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Prospective Clinical Trials of Thyroidectomy
With LigaSure vs Conventional Vessel Ligation
A Systematic Review and Meta-analysis
Hou Shan Yao, MD; Qiang Wang, MD; Wei Jun Wang, MD; Can Ping Ruan, MD

Objective: To evaluate the hemostatic effects and safety
of thyroidectomy performed using the LigaSure vesselsealing device (Valleylab, Boulder, Colorado) or the conventional vessel ligation.
Data Sources: The MEDLINE, EMBASE, Elsevier,
SpringerLink, Ovid, and Cochrane Library electronic databases as well as the LigaSure manufacturer’s Web site
were searched for studies published between 1996 and
2008. No language restrictions were applied.
Study Selection: Prospective, controlled clinical trials,
both randomized and nonrandomized, comparing the hemostatic effects and safety of thyroidectomy using
LigaSure and conventional vessel ligation were selected.
Data Extraction: Data regarding operative parameters, duration of the operation, amount of intraoperative blood loss, length of hospital stay, and any postoperative complications were entered and analyzed using
dedicated software from the Cochrane Collaboration.
Data Synthesis: Four randomized and 5 nonrandomized trials that met selection criteria reported data from
927 patients, of whom 467 (50.4%) underwent LigaSure
and 460 (49.6%) underwent conventional thyroidec-
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tomy. Operative duration (weighted mean difference
[WMD], –11.97 minutes; 95% confidence interval [CI],
–16.42 to –7.53 minutes) was significantly reduced with
LigaSure thyroidectomy (P⬍.001). When LigaSure was
used, operative time reductions of 20.32 minutes (95% CI,
–33.86 to –6.79 minutes) for total thyroidectomy (P=.003)
and 21.74 minutes (–38.32 to –5.16 minutes) for subtotal thyroidectomy (P=.01) were also confirmed with subgroup analysis. However, differences in the amount of intraoperative blood loss (WMD, –25.13 mL; 95% CI, –68.45
to 18.18 mL; P=.26), length of hospital stay (WMD, –0.08
days; 95% CI, –0.23 to 0.08 days; P=.31), and postoperative complication rates (odds ratio, 0.91; 95% CI, 0.611.04; P=.65) were not statistically significant for LigaSure
vs conventional thyroidectomy.
Conclusions: The LigaSure technique may provide a safe,
effective, and fast alternative to conventional vessel ligation in thyroidectomy and may result in a significant
reduction in operative duration. However, it may not confer any advantage over conventional thyroidectomy in
terms of the amount of intraoperative blood loss, length
of hospital stay, and postoperative complication rates.
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HYROIDECTOMY IS ONE OF

the most frequently performed operations in general surgery. It involves meticulous devascularization
of the thyroid gland, which has one of the
richest blood supplies among the organs,
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with numerous blood vessels and plexuses entering its parenchyma. Hemostasis is of paramount importance for controlling and dividing various vessels before
excision of the gland.1
In the late 19th century, thyroidectomy was associated with massive blood
loss and a mortality of 50%.2 Theodor
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Kocher revolutionized thyroid operations with the introduction of suture ligation of the major arteries, which reduced mortality rates considerably.2,3 Since
that time, several alternative methods, such
as electrocautery, the harmonic scalpel,
and laser techniques, have been tested and
used during thyroid procedures with encouraging results.4-8 However, suture ligation with bipolar or monopolar electrocoagulation for smaller vessels remains the
gold standard for intraoperative hemostasis in thyroid procedures.
The use of electrocoagulation to control bleeding carries a risk of damage to
the surrounding structures because of the
lateral heat dispersion.9 The LigaSure vessel-sealing system (Valleylab, Boulder,
Colorado) is a new hemostatic device pri-
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marily designed for abdominal operations. A bipolar, electrosurgical device, it seals vessels as large as 7 mm in diameter by denaturing collagen and elastin within the vessel
walls and the surrounding connective tissue. When compared with unipolar cautery, LigaSure has a reduced energy spread profile (⬍2 mm) and a potentially decreased risk of injury to adjacent structures.10 LigaSure
has been used to secure hemostasis in various open and
laparoscopic procedures. The risk of bleeding does not
appear to increase with use of LigaSure, and some studies have even shown reduced operative blood loss as well
as operating time in hemorrhoidectomy and laparoscopic gynecologic oncologic procedures.11,12 Apart from
its hemostatic efficiency and safety, LigaSure might minimize the risk of damage to parathyroid glands and recurrent laryngeal nerves because it disperses less heat to
the surrounding tissue than classic bipolar or monopolar electrocoagulation methods. Because results from several studies assessing the efficacy of LigaSure in thyroidectomy have now been reported, a systematic review and
meta-analysis of clinical trials seems appropriate to evaluate operative and postoperative parameters as well as adverse outcomes among patients undergoing LigaSure vs
conventional thyroidectomy.

STUDY SELECTION
Two of us (H.S.Y. and W.J.W.) independently assessed the titles
and abstracts of all the identified studies. The individually recorded decisions were compared, and any disagreements were resolved by a third reviewer (C.P.R.). Following that, 2 reviewers
(H.S.Y. and W.J.W.) evaluated each of the eligible studies and decided whether to include or exclude them according to the aforementioned criteria. For trials yielding multiple publications, we
included only the most complete report for each outcome.

DATA EXTRACTION
Two of us (H.S.Y. and W.J.W.) independently extracted details
from the selected studies. The outcome measures considered were
based on end points provided in the studies, including operative
duration, amount of intraoperative blood loss, length of hospital
stay, and any postoperative complications such as hypocalcemia
and recurrent nerve lesions. Continuous outcomes, summary estimates per group (means and medians) with measures of variability (standard deviation) or precision (standard error and confidence interval [CI]) were recorded, as available. Authors were
contacted when case information provided in the articles was illdefined. The third reviewer (C.P.R.) resolved discrepancies between the first 2 reviewers. All discrepancies were minor and were
resolved with discussion until agreement was met.

