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Background
Total thyroidectomy forcontrolled toxicgoiter isusuallyassociatedwithmorebleeding
because of high vascularity of the toxic gland. Several new instruments were
developed as hemostatic tools (harmonic scalpel; LigaSure) during total
thyroidectomy as an alternative to conventional hemostatic methods. This study
aimed to compare the use of Harmonic Focus Scalpel to conventional hemostatic
technique (classic suture ligation with standard bipolar diathermy forceps) in patients
with controlled toxic goiter undergoing total thyroidectomy regarding operative time,
intraoperative complications, postoperative complications, postoperative hospital
stay, and return to normal daily activities.
Patients and methods
The present study included 50 patients with a diagnosis of controlled toxic goiter who
underwent total thyroidectomyat theDepartmentofSurgery,MedicalResearchInstitute
Hospital, Alexandria University. Candidates were randomized into two groups: group A,
in which patients underwent total thyroidectomy using Harmonic Focus Scalpel, and
groupB, inwhichpatientsunderwent total thyroidectomyusingclassicsuture ligationand
standard reusable bipolar diathermy.
Results
There was no significant difference between both groups regarding preoperative data
(age,sex,comorbidities,andtypeof thyrotoxicosis).Theoperative timewassignificantly
shorter in group A patients compared with group B patients (P<0.001). Both groups
were comparable to each other with regard to intraoperative blood loss, postoperative
transient and permanent vocal cord paresis, transient and permanent hypocalcemia,
postoperative hematomas andbleeding requiring surgery, hospital stay, timing of drain
removal, and return to normal daily activities.
Conclusion
Harmonic Focus Scalpel can be used safely and effectively as a hemostatic tool
instead of conventional hemostatic techniques in total thyroidectomy for controlled
toxic goiter.
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Introduction
Total thyroidectomy is the most commonly performed
operation in the field of endocrine gland surgery. It is the
optimum treatment for many thyroid disorders [1,2].
Thyroidectomy in thyrotoxic patients has a special
difficulty because of high vascularity of the thyroid
gland with an increased risk of intraoperative and
postoperative bleeding [3,4]. During thyroid surgery,
traditional hemostasis is performed through suture
ligation with clamp-and-tie technique with or without
electrocoagulation. Clamp-and-tie technique is time-
consuming; moreover, slippage of ligature may occur.
Electrocoagulation is associated with heat dispersion
and increased risk of injury to important nearby
structures [5,6]. The introduction of harmonic scalpel
(HS) in the early 1990s was a great technical advance [7].
It coagulates and cuts vessels and tissues at the same time
without the need for classic suture ligation [8]. The
mechanism of action depends on the use of ultrasound
Wolters Kluwer - Medknow
vibration of a blade at 55Hz over a distance of 80μm.
In the present study, we compared the use of
Harmonic Focus Scalpel with conventional hemostatic
technique (classic suture ligation with standard
bipolar diathermy forceps) in total thyroidectomy for
patients with controlled toxic goiter regarding operative
time, intraoperative complications, postoperative
complications, postoperative hospital stay, and return
to normal daily activities.
Study design
This was a prospective randomized controlled study. The
present study included 50 patients with a diagnosis of
controlled toxicgoiterwhounderwent total thyroidectomy
DOI: 10.4103/1110-1121.199893

mailto:ahmed_shaban77735@yahoo.com


Sutureless thyroidectomy for controlled toxic goiter Shaaban and Ramadan 63
at theDepartment of Surgery,Medical Research Institute
Hospital, AlexandriaUniversity. Patients were considered
eligible for the study after thorough history taking, clinical
examination, laboratory investigations (routine tests,
thyroid function tests, and plasma calcium level) and
radiologic evaluation (neck ultrasonography). All pa-
tients received antithyroid drugs, and were euthyroid
and normocalcemic before surgery. Preoperative indirect
laryngoscopy was performed for each patient in the study
before surgery for assessment of vocal cord mobility.
Patients were divided into two groups: group A (25
patients who underwent total thyroidectomy using
Harmonic Focus Scalpel) and group B (25 patients who
underwent total thyroidectomyusingclassic suture ligation
and standard reusable bipolar diathermy for hemostasis).
Patients with recurrent toxic goiter, preoperative
hypocalcemia, vocal cord disorders, and those with
uncontrolled thyrotoxicosis were excluded from the
study.
Ethics
Allpatients signedaninformedconsentbefore inclusion in
the study. This consent was approved by our institution’s
ethics committee and included thorough information
about the surgery and the possible complications.
Endpoints
Primary endpoints

