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The complex role of post-operative magnesium on the long term serum calcium
and parathyroid hormone levels in patients undergoing total and near-total

thyroidectomy
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Abstract

Objectives: To assess the role of hypomagnesaemia in the development of permanent hypocalcaemia following
thyroidectomy.

Method: The prospective cohort study was conducted from April 3, 2017, to January 2, 2020, at Surgical Unit 1,
Benazir Bhutto Hospital, Rawalpindi, Pakistan, and comprised of patients of both genders undergoing total and near
total thyroidectomy. Post-operative calcium and magnesium levels were noted, and the patients were followed up
after 6 months and fasting serum calcium, magnesium and parathyroid hormone levels were checked. Signs and
symptoms of hypocalcaemia were noted. Data was analysed using SPSS 22.

Results: Out of the 62 patients followed up, 57 (91.9%) were females and 5 (8.1%) males. The overall mean age was
38.5 + 12.1 years Post-operative hypomagnesaemia was seen in 6(9.8%) patients and none developed follow-up
hypocalcaemia. Post-operative magnesium levels were significantly negatively correlated with follow-up
parathyroid hormone level (p=0.006). Fall in magnesium post-operatively and follow-up magnesium were positively
correlated with follow-up parathyroid hormone (p<0.05). Permanent hypocalcaemia was seen in 7(11.4%) patients
and it was significantly associated with pre-operative and post-operative calcium levels, post-operative symptoms
of hypocalcaemia and readmission for hypocalcaemia after discharge (p<0.05). Follow-up hypomagnesaemia was
significantly associated with follow-up hypocalcaemia (p=0.024) and follow-up symptoms of hypocalcaemia
(p=0.031).

Conclusion: Acute development of mild hypomagnesaemia post-operatively may be beneficial in early positive
feedback for parathyroid hormone secretion. Hypomagnesemia 6 months after surgery may be involved in PTH
organ resistance. The complex role of hypomagnesemia on PTH levels must be further explored.
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Introduction

Hypocalcaemia is a common complication of
thyroidectomy. This is as a result of either incidental
parathyroidectomy! or ischaemia of parathyroid gland
due to injury to its vascular supply.2 In literature, transient
and permanent hypocalcaemia have been reported as
43% and 5.5%3 respectively, while transient and
permanent hypoparathyroidism have been reported as
19-24% and 1.2-5% respectively.#>

Magnesium (Mg) is involved in the homeostasis of
calcium (Ca) and parathyroid hormone (PTH) in the blood.
It has a dual effect on PTH secretion based on its
concentration in blood. High Mg level suppresses PTH
secretion.6 Low Mg level, like hypocalcaemia, causes
increase in PTH secretion. However, very low Mg level has
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the opposite effect as it causes inhibition of PTH secretion
and increases PTH resistance.” This is brought about by
the effect of very low Mg on G protein in mimicking the
stimulation of Ca-sensing receptors, causing decrease in
PTH secretion.8 There is a growing interest in the role of
hypomagnesaemia following thyroidectomy. Studies
have reported an association of hypomagnesaemia and
hypocalcaemia after thyroidectomy.%10 Some have even
shown association of hypomagnesaemia with the
development of permanent hypocalcaemia.!"

Permanent hypocalcaemia is a debilitating condition.
Recurrent muscle spasms and dependence on Ca
supplementation negatively impacts quality of life.
Current literature highlights an intriguing role of Mg in
post-thyroidectomy patients. If post-operative Mg level
can provide prediction of long-term Ca and PTH
homeostasis, as suggested by studies, timely correction of
both Mg and Ca in the post-operative period may
positively impact the homeostasis.

The current study was planned to find the impact of post-
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operative hypomagnesaemia on the long-term calcium
and PTH levels in patients undergoing total
thyroidectomy (TT) or near-total thyroidectomy (NTT).

