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Abstract Neuromonitoring in thyroid surgery has been
employed to make nerve identification easier and decrease
the rates of laryngeal nerve injuries. Several individual
randomized controlled trials (RCTs) have been published,
which did not identify statistical differences in the rates of
recurrent laryngeal nerve (RLN) or external branch of the
superior laryngeal nerve (EBSLN) injuries. The objective
of this report is to perform meta-analysis of the combined
results of individual studies to measure the frequency of
RLN and EBSLN injuries in patients who underwent thy-
roidectomy with routine neuromonitoring in comparison
with common practice of search and identification. RCTs
comparing routine neuromonitoring versus no use in
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patients who underwent elective partial or total thyroid-
ectomy were evaluated. Outcomes measured were tempo-
rary and definitive palsy of the RLN and EBSLN. A
systematic review and meta-analysis was done using ran-
dom effects model. GRADE was used to classify quality of
evidence. Six studies with 1,602 patients and 3,064 nerves
at risk were identified. Methodological quality assessment
showed high risk of bias in most items. Funnel plot did not
reveal publication bias. The risk difference for temporary
RLN palsy, definitive RLN palsy, temporary EBSLN palsy,
and definitive EBSLN palsy were —2 % (95 % confidence
interval —5.1t0 1); 0 % (—1to 1); —9 % (—15 to —2) and
—1 % (—4 to 2), respectively. Quality was rated low or
very low in most outcomes due to methodological flaws.
Meta-analysis did not demonstrate a statistically significant
decrease in the risk of temporary or definitive RLN injury

R. P. Owen

Division of Metabolic, Endocrine and Minimally Invasive
Surgery, Department of Surgery, Mount Sinai School of
Medicine, New York, NY, USA

C. Sudrez
Department of Otolaryngology, Hospital Universitario Central
de Asturias, Oviedo, Spain

C. Sudrez
Instituto Universitario de Oncologia del Principado de Asturias,
Oviedo, Spain

A. Khafif

Head and Neck Surgery and Oncology Unit, A.R.M. Center for
Advanced Otolaryngology Head and Neck Surgery, Assuta
Medical Center, Tel Aviv, Israel

A. Rinaldo - A. Ferlito (D<)

ENT Clinic, University of Udine, Piazzale S. Maria della
Misericordia, I-33100 Udine, Italy

e-mail: a.ferlito@uniud.it

@ Springer


http://www.IHNSG.com

2176

Eur Arch Otorhinolaryngol (2013) 270:2175-2189

and definitive EBSLN injury with the use of neuromoni-
toring. The neuromonitoring group had a statistically sig-
nificant decrease in the risk of temporary EBSLN injury.

Keywords Thyroidectomy - Laryngeal nerve injuries -
Neuromonitoring - Meta-analysis - Systematic review

Introduction

Recently, our group published a critical appraisal of the
literature on the efficacy of neuromonitoring of the lar-
yngeal nerves for prevention of nerve injury during thyroid
surgery [1]. This review of individual studies concluded
that the current literature on neuromonitoring has not
proven that routine monitoring produces results superior to
those obtained by traditional anatomical methods of nerve
identification during thyroid surgery, although it may be
helpful in difficult cases. The purpose of the present study
is to evaluate the results of qualifying individual studies by
meta-analysis of the combined results—to determine
whether neuromonitoring offers a benefit with regard to
minimizing laryngeal nerve injury during thyroid surgery.

The techniques of neuromonitoring began to be
employed in the 1970s with the objective of facilitating
nerve identification, and consequently, decreasing the rates
of recurrent laryngeal nerve (RLN) and external branch of
the superior laryngeal nerve (EBSLN) injuries below the
levels attained with non-monitored dissection. The meth-
ods of neuromonitoring range from pressure measurements
[2], intraoperative vocal cord movement visualization [3]
and registry of effector muscle movement after stimulation
[4] by the insertion of direct or indirect electrodes to
observe the electromyographic (EMG) response after nerve
stimulation [5-7]. Many authors have suggested that
neuromonitoring should be routinely used in thyroid sur-
gery [8, 9]. However, others have concluded that neuro-
monitoring does not offer advantages if the previously
defined principles of surgical technique are followed [10,
11]. It may even be proposed that neuromonitoring could
be detrimental by causing the surgeon to place unwarranted
trust in the technology, not to mention added cost and time
for equipment set up. Therefore, the use of neuromonitor-
ing in thyroid surgery has become controversial. To solve
this controversy, several randomized controlled trials
(RCTs) have been performed [12—-17]. These trials could
not identify statistical differences in the rates of RLN or
EBSLN injury between groups using neuromonitoring and
those who underwent conventional thyroidectomy. How-
ever, these trials had small sample sizes, and did not offer a
conclusive response.

