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Abstract

Background Total thyroidectomy is the most common surgical procedure for the treatment of thyroid diseases.

Postoperative hypocalcemia/hypoparathyroidism is the most frequent complication after total thyroidectomy. The

aim of this study was to evaluate the rate of postoperative hypocalcemia and permanent hypoparathyroidism after

total thyroidectomy in order to identify potential risk factors and to evaluate the impact of parathyroid

autotransplantation.

Patients and Methods We performed a retrospective analysis of 1018 patients who underwent total thyroidectomy at

our institution between 2000 and 2016. Medical records were reviewed to analyze patient features, clinical pre-

sentation, management and postoperative complications. Descriptive and inferential statistics were employed based

on the natural scaling of each included variable. Statistical significance was set at p B 0.05.

Results Mean ± SD age was 46.79 ± 15.9 years; 112 (11.7%) were males and 844 (88.3%) females. A total of 642

(67.2%) patients underwent surgery for malignant disease. The rate of postoperative hypocalcemia, transient, pro-

tracted and permanent hypoparathyroidism was 32.8%, 14.43%, 18.4% and 3.9%, respectively. Permanent

hypoparathyroidism was significantly associated with the number of parathyroid glands remaining in situ (4 glands:

2.5%, 3 glands: 3.8%, 1–2 glands: 13.3%; p\ 0.0001) [OR for 1–2 glands in situ = 5.32, CI 95% 2.61–10.82]. Other

risk factors related to permanent hypoparathyroidism were obesity (OR 3.56, CI 95% 1.79–7.07), concomitant level

VI lymph node dissection (OR 3.04, CI 95% 1.46–6.37) and incidental parathyroidectomy without autotransplan-

tation (OR 3.6, CI 95% 1.85–7.02).

Conclusions Identification and in situ preservation of at least three parathyroid glands were associated with a lower

rate of postoperative hypocalcemia (30.4%) and permanent postoperative hypoparathyroidism (2.79%).

Introduction

Total thyroidectomy (TT) is the most common surgical

procedure for the treatment of thyroid cancer, goiter and

nodules suspicious of malignancy [1]. Leading complica-

tions related to TT are vocal cord palsy, bleeding and

postoperative hypocalcemia, which is the most common

one. Reported ranges of transient and permanent

hypoparathyroidism are 1.6–60% and B1 and 32%,

respectively, [1–3]. In one recent study from the British

Association of Endocrine and Thyroid Surgeons, Chadwick
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et al. reported a prevalence of persistent hypoparathy-

roidism of 7.3% [4].

Postoperative hypoparathyroidism is a consequence of a

decline in circulating PTH, due to the decrease in the total

volume of the functioning parathyroid parenchyma related

to intraoperative ischemia or resection of one or more

parathyroid glands [5–7].

Strategies to prevent permanent hypoparathyroidism

include preservation of parathyroid glands through metic-

ulous dissection and preservation of their blood supply and

parathyroid gland autologous transplantation or autotrans-

plantation [6–11]. Although the latter has shown effec-

tiveness in 55–100% of the cases, previous studies have

demonstrated that an important factor for postoperative

normocalcemia is the preservation of at least three

parathyroid glands in situ [2–4, 12, 13].

Several studies have demonstrated that grafted

parathyroid cells show regeneration and indirect signs of

activity 2 weeks after transplantation [10, 11, 14]. How-

ever, some authors have questioned the benefit of auto-

transplanting parathyroid glands, since patients experience

similar rates of permanent hypoparathyroidism to non-

transplanted subjects [6, 10, 15].

The aims of the current study were: (1) to determine the

rate of postoperative hypocalcemia and permanent

hypoparathyroidism in our institution; (2) to identify their

risk factors; and 3) to evaluate the impact of parathyroid

autotransplantation.

