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Abstract

Objective: A meta-analysis to investigate the risk factors for postoperative hypocalcaemia after
thyroidectomy in adult patients.

Methods: A systematic search of publications in the electronic databases (PubMed®, The
Cochrane Library, Web of Science, OVID and Embase®) from inception to June 2020 was con-
ducted. Screening of titles, abstracts and full texts and data extraction were independently
performed by two authors. The OR was selected as the pooled estimate.

Results: The analysis included 23 studies. Twelve significant risk factors for postoperative hypo-
calcaemia were identified: hypoparathyroidism, OR 5.58; total thyroidectomy, OR 3.59; hypo-
magnesaemia, OR 2.85; preoperative vitamin D deficiency, OR 2.32; female sex, OR 1.49; thyroid
malignancy, OR 1.85; thyroiditis, OR 1.48; substernal multinodular goitres, OR 1.70; parathyroid-
ectomy, OR [.58; central compartment neck dissection, OR 1.17; modified radical neck dissec-
tion, OR [.57; and central neck dissection, OR 1.54.

Conclusions: This meta-analysis provides moderate-to-high quality evidence that the 12 risk
factors were predictive of postoperative hypocalcaemia, which should be monitored closely
before thyroidectomy.
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Introduction

Thyroidectomy consists of total thyroidec-
tomy (TT) and subtotal thyroidectomy.
Although a widely used and relatively safe
procedure, subsequent major complications
such as incidental parathyroidectomy
during thyroid resection, postoperative hae-
morrhage, hypocalcaemia and recurrent
laryngeal nerve injury can threaten the
postoperative quality of life of patients.'
Hypocalcaemia is the most common
postoperative complication after thyroidec-
tomy, with an overall prevalence of
7-51%.>* The prevalence of hypocalcaemia
6 months after surgery is 3.6% and the
prevalence of permanent hypocalcaemia is
1.5-4%.>° However, what matters most to
the patients is not only quality of life, but
also prolonged hospital stays and an
unfavourable prognosis.’Recent  studies
have identified various risk factors for
postoperative hypocalcaemia, including
perioperative parathyroid hormone (PTH)
levels, incidental parathyroidectomy
during thyroid resection, as well as
postoperative vitamin D and magnesium
levels.® '° However, these studies have pre-
sented inconsistent findings as a conse-
quence of study limitations such as the
research subject, study design and sample
size.!12

This current meta-analysis aimed to
summarize the most relevant risk factors,
which can also be considered as predictive
biomarkers, for postoperative hypocalcae-
mia after thyroidectomy in adult patients.
It also aimed to estimate, if possible, the
strength of any association between identi-
fied predictors and post-thyroidectomy
hypocalcaemia.

Materials and methods

Search strategy

A systematic search of publications in the
electronic  databases (PubMed®, The
Cochrane Library, Web of Science, OVID
and Embase®) from inception to June 2020
was conducted. The search terms included:
“thyroidectomy” or “thyroid resection” or
“thyroid surgery” and “hypocalc*” or “low
calcium” and “risk factors” or “influencing
factors” and “association factors”. For
PubMed®, the search terms included:
“thyroidectomy or postoperative thyroidec-
tomy or thyroid surgery” and
“hypocalcemia or low calcium” and “risk
factors or influencing factors or association
factors”. As a consensus on the definition
of hypocalcaemia had not been reached, all
types of hypocalcaemia were included in the
outcome indicators. Recent studies catego-
rized hypocalcaemia into transient and per-
manent hypocalcaemia, or into biochemical
and symptomatic hypocalcaemia. If tran-
sient and permanent hypocalcaemia were
reported in an original study, the data on
transient hypocalcaemia were extracted for
analysis. If biochemical hypocalcaemia and
symptomatic hypocalcaecmia were reported
in one of the original studies, the data on
symptomatic hypocalcaemia were extracted
for analysis. Biochemical hypocalcaemia
was defined as serum calcium levels
<2.0mmol/l. Hypocalcaemia with concom-
itant symptoms in the extremities including
numbness of hands, feet and mouth, muscle
tremors, convulsion, arrhythmia, as well as
Chvostek’s and Trousseau’s signs was
defined as symptomatic hypocalcaemia.
However, there was no generally accepted
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definitions of transient and permanent
hypocalcaemia. Therefore, studies were
included irrespective of the definitions.
Only studies published in English were con-
sidered for inclusion.