METHODS

QUALITY ASSESSMENT

SEARCH STRATEGY

The first 2 reviewers (H.S.Y. and W.J.W.) independently assessed the methodological quality of the full-text studies using
an assessment tool that draws on the schema suggested by the
National Health Service Centre for Reviews and Dissemination,13 Verhagen et al,14 Downs and Black,15 and the generic appraisal tool for epidemiological studies. Judgments of quality
were based on the qualitative assessment of the number and
type of criteria met by individual studies.

The MEDLINE, EMBASE, Elsevier, SpringerLink, Ovid, and
Cochrane Library electronic databases as well as the LigaSure
manufacturer’s Web site (http://www.ligasure.com/pages
/articallist.htm) were searched for articles published from 1996
(when use of LigaSure was first reported) to 2008 to identify
all clinical trials comparing LigaSure with conventional thyroidectomy. Search terms were “LigaSure” or “bipolar vessel
sealing system” and “thyroid surgery” or “thyroidectomy.” The
“related articles” function was used to broaden the search, and
all retrieved abstracts, studies, and citations were reviewed. Reference lists of the articles acquired were also searched by hand.
The search was not limited by language or publication status.
The latest date of this search was July 31, 2008.

SELECTION CRITERIA
The primary outcomes were operative duration and amount of
intraoperative blood loss. The secondary outcomes were length
of hospital stay and any postoperative complications, including hypocalcemia and recurrent nerve lesions. Stricter criteria
were required for inclusion of meta-analyses: (1) the study must
have a prospective, controlled design (both randomized and
nonrandomized); (2) the study evaluated the LigaSure vessel
sealing system vs conventional vessel ligation in thyroidectomy; (3) four counts (a, b, c, and d) of a standard 2⫻2 contingency table could be extracted or calculated for postoperative complication rates; and (4) it was possible to extract or
calculate the appropriate data from the published results. The
4 counts were defined as follows: a,the number of patients who
underwent operations using LigaSure and experienced the complication; b,the number of patients who underwent conventional vessel ligation and experienced the complication; c,the
number of patients who underwent LigaSure thyroidectomy and
did not experience the complication; d, the number of patients who underwent conventional vessel ligation and did not
experience the complication.

QUANTITATIVE DATA ANALYSIS
For operative duration, amount of intraoperative blood loss, and
length of hospital stay, standardized differences in means were
used as treatment effect measures. When necessary, standard deviations were estimated from the range values provided. For the
outcome measure complication incidence, odds ratio was chosen as the treatment effect measure. Quantitative data were analyzed using Review Manager meta-analysis software,16 as previously reported.17 Statistical heterogeneity was tested using 2 and
I 2 tests. If heterogeneity was high (I2 ⬎50%), we used the randomeffects model; otherwise, the fixed-effects model was considered
appropriate.18,19 Potential publication bias in the meta-analysis was
assessed by Begg funnel plot and Egger regression test.20,21 Statistical significance was set at P⬍.05.
RESULTS

IDENTIFICATION AND CHARACTERISTICS
OF STUDIES
Of 27 citations identified from electronic databases and by
hand searching, 9 prospective clinical trials, 4 randomized and 5 nonrandomized, published between 2004 and
2008 with a total of 927 patients matched the predefined
inclusion criteria (Table 1).22-30 The 9 trials were all singlecenter studies. The largest study included data from 200
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Table 1. Characteristics of the 9 Clinical Trials Comparing LT and CT
Type of Thyroidectomy
No. of
Patients
Source
Kiriakopoulos et al,22 2004
Kirdak et al,23 2005
Manouras et al,24 2005
Barbaros et al,25 2006
Kilic et al,26 2007
Marrazzo et al,27 2007
Saint Marc et al,28 2007
Cipolla et al,29 2008
Youssef et al,30 2008

Age, Mean (SD), y

No. of Men

Total

Design

LT

CT

LT

CT

LT

CT

LT

Non-RCT
Non-RCT
RCT
Non-RCT
RCT
RCT
RCT
Non-RCT
Non-RCT

40
30
94
50
20
25
100
53
55

40
28
90
50
20
25
100
52
55

48.2 (7.8)
48 (13.9)
51.8 (11.6)
47 (11)
45.1 (14.3)
NM
49.5 (11.3)
50.1 (11.4)
44 (11.4)

46.4 (8.2) a
46 (12.9) a
54 (13.3) b
49 (13) a
41.4 (12.5) a
NM
54.1 (13.2) b
50.5 (14.3) a
43.8 (10.7) a

7
6
20
7
3
NM
10
10
12

9a
7a
10 a
8a
7a
NM
26 b
9a
14 a

NM NM
8
9a
94 90 a
NM NM
0
0
25 25 a
100 100 a
53 52 a
15 15 a

CT

Subtotal

Lobectomy

Pathological
Diagnosis of
Lesions, B/M

LT

CT

LT

CT

LT

CT

NM
14
0
NM
20
0
0
0
30

NM
9a
0
NM
20 a
0
0
0
29 a

0
8
0
0
0
0
0
0
10

0
10 a
0
0
0
0
0
0
11 a

33/7
28/2
70/24
NM
20/0
NM
82/18
48/5
51/4

34/6 a
25/3 a
68/22 a
NM
20/0 a
NM
90/10 a
46/6 a
52/3 a

Abbreviations: B, benign; CT, conventional thyroidectomy; LT, LigaSure (Valleylab, Boulder, CO) thyroidectomy; M, malignant; NM, not mentioned;
RCT, randomized controlled trial.
a No significant difference between patients undergoing LT vs CT.
b Significant difference between patients undergoing LT vs CT (P ⬍ .05).