Patients and Methods

We performed a retrospective analysis of 1018 patients

who underwent initial TT at our institution from January

2000 to December 2016. Our Institutional Review Board

approved the study (CIBH 2408). Exclusion criteria were

less than TT, reoperative surgery, concomitant parathy-

roidectomy due to hyperparathyroidism, incomplete med-

ical record, patients receiving oral calcium

supplementation due to other causes and one patient with

no parathyroid gland preserved in situ. Therefore, 956

patients were finally included for definitive analysis. All

patients had at least one year of clinical follow-up.

Symptoms suggestive of hypocalcemia, and levels of

serum calcium and phosphate were obtained and recorded

24 h after surgery in all cases. Postoperative parathyroid

hormone (PTH) levels were determined only when there

was a suspicion of hypoparathyroidism. Postoperative

hypocalcemia was defined as a serum calcium level of less

than 8 mg/dL, 24 h after TT. Protracted hypoparathy-

roidism (PrHP) was considered when patients received

calcium supplementation and/or had a PTH level below 13

after 1 month but less than 12 months. Permanent

hypoparathyroidism (PtHP) was defined as the need for

calcium supplementation with or without active vitamin D

and/or magnesium to achieve normal calcium levels for

more than 12 months. Symptomatic patients requiring

calcium supplementation were also included in the study

regardless of the PTH values [16].

In patients with serum calcium below 8 mg/dL and/or

associated symptoms, IV or oral calcium was administered.

In those patients with serum calcium between 8 and

8.6 mg/dL, prophylactic oral calcium supplementation was

prescribed before discharge. Calcium supplementation

doses were adjusted during follow-up according to symp-

toms and serum calcium levels. In almost all patients, renal

function and urinary calcium excretion were monitored. In

30 (81%) of the 37 patients, a vitamin D analog was also

administered, with an average dose of 0.35 lg/d

(0.25–1 lg/d). In addition, one-third of the patients

received a thiazide diuretic. PTH levels were measured

selectively before 2017 and routinely thereafter.

Four surgeons performed or supervised all procedures.

Attempts to identify and preserve all parathyroid glands

in situ in all patients were made. When a parathyroid gland

was non-viable or resected unintentionally, it was generally

autotransplanted into the ipsilateral sternocleidomastoid

muscle after histological confirmation by an intraoperative

frozen section. For autotransplantation, parathyroid glands

were fragmented into 1-mm pieces and inserted into 3–4

muscular pouches.

The number of parathyroid glands resected, autografted,

identified and preserved in situ was recorded in all cases.

Patients were classified into five groups as shown in

Table 1 according to the number of parathyroid glands

preserved in situ and the number of autografted parathyroid

glands. Also, the PGRIS score was used to classify the

patients [8]. For the analysis of potential risk factors for

PtHP, the following elements were included: older age

(C65 years), obesity, malignancy, tumor size, extracapsu-

lar extension, extension of surgery, number of parathyroid

glands preserved in situ, parathyroid autotransplantation as

well as other relevant surgical variables such as operative

time and estimated blood loss.

Statistical analysis was performed using the IBM�

SPSS� Statistics software version 24.0 (IBM Corp.,

Armonk, New York, USA). Distribution shape, kurtosis

and skewness were reviewed in all included variables

separately. Descriptive and inferential statistics were

employed based on the inherent scaling of the analyzed

variables. ANOVA and unpaired Student’s t-test were used

for quantitative variables. Pearson’s Chi-square test or

Fisher’s exact test was used for categorical variables.

Additionally, multivariable statistical analysis was per-

formed by means of binomial logistic regression analysis

with conditional, LR and Wald forward stepwise methods
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used for assessing the risk factors for permanent

hypoparathyroidism. Statistical significance was set at p

B 0.05 or 5% (alpha error) for a two-tailed hypothesis test.

