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Abstract

:

Injury to the recurrent laryngeal nerve (RLN) can be a devastating complication of thyroid and parathyroid surgery. Intraoperative neuromonitoring (IONM) has been proposed as a method to reduce the number of RLN injuries but the data are inconsistent. We performed a meta-analysis to critically assess the data. After applying inclusion and exclusion criteria, 60 studies, including five randomized trials and eight non-randomized prospective trials, were included. A meta-analysis of all studies demonstrated an odds ratio (OR) of 0.66 (95% CI [0.56, 0.79], p < 0.00001) favoring IONM compared to the visual identification of the RLN in limiting permanent RLN injuries. A meta-analysis of studies employing contemporaneous controls and routine postoperative laryngoscopy to diagnose RLN injuries (considered to be the most reliable design) demonstrated an OR of 0.69 (95% CI [0.56, 0.84], p = 0.0003), favoring IONM. Strong consideration should be given to employing IONM when performing thyroid and parathyroid surgery.
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1. Introduction


The recurrent laryngeal nerve (RLN) provides motor innervation to the intrinsic muscles of the larynx (except the cricothyroid) which produce phonation. Injury to a RLN can result in paresis or paralysis of the ipsilateral vocal cord. Unilateral vocal cord paralysis can produce significant changes in voice, while bilateral cord paralysis can result in asphyxiation. In addition to its motor function, branches of the RLN provide sensory innervation to the laryngeal mucosa below the level of the vocal cords. Interference with this function can lead to aspiration. Even in the absence of life-threatening complications, injuries of the RLN affect patients’ quality of life [1]. From the surgeon’s perspective, injury to the RLN is the most common reason for malpractice litigation related to thyroid surgery [2].



The anatomical relationship of the RLN makes it vulnerable to intraoperative injury. The RLN is a branch of the vagus nerve (cranial nerve X) that enters the thoracic cavity and then returns (“recurs”) to the neck to lie along the trachea in intimate proximity to the thyroid gland. The left RLN curves below and behind the aortic arch just posterolateral to the ligamentum arteriosum in the superior mediastinum, whereas the right RLN loops under the right subclavian artery at the root of the neck. Both nerves ascend lateral to the trachea and lie in the tracheoesophageal groove, posterior to the thyroid gland as it courses to the larynx. The nerve, however, has considerable variation in its course and branching pattern within the neck. Occasionally, the left RLN branches before entering the larynx and, in approximately 1% of cases, the right RLN does not follow the normal looping pattern but instead enters the neck directly superior-laterally from the vagus nerve [3]. The anatomical variation contributes to the risk of injury.



The incidence of intraoperative injury to the RLN is difficult to assess with precision for the reasons highlighted by Dionigi et al. [4]. It is often associated with transient and minimal voice disturbances so that patients are unaware of, or reluctant to report, their disability. Only a subset of reports in surgical series includes rigorous pre- and post-operative voice or vocal cord assessments. The incidence of total (permanent plus transient) RLN injuries reported in the literature we reviewed with greater than 50 nerves at risk (NAR) varied between 1.4 and 19.5% [5,6] and permanent injuries between 0–6.7% [7,8]. Extended resections for malignancy, reoperations, retrosternal goiter, and Graves’ disease are associated with a greater incidence of RLN iatrogenic injuries [9,10].



A consensus exists that the most important intraoperative maneuver to minimize risk to the RLN is visualization of the nerve early in the procedure, prior to embarking upon thyroid or parathyroid excision [11,12,13,14]. However, visual identification of the nerve may be difficult for the reasons mentioned earlier. Perhaps the most promising, yet still controversial, adjunct method for visualization alone is intraoperative neuromonitoring (IONM). Since its introduction in 1966, IONM has been promoted as offering surgeons several benefits including an enhanced RLN identification rate, a reduction in identification time, the detection of anatomic variations of the RLN, and the assessment of the postoperative function of the vocal cords. The underlying proposition of IONM is that, by applying an electrical current to the nerve and simultaneously assessing vocal cord movement, one can determine whether the nerve is intact. Several methods of IONM have been evaluated both with respect to nerve stimulation and vocal cord assessment. With respect to vocal cord assessment, the most common method is the use of electrodes incorporated into an endotracheal tube. Other methods include laryngeal palpation [15] and the trans-tracheal insertion of needle electrodes into the vocal cords [7,16,17]. Nerve stimulation, typically 0.5–1.5, A at 30 Hz delivered by bipolar electrodes, can be delivered intermittently by the surgeon (intermittent IONM [I-IONM]) or continuously (continuous IONM [C-IONM]). Currently, the most commonly used method is applying endotracheal tube surface electrodes to the mucosa of the vocal cord stimulated intermittently by bipolar electrodes conveying an electric current of 0.5–1.5 mA at 30 Hz [18,19,20]. The two types of stimulations currently used, I-IONM and C-IONM, provide unique advantages. I-IONM can be used periodically to confirm the identity of the RLN prior to performing the critical portions of the procedure. In principle, C-IONM can detect a distressed nerve and impending injury, whereas I-IONM can detect a nerve injury only after it has occurred [21].



Proponents argue that IONM enhances the surgeon’s ability to identify, and therefore protect, the RLN, especially in high-risk procedures. With the use of IONM, rates of temporary vocal cord palsy range between 0.5% [10] and 12.5% [22], and rates of permanent vocal cord paralysis range between 0% [8,17,23,24,25,26,27,28,29,30,31] and 5.8% [6] among series with a minimum of 50 NAR. However, convincing evidence for the utility of IONM is lacking due to conflicting reports. Several meta-analyses have produced contrary results, as shown in Table 1. Recognizing the inconsistent results among meta-analyses, Sanabria et al. published a review of these meta-analyses and highlighted the shortcomings and deficiencies of existing meta-analyses [32]. Among the deficiencies identified were the use of a single database, incorporating studies that do not have control groups, and the use of relative summary statistics rather than absolute summary statistics. In an attempt to answer the question, “Does IONM reduce the incidence of RLN injury?” we performed a systematic review and meta-analysis which addressed most of those deficiencies.




2. Materials and Methods


We conducted a systematic literature review according to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). PubMed, EMBASE, Cochrane, Web of Science, and ISRCTN registry databases were queried for all human studies addressing the efficacy of RLN monitoring during thyroid surgery and parathyroid surgeries. Searches were updated by PubMed automated recurrent searches. This study has no PROSPERO registration number and no registered protocol.



Literature search strategies were developed using medical subject headings (MeSH) combined with operators “AND” or “OR” and text words appropriate for the respective databases. Examples of keywords are, “thyroid surgery”, “thyroidectomy”, “parathyroidectomy”, “nerve monitoring”, “recurrent laryngeal nerve”, “recurrent laryngeal nerve injury”, “vocal cord paralysis”, and “neuromonitoring”. We employed Covidence software [Systematic Review Software, Veritas Health Innovation, Melbourne, Australia] to house citations and track progress in screening and reviewing citations in compliance with the PRISMA algorithm.



Data were extracted to a Sheets [Google, Mountain View, CA, USA] spreadsheet.



RevMan 5 [Cochrane Computer Program Version 5.0, Copenhagen, Denmark] was used for the statistical analysis and assessment of the risk of both study bias and publication bias. To limit selection bias, both the screening process and data extraction were undertaken independently by two different reviewers.



The primary outcome was the number of RLN injuries among patients for whom IONM was used compared to the number of injuries among patients for whom IONM was not used (No IONM). This was calculated both as a function of injuries per RLN at risk of injury (NAR) and as injuries per patient. In studies that reported intentional RLN divisions or patients with preoperative nerve dysfunction, we subtracted those from the total number of NAR to establish the number of nerves truly at risk and amenable to preservation by IONM. Other data collected included the following: date and country of study, age, gender, number of patients, type of surgical approach, extent of surgery, type of disease for which the surgery was done, equipment used, technique of assessing RLN injury, length of surgery, type of control (contemporaneous vs. historical), and study design (prospective vs. retrospective, randomized vs. nonrandomized).



