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Abstract
Purpose Transient hypocalcaemia after thyroid surgery and its possible predictors have not been extensively described in the
elderly. This study aimed to establish the frequency of postsurgical transient hypocalcaemia according to the extent of
thyroid surgery in older adults and to assess mineral metabolism biochemical parameters as its predictors.
Methods All patients ≥60 years undergoing thyroid surgery were prospectively included. Type of surgery (hemi-
thyroidectomy(HT) or total thyroidectomy(TT)); and preoperative 25OH Vitamin D (25OHD) and pre and 6 (only TT), 24 h
and 6 months postsurgical serum levels of calcium, magnesium, phosphate and parathormone (PTH) were considered.
Postsurgical hypoparathyroidism (hPTpost) was defined at PTH levels ≤11 pg/mL.
Results Out of 46 patients (87% female), age (mean ± SD) 70.1 ± 6.2 years, 24 h postsurgical hypocalcaemia was found in
ten patients (22%). In 25 (54%) TT patients, 36% and 16% had postsurgical hypocalcaemia at 6 and 24 h respectively; 28%
hPTpost but no definitive hPT was recorded and 44% had 25OHD deficiency. Lower 24 h magnesium levels were found in
those TT patients with 24 h hypocalcaemia (1.6 ± 0.1 vs 1.9 ± 0.1 mg/dL (p= 0.005)). Among 21 (46%) HT patients, 28.6%
had 24 h postsurgical hypocalcaemia; 9.5% had hPTpost. A positive correlation was observed between preoperative 25OHD
and 24 h calcaemia (r:0.51,p= 0.02). 43% of the patients were 25OHD deficient, in whom 55% had 24 h hypocalcaemia vs
only 9% in the 25OHD sufficient group (p= 0.049).
Conclusion Postsurgical hypocalcaemia was common in elderly thyroidectomized patients. After TT, lower magnesium
levels were found in those patients with 24 h hypocalcaemia. In the HT group, preoperative 25OHD deficiency predicted
lower postsurgical calcium levels.
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Introduction

A normal serum calcium level is critical for many vital
cellular functions, including hormonal secretion, blood
clotting, neurotransmission, skeletal and cardiac muscle
contraction [1]. Acute hypocalcemia is well known for its
effects on cardiac conduction and is manifested on the
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electrocardiogram as prolongation of the QTc interval,
which can trigger life-threatening arrhythmias, requiring
urgent treatment [1]. It is of particular interest that the most
common cause of acute symptomatic hypocalcaemia in
hospital practice is the alteration of the parathyroid glands
secondary to thyroid surgery [2].

It is well known that either hemithyroidectomy (HT) or
total thyroidectomy (TT) are amongst the treatments of
choice both for benign nodular goiter and thyroid cancer.
Despite being safe procedures, patients undergoing thyroid
surgery can still present postsurgical complications, such as
transient hypocalcaemia and hypoparathyroidism [3]. In
fact, the incidence of transient hypocalcaemia in the
immediate postoperative period of thyroid surgery varies
widely (1.6–68%), reflecting the considerable heterogeneity
among the different studies [3].

Direct injury or devascularization of the parathyroid
glands is generally accepted as the most common cause of
post-thyroidectomy hypocalcaemia [4]. However, several
studies have been developed to investigate predictors of
postoperative hypocalcaemia. These predictors include type
of thyroid disease, extent of surgery, need for reoperation
and parathyroid autologous transplantation as well as bio-
chemical factors such as perioperative levels of calcaemia,
magnesemia, phospatemia, parathormone (PTH) and 25OH
vitamin D (25OHD) [4]. Moreover according to Dip et al.
[5], near-infrared light autofluorescence used intraopera-
tively for parathyroid gland identification decreases the
incidence of postoperative hypocalcaemia.

Recently, it was described that elderly patients are
increasingly referred to head and neck surgery. Further-
more, postoperative complications were reported sig-
nificantly higher compared to younger patients [6].