Patients and Methods

The prospective cohort study was conducted from April 3,
2017, to January 2, 2020, at Surgical Unit 1, Benazir Bhutto
Hospital, Rawalpindi, Pakistan. After approval from the
research and ethics committee of Rawalpindi Medical
University, Rawalpindi, the sample was collected using
non-random consecutive sampling technique from
among patients of either gender undergoing TT or NTT
for any benign or malignant disease of thyroid. All
patients undergoing any other thyroidectomy or having
known parathyroid disease were excluded. Patients with
missing data were also excluded. Pre-operative serum Ca
and Mg levels of the patients were noted. Thyroidectomy
was performed with extra-capsular technique. Samples
were taken 24 hours post-surgery for serum Ca and Mg.
No prophylactic Ca was given prior to sampling or
symptoms of hypocalcaemia. Signs and symptoms of
hypocalcaemia were documented, and, if required, the
patients were given 10ml of 10% calcium gluconate
diluted in 10 ml normal saline given intravenously over 20
minutes).

Patients were followed up 6 months post-surgery. They
were questioned regarding symptoms of hypocalcaemia,
frequency of symptoms, calcium supplement intake.
Trousseau's and Chvostek's signs were checked.
Symptoms included numbness, tingling sensation,
muscle cramps or spasm. Fasting serum Ca, Mg and PTH
samples were drawn without tourniquet technique and
were sent to the laboratory within 30min, and were stored
until analysis was done. Samples that reached the
laboratory in >30min were not considered for PTH results.

For the purpose of the study, biochemical hypocalcaemia
was defined as serum Ca level <8.5mg/dl; biochemical
hypomagnesaemia was serum Mg level <1.9mg/dl;
symptomatic hypocalcaemia was symptoms of
hypocalcaemia with or without laboratory evidence;
hypoparathyroidism was defined as PTH <10pg/ml;
borderline  PTH was 10-14pg/ml; permanent
hypocalcaemia was defined as having low Ca and low PTH
or low Ca with borderline PTH having either positive signs
of hypocalcaemia or the need to continue regular calcium
and vitamin D supplements.

Data was analysed using SPSS 22. For categorical
variables, chi square test, relative risk (RR) and Fischer's
test were applied. To analyse differences in mean values,
paired t test and independent student's t test were used.
Paired t test was used to compare post-operative and
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follow-up Ca and Mg levels. Unpaired independent t test
was used to compare mean levels of pre-operative, post-
operative and follow-up Ca as well as Mg levels with the
group developing permanent hypocalcaemia and group
not developing permanent hypocalcaemia. Unpaired
independent t test was used to compare mean Ca levels
in follow-up normomagnesaemic and hypomagnesaemic
groups. Follow-up PTH levels were correlated to
postoperative Mg, follow-up Mg levels and fall in Mg level
post-operatively. Linear regression tests were applied to
the above. P<0.05 was considered statistically significant.

Results

Of the 75 patients enrolled, 62(82.7%) were followed up;
which included 57 (91.9%) females and 5 (8.1%) males.
The overall mean age was 38.5 = 12.1 years. Patients
undergoing TT and NTT were 46(79%) and 12(21%)
respectively. Post-op hypocalcaemia symptoms were
present in 8(13%) (Table-1).

At 6 month follow-up, 31(50.8%) patients had biochemical
hypocalcaemia. Mean Ca level was 8.49+0.76. Those
having biochemical hypomagnesaemia were 6 (10%), with
mean Mg level being 2.08+0.25. All 6(100%) patients with
hypomagnesaemia were hypocalcaemic. There was a
significant association between follow-up biochemical
hypocalcaemia and hypomagnesaemia (p=0.024). Mean
Ca levels in follow-up hypomagnesaemic group was
7.88mg/dl £0.35, while in normomagnesemic group it was
8.54 + 0.77mg/dl (p=0.043). On follow-up, 48 (94%)
patients had PTH in the normal range among which
7(14%) had borderline PTH. Three (5.9%) patients had low
PTH. Mean PTH level was 31.64+25.22pg/ml. Overall,
2(3.2%) patients had a very high PTH, and were excluded
from the dichotomous PTH status variable. Among the
patients followed up, 34(56%) complained of having
experienced symptoms of hypocalcaemia.