Statistical tests employed Mantel–Haenszel odds ratios (ORs) using both a fixed and random model. Forest plots using a fixed model are displayed in the Figures. Because we conducted 10 separate analyses, we applied a Bonferroni correction to establish a more conservative level of ά = 0.005 for each analysis.



Inclusion/Exclusion Criteria


Inclusion: Thyroid and parathyroid surgeries that used intraoperative neuromonitoring of the recurrent laryngeal nerve; randomized and non-randomized studies with controls; all patients regardless of age and gender; all relevant studies regardless of date; articles in English; human subjects. We included studies in which there were no nerve injuries among patients in whom IONM was and was not employed (so-called “both armed zero-event studies”) [46].



Exclusion: Studies that included patients with prior recurrent laryngeal nerve damage or vocal cord dysfunction; studies employing unconventional surgical procedures, e.g., trans-axillary endoscopic procedures; studies derived from multi-institutional databases; studies by authors that included patients previously reported upon.





3. Results


A flow chart of the literature selection process, including criteria for excluding studies, is shown in Figure 1. All the studies included in the final analysis are non-randomized and retrospective, except for five randomized trials and eight non-randomized prospective trials. The studies selected compared IONM plus visual nerve identification to visual nerve identification alone for the prevention of RLN injury in participants undergoing conventional thyroidectomy and parathyroidectomy. Most studies (50) used endotracheal tubes (vs. 10 studies with needle electromyography) to detect the electromyographic (EMG) signal. All of the studies are published in English, are from 17 countries, the majority from the United States and China, and have publication dates ranging from 1992 to 2022. In total, studies included 28,318 patients, with a median age of 45.7 years (range 1–93 years) and a female preponderance with 74% in the patient population. Table 2 presents the characteristics of patients, operations, and study designs included in the selected studies.



The studies displayed a great deal of heterogeneity with respect to design, surgical pathology, patient demographics, and assessment of outcome. All studies used I-IONM stimulation except those of Zhou et al. [47], Adamczewski et al. [19], and Anuwong et al. [48] where both I-IONM and C-IONM were analyzed. Surgical pathology ranged from benign to malignant neoplasms, different types of goiters, and hypothyroidism. The number of patients with benign thyroid pathologies predominated with 64% compared to 32% of malignant thyroid pathologies and only 4% of parathyroid pathologies. Overall, 52.5% of the surgical operations were total thyroidectomies, 17.3% lobectomies, 14.1% reoperations, 8.7% node dissection, 4.4% parathyroidectomies, 2% subtotal thyroidectomies, and 1.1% near-total thyroidectomies. Assessment varied with respect to reporting RLN injuries as a function of NAR or number of patients. We believe the preferred assessment uses NAR. The total number of NAR was 77,270, of which 49,204 (64%) were in the IONM group and 28,066 (36%) were in the RLN control group. Injury assessment varied from subjective voice analysis to postoperative laryngoscopy.



Because of data heterogeneity, we performed several meta-analyses stratifying the studies according to study design (randomized RCTs vs. nonrandomized RCTs), type of RLN injury (overall vs. permanent vs. combined), and assessment of RLN injury (use or not of post-operative laryngoscopy). We did not assess transient RLN paralyses separately because few studies reported those uniquely. Instead, we analyzed permanent injuries and the total number of RLN injuries.





 





Table 2. Characteristics of studies included in this meta-analysis.
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	Author [Citation]
	Year
	Country
	Dates of Study
	Type of Study
	Type of Control
	NAR (Patients)
	Postop Laryngoscopy
	Definition of Permanent Injury
	Number of Surgeons
	% Female Patients
	% Cancer Operations
	% Total Thyroidectomy





	Adamczyk [19]
	2015
	Poland
	1992–2005
	R
	C
	120 (80)
	Yes
	6 months
	M
	100
	NS
	100



	Agha [49]
	2008
	Germany
	2012–2017
	R
	C
	(59)
	Yes
	NS
	M
	61
	NS
	100



	Akici [50]
	2020
	Turkey
	2004–2012
	R
	H
	(273)
	Yes
	6 months
	S
	86
	0
	100



	Akkari [51]
	2014
	France
	2005–2012
	R
	C
	(90)
	NS
	NS
	NS
	75
	NS
	44.6



	Alesina [52]
	2014
	Germany
	2002–2014
	PNR
	C
	1708 (1114)
	Yes
	6 months
	M
	75
	9
	47



	Anuwong [48]
	2016
	Italy
	2003–2007
	R
	H
	NS
	Yes
	NS
	S
	79
	19
	NS



	Atallah [53]
	2009
	France
	2006–2007
	R
	C
	421 (261)
	Yes
	12 months
	M
	77
	7
	60



	Barczyński [54]
	2009
	Poland
	1993–2012
	PR
	C
	2000 (1000)
	Yes
	12 months
	M
	91
	12
	75



	Barczyński [55]
	2014
	Poland
	1993–2012
	R
	C
	1326 (854)
	Yes
	12 months
	M
	81
	28
	39



	Bonati [56]
	2022
	Italy
	2009–2015
	R
	H
	1212 (638)
	No
	NS
	M
	76
	95
	90



	Brajcich [57]
	2016
	USA
	1995–2002
	R
	H
	1048 (627)
	Yes
	12 months
	S
	83
	20
	67



	Brauckhoff [23]
	2002
	Germany
	2007–2014
	R
	H
	169 (97)
	Yes
	NS
	M
	58
	77
	NS



	Calò [5]
	2017
	Italy
	2002–2005
	R
	H
	4730 (2365)
	Selective
	12 months
	M
	80
	31
	100



	Chan [58]
	2006
	Hong Kong
	2001–2010
	R
	C
	1000 (639)
	Yes
	12 months
	M
	79
	22
	61



	Chuang [59]
	2013
	Taiwan
	2009–2012
	R
	H
	83 (71)
	No
	NS
	S
	83
	24
	57



	DeDanschutter [24]
	2015
	Netherlands
	2014–2016
	R
	H
	170 (147)
	Yes
	12 months
	M
	86
	14
	16



	Demiryas [60]
	2018
	Turkey
	1998–2001
	R
	C
	370 (191)
	Yes
	12 months
	S
	9
	NS
	46



	Dralle [16]
	2004
	Germany
	2008–2009
	PNR
	C
	23,349
	Yes
	6 months
	M
	78
	7
	69



	Duclos [61]
	2011
	France
	2013–2018
	PNR
	C
	(686)
	Yes
	NS
	M
	78
	21
	76



	Dudley [62]
	2021
	USA
	2008–2016
	R
	C
	(107)
	No
	3 weeks
	M
	58
	NS
	NS



	Ercetin [25]
	2019
	Turkey
	NS
	PR
	C
	1496 (748)
	Yes
	12 months
	M
	89
	NS
	NS



	Frattini [63]
	2010
	Italy
	2007–2010
	R
	NS
	304 (152)
	Yes
	NS
	NS
	56
	100
	100



	Gremillion [64]
	2012
	USA
	2007–2010
	R
	C
	162 (119)
	NS
	NS
	S
	NS
	NS
	36



	Grishaeva [65]
	2022
	Germany
	2007–2011
	R
	H
	2720 (1963)
	Yes
	6 months
	M
	77
	0
	38