The primary end points were postoperative bleeding,
permanent recurrent laryngeal nerve injury permanent
hypocalcemia in the two groups of patients.
Secondary endpoints

Secondary endpoints included (i) operative and post-
operative parameters (operative time, intraoperative
blood loss, and postoperative complications), (ii)
duration of hospital stay, (iii) and timing of return to
normal daily activities.
Randomization method
Eligible candidates were randomized into two groups:
group A (underwent total thyroidectomy using
Harmonic Focus Scalpel) and group B (underwent
total thyroidectomy using classic suturing and
standard reusable bipolar diathermy). Randomization
was done using computer-generated random numbers
contained in sealed opaque envelopes. Randomization
was performed during preoperative assessment (10 days
before surgery).
Surgical techniques
All patients underwent total thyroidectomy under
general anesthesia with endotracheal intubation. All
patients were placed in supine position with neck
extension. Neck extension was optimized through
placement of a pillow behind the shoulders and a head
ring for head support. A standard Kocher’s incision,
5–8 cm in length, was used. Subplatysmal flaps were
developedwith separationof strapmuscles in themidline
usingmonopolar diathermy to expose the thyroid gland.
In group A, Ultracision Harmonic Focus Scalpel
(Ethicon EndoSurgery, Cincinnati, Ohio, USA) was
used for simultaneous coagulation and cutting. In the
present study, power level 2 was used when dividing
larger vessels such as superior, inferior thyroid arteries
and veins, whereas level 5 was used with smaller vessels
such as capsular veins. No sutures were used in this
group of patients. Superior thyroid vessels were
divided in branches close to the gland to avoid
damage to the external laryngeal nerve. In group B,
hemostasis was performed using suture ligation with
Vicryl 3/0 (polyglactin 910 suture, violet braided;
Ethicon EndoSurgery) and reusable standard bipolar
diathermy forceps with tips 1mm in diameter, using
the Force FX Electrosurgical Generator (Valleylab,
Boulder, Colorado, USA) at a power setting of 10W.
Large vessels such as superior thyroid vessels, inferior
thyroid vessels, and middle thyroid veins were ligated
with Vicryl 3/0 (Ethicon EndoSurgery) and cut. All
other vessels were cauterized using bipolar diathermy.
Structures were lifted away from laryngeal nerves by
spreading arteries underneath before cauterization to
limit heat transmission to nerves; this technique was
also used before the use of HS in group A patients.
Closed negative suction drains [PRI-LOW-VAC (two
XDrain/one xTrocar), 500ml, number 12; Primed,
Halberstadt, Medizintechnik, Germany] were used
routinely for all patients in the study (only one limb of
the drain was used), strap muscles were approximated
using Vicryl 3/0 (Ethicon EndoSurgery) and platysma
muscle was repaired using Vicryl 3/0. The skin was
closed with subcuticular sutures using Monocryl 4/0
(poliglecaprone 25 suture, undyed monofilament;
Ethicon EndoSurgery).
Postoperative course
Operative data of each patient were recorded with
stressing upon operative time, intraoperative blood
loss and intraoperative complications. The used
gauzes were weighted before and after use to
estimate the amount of intraoperative blood loss
(1 g was considered to be equal to 1ml of blood).
Furthermore, if suction was used, the amount of
suctioned blood was also recorded. Postoperative
data recording included assessment of postoperative
complications, time of drain removal, hospital stay,
and time of return to normal daily activities. All
patients underwent vocal cord examination using
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indirect laryngoscopy on the night of the same
operative day. Follow-up of patients with vocal cord
injury was performed every month for detection of
return of vocal cord mobility. Persistence of vocal cord
injury for more than 6 months was defined as
permanent vocal cord injury [9]. In the current
study, calcium infusion was given routinely in the
first postoperative day followed by prophylactic
oral calcium plus vitamin D for 2 weeks [10–12].
Postoperative serum calcium was measured only if the
patient developed hypocalcemic symptoms. Patients
with hypocalcemia were followed up with serum
calcium monthly for 6 months for possibility of
return of normal serum calcium level after which the
patientwas considered tohavepermanenthypocalcemia.
Hypocalcemia was defined as serum calcium less than
8.5mg/dl (lower limit of our institutional reference
range) [13] with development of hypocalcemic
symptoms [14–16]. Permanent hypocalcemia was
defined as persistence of hypocalcemia with need for
calcium sup plementation lasting for 6 months or more
[13]. Bleeding and hematomas were detected clinically.
Drains were removed when the amount of discharge is
15ml or less and the color is mainly serous, and patients
were discharged from the hospital after removal of their
drains.
Follow-up
All patients were followed up at 7 days, 1 month, and 6
months after the operation at the outpatient clinic for
assessment of complications and return to normal daily
activities. Patients with hypocalcemia or vocal cord
dysfunction were followed up every month for better
assessment.
Table 1 Preoperative assessment of both groups