Out of the patients who developed post-operative
hypocalcaemia, 21(55.3%) had low calcium, 4(10.5%) had
low magnesium and 3(9.4%) had low PTH on follow-up.
Of the 7(11.5%) patients who developed post-operative
hypomagnesaemia, 2(28.6%) had hypocalcaemia, and
none had hypomagnesaemia or hypoparathyroidism.

Table-1: Patient characteristics post-operatively.

Variable Category Count (%)
Surgery 1l 46 (79%)
NTT 12 (21%)
Post-op Calcium Hypocalcaemia 39 (64%)
Post-op Mg Hypomagnesaemia 7 (12%)
Post-op Hypocalcaemic symptoms Present 8 (13%)

TT: Total thyroidectomy, NTT: Near-total thyroidectomy, Post-op: Post-operative.
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Permanent hypocalcaemia was found in 7(13.5%) patients.
Three of the 6 patients with post-operative hypocalcaemia
symptoms (50.0%) developed permanent hypocalcaemia
symptoms (p=0.006, RR=5.6 times). Permanent
hypocalcaemia was significantly associated with post-
operative hypocalcaemia (p=0.022), follow-up symptoms of
hypocalcaemia  (p=0.019) and readmission for
hypocalcaemia any time after discharge (p=0.005). RR for
post-operative Ca and Mg status could not be calculated
due to the small sample size. Permanent hypocalcaemia
was compared with other study variables (Table-2). There
was a significant difference in mean levels of pre-operative,

Table-2: Relationship of permanent hypocalcaemia with different variables.
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Table-3: Means of variables in relationship to permanent hypocalcaemia.

Permanent hypocalcaemia

Yes No

Mean SD  Mean S.D P value
Age of Patient (years) 40 13 40 12 0.95
Duration of Disease (years) ~ 9.40 8.05 6.89 6.62 0.44
Pre-op Ca (mg/dl) 8.36 0.54 8.90 0.52 0.01
Pre-op Mg(mg/d) 224 0.29 2.2 0.19 0.73
Post-op Ca (mg/dl) 7.96 0.36 8.39 0.65 0.02
Post-op Mg (mg/dI) 2.09 007 211 025 0.81
Fall in Ca level 0.40 0.34 0.50 0.70 0.70
Fall in Mg level 0.15 0.27 0.10 0.27 0.64
Follow-up Ca (mg/dl) 7.76 0.62 8.59 0.76 0.008
Follow-up Mg(mg/dl) 1.93 0.14 210 027 0.1
Follow-up PTH (pg/ml) 12.55 4.86 29.95  12.00 <0.001

SD: Standard deviation, Ca: Calcium, Mg: Magnesium, Pre-op: Pre-operative, Post-op: Post-
operative, PTH: Parathyroid hormone.
Note: (Independent Samples T test were used for the above data).

post-operative and follow-up Ca and PTH in patients who
developed permanent hypocalcaemia (Table-3). There was
no significant association of permanent hypocalcaemia
with post-operative or follow-up Mg level. The patients
were divided into 3 groups: normal calcium and PTH, low
calcium and normal PTH, and low calcium and low PTH.
There were 22(43.1%), 26(51%) and 3(5.9%) patients in the
three groups, respectively. Five of the 6 patients having
follow-up hypomagnesaemia (83%) fell in the second group
(p=0.059). The relationship of these groups with Mg levels
was assessed (Figure). Also, 4 of the 5 post-operative
hypomagnesaemic patients (80%) had normal
calcium and normal PTH on follow-up.