Recently, Higgins et al. [18] performed a meta-analysis
and concluded that there were no differences in
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complication rates between patients who underwent thy-
roidectomy with routine neuromonitoring in comparison
with those who did not. However, the authors included case
reports and other observational studies that are highly
prone to bias, did not assess the quality of the studies
reviewed, and only included one RCT, making their con-
clusions controversial. Neuromonitoring increases opera-
tive costs [19] primarily due to the cost of equipment and
devices, and also can put surgeons who do not use it at
legal risk, it is important to define clearly its utility in
thyroid surgery [20].

Materials and methods

RCTs comparing the results in patients undergoing elective
partial or total thyroidectomy for benign or malignant
disease with or without routine neuromonitoring were
evaluated. No limitations were placed regarding the num-
ber of patients randomized, source, or language of the
article. The studies chosen included patients older than
18 years with a preoperative clinical diagnosis of benign
(goiter, thyroiditis), indeterminate (follicular neoplasm) or
malignant (papillary or follicular carcinoma) disease of the
thyroid, scheduled for partial or total thyroidectomy and
without previous nerve injury. Papers including patients
with previous neck surgery or laryngeal nerve injury were
excluded.

Interventions assessed were neuromonitoring by any
method (direct or indirect electrodes) associated to
searching and identification of the nerve versus searching
and identification alone. Studies with continuous intraop-
erative monitoring were not included. Outcomes measured
were temporary and definitive palsy of the RLN and EB-
SLN, detected clinically and/or by laryngoscopy and
recorded as yes or no (primary outcome). As most studies
reported patients and nerves at risk, we decided to collect
information of events for both outcomes. Rate of RLN and
EBSLN identification was a secondary outcome. All out-
come measures were confined to 18 months of follow-up.

Search strategy

We (AS, AR) searched The Cochrane Central Register of
Controlled Trials (CENTRAL) on The Cochrane Library
(2012), The National Library of Medicine (PubMed)
(1966-December 2012), EMBASE (1980-December 2012)
and The Latin American and Caribbean Health Sciences
Library (LILACS) (1980-December 2012). The search
strategy identified studies in all languages. When neces-
sary, we translated non-English language papers for a full
assessment. The search strategy for the review was con-
structed using a combination of MESH subject headings
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and text words (thyroid diseases, thyroid neoplasms,
parathyroid, thyroidectomy, surgery, monitor, monitoring,
neuromonitoring, and nerve), relating to the use of neuro-
monitoring in partial or total thyroidectomy. Authors of
included trials were contacted to seek further information
on any published, unpublished, and ongoing trials. We also
checked the reference lists of all the identified trials for
more relevant reports.

If inclusion criteria were not fulfilled, trials were
excluded and reasons for exclusion were listed (Fig. 1). For
RCT, methodological quality assessment was performed by
two independent evaluators (AS, AR) including evaluation
of selection bias (randomization, allocation concealment),
performance and detection bias (blinding), attrition bias
(lost to follow-up and intention to treat analysis), reporting
bias (outcomes reporting), and each criterion was classified
as high risk of bias, low risk of bias or unclear risk of bias,
as recommended by Cochrane Collaboration [21]. Differ-
ences between evaluators were solved by consensus. We

considered as low quality those studies which had at least
one quality factor classified as high risk. As some data were
lacking from the articles, we contacted authors of studies to
get this information. Only Dionigi et al. [15] responded to
the request.

Statistics

The statistical package Review Manager© (RevMan)
(Version 5.2. Copenhagen: The Nordic Cochrane Center,
The Cochrane Collaboration, 2012) was used. For effec-
tiveness analysis and dichotomous outcomes, the impact of
the intervention was expressed as risk difference (RD) with
95 % confidence interval (CI). A Mantel-Haenszel random
effects model was used. The Chi square test for heteroge-
neity was used to provide an indication of between-study
heterogeneity, and the degree of heterogeneity observed
was quantified using the I* statistic. Sensitivity analysis
was performed using trials with high methodological

)

Fig. 1 Flow diagram
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quality. Causes of heterogeneity, where heterogeneity was
found, (Chi squared test P < 0.10 or P> 50 %) were
explained subjectively. Funnel plot [22] was used to assess
publication bias. The GRADEpro© software and the
GRADE Handbook [23, 24] were used to classify quality
of evidence. The importance of the outcomes was scored
with the mean of independent assessment of authors. An
evidence profile and a summary of findings table were
built.