Group A (n=25) Gro

Age (years)

Minimum–maximum 21–57

Mean±SD 39.6±10.8

Sex

Male 3 (12)

Female 22 (88)

Type of thyrotoxicosis

Graves’ disease 15 (60)

Toxic multinodular goiter 8 (32)

Solitary toxic goiter 2 (8)

Normocalcemia 25 (100)

Euthyroid 25 (100)

Comorbidities

Hypertension 3 (12)

DM 3 (12)

Cardiac 1 (4)

Qualitative data were described as n (%) and was compared using χ2, M
were expressed as mean±SD and compared using Student’s t-test. DM
Results
There was no significant difference between both groups
regarding preoperative data, as shown in Table 1. The
operative time was significantly shorter in group A
patients compared with group B patients, as shown in
Table 2 (P<0.001). No statistically significant difference
was found between both groups regarding intraoperative
blood loss, number of identified parathyroid glands, and
weight of thyroid glands, as shown inTable 2.Therewere
no intraoperativemajor vascular (carotid artery or internal
jugular vein) or visceral injury (esophagus and trachea) in
either group.Therewas no significant difference between
both groups regarding postoperative complications
(transient and permanent vocal cord paresis, transient
and permanent hypocalcemia, and postoperative
hematomas), timing of drain removal, postoperative
hospital stay, and return to normal daily activities, as
shown in Table 3. In group A, two (8%) patients
developed postoperative hematomas, which were mild
and resolved with conservative treatment [hot
fomentation, Extrauma Forte Gel (topical r-hirudin
420 IU) and oral antibiotic]. In group B, postoperative
hematomas occurred in three (12%) patients: two (8%)
patients developedmild hematomas after removal of their
drains and were managed conservatively and one (4%)
patient presented with suffocation, cyanosis, and large
hematoma about 6 h after operation; this patient was
reoperated urgently for control of bleeding and to
secure the patent airway − the source of bleeding was
slippage of ligature from the anterior branch of the
superior thyroid artery. Figure 1 shows Harmonic
Focus Scalpel shear and its use in total thyroidectomy
for a patient with controlled multinodular toxic goiter in
the present study.
up B (n=25) Test of significance P

25–55 t=0.205 0.839

39±11.3

4 (16) χ2=0.166 FEP=1.000

21 (84)

15 (60) χ2=0.162 MCP=1.000

8 (32)

2 (8)

25 (100) – –

25 (100) – –

4 (16) χ2=0.166 FEP=1.000

2 (8) χ2=0.222 FEP=1.000

0 (0) χ2=1.020 FEP=1.000

onte–Carlo, or Fisher’s exact test. Normally quantitative data
, diabetes mellitus; FE, Fisher’s exact test.



Table 2 Operative data of both groups

Group A (n=25) Group B (n=25) Test of significance P

Operative time (min)

Minimum–maximum 60–120 45–140 t=3.797* <0.001*

Mean±SD 76.9±15.1 97.3±22.1

Operative bleeding (ml)

Median (minimum–maximum) 90 (40–220) 80 (40–250) Z=0.146 0.884

Mean±SD 103.1±52.3 102.3±54.6

Number of identified parathyroid glands

Median (minimum–maximum) 3 (2–5) 4 (2–5) Z=0.609 0.543

Mean±SD 3.4±0.9 3.5±0.8

Weight of thyroid glands (g)

Median (minimum–maximum) 60 (20–120) 50 (20–120) Z=0.243 0.808

Mean±SD 61.6±26.9 60.4±29.5

Normally quantitative data were expressed as mean±SD and compared using Student’s t-test, whereas abnormally distributed data were
expressed using median (minimum–maximum) and were compared using Mann–Whitney test. *Statistically significant at P≤0.05.

