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ABSTRACT

Aim and objective: The aim of this study was to investigate a
relationship between the different types of electrosurgical energy (monopolar, bipolar, and ultrasonic-harmonic scalpel) and
postoperative hypocalcaemia after total thyroidectomy. Additionally, to analyze the frequency of postoperative hypocalcaemia,
according to age group, gender, and pathological diagnosis.
Materials and Methods: An observational, retrospective and
correlational study was carried out in a series of patients who underwent total thyroidectomy in a public and a private hospital in
Quito, Ecuador, South America, from January 2016 to July 2019.
Results: Among 665 patients, post-thyroidectomy hypocalcaemia was observed in 127 (18.8%) patients. There was no significant difference between males and females. Hypocalcaemia was
significantly higher in patients aged between 26 and 35 years,
patients operated for malignant tumors and in patients in whom
at least one parathyroid gland was removed. Postoperative hypocalcaemia occurred in 52.2% of patients (n = 24) [RR: 3.14;
95% CI: 2.26-4.36; p: 0.001] in the bipolar group, 29.2% (n = 7)
[RR: 1.56; 95% CI: 0.82-2.97; p: 0.087] in the harmonic group,
17.3% (n = 34) [RR: 0.87; 95% CI: 0.61-1.24; p: 0.219] in the monopolar group, and 15.2% (n= 60) [RR: 0.61; 95% CI 0.45-0.84;
p: 0.001] in the monopolar + harmonic group. Conclusions and
clinical significance: The use of a bipolar device appears to
be a risk factor for hypocalcaemia, while the use of monopolar +
harmonic seems to be a protective factor. Although, when analyzing monopolar + harmonic vs monopolar alone, the addition of
the harmonic scalpel didn’t provide statistically significant additional protection against hypocalcaemia.
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INTRODUCTION
Thyroid cancer has steadily increased in the last
decades, while benign thyroid disorders have remained roughly stable. Nowadays, thyroid malignancy is the most common endocrinologic
cancer, particularly in women. [1] During 2017,
INEC, the Ecuadorian Institute of Census and
Statistics, reported 4041 new thyroid cancer
cases. [2] In Ecuador, the incidence is 6.6 and
35.0 per 100.000 for men and women, respectively. [3] This incidence in Ecuadorian women is
the fifth highest in the world. On the other hand,
mortality has remained low: 0.5 per 100.000 inhabitants in the United States and 0.3 and 1.8
for men and women, respectively, in Ecuador. [3]
Thyroid surgery, as any other surgical procedure, entails risks and complications, including
hypocalcaemia due to parathyroid gland injury.
Hypocalcaemia incidence can vary from 6.9% to
49%, but most authors agree on an average of
30%. [4] It can be transitory or permanent (5%)
depending on the extension of the parathyroid
injury, but, especially, it can be detrimental to the
patient’s quality of life. For this reason, prevention and diagnosis are very important. [5,6] There
is variability in diagnosis and incidence of this
complication due to the lack of standard values
of blood calcium and parathyroid hormone
(PTH) to define hypocalcaemia. Biochemical hypoparathyroidism and hypocalcaemia are defined as low intact PTH levels and low total calcium levels, respectively. Clinical hypoparathyroidism is defined as biochemical hypoparathyroidism accompanied by some clinical manifestations such as perioral paresthesia, hand and
feet numbness, muscular spasms, Chvostek
and Trousseau signs, tetany, confusion, seizures, and arrhythmias. [7,8,9]
Risk factors for hypocalcaemia following thyroidectomy have been widely described, including
thyroidectomy extension, patient’s age, sex, and
surgical technique. On the other hand, information about electrosurgical energy as a risk
factor has been controversial among different
series, and there has been no consensus in
most cases. [10,12]
The use of electrosurgical energy devices has

