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Introduction

Thyroidectomy is an operation requiring prime hemostasis 
in order to avoid, both intra- and post-operative, 
complications. The golden standard technique of clamps-
and-ties tends to be abandoned by most high volume 
surgeons. Alternatively, in modern clinical practice a large 
number of devices have been introduced in clinical practice 
to achieve a safer and faster hemostasis (1-5). The choice 
of which energy-based device is employed, is more or less 
a result of the combination of personal preference of the 
surgeon and of availability (5). Various studies demonstrate 

marginal differences between the devices concerning 
hemorrhage, parathyroid function alterations and voice 
changes. In everyday practice there are 3 major hemostatic 
devices notably: Focus Harmonic Scalpel, LigasureTM Small 
Jaw and Thunderbeat. The Focus Harmonic Scalpel uses 
ultrasound vibration of a blade at 55 Hz. The resulting 
mechanical energy is transferred to tissue proteins, 
resulting in their denaturation. Protein denaturation results 
in a protein coagulum that seals the vessels and assures 
hemostasis at low temperatures. The LigasureTM Small Jaw 
is a bipolar coagulation device that denatures the collagen 
and elastin of the vascular wall. Finally, Thunderbeat® 
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(TB) (Olympus Medical Systems Corp., Tokyo, Japan) is 
the first device to simultaneously integrate ultrasonically 
generated frictional heat energy and electrically generated 
bipolar energy. The ultrasonic technology is used for rapid 
cutting and precise dissection while the bipolar technology 
performs reliable vessel sealing. TB is considered 
advantageous due to its ability to gain a rapid surge in 
temperature with minimal thermal spreading. Recently, 
LigasureTM Exact was introduced adding a new instrument 
in the arsenal of endocrine surgeon (6-8). This instrument 
works in the same fashion that Ligasure Small Jaw works, 
but has a special anatomic design that makes it easier to 
work in tight spaces, by maximizing the line of sight.

The aim of this randomized active comparator-
controlled study in patients undergoing total thyroidectomy 
was to evaluate and compare the effectiveness of the 
previously existing vessels sealing devices, notably Focus 
Harmonic Scalpel, LigasureTM Small Jaw and Thunderbeat, 
to the newly introduced LigasureTM Exact. In the present 
study classical parameters such as duration of the surgery, 
blood loss, calcium variations, immediate postoperative 
complications, and hospitalization were measured, 
together with visual analogue scale (VAS) quantifications of 
intraoperative difficulty, postoperative vocal alteration, and 
postoperative pain.

Methods

From December 3, 2018 through May 31, 2019, 247 
adult patients, with benign or malignant thyroid disease, 
scheduled for total thyroidectomy at the Unit of Minimally 
Invasive Endocrine Surgery and 1st Propedeutic Department 
of AHEPA University Hospital of Thessaloniki, were 
assessed for elegibility and 180 among them were randomly 
allocated into 4 groups according to the hemostatic 
energy device used: Focus Harmonic Scalpel® (group A), 
LigasureTM Small Jaw (group B), Thunderbeat® (group 
C), and LigasureTM Exact (group D). Randomization was 
achieved by creating 180 envelopes containing each one 
letter (4 times 45 envelopes with each of the four letters) 
from which the patient chose one and was allocated 
in the respective group. The study was approved by 
the ethics committee of AHEPA University Hospital 
(46432/6.11.2018).

The inclusion criteria were: (I) age >18 years; (II) 
acceptance to participate in the study (signed informed 
consent form); and (III) scheduled total thyroidectomy 
(under euthyroid status). The exclusion criteria were: 

(I) preoperative medication including opioid or non-
opioid analgesics, corticosteroids, or nonsteroidal 
anti-inflammatory drugs; (II) coagulation disorders; 
(III) pregnancy; (IV) cervicomediastinal goiters; (V) 
total thyroidectomy with lymph node dissection; (VI) 
thyroidectomy combined with parathyroidectomy, (VII) 
transoral thyroidectomy vestibular approach (TOETVA) 
and (VIII) neck reoperation. Figure 1 shows the patient flow 
diagram.