Table 3 Postoperative data of both groups

Group A (n=25) Group B (n=25) Test of significance P

Postoperative complications

Recurrent laryngeal nerve injury

Transient 1 (4) 1 (4) χ2=0.000 FEP=1.000

Permanent 1 (4) 0 (0) χ2=1.020 FEP=1.000

Hypocalcemia

Transient 4 (16) 3 (12) χ2=0.166 FEP=1.000

Permanent 1 (4) 1 (4) χ2=0.000 FEP=1.000

Hematoma 2 (8) 3 (12) χ2=0.222 FEP=1.000

Drain removal (h)

Median (minimum–maximum) 48 (24–72) 48 (24–72) Z=0.951 0.342

Mean±SD 42.3±14.3 38.4±13.9

Hospital stay (days)

Median (minimum–maximum) 2 (1–3) 2 (1–3) Z=0.951 0.342

Mean±SD 1.8±0.60 1.6±0.6

Return to normal daily activities (days)

Median (minimum–maximum) 10 (7–21) 9 (7–21) Z=1.326 0.185

Mean±SD 11.4±3.7 10.6±3.9

Qualitative data were described as n (%) and were compared using χ2 or Fisher’s exact test. Abnormally distributed data were expressed
using median (minimum–maximum) and were compared using Mann–Whitney test. FE, Fisher’s exact test.

