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Abstract

Purpose Recurrent laryngeal nerve (RLN) injury is a feared complication of thyroid surgery occurring in 1-5% of cases.
The present approaches to RLN preservation include RLN visualization with no nerve monitoring (No-NM), intermittent
intra-operative nerve monitoring (I-IONM) and continuous intra-operative nerve monitoring (C-IONM). There is ambiguity
as to which of these strategies should be the preferred method of RLN preservation.

Methods A systematic review of the PubMed, Embase and the Cochrane Collaboration databases was undertaken with
network meta-analysis (NMA) performed according to the PRISMA and Cochrane Collaboration guidelines. A Bayesian
NMA was conducted using R packages netmeta with outcomes expressed as odds ratios (ORs) with 95% credible intervals
(CrD). Only prospective studies were included.

Results Eighteen studies met inclusion criteria, including 22,080 patients and 40,642 nerves at risk (NAR). Overall, 23,364
NARs (57.5%) underwent I-IONM, 17,176 (42.3%) No-NM and 98 (0.2%) underwent C-IONM. There were no significant
differences between groups regarding the incidence of permanent RLN injury following thyroid surgery (I-IONM vs.No-
NM, OR 0.84,95% Crl 0.55-1.19; C-IONM vs. No-NM, OR 0.44, 95% CrI 0.02-5.00). Pooled analysis showed that IONM
(I-IONM or C-IONM) demonstrated a protective effect versus No-NM in reducing the incidence of transient RLN injury
(OR 0.75,95% C10.59-0.97, p=0.03).

Conclusions IONM strategies did not significantly reduce the incidence of permanent RLN injury following thyroid surgery.
However, the small number of C-IONM NARs limits conclusions that may be drawn. Further well-designed prospective
studies will be required to definitively assess the utility of C-IONM.
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Introduction

Recurrent laryngeal nerve (RLN) injury leading to vocal
cord palsy is a serious complication of thyroid surgery
occurring in between 1 and 5% of cases [1, 2]. Unilateral
RLN injury has implications for a patient’s quality-of-life
by inducing voice changes (either permanent or transient),
while bilateral nerve injury may be life threatening for
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patients and can necessitate emergency tracheostomy [3, 4].
As such, translational research efforts have focused on ways
to either reduce unnecessary thyroid surgery [5] or ways to
reduce the incidence of RLN injury as a complication of
thyroid surgery.

In 1938, Lahey and Hoover were the first to highlight the
necessity of RLN identification as routine during thyroid
surgery as a strategy to significantly reduce RLN injury in
their prospective analysis of 3000 consecutive patients [6].
The paradigm has since evolved. Recent advances now pro-
pose the use of intra-operative nerve monitoring (IONM)
strategies which provide electro-myographic monitoring of
the RLN during surgery [7]. Most commonly, [IONM is per-
formed using a stimulating probe intermittently (I-IONM)
to both identify and confirm the functional integrity of the
RLN. As such, I-IONM gained widespread acceptance over
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past 2 decades [8, 9]. Despite this, a major limitation of
I-IONM use is its inability to detect impending RLN injury,
as I-IONM can only detect RLN injury after the injury has
occurred [10]. This shortcoming has facilitated the advent
of continuous-IONM (C-IONM), which provides uninter-
rupted real-time functional monitoring of the RLN during
thyroid surgery [11]. This is advantageous as C-IONM has
the ability to inform resecting surgeon of imminent RLN
injury; thus, in theory, preventing the surgeon performing
the procedural steps putting the RLN at risk of injury.

Previous meta-analyses have demonstrated conflicting
results regarding the benefit of I-IONM in reducing the
incidence of RLN injury following thyroid surgery com-
pared to No-NM [12-14]. A disadvantage of these standard
pairwise meta-analyses is their inability to make compari-
sons between more than two nerve-monitoring strategies and
C-IONM has never been directly compared to [-IONM or
No-NM in a previous systematic review or meta-analyses
analysing the prevention of RLN injury [10, 14—-16]. An
analysis of patients from 23 studies undergoing C-IONM
during thyroid surgery by Ku et al. estimated an incidence
of 2.26% (95% CI: 1.6-2.9) of transient RLN (T-RLN) palsy
and 0.05% (95% CI: 0.08-0.2) for permanent RLN (P-RLN)
palsy [17]. Additionally Kim et al. have demonstrated that
C-IONM has a better ability to predict postoperative RLN
injury versus I-IONM [18]. Network meta-analysis (NMA)
methodology is required to fairly distinguish the role of
C-IONM compared to I-IONM and No-NM, due to NMA
allowing simultaneous comparison of all three of these
approaches to RLN preservation [19, 20]. The aim of the
present study was to perform a systematic review and NMA
of prospective studies, comparing the efficacy of I-IONM,
C-IONM and No-NM as methods of RLN preservation dur-
ing thyroid surgery.

