagnesemia

Normal
30%

Low
70%

Figure 3: Both hypocalcemia and hypomagnesemia

Sympto
ms

80%

No 
Sympto

ms
20%

Figure 4: Both hypocalcemia and hypomagnesemia with symptom
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benign diseases of the thyroid gland. More extensive surgery 
is associated with more risk of damaging to parathyroid glands 
and may lead to transient or permanent hypoparathyroidism. 
According to the literature, the causes of parathyroid gland 
damage are multiple and associated mostly with their 
iatrogenic injury, extent of surgery, surgeon’s experience, 
retrosternal goiter, neck lymphadenectomy, and thyroid 
cancer.[6] Temporary hypoparathyroidism leads to a reduction 
in renal reabsorption of magnesium, and expansion of the 
extracellular volume increases magnesium excretion resulting 
in hypomagnesemia.[7] Postthyroidectomy hypomagnesemia 
has been approved to reduce the production of PTH and 
decrease the affinity of PTH receptor and production of vitamin 
D, all of which may lead to hypocalcemia.[8]

Hypocalcemia is defined as a serum total calcium 
of <8.5 mg/dl.[9] Life-threatening complications can develop 
if serum calcium levels fall below 7 mg/dl. Hypocalcemia is 
one of the complications after total thyroidectomy. Transient 
hypocalcemia occurs in up to 50% of patients and permanent 
hypocalcemia in 2%.[10]

In our study, 58% developed hypocalcemia (S. Ca <8.5). In 
literature, it was reported from 27% to 80%.[11] In our study, 
34% developed hypomagnesemia (S. Mg <1.7).

Many previous studies show association of hypocalcemia with 
type of surgery and diagnosis. Randall et al.[12] showed that 
hypocalcemia occurred more often after total thyroidectomy 
than after unilateral thyroid lobectomy. Sousa et al.[13] showed 
that incidence of postoperative hypocalcemia is more in papillary 
carcinoma compared to follicular carcinoma as papillary 
carcinoma associated with neck dissection. The suspect nodule 
and the follicular adenoma are usually treated with partial 
thyroidectomy; therefore, the incidence of hypocalcemia was 
lower. However, our study shows that occurrence of hypocalcemia 
is independent of diagnosis and type of surgery done.

The study shows that 30% of patients developed both 
hypocalcemia and hypomagnesemia with biochemical value 
S. Ca <8.5 and S. Mg <1.7. About 24% of patients developed 
symptoms of both hypocalcemia and hypomagnesemia.

Magnesium is an essential cofactor of >300 enzymes. It 
also acts as a calcium channel antagonist and plays a key 
role in the modulation of any activity involving calcium, 
such as muscle contraction and insulin release.[9] Temporary 
hypoparathyroidism leads to a reduction into renal reabsorption 
of magnesium, and expansion of the extracellular volume 
increases magnesium excretion. Magnesium deficiency 
reduces the PTH effect in the kidneys and bones and increases 
its degradation in the liver and kidneys.[14]

Table 5: Association of postoperative magnesium with postoperative calcium

Postoperative serum 
Ca

Comparision % of Post‑Operative S.Ca 
with Post‑Operative S.Mg

Postoperative serum Mg Total, n (%)

Low, n (%) Normal, n (%)
Low Count percentage within postoperative low Ca 15 (51.7) 14 (48.3) 29 (100.0)
Normal Count percentage within postoperative low Ca 2 (9.5) 19 (90.5) 21 (100.0)

Total Count percentage within postoperative Low Ca 17 (34.0) 33 (66.0) 50 (100.0)
Value df Asymptotic significant (two-sided)

Pearson χ2 9.666 1 0.002

Table 6: Association of postoperative magnesium with preoperative magnesium

Preoperative serum 
Mg

Comparision % of Pre‑Operative S.Mg 
with Post‑Operative S.Mg

Postoperative serum Mg Total

Low, n (%) Normal, n (%)
Low Count percentage within postoperative low Mg 1 (50.0) 1 (50.0) 2 (100.0)
Normal Count percentage within postoperative low Mg 16 (33.3) 32 (66.7) 48 (100.0)