All procedures were performed by the same surgical 
team dedicated to endocrine surgery. In order to assess 
vocal cord motility, all patients underwent pre- and post- 
operative (at 24 hours) flexible nasopharyngolaryngoscopy 
to assess vocal cord motility. For devascularizing the gland 
the team employed in group A Focus Ultracision Harmonic 
Scalpel (Ethicon Endo-Surgery Inc., Cincinnati, OH, 
USA), in group B LigasureTM Small Jaw Open sealer/divider 
(Covidien, Boulder, CO, USA), in group C Thunderbeat® 
(Olympus Medical Systems Corp., Tokyo, Japan), and in 
group D LigasureTM Exact Dissector (Covidien, Boulder, 
CO, USA) (group D). In the area around the ligament 
of Berry in all cases we employed 4/0 Vicryl ligations. 
Both groups received 2 doses of lornoxicam 8 mg (Xefo® 
TAKEDA Hellas, Greece), at the end of the operation and 
one 12 hours later.

After preoxygenation, general anesthesia was induced 
with 3 μg/kg fentanyl and 2 mg/kg propofol, followed by 
0.6 mg/kg rocuronium. The ventilator was set in volume-
controlled mode for all patients. Anesthesia was maintained 
with sevoflurane and remifentanil infusion; all the patients 
were administered 4 mg dexamethasone, 4 mg ondansetron, 
1,000 mg paracetamol, and 8 mg lornoxicam.

Postoperative pain was assessed by the visual analogue 
rating scale (VAS), ranging from 1 (no pain) to 10 (worst 
imaginable pain). Intraoperative difficulty was rated with a 
scale ranging from 1 (very easy) to 5 (very difficult).

A VAS, ranging from 1 (no voice alteration) to 10 (worst 
imaginable alteration) was used to assess postoperative 
voice alteration. Pain and voice changes were self-assessed 
by the patient. Concerning the operative difficulty was 
evaluated by an observing physician. Operative difficulty 
was assessed by a rating scale ranging from 1 (very easy) 
to 5 (very difficult) (9). All operations started from 3 
(normal difficulty) and changed to higher or lower difficulty 
categories according to intraoperative routine changes, 
time and effort spend for hemostasis, discomfort of the 
operating physician etc. The observing physician was 
constant for all operations, namely an emeritus professor 
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Patients assessed for eligibility
N=247

Patients allocated
(N=180)

Patients Followed-up and analyzed
(N=180)

Group A 
[Focus Harmonic Scalpel]

(N=45)

Group B
[LigasureTM Small Jaw]

(N=45)

Group C
[Thunderbeat]

(N=45)

Group B
[LigasureTM Exact]

(N=45)

Excluded (n=67)
•	Preoperative medication [2]
•	Coagulation disorders [1]
•	Cervicomediastinal goiters [7]
•	Total thyroidectomy with central lymph node dissection [18]
•	Total thyroidectomy with lateral lymph node dissection [15]
•	Thyroidectomy combined with parathyroidectomy [13]
•	Transoral thyroidectomy vestibular approach (TOETVA) [4]
•	Neck reoperation [7]

Figure 1 Flow diagram of the study.

who was performing thyroidectomies on a regular basis. 
Parathormone (PTH), ionized calcium and phosphorus 
levels were determined on the first postoperative day. 
When PTH was less than 14 pg/dL (inferior normal 
range limit for our laboratory), or the patient had clinical 
hypocalcemia (calcium level below the lower limit of 
normal range (8.2 mg/dL) associated with a Chvostek sign 
or patient complaint of paresthesia), then patients received 
oral calcium carbonate (1,000 mg three times a day) and 
vitamin D3 supplementation. The following data were 
recorded according to our previously published protocols 
(9,10): age, gender, pathology, thyroid weight, hemostatic 
technique, duration of the operation, postoperative and 
preoperative calcemia, pre- and post-operative hemoglobin, 
pre- and post-operative white blood cell count, pre- and 
post-operative PTH, pre- and post-operative vocal cord 
motility, operative difficulty, postoperative vocal alteration, 
postoperative pain, complications, operating time, gram of 
gland excised per minute of the operation (weight of gland/
duration of the operation), and length of hospital stay. The 
epidemiologic characteristics of all groups are indicated in 
Table 1.

