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ABSTRACT
Objective: To determine the frequency of hypomagnesaemia in patients undergoing thyroidectomy and evaluate its relation-
ship with postoperative hypocalcaemia.
Study Design: Observational, cross-sectional study.
Place and Duration of Study: Surgical Unit 1, Benazir Bhutto Hospital, Rawalpindi, Pakistan from April 2017 to May 2019.
Methodology: Preoperative and 24-hour postoperative samples for serum calcium and magnesium of 75 patients undergoing
total and near-total thyroidectomy were taken.  Postoperative signs and symptoms of hypocalcaemia were documented. Data
was analysed on SPSS version 22, using independent and paired t-test, Pearson correlation, linear regression, Chi-square test
and Fisher’s Exact test.
Results: Postoperatively 49 (65.3%) patients developed hypocalcaemia and 8 (10.7%) developed hypomagnesaemia. Postoper-
ative hypocalcaemia was significantly associated with hypomagnesaemia (p=0.03) with a significant positive linear correlation.
Ten patients (13.3%) developed symptomatic hypocalcaemia; however, it was not associated with postoperative hypomagne-
saemia. Postoperative hypocalcaemia and hypomagnesaemia were significantly associated with preoperative calcium level (p =
0.03 and 0.04, respectively). There was significantly lower calcium level in patients with hypomagnesaemia (p = 0.002) and a
significant fall in magnesium level in patients developing hypocalcaemia (p = 0.044).
Conclusion: Postoperatively hypocalcaemia was prevalent following thyroidectomy, while hypomagnesaemia was not common.
 Hypomagnesaemia and a fall in magnesium level after surgery was associated with hypocalcaemia; but not with symptomatic
hypocalcaemia. Monitoring of magnesium levels in severe or persistent hypocalcaemia is recommended. While this study
proves a relationship between calcium and magnesium, its clinical implication must be further studied.
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INTRODUCTION

A  biochemical  relationship  exists  between  magnesium  and
parathyroid hormone (PTH).  Low serum magnesium stimulates
PTH secretion. Very low magnesium has a paradoxical effect on
PTH  secretion  by  mimicking  the  activation  of  the  calcium
sensing receptor causing inhibition of PTH secretion.1,2
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Another relationship lies in the PTH-mediated renal absorption
of  magnesium.3  In  presence  of  low  levels  of  parathyroid
hormone,  there  is  low  serum  magnesium.  This,  in  turn,
decreases PTH secretion and further causes hypocalcaemia. It
has been revealed that with a fall in magnesium below certain
level, PTH resistance on organs also develops.4 One experiment
showed that patients when given magnesium-deficient diet,
showed a decrease in calcium level.5

If this biochemical relationship exists, it must have clinical impli-
cations, particularly in patients undergoing thyroidectomy in
whom  transient  and  permanent  hypocalcemia  and  hypo-
parathyroidism has been reported.6,7 Transient hypocalcaemia
is  a  common  outcome  of  thyroidectomy,  reported  in  45%
patients.8,9 Numerous studies have been conducted to assess
hypocalcaemia in patients after total thyroidectomy. Likewise,
hypomagnesaemia has been noted after parathyroid surgery.10
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Yet, there is limited study on the role of hypomagnesaemia
post-thyroidectomy.  In  literature,  a  few  studies  have  been
conducted to study the role of magnesium in relation to the
development of hypocalcaemia after thyroidectomy.9,11-14

Many studies have shown a significant association between
hypomagnesaemia  and  hypocalcemia,11-13  while  some  have
not.14,15 If the relationship of postoperative hypocalcaemia and
hypomagnesaemia,11-13  can  be  established  then  therapeutic
role of magnesium can be considered to treat hypocalcaemia,
and correct the chain of  pathways,  leading to hypoparathy-
roidism following thyroidectomy. The purpose of this study was
to find the frequency of hypomagnesaemia following thyroidec-
tomy, and evaluate its association with postoperative hypocal-
caemia.