Study selection

Studies were eligible for inclusion if they
met the following criteria: (i) studies that
enrolled patients > 18 years of age that
received thyroidectomy and had no other
complications; (ii) randomized control
trials or observational studies on risk fac-
tors of hypocalcaemia after thyroidectomy;
(iii) odds ratio (OR) values and the corre-
sponding 95% confidence intervals (Cls)
were directly provided or could be calculat-
ed indirectly. The exclusion criteria were as
follows: (i) single case reports, reviews,
video or multimedia literature; (i) animal
experiments; (iii) technique reports; (iv)
duplicate reports; (v) articles written in
non-English languages; (vi) studies lacking
original data; (vii) studies with a sample
size < 30.

Data extraction and quality assessment

Titles and abstracts were imported into
Covidence, an established online screening
and data extraction tool, and were indepen-
dently screened for eligibility by two
authors (Z.C. & Q.Z.). Any disagreement
was resolved by discussion or the arbitra-
tion of a third author (J.D.) . Review of
each candidate full text was undertaken by
two authors (Y.W. & C.X.). Bibliographies
of included studies were hand searched to
include eligible studies. Two authors (R.H.
& X.C.) independently extracted the follow-
ing study data using a standardized
Microsoft Excel form: study type and coun-
try, sample size, definition of postoperative
hypocalcaemia and hypocalcaemia-related
outcomes. Study quality was assessed
using the Newcastle-Ottawa Scale (NOS)

checklist.!®> Studies that scored >7 stars
(out of 9 stars) were considered to be of
high quality, those with scores of 5-6 stars
were of moderate quality and those that
scored < 5 stars were of low quality."

Statistical analyses

Data analysis was performed using
RevMan software (version 5.3; Cochrane
Collaboration, Oxford, UK). The OR was
selected as the pooled estimate. The
between-study heterogeneity was assessed
using /* statistics and Q statistics. A meta-
analysis was performed when two or more
studies reported a risk factor for postoper-
ative hypocalcaemia after thyroidectomy.
In the meta-analysis, a fixed-effects model
was used when there was nonsignificant
between-study  heterogeneity  (I* < 50%
and P >0.1); otherwise, a random-effects
model was employed (F°>50% and
P <0.1). The OR estimates are presented
in forest plots. The presence of publication
bias was evaluated via funnel plots and
Egger’s test.

Results
Initial searches identified 1433 unique
papers. After removing duplicates and

screening titles and abstracts, 123 studies
remained for full-text analysis. A total of
23 studies that enrolled 877 356 participants
were included for study  quality
assessment.>?!%153% The study selection
procedure is presented in the flow chart
(Figure 1). Of the included studies, three
were prospective cohort studies, nine were
retrospective cohort studies, 10 were retro-
spective case studies and one study was a
retrospective cross-sectional
analysis.*?!%1°3% Eight studies were con-
ducted in European countries, 12 in Asian
countries and three in the USA. The char-
acteristics of the included studies are pre-
sented in Table 1.>210:15-34
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n=1433

Articles identified from PubMed (n = 345), Web of Science (n = 584),Embase (n
= 437). Cochrane Library databases (1 = 20). Ovid Medime (n = 47)

i

(n=1244)

Records after duplicates removed

Records screened
(m=974)

Records excluded by

Y

P screening title and abstract
(n=851)

Full-text articles assessed

i

for eligibility Fewer than 30 patients (n = 1)
(n=123) Unclear data (n=4)
Non-English (i = 5)
| Duplicate data (n =2)

Studies mchuded i the
systemaric review
(n=23)

Futher exchsions (v = 13)

Duplicate records (n = 11)
Conference abstract (n=9)
Inadequate data (1 ="7)
Predictors not studied (n =27)
Inappropriate study design (1 =21)

Figure I. Flow diagram of eligible studies showing the number of citations identified, retrieved and included

in the final meta-analysis.