An intention-to-treat analysis has been used in our study. 
Continuous variables were compared using the Mann-
Whitney U test, while categorical variables were compared 
using the Chi square test. If the expected frequency was 

smaller than 5, the Fisher exact test was used. Statistical 
evaluation of the four groups was performed by one-way 
analysis of variance (ANOVA) with Bonferroni test for post 
hoc analysis. Continuous data are summarized as mean ± 
standard deviation. Probability values <0.05 were considered 
statistically significant. All analyses were performed by 
SPSS Version 18 software (Chicago, IL, USA).

The mean and standard deviation of duration of surgery 
in a 40-patient pilot study (n=10 patients per group) were 
used for power calculations; for P=0.05 and power =0.8, a 
minimum of 42 patients in each group were required. We 
employed 45 patients per group taking into consideration 
that there might be 5% of data lost.

Results

Hospitalization was the same for all groups since all patients 
stayed for a single day in the hospital (+/−2 hours). The 
small differences of stay were not due to medical, but 
mainly due to administrative reasons. No patients were lost 
in follow-up and all patients were included in statistical 
analysis.

Statistically significant differences between groups were 
observed concerning duration of the surgery (P<0.001), 
mean operative difficulty (P<0.001), and the quantity of 
gland removed per minute of operation (P<0.001). All the 
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Table 1 Epidemiologic characteristics

Characteristics Group A (n=45) Group B (n=45) Group C (n=45) Group D (n=45) Total (n=180) P

Benign/malignant 29/16 35/10 33/12 32/13 129/51 NS

Male/female 7/38 9/36 8/37 7/38 31/149 NS

Mean age (SD), years 45.79 (14.15) 44.60 (13.64) 49.00 (11.54) 50.23 (20.08) 47.33 (14.15) NS

Weight of thyroid gland (SD), grams 41.30 (16.27) 29.30 (16.27) 36.30 (18.09) 32.90 (22.04) 34.95 (20.84) NS

NS, not significant.

Table 2 Operative and postoperative measurements

Variable Group A (n=45) Group B (n=45) Group C (n=45) Group D (n=45) Total (n=180) P

Duration of surgery (SD), minutes* 82.88 (10.72) 81.79 (8.58) 73.02 (6.39) 50.39 (8.57) 75.69 (12.32) <0.001

DCa (SD), mg/dL −0.77 (0.38) −0.81 (0.48) −0.86 (0.58) −0.83 (0.56) −0.82 (0.51) 0.883

DHgb (SD), g/dL −1.43 (0.72) −1.35 (0.81) −1.37 (0.80) −1.44 (0.69) −1.40 (0.85) 0.852

DWBC (SD), K/dL 3783 (2252) 3465 (2785) 3602 (2586) 3654 (2406) 3582 (3300) 0.769

Operative difficulty (SD) [1–5]* 2.74 (0.60) 2.86 (0.67) 2.72 (0.53) 1.85 (0.52) 2.73 (0.76) <0.001

Postoperative vocal alteration (SD) VAS [1–10] 3.02 (0.58) 3.38 (0.70) 3.23 (0.62) 3.21 (0.65) 3.25 (0.72) 0.635

Postoperative pain (SD) VAS [1–10] 3.67 (0.86) 3.80 (0.79) 3.75 (0.68) 3.73 (0.72) 3.75 (0.87) 0.896

Grams of thyroid per minute of the  
operation (SD), g/min*

0.49 (0.07) 0.37 (0.06) 0.50 (0.06) 0.65 (0.07) 0.46 (0.07) <0.001

*, statistical significant difference. DCa, difference of postoperative minus preoperative calcium; DHgb, difference of postoperative minus 
preoperative hemoglobin; DWBC, difference of postoperative minus preoperative white blood cell count; duration of surgery, time from 
incision to skin closure. 

other measured parameters were comparable for all four 
groups. The results concerning all the measured parameters 
in both groups are displayed in Table 2.

Post hoc tests for duration of surgery showed no 
differences between group A (Focus Ultracision Harmonic 
Scalpel) and group B (LigasureTM Small Jaw Open sealer/
divider) (P=1.00), while there was a difference between 
those two groups and groups C and D (P<0.001). By this, 
it is confirmed that Thunderbeat® and LigasureTM Exact 
Dissector are devices that shorten significantly the duration 
of the operation. Moreover, when comparing those two 
devices between them, one can see that LigasureTM Exact 
Dissector is further reducing operative time (P<0.001).

