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Recurrent laryngeal nerve (RLN) injury is an intractable complication of thyroidectomy. Intraoperative
nerve monitoring (IONM) was designed to prevent RLN injury. However, the results concerning the
protective effect of IONM on RLN injury are still controversial. We searched all eligible databases from
1980 to 2017. Meta-analysis was performed to evaluate the effect of IONM on RLN injury. Sensitivity
analysis was also conducted to check the stability of our results. There were 34 studies included in the

. analysis. Overall analysis found a significant decrease in total injury (RR=0.68, 95%Cl: 0.55 to 0.83),

. transient injury (RR=0.71, 95%Cl: 0.57 to 0.88), and permanent injury (RD = —0.0026, 95%CI: —0.0039

' to —0.0012) with IONM. Subgroup analysis found IONM played a preventive role of total, transient and

. permanent injury in patients undergoing bilateral thyroidectomy. IONM also reduced the incidence of

. total and transient injury for malignancy cases. Operations with IONM were associated with fewer total

. and transient RLN injuries in operation volume < 300 NARs per year and fewer total and permanent
RLN injuries in operation volume > 300 NARs per year. The application of IONM could reduce the RLN
injury of thyroidectomy. Particularly, we recommend routine IONM for use in bilateral operations and
malignancy operations.

Recurrent laryngeal nerve (RLN) injury is the most severe complication of thyroid surgery, leading to transient
or permanent voice changes, which is one of the most common causes for medical litigation!. According to
reported data, the incidence of transient RLN injury and permanent RLN injury in thyroidectomy are 2-11% and
0.6-1.6%, respectively®. In certain situations, the risk of RLN injury is relatively high, including thyroid surgery
for malignant tumors, history of neck operation, and surgery of toxic goiter or substernal goiter>®.
Routine visual identification of RLN is applied in thyroid surgery to prevent RLN injury, which serves as a
: conventional measure to reduce vocal cord paralysis. Dionigi et al. found that the causes of RLN injury included
© transection, clamping, ligatures, suction, traction, thermal injuries and physical compression’. Intraoperative
nerve monitoring systems (IONM) use the electromyographic signal of vocal muscle movement to reflect the
. function of the RLN®°. IONM increases the identification rate of RLN, reduces the time of IONM identifica-
© tion and predicts the postoperative function of the vocal cords!®!'. IONM can be divided into 2 generations,
non-continuous intraoperative nerve monitoring (NCIONM) and continuous intraoperative nerve monitoring
. (CIONM). NCIONM is still the most common method of nerve monitoring, and CIONM is a recent surgical
. trend that could prevent RLN injury though real-time monitoring.
Although IONM is designed to reduce the incidence of RLN injury, the effect of IONM on RLN injury preven-
* tion in thyroid surgery is still controversial'>!*. Some results found that IONM could reduce transient RLN injury,
. while other results revealed non-significant help of IONM in RLN injury prevention®'*'>. Several meta-analyses
. have been conducted to discuss this topic'>'*!¢-18, Most of these studies found that IONM was not superior to
© visual identification in preventing permanent RLN injury'>!. Some results indicated that IONM could decrease
© RLN injury incidence in high risk thyroid surgery, particularly in cancer operations or in those with a previous
. history of neck operation'’. For operative sites, incidence of bilateral injury under IONM was relatively higher
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Figure 1. Flow diagram of study selection according to PRISMA statement. Abbreviation: RLN = recurrent
laryngeal nerve; NAR = nerves at risk.

(0.2%), and staged thyroidectomy was recommended when one-side RLN injury occurred to prevent further
bilateral RLN injury*®.

During the last 2 years, many large clinical trials emerged on this topic, which made it necessary to update the
data for further conclusion'®!*1-26, Considering the existing controversial results and new data, we conducted
this meta-analysis to clarify the effects of IONM in thyroidectomy. Subgroup analysis was performed to identify
the effects of IONM in bilateral operation, malignancy operation, reoperation group and operation volume.

Materials and Methods

Search strategy and selection criteria. We performed a comprehensive literature search in MEDLINE
(PubMed), BIOSIS Previews (ISI Web of Knowledge) and Cochrane library from January 1980 to July 2017. We
also manually added relevant articles by reviewing the references. Search terms included: “Neuromonitoring”
or “nerve monitoring’, “thyroidectomy” or “thyroid surgery”, and “recurrent laryngeal nerve” or “RLN”. Studies
included were confined to randomized controlled trials, case control studies and cohort studies, with convertible
effects data of IONM in thyroidectomy. If there were several papers extracting from the same population, we
would only include the most recent publication. We used the criterion of 6 months to distinguish transient RLN

injury from permanent RLN injury, which was consistent with relevant studies'®*".