patients,28 and the smallest had 40 patients.26 Agreement
among authors about study inclusion was 100%.
PATIENT CHARACTERISTICS
Four studies24,27-29 involved 539 patients who underwent
total thyroidectomy, 1 study26 involved 40 patients who underwent subtotal thyroidectomy, 2 studies22,25 involved 180
patients who underwent total or subtotal thyroidectomy,
and 2 studies23,30 involved 168 patients who underwent thyroidectomy without special restrictions on what types of
thyroid procedure were performed. One study27 did not provide the age and sex of the included patients, whereas the
others, except for Saint Marc et al,28 had insignificant differences in mean age and male to female ratio between the
LigaSure and conventional thyroidectomy groups. The percentage of men varied from 10% to 22% in the LigaSure
group28,30 and from 11% to 35% in the conventional
group.24,26 The postoperative pathological findings for the
LigaSure vs conventional groups were not statistically different in 7 studies; Barbaros et al25 and Marrazzo et al27 did
not provide pathological data. The percentage of malignant tumors varied from 0% to 26% in the LigaSure group
and from 0% to 24% in the conventional group24,26 (Table 1).
THYROIDECTOMY PROCEDURES
All patients received general anesthesia. After the lowcollar Kocher incision, the subcutaneous tissue and the
platysma were divided, and skin flaps were constructed
with monopolar electrocautery. The strap muscles were
divided in the midline and retracted laterally. Regardless
of vessel diameter, the inferior, middle, and superior thyroid vessels were ligated with knot tying in the conventional group and were sealed with LigaSure in the LigaSure
group in all included studies, except for Saint Marc et al,28
in which LigaSure was the main device used except when
vessels were larger than 4 mm in diameter. In addition to
sealing of the thyroid vessels, Kirdak et al23 and Manouras et al24 maintained that LigaSure was also more suitable for dissection and homeostasis of the thyroid gland

during hemithyroidectomy because it separates tissue more
easily than conventional dissection and ligation. The recurrent laryngeal nerves and parathyroid glands were identified and protected in most studies. In all studies, use of
LigaSure was not recommended when the handpiece was
very close to the recurrent laryngeal nerves or parathyroid glands. Closure of the surgical wound followed conventional procedure in both groups. Thyroid bed drainage was used and was removed on the first postoperative
day in all studies except for Saint Marc et al,28 which did
not use drainage after LigaSure thyroidectomy.
OPERATIVE AND POSTOPERATIVE PARAMETERS
Operative duration was available for 8 trials, with a total
sample size of 817 patients.22-29 In 6 studies,23-28 a shorter
operative duration was noted for LigaSure thyroidectomy
(mean decrease, 6.4-32.4 minutes27,28) (Table 2). Quantitative meta-analysis of these 8 trials confirmed that LigaSure
thyroidectomy was a mean of 11.97 minutes shorter than
conventional thyroidectomy (95% CI, –16.42 to –7.53 minutes; P⬍.001) (Figure 1 and Table 3). Similarly, subgroup meta-analysis of 586 participants undergoing total
thyroidectomy in 6 studies23,24,27-30 and 122 participants undergoing subtotal thyroidectomy in 3 studies23,26,30 also revealed mean operative duration reduction of 20.32 minutes (95% CI, –33.86 to –6.79 minutes; P=.003) and 21.74
minutes (–38.32 to –5.16 minutes; P=.01), respectively,
for LigaSure thyroidectomy (Figure 1 and Table 3).
A Begg funnel plot of the 8 trials is shown in Figure 2.
This is a scatterplot of the treatment effects estimated from
individual studies plotted on the horizontal axis (weighted
mean difference [WMD]) against the standard error of the
estimate shown on the vertical axis. Only 1 study27 obviously exceeded the 95% CIs, and exclusion of this study
did not change the results of the meta-analysis. The potential publication bias was significant, as confirmed by Begg
analysis (P=.02) and the Egger regression test (P=.004).
To investigate the source of heterogeneity, we performed
a meta-regression using covariates containing age, sex, and
pathological character. None of the variables was signifi-
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Table 2. Operative and Postoperative Parameters of the 9 Clinical Trials Comparing LT and CT
Postoperative Complications, No. of Patients
Hypocalcemia
Operative Duration,
Mean (SD), min
Source

LT
22

Kiriakopoulos et al, 2004
Kirdak et al,23 2005
Manouras et al,24 2005
Barbaros et al,25 2006
Kilic et al,26 2007
Marrazzo et al,27 2007
Saint Marc et al,28 2007
Cipolla et al,29 2008
Youssef et al,30 2008

CT

Operative Blood Loss,
Mean (SD), mL
LT

(7) a

Length of Hospital
Stay, Mean (SD), d

CT

LT

(8) a

84 (6)
89
30 (5)
35
96.2 (22.2) 115.4 (19.1) b
NM
NM
87.3 (21.3) 101.6 (34.2) b
NM
NM
58 (21)
75 (23) b
NM
NM
55.7 (12.7) 68.3 (19.9) b
NM
NM
60 (14.8) 92.4 (27.5) b
NM
NM
42.5 (11.2) 48.9 (6.8) b
NM
NM
104 (12.7)
110 (15.6) c
58 (38.2)
61 (37.5) c
NM
NM
65.6 (14.8) 132.7 (28.4) b

CT

NM
1.4 (1.2)
2.1 (1.5)
1.4 (0.1)
1 (NM)
1.9 (0.4)
1.1 (0.3)
NM
2 (NM)

NM
1.3 (0.7) a
1.8 (0.9) a
1.6 (0.2) b
1 (NM) a
2.2 (0.4) b
1.1 (0.2) a
NM
2 (NM) a

Nerve Lesions

Transient Permanent Transient Permanent
LT

CT

1
5
0
2
0
3
21
4
2

2a
3a
0
3a
1a
5a
18 a
4a
3a

LT

CT

0
0
0
0
0
0
1
0
0

0a
0
0
0
0
0
2a
0
0a

LT

CT

LT

CT

0a

0
0
0
0
0
0
1
0
0

0a
0
0
0
0
1
1a
0
1a

1
1 3a
0 0
0 0
0 0
1 1a
12 10 a
1 1a
2 2a

Abbreviations: CT, conventional thyroidectomy; LT, LigaSure (Valleylab, Boulder, CO) thyroidectomy; NM, not mentioned.
a No significant difference between patients undergoing LT vs CT.
b Significant difference between patients undergoing LT vs CT (P ⬍ .05).