Figure 1

A 45-year-old female patient with controlled multinodular toxic goiter
during total thyroidectomy using Harmonic Focus Scalpel.
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Discussion
In the present study, the use of Harmonic Focus
Scalpel significantly reduced operative time
compared with conventional hemostatic tools
(P<0.001), which was also reported by Hallgrimsson
et al. [17]. In the study by Hallgrimsson et al. [17], all
patients had a diagnosis of Graves’ disease, were
euthyroid before surgery and underwent total
thyroidectomy. This study included 27 patients in
the HS group and 24 patients in the conventional
group. The two groups were comparable to each
other regarding recorded preoperative variables. The
operating time was shorter in the HS group (median:
121min; range: 84–213min) compared with the
conventional group (median: 172min; range:
66–268min; P=0.011). Contin et al. [18], in a
meta-analysis of 35 studies, discovered that
operating time for thyroidectomy using harmonic
devices was significantly shorter compared with
conventional techniques. Significant faster operative
time with the use of HS was also confirmed by
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others [19,20]. Faster operative time with the use of
Harmonic Focus Scalpel is expected, as it can be used for
dissection, coagulation, and cutting so that it decreases
the use, change of surgical instruments, and saves time of
suturing, clipping, and cutting as in conventional
thyroidectomy. In the present study, there was no
significant difference between both groups regarding
intraoperative blood loss. The same results were
recorded by Hallgrimsson et al. [17] in their study as
they found no difference in operative bleeding between
both groups; blood loss in theHS group ranged between
16 and 279ml, with a median of 69ml, whereas in
conventional thyroidectomy it ranged between 20 and
290ml, with a median of 79ml (P=0.42). Cheng et al.
[21] conducted a meta-analysis of 14 randomized
controlled studies comparing Harmonic Focus
Scalpel with conventional hemostatic techniques in
thyroidectomy; intraoperative blood loss was reported
in six studies [22–27],mean intraoperativeblood losswas
75.34ml in the conventional technique compared with
29.84ml in the Harmonic Focus Scalpel technique and
mean intraoperative blood loss was statistically
significantly reduced by 45.54ml, a 60.4% decrease
with the use of Harmonic Focus Scalpel compared
with conventional hemostatic techniques in total
thyroidectomy. Results of this meta-analysis were
different from our results, and the mean intraoperative
blood loss was significantly less regarding both HS and
conventional hemostatic groups.Our explanation is that
meta-analysis includeddifferent types of goiters (benign,
malignant, toxic) and the percentage of toxic goiters is
not declared in the study. It is well known that toxic
thyroid is more vascular than the nontoxic gland, and
thyroidectomy for toxic goiter is associated with more
bleeding; moreover, this meta-analysis did not declare
whether completely sutureless technique was used in the
HS group or not, as hemostatic techniques using HS
differ from one author to another. Some authors use
ligatures or clips close to recurrent laryngeal nerve and
parathyroid glands, and others use ligatures for ligation
of upper pole and others use HS as the sole hemostatic
tool without any ligatures or clips (completely sutureless
technique). In our opinion, to avoid any bias the
population of the study has to be homogeneous, and
the technique of hemostasis and the indication for
thyroidectomy have to be standardized. In the present
study, there was no significant difference between both
groups regarding transient and permanent vocal cord
paresis. The same results were reported by other several
studies [22–33]. The use of HS close to recurrent
laryngeal nerve had been evaluated by several studies,
which reported that the effect of harmonic use on the
nerve is similar to theuseof scalpelwhenusedup to2mm
away fromthenerve [34].Other studies reported that the
use of HS was associated with an increased risk
of transient vocal cord paresis compared with
conventional techniques [17,35], but no difference
regarding permanent vocal cord paresis was reported.
This may be attributed to the lack of experience
and familiarity of operating surgeons with the use of
HS or improper dissection of recurrent laryngeal nerves.
In the current study, there was no significant difference
between both groups regarding transient and permanent
hypocalcemia. Several authors [26,29,31–33] reported a
lower rate of transient hypocalcemia associated with the
use ofHS compared with conventional techniques, with
no significant difference between both groups regarding
permanent hypocalcemia. Lower rate of transient
hypocalcemia in these studies may be attributed to
more shorter operative time, as hypocalcemia does not
only result from unintended damage to the parathyroid
glands or their blood supply but also as a systemic
response to longer and more involved surgical
procedures. Results of the present study regarding
transient hypocalcemia were reported by other studies
[20,22,24,27,30]. Hallgrimsson et al. [17] in their study
reported a higher rate of transient hypocalcemia in the
HS group compared with the conventional group, with
no difference between both groups regarding persistent
hypocalcemia. In our opinion, different results from one
study to another regarding transient hypocalcemia
may be attributed to experience of the surgeon and
familiarity with the use of HS; moreover, the majority
of the studies comparing HS with conventional
hemostatic techniques in total thyroidectomy include
a heterogeneous group of patients with different
indications for total thyroidectomy, which may
influence ease of the procedure, extent of surgical
dissection, manipulations, and therefore influence
transient hypocalcemia; moreover, certain thyroid
pathologies such as toxic goiters may be associated
with a higher incidence of hypocalcemia because of
development of bone hunger syndrome [36–38].
Conventional hemostatic techniques used in different
studies close to parathyroid glands vary greatly to include
clamp-and-tie technique and electrocauterization
(either bipolar or monopolar diathermy), and others
use vascular clips; we believe that this difference may
influence the incidence of transient hypocalcemia,
as electrocauterization may be associated with heat
transmission to parathyroid glands if not used
cautiously. In the present study, there was no
significant difference between both groups regarding
incidence of postoperative hematomas or bleeding
requiring surgery. The same results were reported by
several studies [20,22,26,29–31,33]. In the current
study, both groups were comparable to each other
regarding postoperative hospital stay; the same results
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were reported by other studies [20,23]. Several
authors [24–26,32] reported a significant reduction in
the length of postoperative hospital stay in the
HS group compared with the conventional hemostatic
technique group. These different results regarding
postoperative hospital staymay be attributed to different
results regarding overall operative and postoperative
complications from one author to another.
Conclusion and recommendations
Meticulous hemostasis and proper dissection during
total thyroidectomy is of utmost significance so as to
avoid injury to important nearby structures and thus
decrease morbidity of the procedure. Harmonic Focus
Scalpel can be used safely and effectively as a
hemostatic tool instead of conventional hemostatic
techniques in total thyroidectomy for controlled
toxic goiter with a significant reduction in operating
time and without increase in overall operative and
postoperative complications. Further studies with a
larger number of patients are required to study the
use of HS in patients with controlled toxic goiter and to
calculate overall costs of the procedures when
performed with HS.
Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.
References
1 Agarwal G, Aggarwal V. Is total thyroidectomy the surgical procedure of

choice for benign multinodular goiter? An evidence-based review. World J
Surg 2008; 32:1313–1324.

2 Ciuni R, Biondi A, Giunta MD, Basile F, Ciuni S. Total thyroidectomy versus
subtotal thyroidectomy for plurinodular goiter. Analysis 1.517 cases. Ann
Ital Chir 2010; 81:9–12.

