
Citation: Tramontano, S.; Sarno, G.;

Calabrese, P.; Schiavo, L.; Spagnuolo,

M.; Pilone, V. Does Time Matter in

Deficit of Calcium after Total

Thyroidectomy in Subjects with

Previous Bariatric Surgery? Nutrients

2022, 14, 1805. https://doi.org/

10.3390/nu14091805

Academic Editor: Lidia Santarpia

Received: 23 March 2022

Accepted: 23 April 2022

Published: 26 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

Does Time Matter in Deficit of Calcium after Total
Thyroidectomy in Subjects with Previous Bariatric Surgery?
Salvatore Tramontano 1,†, Gerardo Sarno 2,*,† , Pietro Calabrese 1 , Luigi Schiavo 1,3 , Maria Spagnuolo 1

and Vincenzo Pilone 1,3

1 Center of Excellence of Bariatric Surgery of the Italian Society of Obesity Surgery and Metabolic
Disease (SICOB), Unit of General and Emergency Surgery, University Hospital San Giovanni di Dio e
Ruggid’Aragona, P.O. Gaetano FucitoMercato San Severino, 84085 Salerno, Italy; salvytra@libero.it (S.T.);
pietrocalabres@gmail.com (P.C.); lschiavo@unisa.it (L.S.); mariaspagnuolo94@gmail.com (M.S.);
vpilone@unisa.it (V.P.)

2 General Surgery and Kidney Transplantation Unit, “San Giovanni di Dio e Ruggi D’Aragona” University
Hospital, Scuola Medica Salernitana, 84125 Salerno, Italy

3 Department of Medicine, Surgery and Dentistry, “Scuola Medica Salernitana”, University of Salerno,
Baronissi, 84081 Salerno, Italy

* Correspondence: gsarno79@yahoo.it; Tel.: +39-3394536396
† These authors contributed equally to this work.

Abstract: Background: Hypoparathyroidism-related hypocalcemia is a common complication after
total thyroidectomy (TT), particularly if there is a history of prior bariatric surgery. However, it is
still unknown if it is the surgery timing or the type of bariatric intervention that increases the risk
of developing this complication. Methods: We compared the risk of hypocalcemia (serum calcium
levels < 8 mg/dL) and hypoparathyroidism (both transient and permanent) between patients with
restrictive procedures (LSG and GB) and patients without a history of obesity surgery in the immediate
post-operative period and after 12 months. Hypoparathyroidism was considered permanent if the
plasma parathyroid hormone (PTH) levels at 6 months were less than 15 pg/mL and the patient
still required oral calcium (calcium carbonate) and vitamin D supplementation, in addition to the
supplements that were taken routinely before thyroidectomy. Results: From the 96 patients who
underwent TT, 50% had a history of bariatric surgery: 36 LSG and 12 GB. The risk of hypocalcemia
was similar in patients with a history of restrictive procedures (31.35%) and in controls (25%) (p =
0.49). Furthermore, hypocalcemia risk was similar between patients with a history of LSG (30.5%) and
GB (33%) (p = 0.85). The prevalences of transient and permanent hypoparathyroidism were similar
between patients with a history of restrictive procedures and in controls; similarly, no differences
were detected between subjects undergoing LSG and GB. Conclusions: Restrictive bariatric surgery
(LSG and GB) is not a risk factor for post-thyroidectomy hypocalcemia and hypoparathyroidism and
thus did not require a different perioperative supplementation protocol compared to subjects without
history of bariatric surgery undergoing TT.

Keywords: chrononutrition; bariatric surgery; thyroidectomy; hypocalcemia; hypoparathyroidism;
obesity

1. Introduction

Hypocalcemia is the most common complication after thyroidectomy, with variable
incidence in literature (3–20%), associated with transient or definitive hypoparathyroidism
(hypo-PTH) [1]. Severe and definitive hypo-PTH ranges between 1–3% [2,3]. Knowledge
of all clinical and biochemical risk factors is useful for providing correct information to
patients and for supporting preventive measures, and it is also associated with determining
appropriate surgical techniques [4,5]. Female sex, autoimmune thyroid disease, hyperthy-
roidism, low pre-operative vitamin D level, bilateral central neck dissection, or inadvertent