	Hayward [9]
	2013
	Australia
	2012–2014
	R
	C
	3736
	NS
	NS
	NS
	NS
	18
	53



	Hei [66]
	2016
	China
	1997–2016
	PR
	C
	84 (70)
	Yes
	6 months
	S
	77
	77
	26



	Kadakia [18]
	2017
	USA
	2013–2016
	R
	H
	(1418)
	Yes
	8 months
	S
	68
	57
	NS



	Kai [67]
	2017
	China
	1987–2008
	R
	C
	836 (552)
	Yes
	6 months
	M
	22
	25
	89



	Karakas [68]
	2013
	Germany
	2014–2016
	R
	H
	(111)
	NS
	NS
	M
	65
	NS
	NS



	Kartal [20]
	2021
	Turkey
	2009–2019
	R
	C
	839 (493)
	Yes
	6 months
	M
	79
	19
	70



	Kim [6]
	2020
	Korea
	2011–2014
	PNR
	C
	133 (121)
	Yes
	12 months
	M
	72
	100
	100



	Lee [69]
	2017
	Australia
	2008–2018
	PNR
	H
	1583 (990)
	Yes
	NS
	S
	80
	18
	60



	Legre [17]
	2020
	France
	2014–2018
	R
	C
	77 (47)
	Selective
	6 months
	M
	62
	13
	38



	Leow [70]
	2020
	Singapore
	2012–2017
	R
	C
	301 (193)
	Yes
	6 months
	M
	74
	25
	15



	Ling [71]
	2020
	China
	2010–2016
	R
	C
	1696 (1033)
	Yes
	6 months
	M
	73
	46
	76



	Long [72]
	2018
	China
	2012–2014
	R
	C
	(435)
	Yes
	6 months
	M
	32
	100
	100



	Mirallie [73]
	2018
	France
	1997–2016
	PNR
	C
	2633 (1328)
	Yes
	6 months
	M
	80
	22
	100



	Mourad [74]
	2017
	USA
	1997–2016
	R
	H
	(213)
	Yes
	7 months
	S
	72
	0
	0



	Netto [75]
	2007
	Brazil
	2003–2006
	R
	H
	327 (204)
	Yes
	3 months
	M
	93
	58
	63



	Page [76]
	2015
	France
	2001–2010
	R
	H
	1534 (767)
	Yes
	12 months
	M
	82
	NS
	100



	Pei [77]
	2021
	China
	2010–2020
	R
	H
	159 (109)
	Yes
	NS
	M
	56
	47
	NS



	Polat [78]
	2015
	Turkey
	2010–2012
	PNR
	C
	178 (94)
	Yes
	NS
	M
	79
	27
	76



	Prokopakis [30]
	2013
	Greece
	2004–2011
	R
	C
	121 (97)
	No
	4 months
	M
	79
	87
	25



	Ritter [26]
	2021
	Israel
	2001–2019
	R
	C
	183 (113)
	Yes
	12 months
	M
	75
	57
	43



	Robertson [79]
	2004
	USA
	1999–2002
	R
	C
	236 (165)
	Yes
	NS
	M
	77
	33
	NS



	Sanguinetti [28]
	2014
	Italy
	2012
	R
	C
	700 (350)
	Yes
	NS
	M
	NS
	NS
	100



	Sari [29]
	2010
	Turkey
	2007–2009
	PR
	C
	409 (237)
	Yes
	12 months
	M
	82
	17
	79



	Sharif [80]
	2017
	Pakistan
	2014–2017
	R
	C
	400 (200)
	Yes
	6 months
	M
	NS
	NS
	100



	Shindo [81]
	2007
	USA
	1998–2005
	R
	C
	1043 (684)
	Yes
	NS
	S
	NS
	55
	52



	Sopinski [82]
	2017
	Poland
	2014–2016
	R
	C
	133 (80)
	NS
	NS
	M
	95
	0
	66



	Stevens [83]
	2012
	USA
	2004–2008
	PNR
	C
	143 (91)
	No
	6 months
	M
	59
	41
	57



	Teksoz [27]
	2015
	Turkey
	2011–2012
	PR
	C
	322 (161)
	Yes
	6 months
	M
	76
	34
	100



	Terris [31]
	2007
	USA
	2004–2006
	R
	C
	176 (137)
	Yes
	6 months
	S
	NS
	18
	28



	Thong [84]
	2021
	Ireland
	2009–2019
	PNR
	H
	1539 (1001)
	Yes
	6 months
	S
	81
	23
	55



	Vasileiadis [10]
	2016
	Greece
	2002–2012
	R
	C
	5112 (2556)
	Yes
	12 months
	M
	79
	NS
	100



	Witt [85]
	2005
	USA
	1998–2003
	R
	C
	190
	NS
	12 months
	S
	NS
	NS
	44



	Wojtczak [8]
	2017
	Poland
	2011–2014
	R
	C
	105 (61)
	Yes
	12 months
	M
	87
	20
	85



	Yarbrough [22]
	2004
	USA
	1998–2003
	R
	H
	151 (111)
	Selective
	NS
	M
	63
	66
	4.5



	Zhang [7]
	2020
	China
	2018
	R
	C
	280 (200)
	Yes
	6 months
	M
	83
	100
	78



	Zhou [47]
	2019
	China
	2009–2014
	R
	C
	418 (209)
	Yes
	12 months
	M
	62
	2
	91







Abbreviations: NAR, Nerves at Risk; R, Retrospective; PNR, Prospective Non-Randomized; PR, Prospective Randomized; H, Historical; C, Contemporary; S, Single; M, Multiple; NS, Not Stated.











3.1. Meta-Analysis of All Studies Assessing Permanent Nerve Injury Categorized by NAR and per Patient


As shown in Figure 2, the incidence of permanent injuries when the unit of analysis was the NAR was 0.8% (549/67,887), corresponding to 0.69% (288/41,920) in the IONM group and 1.00% (261/25,967) in the visual identification only group. When assessed as a function of the number of patients, the incidence of permanent injuries was 1.50% (349/22,888), corresponding to 1.2% (144/11,639) in the IONM group and 1.8% (205/11,249) in the visual identification only group. (Figure 3) The OR of studies analyzed by NARs and per patient were 0.66 [95% CI 0.56 to 0.79; p < 0.00001] and 0.61 [95% CI 0.49 to 0.76; p < 0.0001], respectively, both favoring IONM.




3.2. Meta-Analysis of All Studies Assessing Total Nerve Injuries Categorized by NAR and per Patient


The total number of NARs in this subgroup was 46,596, of which 25,250 (54.2%) were in the IONM group and 21,346 (45.8%) in the visual identification group. The rates of total (permanent plus transient) RLN injuries assessed per NAR were 3.0% (774/25,250) in the IONM group and 4.2% (905/21,346) in the control group (OR 0.72; 95% CI [0.65, 0.79] (Figure 4). For studies analyzed per number of patients, there were a total of 26,058 patients. Those in the IONM group had a rate of 5.2% (695/13,294) total RLN injuries compared with 6.9% (887/12,764) in the control group (OR 0.71; 95% CI [0.64, 0.79]) (Figure 5). These data showed a statistically significant decrease in RLN injuries when using neuromonitoring intraoperatively, p < 0.00001 (NARs) and p ≤ 0.00001 (patients).




3.3. Meta-Analysis of Randomized Controlled Trials Assessing Permanent and Total Number of Nerve Injuries Categorized by NAR


Because randomized trials are the least likely to be biased, we analyzed those studies as a sub-analysis. Figure 6 displays a meta-analysis of permanent RLN injuries among a total of 4311 NARs in five RCT studies. In two of the five studies, there were no permanent injuries reported in both the IONM and non IONM groups. Figure 7 displays total RLN injuries which, in the IONM group, was 2.6% (56/2149 NARs) and 3.45% (75/2162 NARs) in the control group. In the five RCTs, we found no statistically significant benefit when using IONM compared to visualization alone in reducing the incidence of total (OR 0.87; [95% CI 0.52 to 1.45] p = 0.59) or permanent RLN injuries (OR 0.72; 95% [CI 0.32 to 1.64] p = 0.44). Although not statistically significant, the results strongly favor IONM.