In this context advanced age, together with the extent of
the thyroid nodular disease, are all variables to be con-
sidered on planning the best surgical strategy. It has been
proposed that low-risk thyroid cancer be managed with
more conservative surgery such as HT [7]. It is also worth
noting that in benign nodular disease, HT may also be
resolutive, particularly in older patients with comorbidities
in whom invasive surgery strategies should be avoided [8].
Furthermore, older age at surgery has proved an indepen-
dent risk factor for a lower rate of nodule recurrence after
HT for benign nodular disease [9].

Among the possible complications of thyroid surgery,
one of the most frequent is transient hypocalcaemia. Con-
trary to what would be expected with TT, in HT, post-
surgical alterations in mineral metabolism have not been
extensively reported and little headway has been made to
explore treatment outcomes among elderly patients under-
going different thyroid surgery strategies. One of the risk
factors for mineral alterations in this setting is low 25OHD
serum levels. In fact, hypovitaminosis D, a highly prevalent

condition [10], could favor the development of transient
hypocalcaemia in the immediate postoperative period of
nodular thyroid disease in older adults.

Magnesium levels have indeed been shown to modulate
calcium levels through PTH secretion and low magnesium
serum levels could also play a role in the occurrence of
postsurgical hypocalcaemia in aged patients [11].

The aim of this study has been to establish the frequency
of transient hypocalcaemia in the postoperative period of
thyroid surgery in older adults according to the extent of
surgery and to assess if 25OHD deficiency and lower
magnesium serum levels are possible predictors of transient
hypocalcaemia.

Materials and methods

Study design

A prospective, consecutive, and longitudinal study was
designed in which all patients above 60 years of age
referred to surgery from June 2014 to November 2017 at
Dr. Cesar Milstein Care Unit for both benign and malignant
thyroid pathology were included. Surgical indication in
those patients with benign tumors was based on size of
tumor and compressive symptoms, while in those malignant
tumors the decision was taken upon an indeterminate, sus-
picious for malignancy, or malignant cytological report.

The type of surgery either HT or TT was decided prior to
surgery by an interdisciplinary medical team taking into
consideration the presence of 1 or more nodule, the size and
extension of the lesion, age, and comorbidities of each
patient. The same two surgeons were in charge of all these
patients.

In all patients a preoperative biochemical assay including
calcaemia, 25OHD and PTH, magnesium, phosphate, and
albumin was performed in fasting conditions on the same
day of the thyroid surgery. Calcaemia was determined at 6 h
only in patients undergoing TT and, 24 h after the surgical
procedure, either HT or TT, in all patients together with
PTH, magnesium, phosphate and albumin levels.

After surgery, periodic clinical evaluations of the patients
were carried out, focusing on signs and/or symptoms
compatible with hypocalcaemia (paresthesias, Chvostek,
and Trousseau signs).

Six months after surgery, calcaemia and PTH values
were measured to assess the presence of definitive
hypoparathyroidism.

Patients with incomplete data, previous hypoparathyr-
oidism, indication for parathyroid surgery, hyperthyroidism,
previous neck surgeries, chronic renal failure, and patient
refusal to participate in the study were excluded.
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Ethical compliance

The protocol was approved by the Ethics Committee for
human studies of Dr. Cesar Milstein Care Unit, Buenos
Aires. All participants gave a written voluntary consent to
participate.

Biochemical determinations

In all cases blood sampling was obtained by venopuncture,
thus obtaining two tubes, one with lithium heparin for the
determination of calcium, phosphate, magnesium, and
albumin in serum which were processed 1 h after the
extraction; and a second dry tube for serum determination
of Vitamin D and PTH. This second tube was centrifuged,
serum was aliquoted and frozen at −20 °C until 7 days later
where it was processed.

The methodologies used for the different assays were:
intact PTH: two-site solid-phase chemiluminescent immu-
nometric automated assay system (Reference value (RV)
11–67 pg/mL, coefficient of variation (CV) 9.85%)
(Immulite1000, Siemens Healthcare Diagnostics, Llanberis,
UK); for 25OHD chemiluminescent immunometric auto-
mated assay system (RV: deficiency < 20, insufficiency:
20–30 and normal values > 30 ng/mL, CV 6.75%) (Advia
Centaur XP, Siemens Healthcare Diagnostics, Llanberis,
UK), albumin (RV: 3.5–5.2 g/dL VC 2.19%); calcaemia
(RV 8.5–10.2 mg/dL CV 3.21%), phosphatemia (RV
2.7–4.5 mg/dL CV 1.62%) and magnesemia (RV
1.6–2.6 mg/dL CV 2.94%) were analyzed with automated
colorimetric method (Cobas C311 Chemistry analyzer,
Roche, Switzerland).