Results

Mean ± SD age of the 956 patients was

46.79 ± 15.9 years (range 11–88). There were 844

[88.3%] women and 112 [11.7%] men. Thyroid cancer was

the definitive diagnosis in 642 patients (67.2%), multin-

odular goiter in 214 (22.4%), follicular adenoma in 41

(4.3%), Graves’ disease in 28 (2.9%), and Hashimoto

thyroiditis in 25 (2.6%), and other diagnosis was estab-

lished in six (0.6%). Central neck lymph node dissection

was performed in 459 (48%) patients. Mean ± SD opera-

tive time was 187.1 ± 67.9 min, whereas estimated blood

loss was 136.5 ± 286.6 cc.

All included patients had a mean ± SD clinical follow-

up of 72.7 ± 52.3 months after surgery. Postoperative

hypocalcemia (\8 mg/dL) was observed in 314 (32.8%)

patients. A group of 138 (43.9%) of these patients

recovered during the first postoperative month with a rate

of transient hypoparathyroidism of 14.4%. The rate of

protracted (PrHP) and permanent (PtHP) hypoparathy-

roidism was 18.4% (176/956) and 3.9% (37/956), respec-

tively. Significant differences in clinicopathological and

perioperative characteristics between patients with post-

operative normocalcemia, PrHP and PtHP are shown in

Figs. 1 and 2. There was no difference in mean age, gen-

der, final diagnosis (benign vs. cancer), tumor size or

extracapsular extension among groups.

Oral calcium supplementation was administered to 396

(41.4%) patients, and 158 (16.5%) required intravenous

calcium infusion followed by oral supplementation.

Mean ± SD dose of oral calcium carbonate per day in the

first postoperative week was 4.1 ± 7.7 g (range 0–93), at

one month 2.66 ± 7.4 g (range 0–93), at 3 months

1.73 ± 5.8 g (range 0–54), at 6 months 1.24 ± 4.9 g

(range 0–60) and at 1 year 0.83 ± 4.6 g (range 0–60).

Comparison of serum calcium levels at 24 h, 1 month, 6

and 12 months in patients with postoperative hypocal-

cemia, PrHP and PtHP demonstrated a significant differ-

ence between groups (p = 0.0001). IV calcium during the

Table 1 Parathyroid gland management groups

Group Definition

1 At least 4 parathyroid glands preserved in situ

2 3 parathyroid glands preserved in situ and 1 autografted

3 3 parathyroid glands preserved in situ and 1 resected

4 1–2 parathyroid glands preserved in situ and at least 1 autografted

5 1–2 parathyroid glands preserved in situ and at least 2 resected and none autografted

*: Pearson´s X2, **: ANOVA test

BMI (Kg/m2) Metastasis at diagnosis (%) CCND (%)
Normocalcemic pa�ents 26.92 16.5 45.2
Postopera�ve Hypocalcemia 27.24 23.2 53.8
Protracted hypoparathyroidism 27.37 26 59.1
Permanent hypoparathyroidism 30.2 25 73

26.92

16.5

45.2

27.24
23.2

53.8

27.37 26

59.1

30.2
25

73

BM
I  

or
  %

 o
f c

as
es

p˂0.0001**

p=0.01*

p=0.002*
Fig. 1 Comparison of

clinicopathological variables

among postoperative

normocalcemic and

hypocalcemic patients, patients

with protracted

hypoparathyroidism and

permanent hypoparathyroidism.

*Pearson’s Chi-square test,

**ANOVA test
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first 48 postoperative hours was administered in 127

(40.4%) patients with postoperative hypocalcemia, whereas

in patients with protracted and permanent hypoparathy-

roidism, it was administered in 99 (56.3%) and 31 (83.8%),

respectively, with an OR of 32.39 (CI 95% 13.25–79.21;

p\0.0001). In the groups of patients with protracted and

permanent hypoparathyroidism, mean calcium oral sup-

plementation dosage at 1 year was 0.3 ± 1.2 and

19.2 ± 12.8 grams per day, respectively. Thiazide diuret-

ics were used in 11 (28.9%), while 30 (81%) of the patients

with permanent hypoparathyroidism used vitamin D ana-

logs; mean calcitriol and cholecalciferol dosage was

0.35 ± 0.19 lg/d and 1272.72 ± 1005.1 ID/d, respec-

tively. No patient used rhPTH.