Methods
Search strategy

We performed a Systematic Review and NMA according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) for NMA [21] and Cochrane
Handbook for Systematics Reviews of Interventions [22].
Institutional ethical review board approval was not required.
This study was not preregistered.

A comprehensive search was performed using PubMed,
Embase and the Cochrane Collaboration database using the
following terms: ‘(thyroidectomy) ‘AND’ (nerve monitoring
‘OR’ nerve stimulation) ‘AND’ (RLN ‘OR’ recurrent laryn-
geal nerve ‘OR’ vagus ‘OR’ vocal cord)’. The most recent
search was performed on the 30th of October 2021. Studies
were limited to those published in the English language.

@ Springer

Studies were not restricted based on year of publication.
All duplicate studies were manually removed, before titles
were screened and studies deemed appropriate had their
abstracts reviewed. The full texts of remaining studies were
then reviewed.

Inclusion and exclusion criteria

All randomised control trials (RCTs) or prospective obser-
vational studies addressing RLN injury in patients undergo-
ing thyroid surgery. Studies were required to evaluate RLN
function postoperatively in patients undergoing thyroid sur-
gery using laryngoscopic evaluation. Studies were not lim-
ited based on timing of postoperative RLN assessment. We
included studies reporting on a previously unreported group.
Exclusion criteria were defined as follows: (1) any publica-
tion that was not an RCT or prospective observational study
(e.g. retrospective cohort studies, case series, abstracts,
guidelines, editorials, systematic reviews); (2) single-arm
prospective studies; (3) studies not differentiating between
[-IONM and C-IONM; (4) studies with no full English text.

Data extraction and quality assessment

Two independent reviewers independently reviewed the lit-
erature according to the predefined search strategy (E.F.C
and M.G.D). Where discrepancies occurred a third reviewer
arbitrated (M.J.K). Included full texts had the following
data extracted: (1) title; (2) reference details (first author,
journal, year, country); (3) study population characteris-
tics; (4) number of patients in study; (5) number of nerves
at risk (NAR); (6) mean age; (7) number of total thyroid-
ectomies; (8) number of patients being treated for benign
and malignant thyroid disease; (9) number of patients who
had I-IONM, No-NM and C-IONM respectively); and (10)
primary outcomes measures (i.e. rate of RLN injury, both
transient and permanent).

Quality assessment of included studies was conducted by
2 reviewers independently (E.F.C and M.G.D). For RCTs,
the Cochrane Risk of Bias for Randomized trials (RoB 2)
[23] tool was used and for prospective observational studies,
the Cochrane Risk of Bias In Non-Randomized Studies of
Interventions (ROBINS-I) tool was used [24].

Definitions

1. IONM: Use of a device to monitor the functional integ-
rity of the RLN during thyroid surgery.

2. I-IONM: Intermittent use of a stimulating probe to iden-
tify the RLN and intermittently confirm its integrity dur-
ing thyroid surgery.



Langenbeck's Archives of Surgery (2022) 407:3209-3219

3211

3. C-IONM: Continuous monitoring of the RLN by using
an automatic periodic stimulating probe placed on the
ipsilateral vagus nerve during thyroid surgery.

4. No-NM: Thyroid surgery carried out without the use of
a RLN nerve monitoring device.

5. NAR: Any RLN exposed to potential injury during thy-
roid surgery, e.g. during right thyroid lobectomy, only
the right RLN is exposed and at risk. Therefore, 1 NAR
for this procedure.

