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Introduction

Thyroidectomy is the most performed operation in 
endocrine surgery. It is widely utilized for the treatment of 
both benign and malignant thyroid diseases.

Being the thyroid gland a highly vascularized organ, 
achieving a meticulous hemostasis is essential to avoid 
serious complications. In this kind of surgery morbidity is 

mainly represented by lesions of the recurrent laryngeal 
nerves, hypoparathyroidism and postsurgical cervical 
hematoma (1-9). An exhaustive hemostasis allows to prevent 
bleeding in the operating field, allowing an adequate view 
of the anatomic structures, thus significantly reducing the 
occurrence of complications. Minimization of morbidity 
and improvement of surgical outcomes are important 
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not only for the well-being of patients but also for cost-
effectiveness.

Traditionally, clamp-and-tie technique, with or without 
monopolar or bipolar electrocautery, has been used for 
achieving hemostasis. Subsequently, for the realization of 
the same purpose, innovative energy-based devices, using 
different forms of energy, have been introduced. Currently, 
these instruments are widely used in this kind of surgery. In 
particular, the most used devices are Harmonic Focus (HF; 
Ethicon, Johnson and Johnson, Cincinnati, OH, USA), 
LigaSure Small Jaw (LSJ; Medtronic, Covidien Products, 
Minneapolis, MN, USA) and Thunderbeat Open Fine Jaw 
(TB; Olympus, Japan) (1).

HF, using ultrasonic energy, is able to coagulate and 
dissect tissues at the same time. Ultrasonic waves are 
generated by electromagnetic energy from a generator 
which undergoes piezoelectric transduction within the 
hand piece. The blade of this device vibrates at 55 kHz, 
producing mechanical energy that breaks hydrogen bonds. 
This instrument is hand-activated, with cutting and sealing 
of blood vessels obtained by placing the curved blade in 
contact with the tissue and applying pressure (1).

LSJ, using advanced bipolar energy, achieves hemostasis 
by melting elastin and collagen in the vessel wall, reforming 
them into a permanent plastic-like autologous seal. This 
device has an activation button with tactile feedback and 
a 16.5 mm long curved tip which can seal vessels up to  
7 mm in diameter. It is capable of cutting with an integrated 
mechanism. This instrument is suitable both for blunt 
dissection and for grasping and dividing tissue (1).

TB integrates ultrasonic energy with advanced bipolar. It 
is composed of an upper bipolar jaw and a lower ultrasonic 
and bipolar probe which allow to obtain two functional 
modes: “seal and cut” for vessel sealing and coagulation 
with simultaneous cutting, “seal” for coagulation alone (1).

The aim of the present study was to compare HF, LSJ 
and TB in terms of surgical outcomes and complications.

Methods

This is a retrospective study on patients who underwent 
thyroidectomy in our Unit of General and Endocrine 
Surgery (University of Cagliari) between January 2012 and 
June 2018.

Patients were identified from a prospectively maintained 
institutional database; those with incomplete data were 
excluded from the study.

Only conventional open total thyroidectomies performed 

with HF, LSJ and TB by the two most skilled endocrine 
surgeons of our Unit were considered. Patients simultaneously 
submitted to lateral and/or central neck dissection, 
parathyroidectomy or parathyroid autotransplantation were 
excluded from this study.

Patients were divided into three groups according 
to the type of energy-device used: those undergoing 
thyroidectomy with HF were included in Group A, those 
with LSJ in Group B and those with TB in Group C.

Demographic data (sex, age), histopathological findings, 
surgical outcomes (operative time, postoperative stay) 
and complications (recurrent laryngeal nerve injury, 
hypoparathyroidism, postsurgical cervical hematoma, wound 
infection) were recorded.

All operations were performed under general anesthesia. 
Recurrent laryngeal nerves and parathyroid glands were 
systematically searched and identified. Intraoperative nerve 
monitoring (IONM) was routinely used in order to facilitate 
nerve identification and to confirm its functional integrity. 
One or two closed suction drains were placed below the 
strap muscles. The cervical linea alba and platysma were 
sutured with absorbable sutures and skin was closed by a 
continuous intradermal suture. The duration of the surgical 
procedure was estimated in minutes from skin incision to 
skin closure.

Serum calcium and PTH levels were assayed pre- and 
postoperatively. Postsurgical hypoparathyroidism was 
defined as PTH <10 pg/mL following the operation (normal 
range, 10–65 pg/mL). Permanent hypoparathyroidism was 
defined as PTH concentrations below the normal range 
for more than 12 months. In case of suspected recurrent 
laryngeal nerve injury, a fibrolaryngoscopy was performed 
to assess vocal cord mobility.