Results

477 references were reviewed and only six studies were
identified by the primary search (Fig. 1) [12, 16, 25]. The
agreement for searching between two evaluators was good
(kappa = 0.91). Inclusion criteria were similar for all
studies: candidates for total or partial thyroidectomy.
Barczynski et al. [13] only included patients with goiter
while the other studies also included patients with malig-
nancies. Most patients had a small thyroid (goiter <than
100 ml [13], thyroid volume <25 ml or nodule <35 mm
[15], or candidates with mini-incision thyroidectomy [12])
and were euthyroid. Those patients expected to have a
difficult thyroidectomy (large goiter, thyroiditis, hyper-
thyroidism, etc.) were excluded, except for Sari et al. [25]
and Barczynski et al. [13, 16]. Dionigi et al. [15] only
included patients who underwent a minimally invasive
thyroidectomy and Barczynski et al. [16] included patients
with central neck dissection. Barczynski et al. [16] and
Lifante et al. [12] used muscle inserted electrodes while the
other studies used endotracheal tube embedded electrodes.
Most studies selected temporary or definitive RLN and/or
EBSLN palsy as the primary outcome. Barczynski et al.
[13, 16] added anatomical variations and Barczynski et al.
[13], Dionigi et al. [15], Khaled et al. [14] and Lifante et al.
[12] added subjective vocal scale assessment. Other char-
acteristics of studies are shown in Table 1.

Methodological quality

Studies included were parallel RCTs. Random sequence
generation was considered to have high risk of bias in
Dionigi et al. [15] (used times of admission as randomi-
zation criteria) and Lifante et al. [12] (the randomization
method was not reported and imbalance between groups
was found (total thyroidectomy rate for intervention 59 vs.
control 32 %). Allocation concealment was considered to
have high risk of bias in Dionigi et al. [15] (already
reported randomization method and imbalance) and
unclear risk of bias in Khaled et al. [14], Lifante et al. [12]
and Sari et al. [25] (method not reported). Blinding of

@ Springer

outcome assessment was considered to have unclear risk of
bias in Khaled et al. [14] and Sari et al. [25] (there was no
report of independent assessment of outcomes). Incomplete
outcome data were considered to have a high risk of bias in
Lifante et al. [12] (the study protocol excluded all patients
who experienced a postoperative transient or permanent
laryngeal nerve palsy) and Sari et al. [25] (were excluded
due to lack of signal) and unclear risk of bias in the others
(the experimental branch uses the device to affect the
continuity of surgery and data by group not reported for
some outcomes in Khaled et al. [14]). Selective reporting
was considered to have high risk of bias in Khaled et al.
[14] (RLN injuries were not reported) and Lifante et al.
[12] (there is no report of rate of EBSLN injuries and
patients with RLN injuries were excluded) (Table 2).

Funnel plot using the most common reported outcome
(RLN palsy) did not show publication bias, but the number
of trials is small. Funnel plots for other outcomes had fewer
trials and showed similar results (Fig. 2).

Outcomes

The six studies recruited a total of 1,602 patients: 804 in
the neuromonitoring group and 798 in the visual identifi-
cation group; and assessed 3,064 nerves at risk: 1,523 in
the neuromonitoring group and 1,541 in the visual identi-
fication group. However, due to design and reporting, not
all studies offered data for all outcomes. Even more, when
extracting data for nerves at risk comparisons, we had to
make adjustments in the number reported by authors. In
Barczynski et al. [16] the number of nerves at risk in the
neuromonitoring group was not 1,000 as reported, but 952
because they mention sensitivity of the test and reported
that in cases of loss of signal the procedure was stopped,
avoiding the exploration of the contralateral nerve, and
therefore, decreasing the number of nerves at risk. In Sari
et al. [25], the number of nerves at risk reported by the
authors was 210, but they excluded 20 nerves at risk
because of no acoustic signal. Therefore, the total number
of nerves at risk increased to 230. In Dionigi et al. [15] the
same occurred with a change from 55 to 54 nerves at risk in
the neuromonitoring group. In Barczynski et al. [13] we
used 105 patients instead of 101 and in Sari et al. [25] we
used 120 and 111 instead of 123 and 114, assuming
intention to treat analysis and excluding patients with
previous palsy. We made other adjustments in the events of
temporary and definitive palsy, because Barczynski et al.
[13] reported each outcome assuming they were indepen-
dent, but it is clear that all definitive palsies initially cor-
responded to temporary palsies that did not recover.
Therefore, the real number of temporary palsies corre-
sponds to the overall reported by the authors.
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1,513 patients were assessed for this outcome in four studies.
Temporary RLN palsy occurred in 4.2 % of patients in the
monitoring group vs. 7.7 % in the visualization group. The