Given the fact that the amount of gland removed per 
minute of operation is calculated by dividing the weight of 
the thyroid removed by the time of the operation, and that 
there was no statistical differences concerning the weight of 
the gland between groups, it seems logical this parameter 
also presents statistically significant differences between 

groups (P<0.001). The greatest quantity of thyroid removed 
per minute is done by LigasureTM Exact Dissector (P<0.001), 
followed equally (no statistical difference between groups) 
by Focus Ultracision Harmonic Scalpel and Thunderbeat®. 
The least amount of gland removed per minute is by 
Ligasure Small Jaw Open sealer/divider (P<0.001).

Finally, the objective observer noted that the mean 
operative difficulty presented statistically significant 
differences between groups (P<0.001). All three devices 
(Focus Ultracision Harmonic Scalpel, LigasureTM Small 
Jaw Open sealer/divider and Thunderbeat®) showed equal 
level of intraoperative difficulty for the surgeon. However, 
LigasureTM Exact Dissector was noticed to expose the 
surgeon to less operative difficulty (P<0.001).

Additionally, one clinical hypocalcemia was present for 
group A and one for group B. Moreover, low PTH levels 
were present in 6 patients for groups A and B, while in 7 
patients for groups C and D (P=NS). It is important to 
notice that no recurrent laryngeal nerve (RLN) palsies were 
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observed. Hematomas requiring re-operations were not 
observed in all groups.

Discussion

Since Kocher, hemostasis was considered of prime 
importance for a safe thyroidectomy. When performing a 
classic clamp-and-tying thyroidectomy two parameters may 
problematize the surgeon; one is post-operative bleeding and 
the second is the time consumed in tying. Secondarily, some 
surgeons may also consider the foreign material (sutures) 
introduced into the operative field (10). Therefore, new 
technologies have emerged the last 15years and have been 
introduced in surgical practice, aiming primarily to decrease 
postoperative complications and to save time (11-17).  
Since the initial introduction of Harmonic Scalpels to 
thyroid surgery, several prospective and retrospective 
studies have been performed comparing either energy 
devices between them or with the standard clamp-and-
tie technique, mainly evaluating duration of the surgery, 
blood loss, and complications. The present study has two 
particularities; first it tests a newly introduced energy device 
(LigasureTM Exact), and second it additionally considers 
operative difficulty, postoperative pain, and vocal alteration.

Total thyroidectomy is an operation performed 
frequently, with no mortality and low morbidity. Morbidity 
mainly results from postoperative RLN palsy (transitory 
or definite) and hypocalcemia (clinical or nonclinical, 
transitory or definite). Incidence of RLN palsies varies from 
0% to 23%, whereas transient asymptomatic hypocalcemia 
after total thyroidectomy may reach 63% (18). Those 
two complications are valuable to be evaluated for all four 
instruments employed for the present study. Concerning the 
status of the parathyroid function, this study demonstrated 
no difference, concerning both clinical hypocalcemia and 
hypoparathyroidism, for all four instruments. Additionally, 
there were no RLN palsies for all groups, characterizing 
all four instruments equally safe. Moreover, by using a 
VAS to evaluate the patients’ perception of voice alteration 
as previously described (10), we measured no differences 
between the 4 compared groups. This seems very logical 
since all groups had no RLN palsies. However, voice 
alteration score was not null for all groups, suggesting that 
even if we cannot identify by laryngoscopy RLN or superior 
laryngeal nerf (SLN) injury, the patient perceives and 
quantifies voice alteration. This phenomenon is probably 
not due to stretching, compression, or ischemia of the nerve 
(either RLN or SLN) as previously thought (10,19-21), but 

due to other, mainly muscular elements, that contribute the 
phonation and are affected by the operation.