The serum calcium result was corrected for albumin
levels [corrected calcium= serum calcium+ (4–serum
albumin) × 0.8 [1]. Hypocalcaemia was considered a value ≤
8.5 mg/dL, severe hypocalcaemia a value ≤ 7.5 mg/dL, and
postsurgical hypoparathyroidism (hPTpost) PTH ≤ 11 pg/mL
(according to laboratory rank). As mentioned, 25OHD
insufficiency was defined at values between 20 and 30 ng/
mL and deficiency < 20 ng/mL [12].

Reposition protocol

The same postsurgical replacement protocol was used for
calcium replacement in the entire population, approved and
authorized by our institution. Those patients with albumin-
corrected serum calcium values between 7.5 and 7.9 mg/dL
and between 8 and 8.5 mg/dL, received 4 and 2 tablets of
calcium carbonate respectively (500 mg of elemental cal-
cium each tablet) away from meals, plus 2 tablets of active
vitamin D [1,25- (OH) 2D3)] of 0.25 mcg each, subse-
quently adjusting the doses according to periodic
evaluations.

Severe hypocalcaemia with serum calcium ≤7.5 mg/dL or
presence of clinical manifestations of hypocalcaemia were
treated with intravenous calcium gluconate (90 mg
ampoules), with periodic laboratory follow-up, until
improvement of symptoms and calcium levels in normal
range and then switched to the oral route.

Patients who presented hypocalcaemia, once a serum
calcium value > 8 mg/dL had been attained, were dis-
charged and continued with oral replacement of calcium and
active vitamin D until the next evaluation.

Patients follow-up

The patients were summoned 1 week after surgery for
control and if calcium serum values were normal, calcium
and active vitamin D oral administration were discontinued.
Six months after surgery, calcaemia and PTH were
requested to detect those patients with definitive
hypoparathyroidism.

Pathology report

The terms benign and malignant were used according to the
definitive histological report, and the classification accord-
ing to the WHO 4th edition, published in 2017 was applied.
Follicular adenoma, colloid goiter, nodular hyperplasia,
multinodular goiter, and lymphocytic thyroiditis were
included in benign pathology. Among the malignant
pathologies, noninvasive follicular thyroid neoplasm with
papillary-like nuclear features (NIFTP), classic variant and
follicular variant papillary carcinoma, follicular carcinoma,
Hürthle cell carcinoma, poorly differentiated, medullary and
anaplastic carcinoma were all contemplated [13].

Statistical analysis

Variables were considered as continuous or categorical.
According to data distribution, Pearson or Spearman cor-
relation tests were used. Continuous variables were com-
pared by Student t test or Mann–Whitney U test for
normally or skewed distributed variables, respectively and
categorical variables were compared by Fisher´s exact test.
A p ≤ 0.05 was deemed as being indicative of statistical
significance.

Statistical analyses were performed using SPSS
17.0 statistical software (IBM, Chicago, Ill, USA).

Results

Seventy-seven thyroid-operated patients were evaluated
consecutively, of which 31 had exclusion criteria. In the
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present study, 46 patients were analyzed, predominantly
women (87%) whose age (mean ± SD) was 70.1 ± 6.2 years.

In the analysis of the studied population, there were 20
patients with malignant (largest diameter of the dominant
nodule, mean ± SD: 21.4 ± 11 mm) and 26 benign (largest
diameter of the dominant nodule, mean ± SD: 37.2 ±
17 mm) thyroid tumors. No patient with thyroid malignancy
underwent neck dissection; presented medullary or ana-
plastic carcinoma. In the whole group 43% (n= 20) were
25OHD deficient and 24% (n= 11) insufficient while only
33% (n= 15) exhibited normal 25OHD serum values as
assessed at the date of surgery.