Statistical analyses were performed with MedCalc® 
18.0.2. Chi-squared test was used for categorical variables 
and one-way ANOVA test for continuous variables. In case 
of statistically significant difference with one-way ANOVA 
test (P value less than the selected significance level), as 
post-hoc test for all pairwise comparisons, Scheffé’s test was 
used. P values <0.05 were considered statistically significant.

Results

A total of 2,096 patients underwent thyroidectomy in our 
Unit within the period considered. Among these, 1,165 met 
the established inclusion criteria: 1,012 were included in 
Group A, 96 in Group B and 57 in Group C. Demographic 
data and histopathological findings were comparable 
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between the three groups, as shown in Table 1.
Surgical outcomes and complications are reported in 

Table 2.
In Group A, the mean operative time was 89.41± 

20.60 minutes while the mean postoperative stay was 
3.05±1.52 days. About complications, there were 19 (1.88%) 
cervical hematomas, 26 (2.57%) unilateral recurrent 
laryngeal nerve lesions, 3 (0.30%) bilateral recurrent 
laryngeal nerve lesions, 3 (0.30%) wound infections, 215 
(21.25%) cases of transient hypoparathyroidism and 63 
(6.23%) cases of permanent hypoparathyroidism.

In Group B, the mean operative time was 85.57± 
15.91 minutes while the mean postoperative stay was  
2.71±1.72 days. About complications, there were 1 
(1.04%) cervical hematoma, 2 (2.08%) unilateral recurrent 
laryngeal nerve lesions, 14 (14.48%) cases of transient 
hypoparathyroidism and 3 (3.13%) cases of permanent 

hypoparathyroidism. No bilateral recurrent laryngeal nerve 
injury or wound infection was observed.

In Group C, the mean operative time was 78.07± 
17.67 minutes while the mean postoperative stay was 
2.63±0.98 days. About complications, there were 1 (1.75%) 
cervical hematoma, 2 (3.51%) unilateral recurrent laryngeal 
nerve lesions, 1 (1.75%) wound infection, 10 (17.54%) 
cases of transient hypoparathyroidism and 3 (5.26%) cases 
of permanent hypoparathyroidism. No bilateral recurrent 
laryngeal nerve lesion was observed.

The comparison between mean postoperative stays 
resulted in a statistically significant result (P<0.02). 
However, the post-hoc test for all pairwise comparisons 
showed no statistically significant difference between the 
three groups. Thus, ultimately, the first result was not 
considered relevant.

The comparison between mean operative times resulted 

Table 1 Demographic data and histopathological findings

Total (n=1,165) Group A (n=1,012) Group B (n=96) Group C (n=57) P value

Sex, n (%) 0.52

Male 325 (27.90) 287 (28.36) 22 (22.92) 16 (28.07)

Female 840 (72.10) 725 (71.64) 74 (77.08) 41 (71.93)

Age (years, mean ± SD) 54.69±14.06 54.82±13.97 55.09±13.85 51.58 ± 15.64 0.22

Thyroid weight (g, mean ± SD) 46.82±50.22 47.75±51.25 36.85±34.30 47.14 ± 53.17 0.12

Histological diagnosis, n (%) 0.09

Benign disease 754 (64.72) 646 (63.83) 72 (75.00) 36 (63.16)

Malignancy 411 (35.28) 366 (36.17) 24 (25.00) 21 (36.84)

Table 2 Surgical outcomes and complications

Total (n=1,165) Group A (n=1,012) Group B (n=96) Group C (n=57) P value

Operative time (minutes, mean ± SD) 88.54±20.28 89.41±20.60 85.57±15.91 78.07±17.67 <0.01a

Postoperative stay (days, mean ± SD) 3±1.52 3.05±1.52 2.71±1.72 2.63±0.98 0.02b

Transient hypoparathyroidism, n (%) 239 (20.52) 215 (21.25) 14 (14.48) 10 (17.54) 0.26

Permanent hypoparathyroidism, n (%) 69 (5.92) 63 (6.23) 3 (3.13) 3 (5.26) 0.46

Cervical hematoma, n (%) 21 (1.80) 19 (1.88) 1 (1.04) 1 (1.75) 0.84

Unilateral recurrent nerve injury, n (%) 30 (2.58) 26 (2.57) 2 (2.08) 2 (3.51) 0.86

Bilateral recurrent nerve injury, n (%) 3 (0.26) 3 (0.30) 0 0 0.80

Wound infection, n (%) 4 (0.34) 3 (0.30) 0 1 (1.75) 0.16
a, Scheffé’s test for all pairwise comparisons showed a statistically significant difference only between Group A and Group C; b, Scheffé’s 
test for all pairwise comparisons showed no statistically significant difference between the three groups.
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in a statistically significant result (P<0.01). However, 
the post-hoc test for all pairwise comparisons showed a 
statistically significant difference only between Group A 
and Group C. Thus, ultimately, the mean operative time in 
Group C was significantly shorter than in Group A.