3.4. Meta-Analysis of Studies with Documented Post-Operative Laryngoscopy Assessing Permanent and Total RLN Injuries Categorized by Nerves at Risk


Because the incidence of postoperative RLN injury depends upon the method of diagnosis of injury, and because postoperative laryngoscopy is the most secure way to diagnose postoperative RLN injury, we performed a subgroup analysis of studies employing postoperative laryngoscopy. We analyzed these studies only using NAR as the denominator. This yielded a statistically significant difference between using IONM (vs visualization alone) in reducing permanent (OR 0.67 (95% CI 0.55 to 0.80; p < 0.0001) (Figure 8)) as well as total RLN injuries (OR 0.68; 95% CI 0.61 to 0.76; p < 0.00001. Figure 9).




3.5. Meta-Analysis of All Studies with Contemporaneous Controls Assessing Permanent and Total RLN Injuries Categorized by Nerves at Risk


Because contemporaneous controls are considered more reliable than historical controls, we performed a subgroup analysis of the 36 studies employing contemporary controls.



As shown in Figure 10, the incidence of permanent RLN paralysis among these studies was 0.86% (452/52,073 NARs), corresponding to 0.72% (244/33,749) in the IONM group and 1.1% (208/18,324) in the control group. Figure 11 displays the results for total RLN injuries, 3.8% (1111/29,257 NARs) corresponding to 2.9% (469/16,148) in the IONM group and 4.9% (642/13,109) in the control group. These analyses proved to be statistically significant in favoring IONM in both groups: those with permanent injuries (OR 0.67; 95% CI [0.55, 0.82], p < 0.0001) as well as the total RLN injuries (OR 0.65; 95% CI [0.57, 0.74], p < 0.00001).




3.6. Meta-Analysis of All Studies with Contemporaneous Controls and Documented Postoperative Laryngoscopy Assessing Permanent and Total RLN Injuries Categorized by Nerves at Risk


Lastly, we performed an analysis of the studies we felt were most reliable, those with both contemporaneous controls and postoperative laryngoscopy. Among those reports, the incidence of permanent paralysis was 0.90% (429/47,329 NARs), corresponding to 0.77% (237/30,473) in the IONM group and 1.1% (192/16,856) in the control group (Figure 12). The total injuries were 4.0% (978/24,382 NARs), corresponding to 3.1% (398/12,825) in the IONM group and 5.0% (580/11,557) in the control group (Figure 13). Intraoperative neuromonitoring was associated with a significantly lower incidence of permanent injuries (OR 0.69; 95% CI [0.56, 0.84], p = 0.0003) and total RLN injuries (OR 0.63; 95% CI [0.55, 0.72], p < 0.00001).



Table 3 is a summary of the sub-group analyses displayed in the Figures above.




3.7. Risk of Bias Assessment


Employing the Cochrane Handbook for Systematic Reviews of Interventions [87], the bias domains assessed were (a) selection bias encompassing random sequence generation and allocation concealment, (b) performance bias to assess whether blinding of participants and personnel was undertaken, (c) detection bias (blinding of outcome assessment), (d) attrition bias (incomplete outcome data), and, finally, (e) reporting bias (selective reporting). Bias for each category was assigned a level of “high”, “low”, or “unclear” (Figure 14).





4. Discussion


Routine visual identification is considered the gold standard for the identification of the RLN to protect it from injury. The use of IONM has been proposed as a way to reduce the incidence of RLN injury. The use of IONM in thyroid surgery has reached approximately 50% in the United States and has approached 100% in Germany [86]. Although widely employed, debate continues regarding its efficacy and cost-effectiveness.



Several meta-analyses have been conducted in an attempt to resolve the debate. Our search of several databases identified 14 meta-analyses comparing the use of IONM with visual identification alone. Several of the meta-analyses found a decrease in both total and transient injuries in IONM cases, but for permanent injury, the results were particularly inconsistent.



Randomized studies would help resolve the issue, but because of the recent introduction of IONM to the field of thyroid and parathyroid surgeries, very few RCTs have been conducted to explore its benefits. Only five single-center, prospective RCTs have been conducted [28,40,45,64,69]. The study by Barczynski et al. [54], the largest with 2000 NARs, failed to find statistically significant results in reducing permanent RLN injuries. Similar results were obtained in the other four RCTs. It is of no surprise that our analysis of the RCTs failed to find a statistically significant benefit of using IONM to reduce total and persistent RLN injuries. Several reasons contributed to these findings. For one, the studies had small sample sizes which inherently lack the power to detect significant differences given the low incidence of RLN injuries. Sanabria [86] calculated that a sample size of 4500 patients or 9000 NAR would be required to demonstrate a statistically significant difference (ά 0.05, 80% power) for permanent injuries. For another, two of the five studies reported no permanent injuries in either the IONM or control patients, limiting statistical analysis. Third, four of the five RCTs assessed the performance of multiple surgeons. Because the performance of a single experienced surgeon is likely the most important determinant of postoperative vocal cord viability, particularly for high-risk surgeries, studies analyzing the performance of multiple surgeons could potentially affect the overall incidence of RLN injury. Finally, performance bias was seen in all five RCTs.



Sanabria et al. [88] assessed the methodologic quality of systematic reviews of IONM and highlighted issues that, in their judgment, compromised the reviews. These were (1) the underpowered nature of included studies, (2) failure to search a sufficient number of journal databases, (3) inclusion of studies that had no control group, (4) using a summary statistic, e.g., OR in place of an absolute estimator such as relative difference, (5) failure to report publication bias, and (6) using NAR as an analysis unit on the grounds that it artificially increases sample sizes. We have tried to address these issues as far as possible, considering that statisticians differ in their opinion regarding relative vs. absolute estimators. We analyzed data by both NAR and per patient. We feel NAR is the more clinically relevant analysis unit. Underlying this debate is the caveat that statistical difference is not equivalent to clinically relevant differences.



There are several sources of heterogeneity in the studies selected for our analysis. Differences in the control groups, historical vs. contemporaneous, are particularly important. Patients in historical control groups may lack baseline similarities with the treatment arm, resulting in confounding effects. In historical controls, patients might be selected from a pool of subjects that would favor the new treatment group, boosting the power of the trials at the cost of decreasing their generalizability. The quality of outcome information recorded for historical control records may differ substantially compared to contemporaneous control groups, since no study was underway requiring rigorous data acquisition at that time.



Another important source of heterogeneity is the definition of nerve injury and permanent nerve injury. Not all studies included laryngoscopy to assess vocal cord function; some relied upon subjective voice changes, which patients may have been reluctant to bring to the surgeons’ attention. Additionally, studies differed in the length of time before designating an injury as “permanent”.



Yet, other sources of heterogeneity, as reported in Table 2, include differing types of pathology, variable length of follow-up, varying proportions of men and women, and varying proportion of “high-risk” surgery in the selected studies.