3 Ansaldo GL, Pretolesi F, Varaldo E, Meola C, MinutoM, Borgonovo G, et al.
Doppler evaluation of intrathyroid arterial resistances during preoperative
treatment with Lugol’s iodide solution in patients with diffuse toxic goiter. J
Am Coll Surg 2000; 191:607–612.

4 Abbas G, Dubner S, Heller KS. Re-operation for bleeding after
thyroidectomy and parathyroidectomy. Head Neck 2001; 23:544–546.

5 Cannizzaro MA, Fiocco S, Piazza L, De Maria A, Liardo G, Troiano L, et al.
The superior laryngeal nerve: an anatomical structure at risk during thyroid
surgery [in Italian]. Minerva Chir 1991; 46:435–439.

6 Manouras A, Markogiannakis H, Koutras AS, Antonakis PT, Drimousis P,
Lagoudianakis EE, et al. Thyroid surgery: comparison between the
electrothermal bipolar vessel sealing system, harmonic scalpel, and
classic suture ligation. Am J Surg 2008; 195:48–52.

7 Laycock WS, Trus TL, Hunter JG. New technology for the division of short
gastric vessels during laparoscopic Nissen fundoplication. A prospective
randomized trial. Surg Endosc 1996; 10:71–73.

8 Amaral JF. The experimental development of an ultrasonically activated
scalpel for laparoscopic use. Surg Laparosc Endosc 1994; 4:92–99.

9 Müller AH, Förster G. Reinnervation and neurostimulation of the larynx.
HNO 2013; 61:102–107.

10 Roh JL, Park C. Routine calcium and vitamin D supplements for prevention
of hypocalcemia after total thyroidectomy. Am J Surg 2006; 192:675–678.
11 Bellantone R, Lombardi CP, Raffaelli M, Boscherini M, Alesina PF, De Crea
C, et al. Is routine supplementation therapy (calcium and vitamin D) useful
after total thyroidectomy? Surgery 2002; 132:1109–1112.

12 AbboudB,SleilatyG,ZeineddineS,BraidyC,AouadR,TohmeC,etal. Is therapy
with calcium and vitamin D and parathyroid autotransplantation useful in total
thyroidectomy for preventing hypocalcemia? Head Neck 2008; 30:1148–1154.

13 Serpell JW, Phan D. Safety of total thyroidectomy. ANZ J Surg 2007;
77:15–19.

14 Thomusch O, Machens A, Sekulla C, Ukkat J, Lippert H, Gastinger I, Dralle
H. Multivariate analysis of risk factors for postoperative complications in
benign goiter surgery: prospective multicenter study in Germany. World J
Surg 2000; 24:1335–1341.

15 PrimMP, de Diego JI, Hardisson D, Madero R, Gavilan J. Factors related to
nerve injury and hypocalcaemia in thyroid gland surgery. Otolaryngol Head
Neck Surg 2001; 124:111–114.

16 Rix TE, Sinha P. Inadvertent parathyroid excision during thyroid surgery.
Surgeon 2006; 4:339–342.

17 Hallgrimsson P, Lovén L, Westerdahl J, Berge felz A. Use of the harmonic
scalpel versus conventional hemostatic techniques in patients with Grave
disease undergoing total thyroidectomy: a prospective randomized
controlled trial. Langenbecks Arch Surg 2008; 393:675–680.

18 Contin P, Goossen K, Grummich K, Jensen K, Schmitz-Winnenthal H,
Buchler MW, et al. ENERgized vessel sealing systems versus conventional
hemostasis techniques in thyroid surgery –the ENERCONsystematic review
and network meta-analysis. Langenbecks Arch Surg 2013; 398:1039–1056.

19 Sartori PV, De Fina S, Colombo G, Pugliese F, Romano F, Cesana G, et al.
Ligasure versus Ultracision in thyroid surgery: a prospective randomized
study. Langenbecks Arch Surg 2008; 393:655–658.

20 Di Renzo RM, Bove A, Bongarzoni G, Palone G, Corradetti L, Corbellini L.
Comparison of conventional technique, Ligasure Precise and Harmonic
Focus in total thyroidectomy [in Italian]. G Chir 2010; 31:296–298.