The quality of all included studies was
assessed using the NOS, of which 10 studies
were rated as high quality (four with 8 stars
and six with 7 stars) and 13 studies were
rated as moderate quality (11 with 6 stars
and two with 5 stars) (Table 1).>%-10:15734

According to the heterogeneity for the
meta-analyses on preoperative vitamin D
levels (I°=74%, P=0.010), preoperative
PTH (F*=92%, P <0.0001) and preopera-
tive calcium levels (¥ = 79%, P < 0.0009), a
random-effects model was used for the
meta-analyses. According to the heteroge-
neity for the meta-analyses on sex
(P=49%, P=0.03), age (I>=33%,
P=0.18), Graves’ diseases (I° = 42%,
P=0.19), hypomagnesaemia (I = 0.00%,
P=0.57), hypothyroidism  (I*=230%,
P <0.23), thyroid malignant tumour

(*=0.00%, P <0.43), thyroiditis
(F=0.00%, P<0.47), TT (7 = 0.00%,
P <0.55), modified radical neck dissection
(MRND) (FF=28%, P<0.16), incidental
parathyroidectomy (7*=0.00%, P=0.41),
multiple  thyroid  nodules  (I*=2%,
P <0.31), central compartment neck dissec-
tion (CCND) (FF=26%, P<0.23) and
operative time (I*=0.00%, P<0.63), a
fixed-effects model was used for the meta-
analyses.

A total of 23  studies were
included;>*!%153% and of these, 11 ana-
lysed the influence of sex (female) on post-
operative thyroid
function, >15-16:19:20.22.23.2527.29.34 o results
showed that the incidence of postoperative
hypocalcaemia in female patients was sig-
nificantly higher than that in male patients
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(P<0.00001, OR=1.49, 95% CI 141,
1.58) (Figure 2). Four studies analysed the
influence of preoperative vitamin D on
postoperative thyroid function.!>2%26:28
Patients with a preoperative vitamin D lev-
el <20 ng/ml were at a higher risk for post-
operative hypocalcaemia (P=0.02,
OR =2.32, 95% CI 1.15, 4.70) (Figure 3).
Five studies analysed the influence of hypo-
magnesaemia on postoperative thyroid
function.'®!®2%-21-33 " The incidence of
postoperative hypocalcaemia after thyroid-
ectomy was higher in patients with hypo-
magnesaemia (P <0.00001, OR=2.85,
95% CI 1.94, 4.20) (Figure 4). The meta-
analysis including two studies on hypopara-
thyroidism demonstrated that the patients
with hypoparathyroidism had a higher inci-

(P<0.00001, OR=5.58, 95% CI 3.51,
8.88) (Figure 5).'®2! Seven studies analysed
the influence of malignant thyroid sur-
gery.>?10:17:27.29:34 patients receiving malig-
nant thyroid surgery showed a higher risk
of postoperative hypocalcaemia
(P<0.00001, OR=1.85, 95% CI 1.83,
1.87) (Figure 6). Six studies analysed the
influence of central neck dissection
(CND).'0:15:17:2223.25 patients experiencing
CND showed a higher risk of postoperative
hypocalcaemia (P <0.00001, OR =1.54,
95% CI 1.42, 1.68) (Figure 7). Four studies
analysed the influence of TT.?**-3234
Patients that underwent TT showed a
higher risk of postoperative hypocalcacmia
(P<0.00001, OR=3.59, 95% CI 3.25,
3.96) (Figure 8). Seven studies analysed

dence of postoperative hypocalcaemia the influence of CCND.%!*!7.18.21.22.32
Odds Ratio Odds Ratio

_Study or Subgroup loglOdds Ratio]  SE Weight V., Fixed, 95% Cl IV, Fixed. 95% CI
Baldassarre RL 2012 0.4824 0.0566 26.0% 1.62[1.45, 1.81] ]
Cho JN 2016 08264 02529 13% 2.20[1.39,3.75] o
Falch C 2018 -0.1098 0.4825 0.4% 0.90[0.35, 2.31] — o
Lale A 2019 10225 03251 0.8% 2.78[1.47,5.26] =
Lee GH 2015 0.5423 0.5206 03% 1.72[0.62,4.77]
Lin YS 2017 0.151 02025 20% 1.16(0.78,1.73] (i
Liu RH 2020 0.3293 0.0381 57.3% 1.39[1.29, 1.50] ]
Luo H 2017 07655 033 08% 215[1.13,4.11] ———
Nellis JC 2016 0.4886 0.0924 9.7%  1.63[1.36, 1.95] N1
Prazenica P 2015 0.7925 02409 14% 2.21[1.38,3.54] =
Tongol MC 2016 0 1.0956 0.1%  1.00[0.12, 8.56]
Total (95% CI) 100.0% 149 [1.41, 1.58] |
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Figure 2. Forest plot of a meta-analysis to evaluate the relationship between female sex and the risk for
postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence
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Figure 3. Forest plot of a meta-analysis to evaluate the relationship between preoperative vitamin D and
the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence

interval.'2>-26.28
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Figure 4. Forest plot of a meta-analysis to evaluate the relationship between hypomagnesaemia and the
risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence

interval,!01820.21.23
Odds Ratio Odds Ratio
i i i % Cl IV, Fi % Cl

Wang W 2019 14422 03312 51.2% 4.23[2.21,8.10)] ——
Wang X 2017 20109 0.3395 48.8% 7.47[3.84, 14.53] —u—
Total (95% CI) 100.0% 5.58 [3.51, 8.88] -

ity 2= = = - 2= ; - 1 4 Il
Heterogeneity: Chi? = 1.44, df = 1 (P = 0.23); I* = 30% e P ? s o

Test for overall effect: Z = 7.25 (P < 0.00001) Faviaifa Topanantal]. Faveis jeontel

Figure 5. Forest plot of a meta-analysis to evaluate the relationship between hypoparathyoidism and the
risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence interval.'®?'
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Figure 6. Forest plot of a meta-analysis to evaluate the relationship between thyroid malignancy and the

risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence
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Figure 7. Forest plot of a meta-analysis to evaluate the relationship between central neck dissection and

the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence
interval.|0-15:17:2223.25
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Figure 8. Forest plot of a meta-analysis to evaluate the relationship between total thyroidectomy and the

risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence interva

I 23,29,32,34

Odds Ratio Odds Ratio

_Study or Subgroup __log[Odds Ratio]  SE_Weight IV, Fixed, 95% CI IV, Fi % Cl

Carvalho GB 2019 0.1881 0.2707 1.7% 1.21[0.71, 2.05]

Cho JN 2016 0.1196 0.2024 3.1% 1.13[0.76, 1.68]

Docimo G 2017 0.9099 1.3335 0.1% 2.48 [0.18, 33.90] i

Liu RH 2020 0.1398 0.0368 92.6% 1.15[1.07,1.24]

Wang W 2019 1.0953 04133 0.7% 2.99[1.33,6.72] -

Wang X 2017 0.157 0.3493 1.0% 1.17[0.58, 2.32] .

Wang YH 2017 0.7594 0.388 0.8% 2.14[1.00, 4.57] =

Total (95% CI) 100.0% 1.17 [1.09, 1.25] ’

Heterogeneity: Chi® = 8.14, df = 6 (P = 0.23); |2 = 26%
Test for overall effect: Z = 4.32 (P < 0.0001)

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Figure 9. Forest plot of a meta-analysis to evaluate the relationship between central compartment neck
dissection and the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence

interva|.9‘ 15,17,18,21,22,32

Patients that underwent CCND showed a
higher risk of postoperative hypocalcaemia
(P<0.0001, OR=1.17,95% CI 1.09, 1.25)
(Figure 9). Three studies analysed the influ-
ence of MRND.?'?>3 Patients that under-
went MRND showed a higher risk of
postoperative  hypocalcaemia (P < 0.05,
OR =1.57, 95% CI 0.99, 2.48) (Figure 10).
Five studies analysed the influence of inci-
dental  parathyroid resection.'®-!%-2>27-3
Patients that experienced incidental parathy-
roid resection showed a higher risk of post-
operative  hypocalcaemia (P < 0.00001,
OR=1.58, 95% CI 1.47, 1.71) (Figure 11).
Two studies analysed the influence of sub-
sternal multinodular goitres.”**’ Patients
with  substernal multinodular  goitres
showed a higher risk of postoperative hypo-
calcaemia (P=0.02, OR=1.70, 95% CI
1.09, 2.64) (Figure 12). Two studies analysed
the influence of thyroiditis.'>*’ Patients with
thyroiditis showed a higher risk of

postoperative hypocalcaemia (P =0.002,
OR =148, 95% CI 1.16, 1.88) (Figure 13).