increased and replaced conventional methods
such as ligation and suture. Its use has also reduced complications and mean operative time.
[13]
However, hypocalcaemia following total thyroidectomy remains an important complication
with a high incidence despite this technological
progress. [14] These electrosurgical energy devices work by using heat energy to denature proteins, and its lateral dispersion may lead to incidental lateral thermic damage towards adjacent
tissues. In the specific case of thyroid tissue,
temperature above 42oC causes irreversible
damage. [15,16] Monopolar and bipolar electrocoagulation use a high-frequency thermic effect
(300 Hz) while ultrasound-based harmonic scalpel (ultracision) uses 55.5 kHz frequency. [15,17]
As to possible thermic lesion of the parathyroid
gland, the monopolar and bipolar lateral thermic
effect spreads about 15 mm and 1-6 mm, respectively. On the other hand, a harmonic scalpel using 55 to 100oC, reaches 0.2-2 mm causing less collateral damage. Nevertheless, using
temperatures above 100oC during more than
20s can cause significant damage. [18]
The goal of this study was to assess post-thyroidectomy biochemical hypocalcaemia with the
use of different types of electrosurgical energy
devices (monopolar, bipolar, and harmonic ultrasonic scalpel) and, additionally, according to
other parameters such as age, sex, pathological
diagnosis as risk factors for postoperative hypocalcaemia.
MATERIAL AND METHODS
An observational, retrospective, and correlational study was performed on 665 patients from
a private and a public hospital in Quito, operated
on from 2016 to 2019. Expert surgical teams,
more than 25 thyroidectomies yearly, performed
the surgical interventions [19]. All patients signed
a consent form previously to surgery. Inclusion
criteria were age over 16 years and total thyroidectomy as a surgical modality. Exclusion criteria
were an incomplete or inaccessible medical record, partial thyroidectomy, thyroidectomy performed in more than one surgical procedure, reinterventions, and previous calcium metabolism
pathology. The following electrosurgical surgical
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devices were used: monopolar in 197 patients,
bipolar in 46, harmonic scalpel in 24, monopolar
+ harmonic scalpel in 396, and bipolar + harmonic scalpel in 2. All patients had serum ionic
calcium measurements 6 and 24 hours after surgery. Most of them also had a PTH level measurement. Hypocalcaemia was considered when
ionic calcium was below 4.8 mg/dL (1.20
mmol/L) and hypoparathyroidism when parathyroid hormone (PTH) was below 10 pg, besides
clinical manifestations.
Statistical analysis was performed using SPSS
version 25 statistical platform and Excel. The
study comparing the type of electrosurgical energy used and the presence of hypocalcaemia
according to the established criteria consists of
the following. We analyzed two nominal variables, the independent being the type of energy
device [6] and the dependent being the presence
of hypocalcaemia (yes/no) including clinical and
laboratory definitions using ionic calcium measured 6 and 24 hours after surgery as well as PTH
values measured 6 and 24 hours after surgery.
180

Regarding the types of electrosurgical energy
devices, we proceeded to compare each individual device and the combination of the monopolar
with harmonic, converting them into binomial
variables and the dichotomous dependent variable: hypocalcaemia (yes / no). Also, according
to the analysis of the pathological result, a correlation was made between the presence or absence of hypocalcaemia and the incidental excision of one or more parathyroid glands.
RESULTS
Regarding sex distribution, 574 (86%) patients
were women and 91 (13%) were men. Mean age
was 45.97 (16-78) years (SD: 13.36), (24.4% between 46 and 55 years). Regarding the pathological report, 307 (46%) patients had malignant
lesions: infiltrating follicular (n= 3), papillary cancer (n= 286) and follicular cancer (n= 21). The
remaining 358 (54%) patients had a benign lesion: thyroiditis (n= 21), nodular hyperplasia (n=
32), multinodular goiter (n= 294), follicular adenoma (n= 9) and colloid goiter (n= 2). (Fig. 1,2)
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Postoperative hypocalcaemia was observed in
127 (19%) patients. There was no significant dif-

ference between males and females. (Table 1)

Table 1. Hypocalcaemia distribution, according to sex.
Hypocalcaemia
Sex
Yes
No
Female
110
19.2%
464
80.8%
Male
17
18.7%
74
81.3%
Total
127 (18.8%)
538 (81.2%)
p = 0.9252

Hypocalcaemia was lower (6.9%) in the group of
patients aged between 56 and 65 years showing
statistical significance (p<0.001), and higher

(31.5%) in the group of patients aged between
26 and 35 years showing statistical significance
(p<0.025). (Table 2)

Table 2. Distribution of hypocalcaemia according to age.
Hypocalcaemia
Yes

2

p

No

16 – 25

6

27.3%

16

72.7%

0.9841

0.30

26 – 35

18

31.5%

39

68.4%

6.2858

<0.025

36 - 45

36

26.7%

99

73.3%

6.2806

<0.025

46 – 55

34

21.0%

128

79.0%

0.4951

0.35

56 - 65

10

6.9%

134

93.1%

17.5708

<0.001

>66

23

15.9%

122

84.1%

1.2565

0.20

Total

127 (18.8%)

538 (81.2%)