Nutrients 2022, 14, 1805. https://doi.org/10.3390/nu14091805 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu14091805
https://doi.org/10.3390/nu14091805
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-1161-0846
https://orcid.org/0000-0002-0813-8093
https://orcid.org/0000-0003-3639-6847
https://orcid.org/0000-0003-0083-1368
https://doi.org/10.3390/nu14091805
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu14091805?type=check_update&version=2


Nutrients 2022, 14, 1805 2 of 8

excision of parathyroid glands are all risk factors for post-operative hypocalcemia [5–7].
The prevalence of severe and morbid obesity (corresponding to a body mass index (BMI)
> 35kg/m2 and 40 kg/m2, respectively) has increased as well [5,8]. Bariatric surgery,
meanwhile, has emerged as the only effective and long-term treatment of morbid obesity,
with subsequent improvement or remission of comorbid diseases [9–11]. Recently, a few
studies have reported bariatric surgery as a risk factor for hypocalcemia in patients who
underwent thyroidectomy [12,13]. Indeed, a study was carried out in 48 subjects who
had previously undergone obesity surgery (i.e., Roux-en-Y gastric bypass (RYGBP), sleeve
gastrectomy, or adjustable gastric band) and subsequently underwent total thyroidectomy,
aiming to evaluate incidence and factors involved in the risk of hypocalcemia (transient
and permanent) and the post-operative outcomes of these patients after total thyroidec-
tomy [12]. The main finding of this study was that especially after Roux-en-Y gastric bypass,
patients have an increased risk for hypocalcemia after total thyroidectomy [12]. Another
study was carried out in 14 patients who underwent total thyroidectomy with a history
of preceding RYGBP that were matched 2:1 for age, gender, and BMI to a control group
(n = 23) undergoing total thyroidectomy without previous RYGBP during the same study
period [13]. A comparison between groups demonstrated that patients who underwent
total thyroidectomy with a history of preceding RYGBP had a significantly higher incidence
of symptomatic hypocalcemia resulting in paresthesia and tetany, and that these patients
received more intravenous calcium and had longer hospital stays than controls [13]. The
above reported evidence mostly concerns subjects undergoing malabsorptive surgery;
however, no evidence has been reported regarding subjects undergoing restrictive bariatric
procedures. Thus, the aims of our study were as follows: (1) to compare the prevalence of
post-operative hypocalcemia associated with hypo-PTH (transient and permanent) after
total thyroidectomy (TT) in patients with previous history of restrictive bariatric surgery
(laparoscopic sleeve gastrectomy (LSG) and gastric binding (GB)) compared with a cohort
of patients without; and (2) to compare the prevalence of post-operative hypocalcemia
associated with hypo-PTH (transient and permanent) after TT in patients undergoing LSG
compared to subjects undergoing to GB.

2. Methods
2.1. Design and Setting

This observational and cross-sectional retrospective study was carried out in patients
referred for surgical treatment of thyroid diseases from 1 January 2017 to 31 August 2017
at the Center of Excellence of Bariatric Surgery of the Italian Society of Obesity Surgery
and Metabolic Disease (SICOB), Unit of General and Emergency Surgery, University Hos-
pital San Giovanni di Dio e Ruggi d’Aragona, Mercato San Severino, Salerno. The study
was carried out in accordance with the Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments that involve humans. Due to its retrospective
nature, ethics approval was not necessary. The aim of the study was clearly explained to all
study participants. Each subject gave her/his informed consent to the collection of data,
and the review board of our hospital gave consent to revise the collected data. According
to The National Code on Clinical Trials, ethics approval is not necessary for retrospective
studies [14] (see the National Code on Clinical Researches published in Official Gazette
numbered 28030 from 13 April 2013). Written informed consent was obtained. Data were
collected anonymously and recorded in a prospectively maintained database. In order to
assess the presence of permanent hypo-PTH, patients were asked if they were taking oral
calcium and/or vitamin D supplements to maintain serum calcium in the normal range.