About complications, no statistically significant difference 
was found between the three groups.

Discussion

Historically, since the earliest surgical attempts, hemostasis 
has been considered the key point in thyroid surgery. 
Robert Liston, in 1846, stated that “there was a grave risk of 
death from haemorrhage during thyroid operations and that it 
was a proceeding by no means to be thought of”. Shortly after, 
in 1848, John Dieffenbach described thyroid surgery as 
“one of the most thankless, most perilous undertakings which, if 
not altogether prohibited, should at least be restricted”. Thyroid 
surgery was also condemned by the French Academy of 
Medicine in 1850. Later, Gross, in 1866, noted that “no 
sensible man will…attempt to extirpate a goiter of the thyroid 
gland…every step he takes will be environed with difficulty 
and every stroke of his knife followed by a torrent of blood and 
lucky will it be for him if his victims live long. enough to enable 
him to finish his horrid butchery…”. In the early 1900s, 
thyroid surgery was profoundly revolutionized by Emil 
Theodor Kocher. He was the first to use a precise surgical 
technique and a meticulous hemostasis which have allowed 
to drastically reduce morbidity and mortality. Currently, a 
safe and effective hemostasis can be obtained by means of 
innovative energy-based devices, using different forms of 
energy (ultrasound, advanced bipolar or both together).

In the literature, several reports comparing HF and/
or LSJ with traditional techniques in thyroid surgery 
exist, however, there are far less studies comparing these 
two energy-based devices with each other (1,10-20). 
Moreover, about the use of TB in this kind of surgery, to 
our knowledge, currently, only one clinical study, which 
compares this instrument with HF, exists (some other study 
done on this device in the field of thyroid surgery was 
performed on porcine models) (21-23). Our study is the 
first to compare HF, LSJ and TB with each other.

In the literature, a significant reduction in operative 
times by using HF or LSJ rather than traditional techniques 
has been described, without increasing complications 
(1,11,12,15).

In studies comparing HF with LSJ and in that comparing 
HF with TB, operative times were comparable (10,16,20,21). 

Differently, in our study the mean operative time was 
significantly shorter in thyroidectomies performed with 
TB than in those performed with HF, while no statistically 
significant difference was found by comparing these two 
devices with LSJ.

Shorter operative times allow to increase the number 
of procedures in the same surgical session, optimizing 
the use of operating rooms and reducing surgery waiting 
lists. Moreover, the reduction of operative times, as for 
any surgical procedure, decreases anesthesia costs of every 
single operation. Ultimately, considering the economic 
aspect, this gain in terms of time leads to a reduction in 
the overall costs, thus justifying the cost of each individual 
device.

However, being patient safety the main purpose, it is 
important to underline that as regards complications, as 
also reported in other studies (10,13,14,17,19-21), the three 
devices were comparable.

This study has three main limitations. First of all, it is 
based on a retrospective analysis. The second limitation 
consists in the numerical discrepancy between the three 
groups, with particular reference to Group A, which is 
extremely greater than the other two groups. However, 
despite this condition, the statistical analysis resulted in 
a statistically significant result as regards operative times. 
The last limitation is represented by the inhomogeneous 
use of the three devices within the period considered. 
While the use of HF covers the whole period considered, 
that of LSJ and TB is restricted, respectively, to the first 
years (from 2012 to 2015) and the last years (from 2015 to 
2018). In this regard, about operative times, it is important 
to underline that our result is partially due to the fact that 
thyroidectomies performed with TB cover only the last 
years considered in this study, thus benefiting from a greater 
experience and skill of the two endocrine surgeons.

Conclusions

HF, LSJ and TB have proved to be safe and effective. The 
postoperative stay and complications were comparable 
between the three groups. Considering the limits of our 
investigation, further studies, possibly prospective and with 
larger population, are needed to investigate the effect of TB 
on operative times.
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