Data extraction and quality assessment. Data were extracted by two authors (BL Bai and WZ Chen)
independently. Detailed information was recorded on first author, year of publication, title, location, study type,
diagnosis, inclusion and exclusion criteria, allocation method, study duration, device used, outcome measure-
ment, definition of permanent injury, number of case and control groups, the event of transient and perma-
nent RLN injury, the population type, multicenter research or not, main conclusion and Newcastle-Ottawa Scale
(NOS) score. Nerve at risk (NAR) was calculated based on number of lobectomy (1 NAR for each side), subtotal
thyroidectomy (2 NARs) and total thyroidectomy (2 NARs). In the section of operation volume, we omitted
multicenter research studies for the unavailability of hospital volume data and would discuss the effects of IONM
under open surgical operation because of insufficient sample size of endoscopic surgery. The Newcastle-Ottawa
Scale for Quality was used to assess the included cohort studies?.
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Brauckhoff®! 2002 | Germany NCT | Non-IONM:1995-1997; IONM:1998-2001 | 1995-2001 NS Laryngoscopy | NS
Thomusch? 2002 | Germany NCT | NS éalmglg;l - December Neurosign 100 Laryngoscopy | 6 months
Dralle® 2004 | Germany NCT | Choice of surgeon and Device availability ]lasng?)i)yl 1, 1998 - January Neurosign 100 Laryngoscopy | 6 months
Robertson? 2004 | USA NCT | NS %’5;1 1999 - December NIM-2.0 Laryngoscopy | NS
4 October 1998 - January
Yarbrough' 2004 | USA NCT | Non-IONM:1998-2000; IONM:2000-2003 2003 NS Laryngoscopy | NS
Witt® 2005 | USA NCT | NS 1998-2003 NIM Laryngoscopy | 12 months
Chan® 2006 | Hong Kong | NCT | Choice of surgeon and Device availability gaoxggary 2002 - August Neurosign 100 Laryngoscopy | 12 months
36 . IONM: November 2003 - January 2006; November 2003 and .
Netto 2007 | Brazil NCT Non-IONM: May 2003 - September 2003 January 2006 NIM-2.0 Laryngoscopy | 3 months
Shindo®” 2007 | USA NCT | Non-IONM:1998-2002; IONM:2002-2005 | 1998-2005 NS Laryngoscopy | 6 months
. 38 January of 2004 - .
Terris 2007 | USA NCT | NS November of 2006 NIM-2.0 Laryngoscopy | 6 months
39 Non-IONM: November 2003-December November 2003 - July .
Atallah 2009 | France NCT 2005; IONM: December 2005-July 2007 2007 NIM-2.0 Laryngoscopy | 12 months
Barczynski® 2009 | Poland RCT | Randomized January 2006 - June 2007 | Neurosign 100 Laryngoscopy | 12 months
Dionigi* 2009 | Italy RCT | Randomized 2007 NIM-2.0 Laryngoscopy | NS
Frattini*! 2010 | Italy NCT | NS NS NIM-2.0 Laryngoscopy | 12 months
. . September 2007 -
Sari 2010 | Turkey RCT | Randomized September 2009 NIM Laryngoscopy | 12 months
Barczynski®® 2011 | Poland NCT | Non-IONM:2003-2004;JONM:2005-2009 | January 2003 - June 2009 IZ\I(e)ummgn 100 NIM- Laryngoscopy | 12 months
Alesina® 2012 | Germany NCT | NS zNoolvlember 1999 - April Neurosign NIM-3.0 Laryngoscopy | 6 months
Gremillion* 2012 | USA NCT | NS 2007-2010 NS NS NS
Chuang® 2013 | Taiwan NCT | NS 2001-2010 NIM NS NS
Prokopakis*® 2013 | Greece NCT | Incidentally 2004-2011 NIM Laryngoscopy | 4 months
Alesina*’ 2014 | Germany NCT | NS %Tiary 2005 - December Neurosign NIM-3.0 Laryngoscopy | 6 months
Barczynski' 2014 | Poland NCT | NS 1993-2012 IZ\IS%%Slgn 100 NIM Laryngoscopy | 12 months
48 Non-IONM:1 October 2009-31 July 2010; | 1 October 2009-31
De Falco 2014 | Traly NCT | JONM:1 September 2010-31 October 2011 | October 2011 NS Laryngoscopy | 6 months
Sanguinetti*’ 2014 | Italy NCT | NS 2012 NS Laryngoscopy | NS
50 Non-IONM: September 2009 - July 20105 September 2009 - .
de Danschutter®® | 2015 | Netherlands | NCT IONM: July 2010 - October 2012 October 2012 NIM-3.0 Laryngoscopy | 12 months
Page'® 2015 | France NCT | Non-IONM:2001-2004;IONM: 2005-2010 ;)r;%ary 2001 - January Neurosign 400 Laryngoscopy | 12 months
10 Non-IONM: 1995-2005; IONM: January 2002 - December 3
Anuwong 2016 | Italy NCT 2006-2013 2014 NIM-2.0/3.0 Laryngoscopy | 12 months
Brajcich?! 2016 | USA NCT | Non-IONM:2009-2013; IONM:2013-2015 | 2009-2015 NIM-3.0 Laryngoscopy | 12 months
Calo? 2016 | Italy NCT | Device availability 2‘8‘;;2007 - December NIM-2.0/3.0 Laryngoscopy | 12 months
Hei! 2016 | China NCT | Randomly allocated ;)Oclt <1)ber 2009 - August NIM-2.0 Laryngoscopy | 6 months
Ly 2016 | China NCT | Non-TONM:2010-2012; IONM:2012-2014 | Jnary 2010 -Jamaary” | \pa 3.9 Laryngoscopy | 6 months
Vasileiadis** 2016 | Greece NCT | Device availability %Tiary 2002 - December NIM-2.0 Laryngoscopy | 12 months
Xie® 2016 | China NCT | NS ggﬁary 2012 - September NIM-3.0 Laryngoscopy | 6 months
Kai? 2017 | China NCT | NS ;g?guary 2013-30June | \pyp3 g Laryngoscopy | 6 months

Table 1. Main characteristic of included studies. Abbreviation: NCT, non-randomized comparative trial; RCT,
randomized controlled trial; NS, not stated.

