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Abstract The objective of the study is to compare the
outcome of total thyroidectomy (TT) using the Harmonic
Focus™ (HF) versus conventional “knot tying” (KT) in
terms of operative time, parathyroid function and post-
operative complications. This prospective study was
designed with a random allocation of subjects using a
drawing technique. Eighty-one consecutive patients were
submitted to TT in 2010 and randomly divided into two
groups: 43 patients operated using HF (HF group) and 38
patients operated using KT (KT group). Parathyroid func-
tion was evaluated by parathyroid hormone (PTH) level at
1 h postoperatively and calcium level at first post-operative
day. Indications for medical therapy were PTH < 15 pg/ml
and/or calcium < 8.0 mg/dl and/or clinical signs or
symptoms of hypocalcemia. Main outcomes were operative
time, PTH and calcium levels, need for medical therapy
and post-operative complications. Mean operative time was
significantly lower in HF group compared with KT group
(100 £ 34 vs. 119 £ 30 min). There were no significant
differences concerning transient hypoparathyroidism
requiring calcium and/or vitamin D therapy: 17 patients
(39.5%) in HF group versus 21 (55.3%) in KT group. Five
patients (11.6%) in HF group experienced symptomatic
hypocalcemia versus 6 (15.8%) in KT group, without sta-
tistically significant difference. No patients experienced
recurrent nerve injury. HF is a new ergonomic, reliable
device developed for thyroid surgery. According to our
results, HF is a safe, time-saving alternative to “knot
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tying” thyroidectomy, with no influence on parathyroid
function, medical therapy and nerve injury.
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Introduction

Since Kocher and Billroth operative technique description,
total thyroidectomy (TT) is nowadays a highly standard-
ized procedure [1, 2]. In everyday surgical practice it is
generally considered a routine operation with a low com-
plication rate and extremely rare mortality, nonetheless it is
technically demanding [3-5].

Basic surgical techniques have not changed for decades,
but over the years innovative devices have been introduced
to reduce operative time, hospitalization and eventually
overall costs.

Many studies published in the literature have already
focused on new haemostatic techniques employing instru-
ments normally used in open and laparoscopic surgery
versus conventional techniques, showing comparable
results with regard to complications and shorter operative
time [6—12]. Several authors have also cited their potential
cost-effectiveness, but these results are still inconsistent
[7,8, 11, 12].

Harmonic Focus™ (HF) is the first device specifically
designed for every procedure where meticulous dissection
and effective haemostasis is of paramount importance,
particularly in such a narrow operating field as in head and
neck surgery.

Our goal was to determine the safety and feasibility of
this new device applied in thyroid surgery compared to
standard knot-tying (KT) procedure.
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We designed a prospective randomized protocol to
assess differences between two groups of patients submit-
ted to total thyroidectomy (HF group vs. KT group) in
terms of operative time and early post-operative
complications.

Materials and methods

In 2010, eighty-one consecutive patients with benign or
malignant thyroid disease, scheduled for total thyroidec-
tomy in our Department of Surgery at Tor Vergata Uni-
versity Hospital, were prospectively included in the study.
They were randomly divided into two groups, using a
drawing technique: 43 patients (HF group) operated with
the new device; 38 patients (KT group) with the conven-
tional surgical technique (Table 1).

All patients were extensively informed about the sur-
gical procedure and possible complications, giving their
written consent preoperatively.

Exclusion criteria included the need for central and/or
lateral compartment lymphadenectomy and concomitant
parathyroid disorders.

All thyroidectomies were performed by an experienced
endocrine surgeon, with a total bilateral extracapsular
lobectomy. In the KT group the superior, middle and
inferior thyroid vessels, together with other vascularized
structures, were divided after being tied with conventional
absorbable sutures (polyglactin 2/0 or 3/0). In the HF group
division of vessels and structures was obtained using only
the Harmonc Focus™ (Ethicon EndoSurgery, Cincinnati,
OH, USA).

Further surgical steps were similar for KT and HF
groups. Monopolar and bipolar electrocautery were used as
accessory instruments. Recurrent laryngeal nerves and
parathyroid glands were always identified. A suction drain
for each thyroid side was placed after surgical procedure
and removed on the first post-operative day.

Parathyroid function was evaluated by measuring para-
thyroid hormone (PTH) serum level at 1 h postoperatively

Table 1 Patients’ demographics and preoperative diagnosis

HF KT p value
(n = 43) (n = 38)
Age (years) (mean £ SD) 49 + 13 48 £ 15 ns
Gender, n (%) ns
Male 9 (20.9) 4 (10.5)
Female 34 (79.1) 34 (89.5)
Thyroid malignancies, n (%) 28 (65.1) 27 (71.1) ns
Thyroid volume, mL 477+ 148 423+ 172 ns

(mean &+ SD)
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and calcium serum level at first post-operative day in all
patients. Indications for post-operative medical therapy
with oral calcium and vitamin D (calcitriol) were
PTH < 15 pg/ml and/or calcium < 8.0 mg/dl and/or clin-
ical signs or symptoms of hypocalcemia. Patients with
hypo-PTH or hypocalcemia received supplementation
therapy even if asymptomatic.