Total Count percentage within postoperative low Mg 17 (34.0) 33 (66.0) 50 (100.0)
Value df Asymptotic significant (two sided)

Pearson χ2 0.238 1 0.626

Table 4: Association of postoperative magnesium with preoperative calcium

Preoperative serum 
Ca

Comparision % of Pre‑Operative S.Ca 
with Post‑Operative S.Mg

Postoperative serum Mg Total, n (%)

Low, n (%) Normal, n (%)
Low Count percentage within preoperative low Ca 6 (60.0) 4 (40.0) 10 (100.0)
Normal Count percentage within preoperative low Ca 11 (27.5) 29 (72.5) 40 (100.0)

Total Count percentage within preoperative low Ca 17 (34.0) 33 (66.0) 50 (100.0)
Value df Asymptotic significant (two-sided)

Pearson χ2 3.766 1 0.052
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The relation between calcium and magnesium metabolism 
is a complex one and relates mainly to the interaction of 
these cations with PTH. Levine and Coburn suggested that 
magnesium may mimic/antagonize calcium by competing with 
calcium for a binding site on the parathyroid cell.[15]

Only few studies have been conducted worldwide to determine 
the association of hypomagnesemia with hypocalcemia after 
thyroidectomy. In a study conducted by Wilson et al.,[7] 
immediate postoperative calcium and magnesium level were 
measured in 50 patients of undergoing thyroid surgery. There 
were 34 patients with hypocalcemia (68%) and 36 patients 
were hypomagnesemic (72%) and 18 (36%) patients were 
symptomatic during the postoperative period.

Rude et al.[16] showed that administering intravenous 
magnesium to patients with hypocalcemia secondary to 
hypomagnesemia resulted in a dramatic rise in serum PTH 
levels within 1 min after injection. Thus, hypomagnesemia 
can inhibit PTH secretion. There is also evidence that 
hypomagnesemia contributes to increased catabolism of 
parathormone.[17,18] Diminished end-organ responsiveness 
to PTH has also been demonstrated in several studies 
of magnesium deficiency in humans and experimental 
animals.[19,20] Despite this experimental and clinical work, 
which demonstrates the importance of hypomagnesemia, 
particularly when it exists with hypocalcemia, there has been 
little published on the significance of hypomagnesemia after 
total thyroidectomy. It was found that both magnesium and 
calcium were associated with symptoms. This demonstrates 
that hypomagnesemia may well contribute to postoperative 
tetany after total thyroidectomy, especially with concomitant 
hypocalcemia. This finding was supported by Szubin et al.,[21] 
who found that serum magnesium levels should be monitored 
after total thyroidectomy and corrected if low.

Limitation of the study
As sample size is small in our study, future studies with larger 
sample size can provide more information. We were unable 
to identify which patients went on to develop permanent, as 
opposed to transient, hypocalcemia. Prospective studies can 
differentiate permanent to transient hypocalcemia.

conclusIon

Hypomagnesemia is not a rare complication successive to 
thyroidectomy. In our study group, 58% of the patients developed 
hypocalcemia, 34% developed hypomagnesemia biochemical, 
and 30% of patients developed both hypocalcemia and 
hypomagnesemia. There is an association of hypomagnesemia 
with hypocalcemia after thyroidectomy. About 24% patients 
show symptomatic hypomagnesemia and hypocalcemia. 
Hence, if a patient had persistent symptoms postoperatively, 
then iv/oral magnesium supplementation can be given as a part 
in the management of hypocalcemia with hypomagnesemia.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

RefeRences
1. Andrade A, Salles J, Soares J, Moraes J, Carvalho J, Rocha P. Evolution 

of blood magnesium and phosphorus ion levels following thyroidectomy 
and correlation with total calcium values. Sao Paulo Med J. 2010; 
128:268-71.

2. Wingert DJ, Friesen SR, Iliopoulos JI, Pierce GE, Thomas JH, 
Hermreck AS, et al. Post-thyroidectomy hypocalcemia. Incidence and 
risk factors. Am J Surg 1986;152:606-10.