6. RLN injury: Abnormal vocal cord movement detected
on laryngoscopic evaluation following thyroid surgery.

7. Transient RLN (T-RLN) injury: Impaired vocal cord
movement recovering within 6 months.

8. Permanent RLN (P-RLN) injury: Impaired vocal cord
movement lasting greater than 6 months.

9. Bilateral thyroid surgery (BTS): For the purposes of
analysis, patients undergoing total thyroidectomy (TT)
or Dunhills’ operation were classed as BTS as both
recurrent laryngeal nerves were classified as at risk.

Statistical analysis

Descriptive studies and pooled values were used to
analyse study characteristics. The incidence of RLN
injury was expressed as a proportion of NARs. Our pri-
mary analysis compared the incidence of P-RLN injury
between groups. Sensitivity analysis was then performed
for this outcome evaluating RCTs and non-RCTs. We
also analysed studies by incidence of T-RLN. NMA was
conducted using R packages’ netmeta add-on (function
netmeta) [25]. A random effects model was used for all
study arms. The incidence of RLN injury was compared
using odds ratios (ORs) from crude event data reported in
the original articles. We plotted rank probabilities against
possible ranks for all competing treatments. As per the
Cochrane Handbook for systematic reviews of interven-
tions, we applied a fixed count correction of 0.5 in the
instances where no RLN injury was observed in either
group within a study [26]. Effect sizes for the Bayesian
NMA were described with 95% credible interval (CrI).
Results were considered statistically significant at the
p <0.05 level if the 95% CrI did not include or cross the
value of 1. To evaluate NMA result accuracy, assessment
of consistency between all direct and indirect data was
conducted and deemed inaccurate if indirect data dif-
fered by p > 0.05. Pooled analysis of IONM (incorporat-
ing I-IONM and C-IONM) vs. No-NM using RevMan (ver
5.4) software. Results were described as ORs using 95%
confidence interval (CI) and again results were consid-
ered statistically significant at the p <0.05 level.

Results
Literature search

The initial search of PUBMED, EMBASE and Cochrane
Collaboration resulted in a total of 969 studies identified
with a further 4 studies identified through other sources.
Following removal of 84 duplicates, 889 studies remained.
These studies were then screened by title and abstract for
relevance after which 43 studies remained and all had
their full text analysed for eligibility. Finally, 18 studies
remained for inclusion in the analysis as depicted by Fig. 1
[27-44].

Study characteristics

Eighteen studies from 9 different countries met inclusion
and exclusion criteria with 8 RCTs [28, 29, 31, 33, 35,
38, 40, 42] and 10 prospective cohort studies [27, 30, 32,
34, 36, 37, 39, 41, 43, 44]. This included 22,080 patients
undergoing thyroid surgery and 40,642 NARs. Six-
teen studies reported patient gender: 924 patients were
male (14.2%) and 5563 patients were female (85.8%)
[27-31, 33-42, 44]. Among 17 studies reporting patients
age, the mean age of patients was 53.1 years (range:
28.2-57.5 years) [27-42, 44]. Seventeen studies reported
extent of thyroid surgery with 15,708 patients undergo-
ing BTS (71.9%) [27-33, 35-44]. Similarly, 17 stud-
ies reported on thyroid pathology [27-33, 35-44], with
2001 patients (9.1%) having malignant thyroid pathology
resected and 20,039 (90.9%) had benign thyroid pathology
(Table 1). It was not possible to assess the impact of RLN
examination timing on the incidence of RLN injury due
to a lack of clarity on timing of RLN assessment in avail-
able data. Risk of bias assessment of included studies is
outlined in Supplementary Material 1A and 1B.

Of the 40,642 NAR within this NMA, 23,364 (57.5%)
underwent I-IONM, 17,176 (42.3%) did not have NM (No-
NM) and 98 (0.2%) underwent C-IONM (Table 1). Fifteen
studies compared I-IONM and No-NM groups [28-33,
35, 37-44], 2 studies compared I-IONM and C-IONM
[34, 36], and 1 study compared all 3 groups (I-IONM vs.
No-NM vs. C-IONM) [27]. The network plots for these
studies are outlined in Supplementary Material 2. One
study only reported rates of P-RLN injury [32]. Among the
98 patients undergoing C-IONM, no adverse events were
reported during placement of the C-IONM vagus nerve
stimulating probe [27, 34, 36].
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Fig.1 PRISMA flow diagram
for included studies
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Studies included in review