METHODOLOGY
An observational cross-sectional study was conducted in Surg-
ical Unit 1, Benazir Bhutto Hospital, Rawalpindi from April 2017 to
May 2019 with the approval from the Ethical Review Committee
of  Rawalpindi  Medical  University.  Total  sample  size  was  75
patients with non-randomised consecutive sampling technique.
All patients undergoing total or near-total thyroidectomy were
included in the study. Those undergoing any other thyroidec-
tomy or having any known parathyroid disease were excluded.
Patients fulfilling the criteria were selected and preoperatively
blood samples were taken for serum calcium and magnesium
without use of a tourniquet. All information was filled on self-pro-
duced proformas. Informed consent was taken from the patients,
who were prepared for surgery as per the department’s protocol.
Thyroidectomy was performed using extra capsular dissection.
Peroperative  intra-venous  fluids  used  were  documented.
Samples for serum calcium and magnesium were taken 24-hour
after surgery and signs and symptoms of hypocalcaemia noted.
Signs  included Chvostek’s  and Trousseau’s  signs.  Symptoms
included numbness, tingling sensation in extremities or face and
muscle cramps or spasm. Symptomatic patients were managed
with slow intravenous calcium gluconate. They were discharged
when  stable  and  showing  no  signs  or  symptoms  of  hypocal-
caemia.

Hypocalcaemia was defined as serum calcium <8.5 mg/dl. Hypo-
magnesaemia was defined as serum magnesium <1.9 mg/dl.
Symptomatic hypocalcaemia was defined as presence of symp-
toms or signs of hypocalcaemia. All blood tests were performed
at Bio-path Lab. Data was entered and analysed on SPSS version
22.  Qualitative data was expressed as numbers and percent-
ages, while quantitative as mean with standard deviation. Analyt-
ical tests including independent and paired t-test, Pearson corre-
lation, linear regression, Chi-square test and Fisher’s Exact test
were applied with a significant association at p value less than
0.05.

RESULTS

Out of 75 patients, 69 (92%) were females. Mean age was 38.6 ±
12.08 years. Forty-two (56%) patients were less than 40 years.

Patients with hyperthyroidism symptoms were 19 (25.3%) and
those with pressure symptoms were 20 (26.7%). Out of total
patients, 56 (74.7%) underwent total and 16 (21.3%) under-
went near-total thyroidectomy.

Preoperatively, 53 (70.7%) patients were normocalcemic, while
16 (21.3%) were hypocalcemic. Mean calcium level was 8.77 ±
0.53 mg/dl (range 7.4-10.10 mg/dl). All patients were normo-
magnesemic preoperatively. Mean magnesium level was 2.2 ±
0.19 mg/dl (range 1.9-2.8 mg/dl). There was a significant posi-
tive  linear  correlation  between  preoperative  calcium  and
magnesium levels (r=0.401, p=0.001) with R2 =0.161 as shown
in Figure 1.

Postoperatively  49  (65.3%)  patients  developed  hypocal-
caemia.  Mean  calcium  level  was  8.2  ±  0.63  mg/dl  (range
7-9.6mg/dl). Eight (10.7%) patients developed post-operative
hypomagnesaemia. Mean magnesium level was 2.08 ± 0.23
mg/dl (range 1.2-2.5 mg/dl). Eight patients developing hypo-
magnesaemia  were  all  found  to  have  hypocalcaemia.  All
patients with normal calcium levels had normal magnesium
levels. This relationship between frequency of patients devel-
oping postoperative hypocalcemia and hypomagnesemia is
shown in Figure 2. Postoperatively hypocalcemia was signifi-
cantly associated with hypomagnesemia (p value = 0.03) with
a positive linear correlation (r = 0.556, p<0.001) and R2 = 0.31
as shown in Figure 3. The mean drop in calcium and magne-
sium levels after surgery was 0.499 ± 0.6 and 0.12 ± 0.27,
respectively. Paired t-test showed that the difference between
pre- and postoperative levels for calcium and magnesium was
significant  (p  <0.001  and  p  =  0.001,  respectively).  Fall  in
calcium was significantly correlated to fall in magnesium (p
<0.001) with positive linear relation (R2 = 0.18).