RD was —2 % (95 % CI —5.1 to 1), non-statistically sig-
toring group vs. 1.6 % in the visualization group [RD 0 % (—
1 to 1)], non-statistically significant and without heteroge-

RLN palsy occurred in 1 % of patients in the neuromoni-
neity (I = 0 %) (Fig. 3a, b).

nificant and without heterogeneity (I* = 44 %). Definitive

Analysis for number of patients
Recurrent laryngeal nerve palsy

11.4 % in the visualization

group [RD —9 % (—15 to —2)] (p = 0.01). The hetero-

patients. 2.9 % of patients suffered temporary palsy in the
geneity was not evaluable. Definitive palsy was reported
by 3 studies in 324 patients. 0.6 % of patients suffered

definitive palsy in the neuromonitoring group vs. 1.8 % in
the visualization group [RD —1 % (—4 to 2)], non-statis-

Temporary palsy was reported by one study in 210

External branch of the superior laryngeal nerve

neuromonitoring group Vvs.

tically significant and without heterogeneity (I* = 0 %)

(Fig. 4).

the monitoring group vs. 3.9 % in the visualization group.
The RD was —1 % (95 % CI —2 to 1), non-statistically
significant and without heterogeneity (I* = 31 %). Defin-

2,912 nerves were assessed for this outcome in four stud-
ies. Temporary RLN palsy occurred in 2.2 % of nerves in

Analysis for number of nerves at risk
Recurrent laryngeal nerve palsy

itive RLN palsy occurred in 0.5 % of nerves in the neur-

[RD 0% (—1 to 0)], non-statistically significant and

without heterogeneity (I2 = 0 %) (Fig. 5a, b).
1.4 % of nerves suffered temporary palsy in the neuro-

monitoring group vs. 5.7 % in the visualization group [RD
—4 % (—8 to —1)] (p = 0.02). The heterogeneity was not

omonitoring group vs. 0.8 % in the visualization group
evaluable. Definitive palsy was reported by 3 studies in

Temporary palsy was reported in 420 nerves by one study.

External branch of the superior laryngeal nerve

616 nerves. 0.3 % of nerves suffered definitive palsy in the
neuromonitoring group vs. 0.9 % in the visualization group

[RD 0% (—2 to 1)], non-statistically significant and

without heterogeneity (I2 = 0 %) (Fig. 4).
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Tab!e 2 Methodologlcal . References Random Allocation Blinding of Blinding of Incomplete  Selective
quality of included randomized .. .
. sequence concealment  participants and  outcome outcome reporting
controlled trials . . .
generation (selection personnel assessment data (reporting
(selection bias) (performance (detection (attrition bias)
bias) bias) bias) bias)
Barczyfiski  Low risk Low risk Low risk Low risk Unclear Low risk
et al. [16] risk
Barczynski ~ Low risk Low risk Low risk Low risk Unclear Low risk
et al. [13] risk
Dionigi High risk High risk Low risk Low risk Unclear Low risk
et al. [15] risk
Khaled Low risk Unclear risk  Low risk Unclear risk ~ Unclear High risk
et al. [14] risk
Lifante High risk Unclear risk  Low risk Low risk High risk High risk
et al. [12]
Sari et al. Low risk Unclear risk ~ Low risk Unclear risk ~ High risk Low risk
[25]
o SERD) : with high heterogeneity (I> = 87 %). The heterogeneity is
solved by the exclusion of Dionigi et al. [15] and we
o lo believe that the low rate of EBSLN identification is due to
0.02 0 . . .- .. .
| the lack of routine searching for it in the minimally inva-
sive thyroidectomy technique.
0.04 T :
o |
0.06 ; GRADE analysis
0.08 The means of importance ratings for temporary and
definitive palsy of the RLN and temporary and definitive
Bl i ; : ; RO, palsy of EBSLN were 6.4, 9, 4.8 and 7.4, respectively. The
0.2 -0.1 0 0.1 0.2