Postoperative hypocalcaemia was statistically
significantly more frequent after thyroidectomy

for malignant tumors than for benign lesions.
(Table 3)

Table 3. Distribution of hypocalcaemia according to pathological diagnosis.
Hypocalcaemia
Type of lesion

Yes

No

Benign

58

16.20%

300

83.80%

Malignant

69

22.48%

238

77.52%

Total

127 (18.8%)

538 (81.2%)

p = 0.04016

Regarding the type of electrosurgical energy
used, (Table 4), frequency of postoperative hypocalcaemia was higher in the bipolar group,
52.2% (n= 24) [RR: 3.14; 95% CI: 2.26-4.36; p:
0.001], with statistical significance and harmful
relationship. Hypocalcaemia in the harmonic
group, 29.2% (n= 7) [RR: 1.56; 95% CI: 0.822.97; p: 0.087], and in the monopolar group, 17.3

% (n= 34) [RR: 0.87; 95% CI: 0.61-1.24; p:
0.219], had no statistical significance. On the
other hand, the lowest frequency of hypocalcaemia was seen in the monopolar + harmonic
group, with a value of 15.2% (n= 60) [RR: 0.61;
95% CI 0.45-0.84; p: 0.001] had statistical significance and protective relationship.
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Table 4. Distribution of hypocalcaemia according to the type of electrosurgical energy device.
Hypocalcemia
Electrosurgical device

Yes

No

RR

Monopolar

34

17.3%

163

82.7%

0.87

Bipolar

24

52.2%

22

47.8%

3.14

Harmonic

7

29.2%

17

70.8%

1.56

Monopolar + Harmonic

60

15.2%

336

84.8%

0.61

Bipolar + Harmonic

2
0
…
RR: Relative risk. IC: Confidence interval.

A Chi-Square test was performed, α of 0.05, and
1 degree of freedom (gdl), comparing hypocalcaemia with the type of electrosurgical energy. For this purpose, comparisons were made
for each kind of electrosurgical energy separately (Table 4). For the variables bipolar alone
and monopolar + harmonic, we obtained higher
values than the theoretical value (3.8414).
Therefore, when the theoretical value is inferior,
there is a statistically significant relationship between hypocalcaemia and this type of electrosurgical energy, meaning that they are dependent variables. Regarding monopolar analysis
alone and harmonic alone, no statistically significant association was found, meaning that they
are independent variables.
Comparing groups, a statistically significant difference was found between monopolar (17.3%)
and bipolar (52%), p= 0.000001418. No statistical significant difference was found between

IC 95%
0.61,
1.24
2.26,
4.36
0.82,
2.97
0.45,
0.84
…

X2

p

0.7032

0.219

35.1867

0.001

1.6560

0.087

9.5625

0.001

…

…

monopolar (17%) and harmonic + monopolar
(15%), p= 0.3821. No statistically significant difference was found between harmonic (29%) and
harmonic + monopolar (15%), p= 0.6865. These
findings would indicate that the harmonic device
does not confer additional protection.
Incidental parathyroid gland excision occurred in
only 102 patients (15.6%). The number of parathyroid glands found at the pathological study
was one in 64 patients, two in 26 patients, three
in 6 patients, and four in 6 patients. A statistically
significant difference in postopera- tive hypocalcaemia was obviously found between patients whose parathyroid glands were preserved
and those with glands removed, p<0.0000001
(Table 5). But no statistically significant difference was observed between those patients with
only one parathyroid gland removed and those
with more than one parathyroid gland removed,
p= 0.5945.

Table 5. Distribution of hypocalcaemia according to the number of parathyroid glands incidentally removed
and reported at the pathological study.
Hypocalcaemia
Parathyroid glands
Not removed
1 removed
+ 1 removed
Total

Yes
86
15.2%
27
42.1%
14
36.8%
127 (18.8%)
p = 0.5945

DISCUSSION
Surgical intervention of the thyroid gland demands the surgeon’s expertise, including careful
and adequate identification and preservation of