2.2. Study Population

Ninety-six patients (>18 years of age) referred to our surgical outpatient clinic for
surgical treatment of thyroid diseases were enrolled after providing written informed
consent. Forty-eight of them previously underwent restrictive bariatric surgery at least 12
months before TT (Group 1), whereas 48 did not and were considered as controls (Group 2).
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Inclusion criteria were as follows: (1) thyroid diseases candidate for thyroidectomy,
such as multinodular or nodular goiter with compressive symptoms; (2) cancerous multin-
odular or nodular goiter according to the Italian cytological classification [15]. Eligible
participants for the study were adult subjects aged 18–75 years with normal liver, cardiopul-
monary, and kidney functions, as determined by medical history, physical examination,
electrocardiogram, urinalysis blood tests for blood urea nitrogen, creatinine, uric acid, albu-
min, aspartate aminotransferase, and alanine aminotransferase. Other exclusion criteria
were chronic diseases that could interfere with calcium homeostasis, altered levels of serum
calcium or albumin, current therapy with osteoporosis therapies, and medications that
may affect vitamin D absorption or metabolism, including anti-inflammatory drugs, sex
hormone therapy, statins and other hypolipidemic agents, medications to reduce body
weight, pregnancy, breastfeeding, subtotal or unilateral thyroidectomy, history of neck
irradiation, hyperthyroidism, and previous surgery for hyperparathyroidism.

2.3. Anthropometric Measurements

Subjects dressed in light clothes and no shoes underwent the assessment of anthro-
pometric parameters. The formula for the calculation of BMI was as follows: weight
(kg)/height (m2). To evaluate height, a wall-mounted stadiometer was used, while body
weight was assessed using a calibrated scale.

2.4. Laboratory Test

After fasting overnight, venous blood samples were collected from the antecubital vein
and were stored in vacutainer tubes containing ethylenediaminetetraacetic acid (EDTA).
Samples were collected in the morning between 8:00 a.m. and 12:00 p.m. after an overnight
fast of at least 8 h. The samples were stored at −80 ◦C until processed. A direct competitive
chemiluminescence immunoassay (CLIA) (Liaison, DiaSorin, Saluggia, Italy) was used to
evaluate 25OHD levels, with a specificity of 100% for 25OHD. All biochemical parameters
were assessed using a Roche Modular Analytics System. PTH levels were measured using
an enzyme chemiluminescence immunoassay (Roche Products, Modular E, Penzberg,
Germany). The laboratory tests were performed at the baseline. Serum calcium was
assessed at the baseline, on post-operative day (POD) 1, and 12 months after surgery, and
it was normed for albumin. Post-operative hypocalcemia was defined for values of SCC
lower than 8 mg/dL on POD 1 (normal range, 8.4–10.5 mg/dL). PTH was measured at the
baseline, on POD 2, and 12 months after surgery.

We decided to follow the patients up until 12 months because this interval was
considered effective for stabilization of permanent hypo-PTH, and for recovery of transient
hypo-PTH.

Hypo-PTH was defined as permanent if the patient presented plasma PTH levels of
15 pg/mL for at least 12 months, requiring oral calcium and/or vitamin D supplements to
maintain the serum calcium in the normal range.

2.5. Thyroidectomy

Pre-operative work-up was carried out at the surgical department. Indications for
surgery were evaluated and approved by a multidisciplinary team consisting of surgeons,
an anesthesiologist, an otolaryngologist, and a nutritionist who discussed each case. Other
than blood samples, chest X-ray, and ECG, an indirect laryngoscopy in pre-operative phase
was carried out in order to assess the local status of larynges and vocal cords. Total thy-
roidectomy was performed by experienced surgeons. The same team operated on all the
patients. When needed, the procedure was completed with microsurgery assistance for
correct visualization of recurrent nerve and parathyroid. as Additionally, for interven-
tion, post-operative management of patients was carried out by experienced surgeons for
bariatric and neck surgery, who followed standardized protocols, unchanged during the
study period. Palsy of recurrent laryngeal nerve lasting since the second post-operative
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week was considered an indication for rehabilitation therapy, according to otolaryngology
indications. Rehabilitation was continued up to relief of symptoms.

2.6. Statistical Analysis

Continuous data are presented as mean, standard deviation (SD), and range. Qual-
itative data are represented as percentage or frequency of matched cohorts. Data were
analyzed as appropriate by using the chi square (χ2) test for categorical variables, Student’s
paired t-test for continuous variables, and the McNemar method for matched pairs. For
this study, p < 0.05 was considered to be statistically significant. Statistical analysis was
carried out by using SPSS® version 13 (SPSS, Chicago, IL, USA).