Permanent hypocalcaemia

Correlation analysis showed that follow-up Mg

Variable Category Yes No Pvalue |evels were significantly correlated with PTH
Age category <0 years s05%)  23(E5%) 10 levels Wit)h a positive linear relation (p:0i024i'
' R2=0.096). However, post-operative Mg leve
Gender Female 7 (15%) 41 (85%) 1.0 o i
Symptoms Hyperthyroidism 405%)  1205%) 050 was also significantly reIaFed with folloyv—up
Pressure Symptoms 1(9%) 10(91%) PTH (p=0.006) levels, but with a negative linear
Surgery T 7018%)  31(82%) 0.40 correlation. Mean follow-up PTH level in
NTT 0(0%)  11(100%) patients developing hypomagnesaemia post-
Hypocalcaemic symptoms post-op Present 3(50%)  3(50%) 0.028 operatively was 53.3 + 58.1 pg/ml compared to
Post-op Calcium hypocalcaemia 7(23%)  24(77%)  0.034 29.3+17.0 pg/ml with normal post-operative
Post-op Magnesium Hypomagnesaemia 0(0%) 6 (100%) 0.579 Mg (p=0.03). Fall in Mg level post-surgery was
Histology Benign 6 (152@ 3 (850%) 043 also significantly correlated with follow-up PTH
. . Malignant 133%) 2(67%) levels (p=0.03) with a positive linear relation.
Readmission for hypocalcaemia Yes 2(67%) 1(33%) 0.044
Follow-up Calcium Hypocalcaemia 725%)  21(75%) 001 | inear regression was used to assess the fall in
Follow-up Magnesium Hypomagnesaemia 2 (33%) 4(67%) 0.18 Mg level 24 hours post-surgery in predicting
Follow-up Borderline PTH Yes 3 (43%) 4(57%) 0.045 PTH level with a significant regression equation
Follow-up Hypocalcaemic symptoms Yes 7(23%) 24 (77%) 0.033 _ - o X
Frequency of Hypocalcaemic symptoms Daily 6 (86%) 1(14%) <0.001 (F(1’48)'_9'503’ 9_0'003’ R?=0.165). With every
Taking Calcium Supplements Daily 4 (24%) 13 (76%) 0.22 Tmg/dlincrease in the fall of Mg, fOHOW'Up PTH

Note: (Chi square and Fischer Exact tests were used for the above data). TT: Total thyroidectomy, NTT: Near-total

thyroidectomy, Post-op: Post-operative, PTH: Parathyroid hormone.
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increased by 30.965pg/dl. There was no
significant correlation between post-operative
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and follow-up Ca and Mg levels (p>0.05).

Discussion

The study investigated the role of Mg after thyroidectomy
on the development of permanent hypocalcaemia. It is in
continuation of a previously published study'2 that
investigated the role of Mg in the development of
temporary hypocalcaemia. In the said study, post-
operative hypomagnesaemia was significantly associated
with post-operative hypocalcaemia. The same cohort was
included in the current study and the same trend was
noted. Follow-up hypomagnesaemia and hypocalcaemia
were significantly associated with each other. All patients
with hypocalcaemia were also hypomagnesaemic. Such
an association has been reported by various studies.>-1

In the present study, 31(51%) patients had biochemical
hypocalcaemia >6 months post-surgery compared to 20%
reported by Garrhy et al.'’ Hypomagnesaemia was seen in
only 8(10.7%) post-operative patients compared to 13-
70%911.13 reported in literature. Six (10%) follow-up
patients had hypomagnesaemia 6 months after
thyroidectomy. These 6 patients all had normal Mg levels
post-operatively. Only 3(5.6%) patients had low PTH (up
to10pg/ml) and 7/51(14%) patients had borderline PTH
(10-14pg/ml). Studies have used various cut-off limits for
low PTH.45 In the current study population, 7(14%)
subjects showed permanent hypocalcaemia, which was
higher than what has been the reported by international
studies, ranging from 1.2% to 10%#*>11.14 as well as local
studies, ranging from 0.11% to 1.5%.1516 The higher
frequency can be accounted for by a number of reasons.
Firstly, studies have used permanent hypoparathyroidism
and hypocalcaemia interchangeably in which case
hypoparathyroidism is inclusive of hypocalcaemia. Some
definitions have varied by virtue of the time limit set for
permanent hypocalcaemia to occur; for instance, after 6
months or 1 year.'.14 In the current study the definition
was broader as it included not only low Ca and low PTH,
but also those with low Ca with borderline PTH having
either positive signs of hypocalcaemia or the need to
continue regular Ca and vitamin D supplements 6 months
following TT or NTT. This was done to include patients with
clinical hypocalcaemia having PTH within normal range, a
term referred to as relative hypoparathyroidism.!7 Perhaps
this explains why in the current study hypomagnesaemia
was associated with low Ca levels, but not with permanent
hypocalcaemia. The different definitions of permanent
hypocalcaemia have nevertheless been a limiting factor
for comparison with other studies.