SE (RD): Standard error for risk difference; RD: risk difference

Fig. 2 Funnel plot of comparison neuromonitoring plus visual
identification vs. visual identification (patients), outcome: RLN
temporary palsy

Nerve identification
Recurrent laryngeal nerve

2,912 nerves were assessed for this outcome in four studies.
RLN was identified in 99.8 % of nerves in the monitoring
group vs. 99.5 % in the visualization group. The RD was
0 % (0-1), non-statistically significant and without heter-
ogeneity (I = 0 %).

External branch of the superior laryngeal nerve

712 nerves were assessed for this outcome in three studies.
EBSLN was identified in 69.0 % of nerves in the moni-
toring group vs. 28.9 % in the visualization group. The RD
was 38 % (18-58), statistically significant (p = 0.03) but

numbers were rounded to the next decimal to categorize it
in the Grade® software. Finally, definitive palsy of any
nerve was considered critical and temporary palsy of any
nerve was considered important from a patient-centered
perspective. The GRADE evidence profile is shown in
Tables 3 and 4. Quality was rated low or very low in most
outcomes due to methodological flaws and most outcomes
did not show a statistically significant difference.

Discussion

There are two major technical challenges in thyroid sur-
gery: the first, to preserve the laryngeal nerves and second,
to preserve viable parathyroid gland. Since Kocher's
description of the modern thyroidectomy, surgeons have
tried to decrease the complications associated with the
injury of these anatomical structures. The most important
step made in the field of nerve preservation was described
by Lahey and Hoover [26] in 1938 with the demonstration
that routine identification of the RLN significantly
decreased the number of injuries. Later, Cernea et al. [27]
in his study of the anatomy of the EBSLN in relation to the

@ Springer
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A Neuromonitoring  Visual identification Risk Difference Risk Difference
Study or Subgroup Events Total Events Total M-H, , 95% Cl Year M-H, F 95% ClI
Dionigi 2009 1 36 3 36 -0.06 [-0.16,0.05] 2009
Barczynski 2009 27 500 50 500 -0.05 [-0.08,-0.01] 2009 ——
Sari 2010 3 120 3 111 -0.00[-0.04,0.04] 2010 I
Barczynski 2012 1 105 2 10§ -0.01 [-0.04,0.02] 2012 ——
Total (95% Cl) 761 752 -0.02 [-0.05, 0.01] B o
Total events 32 58
ity: Tau®= 0.00; Chi*= =3(P=015);F= F ; t {
Heterogeneity: Tau®= 0.00; Chi*=5.39, df= 3 (P=0.15); F= 44% 2 o oh 02

Test for overall effect Z=1.55 (P =0.12)

Favours Neuramonitoring Favours visual identifica

B Neuromonitoring  Visual identification Risk Difference Risk Difference
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Barczynski 2008 8 500 12 500 -0.01 [-0.03, 0.01]
Dionigi 2008 0 36 0 36 0.00 [-0.05, 0.05]
Sari 2010 0 120 0 111 0.00[-0.02,0.02]
Barczynski 2012 0 105 0 105 0.00[-0.02,0.02]
Total (95% CI) 761 752 -0.00 [-0.01, 0.01]
Total events 8 12
: . e _ _ i " . . .
Heterogeneity. Tau®= 0.00; Chi*= 0.83, df= 3 (P=0.84); F=0% 2 o1 S oh 07

Test for overall effect: Z=0.52 (P = 0.61)

Favours neuromonitoring Favours visual identifica

Fig. 3 Analysis for patients. a Temporary RLN palsy, b definitive RLN palsy

upper pole and superior thyroid artery clearly elucidated
the expected risk of injuries and the techniques to avoid it
during thyroidectomy. The rates of definitive nerve injuries
after these modifications have reached as low as 0.5 % in
specialized centers, which have been maintained over time
[28-33].