Twenty-one patients (45%) underwent HT while 25
patients (55%) TT. The characteristics and preoperative
biochemical determinations of the whole population
according to the type of surgery is described in Table 1.

Within the HT group of patients, the vast majority, 86%
(n= 18) were benign thyroid tumors, with follicular ade-
noma, multinodular goiter and colloid goiter being the most
prevalent pathologies. Only three patients (14%) had
malignant thyroid tumors. Two patients had papillary
thyroid carcinoma and one follicular carcinoma (Supple-
mentary Table 1).

In the TT group, only 32% (n= 8) presented benign
thyroid tumors while 68% (n= 17) harbored thyroid cancer,
being papillary thyroid carcinoma the most prevalent type
of malignancy (Supplementary Table 1).

Postsurgical biochemical determinations

Considering the whole group, there was 22% of patients
with 24 h postsurgical hypocalcaemia. Six months after
surgery calcaemia was 9.4 ± 0.67 mg/dL and PTH 42.6 ±
21 pg/mL (Table 2).

In the TT group at 6 h postoperatively, the proportion of
hypocalcaemia was 36% (n= 9), with two cases of severe
hypocalcaemia (7.0 and 7.5 mg/dL), without frank symp-
toms and only one persistent after 24 h. After 24 h, the rate
of hypocalcaemia in the TT group was 16% (n= 4), despite
having received reposition of calcium when hypocalcaemic
at 6 h after surgery. After TT, 24 h postsurgical PTH levels
were significantly lower in those patients with 6 h post-
surgical hypocalcaemia than in patients with normal cal-
cium values (11.7 ± 9.3 pg/mL vs 31 ± 18 pg/mL, p= 0.02)
and a positive correlation between the 6 h calcaemia and
24 h PTH was also observed (r: 0.647, p= 0.003).
Regarding magnesium concentrations in patients with TT,
magnesium measured at 24 h was significantly lower in 24 h
hypocalcaemic patients than in those who were normo-
calcaemic, 1.6 ± 0.12 vs 1.9 ± 0.16 mg/dL (p= 0.005).
Indeed, presurgical magnesium levels in patients who
developed hypocalcaemia were also lower than in normo-
calcaemic patients 1.9 ± 0.07 vs 2.09 ± 0.18 mg/dL

(p= 0.03). Regarding postsurgical PTH, in the group of TT
there were seven patients with hPT; however, none evolved
to definitive hPT, when they were re-evaluated 6 months
after surgery.

Regarding 25OHD levels, 44% (n= 11) of TT patients
exhibited 25OHD deficiency but only two of them (15%)
showed hypocalcaemia at 24 h. No observed correlation
between calcaemia and 25OHD levels was either observed.

In the HT group, 24 h postsurgical hypocalcaemia
occurred in 28.6% (n= 6) of the patients, none within the
range of severe hypocalcaemia. There were two cases of
hPT in the HT group that evolved to normal PTH values at

Table 1 Characteristics of the study population, pathologic report and
presurgical biochemical determinations according to type of surgery

Overall
n= 46

HT
n= 21 (46%)

TT
n= 25 (54%)

Gender

Female 40 (87%) 19 (90%) 21 (84%)

Male 6 (13%) 2 (10%) 4 (16%)

Age (years) 70.1 ± 6.2 70.4 ± 7.4 69.9 ± 5.1

Pathologic report

Benign 26 (57%) 18 (86%) 8 (32%)

Malignant 20 (43%) 3 (14%) 17 (68%)

TSH μUI/mL 2.40 ± 1.5 1.9 ± 1.0 2.7 ± 1.7

25OHD ng/mL 26. 9 ± 19.6 29. 6 ± 23 24. 8 ± 16

PTH pg/mL 35.9 ± 18.9 33 ± 20 38 ± 18

Calcaemia mg /dL 9.46 ± 0.47 9.42 ± 0.52 9.49 ± 0.42

Phosphate mg /dL 3.34 ± 0.45 3.29 ± 0.52 3.38 ± 0.39

Magnesium mg /dL 2.04 ± 0.17 2.02 ± 0.17 2.06 ± 0.18

Albumin mg /dL 3.98 ± 0.35 4.02 ± 0.39 3.94 ± 0.34

25OHD deficiency 20 (43.5%) 9 (42.9%) 11 (44%)