Reports of included studies

Impact of nerve monitoring on permanent RLN
injury

The overall incidence of P-RLN injury among all 18
studies was 0.9% (360/40,642 NARs). This represented
an incidence of 0.8% for I-IONM (194/23,364), 1.0% for
No-NM (165/17,176) and 1.0% for C-IONM (1/98). Over-
all, there was no difference in P-RLN injury rates at NMA
among each of the nerve monitoring techniques (Fig. 2B),
although there was a non-significantly reduced incidence
of P-RLN injury in patients with I-IONM compared with
No-NM (OR: 0.84; 95% Crl: 0.55-1.19). Conversely,
there was lower incidence of P-RLN injury with C-IONM
compared with I-IONM (OR: 0.53; 95%: CrI 0.02-5.47)
(Fig. 2C). At NMA, C-IONM demonstrated a numerically
lower but not significantly reduced incidence of P-RLN
injury when compared to No-NM (OR: 0.44; 95% Crl:

@ Springer

0.02-5.00) (Fig. 2B). Deviance analysis for P-RLN injury
is outlined in Supplementary Material 3. Pooled analy-
sis of IONM vs. No-NM demonstrated a non-significant
reduction in P-RLN injury following thyroid surgery (OR
0.86,95% CI 0.70-1.06, p=0.17) (Supplementary data 4).

Sensitivity analysis was subsequently performed to evalu-
ate the impact of each method of nerve preservation for the
prevention of P-RLN injury. In the 8 RCTs (all of which
compared I-IONM to No-NM), there was no statistically
significant benefit for [-IONM versus No-NM (OR 0.78;
95% Crl 0.22-2.81) (Fig. 3A). When evaluating the non-
randomised studies, C-IONM was associated with a non-sig-
nificant reduced incidence of P-RLN palsy in comparison to
No-NM (OR 0.41; 95% CrI 0.01-6.25). Similarly, I-IONM
was also associated with a non-significantly reduced inci-
dence of P-RLN palsy in comparison to No-NM within these
studies (OR 0.85; 95% CrI 0.47-1.35) (Fig. 3B).
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Fig.2 Rate of permanent RLN
injury. A Individual study data.
B Incidence of permanent RLN
injury by study group compared

Individual study results (for all studies) grouped by treatment comparison

with I.IONM. C Compari- I_IONM vs No_NM

son of I-IONM, No-NM and Mangeprasopchoke —_—— 0.90 [0.05, 15.49]
. . Ercetin ; 1.03[0.06, 16.54]
C-IONM using Bayesian NMA, Mirallié . 0.83[0.49, 1.43]
displayed as ORs with 95% Crl Wojtczak — 1.12[0.31, 3.98]
in brackets Hei —_— 2.15[0.19, 24.70]
Teksoz —_— 0.491[0.04, 5.47]
Adamczewski —_—— 0.49[0.04, 5.60]
Stevens —_— 0.65[0.06, 7.31]
Barczy..ski2009 —a 0.66 [0.27, 1.63]
Dionigi —_— 1.04[0.06, 16.77]
Terris —_————— 0.91[0.06, 14.83]
LochWilkinson : 0.40[0.02, 6.55]
Chan — 0.66 [0.19, 2.36]
Sari —_— 0.95[0.06, 15.25]
Barczy..ski2012 : 1.01[0.06, 16.26]
Dralle - 0.88[0.68, 1.13]
C_IONM vs No_NM
Adamczewski 0.49[0.04, 5.60]
C_IONM vs I_IONM
Julien —— 12.71[0.75, 214.31]
Adamczewski . 1.00 [0.06, 16.56]
Friedrich 0.82[0.05, 13.54]
I T T l
0.01 1 10 100
Observed OR
B Odds Ratio (95% Crl)
Compared with No_NM
C_IONM 0.437 (0.0177, 5.00)
I_IONM [ —o} | 0.840 (0546, 1.19)
0.1 1 5
C
C-IONM I-IONM No-NM
C-IONM C-IONM 1.89 (0.18, 45.94) 2.28 (0.22, 50.00)
I-IONM 0.53(0.02, 5.47) I-IONM 1.21 (0.84, 1.88)
No-NM 0.44 (0.02, 5.00) 0.84 (0.55, 1.19) No-NM