The introduction of nerve monitoring in thyroid surgery
is recent. Although many device developments were made
in the 1970s, neuromonitoring, as known today, has been
introduced into clinical practice only in the last two dec-
ades. At the beginning, neuromonitoring for laryngeal
nerves was performed using visual detection of muscle
movement after stimulation [34], pressure monitors placed
in the vocal cords [2], and direct electrodes on the effector
muscles [35]. The most common method in current use is a
special endotracheal tube with electrodes embedded on it
that register effects of stimulation in the vocal cords [36].
However, it should be realized that conventional intraop-
erative nerve monitoring can only predict RLN palsy after
the damage has been done. Other strategies, such as con-
tinuous vagus nerve stimulation, could detect early changes
in EMG response that indicate imminent danger to func-
tional integrity of the RLN, but this method has not been
widely assessed [37].

Neuromonitoring has been widely adopted in Europe,
especially in Germany. There are many non-randomized
trials that assess its utility with conflicting results [38, 39].
The largest non-randomized multicenter trial conducted in
Germany with more than 16,000 patients reported that the
device could help in decreasing the risk of nerve injury [9].
However, all these trials are prone to bias because of the
observational design. In the absence of randomization, it
has been demonstrated that results are overestimated and

@ Springer

prone to selection bias [40, 41]. This can be explained
because neuromonitoring is used in more challenging cases
where its effects could be greater or because patients
compared are not equivalent in initial relevant patient
characteristics. Other factors that lead to difficulty in the
interpretation of these results, specifically in a multicenter
trial, are the case mix of patients in different centers [42]
(reference vs. community), with different surgeons (high
volume vs. low volume) and the lack of a standard method
of using the device and assessing the results. In order to
overcome these difficulties, some RCTs have been under-
taken. However, sample sizes in these studies have been
small, with a consequent lack of power to detect clinically
significant differences. The only available way to solve this
last problem is to conduct a systematic review and meta-
analysis.

The present study included six studies with more than
1,600 patients and 3,000 nerves at risk. However, not all
studies assessed all outcomes, so the numbers for the
evaluation of each outcome are less.

Temporary and definitive RLN palsy was the most
frequent outcome evaluated. With regard to outcomes,
considering either patients or nerves at risk, it was not
possible to identify a statistically significant RD between
groups. The difference in the risk of temporary injury was
2 and 1 %, respectively, when either patients or nerves at
risk were counted. For definitive injury, the RD was near
0 % between either groups, regardless of whether patients
or nerves at risk were considered. For EBSLN palsy, the
only statistically significant RD was found in the fre-
quency of temporary palsy (9 % for patient comparison
vs. 4 % for nerves at risk). However, when assessing
definitive injuries the comparisons did not show
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A

Neuromonitoring  Visual identification Risk Difference Risk Difference
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Barczynski 2012 1 105 2 105 -0.01 [-0.04,0.02]
Dionigi 2009 0 36 0 36 0.00 [-0.05, 0.05]
Khaled 2012 0 21 1 21 -0.05[-0.17, 0.07]
Total (95% CI) 162 162 -0.01 [-0.04, 0.02]
Total events 1 3

Heterogeneity: Tau®= 0.00; Chi*= 0.56, df= 2 (P=0.76), F= 0%
Test for overall effect Z= 0.65 (P = 0.51)

-1 -0.5 0 0.5 1
Favours [experimental] Favours [control]

B Neuromeonitoring  Visual identification Risk Difference Risk Difference
Study or Subgroup Events Total Events Total M-H, Random, 95% Cl Year M-H, Random, 95% CI
Dionigi 2009 0 55 0 57 0.00[-0.03,0.03] 2009
Barczynski 2012 1 210 2 210 -0.00 [-0.02,0.01] 2012
Khaled 2012 0 42 1 42 -0.02 [-0.09,0.04] 2012
Total (95% CI) 307 309 -0.00 [-0.02, 0.01]

Total events 1 3

Heterogeneity: Tau®= 0.00, Chi*= 0.47, df= 2 (P=0.79); F=0%
Test for overall effect: Z= 0.68 (P = 0.50)

I s
4 -05 0 05 1
Favours [experimental] Favours [control]

Fig. 4 Definitive EBSLN palsy. a Analysis for patients, b analysis for nerves at risk