There was no significant association
between the risk of postoperative hypocalcae-
mia and preoperative calcium levels, preoper-
ative PTH levels, Graves’ disease, surgery
time and age (Figures 14, 15, 16, 17, 18).

Funnel plots (see supplementary materi-
als, Figure 19) and Egger’s regression test
(see supplementary materials, Figure 20)
were used to examine if publication bias
existed. The results demonstrated that no
publication bias existed for other markers
and measurement outcomes.

Discussion

This current meta-analysis, which systemat-
ically reviewed 23 studies and analysed non-
overlapping data from 877 356 participants,
identified 12 risk factors for postoperative
hypocalcaemia after thyroidectomy,
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Figure 10. Forest plot of a meta-analysis to evaluate the relationship between modified radical neck
dissection and the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence
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Figure | 1. Forest plot of a meta-analysis to evaluate the relationship between incidental parathyroidec-
tomy and the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence
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Figure 12. Forest plot of a meta-analysis to evaluate the relationship between substernal multinodular
goitre and the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence

interval. 24?7
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Figure 13. Forest plot of a meta-analysis to evaluate the relationship between thyroiditis and the risk for
postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence interval.'>?’
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Figure 14. Forest plot of a meta-analysis to evaluate the relationship between preoperative calcium level
and the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence

interval. 17,18,20,25,33
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Figure 15. Forest plot of a meta-analysis to evaluate the relationship between preoperative parathyroid

hormone and the risk for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence
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Figure 16. Forest plot of a meta-analysis to evaluate the relationship between Graves’ disease and the risk
for postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence interval. 3%’
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Figure 17. Forest plot of a meta-analysis to evaluate the relationship between surgery time and the risk for
postoperative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence interval.'*?*3*
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Figure 18. Forest plot of a meta-analysis to evaluate the relationship between age and the risk for post-

operative hypocalcaemia after thyroidectomy in adult patients. Cl, confidence interval

including female sex, preoperative vitamin
D deficiency, hypomagnesaemia, hypopara-
thyroidism, thyroid malignancies, thyroid-
itis, substernal multinodular  goitres,
parathyroidectomy, total thyroidectomy,
CCND, MRND and CND. Among them,
hypoparathyroidism, total thyroidectomy,
hypomagnesaemia, and preoperative vita-
min D deficiency were the most important
risk factors. In contrast, age, preoperative
PTH levels, preoperative calcium levels,
Graves’ disease and surgery time were not
significantly associated with the risk of
postoperative hypocalcaemia.
Hypoparathyroidism has been con-
firmed as an independent risk factor for
hypocalcaemia after thyroid surgery
because the function of the parathyroid
gland directly affects serum calcium
levels.'?° Damage to the parathyroid
gland may be primarily due to the anatom-
ical location of the parathyroid gland. Most
parathyroid glands are located at the poste-
rior margin of the lateral lobe of the thyroid
in the loose connective tissue between the
true and false capillaries. The blood
supply of the parathyroid gland comes
from the inferior thyroid artery and its
anastomotic branch with the superior thy-
roid artery. However, 80% of the inferior
thyroid artery is the only blood vessel sup-
plying the parathyroid gland. The parathy-
roid gland may be damaged if the inferior
thyroid artery is ligated near the inferior
pole of the thyroid gland or if vascular

I 3,17,22,25,27,29,34

spasm is caused by careless surgical proce-
dures. This meta-analysis demonstrated
that the worse the parathyroid gland func-
tion is, the higher the incidence of postop-
erative hypocalcaemia will be. Since all
included studies on hypoparathyroidism
were from Asia,'®?! more studies con-
ducted in other countries and in different
ethnic groups are needed to verify this find-
ing. In addition, the accidental excision of
the parathyroid gland is also relatively
common in clinical practice and studies
have shown that incidental parathyroidec-
tomy (IP) during thyroid surgery is signifi-
cantly associated with an increased
incidence of postoperative hypocalcae-
mia.** Meanwhile, it is been shown that
the reduction in the number of retained
parathyroid glands is another critical risk
factor for postoperative hypocalcaemia
and that the retention of at least one para-
thyroid gland can prevent the occurrence of
permanent postoperative hypocalcaemia.®
All of these previous findings are consistent
with the current results.**>¢ Therefore,
preventing the occurrence of IP as much
as possible and the close monitoring for
postoperative PTH levels are conducive to
reducing hypocalcaemia risks in clinical
practice.