Statistical Methods. Meta-analysis was performed under R environment 3.4.1 through meta package 4.8-3%.
According to the Cochrane Collaboration, risk ratio (RR), risk difference (RD) and confidence interval (CI) were
estimated from the median of the posterior distribution and calculated by the random-effects model with inverse
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Study Risk Ratio RR 95%-ClI
Omitting Brauckhoff 2002 e a— 0.68 [0.55; 0.84]
Omitting Thomusch 2002 — 0.68 [0.55; 0.85]
Omitting Dralle 2004 _— 0.66 [0.53; 0.81]
Omitting Robertson 2004 —_— 0.68 [0.55; 0.84]
Omitting Yarbrough 2004 — 0.67 [0.54, 0.82]
Omitting Witt 2005 —— 0.66 [0.54; 0.82]
Omitting Chan 2006 —_— 0.67 [0.54, 0.83]
Omitting Netto 2007 —8— 0.67 [0.54; 0.83]
Omitting Shindo 2007 —— 0.67 [0.54; 0.83]
Omitting Terris 2007 — 0.68 [0.55; 0.83]
Omitting Atallah 2009 — 0.67 [0.54, 0.83]
Omitting Barczynski 2009 — 0.70 [0.56; 0.86]
Omitting Dionigi 2009 —i— 0.68 [0.55; 0.84]
Omitting Frattini 2010 —— 0.68 [0.55; 0.84]
Omitting Sari 2010 —— 0.67 [0.55; 0.83]
Omitting Barczynski 2011 —_— 0.69 [0.56; 0.85]
Omitting Alesina 2012 —_— 0.66 [0.54; 0.81]
Omitting Gremillion 2012 —i— 0.67 [0.54, 0.83]
Omitting Prokopakis 2013 — 0.69 [0.56; 0.84]
Omitting Alesina 2014 —a— 0.66 [0.54; 0.82]
Omitting Barczynski 2014 —— 0.69 [0.56; 0.85]
Omitting De Falco 2014 —_— 0.69 [0.56; 0.85]
Omitting Sanguinetti 2014 _— 0.66 [0.54; 0.82]
Omitting de Danschutter 2015 —— 0.69 [0.56; 0.85]
Omitting Page 2015 — 0.65 [0.53; 0.81]
Omitting Anuwong 2016 —— 0.68 [0.54; 0.84]
Omitting Calo 2016 —_— 0.67 [0.54; 0.83]
Omitting Hei 2016 —_— 0.67 [0.55; 0.83]
Omitting Lv 2016 —— 0.69 [0.56; 0.85]
Omitting Vasileiadis 2016 —— 0.73 [0.61; 0.87]
Omitting Xie 2016 —— 0.68 [0.55; 0.84]
Omitting Kai 2017 _— 0.69 [0.56; 0.85]
Random effects model — 0.68 [0.55; 0.83]
N L
0.75 1 1.5

Favours IONM Favours Non—-IONM

Figure 2. Sensitivity analysis of total RLN injury. After omitting any of the included studies, the meta-
analysis result of total RLN injury was still robust. Abbreviation: IONM = intraoperative nerve monitoring;
RLN =recurrent laryngeal nerve.

variance weight®*-2. If zero events occurred in both experimental and control group, the pooled RD estimates
and 95% CIs were applied. Otherwise, RR was applied. RR below one or RD below zero indicated a benefit of
the experimental intervention. We estimated 95%CI from the 2.5th and 97.5th percentiles of the posterior dis-
tribution, and calculated two-sided p values from the posterior distribution. If the 95%CI did not contain the
valid value 1, the result was considered to have significant difference. Publication bias was assessed using Begg’s
test and Egger’s regression asymmetry test*. The heterogeneity between trials was estimated from the median
between-trial variance (7%) observed in the posterior.

Availability of supporting data.  All data are fully available without restriction.