In the absence of similar clinical studies available in the literature, the calculation of
the sample size was performed a priori by considering the effect size 0.8 with type I error
of 0.05 and a power of 90%. The number of subjects to be enrolled was found to be at least
34 per group. Since we enrolled more subjects than the necessary number, we decided to
include all of them in the statistical analysis in order to strengthen the power of the results.
The calculation of the sample size was performed using G Power Software.

3. Results

Among 96 patients who received TT during the study period, 48 patients presented
with a history of bariatric surgery (Group 1) and 48 subjects did not (Group 2). In all cases,
the procedure was performed with a standardized technique, using mini-cervicotomy. All
patients completed a 12-month follow-up.

There were no differences in the cases of thyroid surgery for malignancy (three cases
in group 1 and two cases in group 2) between both groups. The two groups presented with
no differences in the pre-operative clinical and biochemical characteristics (specifically the
serum calcium and vitamin D levels). Patients with a history of restrictive bariatric surgery
had a similar risk of post-operative hypocalcemia compared to subjects without previous
history of bariatric surgery (31.25% vs. 25%; p = 0.49). Although there was a trend of a
higher prevalence of transient and permanent hypoparathyroidism in group 1 compared to
group 2, it did not reach statistical significance (Table 1).

Table 1. Anthropometric, perioperative, biochemical, and pathologic features of subjects with
previous history of restrictive bariatric surgery (LSG + GB) (Group 1) and without (Group 2).

Parameters Group 1
(n = 48)

Group 2
(n = 48) p

Age (years) 39.77 ± 12.05 43 ± 11.18 0.18
M/F 12/36 14/34 X2 = 0.211 p = 0.64

Serum calcium (baseline) mg/dL 8.46 ± 0.34 8.53 ± 0.37 0.34
Serum calcium (POD 1) mg/dL 8.03 ± 0.59 8.19 ± 0.54 0.18

Post-operative hypocalcemia (%) 31.25% 25% X2 = 0.4638 p = 0.49
Serum calcium (12 months) 9.01 ± 0.55 9.03 ± 0.57 0.91

25-OH-D (baseline) (ng/mL) 43.17 ± 12.02 44.32 ± 13.0 0.65
PTH (baseline) 44.86 ± 8.95 46.58 ± 9.72 0.40
PTH (POD 2) 14.02 ± 3.08 14.44 ± 2.96 0.95

PTH (12 months) 46.80 ± 16.88 56.94 ± 13.38 0.089
Patients with transient hypo-PTH (%) 14.5% 10.4% X2 = 0.381 p = 0.53

Patients with permanent hypo-PTH (%) 4.1% 0% X2 = 0.365 p = 0.54

M: males. F: Females. POD: post-operative day. PTH: parathormone.

Upon comparing subjects undergoing LGB with subjects undergoing to GB, we found
no significant differences in the rates of hypocalcemia, regarding both transient and perma-
nent hypoparathyroidism (Table 2).
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Table 2. Comparison between LGB and GB patients according to anthropometric, peri-operative,
biochemical, and pathologic features.

Parameters LSG
(n = 36)

GB
(n = 12) p Value

Age (years) 40.0 ± 12.27 39 ± 11.33 0.80

M/F 10/26 2/10 X2 = 0.5926
p = 0.44

BMI (kg/m2) 32.25 ± 3.23 35.85 ± 1.60 0.0006
Serum calcium (baseline) mg/dL 8.43 ± 0.32 8.54 ± 0.35 0.349
Serum calcium (POD 1) mg/dL 8.0 ± 0.61 8.12 ± 0.50 0.56

Post-operative hypocalcemia (%) 30.5% 33% X2 = 0.032
p = 0.85

Serum calcium (12 months) 8.85 ± 0.46 9.45 ± 0.55 0.07
25-OH-D (baseline) (ng/mL) 44.9 ± 12.96 37.75 ± 5.93 0.07

PTH (baseline) 45.17 ± 8.11 44.35 ± 10.74 0.785
PTH (POD 2) 15.05 ± 3.2 13.05 ± 2.0 0.299

PTH (12 months) 42.98 ± 17.99 57.3 ± 5.34 0.168

Patients with transient hypo-PTH (%) 14% 25% X2 = 0.8
p = 0.37

Patients with permanent hypo-PTH (%) 5.5% 0% X2 = 0.0759
p = 0.78

LSG: laparoscopic sleeve gastrectomy. GB gastric bending.