21 Cheng H, Soleas I, Ferko NC, Clymer JW, Amaral JF. A systematic review
and meta-analysis of Harmonic Focus in thyroidectomy compared to
conventional techniques. Thyroid Res 2015; 8:15.

22 Pons Y, Gauthier J, Ukkola-Pons E, Clement P, Roguet E, Poncet JL, et al.
Comparison of Ligasure vessel sealing system, harmonic scalpel,
conventional hemostasis in total thyroidectomy. Otolaryngol Head Neck
Surg 2009; 141:496–501.

23 Konturek A, Barczynski M, StopaM, NowakW. Total thyroidectomy for non-
toxic multinodular goiter with versus without the use of harmonic FOCUS
dissecting shears − a prospective randomized study. Wideochir Inne Tech
Maloinwazyjne 2012; 7:268–274.

24 Cannizzaro MA, Bianco SL, Borzi L, Cavallaro A, Buffone A. The use of
FOCUS Harmonic scalpel compared to conventional hemostasis (knot
and tie ligation) for thyroid surgery: a prospective randomized study.
Springerplus 2014; 3:639.

25 Soroush A, Pourbakhtyaran E, Allame S, Zamani MM, Etemadi M, Nasiri S.
Harmonic scalpel is more secure than conventional methods in total
thyroidectomy: a randomized clinical trial. J Minim Invasive Surg Sci
2013; 2:23–27.

26 Askar W, Roshdy H, El Nakeeb A, Moatamed A, El Lithy R, Hayes S. The
use of harmonic scalpel versus knot tying for total-thyroidectomy. A
prospective randomized study. Egypt J Surg 2011; 30:48–54.

27 Mourad M, Rulli F, Robert A, Scholtes JL, De Meyer M, De Pauw L.
Randomized clinical trial on Harmonic Focus shears versus clamp-and-
tie technique for total thyroidectomy. Am J Surg 2011; 202:168–174.

28 Miccoli P, Materazzi G, Miccoli M, Frustaci G, Fosso A, Berti P. Evaluation
of a new ultrasonic device in thyroid surgery: comparative randomized
study. Am J Surg 2010; 199:736–740.

29 Duan YF, Xue W, Zhu F, Sun DL. FOCUS harmonic scalpel compared to
conventional hemostasis in open total thyroidectomy – a prospective
randomized study. J Otolaryngol Head Neck Surg 2013; 42:62.

30 Docimo G, Ruggiero R, Gubitosi A, Casalino G, Bosco A, Gili S, et al.
Ultrasound scalpel in thyroidectomy. Prospective randomized study. Ann
Ital Chir 2012; 83:491–496.

31 Materazzi G, Caravaglios G,Matteucci V, Aghababyan A,Miccoli M,Miccoli
P. The impact of the Harmonic FOCUS on complications in thyroid surgery:
a prospective multicenter study. Updates Surg 2013; 65:295–299.

32 Ferri E, Armato E, Spinato G, Spinato R. Focus harmonic scalpel compared
to conventional haemostasis in open total thyroidectomy: a prospective
randomized trial. Int J Otolaryngol 2011; 2011:2011357195.

33 Gentileschi P, D’Ugo S, Iaculli E, Gaspari AL. Harmonic Focus versus ‘knot
tying’ during total thyroidectomy: a randomized trial. Updates Surg 2011;
63:277–281.



68 The Egyptian Journal of Surgery, Vol. 36 No. 1, January-March 2017
34 Chen C, Kallakuri S, Vedpathak A, Chimakurthy C, Cavanaugh JM, Clymer
JW, et al. The effects of ultrasonic and electrosurgery devices on nerve
physiology. Br J Neurosurg 2012; 26:856–863.

35 Marchesi M, Biffoni M, Cresti R, Mulas MM, Turriziani V, Berni A
et al. Ultrasonic scalpel in thyroid surgery. Chir Ital 2003; 55:
299–308.
36 Michie W, Duncan T, Hamer-Hodges DW, Bewsher PD, Stowers JM, Pegg
CA, et al. Mechanism for hypocalcaemia after thyroidectomy for
thyrotoxicosis. Lancet 1971; 1:508–513.

37 Laitinen O. Hypocalcemia after thyroidectomy. Lancet 1976; 1:859–860.

38 Jones RM, Davidson CM. Thyrotoxicosis and the hungry bone syndrome: a
cause of post-operative tetany. J R Coll Surg Edinb 1987; 32:24–28.