Results

Description of studies. A total of 529 articles were identified through literature research. After dupli-
cates were removed, 490 articles were included for screening. Among these, 58 eligible full-text articles were
selected after carefully checking the titles and abstracts. However, we excluded 24 from these 58 articles because
of monitoring other nerve (5 articles), no control group (10 articles), incomplete data for NAR (6 articles), or
duplicated data derived from same center (3 articles) (Fig. 1)**. Finally, 34 articles were included for system-
atical review and meta-analysis?-6%10:11141521-26.35-52 Details on first author, year of publication, title, location,
study type, allocation method, study duration, device used, outcome measurement and definition of perma-
nent injury were recorded (Table 1). There were 3 randomized controlled trials***>*? and 31 non-randomized
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Study Risk Ratio RR 95%-ClI
Omitting Brauckhoff 2002 = 0.71 [0.57; 0.88]
Omitting Thomusch 2002 _— 0.72 [0.57; 0.90]
Omitting Dralle 2004 —_— 0.69 [0.55; 0.86]
Omitting Robertson 2004 —— 0.71 [0.57;0.88]
Omitting Yarbrough 2004 —_—t 0.70 [0.56; 0.87]
Omitting Witt 2005 —8— 0.70 [0.56; 0.87]
Omitting Chan 2006 —— 0.70 [0.56; 0.88]
Omitting Netto 2007 _— 0.71 [0.57; 0.88]
Omitting Shindo 2007 —s 0.70 [0.56; 0.87]
Omitting Terris 2007 — 0.71 [0.57, 0.88]
Omitting Atallah 2009 —8— 0.70 [0.56; 0.88]
Omitting Barczynski 2009 s 0.72 [0.58; 0.90]
Omitting Dionigi 2009 — 0.71 [0.57; 0.89]
Omitting Frattini 2010 —8— 0.72 [0.58; 0.89]
Omitting Sari 2010 —a— 0.71 [0.57; 0.88]
Omitting Barczynski 2011 —_— 0.72 [0.58; 0.90]
Omitting Alesina 2012 —_— 0.69 [0.56; 0.85]
Omitting Gremillion 2012 —_— 0.70 [0.56; 0.87]
Omitting Prokopakis 2013 — 0.72 [0.58; 0.89]
Omitting Alesina 2014 —— 0.70 [0.56; 0.87]
Omitting Barczynski 2014 — 0.73 [0.59; 0.91]
Omitting De Falco 2014 — 0.72 [0.58; 0.89]
Omitting Sanguinetti 2014 _— 0.69 [0.55; 0.85]
Omitting de Danschutter 2015 ———— 0.71 [0.57;0.88]
Omitting Page 2015 — 0.69 [0.55; 0.86]
Omitting Anuwong 2016 —_— 0.71 [0.56; 0.89]
Omitting Calo 2016 —— 0.70 [0.56; 0.88]
Omitting Hei 2016 —_— 0.71 [0.57; 0.88]
Omitting Lv 2016 — 0.73 [0.59; 0.90]
Omitting Vasileiadis 2016 — 0.76 [0.63; 0.92]
Omitting Xie 2016 —_— 0.72 [0.57; 0.89]
Omitting Kai 2017 —_— 0.72 [0.58; 0.90]
Random effects model Q—ﬁﬁ- | 0.71 [0.57; 0.88]
0.75 1 15

Favours IONM Favours Non—-IONM

Figure 3. Sensitivity analysis of transient RLN injury. After omitting any of the included studies, the meta-
analysis result of transient RLN injury was still robust. Abbreviation: IONM = intraoperative nerve monitoring;
RLN =recurrent laryngeal nerve.

trialg?-68101L1415.21-26,35-394143-51 i cluded in our study. The number of case and control groups and the event of

total, transient and permanent RLN injury were also recorded (Appendix Table 1). The NOS of included research
studies ranged from 6 to 9, suggesting an acceptable quality of the studies.

There were mainly three types of devices used in the studies, including Neurosign 100, NIM 2.0 and NIM 3.0.
Except for some papers that had not declared the outcome measurement, the majority of the included studies
applied laryngoscopy to check the movement of vocal cords. 29 studies were conducted under general operation,
3 studies were based on minimally invasive thyroidectomy, and the other 2 studies were based on total endoscopic
thyroidectomy (Appendix Table 2). Most of the studies were single-center trials except for 2 multi-center trials.
In subgroup analysis, we focused on major influence factors, such as bilateral operation, malignancy, reoperation
and operation volume (Appendix Table 3).