5. Conclusions


A meta-analysis of all 60 studies demonstrated a statistically significant effect favoring the use of IONM in reducing the incidence of permanent RLN and total (transient and permanent) RLN injuries. Subgroup meta-analyses of studies considered the most reliable (those with routine postoperative laryngoscopy to define RLN injury, and those with contemporaneous, in contrast to historical, controls) also demonstrated statistically significant results favoring the use of IONM. Strong consideration should be given to employing IONM when performing thyroid surgery.
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Figure 1. PRISMA flowchart of study identification and selection in the meta-analysis. 
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Figure 2. (A) Meta-analysis of all studies assessing permanent RLN injuries categorized by nerves at risk. (B) Funnel plot of heterogeneity [5,6,7,8,9,10,16,17,20,22,23,24,25,26,27,28,29,30,31,48,52,53,54,55,56,57,58,60,63,64,65,66,67,69,70,71,73,75,76,78,79,81,83,84,85,86]. 
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Figure 3. (A) Meta-analysis of all studies assessing permanent RLN injuries categorized by number of patients. (B) Funnel plot of heterogeneity [5,6,8,10,18,19,20,22,23,24,25,26,27,28,29,30,31,51,54,55,57,58,60,62,64,65,66,67,68,69,70,71,72,73,74,75,76,78,79,81,83,84]. 
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Figure 4. (A) Meta-analysis of all studies assessing total RLN injuries categorized by nerves at risk. (B) Funnel plot of heterogeneity [5,6,7,8,9,10,17,19,20,22,23,24,25,26,27,28,29,30,31,47,48,52,53,54,55,56,58,59,60,63,64,65,66,67,69,70,71,73,75,76,77,78,79,80,81,82,83,84,85]. 
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Figure 5. (A) Meta-analysis of all studies assessing total RLN injuries categorized number of patients. (B) Funnel plot of heterogeneity [5,6,7,8,10,17,18,19,20,22,23,24,25,26,27,28,29,30,31,47,49,50,51,52,54,55,56,58,59,60,61,62,63,64,65,66,67,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84]. 
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Figure 6. Meta-analysis of randomized studies assessing permanent RLN injuries categorized by nerves at risk [25,27,29,54,66]. 
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Figure 7. Meta-analysis of randomized studies assessing total RLN injuries categorized by nerves at risk [25,27,29,54,66]. 
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Figure 8. (A) Meta-analysis of permanent RLN injuries among studies with post-operative laryngoscopy categorized by nerves at risk. (B) Funnel plot of heterogeneity [6,7,8,10,16,19,20,23,24,25,26,27,28,29,31,48,52,53,54,55,57,58,60,63,65,66,67,69,70,71,73,75,76,78,79,81,84,86]. 
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Figure 9. (A) Meta-analysis of total RLN injuries among studies with post-operative laryngoscopy categorized by nerves at risk. (B) Funnel plot of heterogeneity [6,7,8,10,19,20,23,24,25,26,27,28,29,31,47,48,49,52,53,54,55,58,60,63,65,66,67,69,70,71,73,75,76,77,78,79,80,81,84]. 
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Figure 10. (A) Meta-analysis of permanent RLN injuries among studies with contemporaneous controls categorized by nerves at risk. (B) Funnel plot of heterogeneity [6,7,8,9,10,16,17,19,20,24,25,26,27,28,29,30,31,47,52,53,54,55,58,60,64,66,67,70,71,73,78,79,81,83,85]. 
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Figure 11. (A) Meta-analysis of total RLN injuries among studies with contemporaneous controls categorized by nerves at risk. (B) Funnel plot of heterogeneity [6,7,8,9,10,17,19,20,24,25,26,27,28,29,30,31,47,52,53,54,55,58,60,64,66,67,70,71,73,78,79,80,81,82,83,85]. 
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Figure 12. (A) Meta-analysis of permanent RLN injuries among studies with contemporaneous controls and post-operative laryngoscopy categorized by nerves at risk. (B) Funnel plot of heterogeneity [6,7,8,10,16,19,20,25,27,28,29,31,47,48,52,54,55,58,60,66,67,70,71,73,78,79,81]. 
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Figure 13. (A) Meta-analysis of total RLN injuries among studies with contemporaneous controls and post-operative laryngoscopy categorized by nerves at risk. (B) Funnel plot of heterogeneity [6,7,8,10,19,20,25,27,28,29,31,47,52,53,54,55,58,60,66,67,70,71,73,78,79,80,81]. 
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Figure 14. Risk of bias among studies in this meta-analysis. 
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Table 1. Meta-analyses of intraoperative nerve monitoring.
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	Author
	Year
	Favors IONM in Reducing Permanent RLN Injuries
	Favors IONM in Reducing Transient RLN Injuries
	Favors IONM in Reducing Total RLN Injuries





	Bai [32]
	2018
	Yes
	Yes
	Yes



	Cleere [33]
	2022
	No
	No
	NS



	Cirocchi [34]
	2019
	No
	No
	No



	Davey [35]
	2022
	No
	No
	No



	Higgins [36]
	2011
	No
	No
	No



	Kim [37]
	2021
	Yes
	Yes
	Yes



	Lombardi [38]
	2016
	No
	NS
	NS



	Pisanu [39]
	2014
	No
	No
	No



	Rulli [40]
	2014
	No
	Yes
	NS



	Sanabria [41]
	2013
	No
	No
	NS



	Sun (reoperations) [42]
	2017
	Yes
	No
	Yes



	Wong (high-risk patients) (Random effects analysis) [43]
	2017
	No
	No
	Yes



	Wong (high-risk patients) (Fixed effects analysis) [43]
	2017
	No
	Yes
	Yes



	Yang [44]
	2017
	No
	No
	No



	Zheng [45]
	2013
	No
	Yes
	Yes










 





Table 3. Summary of sub-group meta-analyses.
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	Category
	Type of Injury
	Assessment
	% Injury IONM
	% Injury No IONM
	OR (95% CI) IONM vs. No IONM





	All studies
	Permanent
	NAR
	0.69
	1.0
	0.66 (0.56–0.79)



	
	
	Patient
	1.2
	1.8
	0.61 (0.49–0.76)



	All studies
	Total injuries
	NAR
	3.0
	4.2
	0.72 (0.65–0.79)



	
	
	Patient
	5.2
	6.9
	0.71 (0.64–0.79)



	Randomized
	Permanent
	NAR
	0.47
	0.65
	0.73 (0.33–1.61)



	
	Total
	NAR
	2.6
	3.4
	0.74 (0.52–1.06)



	Postoperative laryngoscopy
	Permanent
	NAR
	0.75
	1.0
	0.67 (0.55–0.80)



	
	Total
	NAR
	3.4
	4.6
	0.68 (0.61–0.76)



	Contemporaneous controls
	Permanent
	NAR
	0.72
	1.1
	0.67 (0.55–0.82)



	
	Total
	NAR
	2.9
	4.9
	0.65 (0.57–0.74)



	Contemporaneous controls AND laryngoscopy
	Permanent
	NAR
	0.78
	1.1
	0.69 (0.56–0.84)



	
	Total
	NAR
	3.1
	5.0
	0.63 (0.55–0.72)







NAR: analyzed by number of nerves at risk. Patient: analyzed by number of patients. IONM: intraoperative nerve monitoring. OR: odds ratio. OR less than 1.0 favors IONM; 95% CI: 95% confidence interval.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
05