The incidence of postoperative hypocalcemia, PrHP and

PtHP according to the number of parathyroid glands left

in situ and the usage of parathyroid autotransplantation are

shown in Table 2 and according to PGRIS score in

Table 3.

The analysis of potential risk factors for postoperative

hypocalcemia, PrHP and PtHP is shown in Table 4.

According to parathyroid autotransplantation, PrHP had an

OR of 1.66 (CI 95% 1.06–2.59; p = 0.032) and PtHP had

an OR of 1.99 (95% IC 0.88–4.45; p = 0.08). Parathyroid

autotransplantation in patients with at least one resected

parathyroid gland showed an OR of 1.06 to PrHP (95% IC

0.63–1.8; p = 0.8) and an OR of 0.95 to PtHP (CI 95%

0.38–2.38; p = 0.92).

Multivariable logistic regression analysis by a condi-

tional, LR and Wald forward stepwise models demon-

strated that the preservation of B2 parathyroid glands

in situ (p\ 0.0001), obesity (p\ 0.0001) and central

Normocalcemic Hypocalcemic Protracted
Hypoparathyroidism

Permanent
Hypoparathryoidism

Blood loss 113.1 183 177.2 140
Opera�ve �me 180.7 200.1 200.4 197

113.1

183
177.2

140

180.7

200.1 200.4 197

75

95

115

135

155

175

195

215

m
L 

or
 m

in
s

p1˂0.0001*

p1=0.001*

p2=0.04*

p2=0.005*

p3=0.77*

p3=0.005*
Fig. 2 Comparison of

perioperative variables among

the following postoperative

groups: patients with

normocalcemia, hypocalcemia,

protracted hypoparathyroidism

and permanent

hypoparathyroidism. p1

Comparison between

normocalcemic patients and

patients with postoperative

hypocalcemia; p2 comparison

between patients with protracted

hypoparathyroidism and

normocalcemic or recovered

patients; p3 comparison

between patients with

permanent hypoparathyroidism

and normocalcemic or

recovered patients. * ANOVA

test

Table 2 Comparison between parathyroid glands management groups

Group n (%) Postoperative

hypocalcemia n (%)

Protracted

hypoparathyroidism

n (%)

Permanent

hypoparathyroidism

n (%)

1 At least 4 parathyroid glands preserved in situ 649

(67.9)

193 (29.7) 99 (15.3) 16 (2.5)

2 3 parathyroid glands preserved in situ and 1 autografted 82 (8.6) 24 (29.3) 16 (19.5) 3 (3.7)

3 3 parathyroid glands preserved in situ and 1 resected 127

(13.3)

44 (34.6) 25 (19.7) 5 (3.9)

4 1–2 parathyroid glands preserved in situ and at least 1

autografted

38 (4) 25 (65.8) 15 (39.5) 5 (13.2)

5 1–2 parathyroid glands preserved in situ and at least 2

resected. No parathyroid gland autografted

60 (6.3) 28 (46.7) 21 (35) 8 (13.3)

p B 0.0001* p B 0.0001* p B 0.0001*

*P value Pearson’s Chi-square test. Comparison between group rates
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compartment lymph node dissection (p = 0.015) were

significantly related to PtHP.

Discussion

Postoperative hypocalcemia and PrHP are the most com-

mon complications after total thyroidectomy, with highly

published ranges from 1.6 to 60% and B1 to 32%,

respectively, [1–3, 17]. PtHP has been traditionally asso-

ciated with short- and long-term sequelae, including

hypocalcemic and/or hypercalcemic crises, hyperphos-

phatemia, gastrointestinal and neuropsychiatric symptoms,

cataracts, frequent infections and renal failure [17–19].