Primary end-points were: operative time (from skin
incision to skin closure), PTH and calcium levels and early
post-operative complications. Secondary end-points were
need for medical therapy and length of hospital stay.

Statistical analysis was performed using Student’s 7 test
for continuous variables and Fisher exact test for categor-
ical variables. The results were expressed as mean £ SD if
not stated otherwise. All tests were double-sided and the
level of statistical significance was set at a p value of less
than 0.05.

Results

The two groups were well matched for gender, age,
pathology and thyroid volume (Table 1). Fifty-five patients
had thyroid cancer: 28 (65.1%) in HF group versus 27
(71.1%) in KT group. Twenty-six patients had benign
diseases: 15 (34.9%) in HF group versus 11 (28.9%) in KT
group (Table 1).

Mean operative time was significantly lower in HF
group compared with KT group (100 £ 34 vs. 119 £+ 30
min, respectively; p = 0.01).

In HF group mean PTH level at 1 h postoperatively was
32.9 £ 21.2 pg/ml; mean calcium level at first post-oper-
ative day was 8.36 & 0.54 mg/dl. In KT group mean val-
ues were 30.22 4+ 22.31 pg/ml and 8.12 &+ 0.56 mg/dl,
respectively. This difference was not statistically signifi-
cant. There were no significant differences between the two
groups concerning transient hypoparathyroidism requiring
calcium and/or vitamin D therapy: 17 patients (39.5%) in
HF group versus 21 (55.3%) in KT group; p > 0.05. Five
patients (11.6%) in HF group experienced symptomatic
hypocalcemia versus six patients (15.8%) in KT group,
without statistically significant difference (p > 0.05)
(Table 2). One patient in KT group suffered from a pro-
longed symptomatic hypocalcemia which increased hos-
pital stay.

There were no intra-operative complications for both
groups. One post-operative bleeding requiring reoperation
was observed in KT group; a single patient in HF group
experienced wound haematoma treated conservatively with
medical therapy. One slight transient unilateral hypomotility
of the vocal cords was documented by indirect laryngoscopy
in KT group; no patients experienced permanent recurrent
nerve injury (Table 2).
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operative and postopertive HF KT p value
results Operative time (min) (mean + SD) 100 + 34 119 + 30 0.01
PTH 1 h p.o. (pg/ml) (mean £+ SD) 329 + 21.2 30.22 + 22.31 ns
Calcium, I p.o. day (mg/dl) (mean + SD) 8.36 £ 0.54 8.12 £ 0.56 ns
P.o. medical therapy, n (%) 17 (39.5) 21 (55.3) ns
Symptomatic hypocalcemia, n (%) 5(11.6) 6 (15.8) ns
P.o. haemorrhage (re-operation), n (%) 0 1(2.6) ns
Nerve injuries, n 0 0 -
Hospital stay, days (mean = SD) 28 £ 1 29+2 ns

Mean post-operative hospital stay was similar in both
study groups (2.8 days in HF vs. 2.9 days in KT; p > 0.05)
(Table 2).

Discussion

Thyroidectomy is one of the most frequently performed
procedures in general surgery. It consists in devasculari-
zation of both lobes from thyroid vessels, followed by
extracapsular excision of the gland. Results and patient
outcomes are generally excellent; morbidity rate is very
low and mortality is rare [3-5].

The thyroid is a highly vascularized organ, and therefore
it is of primary importance to achieve good haemostasis to
avoid post-operative haemorrhage which potentially causes
patient’s asphyxia and death [4, 13, 14]. Moreover, a
meticulous dissection and a safe anatomical exposure are
fundamental to avoid damage to important adjacent struc-
tures, such as the inferior laryngeal nerve and the para-
thyroid glands [4, 5, 14].

The most common complications are recurrent nerve
palsy, which varies from 0 to 23%, and post-operative
hypoparathyroidism, which may reach 63% in terms of
transient asymptomatic hypocalcemia following total thy-
roidectomy [15].

Since the development of a standardization of thyroid-
ectomy, the basic surgical techniques have changed a little.
Traditional surgery involves hand-tied ligatures to control
the two ends of a vascular structure before division; this
procedure is safe in terms of complications, but requires a
large number of surgical ligatures and therefore is time-
consuming [16].