Concerning the hematologic changes induced by 
each instrument, we observed no difference in DHb and 
DWBC. This means that the intraoperative blood loss—
as expressed by changes of the hematocrit—is small and 
thus clinically not significant, with no impact on everyday 
clinical practice. Additionally, we observed that there was 
no difference between the WBC changes in all groups 
postoperatively. Since WBC is a rough but routinely used 
in everyday practice indicator of the acute inflammatory 
response to trauma, by this data one can estimate the 
acute inflammatory response of all four instruments as 
equivalent. However, we have to acknowledge that WBC 
changes provide a rough estimate of the acute inflammatory 
response. It is well known that the cellular events of acute 
inflammation are heralded by the tissue influx of large 
numbers of neutrophils. These cells have a well-established 
potential to injure tissues by a variety of mechanisms (22,23). 
However, it is also clear that acute inflammation has 
evolved as part of the beneficial host response to injury and 
infection that normally resolves with minimal residual tissue 
damage (24). In a previous study, we have demonstrated 
that WBC changes were smaller in total thyroidectomy 
performed by Ultracision than when performed with the 
classic clamp-and-tie technique. Nevertheless, the changes 
of WBC are only a rough marker and might be confounded 
by differences in the neutrophil response between different 
individuals. In addition, differences in white blood cell 
count (or the lack thereof) may be confounded by ongoing 
infection (which is rare in this type of operations).

Another indirect way to evaluate the acute inflammatory 
reaction is patients’ perception of pain. As previously 
described, a VAS was employed to evaluate differences of 
postoperative pain between the various energy devices. 
It is well known from previous studies that postoperative 
pain after total thyroidectomy is low (10). Additionally to 
DWBC, the fact that there was no statistical difference 
between the four instruments as far as pain VAS is 
concerned, let us suggest that all these devices produce an 
acute inflammatory reaction of the same magnitude.

Finally, three additional parameters were used to evaluate 
the operative effectiveness of the four energy devices: (I) 
duration of the operation; (II) intraoperative difficulty; and 
(III) grams of gland removed in the unit of time (minute). 
LigasureTM Exact Dissector seems to have better operative 
effectiveness concerning all these three parameters. Indeed, 
the present study demonstrates that LigasureTM Exact 
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Dissector reduces the operative time by approximately 30 
minutes. This shortening of the duration of the operation 
is probably due to the fact that this device provides a better 
and more precise dissection reducing to absolute minimum 
the use of a separate dissector. According to Medtronic’s 
internal report (as it is mentioned in the official site) 
surgeons say that Ligasure Exact has an enhanced ability 
to work in tight spaces (when compared to Ligasure Small 
Jaw and Focus Harmonic Scalpel) (25). Moreover, Ligasure 
Exact’s tip stays cool even after multiple activations, making 
it almost directly available for reactivation, property 
that is not evident when using Focus or Thunderbeat. 
Additionally, LigasureTM Exact Dissector seems to help 
the surgeon remove a larger amount of thyroid tissue per 
minute of operation. Finally, even in surgical instruments, 
effectiveness it is not always only a matter of speed but 
also a matter of comfort. According to a 5-grade scale that 
we have already used in previous studies (10), when the 
operation is performed with the use of LigasureTM Exact 
Dissector it seems to have a considerably lower operative 
difficulty. When comparing operative effectiveness of 
the other three devices (Focus Ultracision Harmonic 
Scalpel, LigasureTM Small Jaw Open sealer/divider and 
Thunderbeat®), Thunderbeat seems to outperforms the 
other two concerning the duration of surgery. However, 
measuring operative difficulty is not an easy task. Per se 
operative difficulty is not an objective term and may by 
influenced by the case itself (i.e., the size or location of 
the tumor, the presence of thyroiditis, body habitus of the 
patient). Moreover, in our study, intraoperative difficulty 
was evaluated by only one observing physician which may 
be subject to bias.

The use of energy devices thyroidectomy either total 
or not, is a reality for most surgeons. The most commonly 
used are Focus Harmonic Scalpel, LigasureTM Small 
Jaw and Thunderbeat, while recently LigasureTM Exact 
Dissector was introduced to the arsenal of surgeons. 
Compared between them these energy devices seem to be 
equivalent concerning post-operative complications (both 
nerf injuries and post-operative parathyroid dysfunction), 
hemostasis, and acute inflammatory reaction. However, the 
newly introduced LigasureTM Exact Dissector seems to have 
better results when coming to duration of surgery, quantity 
of thyroid tissue removed per minute and intraoperative 
difficulty. Of course, these results need further exploration 
by more studies, but for the time being it seems that the 
new device comes to add something useful into the already 
existing arsenal.
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