15

SE(0g[OR])

oF,

100





media/file26.jpg
“samczons 2015 2 @ 2 4 i 0spGam
Aora 2012 2o 3w ome  1mzma
A 2009 7 % 0 e am tmpwae
Bacyra 2909 800 2 oo o osspzrie)
B 20%) 7m0 o s ez ospaism
Ghan 2006 4 a6 w25 ospae
@OwsnmGols) 0 8 6 8 om0 1m
Dermyes 2018) 2 w4 2w e omprmasm
Drol 008 Weomw s s st omioes 1o
Econ @019) ot o 7m0 Netstmabe
Grarvton 012 o w1 m ow omeswzz
Haywd 2013) 33w e ospoeis)
el o) 2w 1w o 2uwmmeam
o) 2 s 4 oo ooz
oponomis @z 0 W 0 10 Mot ctmabe
arl Go20) Gom o o am omurim
am G020y 3 s & m oz zpmse
Lo 2020 i@ 4w oo onponasn
Coow 2020 1M 6 e 2w ombozis
g @120 2o 1 s 0se Lo rie)
s 20) o ts 2w 20%  Omlods A
pos aote) 1 1 m Gax osos e
Prkopais G013) o @ o @ Notctmate
Rt 021 o & 2 wm om ompaam
Hoberson 2004) Towe 2 @ omx  osiooss7
St 2014) o 20 4 0 1w  ozmweramm
s 2010, o o e Netstmave
St 2007 5 G 8 am a2 oss el
Stoers @012) Toe 2 moam ossposra
Tabz Gots) o w2 1w os omporam
Tert 2o0m) o m o u Mot estmabe
Vasiaads 2016) 4ome om0 e oupws o
w2005 2w ) Yo oo memman
ok 2017) © @ 3 45 ime owReim
Znang 020, Tom 0 e oz aviowes
o ore) o a1 o o oupmzem
Tota €1 ssna0 10420 000%  087(085,082
Tom svans a0 0

Hotorogonty: O 257l 300 = 058), o 0%

Test o v ot 2+ 400 ( <0.001)

(A)





media/file8.jpg
oMM NoloNM Odds Ratio Odds Ratio
o Events Yol Evets Tott M Fens 91 it Fana 9851

F T e N T
frr) TR 5 R o cwewan
et Dode @ ow fe ‘sepsiy
o2 Tue b o am ompmia
S iy Lah oS meman
i S i o o]
e S v oum am ompaise
) DN LR I ompws
Sowwany 8 M8 m e ombeiwm
Samor ey S h % owm oam ompwsm
i @ ms % o wlphaee
S o Sow o ow i
i §R TR s ommenm
G 2 Doam o s oowm amwra
o) P T v
ol % W n @ e onmse
e Dol U om oo dhbei
s oty H i i
e ey
ey Com o om sm kbl
ey SO MmO teeEi
oy R - v 1 g
et -y
fror=y Domo % moae omdma
ey P 1 o eawsie
s N s moum ombai
) S W4T T mpman
N Pm o f o g mpuaem
Spatiomn ¢ % % Gk mperanm
Py Come oo oam imbwar
e TR e
P, HEE T R Al v+ £
P a1y b6 i
R S % % m oo onpmesm
Noen ot - ol -
o o ous i s 1 omborem
iy - ped)
St - . ey
St PR3 R o cmpmrn
T o % ok oam omperaw
Torm o snoo o praevd
oo S 5 oam s owpmons
ool DR momowec onpmod
Vo E A o P
remr i) HEEAH - i e
Total (98% C1) 163 1248 t000% 1049, 0.76] .
Tou et " e
gy o <1234, 8431 0200, 0% — G
etiettea it ST .
o SECogIOR)
o
'
1
; o
b o






media/file34.jpg
“haavczowe (2015 2
osia 20121 H

Ao 2009 °

Barcyrt 2009 2

Byt 014) »

Ghan 2208 5
Deriyes 0] s o
D @000 1u P
Econ 2019) o o ™
He 016 2 i e
Kaiiaor) 2 4
Kopoioss @) 0 o W
ol 2020 < 5
Kon 020, 3 < m
Loow 2020 ' 5w
Ling a020) 2 s
s 2015 Bl u o
P 2019) T (e}
Roberson 2004) ' 2 m
Sengunen 2014) o -
s 010, o o
St 2007 9 5w
Tetsor @015 o 1w
Ters oo o o m
Vastuods @016) i n 2%
Viokcak 2017) o 3 s
v oz i o e
outzors) o 1ot
Toursscn sos73 1ense
Tom eves a2 3

Ftmogenay. G 2082, a1+ 23 P = 0505 < 0%
Tes o et et 2. 361 (P = 00003

o, SE0aORD

08

18

Ta%
s
sen
e
am

uzm

oan
200

3
1%
250
o6t
o054
oo
%

o
om

o
Ta%
o

1000%

052008 23
139021835
1o 288
oeainzr 163
o502, 136
oea010,236
ariom e
omoe, 125

Notovimatie
21519.2070)
052008225
osore 17
122020568
01900z, 158
107010, 1188
0s2(04s, 40
098 008, 1538]
051 005,574
028001479

oez0
oS or on

o

o





media/file21.jpg
SE(Iog[OR])

o]

100

[

o

05

15

ot

(B)





media/file39.png
Random sequence generation (selection bias)

Allocation concealment (selection bias) [ B

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias) -
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

' '

0% 25% 50% 75%  100%

. Low risk of bias D Unclear risk of bias . High risk of bias






media/file27.jpg
- SEA0GIOR)

05

15

oR

b0





media/file12.jpg
“danczons 2015 2 2 ;0 oax  031(00s.2%
Agna s 1 & & oo osipossa
s a0z i B o e ompzosm
o o) ' o 0w 1%posseal
Nosra 2ot2) 7 3 sz Tupezon
By 2009 a B s sex  osioaos)
Barcyrs 1) » 7 s so¢  ompamonm
Sonat f202) s o m e ompaawe
Sl 2002) l s w0 omoon2e
caootn) B 2 0 s ompasim
‘Gran a00n) B ® w sox ospds tan
Gy @013 1 3 s oms  ooroonor
oDt auts) 2 8 7 ook oaspoos i)
Domiyas 2018) 7 B oam te oo el
Ducan @011) % a5t iew  espsad)
Doy 2021) Wom o ssonssem
Ercan 2019) o w0 im ompmzo)
Pt 2010) 3 w7 7 0w oammie)
G 2012 2 3 4 o o 2mpws s
Stan 2022) o a2 o tex  arozsaen
o 018) 7 “ W o 2mosea
Koo @317) E 2 e 2 tope e
Kaita) . B o oam omprom)
Kapanosis 202) 2 0 50 oox s21j0z vt
o o20) a 3 2 4z osomowm
am 2220) 3 B e ompwan
Low @017) n Bowo e iRz
oo 220) i 2 o om  ompuas
Coow 2020) ] ® e 2w ourprom
= 8 sz 1seEsa
o 2 2 2% omowoss
o @ s ask om0
. © W oo ompzo
Bl 7 o0 1% 0spa22q
2 s 0 ook osnos i)
2 2 s o2z aemase
i o w1 ompwio
1 2 s om  osep.ron
H 2 @ ook 1spaom
B 5 % ord omioo i
i w7 om oo i
i s s 0w oepw ey
i o 2 impsizm
H 3 14 omx  ospinam
x 2w e 1ss300
bl I o sk ompanim
s B s om  onwpzezm
‘ s = o ossps i
oz @01E) El 7 @ o  veros.eon
Tor 200 4 s s oosw ompwaen
Thong 02t) = 3 oaw as apmisy
Vasiuad o) T o onowm o omprnos
ok (017) 1% s m ow  oosporors
Yoeougn 200%) 2 = 2 % im 1zpsmz
2o G020 7 w7 w0 2% owpssom
stz o o 7 s im osmerm
Tou 951 raass e to0ok  oTiiosk,0m
Toa ows s w7

Helorogonoy.Ch¥ = 1186801 52 (7 < 000001 = 54%
Tos o v oot 2613 P <000001)