cantly related to the WMD of operative duration. However, the proportion of male patients was significantly associated with extending operative time (P⬍.001).
Mean amount of intraoperative blood loss, as calculated using a small suction device and by weighing the
sponges at the end of the procedure, was reported quantitatively in 185 participants with standard deviation in
the studies by Kiriakopoulos et al,22 Youssef et al,30 and
Cipolla et al.29 Youssef et al noted that significantly less
bleeding occurred during LigaSure thyroidectomy (mean
difference, 67.1 mL), whereas Kiriakopoulos et al and Cipolla et al did not find significant differences (Table 2).
Meta-analysis showed that the amount of intraoperative
blood loss during LigaSure thyroidectomy was not significantly different compared with conventional thyroidectomy (WMD, –25.13 mL; 95% CI, –68.45 to 18.18 mL;
P=.26) (Table 3 and Figure 3).
Two studies reported data regarding postoperative pain
and analgesic use.26,30 The postoperative pain score, assessed on a visual analog scale, and analgesia intake in
the first 48 hours postoperatively were significantly reduced among patients after LigaSure thyroidectomy compared with conventional thyroidectomy. Patients who underwent LigaSure thyroidectomy had earlier pain-free
return to normal activity and to work.30 In another recent
study by Kilic et al,26 a single dose of first-generation cephalosporin prophylaxis was given preoperatively to both
patient groups, and postoperative analgesia was provided with a single dose of intramuscular nonsteroidal
anti-inflammatory drugs. Pain scoring was conducted by
recording the need for additional analgesic doses, ie, the
pain score was 1⫹ for 1 additional dose and 2⫹ for 2
additional doses. Kilic et al26 found that only 3 of 20 patients in the LigaSure group had a pain score of 2⫹ compared with 7 of 20 patients in the conventional group.
Seven of 9 studies compared the length of hospital stay
for LigaSure thyroidectomy vs conventional thyroidectomy.23-28,30 Patients were discharged on the first postoperative day in the study by Kilic et al26 and on the second postoperative day in the study by Youssef et al30;
Barbaros et al25 and Marrazzo et al27 reported significant

shorter hospitalization of 0.2 and 0.3 days, respectively,
after LigaSure thyroidectomy. The remaining 3 studies23,24,28 did not find a significant difference (Table 2).
No significant difference was found with quantitative
meta-analysis between LigaSure and conventional thyroidectomy with respect to length of hospitalization in
the 5 studies using a random-effects model (I 2 =83.5%)
(WMD, –0.08 days; 95% CI, –0.23 to 0.08 days; P=.31)
(Table 3 and Figure 3).
POSTOPERATIVE COMPLICATIONS
The 9 studies reported postoperative complications in 467
patients undergoing LigaSure thyroidectomy and 460 patients undergoing conventional thyroidectomy.22-30 A total
of 63 patients (13.5%) experienced postoperative complications after LigaSure thyroidectomy, including 38 patients with transient hypocalcemia, 18 with transient nerve
lesions, 3 with hematomas, 2 with incision infections, 1
with permanent hypocalcemia, and 1 with permanent nerve
lesions. After conventional thyroidectomy, 67 patients
(14.6%) experienced postoperative complications, including 39 patients with transient hypocalcemia, 17 with transient nerve lesions, 2 with hematoma, 4 with incision infection, 2 with permanent hypocalcemia, and 3 with
permanent nerve lesions. No deaths were reported. No significant difference was found between LigaSure thyroidectomy and conventional thyroidectomy for overall incidence of postoperative complications (odds ratio, 0.91; 95%
CI, 0.61-1.36; P=.65) or for rates of the following individual postoperative complications: transient postoperative complications (0.97; 0.65-1.45; P=.87), transient hypocalcemia (0.96; 0.59-1.55; P=.87), transient nerve lesions
(1.05; 0.53-2.08; P=.88), and permanent postoperative
complications (0.49; 0.12-2.00; P=.32) (Table 3).
COMMENT

This study suggests that LigaSure thyroidectomy is a
safe, effective, and fast alternative to the conventional
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Conventional

LigaSure

A

Random WMD
(95% CI)

Random WMD
(95% CI)

No. of Participants

Mean (SD)

No. of Participants

Kiriakopoulos et al,22 2004

40

84.00 (6.00)

40

89.00 (7.00)

17.85

– 5.00 (– 7.86 to – 2.14)

Kirdak et al,23 2005

30

96.20 (22.20)

28

115.40 (19.10)

9.15

– 19.20 (– 29.84 to – 8.56)

Manouras et al,24 2005

94

87.30 (21.30)

90

101.60 (34.20)

11.55

– 14.30 (– 22.57 to – 6.03)

Barbaros et al,25 2006

50

58.00 (21.00)

50

75.00 (23.00)

11.15

– 17.00 (– 25.63 to – 8.37)

Kilic et al,26 2007

20

55.70 (12.70)

20

68.30 (19.90)

9.42

– 12.60 (– 22.95 to – 2.25)

Marrazzo et al,27 2007

25

60.00 (14.80)

25

92.40 (27.50)

7.82

– 32.40 (– 44.64 to – 20.16)

100

42.50 (11.20)

100

48.90 (6.80)

18.11

– 6.40 (– 8.97 to – 3.83)

53

104.00 (12.70)

52

110.00 (15.60)

14.94

– 6.00 (– 11.45 to – 0.55)

99.99

– 11.97 (– 16.42 to – 7.53)

Source

Saint Marc et al,28 2007
Cipolla et al,29 2008
Total (95% CI)

412

Mean (SD)