Publication bias and sensitivity analysis. Begg’s and Egger’s test were conducted to assess the publica-
tion bias in this meta-analysis. None of the tests was statistically significant in total injury (Begg’s p=0.97 and
Egger’s p=0.14), transient injury (Begg’s p=0.79 and Egger’s p=0.15) and permanent injury (Begg’s p=10.012
and Egger’s p=0.19). Meta-analysis was recalculated after omitting every record included in the analysis to check
the sensitivity of our overall results. As shown in Figs 2, 3 and 4, the results of total, transient and permanent
injury were robust after omitting any record.
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Study Risk Difference RD 95%-Cl
Omitting Brauckhoff 2002 —8— -0.0025 [-0.0039; -0.0012]
Omitting Thomusch 2002 —— -0.0022 [-0.0037; —0.0007]
Omitting Dralle 2004 —8— -0.0031 [-0.0047; -0.0015]
Omitting Robertson 2004 _ -0.0025 [-0.0039; -0.0011]
Omitting Yarbrough 2004 —_— -0.0026 [-0.0039; -0.0012]
Omitting Witt 2005 —— -0.0026 [-0.0040; -0.0012]
Omitting Chan 2006 — -0.0025 [-0.0039; -0.0011]
Omitting Netto 2007 —_—— -0.0026 [-0.0040; -0.0012]
Omitting Shindo 2007 —_— -0.0027 [-0.0041; -0.0013]
Omitting Terris 2007 —_— -0.0026 [-0.0040; -0.0012]
Omitting Atallah 2009 —8— -0.0026 [-0.0040; -0.0012]
Omitting Barczynski 2009 —— -0.0025 [-0.0039; -0.0011]
Omitting Dionigi 2009 —— -0.0026 [-0.0040; -0.0012]
Omitting Frattini 2010 — -0.0026 [-0.0040; -0.0012]
Omitting Sari 2010 —_— -0.0026 [-0.0040; -0.0012]
Omitting Barczynski 2011 — -0.0025 [-0.0039; -0.0011]
Omitting Alesina 2012 —— -0.0025 [-0.0039; -0.0011]
Omitting Gremillion 2012 —— -0.0026 [-0.0039; -0.0012]
Omitting Chuang 2013 _— -0.0026 [-0.0039; -0.0012]
Omitting Prokopakis 2013 —_— -0.0026 [-0.0040; -0.0012]
Omitting Alesina 2014 —s -0.0028 [-0.0042; -0.0013]
Omitting Barczynski 2014 — -0.0025 [-0.0039; -0.0011]
Omitting De Falco 2014 —_—s -0.0026 [-0.0040; -0.0012]
Omitting Sanguinetti 2014 — -0.0025 [-0.0039; -0.0011]
Omitting de Danschutter 2015 ~—=— -0.0025 [-0.0039; -0.0011]
Omitting Page 2015 —8— -0.0027 [-0.0041; -0.0013]
Omitting Anuwong 2016 _— -0.0025 [-0.0039; -0.0011]
Omitting Brajcich 2016 —_— -0.0026 [-0.0040; -0.0012]
Omitting Calo 2016 —_— -0.0028 [-0.0043; -0.0013]
Omitting Hei 2016 —_— -0.0026 [-0.0040; -0.0012]
Omitting Lv 2016 — -0.0026 [-0.0040; -0.0012]
Omitting Vasileiadis 2016 _— -0.0019 [-0.0034; -0.0005]
Omitting Xie 2016 —_— -0.0025 [-0.0039; -0.0012]
Omitting Kai 2017 — -0.0025 [-0.0039; -0.0011]
Random effects model e -0.0026 [-0.0039; —0.0012]
T T T 1
-0.004 0 0.002 0.004

Favours IONM Favours Non-IONM

Figure 4. Sensitivity analysis of permanent RLN injury. After omitting any of the included studies, the
meta-analysis result of permanent RLN injury was still robust. Abbreviation: IONM = intraoperative nerve
monitoring; RLN = recurrent laryngeal nerve.

Overall meta-analysis. Overall meta-analysis found a significant decrease of total RLN injury (RR=0.68,
95%CI: 0.55 to 0.83; p=0.0002), transient injury (RR=0.71, 95%CI: 0.57 to 0.88; p=0.0017), and permanent
injury (RD = —0.0026, 95%CI: —0.0039 to —0.0012; p=0.0003) by IONM (Figs 5, 6 and 7).

Subgroup analysis for bilateral operation. A total of 11 studies were included in the analysis, of which
2 studies were without transient injury data. Subgroup analysis demonstrated IONM group had a lower incidence
of total, transient and permanent injury than non-IONM group. (IONM group: total injury 1.46%, transient
injury 1.07%, permanent injury 0.50%; non-IONM group: total injury 3.01%, transient injury 2.12%, permanent
injury 0.75%).

Subgroup analysis for malignancy operation. A total of 8 studies were included in the analysis. Data
showed that IONM had protective effects in total injury and in transient injury. (Total injury: RR=0.61, 95% CI:
0.42 t0 0.91; p=0.02; Transient injury RR=10.61, 95% CI: 0.38 to 0.97; p=0.04) However, IONM had no signifi-
cant protective effect in permanent injury. (RD = —0.0009, 95%CI: —0.0063 to 0.0044; p=0.73).

Subgroup analysis for reoperation group. A total of 9 studies were included in the analysis. The
rate of total (RR=0.64, 95% CI: 0.33-1.24; p=0.1843), transient (RD = —0.0113, 95% CI: —0.0502 to 0.0276;
p=0.5687) or permanent injury (RD = —0.0082, 95% CI: —0.0176 to 0.0013; p=0.0906) had no difference
between IONM and non-IONM in the reoperation subgroup.

Subgroup analysis of operation volume. To evaluate the effect of operation volume, we used the cri-
teria of 300 NARs as the cut off to divide operation volume, as consistent with relevant studies>>*. IONM could
reduce the incidence of total (RR=0.78, 95%CI: 0.63 to 0.97; p=0.0271) and transient (RR =0.79, 95%CI: 0.63
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Sanguinetti 2014
de Danschutter 2015

210 17 490 3.4% 1.24[0.56; 2.73]
85 8 85 1.5% 0.25[0.05; 1.14]