Some authors have described different strategies to

prevent PtHP in total thyroidectomized patients. These

include meticulous dissection with isolation and individual

control of all arteries and veins in order to preserve well-

vascularized parathyroid glands. Parathyroid autotrans-

plantation, on the other hand, has demonstrated a high-to-

moderate successful rate in some international series

[7, 9–11, 20].

For surgeons committed to identifying all parathyroid

glands, the use of magnification lenses may help to reduce

the risk of incidental parathyroidectomy. Pata et al.

demonstrated that the use of magnification lenses dimin-

ished the risk of incidental parathyroidectomy from 7.8 to

3.8%. These authors also demonstrated that the rate of

postoperative hypocalcemia reduced from 33.9 to 20.6%

[21].

Due to the high frequency of inferior parathyroid glands

in an unusual anatomic location, identification of all glands

may require extensive dissection [22]. As a consequence of

this statement, some authors such as Song et al. have

suggested that preserving one parathyroid gland with an

intact blood supply might be sufficient to prevent PtHP

[23].

Since 1973, several studies have demonstrated that

parathyroid autotransplantation is a useful strategy to pre-

vent postoperative hypoparathyroidism [10, 24]. However,

it has been recently questioned by some authors. For

instance, Lorente-Poch et al. demonstrated that it did not

influence the rate of PtHP after total thyroidectomy, with a

rate of 5.3% in patients with incidental parathyroidectomy

without autotransplantation and 7.3% in patients with

parathyroid autotransplantation [6].

Some risk factors related to PtHP in total thyroidectomy

include concomitant central neck lymph node dissection,

diagnosis of thyroid malignancy, young age, female gen-

der, vitamin D deficiency, autoimmune thyroid disease,

concomitant parathyroidectomy (including biopsies during

surgery), reoperative surgery and the number of function-

ing parathyroid glands remaining in situ [1, 2, 17, 25].

PtHP in our series was 3.9%, being the most important

protective factor for the preservation of [2 parathyroid

glands (OR 5.31, CI 95% 2.61–10.82). When at least three

glands were left in situ, the rate of PtHP fluctuated from 2.5

to 3.8%, but when B2 were preserved in situ, this rate

increased up to 13.3%. Other related risk factors were

obesity (OR 3.55; CI 95% 1.79–7.07; p\ 0.0001), con-

comitant central neck lymph node dissection (OR 3.04; CI

95 1.46–6.36; p = 0.002) and incidental parathyroidectomy

(non-autotransplanted) (OR 3.6; CI 95% 1.85–7.02;

p\ 0.0001). Gender, malignancy, autoimmune disease and

tumor size did not show any statistical significance in our

study, in contrast to other published series.

In a study published by Lorente-Poch et al. of 657

patients who underwent total thyroidectomy, the rate of

PtHP was 16% when B2 parathyroid glands were left

in situ, whereas it was 6.5% in patients with three glands

remaining in situ and 2.6% in patients with their four

glands preserved in situ [8]. In a multicenter study, Tho-

musch et al. reported that the resection of at least 2

parathyroid glands increased the risk of transient and per-

manent hypothyroidism, with an OR of 1.4 and 4.1

respectively, section of the inferior thyroid artery and the

extent of thyroid resection were the second and third most

relevant risk factors for PtHP [26]. Their results differ from

our study, as no difference between preserving two or three

parathyroid glands in situ was found.

Obesity was one of the related risk factors for PtHP in

our series, without a clear explanation. Patients with obe-

sity may have an increased risk of incidental parathy-

roidectomy due to the increased amount of cervical fat.