Mean  postoperative  calcium  levels  in  normomagnesemic
group was 8.30 ± 0.61mg/dl and hypomagnesemic group was
7.6 ± 0.31mg/dl; using Independent T test, this was a signifi-
cant  difference  (p=0.002).  Linear  regression  revealed  that
with every 1mg/dl increase in magnesium, calcium increased
by 1.485 mg/dl; this was statistically significant with p <0.001
(Equation: calcium = 1.485 (magnesium) + 5.126). Further-
more, those developing hypocalcemia showed a greater mean
fall  in  magnesium levels  after  surgery  than  did  those  with
normal postoperative calcium (0.17 ± 0.29 vs. 0.03 ± 0.21,
p=0.044).

Ten patients (13.7%) developed symptomatic hypocalcemia.
Out of those developing hypocalcemia, 9/47 (19.1%) had post-
operative hypocalcemic symptoms (p = 0.149, OR = 5.7) and
only  1/8  (12.5%)  patient  with  hypomagnesemia  developed
symptoms. There was no significant association of sympto-
matic  hypocalcemia with postoperative hypocalcemia (p =
0.149) or hypomagnesemia (p >0.999). Postoperative hypo-
calcemia and hypomagnesemia was significantly associated
with preoperative calcium level (p = 0.03, OR: 5.0 and p = 0.04,
respectively). A summary of common distribution of variables
is given in Table I.
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Table I: Distribution of common variables.

 Postoperative hypocalcemia Postoperative hypomagnesemia
Frequency p-value Frequency p value

Age category >40 years 24/31 (77.4%) 0.06 3/30 (10%) >0.999
Gender Female 47/68 (69.1%) 0.171 8/65 (12.3%) 0.41
Retrosternal goiter Yes‎ 6/7 (85.7%) 0.242 0/6 (0%) >0.999

Surgery Total thyroidectomy‎ 37/54 (69%) 0.81 6/49 (12.2%) 0.75Near-total thyroidectomy 11/16 (69%) 1/16 (6.3%)

Symptoms Hyperthyroidism 16/19 (84%) 0.843 4/18 (22.2%) 0.68Pressure symptoms 15/20 (79%) 1/17 (6%)
Preoperative calcium Hypocalcemia 13/15 86.7%) 0.03 4/15 (26.7%) 0.04
Histology
 
 

Benign 29/43 (67.4%)
0.65

6/41 (14.6%)
>0.999

Malignant 5/6 (83.3%) 0/5 (0%)
Symptoms of hypocalcemia Present 9/10 (90%) 0.149 1/10 (10%) >0.999

Figure 1: Preoperative Ca and Mg correlation.

Figure 2: Relation between postoperative hypocalcemia and hypo-
magnesemia.

DISCUSSION

In  this  study,  preoperatively  no  patient  was  hypomagne-
semic,  16 patients  (21.3%) were hypocalcemic and none
were symptomatic. In the study by Wilson et al., only one
patient  had  hypocalcemia  preoperatively.12  Cherian  et  al.
showed pre-op hypocalcemia in 5 (10%) and hypomagne-
semia in 12 (24%) patients.11 Postoperatively hypocalcemia
was seen in 49 (66%) of the patients as compared to other
studies, where it was seen in 30-68% of patients9,11-13,16 and
specifically in Pakistan reported in 13-50% patients.17-19  Only

8 (10.7%) patients developed hypomagnesemia in this study
as compared to 13-70%  in other studies.11,13,16 Selection of
different  definitions of  hypocalcemia and hypomagnesemia,
any  unknown  comorbidity  influencing  electrolyte  imbalance
or  different  surgical  techniques  can  account  for  differences
in frequencies. Variation in timing of preoperative sampling
and delivery of blood samples to the laboratory was noted in
some of the patients. Ono et al. demonstrated that blood
calcium falls  when blood sample is  stored more than 24
hours.20

Figure 3: Postoperative Ca and Mg correlation.