Impact of nerve monitoring on transient RLN injury

As the study by Dralle et al. only reported P-RLN injury
following thyroid surgery, this left 17 studies included for
the analysis of T-RLN injury. The overall incidence of
T-RLN injury reported among included studies was 2.3%
(250/10,640 NARs). This represented an incidence of 2.1%
for [-IONM (115/5532), 2.7% for No-NM (135/5010) and
0.0% for C-IONM (0/98). Overall, C-IONM did not sig-
nificantly decrease the rate of T-RLN injury compared
to No-NM (OR: 0.59, 95% Crl: 0.11-2.56) (Fig. 4B).
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Additionally, T-RLN injury was numerically although not
significantly reduced following use of C-IONM compared
with I-IONM (OR: 0.82; 95% Crl: 0.15-3.44) (Fig. 4C).
The rate of T-RLN injury among the I-IONM group was
lower in comparison to the No-NM group (OR 0.72; 95%
Crl 0.50-1.05) (Fig. 4B). Deviance analysis for T-RLN
injury is outlined in Supplementary Material 5. Pooled
analysis of IONM (C-IONM or [-IONM) vs. No-NM
revealed that IONM was associated with a significant
reduction in the incidence of overall RLN injury (OR 0.75,
95% CI10.59-0.97, p=0.03) (Supplementary data 6).
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Fig.3 Sensitivity analysis for
permanent RLN injury. A Meta- A
analysis of included RCTs. B
Meta-analysis of prospective
cohort studies

|_IONM

Compared with No_NM

C_IONM
|_IONM

Discussion

This systematic review and NMA are the first to compare
all three major nerve monitoring techniques used to prevent
unintentional RLN injury during thyroidectomy (C-IONM
vs. I-IONM vs. No-NM). The present NMA includes only
RCTs and prospective study data to best represent real-
world results regarding RLN injury in thyroid surgery
[45]. The present study incorporates over 22,000 patients
and over 40,000 NARs and demonstrates a similar rate of
P-RLN injury: C-IONM: 1.0% (1/98) vs. I-IONM: 0.8%
(194/23,364) vs. No-NM: 1.0% (165/17,176) which was
supported in the NMA (C-IONM Vs. No-NM: OR 0.44,
p=NS; [[IONM vs. No-NM: OR 0.84, p=NS). Conversely,
a stepwise increase was noted in T-RLN injury: C-IONM
0.0% (0/98) vs. I-IONM 2.1% (115/5532) vs. No-NM 2.7%
(135/5010). Although this data may be interpreted to suggest
routine use of C-IONM is an effective means of reducing
T-RLN injury while not preventing P-RLN injury, the small
sample size of nerves monitored using C-IONM (n=98)
must be recognised and acknowledged, limiting the conclu-
sions which may definitively be drawn. Moreover, pooled
analysis detailed that IONM (either I-IONM Or C-IONM)
reduces the incidence T-RLN injury (OR 0.75, p=0.03)
but not P-RLN injury (OR 0.86, p=0.17) in comparison to
No-NM. Thus, while the present data is promising to suggest
that C-IONM may reduce the incidence of T-RLN injury,
it must be acknowledged that I-IONM is also superior to
No-NM in this regard. However, it is apparent from the pre-
sent analysis that neither C-IONM or I-IONM should be
considered superior to No-NM in the prevention of P-RLN
injury.

The present analysis demonstrated a reduction in T-RLN
injury associated with the use of IONM overall (both

Compared with No_NM

Odds Ratio (95% Crl)

0.778 (0.215, 2.81)
]
0.1 1 5

Odds Ratio (95% Crl)

0.412 (0.00470, 6.25)
0.845 (0.466, 1.35)
]