Weight, %

405

Test for heterogeneity: χ2 = 32.65, df = 7 (P < .01), I 2 = 78.6%
Test for overall effect: z = 5.28 (P < .001)
– 100

– 50

0

LigaSure
Conventional

LigaSure

B

No. of Participants

Source

Mean (SD)

No. of Participants

50

100

Conventional

Random WMD
(95% CI)

Mean (SD)

Weight, %

Random WMD
(95% CI)

8

102.50 (16.70)

9

128.90 (19.70)

13.97

– 26.40 (– 43.71 to – 9.09)

Manouras et al,24 2005

94

87.30 (21.30)

90

101.60 (34.20)

16.96

– 14.30 (– 22.57 to – 6.03)

Marrazzo et al,27 2007

25

60.00 (14.80)

25

92.40 (27.50)

15.77

– 32.40 (– 44.64 to – 20.16)

100

42.50 (11.20)

100

48.90 (6.80)

17.99

– 6.40 (– 8.97 to – 3.83)

Cipolla et al,29 2008

53

104.00 (12.70)

52

110.00 (15.60)

17.59

– 6.00 (– 11.45 to – 0.55)

Youssef et al,30 2008

15

93.20 (5.70)

15

132.10 (7.50)

17.71

– 38.90 (– 43.67 to – 34.13)

99.99

– 20.32 (– 33.86 to – 6.79)

Kirdak et al,23 2005

Saint Marc et al,28 2007

Total (95% CI)

295

291

Test for heterogeneity: χ2 = 157.01, df = 5 (P < .001), I 2 = 96.8%
Test for overall effect: z = 2.94 (P = .003)
– 100

– 50

0

LigaSure
LigaSure

C

Conventional

50

100

Conventional

Random WMD
(95% CI)

Random WMD
(95% CI)

No. of Participants

Mean (SD)

Kirdak et al,23 2005

14

103.40 (23.50)

9

119.30 (11.80)

29.42

Kilic et al,26 2007

20

55.70 (12.70)

20

68.30 (19.90)

33.10

– 12.60 (– 22.95 to – 2.25)

Youssef et al,30 2008

30

66.80 (4.60)

29

37.48

– 34.40 (– 37.59 to – 31.21)

100.00

– 21.74 (– 38.32 to – 5.16)

Source

Total (95% CI)

64

No. of Participants

Mean (SD)

Weight, %

101.20 (7.50)

58

– 15.90 (– 30.42 to – 1.38)

Test for heterogeneity: χ2 = 20.39, df = 2 (P < .001), I 2 = 90.2%
Test for overall effect: z = 2.57 (P = .01)
– 100

– 50

LigaSure

0

50

100

Conventional

Figure 1. Forest plots for operative duration of unspecified thyroidectomy (A), total thyroidectomy (B), and subtotal thyroidectomy (C). Squares indicate the
point estimates of the treatment effect (weighted mean difference [WMD]) with 95% confidence intervals (CIs) indicated by horizontal bars. Diamonds represent
the summary estimate from the pooled studies with 95% CIs. LigaSure is a vessel-sealing device manufactured by Valleylab, Boulder, CO.

operation. Our meta-analysis of data from the largest
available global sample finds that LigaSure thyroidectomy took significantly less time to complete (mean,
–11.97 minutes) compared with conventional thyroidectomy. The reduced operative duration associated
with LigaSure is likely related to better intraoperative
hemostatic control and not needing to ligate the vessels. Further subgroup analysis of 586 participants
undergoing total thyroidectomy in 6 clinical trials and
122 participants undergoing subtotal thyroidectomy in
3 clinical trials also revealed a greater operative time
reduction (–20.32 and –21.74 minutes, respectively)
for LigaSure thyroidectomy compared with conventional vessel ligation. However, this did not lead to
any significant reduction in the amount of intraoperative blood loss or length of hospital stay in our quantitative meta-analysis.

In 2004, Petrakis et al31 first reported results from
LigaSure thyroidectomy in a retrospective case-control
study. Since that time, an important clinical issue concerning the use of LigaSure in thyroidectomy has been
the postoperative complication rates, especially for
complications related to the extent of lateral thermal
spread and associated tissue injury. After conventional
thyroidectomy, it was reported that as many as 15% of
patients had postoperative transient hypoparathyroidism when judged on clinical symptoms, and as many
as 80% of patients would be diagnosed as having postoperative transient hypoparathyroidism when laboratory criteria were used.32,33 In the study by Delbridge
et al,34 as many as 32% of patients who underwent
total thyroidectomy required calcium supplementation
3 to 6 weeks postoperatively. Transient recurrent
nerve paralysis has been observed in 8.7% to 39.0% of
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Table 3. Quantitative Meta-analysis Results Based on the 9 Clinical Trials Comparing LT and CT a

No. of
Trials
(N= 9)

Outcome
Operative duration
Thyroidectomy
Total thyroidectomy
Subtotal thyroidectomy
Intraoperative blood loss
Length of hospital stay
Postoperative complications
Transient complications
Transient hypocalcemia
Transient nerve lesions
Permanent complications

8
6
3
3
5
9
9
9
8
9

No. of Participants
Included in the
Meta-analysis
LT

CT

I 2, %

Pooling Model

Effect Size (95% CI)

P
Value

412
295
64
148
299
63/467 a
61/467 a
38/467 a
18/467 a
2/467 a

405
291
58
147
293
67/460 a
62/460 a
39/460 a
17/460 a
5/460 a

78.6
96.8
90.2
98.9
83.5
0
0
0
0
0

WMD (rand)
WMD (rand)
WMD (rand)
WMD (rand)
WMD (rand)
OR (fixed)
OR (fixed)
OR (fixed)
OR (fixed)
OR (fixed)

−11.97 (−16.42 to −7.53)
−20.32 (−33.86 to −6.79)
−21.74 (−38.32 to −5.16)
−25.13 (−68.45 to 18.18)
−0.08 (−0.23 to 0.08)
0.91 (0.61 to 1.36)
0.97 (0.65 to 1.45)
0.96 (0.59 to 1.55)
1.05 (0.53 to 2.08)
0.49 (0.12 to 2.00)

⬍.001
.003
.01
.26
.31
.65
.87
.87
.88
.32

Abbreviations: CI, confidence interval; CT, conventional thyroidectomy; LT, LigaSure (a vessel-sealing device; Valleylab, Boulder, CO) thyroidectomy; OR (fixed),
odds ratio (fixed effects model); WMD (rand), weighted mean difference (randomized effects model).
a Data are given as the number of patients with the complication/total sample size.