All continuous values are expressed as mean ± SD, categorical values
are expressed as number (proportion)

HT hemithyroidectomy, TT total thyroidectomy

Table 2 Postsurgical biochemical determinations according to type of
surgery

Total
n: 46

HT
n: 21

TT
n: 25

PTH 24 hs pg/mL 26.3 ± 22 29.1 ± 26 23.9 ± 18

Calcaemia 6 hs mg/dL – 8.6 ± 0.6

Calcaemia 24 hs mg/dL 8.6 ± 0.4 8.6 ± 0.4 8.7 ± 0.37

Phosphate 24 hs mg/dL 3.2 ± 0.6 3.28 ± 0.4 3.1 ± 0.7

Magnesium 24 hs mg/dL 1.8 ± 0.1 1.8 ± 1.9 1.8 ± 0.1

Albumin 24 hs mg/dL 3.5 ± 0.2 3.3 ± 0.1 3.6 ± 0.2

24 h hypocalcaemia 10 (21.7%) 6 (28.6%) 4 (16%)

24 h HypoPT 9 (19.6%) 2 (9.5%) 7 (28%)

All continuous values are expressed as mean ± SD, categorical values
are expressed as number (proportion)

HT hemithyroidectomy, TT total thyroidectomy
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6 months. Fourty-three percent (n= 9) of the patients had
25OHD deficiency and five of them (55%) presented
hypocalcaemia at 24 h. This proportion was significantly
higher than in patients with normal vitamin D values
(1 hypocalcaemia out of 11 patients) (p= 0.049) (Fig. 1).
Moreover, the correlation between preoperative 25OHD
and 24 h calcaemia was positive (r: 0.516, p= 0.02)
(Fig. 2). Unlike what was observed in TT, the comparison
of the mean Mg concentrations at 24 h of patients with HT
who presented hypocalcaemia at 24 h was not different in
hypocalcaemic and normocalcaemic patients.

Discussion

One of the main findings of this study is the large amount of
transient hypocalcaemia observed in older adults. It is also
worth noting that this observation is also valid for a less
invasive surgical approach than TT. Moreover, in hemi-
thyroidectomized patients, preoperative 25OHD deficiency
was related to lower calcium serum values 24 h after
surgery.

Until the present moment there have been several reports
of transient postsurgical hypocalcaemia and of its possible
predictors. However, most of these studies focused in
patients with TT [14]. Plausible mechanisms that can link
hypocalcaemia to TT include the inadvertent damage of
parathyroid glands [2], although the presence of hypo-
magnesemia impairing PTH secretion in the context of
hypocalcaemia should also be considered [11].

The rate of hypocalcaemia and hPT in the published
literature [3, 4], varies according to different cut-off values
used for definitions [15]. Furthermore, prophylaxis with
calcium and vitamin D supplements, before and after sur-
gery, may also lead to misinterpretations [16].

Several studies have been designed to investigate pre-
dictors of postoperative hypocalcaemia [17]. Calcaemia <
8 mg/dl combined with PTH < 10–15 pg/ml, indicate the
highest risk of transient and permanent hPT, regardless of
the extent of the resection and the type of disease [17]. In a
recent meta-analysis, it was found that PTH levels either

intra or immediately postsurgery (TT) can predict low cal-
cium serum levels over other possible variables such as age
or preoperative 25OHD levels [14]. Conversely, there is
paucity of data with regards to predictors of transient
hypocalcaemia after HT, probably due to the idea that as the
contralateral parathyroid glands are preserved from poten-
tial damage, no need for postsurgical calcium assessment is
deemed important.

In this study, it was found that the proportion of post-
operative hypocalcaemia at 24 h was similar both in patients
with HT and TT. However, it should be stated that TT
patients also had 6 h postoperative assessement and
received oral calcium reposition as per protocol when
hypocalcaemia was detected. Severe hypocalcaemia was
infrequent, occurring only in two patients post TT who were
hypocalcaemic both at 6 and 24 h postsurgery.