0.1 1 5

I-IONM and C-IONM combined) versus No-NM dur-
ing thyroid surgery (OR 0.75). Over the last two decades,
I-IONM has gained widespread acceptance in thyroid sur-
gery to reduce the incidence of RLN injury following thy-
roid surgery [8, 9]. IONM during thyroid surgery is recom-
mended by the German Association of Endocrine Surgeons
[46], Australian College of Surgeons [47] and International
Intraoperative Neural Monitoring Study Group [7] in their
expert consensus statements and guidelines. [-IONM pro-
vides reassurance and acts as a ‘comfort blanket’ to the
operating surgeon by demonstrating the RLN functional
integrity once located as well as detection of RLN injury
post-operatively [48]. I-IONM also aids in the localization
and identification of the RLN during thyroid surgery and in
recent years, stimulating dissecting instruments have been
introduced to further improve RLN identification through
I-IONM [49, 50]. However, I-IONM is limited by one major
inherent shortcoming. While I-IONM can successfully reas-
sure the operating surgeon of the RLNSs integrity, it is limited
in that it only informs the surgeon of RLN damage once
the injury has occurred [10]. Thus, the surgeon is unaware
of the dangerous action prior to RLN injury. Lamadé et al.
introduced C-IONM with the primary objective of overcom-
ing this fundamental limitation of I-IONM [51]. C-IONM
provides real-time monitoring of ipsilateral RLN function
through indirect stimulation by a vagus nerve probe [10].
Thus, theoretically, dangerous operative action (e.g. exces-
sive RLN traction, nerve compression or thermal injury)
may be identified in real-time prompting the operating sur-
geon to reconsider their approach prior to RLN injury. How-
ever, some believe the practice of dissecting out and placing
a stimulating probe on the ipsilateral vagus nerve to facilitate
C-IONM is invasive, prolongs operative time and exposes
the patient to risks, such as bradycardia, hypotension and
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Fig.4 Rate of transient RLN
injury. A Individual study data.
B Incidence of transient RLN

A Individual study results (for all studies) grouped by treatment comparison

injury by study group compared
with I-IONM. C Comparison of
I-IONM, No-NM and C-IONM

using Bayesian NMA, ORs with
95% Crl in brackets

I_IONM vs No_NM
Maneeprasopchoke
Ercetin

Mirallié

Wojtczak

Hei

Teksoz
Adamczewski
Stevens
Barczy..ski2009
Dionigi

Terris
LochWilkinson
Chan

Sari
Barczy..ski2012

C_IONM vs No_NM
Adamczewski

C_IONM vs I_IONM
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0.09 [0.01, 0.65]
1.85[0.41, 8.30]
1.69 [0.60, 4.76]
; 1.00 [0.06, 16.55]
1.79[0.39, 8.32]
0.67 [0.37, 1.21]
0.34[0.03, 3.31]
0.72[0.19, 2.77]
0.81[0.07, 9.16]
0.67 [0.34, 1.31]
0.95[0.19, 4.75]
0.50 [0.05, 5.59]

1.00 [0.06, 16.55]

Julien 2.06 [0.23, 18.33]
Adamczewski . 1.00 [0.06, 16.55]
Friedrich —_— 0.40[0.03, 4.57]
| i | |
0.01 1 10 100
Observed OR
B Odds Ratio (95% Crl)
Compared with No_NM
C_IONM S 0.594 (0.109, 2.56)
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C-IONM C-IONM 1.21 (0.29, 6.67) 1.68 (0.39, 9.14)
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even cardiac arrest [52, 53]. Additionally, system malfunc-
tion has limited the utility of C-IONM in previous small, ret-
rospective series by Brauckhoff et al. although this is more
likely to occur in the hands of a surgeon not familiar with
the setup and use of C-IONM systems [54]. Consequently,
due to the above reasons and a lack of available high level
evidence, C-IONM is yet to gain widespread acceptance
and consideration as a ‘gold standard’. Interestingly, within
the 98 patients included in our analysis, no adverse events
were noted during placement of the C-IONM vagus nerve
stimulating probe. At present, it is evident that limitations
still exist for both I-IONM and C-IONM during thyroid
surgery [10], although both nerve monitoring techniques
appear superior to No-NM in preventing T-RLN injury.