3. Randall RE Jr., Rossmeisl EC, Bleifer KH. Magnesium depletion in 
man. Ann Intern Med 1959;50:257-87.

4. Agus ZS. Hypomagnesemia. J Am Soc Nephrol 1999;10:1616-22.
5. Lowenthal DT, Ruiz JG. Clinical pharmacology-physiology 

conference: Magnesium deficiency in the elderly. Geriatr Nephrol Urol 
1995;5:105-11.

6. Mullins R. Schocks, electrolytes and fluid. In: Townsend C, 
Beauchamp D, Evers M, Mattox K, editors. Sabiston Textbook of 
Surgery. 19th ed. Philadelphia: Elsevier; 2012. p. 112-9.

7. Wilson RB, Erskine C, Crowe PJ. Hypomagnesemia and hypocalcemia 
after thyroidectomy: Prospective study. World J Surg 2000;24:722-6.

8. Sebastian M, Rudnicki J, Jakubaszko W, Zyśko D, Agrawal AK, 
Sebastian A, et al. Clinical and biochemical factors affecting 
postoperative hypocalcemia after near-total thyroidectomy. Adv Clin 
Exp Med 2013;22:675-82.

9. Luo H, Yang H, Zhao W, Wei T, Su A, Wang B, et al. Hypomagnesemia 
predicts postoperative biochemical hypocalcemia after thyroidectomy. 
BMC Surg 2017;17:62.

10. Lal G, Clark O. Thyroid, parathyroid and adrenal. In: Bruncicardi F, 
Anderson D, Hunter J, editors. Schwartz’s Principles of Surgery. 9th ed. 
New York: McGraw Hill Education; 2010. p. 1373.

11. Arumugam s , Mohankumar A, Muthukumaraswamy A, Anandan 
H. Clinical Study of Hypocalcemia following Thyroid Surgery. 
International Journal of Scientific Study 2017;4:37-41.

12. Baldassarre RL, Chang DC, Brumund KT, Bouvet M. Predictors 
of hypocalcemia after thyroidectomy: Results from the nationwide 
inpatient sample. ISRN Surg 2012;2012:838614.

13. Sousa Ade A, Salles JM, Soares JM, Moraes GM, Carvalho JR, 
Savassi-Rocha PR, et al. Predictors factors for post-thyroidectomy 
hypocalcaemia. Rev Col Bras Cir 2012;39:476-82.

14. Sousa Ade A, Salles JM, Soares JM, Moraes GM, Carvalho JR, 
Savassi-Rocha PR, et al. Evolution of blood magnesium and phosphorus 
ion levels following thyroidectomy and correlation with total calcium 
values. Sao Paulo Med J 2010;128:268-71.

15. Levine BS, Coburn JW. Magnesium, the mimic/antagonist to calcium. 
N Engl J Med 1984;310:1253-5.

16. Rude RK, Oldham SB, Sharp CF Jr., Singer FR. Parathyroid 
hormone secretion in magnesium deficiency. J Clin Endocrinol Metab 
1978;47:800-6.

17. Allgrove J, Adami S, Fraher L, Reuben A, O’Riordan JL. 
Hypomagnesaemia: Studies of parathyroid hormone secretion and 
function. Clin Endocrinol (Oxf) 1984;21:435-49.

18. Rude RK, Oldham SB, Singer FR. Functional hypoparathyroidism 
and parathyroid hormone end-organ resistance in human magnesium 
deficiency. Clin Endocrinol (Oxf) 1976;5:209-24.

19. Forbes RM, Parker HM. Effect of magnesium deficiency on rat bone 
and kidney sensitivity to parathyroid hormone. J Nutr 1980;110:1610-7.

20. Weaver VM, Welsh J. 1,25-dihydroxycholecalciferol supplementation 
prevents hypocalcemia in magnesium-deficient chicks. J Nutr 
1993;123:764-71.

21. Szubin L, Kacker A, Kakani R, Komisar A, Blaugrund S. The 
management of post-thyroidectomy hypocalcemia. Ear Nose Throat J 
1996;75:612-4, 616.