(A)






media/file18.jpg
St o Subsroup_ Evots Tot Evente Toa Wolht e Fiees 051 e s 1
S e o o DREs o B
s T R Rt o =
Pty 1% AEE 2N +—
i i1 (28 B

ey 12 122 e —_—
e i2 2 Z o =
Tomrnen - s o -
i

oy G 06,64 (0135

ot o overa afck

86010






media/file9.png
IONM No IONM Odds Ratio Odds Ratio
Sludy or Subgroup Evaents Total Events Total Weight M-H, Fixed, 35% Cl M-H, Fixed, 35% CI
Adamczewski (2015) 2 Gl 2 20 1.4% 0.31 [0.04, 2.36] "
Akkari (2014} 1 40 0 25 0.3% 1.94 [0.08, 49.41]
Barczynaki (2009) 8 500 12 500 5.6% 0.66 [0.27, 1.63] N
Barczynskl (2014) ! 206 20 el 5.6% 0.B2 |0.26, 1.48] - =1
Brajeich (2016) 4 315 3 12 1.4% 1.32 [0.29, 5.87]
Brauckhoff (2002) a 53 1 A4 0.8% 0.27 [0.01, 6.82] -
Calo (2017) 6 1356 T 10049 3.8% 0.64 [0.21, 1.90] -
Chan (2008) 4 316 G 323 2.8% 068 [019, 242 -
de Danschutter (2015) a 71 6 76 3.0% 0.08 [0.00, 1.37] *
Damiryas (2018) 2 TS 4 112 1.5% 070013, 383 -
Dudley (2021) 10 " 0 36 0.3% 1246 [0.71, 219.04] " 4
srcalin (2018) i it 0 380 Mot estimable
Gramillion (2012) a 31 1 a8 0.4% 0.93 [0.04, 23.32]
Grishaeva (2022) 1 ara 5 1585 0.9% 0.84 [0.10, 7.20] -
Hel (2016) 2 33 1 37 0.4% 2,32 [0.20, 26.86)]
Kadakia (2017) 11 761 13 G657 6.5% 0.73 [0.32, 1.63] S
Kai (2017) 2 340 4 212 2.3% 0.31 [0.06, 1.69]
Karakas (2013) B a7 4 44 2.1% 0.98 [0.26, 3.71]
Rarpathiolakis (2022) 0 al a o0 Mot estimalble
Kartal (2020) 1 282 i 211 3.2% 0.49 [0.14, 1.76] "
Kim (2020 3 44 4 73 1.4% 1.15[0.25, 5348 =
Lee (2017) 1 490 1 00 0.5% 1.02 [0.06, 16.36]
Leow (2020) 1 189 G 104 3.6% 0.09 [0.07, 073 -
Ling (2020) 2 701 1 332 0.6% 0.95 [0.09, 10.48]
Long (2018) 1 227 4 208 2.0% 0.23 [0.03, 2.04) -
Mirallie (2018) 31 aay 24 821 13.3% .83 [0.e8 1.43] — =
Mourad (2017) 3 126 3 ar 1.6% 068 [013, 347
Meatta (2007) [ 104 5 100 2.3% 1.16 [0.34, 3.84] -
Qjha (2023) 0 a0 1 50 0.0% 0.33 [0.01, 8.21]
Fage (2013) L] 306 G 461 2.2% 1.52 0458 475 -
Polat (2015) 1 48 1 46 0.5% 0.96 [0.06, 15.77]
Princi (2022) 1 40 0 40 0.0% 308092, 77800
Prokopakis (2013) 0 47 0 50 MNot estimable
Ailler (2021) 0 36 2 i 0.8% 0.41 [0.02, B.84] "
Roberison (2004) 1 82 3 83 1.4% 0.33[0.03, 323
Sanguinetti (2014) a 105 4 245 1.3% 0.25 [0.01, 4.77) -
Sari (2010) 0 123 0 114 MNol estimable
Shindo (2007) a9 427 B 257 4 6% 0BT [0.26, 1.76] - 1
Stevens (2012) 1 39 2 52 0.8% 0.66 [0.06, 7.53] -
Teksoz (2015) 0 81 1 80 0.7% 0.33 [0.01, 8.10] -
Terms (2007) Q I3 0 £ Mol estimalble
Thong (2021) 2 583 8 418 5.0% 016 [0.03, 0.73 =
Vasleadis (2016) 4 1481 20 1075 11.0% 0.14 [0.05, 0.42] -
Wajtczak (2017) 0 v 3 24 2.0% 0.08 [0.00, 1.66] * -
Yarbrowgh (2004) 2 b 3 53 1.3% 075012, 4.85 "
Total (95% CI) 11638 11245 100.0% 0.61 [0.49, 0.76) &
Falal evenls 124 205 | | | |
Haterogeneity: Chi* = 33.54, df = 37 (P = 0.63); P = 0% f T 1 T 1
Test fu:u!:-'I mrer:II effect Z =440 (P < 0.0001) | 0.01 0.1 10 100
Favors IOMM  Favors Mo IOMNM
(A)
SE(log[OR])
0 .1'-
PR
Sy
Lo
SN
..l'“.‘lIl : D \l""ﬁ
4 I \
¢ N
0.5+ /. ? K
O ,.-"' : o ) \1
0L o
I
SO PN S Y
/ o .% '\
¢ | %
, I N
"I —_ r_.l" D : "\."'1.
,.IJ D D | D
o
00 o
,-" : *
Py : & R“Q
1.5+ Q O | ;
O ) I o
/ 00 1 0 O n
r ' \
# | %
£ I )
S | "
/ ! B OR
- | —— | : |
0.01 0.1 1 10 100

(B)





media/file22.png
IONM No IONM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Adamczewskl (2015) 2 120 2 40 1.1% 0.32 [0.04, 2.36] -
Alesina (2012) 2 53 3 1155 0.T% 1.39[0.23, 8.37]
Anuwang (2016) W21 12 698  6.5% 0.45 [0.21, 0.95] —
Atallan (2009) T 181 g 240 2.7% 1.03 [0.38, 2.83] T
Barczynski (2009) g 1000 12 1000 4.3% 0.66 [0.27, 1.63] N
Barczynski (2014) 7 s00 20 B26 54% 0.57 [0.24, 1.36) —
rajoich (2016) 4 5 3 hi7 1.1% 1.30 [0.29, 5.84] -
srauckhoff (2002) 0 21 1 8 0.6% 0.28 [0.01, 7.03] -
Chan (2006) 4 a1 G 499 2.1% 0.66 [0.19, 2.36]
de Danschutter (2015) 0 a5 i 85  2.3% 0.07 [0.00, 1.29] * -
Demiryas (2018) 2 153 4 21 1.2% 0.71[0.13, 3.90] -
Drralle (2004) 144 17832 50 5517 27.3% 0.89 [0.64, 1.23] &
Ercetin (2019} 0 736 0 Tl MNat estimable
Frattini (20710 1 152 2 152 0.7% 0.50 [0.04, 5.54]
Grishaeva (2022) 1 L0 5 &0 0.7% 0.77 [0.09, 6.61] -
Hel (2016) 2 41 1 43 0.3% 212019, 24.70] -
Aai (2077) 2 455 4 381 1.6% 0.42 [0.08, 2.28] -
wartal {2020} 4 478 B 3|0 24% 0.50 [0.14,1.77]
Kim (2020} 3 21 - a2 1.0% 1.22 [0.26, 5.68]
Lee (2017) 1 788 1 784 04%  1.01[0.06, 16.12]
Leaw (2020) 1 139 G 162 2.0% 018 [0, 1.58] -
Limg (2020) 2 1104 1 592 0.5% 1.07 [0.14, 11.85]
Mirallie (20718) 31 1609 24 1024 104% 0.82 [0.48, 1.40) —
Matto (2007) G 168 b 158 1.8% 1.13 [0.34, 3.77] -
Page (2015) b 612 6 az2 1.7% 1.51[0.49, 4 71] e
Folal (2015) 1 80 1 B8 04% 098006, 15.88)
Rithar (2027] 0 &1 2 122 0.6% 0.38 [0.02, 8.29]
Robertson (2004) 1 116 2 120 0.7% 0.51 [0.05, 5.74] ™
Sanguinatt (2014) 0 210 4 490 1.0% 0.26 [0.01, 4.79)
Sarn (2010) 0 210 0 129 Mot estimab’e
Shinde (2007 g &M 8 T2 3T% 062 [0.24, 1.62) - = |
Teksoz (2015} 0 162 1 160 0.5% 0.33 [0.01, 8.09]
Terris (2007} 0 a2 0 84 Mot estimable
Thong (2021) 2 B892 g 047 3.7% 0.16 [0.03, 0.74]
Vasileiadis (2016)] 4 2062 20 2150 8.3% 0.14 [0.05, 0.42] -
Wotczak (2017) 0 B 3 45 1.4% 0.10[0.01, 1.99] * -
Zhang (2020) 1 138 0 142 02%  3.11[0.13, 76.98)
Zhou (2019) 0 308 1 110 0.8% 0.12 [0.00, 2.93]) * -
Total {95% CI) 36586 23191 100.0% 0.67 [0.55, 0.80] L
Tatal events 275 244 . . . .
Helerogenaily: Chi* = 31,95, dl = 34 (P =057 P = 0% IEI.C"I 071 1-0 1I}CII