0
P = .02 (Begg method)
P = .004 (Egger regression)

SE

2

4

6
– 30

– 20

– 10

0

10

WMD

Figure 2. Funnel plot of studies included in the meta-analysis of operative
duration. CI indicates confidence interval (dashed lines); SE, standard error;
and WMD, weighted mean difference.

patients35,36 and is not completely avoidable even with
systematic laryngeal nerve identification. 36,37 After
total thyroidectomy, the complication rate for permanent damage to the parathyroid glands or laryngeal
nerves usually ranges from 1% to 4.5%, depending on
the surgeon’s experience, thyroid gland weight, and
underlying thyroid disease. After subtotal thyroidectomy for benign thyroid disease, permanent damage to
the parathyroid glands and recurrent nerves is likely in
about 1% of patients.34,38-41 However, in the 9 included
studies, there was no significant difference in the rates
of overall and individual postoperative complications
for patients undergoing conventional vs LigaSure thyroidectomy. Moreover, because it is used solely during
the entire procedure for vascular ligation of all thyroid
vessels, no suture ligations are necessary. No foreign
bodies (ie, ligations or clips) are left behind; therefore,
the risk of knot slipping and clip dislodgment is nearly
eliminated.
Even so, some authors believe that LigaSure is not
suitable for the precise surgical maneuvers required
for operations in the vicinity of extremely delicate

structures such as the recurrent laryngeal nerves and
parathyroid glands,22,29 and conventional vessel knottying ligation still remains important when the handpiece of LigaSure is very close to the recurrent laryngeal nerves or the parathyroid glands. Furthermore,
the recent studies have enabled clarification that, after
LigaSure thyroidectomy, the postoperative pain treatment and analgesic requirements were significantly
reduced, and patients returned pain-free to normal
work or social activity significantly earlier.26,30 Patients
with hemorrhoids had significantly lower postoperative pain scores and required less postoperative analgesia after LigaSure hemorrhoidectomy vs conventional hemorrhoidectomy. 42 These results may be
owing to the minimal intraoperative tissue dissection
and postoperative tissue reaction, because the energy
spread profile is greatly reduced with LigaSure.
It is important to mention the heterogeneity among
studies when interpreting the meta-analysis results.
Despite assessing outcomes only among patients
undergoing thyroid operations, some differences
existed in methodologies that might explain the
heterogeneity. The inclusion of patient samples with
different male to female ratios might also have affected
the operative duration for thyroidectomy reported in
the present study.
CONCLUSIONS

The results of this meta-analysis show that LigaSure
thyroidectomy can be a safe, useful, and fast alternative to conventional thyroidectomy. The main advantage of this device is that it simplifies the procedure
and eliminates the need for clips and suture ligations
while also achieving efficient hemostasis. It significantly reduced operative duration without increases in
the amount of intraoperative blood loss, morbidity
rates, and length of hospital stay compared with the
conventional technique. The LigaSure device appears
to be safe for use in thyroid operations because there
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Conventional

LigaSure

A

No. of Participants

Source

Mean (SD)

No. of Participants

Random WMD
(95% CI)

Mean (SD)

Weight, %

Random WMD
(95% CI)

Kiriakopoulos et al,22 2004

40

30.00 (5.00)

40

35.00 (8.00)

33.86

– 5.00 (– 7.92 to – 2.08)

Cipolla et al,29 2008

53

58.00 (38.20)

52

61.00 (37.50)

32.67

– 3.00 (– 17.48 to 11.48)

Youssef et al,30 2008

55

65.60 (14.80)

55

132.70 (28.40)

33.47

– 67.10 (– 75.56 to – 58.64)

100.00

– 25.13 (– 68.45 to 18.18)

Total (95% CI)

148

147

Test for heterogeneity: χ2 = 186.08, df = 2 (P < .01), I 2 = 98.9%
Test for overall effect: z = 1.14 (P = .26)
– 100

– 50

0

LigaSure

Conventional

LigaSure

B

No. of Participants

Mean (SD)

Kirdak et al,23 2005

30

Manouras et al,24 2005

94

Barbaros et al,25 2006

Source

Marrazzo et al,27 2007
Saint Marc et al,28 2007
Total (95% CI)

50

100

Conventional

Random WMD
(95% CI)

Random WMD
(95% CI)

No. of Participants

Mean (SD)

1.40 (1.20)

28

1.30 (0.70)

7.39

2.10 (1.50)

90

1.80 (0.90)

11.99

0.30 (– 0.06 to 0.66)

50

1.40 (0.10)

50

1.60 (0.20)

30.79

– 0.20 (– 0.26 to – 0.14)

25

1.90 (0.40)

25

2.20 (0.40)

19.49

– 0.30 (– 0.52 to – 0.08)

100

1.08 (0.30)

100

1.09 (0.20)

30.34

– 0.01 (– 0.08 to 0.06)

100.00

– 0.08 (– 0.23 to 0.08)

299

Weight, %

293

0.10 (– 0.40 to 0.60)

Test for heterogeneity: χ2 = 24.31, df = 4 (P < .01), I 2 = 83.5%
Test for overall effect: z = 1.01 (P = .31)
–1