Other common devices available for thyroid surgery are
mono or bipolar diathermy, which use electric energy
applied directly to the soft tissue, and metal clips.

However, electrosurgical instruments, especially mono-
polar diathermy, are unsafe in thyroid surgery because of the
risk of damaging the surrounding structures from lateral
thermal spread, which can reach 400°C; bipolar diathermy is
useful near recurrent nerves, but less versatile in other

surgical steps [17, 18]. Instead clips have no enough efficacy
for thin vessels and are subjected to dislodgment [13]. In
other terms, none of them is fully applicable in thyroid
surgery.

During the last decades many devices have been intro-
duced into clinical practice aiming to facilitate surgical
procedures, and ultrasonically activated shears are an
example. These instruments employ mechanical energy for
simultaneous coagulation and tissue cutting. The active
blade vibrates at 55.5 kHz, dividing tissue by breaking
down hydrogen bonds and denaturing proteins at temper-
atures ranging from to 50 to 100°C, causing less injury to
the surrounding tissue than either electrosurgical devices
[19, 20].

Today the Harmonic Scalpel (HS) is widely used in
several fields of surgery [21-23], in laparoscopic and open
technique [24, 25]; it has proven to be a safe and useful
device in neck surgery [11, 26], but some surgeon consider
this tool to be cumbersome for fine dissection.

The HF is a new device characterized by lesser weight
and smaller size compared to previous shears; the thin and
curved tip, associated to the ergonomic shape and conse-
quent handiness, guarantees precise and safe dissection,
very useful for thyroid surgery.

In our study, the use of the HF was associated to a
statistically significant reduction in operative time, with a
mean advantage of 20 min for each surgical procedure,
according to other recent series [27].

Haemostasis with HF is quick and effective, and we did
not observe any post-operative haemorrhage in HF group.

Primary end-points of this study included the potential
impairment of recurrent laryngeal nerves and parathyroid
glands. In the literature there are several articles which
evaluated these aspects, with conflicting results [9-11, 28,
29]; although most of them reported similar incidence of
such complications using ultrasonic dissector compared to
knot tying (KT) surgery, an increased rate is described by
some authors in the new technology groups. Marchesi et al.
[29] showed an increased risk for transient paresis associ-
ated with the HS compared to standard surgery. Sartori
et al. [9] noticed a significant greater incidence in
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hypoparathyroidism in the HS group; moreover, they had
also a significantly lower calcemia than the conventional
technique. Prgomet et al. [28] showed similar results in
their series.

Regarding recurrent laryngeal nerves, we did not
observe any temporary or permanent injury in HF group,
whereas we had one single case of slight transient unilat-
eral hypomotility of vocal cord in KT group. To minimize
this risk, we use to irrigate the surgical field with physio-
logic saline solution during coagulation near the nervous
structures, reducing in this way the local temperature and
consequently potential thermal damages.

In our series there were no statistical significant differ-
ences about PTH levels 1 h postoperatively and calcium
level at first post-operative day between HF and KT
groups, which were considered as effective parameters to
evaluate glandular preservation by scientific community
[30-32].

According with other studies, the post-operative hospital
stay was not influenced by surgical technique in our series
[8, 11]; the mean length of stay for patients of HF group
was similar, without statistical differences, to those of KT
group.

Globally considering the potential complications of total
thyroidectomy, our results show that the HF is a reliable
and safe device, without increased incidence of injuries or
haemorrhage compared to knot tying technique.

One of the main criticisms to the use of the HF is the
excessive cost of this device. However, several studies
showed that when overall surgery and hospital stay charges
were take into account, it was possible to regain the
overcharge of the ultrasonic dissector [7, 8, 12]. The
reduction of operative times might allow to reduce oper-
ating room occupancy costs. Lombardi et al. [12] suggested
a better utilization of health resources and a potential sig-
nificant reduction of the waiting list using the ultrasonic
dissector during thyroidectomy.

In this study we did not evaluate systematically the
global costs for this kind of surgery, due to objective dif-
ficulties in data collection; anyway, making a global
appraisal of health charges, we could confirm cost-effec-
tiveness of the HF in thyroid surgery. However, future
systematic analysis of fixed and variable costs is needed to
provide accurate data on total charge for National Health
System.

Conclusions
According to our results, the HF is a reliable, comfortable
and safe instrument alternative to knot tying technique,

very suitable hand-piece for total thyroidectomy. It creates
a clean, bloodless surgical field, and there is an advantage
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for the surgeon to use a single tool for both dissection and
haemostasis.

Moreover, the HF is a time-saving option, allowing for a
significant reduction of operative time, without affecting
parathyroid function, need for medical therapy, recurrent
nerve injury and haemostasis in the early post-operative
period.
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