In terms of the role of Post-operative Ca and Mg with
permanent hypocalcaemia, 7/31(23%) patients with post-
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operative hypocalcaemia developed permanent
hypocalcaemia. No patient with normal calcium level
post-operatively developed permanent hypocalcaemia.
This may suggest that post-operative normal Ca level is
reassuring for future calcium homeostasis. This
relationship between post-operative hypocalcaemia and
permanent hypocalcaemia was statistically significant
(p=0.02). Similarly, 3/6 (50%) patients who developed
symptoms of hypocalcaemia post-operatively also
developed permanent hypocalcaemia. This was
statistically significant (p= 0.01) with RR of 5.6 times.
Patients with post-operative Hypocalcaemic signs or
symptoms must be followed up closely to correct
electrolyte imbalance in earlier stages. We did not find in
literature any documented predictive value of post-
operative symptomatic hypocalcaemia with the
development of permanent hypocalcaemia.

None of the 6 patients with post-operative
hypomagnesaemia developed permanent
hypocalcaemia. This was in contrast to a study which
reported a significant association between post-operative
hypomagnesaemia and permanent hypocalcaemia.’
Hammerstad et al. likewise, reported a significant
correlation between fall in post-operative Mg levels and
the development of permanent hypocalcaemia.’4

Interestingly, in the current study, Mg showed a unique
association with PTH levels. Post-operative Mg levels
showed a significant negative correlation to follow-up
PTH levels. And a fall in Mg level post-surgery had a
significant positive correlation with PTH level. A
significant negative correlation between Mg and PTH has
also been shown by other studies.'®'® These findings
highlight the dual nature of Mg which mimics the
function of Ca on calcium-sensing receptors (CaSR), that
is, in the presence of lower Mg, there is lesser activation of
CaSRs, which in turn promotes the secretion of PTH from
parathyroid gland.202' Another study suggested that Mg
only suppresses PTH secretion when it falls drastically
below a certain level.22 In the current study, mean post-
operative Mg level in hypomagnaesaemic group was
1.6mg/dl, which is considered mild. Therefore, it can be
suggested that mild hypomagnesaemia post-operatively
is a stimulus for the parathyroid gland activity by positive
feedback. Only in 2 patients, Mg levels fell to 1.2mg/dI
post-operatively. On 6-month follow-up, one of them had
normal PTH level (39pg/ml), while the other was found to
have very high levels of PTH (170pg/ml). Despite this,
both patients had biochemical hypocalcaemia (7.8 and
7.4mg/dl, respectively) but normal Mg. It may suggest
that only severe post-operative hypomagnesaemia could
cause PTH target organ resistance as is also suggested by
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other studies.23 But this is a very small sample size to draw
substantial conclusion from.

To add to the unique and complex role of Mg, follow-up Mg
had a significant positive correlation to follow-up PTH. This
could explain PTH's role in the maintenance of Mg levels in
the body by mediating renal reabsorption.24 If such positive
correlation exists, then there must be an explanation why
majority patients (5/6) with follow-up hypomagnesaemia fell
in the category that had low Ca and normal PTH. Perhaps
there is an ongoing positive feedback by Mg which helps to
maintain normal PTH. The failure of PTH to maintain
optimum Ca levels could suggest a degree of suppression of
PTH action on target organs. So while acute post-operative
hypomagnesaemia provided a stimulus for PTH secretion
and normal target organ sensitivity (as 4/5 post-operative
hypomagnesaemic patients had normal Ca and normal PTH
on follow-up), hypomagnesaemia 6 months post-surgery
may not be able to have positive impact on Ca levels in spite
of normal PTH. To strengthen this idea, all 6(100%) follow-up
hypomagnesaemic patients had biochemical
hypocalcaemia (p=0.024) even though 5/6(83%) had normal
PTH levels. Furthermore, all follow-up hypomagnesaemic
patients significantly complained of hypocalcaemia
symptoms (p=0.031), an association similar to the results of
Wilson et al.25 It is of no surprise to see conflicting results of
the relationship of Mg with regards to PTH in literature. This
is due to the complex and paradoxical role of Mg. The
possibility of chronic hypomagnesaemia having an impact
on PTH resistance rather than secretion must be
investigated. For such a purpose, serial testing of Mg levels
must take place to understand the trend and its impact.