– 0.5

LigaSure

0

0.5

1

Conventional

Figure 3. Forest plots for the amount of intraoperative blood loss (A) and length of hospital stay (B). Squares indicate the point estimates of the treatment effect
(weighted mean difference [WMD]) with 95% confidence intervals (CIs) indicated by horizontal bars. Diamonds represent the summary estimate from the pooled
studies with 95% CIs. LigaSure is a vessel-sealing device manufactured by Valleylab, Boulder, CO.

was no increase in postoperative complications, particularly recurrent laryngeal nerve or parathyroid injuries. Further prospective randomized, controlled trials
still are required for assessment of routine use of this
technology during thyroidectomy.
Accepted for Publication: January 2, 2009.
Correspondence: Qiang Wang, MD, Department of General Surgery, Shanghai Chang Zheng Hospital, 415 Feng
Yang Rd, Shanghai 200003, China (wang2929
@hotmail.com).
Author Contributions: Drs Yao, Q. Wang, and W. J. Wang
contributed equally to this manuscript and should be considered joint first authors. They had full access to all the
data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Study
concept and design: Yao, W. J. Wang, and Q. Wang. Acquisition of data: Yao, W. J. Wang, and Ruan. Analysis and
interpretation of data: Yao, W. J. Wang, and Ruan. Drafting of the manuscript: Yao, W. J. Wang, and Ruan. Critical revision of the manuscript for important intellectual content: Yao and Q. Wang. Statistical analysis: Yao and Q.
Wang. Administrative, technical, and material support: Yao
and Q. Wang. Study supervision: Q. Wang.
Financial Disclosure: None reported.
REFERENCES
1. Becker WF. Presidential address: pioneers in thyroid surgery. Ann Surg. 1977;185
(5):493-504.
2. Udelsman R, Chen H. The current management of thyroid cancer. Adv Surg. 1999;
33:1-27.
3. Gluckman JL. Total thyroidectomy. In: Bailey BJ, Calhoun KH, eds. Atlas of Head
and Neck Surgery: Otolaryngology. 2nd ed. Philadelphia, PA: Lippincott-Raven; 1996.

4. Koutsoumanis K, Koutras AS, Drimousis PG, et al. The use of the harmonic scalpel in thyroid surgery: report of a 3-year experience. Am J Surg. 2007;193
(6):693-696.
5. Siperstein AE, Berber E, Morkoyun E. The use of the harmonic scalpel vs conventional knot tying for vessel ligation in thyroid surgery. Arch Surg. 2002;
137(2):137-142.
6. Voutilainen PE, Haapiainen RK, Haglund CH. Ultrasonically activated shears in
thyroid surgery. Am J Surg. 1998;175(6):491-493.
7. Voutilainen PE, Haglund CH. Ultrasonically activated shears in thyroidectomies:
a randomized trial. Ann Surg. 2000;231(3):322-328.
8. Meurisse M, Defechereux T, Maweja S, Degauque C, Vandelaer M, Hamoir E.
Evaluation of the Ultracision ultrasonic dissector in thyroid surgery: prospective
randomized study. Ann Chir. 2000;125(5):468-472.
9. Hambley R, Hebda PA, Abell E, Cohen BA, Jegasothy BV. Wound healing of
skin incisions produced by ultrasonically vibrating knife, scalpel, electrosurgery, and carbon dioxide laser. J Dermatol Surg Oncol. 1988;14(11):12131217.
10. Heniford BT, Matthews BD, Sing RF, Backus C, Pratt B, Greene FL. Initial results
with an electrothermal bipolar vessel sealer. Surg Endosc. 2001;15(8):799801.
11. Palazzo FF, Francis DL, Clifton MA. Randomized clinical trial of LigaSure versus
open haemorrhoidectomy. Br J Surg. 2002;89(2):154-157.
12. Dubuc-Lissoir J. Use of a new energy-based vessel ligation device during
laparoscopic gynecologic oncologic surgery. Surg Endosc. 2003;17(3):466468.
13. National Health Service Centre for Reviews and Dissemination. Undertaking Systematic Reviews of Research on Effectiveness: CRD’s Guidance for Those Carrying Out or Commissioning Reviews. York, England: University of York; 2001.
CRD Report No. 4.
14. Verhagen AP, de Vet HC, de Bie RA, et al. The Delphi list: a criteria list for
quality assessment of randomized clinical trials for conducting systematic
reviews developed by Delphi consensus. J Clin Epidemiol. 1998;51(12):12351241.
15. Downs SH, Black N. The feasibility of creating a checklist for the assessment of
the methodological quality both of randomised and non-randomised studies of
health care interventions. J Epidemiol Community Health. 1998;52(6):377384.
16. Review Manager (RevMan) [computer program]. Version 4.2. Copenhagen, Denmark: The Nordic Cochrane Centre, The Cochrane Collaboration; 2003.
17. Yao HS, Wang Q, Wang WJ, Hu ZQ. Intraoperative allogeneic red blood cell

(REPRINTED) ARCH SURG/ VOL 144 (NO. 12), DEC 2009
1173

WWW.ARCHSURG.COM

©2009 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 12/22/2014

18.
19.
20.
21.
22.
23.

24.

25.
26.

27.
28.

29.
30.