A

Neuromonitoring  Visual identification Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Barczynski 2009 27 952 50 1000 34.6% -0.02 [-0.04,-0.00] 2009 -
Dionigi 2009 1 54 3 57 3.6% -0.03[-0.10,0.03] 2009 —
Sari 2010 3 230 3 189 246% -0.00 [-0.02,0.02] 2010 =
Barczynski 2012 1 210 2 210 371% -0.00 [-0.02,0.01] 2012 =
Total (95% CI) 1446 1466 100.0% -0.01 [-0.02, 0.00]
Total events 32 58
Heterogeneity: Tau®= 0.00; ChPF= 4.37, df= 3 (P=0.22); F=31% 1_02 _011 3 011 02=
Testfor overall effect: Z=1.62 (P =0.11) Favours [experimental] Favours [control]
B Neuromonitoring  Visual identification Risk Difference Risk Difference
Study or Subgroup Events Total Events Total M-H, Random, 95% Cl Year M-H, Random, 95% CI
Barczynski 2009 8 952 12 1000 -0.00 -0.01,0.01] 2009 s
Dionigi 2009 0 54 0 57 0.00 [-0.03,0.03] 2009 —_l
Sari 2010 0 230 0 199 0.00[-0.01,0.01] 2010 L d
Barczynski 2012 0 210 0 210 0.00 -0.01,0.01] 2012 L d
Total (95% CI) 1446 1466 -0.00 [-0.01, 0.00] [
Total events 8 12
e 2 _ . 3 = o - I } 4 {
Heterogeneity: Tau®= 0.00; Chi*= 0.61, df=3 (P = 0.89), F=0% 02 o1 5 o1 02

Test for overall effect: Z= 0.46 (P = 0.64)

Fig. 5 a Temporary RLN palsy, b definitive RLN palsy

statistically significant RDs (1 % for patients and 0 % for
nerves at risk).

Some comments should help to interpret these results.
First, even with this large number of patients included, it is
possible that lack of power is still present in this analysis.
As the rate of temporary and definitive RLN palsy is low, a
higher sample size might be necessary. A sample size
calculation made with actual results, with an o error of 0.05
and a power of 80 % shows that for RLN temporary palsy,
the number of patients included is enough to be confident
of their results, but not for definitive palsy comparisons,
where the calculated sample size needed is around 4,500
patients or 9,000 nerves at risk. In the case of definitive
injury of EBSLN, the numbers required for confidence will

Favours [experimental] Favours [control]

be 1,100 patients or 6,000 nerves at risk. It should be
realized that increase of sample size will only increase the
precision of the pooled result, but probably will not change
the overall value of the RD. Rather than a question of
sample size, the important question will depend on the
relevance of finding a clinically significant result in com-
parison with a statistically significant result. With an
expected RD of 1 % in the rate of temporary RLN palsy or
0.5 % in the risk of definitive RLN palsy, the real effect on
patients and the health care system is negligible. The cal-
culation of the number needed to treat in this scenario
shows that 100-200 thyroidectomies must be monitored to
avoid one definitive nerve palsy. The costs of monitoring,
electrodes and stimulating tips for each thyroidectomy

@ Springer
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must be weighed against the possible avoidance of one
definitive nerve palsy in 100-200 cases. The concept of
quality of life in this issue has been previously addressed
showing that an early correction of vocal fold paralysis
recovers quality of life scores to pre-injury values [43—45].
Even, upper aerodigestive symptoms (voice and swallow-
ing symptoms) after thyroidectomy have been evaluated in
patients with normal vocal fold mobility who did and who
did not have intraoperative neuromonitoring. The propor-
tion of patients who reported aerodigestive symptoms was
39 and 45 %, respectively, with no statistical differences
between both groups [46]. Also, neuromonitoring was not
correlated with non-recurrent nerve injury-related changes
in voice after thyroidectomy using multi-dimensional voice
measurements (negative vocal outcomes between neuro-
monitored and non-monitored patients at 6 months [14 vs.
7 %, p = 042)] [47].

Second, the basal risk of injury is an important factor to
consider when deciding whether to use neuromonitoring.
As can be seen in this study, control groups had a risk of
temporary and definitive RLN palsy of 7 and 1.6 %,
respectively. As our results showed, the expected decrease
of injuries in absolute numbers is less than 2 % for tem-
porary and 1 % for definitive injury. Therefore, if an
institution or a center has a rate equal to or less than 1 %, it
is clear that utility of neuromonitoring will be insignificant.
Some authors have suggested that neuromonitoring should
be useful in low-volume centers [48], but data do not
support this assumption, because most studies have been
made in high-volume centers. The discussion about the use
of neuromonitoring for low-volume centers or surgeons
obscures the real problem in these settings. If meticulous
nerve visualization and a standardized surgical technique
have shown progressive and sustained decrease in nerve
palsy, the solution is to follow these simple surgical prin-
ciples in a standard way, to specialize surgeons in the
procedure and to strengthen remission of patients to high-
volume centers that have shown low risk of complication,
instead of believing that the use of a technology itself can
reduce a surgical complication [49]. Others have suggested
its use in high-risk patients [50], but most patients included
in this meta-analysis correspond to low risk patients. Up to
now, there is not a RCT for high-risk patients.