IONM Non-IONM Risk Ratio Risk Ratio

Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Brauckhoff 2002 1 91 3 78 0.8% 0.29[0.03; 2.69] -
Thomusch 2002 41 2483 136 4650 5.7% 0.56[0.40; 0.80] =
Dralle 2004 626 17832 193 5517 6.5% 1.00[0.86; 1.18]
Robertson 2004 5 116 8 120 24% 0.65[0.22; 1.92]
Yarbrough 2004 11 72 11 79 35% 1.10[0.51; 2.38]
Witt 2005 6 83 4 107 20% 1.93[0.56; 6.63]
Chan 2006 21 501 26 499 45% 0.80[0.46; 1.41]
Netto 2007 12 169 12 158 3.5% 0.93[0.43; 2.02]
Shindo 2007 13 671 7 372 29% 1.03[0.41; 2.56]
Terris 2007 4 92 5 84 1.9% 0.73[0.20; 2.63]
Atallah 2009 16 181 22 240 42% 0.96[0.52; 1.78] :
Barczynski 2009 27 1000 65 1000 52% 0.42[0.27; 0.65] -
Dionigi 2009 1 55 3 57 0.8% 0.35[0.04; 3.22] e o
Frattini 2010 4 152 7 152 21% 0.57[0.17; 1.91] —
Sari 2010 3 146 3 140 1.4% 0.96[0.20; 4.67] —_—
Barczynski 2011 9 302 20 302 35% 0.45[0.21; 0.97] —
Alesina 2012 8 128 5 161 24% 2.01[0.67; 6.00] T
Gremillion 2012 2 41 4 121 13% 1.48[0.28; 7.76] &
Prokopakis 2013 1 60 6 61 09% 0.17[0.02; 1.37]
Alesina 2014 17 553 34 1155 45% 1.04[0.59; 1.85]
Barczynski 2014 20 500 72 826 49% 0.46[0.28; 0.74]
De Falco 2014 5 600 13 600 26% 0.38[0.14; 1.07]

9

2

Page 2015 22 612 24 922 45% 1.38[0.78; 2.44]

Anuwong 2016 91 1545 59 698 5.8% 0.70[0.51; 0.95]

Calo 2016 32 2712 29 2018 4.8% 0.82[0.50; 1.35] _

Hei 2016 1 47 1 60 05% 1.28[0.08;19.88] _—t
Lv 2016 2 156 14 185 15% 0.17[0.04; 0.73] —_—

Vasileiadis 2016 19 2962 71 2150 4.8% 0.19[0.12; 0.32] -

Xie 2016 6 98 9 69 27% 0.47[0.18; 1.26] —+

Kai 2017 8 455 18 381 3.3% 0.37[0.16; 0.85] ——

Total (95% Cl) 1045 34710 909 23537 100.0% 0.68 [0.55; 0.83] *
Heterogeneity: Tau? = 0.1667; Chi? = 86.70, df = 31 (P < 0.01); I = 64%
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Figure 5. Forest plot of total RLN injury. Less total RLN injuries were found in IONM group than in non-
IONM group by pooled analysis (p=0.0002). Abbreviation: IONM = intraoperative nerve monitoring;
RLN =recurrent laryngeal nerve.

t0 0.99; p=0.0454) injury in the group with operation volume < 300 NARs per year. Analysis also found a pre-
ventive effect of IONM on total and permanent injury in the group with operation volume > 300 NARs per year.
(p=0.0292 and p=0.0247, correspondingly).

Discussion

IONM had received widespread acceptance in the field of thyroid surgery for its role in RLN identification.
However, the protective effect of IONM on RLN injury remained controversial. Zheng et al. proposed that IONM
could reduce total and transient RLN injury in thyroidectomy'?, but the results of transient injury had been
proven to be hypersensitive'®. Lombardi et al. gave a negative conclusion about the protective effects of IONM on
permanent injury'®. Wong et al. demonstrated that high-risk subpopulations might benefit from IONM, espe-
cially in reoperation and malignancy subgroups'’. Several large studies were recently published in the past year;
Some studies found preventive effects of IONM on total and transient injury*»*42¢, while others declared an
insignificant result on this topic'®*?2%, To identify the protective effect of IONM on RLN function and explore
more subgroups which could benefit from IONM, we conducted a meta-analysis that included the most recent
developments in this field. Additionally, our meta-analysis was the first to investigate the protective effect of
IONM on the topic of bilateral operation and operation volume and revealed the preventive effect of IONM on
permanent injury in these subgroups.

Our meta-analysis found preventive effects of IONM on total, transient and permanent RLN injury. The result
was still robust after sensitivity analysis. Previous meta-analyses found a decrease of total and transient injury in
IONM cases, but for permanent injury the result was not statistically significant'>!?. The negative results might
result from small data sample size (NARs less than 40,000). A total of 59,380 NAR involved in this analysis was
enough to reveal IONM’s effect on permanent injury. Lombardi et al. mentioned the influence of permanent
injury definition and measurement'®. In this study, both the permanent injury definition (over 6 months) and
laryngoscopy measurement were included and did not influence the final results (Appendix Table 3). Based on
existing results, we recommended IONM as a routine measurement to be used in thyroidectomy.