A statistically significant association was seen between
permanent  hypocalcaemia and  pre-operative
hypocalcaemia. Patients developing permanent
hypocalcaemia had significantly lower mean pre-
operative calcium level compared to those not developing
it (8.3 mg/dl vs 8.9mg/dl, RR=1.6times) Similar association
was seen by Hammerstad et al.’# Another significant
association noted was between re-admission to hospital
for hypocalcaemia with the development of permanent
hypocalcaemia with RR 6.5 times. This suggests that
patients having a hospital re-admission for hypocalcaemia
symptoms any time after discharge following
thyroidectomy must be followed up regularly to ensure
electrolyte imbalance is corrected and PTH secretion and
organ sensitivity are not negatively impacted.

The current study has its limitations. The sample size was
small, particularly the number of patients who developed
hypomagnesaemia post-operatively was very small. This
limited the statistical tests that could be applied,
especially with regard to RR for hypocalcaemia and
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hypomagnesaemia. A few post-operative patients were
lost to follow-up and some laboratory samples had
missing values. Definitions for hypocalcaemia,
hypomagnesaemia and hypoparathyroidism have varied
across literature. Our cut-off for hypomagnesaemia was
1.9mg/dl, according to local laboratory range, was slightly
higher than the cut-off limit in most studies which have
been 1.7 or 1.8mg/dl.111314 One study used two cut-off
values for hypomagnesemia (1.7 and 1.9 mg/dl) and
found that both groups had significant association with
symptomatic hypocalcemia.26 Serum PTH is an unstable
hormone and can give false levels. We followed strict
instructions in taking the sample without the tourniquet,
sending the sample to the main laboratory for storage
within half-an-hour. Nonetheless, these accounted for
logistical limitations. Post-operative PTH, serial testing of
electrolytes and vitamin D insufficiency were not taken
into account which could have added to our
understanding of follow-up electrolyte balance.

The strengths of the current study include its prospective
cohort nature. Patients were strictly followed up at 6
months after undergoing TT and NTT. On follow-up,
fasting blood levels for Ca, Mg and PTH were taken from
the same site to ensure uniformity. To the best of our
knowledge this is the first study in Pakistan to investigate
the role of Mg in the long-term Ca and PTH homeostasis
in patients undergoing thyroidectomy.

In the light of the findings, it is suggested that pre-operative
Ca level test must be conducted in patients undergoing
thyroidectomy and treating it, if necessary, well before the
surgery. The complex role of acute and chronic
hypomagnesaemia on serum PTH levels in patients
undergoing thyroidectomy must be further explored.

Conclusion

A fall in Mg and acute development of mild
hypomagnesaemia post-operatively was correlated with
higher PTH levels at 6-month follow-up, suggesting a
beneficial role of early positive feedback to parathyroid
glands to secrete PTH. On follow-up, Mg and PTH were
positively correlated, suggesting hypomagnesaemia 6
months post-surgery did not provide the desired
feedback. As the follow-up hypomagnesaemic patients
had low Ca but normal PTH, it may highlight a degree of
PTH resistance in prolonged hypomagnesaemia.
Permanent hypocalcaemia was also significantly
associated with pre-operative and post-operative calcium
levels, positive post-operative hypocalcaemic symptoms
and re-admission to hospital for hypocalcaemia. The
complex role of acute and prolonged, mild and severe
hypomagnesemia on PTH levels must be further explored.
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Disclaimer: The study is the continuation of our
previously published study. The same post-operative
sample population was followed up after 6 months for the
present study.
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