Total thyroidectomy is the main treat-
ment for thyroid cancer and malignant lym-
phoma as it offers complete tumour
resection and a low recurrence rate.’’
However, prolonged surgical stimulation
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boosts the release of calcitonin due to the
large surgical scope of malignant thyroid
disease and the need for lymph node dissec-
tion, leading to a decrease in blood calci-
um.*® In addition, the parathyroid glands,
especially the two pairs of parathyroid
glands in the lower pole, are not easy to
retain during total thyroidectomy for
Ilymph node dissection because the upper
parathyroid glands are located on the pos-
terior and upper side of the upper pole of
the thyroid. The position is relatively fixed
and can be easily identified. The position of
the parathyroid gland varies considerably
between patients. If the scope of surgery is
large and the surgical field of view is
unclear, it is easy to mishandle the parathy-
roid glands.** The removal of lymph and
adipose tissue may cause avascular necrosis
of the parathyroid glands, which may result
in hypocalcaemia in patients with TT after
surgery.*® Studies have indicated that the
incidence of transient hypocalcaemia after
TT is 27.5%.*" A previous study reported
that the incidence of hypocalcacmia in
patients undergoing TT (38.8%) was signif-
icantly higher than that in patients under-
going lobectomy (13.8%).*® The results of
the current meta-analysis demonstrate that
TT is one of the main risk factors for post-
operative hypocalcaemia. The incidence of
parathyroid gland damage during surgery
can be significantly increased by extensive
thyroidectomy and lymphatic dissection.
Therefore, appropriate surgical methods
should be seclected based on the patient’s
disease type to avoid the unnecessary
expansion of the scope of surgery.
Calcium and magnesium ions have simi-
lar chemical properties and share the same
homeostasis regulatory system, including
intestinal absorption, renal tubule reab-
sorption and excretion.** In these regulato-
ry systems, magnesium ions interact with
calcium ions.* Magnesium ions can regu-
late the synthesis and/or secretion of PTH,
affect the sensitivity of target organs to

PTH and participate in the synthesis of
1,25-dihydroxyvitamin D3 to affect calcium
balance in vivo.** Magnesium influences the
serum levels of calcium ions by promoting
PTH secretion and regulating the sensitivity
of PTH receptors and renal calcium excre-
tion.*> Therefore, hypomagnesaemia or
lowering serum magnesium could increase
the risk of hypomagnesaemia after thyroid-
ectomy. A previous study demonstrated
that magnesium levels in patients after thy-
roidectomy generally decreased and 16% of
patients developed hypocalcaemia with
hypomagnesaemia.*® The incidence of post-
operative hypocalcaemia in patients with
serum magnesium disorder was 12.71
times higher than that in normal patients.*’
These previous studies have demonstrated
that hypomagnesaemia is one of the inde-
pendent risk factors for hypocalcaemia
after thyroid surgery,>**® consistent with
the results of the current meta-analysis. At
present, several studies have confirmed that
hypomagnesaemia is an independent risk
factor for hypocalcaemia and close moni-
toring of serum magnesium concentration
in patients with severe hypocalcaemia is rec-
ommended.'®?*?! However, the role of
magnesium in alleviating severe hypocal-
caemia needs to be further investigated.
Vitamin D is a fat-soluble vitamin that
plays a vital role in the regulation of serum
calcium.*’Preoperative vitamin D deficien-
cy is a risk factor for postoperative hypo-
calcaemia after thyroid surgery.'°The
results of this current meta-analysis sug-
gested that preoperative vitamin D deficien-
cy was one of the major risk factors for
hypocalcaemia. Preoperative vitamin D
deficiency reduces the conversion of
1,25-dihydroxyvitamin D3 under the
action of PTH. As a result, phosphorus
excretion from the kidney of patients is
obstructed and calcium cannot be absorbed
in the renal tubules and intestines.*®
Simultaneously, the calcium in the bone
cannot be mobilized, resulting in an
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imbalance of plasma calcium and phospho-
rus regulation leading to postoperative
hypocalcaemia.?®*® Therefore, vitamin D
levels should be monitored and vitamin D
supplementation should be given to avoid
the occurrence of hypocalcaemia after
surgery.