In subgroup analyses, the study revealed preventive effects of IONM on total and transient RLN injury in
bilateral operation and malignancy operation subgroups. However, for permanent injury, a similar effect was only
found in bilateral operation cases. Bilateral thyroidectomy requires relative large operation extent and long opera-
tion duration. Previous studies revealed RLN injury incidence in bilateral operation was 1.2-2.3%%°. In this study,
pooled incidences of total, transient and permanent injury in bilateral operation were 2.3%, 1.6% and 0.61%. Our
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IONM Non-IONM Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Brauckhoff 2002 1 9N 2 78 07% 0.43[0.04; 4.64] :
Thomusch 2002 32 2483 99 4650 6.3% 0.61[0.41; 0.90]
Dralle 2004 483 17832 144 5517 7.6% 1.04[0.86; 1.25]
Robertson 2004 4 116 5 120 21% 0.83[0.23; 3.01]
Yarbrough 2004 9 72 8 79 3.4% 1.23[0.50; 3.03]
Witt 2005 4 83 3 107 17% 1.72[0.40; 7.47]
Chan 2006 17 501 20 499 47% 0.85[0.45; 1.60]
Netto 2007 6 169 7 158 27% 0.80[0.28; 2.33]
Shindo 2007 11 671 6 372 3.0% 1.02[0.38; 2.73]
Terris 2007 4 92 5 84 21% 0.73[0.20; 2.63]
Atallah 2009 9 181 13 240 3.7% 0.92[0.40; 2.10]
Barczynski 2009 19 1000 38 1000 5.3% 0.50[0.29; 0.86]
Dionigi 2009 1 55 3 57 08% 0.35[0.04; 3.22]
Frattini 2010 2 152 6 152 15% 0.33[0.07; 1.63] =
Sari 2010 3 146 3 140 15% 0.96[0.20; 4.67]
Barczynski 2011 6 302 15 302 3.2% 0.40[0.16; 1.02] —
Alesina 2012 8 128 4 161 2.4% 252[0.77; 8.17] -
Gremillion 2012 2 4 3 121 13% 1.97[0.34;11.37]
Prokopakis 2013 1 60 6 61 09% 0.17[0.02; 1.37]
Alesina 2014 15 553 31 1155 49% 1.01[0.55; 1.86] -
Barczynski 2014 13 500 52 826 50% 0.41[0.23; 0.75] -
De Falco 2014 1 600 8 600 09% 0.13[0.02; 1.00]
Sanguinetti 2014 9 210 13 490 3.6% 1.62[0.70; 3.72] —l—
de Danschutter 2015 2 85 2 8 1.1% 1.00[0.14; 6.94]
Page 2015 16 612 18 922 46% 1.34[0.69; 2.61]
Anuwong 2016 74 1545 47 698 66% 0.71[050; 1.01]
Calo 2016 25 2712 21 2018 5.1% 0.89[0.50; 1.58] ]
Hei 2016 1 47 1 60 0.6% 1.28[0.08;19.88] —_—
Lv 2016 2 156 14 185 1.7% 0.17[0.04; 0.73] ——
Vasileiadis 2016 15 2962 51 2150 5.1% 0.21[0.12; 0.38] -
Xie 2016 5 98 7 69 26% 050[0.17; 1.52] —
Kai 2017 6 455 14 381 32% 0.36[0.14; 0.92] ——
Total (95% Cl) 806 34710 669 23537 100.0% 0.71[0.57; 0.88] *
Heterogeneity: Tau? = 0.149; Chi? = 67.93, df = 31 (P < 0.01); I = 54% f
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Figure 6. Forest plot of transient RLN injury. Meta-analysis showed a preventive effect of IONM on transient
RLN injury (p=10.0017). Abbreviation: IONM = intraoperative nerve monitoring; RLN =recurrent laryngeal
nerve.

results supported the recommendation of IONM application in bilateral operation. Above all, bilateral operation
might induce bilateral RLN injury, which could lead to airway obstruction. To avoid this fatal complication,
someone proposed routine IONM application in bilateral operation and a staged thyroidectomy would be needed
for cases with intraoperative RLN signal loss’.

Previous meta-analyses only showed positive results in transient injury for malignancy operation. Our anal-
ysis included 3 new studies'*"** and 1 study with updated data?’. The results demonstrated a statistically signif-
icant decrease of total and transient injury in malignancy operation cases with IONM. Malignancy operation
might contain potential risk of malignancy invasion of RLN and lymph node dissection, which increase the risk
of RLN injury. IONM might reduce the risk by real-time monitor of RLN function.

Reoperation of the thyroid has higher risks than normal thyroidectomy, for local conglutination and ana-
tomical changes can result in RLN injury. Local conglutination makes the identification of RLN difficult and the
anatomical position of RLN might change due to a previous operation. Wong et al. found a decreased incidence
of total injury in the reoperation group with IONM. However, our study demonstrated a negative result in the
reoperation group with IONM, with 2 new studies?** and 1 study with updated data® included. The effect of
IONM in this subgroup still needs to be identified. Further large size randomized trials need to be conducted to
clarify this debate.