As regards to the biochemical predictors of hypocalcaemia
in TT patients, 24 h PTH levels were significantly associated
with 6 h calcium values after surgery. It is also worth noting
that at 24 h lower magnesemia was detected in hypocalcaemic
compared to normocalcaemic patients. As previously men-
tioned, severe hypomagnesemia as described in primary
hypomagnesemia, is well known for its interference with PTH
secretion [18]. In line with our results, mild, even in the
normal low range of magnesium serum concentrations early
post thyroidectomy were associated with postsurgical hypo-
calcemia in two retrospective studies [19, 20].

The lack of an association between 25OHD deficiency and
hypocalcaemia in TT patients is rather intriguing. However,
an important aspect to be considered is that the risk of para-
thyroid gland injury is higher in TT and may obscure the role
of lower 25OHD status in postsurgical hypocalcaemia [3, 21].
Furthermore, lower preoperative vitamin D levels have been
associated with transient hypocalcaemia in TT patients in
some publications [22, 23], while this correlation has not been
found in other reports [24, 25].

In contrast to what was observed in TT patients, 25OHD
deficiency was associated with 24 h hypocalcaemia in the
group of HT patients. Given that vitamin D insufficiency
and deficiency are highly prevalent in elderly people, ran-
ging from 52 to 87% [26], our findings illustrate the
importance of including 25OHD in the preoperative
assessment of older adults. In support of this idea, Tripathi
et al. [27] reported that preoperative 25OHD deficiency was
the single most important factor in predicting postoperative
hypocalcaemia in a young group of patients undergoing HT.
The American Thyroid Association (ATA) clinical practice
guideline on postsurgical hypoparathyroidism, recommends
treating vitamin D deficiency before surgery [28]. Yet there
is no recommendation in regards to HT or the age of the
patient.

It is worth noting that thyroid cancer has increased about
three times in the last decades [29], but in contrast there is

25OHD deficit 25OHD sufficiency
0

20

40

60

80

100
24-h Hypocalcaemia
24-h Normocalcaemia*

*p=0.04

%

Fig. 1 Comparison of 24 h hypocalcaemia according to preoperative
levels of 25OHD in patients with HT
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currently a tendency to carry out more conservative surgical
treatments [30] such as HT in exchange for lower treatment-
related risks [31]. This change of thyroid cancer surgical
management [32–36] has proved that survival is similar
when comparing TT vs HT in selected patients with thyroid
cancer. According to our findings, in the future, the pre-
operative evaluation of 25OHD deficiency should become a
mandatory step in the workup of patients referred to HT.

As regards benign nodular disease, Erbil et al. [37] also
described preoperative 25OHD deficiency together with
older age (specifically older than 50 y) and postsurgical
PTH, as independent predictors of transient hypocalcaemia
in patients undergoing TT. The present study extends these
findings to an elderly cohort in whom several patients with
benign disease, including multinodular goiter were mana-
ged successfully with a more conservative strategy
such as HT.

One of the limitations of this study remains the lack of
intervention with preoperative administration of Vitamin D
to assess its effects on hypocalcaemia. Considering that
hypocalcaemia is a main discharge-limiting factor following
thyroid surgery, future research should pinpoint the exact
role of preoperative Vitamin D supplementation. Another
limitation is the lack of information collected in the pre-
operative file regarding drugs that may alter calcium-
phosphoric metabolism.

In other terms, this study has targeted a different age
segment not yet explored in previous studies and its find-
ings underscore 25OHD deficiency as a potential risk factor
for the development of postoperative complications. Inter-
vention trials showing the benefit of 25OHD repletion are
needed.

In conclusion, about a quarter of this aged population,
presented transient hypocalcaemia after surgery, with severe
hypocalcaemia being an infrequent form. In the TT group
postsurgical Mg concentrations seem to have a role in

hypocalcaemia while in the HT group, an association
between preoperative 25OHD deficiency and 24 h post-
operative hypocalcemia was demonstrated.
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