No
477
84.8%
37
57.9%
24
63.2%
538 (81.2%)

adjacent structures. Despite technological advances, lack of attention to these adjacent structures may cause substantial morbidity, such as
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hypocalcaemia secondary to hypoparathyroidism. [12, 14]
In the present study, a significantly higher frequency of postoperative hypocalcaemia was
found in patients aged between 26 and 35 years,
and in patients with malignant tumors. Baldassarre et al., [4] emphasized that thyroidectomy
extension was a predictive factor of hypocalcaemia, particularly after total thyroidectomy and
lymph node dissection. In our study, gender was
not a significant factor for hypocalcaemia. Del
Rio et al., [10] described, however, an increased
risk of hypocalcaemia in female patients and in
those who underwent total thyroidectomy. Hypocalcaemia in females should be due to the sex
steroid's effect on PTH secretion and the difference in cell signaling pathways, while hypocalcaemia after total thyroidectomy should be
due to a greater area of dissection and edema,
and a greater risk of vascular compromise of the
parathyroid glands.
We tried to establish a relationship between the
type of electrosurgical energy device and hypocalcaemia post thyroidectomy. Significant differences could be found when comparing monopolar and bipolar electrocoagulation, and the
harmonic scalpel in terms of more significant collateral thermal damage of the parathyroid
glands. In our study, patients in whom bipolar
energy device was used had the highest frequency (52%) of hypocalcaemia. When analyzing the relative risk, the use of bipolar electrosurgical energy showed an increased risk of postthyroidectomy hypocalcaemia. In contrast, the
monopolar + harmonic energy is associated with
a decreased risk, acting as a protective factor.
However, no additional protection against hypocalcaemia was observed with harmonic scalpel. These results disagree with some studies in
which the use of harmonic and bipolar energy
was associated with a lower risk of hypocalcaemia. Fraga et al., [11] showed that the use of a
harmonic scalpel or bipolar electrocoagulation
was associated with a lower risk of hypocalcaemia compared with the help of monopolar energy. Some other studies also demonstrated a
significant difference when comparing thermal

damage to adjacent structures between bipolar
electrocoagulation and harmonic scalpel. In the
Garas et al., [20] meta-analysis and the Sutton et
al., [21] study, it was shown that ultrasonic coagulation had a better safety profile regarding clinical complications such as hemorrhage and hypoparathyroidism. This was because the temperature and thermal lateral spread are lower
than with the use of monopolar and bipolar electrocoagulation. On the other hand, the study carried out by Grajek et al., [22] suggested that bipolar electrocoagulation was associated with a
lower thermal effect compared with the ultrasonic and monopolar scalpel. Therefore, depending on the temperature reached, there is a
lower incidence of damage to the recurrent laryngeal nerve and parathyroid glands. Similarly,
in Ecuador, the Padilla and Rueda study, [23] reported the use of bipolar electrosurgical energy
as a protective factor regarding damage to adjacent structures after total thyroidectomy compared to monopolar and harmonic energy.
In the present study, no statistically significant
difference in hypocalcaemia was observed between individual and combined use of harmonic
scalpel. Similarly, Smith et al., [24] described no
considerable difference in terms of thermal lateral spread to the thyroid parenchyma between
ultrasonic dissection. On the other hand, Ciftci et
al. [14] and the Cannizzaro et al., [25] meta-analysis compared the use of the harmonic scalpel
and the bipolar LigaSure and its relationship with
post-thyroidectomy parathyroid dysfunction,
finding no statistically significant difference.
The operative time seems to be shorter with the
ultrasonic or bipolar scalpel when compared to
the electric scalpel. [11]
This study has shown that bipolar electrosurgical
energy has behaved as a risk factor, which may
be due to the small number of patients analyzed
in this group compared to the monopolar and
harmonic group, either individually or combined.
The surgical technique and the surgeon's skills
may have an essential influence in the adequate
preservation of the parathyroid glands and lower
risk of hypocalcaemia. [22, 26] Therefore, these results cannot be generalized to the entire
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population, and more studies with a more significant number of cases using bipolar electrosurgical energy are required.
Discrepancy in definitions of hypocalcaemia
does not allow us to analyze the true risk of this
complication post-thyroidectomy. [4]
Regarding the incidental excision of one or more
parathyroid glands, no statistical significance of
hypocalcaemia was observed between those
patients in whom these glands were preserved
or not. According to Mordojovich et al., this could
be explained by the fact that normal function can
be maintained by preserving at least one parathyroid gland. Even if its function decreases,
there is always a possibility of recovery. [27]
Among the limitations in this study, we have that
as thyroidectomies were performed by different
teams of surgeons, variability in the surgical
technique was expected.
CONCLUSIONS
A significantly higher frequency of hypocalcaemia post total thyroidectomy was observed patients with thyroid malignancies and those aged
between 26 and 35 years, while no difference regarding sex. Bipolar electrosurgical device appeared to be a risk factor for hypocalcaemia,
while monopolar + harmonic appeared as a protective factor.
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