The impact of operation volume was also emphasized in several studies. In a German retrospective multi-
center trial, a large operation volume medical center had a lower rate of permanent RLN injury, and thus IONM
might be more helpful in small operation volume centers than in large operation volume centers®. However,
in our subgroup analysis, we found IONM could help both small and large operation volume medical centers.
IONM reduced total and transient RLN injury in small operation volume centers, and decreased total and perma-
nent RLN injury in large operation volume centers. With the aid of IONM, inexperienced surgeons could avoid
hazardous surgical situations near or on the RLN with real-time identification of the RLN>*,

There were several limitations in our study. First, there were still several studies didn’t declare the outcome
measurement or follow up for enough duration. The robust test had been passed including all the studies with
laryngoscopy measurement and more than 6 months of follow-up. Second, there still existed confounders and
heterogeneity in our analysis. Some studies included cases that involved intentional RLN transection. The influ-
ence of lymph node dissection could also not be eliminated. The sensitivity analysis, subgroup analysis, and
random-effects model was applied to address this.
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IONM Non-IONM Risk Difference Risk Difference
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Brauckhoff 2002 0 91 1 78 0.2% -0.0128[-0.0465; 0.0208] :
Thomusch 2002 9 2483 37 4650 15.9% -0.0043[-0.0078; -0.0009] E
Dralle 2004 143 17832 49 5517 24.6% -0.0009 [-0.0037; 0.0019]
Robertson 2004 1 116 3 120 0.2% -0.0164[-0.0490; 0.0162]
Yarbrough 2004 2 72 3 79 0.1% -0.0102[-0.0669; 0.0465]
Witt 2005 2 83 1 107 0.1% 0.0148[-0.0229; 0.0524]
Chan 2006 4 501 6 499 1.3% -0.0040[-0.0164; 0.0083]
Netto 2007 6 169 5 158 0.1% 0.0039[-0.0352; 0.0429]
Shindo 2007 2 671 1 372 43% 0.0003[-0.0064; 0.0070] ——
Terris 2007 0 92 0 84  0.4% 0.0000 [-0.0220; 0.0220]
Atallah 2009 7 181 9 240 0.1% 0.0012[-0.0358; 0.0381]
Barczynski 2009 8 1000 12 1000 2.5% -0.0040[-0.0127; 0.0047]
Dionigi 2009 0 55 0 57 0.2% 0.0000 [-0.0342; 0.0342]
Frattini 2010 2 152 1 152 04% 0.0066 [-0.0156; 0.0288]
Sari 2010 0 146 0 140 1.0% 0.0000[-0.0136; 0.0136]
Barczynski 2011 3 302 5 302 0.6% -0.0066[-0.0248; 0.0116]
Alesina 2012 0 128 1 161 0.6% -0.0062[-0.0244; 0.0120]
Gremillion 2012 0 41 1 121  0.1% -0.0083[-0.0465; 0.0299]
Chuang 2013 1 70 3 15 0.0% -0.1857 [-0.3900; 0.0186]
Prokopakis 2013 0 60 0 61  0.2% 0.0000[-0.0317; 0.0317]
Alesina 2014 2 553 3 1155 5.7% 0.0010[-0.0048; 0.0068] -
Barczynski 2014 7 500 20 826 0.9% -0.0102[-0.0249; 0.0045]
De Falco 2014 4 600 5 600 20% -0.0017[-0.0114; 0.0081]
Sanguinetti 2014 0 210 4 490 1.7% -0.0082[-0.0188; 0.0025]
de Danschutter 2015 0 85 6 85 0.1% -0.0706 [-0.1287; -0.0125] «———
Page 2015 6 612 6 922 22% 0.0033[-0.0061; 0.0127]
Anuwong 2016 17 1545 12 698 1.6% -0.0062[-0.0171; 0.0048]
Brajcich 2016 4 531 3 517 2.0% 0.0017[-0.0081; 0.0116]
Calo 2016 7 2712 8 2018 17.3% -0.0014[-0.0047; 0.0020] L J
Hei 2016 0 47 0 60 0.1% 0.0000 [-0.0366; 0.0366]
Lv 2016 0 156 0 185 1.4% 0.0000[-0.0115; 0.0115]
Vasileiadis 2016 4 2962 20 2150 10.6% -0.0080 [-0.0122; -0.0037] -
Xie 2016 1 98 2 69 0.1% -0.0188[-0.0631; 0.0255]
Kai 2017 2 455 4 381 1.4% -0.0061[-0.0180; 0.0058]
Total (95% CI) 244 35311 231 24069 100.0% -0.0026 [-0.0039; —-0.0012] *

Heterogeneity: Tau? = 0; Chi’ = 28.92, df = 33 (P = 0.67); I° = 0% I T T !
-0.04 -002 0 002 0.04
Favours IONM  Favours Non-IONM

Figure 7. Forest plot of permanent RLN injury. Meta-analysis demonstrated a 0.26% reduction of permanent
RLN injury with IONM (p = 0.0003). Abbreviation: IONM = intraoperative nerve monitoring; RLN =recurrent
laryngeal nerve.

Conclusions

This meta-analysis indicated that IONM could reduce the incidence of total, transient and permanent RLN injury
compared with conventional visual identification. We also recommended IONM in bilateral operations and
malignancy operations. IONM could help surgeons perform a better thyroidectomy regardless of the medical
center’s operation volume. The benefit of IONM in reoperation cases needs to be further explored. We hope our
findings can be assessed by large prospective, randomized clinical trials in the future with a standardized IONM
application and outcome measurement.
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