transfusion in ampullary cancer outcome after curative pancreatoduodenectomy: a clinical study and meta-analysis. World J Surg. 2008;32(9):20382046.
Fleiss JL. The statistical basis of meta-analysis. Stat Methods Med Res. 1993;2
(2):121-145.
Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. 2002;21(11):1539-1558.
Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. 1994;50(4):1088-1101.
Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. 1997;315(7109):629-634.
Kiriakopoulos A, Dimitrios T, Dimitrios L. Use of a diathermy system in thyroid
surgery. Arch Surg. 2004;139(9):997-1000.
Kirdak T, Korun N, Ozguc H. Use of LigaSure in thyroidectomy procedures:
results of a prospective comparative study. World J Surg. 2005;29(6):771774.
Manouras A, Lagoudianakis EE, Antonakis PT, Filippakis GM, Markogiannakis
H, Kekis PB. Electrothermal bipolar vessel sealing system is a safe and timesaving alternative to classic suture ligation in total thyroidectomy. Head Neck.
2005;27(11):959-962.
Barbaros U, Erbil Y, Bozbora A, et al. The use of LigaSure in patients with
hyperthyroidism. Langenbecks Arch Surg. 2006;391(6):575-579.
Kilic I, Sunamak O, Aydogan F, et al. LigaSure Precise use in thyroid operations: a comparison with the conventional method. Eur Surg. 2007;39(1):5456.
Marrazzo A, Casà L, David M, et al. Thyroidectomy with LigaSure versus traditional thyroidectomy: our experience. Chir Ital. 2007;59(3):361-365.
Saint Marc O, Cogliandolo A, Piquard A, Famà F, Pidoto RR. LigaSure vs clampand-tie technique to achieve hemostasis in total thyroidectomy for benign multinodular goiter: a prospective randomized study. Arch Surg. 2007;142(2):
150-157.
Cipolla C, Graceffa G, Sandonato L, Fricano S, Vieni S, Latteri MA. LigaSure in
total thyroidectomy. Surg Today. 2008;38(6):495-498.
Youssef T, Mahdy T, Farid M, Latif AA. Thyroid surgery: use of the LigaSure vessel sealing system versus conventional knot tying. Int J Surg. 2008;6(4):323327.

31. Petrakis IE, Kogerakis NE, Lasithiotakis KG, Vrachassotakis N, Chalkiadakis GE.
LigaSure versus clamp-and-tie thyroidectomy for benign nodular disease. Head
Neck. 2004;26(10):903-909.
32. McHenry CR, Speroff T, Wentworth D, Murphy T. Risk factors for postthyroidectomy hypocalcemia. Surgery. 1994;116(4):641-648.
33. Glinoer D, Andry G, Chantrain G, Samil N. Clinical aspects of early and late hypocalcaemia after thyroid surgery. Eur J Surg Oncol. 2000;26(6):571-577.
34. Delbridge LW, Younes NA, Guinea AI, Reeve TS, Clifton-Bligh P, Robinson BG.
Surgery for primary hyperparathyroidism 1962-1996: indications and outcomes.
Med J Aust. 1998;168(4):153-156.
35. Beldi G, Kinsbergen T, Schlumpf R. Evaluation of intraoperative recurrent nerve
monitoring in thyroid surgery. World J Surg. 2004;28(6):589-591.
36. Timmermann W, Hamelmann WH, Thomusch O, et al. Effectiveness and results
of intraoperative neuromonitoring in thyroid surgery: statement of the Interdisciplinary Study Group on Intraoperative Neuromonitoring of Thyroid Surgery [in
German]. Chirurg. 2004;75(9):916-922.
37. Kasemsuwan L, Nubthuenetr S. Recurrent laryngeal nerve paralysis: a complication of thyroidectomy. J Otolaryngol. 1997;26(6):365-367.
38. Perzik S. The place of total thyroidectomy in the management of 909 patients
with thyroid disease. Am J Surg. 1976;132(4):480-483.
39. Rı́os Zambudio A, Rodriguez Gonzalez JM, Torregrosa Perez NM, Pinero
Madrona A, Canteras Jordana M, Parrilla Paricio P. Hypoparathyroidism and
hypocalcemia following thyroid surgery of multinodular goiter: multivariant
study of the risk factors [in Spanish]. Med Clin (Barc). 2004;122(10):365368.
40. Jatzko GR, Lisborg PH, Muller MG, Wette VM. Recurrent nerve palsy after thyroid operations: principal nerve identification and a literature review. Surgery.
1994;115(2):139-144.
41. Winsa B, Rastad J, Akerstrom G, Johansson H, Westermark K, Karlsson FA.
Retrospective evaluation of subtotal and total thyroidectomy in Graves’ disease
with and without endocrine ophthalmopathy. Eur J Endocrinol. 1995;132(4):
406-412.
42. Mastakov MY, Buettner PG, Ho YH. Updated meta-analysis of randomized controlled trials comparing conventional excisional haemorrhoidectomy with LigaSure for haemorrhoids. Tech Coloproctol. 2008;12(3):229-239.

INVITED CRITIQUE

Sutureless Thyroidectomy—
Technological Advance or Toy?

I

n this meta-analysis of the use of LigaSure during
thyroidectomy, the authors conclude that sutureless thyroid operations are safe, effective, and
reduce operative duration. So what? Other than the
arguable cost-effectiveness of reduced operating time,
there is no difference between LigaSure thyroidectomy
and standard open techniques. So is sutureless thyroidectomy really a significant advance, or just
another expensive technological toy? Are we to abandon our surgical heritage and training and stop tying
knots during thyroidectomy just for the sake of a few
minutes saved in operating time? Well, I believe the
answer to that question is an unequivocal yes. Sutureless techniques have been an invaluable advance for
laparoscopic operations, and we are now entering a
new sutureless era in open surgical procedures. It is
fitting that this meta-analysis of sutureless thyroidectomy is now being published because thyroidectomy is
one of the hallmark surgical procedures—the first

Nobel Prize ever to be awarded to a surgeon was given
to Theodor Kocher in 1909 for his pioneering work in
relation to thyroidectomy and its follow-up.1 The ability to offer thyroid procedures with an acceptable mortality rate was the cornerstone upon which many of
the major surgical clinics in the United States established their reputations. It remains one of the most
commonly performed surgical procedures worldwide
and is considered fundamental to surgical training. Of
interest, surgical techniques for thyroidectomy have,
until recently, changed little from those used by
Kocher in Switzerland; Dunhill in Melbourne, Australia; and the Mayo brothers in Minnesota early last century. Sutureless thyroidectomy represents the next
major advance, but not just for thyroid procedures.
Because the new generation of sutureless devices fit
neatly into the surgeon’s hand, acting as a virtual
extension of the fingers but also capable of dissecting
and vessel sealing, I have no doubt that, in a short
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