Another consideration is the relationship between the
rate of temporary and definitive palsy. As can be seen in
the results, the rate of temporary RLN palsy is four times
greater than the rate of definitive palsy in the neuromoni-
toring group and three times greater in the case of EBSLN.
This means that most temporary palsies will resolve in the
postoperative period without any clinical intervention. An
important question is whether the use of neuromonitoring
decreases the number of temporary palsies that do not end
up becoming a definitive palsy.

The discussion of proxy outcomes has been extensively
discussed in the literature [51]. These have been defined as
outcomes that occur in a causal way between an inter-
vention and a clinical patient oriented result, and are used
as proxy of this final result. The most common proxy
variables are test results. But in thyroid surgery, temporary
palsy has been recognized as a proxy outcome, since the
frequency is always greater than the frequency of definitive
palsy, and most of them resolve without further treatment.
This notion is supported by the long duration of 6-12
months generally required to consider a temporary palsy
versus a definitive one. Therefore, the effect of neuro-
monitoring on the frequency of temporary palsy should be
carefully considered, since it most often does not translate
into a definitive palsy. This is also shown in this study,
where the outcome of nerve identification was analyzed.
More EBSLN were identified with neuromonitoring, a
statistically significant result, but the frequency of defini-
tive palsy did not change. Some authors have suggested
that neuromonitoring will decrease the time required for
nerve identification [15], but this decrease should also be
compared with the costs of using the device, as well as the
time required for set up. Time reduction of about 5—7 min
would not be sufficiently cost-effective to justify its routine
use.

A final comment regarding methodological quality is
also necessary. In general, the quality of published studies
is low. This is due to weaknesses in randomization, allo-
cation concealment and outcome reporting. The first issue
has been clearly studied and has shown that results are
prone to bias [40, 41]. Regarding outcomes reporting, an
important weakness was identified in this systematic
review. It has been demonstrated that intention to treat
analysis is important to overcome the problems derived
from lack of long-term follow-up or losses during a study.
In most trials, especially when nerves at risk were ana-
lyzed, authors used the total number of nerves, but they did
not consider that this total is affected by the use of the
device. Guidelines on neuromonitoring [52] strongly rec-
ommend stopping the surgery when the first dissected
nerve loses its EMG signal, to avoid a contra-lateral dis-
section with the consequent risk of bilateral nerve palsy.
Therefore, if this recommendation is followed (and this is
not always the fact), the total number of nerves at risk will
be reduced by the use of the device. In other words, the
device will determine the final number of nerves at risk.
Only Barczynski et al. [16] reported sensitivity and spec-
ificity of neuromonitoring, which allows one to make an
adjustment for the total number of nerves at risk. The other
studies did not do this, so numbers included in the analysis
are at high risk of bias. On the other hand, some studies
excluded patients with loss of signal, changing the analysis
from intention-to-treat to per-protocol analysis. Finally,
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the nerve to the tumor, extent of paratracheal nodal disease
and any anatomical variations. The issues related to supe-
rior laryngeal nerve monitoring and injury are more com-
plex as to the difficulty in evaluating objectively the nerve
injury in the post operative period. There is no unified test
which confirms EBSLN injury, either temporary or per-
manent. So the information in relation to EBSLN moni-
toring and injury needs to be taken with some skepticism.
Clearly, RLN monitoring depends upon the surgeon’s
practice, experience, expertise, level of comfort, and the
ease of availability of the instrumentation. Younger sur-
geons are probably using nerve monitoring more often than
their senior colleagues. This is clearly related to individual
practice of surgery. One thing becomes very clear from the
entire literature that nerve monitoring is probably helpful in
reoperative surgery, especially, if there is recurrent disease
in the tracheo-esophageal groove or recurrent disease near
the cricoid cartilage. Most surgeons will agree that nerve
monitors in these difficult situations are more helpful than
in the initial surgical procedures.
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