There  was  a  significant  association  between  postoperative
hypocalcemia  and  hypomagnesemia,  similar  to  findings  of
Garrhy et al.13 All eight patients with hypomagnesemia were
hypocalcemic.  Significantly  lower  mean  calcium  level  in
patients  developing  hypomagnesemia  than  those  with
normomagnesemia was in coherence to the findings of study
by Wang et al.21 Similar to this study, others have shown a
significant positive correlation between calcium and magne-
sium levels.12,13

In this study, 10 (13.3%) patients developed signs and symp-
toms of hypocalcemia in contrast to other studies, where it
was reported in 12-52% of patients.9,13,16 Similar to Garrhy et
al.  findings,  symptomatic  hypocalcemia  in  this  study  was
also  not  significantly  associated  with  hypomagnesemia.13

This  was,  however,  in  contrast  to  Wilson  et  al.  finding,  in
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which symptomatic hypocalcemia was associated with hypo-
magnesemia.12

Postoperative  hypocalcemia  and  hypomagnesemia  in  this
study  were  both  significantly  associated  with  preoperative
hypocalcemia (p = 0.03 and p = 0.04, respectively). This
could suggest that patients with preoperative low levels of
calcium  may  likely  develop  postoperative  hypocalcemia.
Hammerstad  et  al.  has  shown  a  significant  association  of
preoperative hypocalcemia with permanent hypocalcemia.9

Other studies have shown significant association of postoper-
ative hypomagnesemia with cancer diagnosis, central neck
dissection and gender,11-13 and association of postoperative
hypocalcemia with perioperative fluid use and low PTH post-
operatively.11

One patient from present  study developed persistent symp-
tomatic hypocalcemia. Although she had normal magnesium
and low calcium postoperatively, she developed severe and
persistent signs and symptoms of hypocalcemia. Magnesium
on the 9th postoperative day was 1.6mg /dl and calcium was
6.5 mg/dl. This can suggest the importance of magnesium
testing in severe signs or symptoms of hypocalcemia.

A  drop  in  magnesium  level  was  noted  similar  to  other
studies.9,13  In  this  study,  the  drop  in  magnesium  after
surgery was significantly greater in patients developing post-
operative  hypocalcemia.  Hammerstad  et  al.  previously
showed  a  significant  association  between  drop  in  magne-
sium level following surgery and permanent hypocalcemia.9

As no patient was hypomagnesemic preoperatively, a drop
in magnesium may suggest a disturbance in the physiolog-
ical relationship between magnesium and PTH, leading to
hypocalcemia as Rude et al.  suggested that  hypomagne-
semia may inhibit PTH secretion.22

One of the limitations of this study was the sampling and
delivery of the blood samples to the laboratory facility. There
was variation in timing for pre-op samples, as it depended
on the timing of patients’ admission prior to surgery and
different  members  on  duty  for  sampling.  Unavoidable
delays, due to logistic limitation, were also seen in some
postoperative samples. Other limitations were not taken in
account, like parathyroid gland resection peroperatively or
PTH  levels  postoperatively,  surgery  by  different  surgeons,
and a  small  sample size.  However,  the strengths of  this
study is that it excluded all other thyroidectemies other than
total  and  near-total  procedure.  Preoperative  sampling
ensured a baseline level  for  all  patients.  No patient  was
started on prophylactic calcium in the first 24-hour postoper-
ative  period.  To  our  knowledge,  this  was  the  first  study  in
Pakistan to investigate magnesium levels in patients under-
going thyroidectomy. This study was able to quantitatively
put the relationship between calcium and magnesium into
an equation. This study may suggest that patients having
low calcium levels preoperatively may likely develop postop-
erative hypocalcemia; therefore, it may be useful to further

study the role of preoperative calcium levels in the develop-
ment of postoperative hypocalcemia. While this study rein-
forces  the  biochemical  relationship  between  calcium and
magnesium, its clinical implication and therapeutic role must
be further studied.

CONCLUSION

Postoperative  hypomagnesemia  was  not  a  common  finding
in the study population. It was, however, significantly associ-
ated with postoperative hypocalcemia. Mean calcium levels
were  significantly  lower  in  patients  with  hypomagnesemia;
and  there  was  a  significant  drop  in  magnesium  levels  in
patients developing postoperative hypocalcemia. Monitoring
of magnesium levels in patients developing severe or persis-
tent hypocalcemia postoperatively, is recommended.
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