The findings from this current meta-
analysis have several potential explana-
tions. Being female is a risk factor of
hypocalcaemia, which might be due to the
influence of sex steroids on PTH secretion,
genetic variations of cell signalling path-
ways or anatomical differences between
males and females.** Studies report that
females have a higher incidence of hypocal-
caemia after thyroidectomy.'>*** In addi-
tion, accidental parathyroid gland removal
can casily occur during surgery owing to the
high proportion of female parathyroid
glands that are located in the thyroid paren-
chyma, contributing to a significantly
higher incidence of postoperative hypocal-
caemia in patients with thyroidectomy.*!
Although numerous studies have indicated
that women are an independent risk factor
after thyroidectomy, 1 516:1920.22.23.25.27.29.34
the incidence of hypocalcaemia in premeno-
pausal and postmenopausal women needs
to be further investigated.

Pathological type is one of the most
important risk factors because of the large
scope of surgery and the need for neck
lymph node removal, which increases the
probability of hypocalcaemia and persistent
hypoparathyroidism in patients with malig-
nant tumours undergoing thyroid surgery
alone.”® The current meta-analysis also
demonstrated that thyroid malignancy
that requires extensive surgery and cervical
lymph node dissection is a risk factor for
postoperative hypocalcaemia. A previous
cross-sectional case—control study demon-
strated that the incidence of postoperative
hypocalcaemia was higher in patients with
malignant tumours compared with patients
with  benign tumours,” which was

consistent with the current findings that
TT, cervical lymph node dissection, thy-
roiditis and multiple thyroid nodules are
the major risk factors for postoperative
hypocalcaemia. Another study confirmed
that cervical lymph node dissection, thy-
roiditis and multiple thyroid nodules
are the major risk factors for IP.?
Furthermore, the safe retention of parathy-
roid glands and complete preservation of
parathyroid function are of vital impor-
tance for the prevention of hypocalcaemia.
This explains why patients with cervical
lymph node dissection, thyroiditis, thyroid
nodules and TT are more likely to have
hypocalcaemia after surgery.

With regard to whether age is a risk
factor for hypocalcaemia after thyroid sur-
gery, a previous study reported that the risk
of hypocalcaemia after thyroid surgery in
patients over 50 years of age was 20 times
higher than that in younger patients.>
However, studies on the age-specific preva-
lence of postoperative hypocalcaemia have
yielded inconsistent results. For example, a
study reported that young patients have an
increased risk for temporary hypocalcae-
mia.>* The results of a large study also sug-
gested that patients younger than 50 years
of age were at a higher risk for symptomatic
hypocalcaemia.® Furthermore, an age
<28.5 years was reported as a key risk
factor for postoperative hypocalcaemia.>
The variations observed in the ages between
these studies might be due to differences in
subject selection, study design and sample
size.”* > This current meta-analysis demon-
strated that there was a nonsignificant dif-
ference in the prevalence of postoperative
hypocalcaemia based on age. Whether age
is a risk factor for hypocalcaemia after thy-
roid surgery requires further investigation.

Although it has been reported that age,
preoperative low calcium levels, Graves’
disease, surgery time and preoperative
low PTH levels may increase the risk for
postoperative hypocalcaemia after
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thyroidectomy,>'>1%-2>273%  this  current

meta-analysis demonstrated no significant
relationship between these factors and the
risk of postoperative hypocalcaemia. This
may be partially attributable to the high
degree of heterogeneity between the includ-
ed studies. Further research is required. It
should be noted that the current meta-
analysis was not able to investigate the
role of parathyroid autologous transplanta-
tion, perioperative fluid replacement and
thyroidectomy on lactation because of
insufficient published studies.

In conclusion, this current meta-analysis
provides moderate-to-high quality evidence
that female sex, preoperative vitamin D
deficiency, hypomagnesaemia, hypopara-
thyroidism, thyroid malignancies, inciden-
tal parathyroidectomy, thyroiditis, thyroid
nodules, total thyroidectomy, CCND,
MRND and CND are risk factors for post-
operative hypocalcaemia. These current
findings will underpin further prevention
or timely treatment of postoperative hypo-
calcaemia after thyroid surgery.
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