@ Springer

Nevertheless, the benefit of IONM systems is not preserved
in the reduction of P-RLN injury within this analysis, a find-
ing consistent with previously published meta-analyses [14,
16, 55]. This supports the argument that IONM is no more
than a ‘comfort blanket’ to inform the operating surgeon
of the RLNs functional integrity at the end of the proce-
dure. Additionally, previous studies have demonstrated the
increased costs associated with IONM use versus No-NM
in thyroid surgery [56]. In addition to this, C-IONM may be
more expensive versus [-IONM due to the additional cost
of the vagus nerve electrode. Further studies will be nec-
essary to define the number needed to treat with I-IONM
or C-IONM to prevent an additional RLN injury in order
to give a better understanding of the cost effectiveness of
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these strategies. At present, without clear data to support
the benefit of IONM in reducing the incidence of P-RLN
injury or to support the cost-effectiveness of IONM, one
may reasonably argue whether routine IONM use is justified
and in particular whether exposing the patient to additional
operative risk in the case of C-IONM is justified.

However, one could argue that a lack of evidence does not
mean a lack of benefit. Although an underpowered analysis
due to the small number of NARs in those with C-IONM
and overall low incidence of RLN injury in this group
(1/98), C-IONM did outperform both I-IONM and No-NM
in the present NMA. Additionally, none of the studies utilis-
ing C-IONM was RCTs. Therefore, it is plausible that the
actual clinical difference in RLN injury reduction in those
undergoing C-IONM may have been underestimated or over-
estimated. In support of C-IONM, the recent work of Sch-
neider et al. illustrates an advantage of using C-IONM over
I-IONM in reducing the incidence of RLN injury follow-
ing thyroid surgery in their recent large retrospective study
[57]. This appears promising in surgeons plight to reduce
the incidence of RLN during thyroid surgery and supports
further investigation of this RLN monitoring strategy. None-
theless, further well-designed, suitably powered, randomised
controlled trials are necessary to fully establish the value
of C-IONM in reducing RLN injury in order to accurately
eliminate the inherent biases in retrospective studies. Due
to a low incidence of RLN injury following thyroid surgery,
previous studies have demonstrated that large sample sizes
are required to either prove or disprove the utility of IONM
during thyroid surgery [55], which renders performing well-
designed RCTs a challenge to academic surgery. Owing to
the low incidence of RLN injury following thyroid surgery,
the large numbers of patients required to detect clinically
relevant differences and the challenges in minimising local
factors confounding RLN palsy rates, it is likely that large,
multicenter collaborations seem the most fruitful means of
achieving consensus in relation to this issue.

While the present systematic-review and NMA incor-
porates only the highest levels of evidence, it is subject to
several inherent limitations. Firstly, as previously outlined,
analysis in relation to the C-IONM group is underpowered,
limiting the conclusions which may be drawn. Secondly,
the volume of thyroid surgery performed by the operating
surgeon has been demonstrated to be an important factor
in the incidence of RLN injury [58, 59]. It was not pos-
sible to address this within the present NMA. The high
variability in the number of patients in included studies
(n=32-16,448) may reflect overall high variations in the
number of thyroid surgeries being performed by individual
study authors, thereby confounding results within individ-
ual studies. In addition to this, the timing of laryngoscopic
RLN evaluation may impact the incidence of RLN injury
detected. ‘Early’ laryngoscopy (< 3—4 days postoperatively)

is typically associated with a higher incidence of RLN injury
detected. Due to a lack of available data, we were not able
to assess the impact of laryngoscopic evaluation timing on
the incidence of RLN injury detected. Another important
point to consider is the impact of cancelled contralateral
thyroid surgery owing to loss of nerve monitoring signal
during thyroidectomy which may delay or prevent a nec-
essary the contralateral surgery. This was not analysed by
any of the included studies. Additionally the present study
did not evaluate the benefit of IONM strategies in complex
thyroid surgery such as reoperations and the identification
of non-recurrent RLNs. IONM strategies may be of more
benefit in these instances and future work is necessary to
provide guidance in this area.

Conclusions

In conclusion, the present NMA of prospective studies
demonstrated a benefit of I-IONM over No-NM in reducing
the incidence of T-RLN injury following thyroid surgery.
C-IONM may provide additional benefit when compared
to I-IONM in this regard, although the paucity of avail-
able high level evidence regarding C-IONM (n =98) limits
this analysis. IONM (both I-IONM and C-IONM) failed to
significantly reduce P-RLN injury incidence following thy-
roid surgery. The necessity for further prospective, suitably
powered randomised controlled trials evaluating C-IONM is
evident from the current NMA, before the consensus can be
reached regarding the utility of C-IONM in thyroid surgery.
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