However, we detected a significantly higher BMI value in subjects undergoing LSG
compared to subjects undergoing GB (p = 0.0006).

4. Discussion

Our study confirmed that patients with a history of restrictive bariatric surgery have
no increased risk for hypocalcemia and hypo-PTH after TT. This risk was recently evi-
denced in literature—both with comparative trials, and with case reports of recalcitrant
hypocalcemia requiring reversal of bariatric procedure [12,13]. However, the majority of
reports concerned patients with previous RYGB: this procedure is associated with variable
rates of malabsorption, which requires calcium and vitamin D supplementation. In some
cases, this therapy is stopped by patients without medical evaluation; in other cases, ineffec-
tive supplementation has been reported. Our study first specifically evidenced that patients
previously submitted to restrictive bariatric surgery (GB and LSG) were no exposed to
higher risk of post-operative hypocalcemia and hypo-PTH than matched patients without
a history of bariatric surgery. As confirmed by a recent review on bariatric patients treated
with TT, all patients with a history of previous bariatric surgery should be closely moni-
tored, with serum calcium and PTH levels monitored for a longer period time, and a careful
and prolonged supplementation should also be suggested in asymptomatic cases [16].
However, this is not the case of restrictive bariatric surgery; indeed, a metanalysis carried
out in 120 patients did not confirm this risk in patients with previous GB and LSG, although
the number of cases as well as the heterogeneity of studies is questionable [17]. This is due
to the fact that these two procedures do not lead to malabsorption and do not damage the
anatomy of the duodenum and the proximal jejunum, which have the highest concentration
of calcium transporters, and thus, the main absorption sites of calcium [18]. In addition,
restrictive bariatric surgery is based on restriction and hormonal changes that may influence
hunger and satiety, and not malabsorption, thereby causing fewer nutritional or vitamin
deficiencies [19].

Vitamin D deficiency is particularly common in subjects with obesity (50%) [20–22].
It depends on different factors, such as decreased expression of vitamin D metabolizing
enzymes, decreased sun exposure, altered dietary habits, and lack of adequate amounts of
various minerals related with vitamin D [22,23]. In fact, the reduced uptake of daily calories
after bariatric surgery leads to a reduction of daily vitamin D. Furthermore, most bariatric
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patients also develop an intolerance to calcium-rich foods after surgery [24]. However, our
enrolled subjects had normal levels of pre-operative vitamin D, which could be considered
to be an additional protective factor against post-operative hypocalcemia. This is because
according to the new guidelines of the American Society for Metabolic and Bariatric Surgery
(ASMBS), after bariatric surgery, our patients took early and specific calcium and vitamin D
supplementation (1.5 mg/d of oral calcium (in diet and as citrated supplement in divided
doses) plus 3000 international units (IU) of vitamin D) [25].

There is no consensus on the prevention and management of hypocalcemia after TT in
patients with a history of bariatric surgery [26]. Only a few case reports have emphasized
the need for finding specific perioperative management approaches [27]. There has been
only one study of 19 thyroid resections after RYGB, in which McKenzie reported a 42% risk
of symptomatic hypocalcemia [28]. In another study, Durr recommended early prophylactic
intravenous calcium administration within 1 h after the completion of TT for all patients
with previous RYGB surgery and a different regimen of high-dose oral calcium and calcitriol
after discharge, but these results did not demonstrate a standardization of approach [29].
However, our findings show that patients undergoing restrictive procedures such as LSG
and GB carry the same risk for post-thyroidectomy hypocalcemia and hypoparathyroidism
as patients without a history of bariatric surgery.

There are some limitations to our study due to its observational and retrospective
nature that precludes causality-related information. However, this cohort of patients
represents a homogeneous group who underwent standardized surgical procedures that
were carried out by the very same operators at the very same center, thus minimizing any
operator-related variability.

5. Conclusions

Restrictive bariatric surgery is not a risk factor for post-operative hypocalcemia and
hypoparathyroidism (both transient and permanent). Further evaluations in prospective
studies and big data gathering are needed.
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