Table 3 Rate of postoperative hypocalcemia, protracted and permanent hypoparathyroidism according PGRIS score

Group n (%) Postoperative

hypocalcemia n (%)

Protracted

hypoparathyroidism n (%)

Permanent

hypoparathyroidism n (%)

1 PGRIS score 4 649 (67.9) 193 (29.7) 99 (15.3) 16 (2.5)

2 PGRIS score 3 209 (21.9) 68 (32.5) 41 (19.6) 8 (3.8)

3 PGRIS score 1–2 98 (10.3) 53 (54.1) 36 (36.7) 13 (13.3)

p B 0.0001* p B 0.0001* p B 0.0001*

*P value Pearson’s Chi-square test. Comparison between group rates
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However, in our series, the rate of inadvertent parathy-

roidectomy was similar in patients with (20.1%) and

without obesity (20%) (p = 0.98). Another possible

explanation could be a higher incidence of vitamin D

deficiency in patients with obesity, which has been reported

as high as 35% [27]. The recommendation to measure

25-hydroxy vitamin D levels in addition to Ca and PTH has

been made. Proper vitamin D supplementation prior to a

total thyroidectomy is highly recommended, especially in

those patients with severe (\10 ng/mL) and moderate (10

to\20 ng/mL) vitamin D deficiency [28].

It has been widely demonstrated that incidental

parathyroidectomy is more frequent in patients with con-

comitant central compartment lymph node dissection, with

a reported frequency close to 30%. The rate of PtHP in

patients with inadvertent parathyroidectomy is close to 6%

[1]. In our series, the rate of PtHP in patients with inci-

dental parathyroidectomy was 8.9%, while in patients

without incidental parathyroidectomy, it was only 2.6%.

Incidental parathyroidectomy was also more frequent in

patients undergoing concomitant central compartment

lymph node dissection, with a rate of 24.5% compared to

16.1% in the group that did not have central compartment

lymph node dissection, which gives an OR of 1.68 (CI 95%

1.22–2.32; p = 0.001). It is also widely known that lymph

node dissection of the central compartment increases the

risk of impaired blood supply of parathyroid tissue.

According to this, Orloff et al. suggested that central

compartment lymph node dissection ipsilateral to primary

thyroid cancer should be performed first and then that the

decision of completing the bilateral central dissection

should be established balancing the potential oncological

benefit versus the risk of postoperative hypoparathyroidism

[28].

There is some controversy whether parathyroid glands

with some degree of ischemia should be left in situ or

resected and autotransplanted. Promberger et al. suggested

that only parathyroid glands with clear evidence of ische-

mia should be resected and autotransplanted, as patients

with mild discolored parathyroid glands left in place may

have faster normalization of PTH levels and a lower rate of

PrHP compared to those patients who underwent parathy-

roid autotransplantation [29].

In our series, the incidence of PrHP was 25.8% in

patients with parathyroid autotransplantation, while in

patients without parathyroid autotransplantation, it was

17.3% (OR 1.66; CI95% 1.06–2.59; p = 0.025). The inci-

dence of permanent hypoparathyroidism was also higher in

patients with parathyroid autotransplantation, 6.7% (8/120)

vs 3.5% (29/836), although without statistical significance

(p = 0.089). Our figures are close to 7.3% and 5.3%

reported by Lorente-Poch et al. in a similar comparison [6].

Kirdak et al. found a higher difference between patients

undergoing parathyroid autotransplantation (11.5%) and

glands left in situ (3.3%) [30].

The present study has some limitations such as its ret-

rospective nature and the absence of an objective evalua-

tion of the autotransplanted parathyroid tissue. Another

limitation was the lack of routine PTH and vitamin D

measurements. They were determined only when there was

suspicion of hypoparathyroidism. These might reduce the

statistical power of our inferential assumptions, increasing

the harboring of a type II error.

Conclusions

Appropriate intraoperative parathyroid identification with

in situ preservation of at least three glands might be the

most important strategy to prevent transient and permanent

postoperative hypoparathyroidism. Surgeons should avoid

incidental parathyroidectomy performing a meticulous

surgical dissection of parathyroid glands in order to ensure

their adequate vascularity and therefore their proper

functionality.
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