Test for overall effect: 7 = 4.39 (P < 0.0001)

(A)

Fawvars IONM Favars BMa O8N





media/file35.png
IONM No IDNM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 5% Cl M-H, Fixed, 95% CI
Adameczewski (2015) 2 120 2 40 1.3% 0.32 [0.04, 2.386) "
Alasina (2012} 2 553 3 1153 0.9% 1.389 [0.23, 8.35]
Atallah (2009) 7 181 9 240 3.4% 1.03 [0.38, 2.83] -1
Barczynski (2009) 8 1000 12 1000 5.4% 0.66 [0.27, 1.63] L
Barczynski (2014) 7 200 20 826 6. 7% 0.57 [0.24, 1.36] -
Chan (2006) 4 a0 B 499 2.7% 0.66 [0.19, 2.36) -
Demiryas (2018) 2 153 4 217 1.5% 0.71[0.13, 3.90] "
Dralle {2004} 144 17832 50 5817 34.2% 0.89 [0.64, 1.23] LB
Ercetin (2018) Q T3h 0 760 Mot estimakble
Hei (2016) 2 41 1 43 0.4% 2.5 019, 24.70) "
Kai (2097) 2 455 4 381 2.0% 0.42 [0.,08, 2.28] -
Karpathiolakis (2022) a 100 0 100 Mol estimalle
Hartal (2020} 4 478 B 360 3.1% 0.50 0,14, 1.77] -
Kim (2020) 3 21 4 B2 1.3% 1.22 [0.26, 5.65)
Leow (2020) 1 138 6 162 2.5% 0.19 [0.02, 1.58] -
Ling (2020} 2 1104 1 592 0.6% 1.07 [0.10, 11.85]
Mirallie (2018} 31 1608 24 1024 13.0% 0.82 [0.48, 1.40] B
Polat (2015) 1 a0 1 B8 0.5% 0.938 [0.06, 15.88)
Robertson (2004) 1 116 2 120 0.9% 0.51 [0.05, 5.74]
Sanguinetti (2014) 0 210 4 490 1.2% 0.26 [0.01, 4.79) "
San (2010) a 210 (W] 1949 Mot astimable
Shindo (2007) 9 a7 d arz 4.6% 0.62 [D.24, 1.62) I
Teksoz (2015) 0 162 1 160 0. 7% 0.33 [0.01, 8.09]
Terris (2007) 0 a2 0 B4 Mot estimable
Vasilaiads (2016) 4 20862 20 2150  10.4% 0.14 [0.05, 0.42] -
Wojtczak (2017) 0 &0 3 45 1.8% 0.10 [0.01, 1.99) ¢
Zhang (2020) 1 138 0 142 0.2% 311|013, 7. 98]
Zhou {2019) 0 308 1 110 1.0% 0.12 [0.00, 2.93] +
Total (95% CI) 30573 16956 100.0% 0.69 [0.56, 0.84] $
Total evanls 237 182
Heterogeneity: Chi® = 20,82, df = 23 (P = 0.58); F = 0% 0.0 a1 H s0 00
Tas! tor overall eftect: £ = 3.67 (P = 0.0003) Favors IONM Favors No IONM
(A)
SE(log[OR])
O ’s
‘r.r! : ‘\
/10,
ARSIt
f‘r’ I \\\
05+ o f.«’ %"? O &\\
oa R
| %
.i"; 1 O '\.\
/ ! A
¢ A
£ D ¢) N
/ 0 \
T /. O ! "
/ O : )
|".\l ! \'l.
|
J_.fj G : D D \
' |
& |
o 1©
13T o | .
K O O : O '
, | N
£ | W
& ] A
. : “
PR | — A R,
0.0 0.1 1 100

(B)





media/file20.jpg
JONM  NolONM Odds Ratio. Odds Ratio.
Studyor Subgroue__Events _Totl_Events_Toal Weight 14 Fied,95% C1 s Fana 5% 01
“Adamcaows @015 2 @ 2 4 i omboaw ]
osia Go2) 2 s 3 ows ork 102 —_1
Aeworg Gote) woam m e s 040200 —]

A 2000 7m0 w0 2 tmesmas) =
By 2009 8w om0 4w oseioatieN =3

S 01 70 2 e s oo im =r
Bojcen @016 om0 3 osmoiw 1opass —_1
Bravoun 202) o s 1 m sk omponrey ———————
Ghan 2006 4 om 6 ws 2w osepssax —
@Owsmwgols) 0 8 6 85 23% 007000120 &
Dermyes 201 2 s 4 27 1 onpwaw ==
Do 008 e @ s oz omioe 1 7+

Ecen a019) o T o m Notosmabie

P 2910) w2 w o omposs)  ——————
Grahaova 2022) ' s 20 o7k ommoowssl i
i o) 2 1w o 2mp —
o) 2 4 s tex ompo2a —
020 H & 30 2e%  osopsmi7 — 1

am 020) H 4w otk zemsen ==
Con o) ' 1o om 10100s 18 e m—
Lo 2020) ' 6 w2 208 owpoisy ————]

Ling 2020 2 TS ook 1o7oiiis —
sk 201 B 2 e 0ax  0mzOe 140) =E

Noto @007 s s e tew 190371 ——
Page 2015 8 62 & wm i isoaen] —f—
P 0te) To% 1 e o osemasrse —1

Rer @027 o & 2 m osw owpoew ——————
Robertion 2006) 1o 2 w0 om ospossm _ —————
Swnunat 201) R R e
s 010) o 2w o e ot otmabi

Stindo 2007) S e 8 am am ompamel =7
Teksor @015 o e 1 w0 osk omponso —————————
Tors 007 o w0 M Wt

o 21) 2 me 9 e v ompoom < ————

Vastads 2018) R R O ——

Wotezak Q017 o @ 3 s 1 owoponie ————]—
g 020 Tome o e om anmoes —_—
o toe) o w1 w0 om 012000289 T —
Tou e sesne o1 000k 0s7(055,080) .

Tom vons 216 20

Holeroganay: Ch?+ 3156, =34 =057, 1 %0
Tes o oot 2 - 438 <0000

(A)






media/file28.png
IONM No IONM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Adamczewski (2015) 2 &80 2 40 1.1% 0.48 [0.07, 3.59] -
Alesina (2012) 2 053 3 1155 0.8% 1.39 [0.23, 8.37]
Atallan (200%) [ 181 9 240 3 1% 1.03 [0.38, 2.83] N
Barczynski (2008) 8 1000 12 1000 5.0% 066 [0.27, 1.63] -
Barczynski (2014) 7 500 20 B26 B.2% 0.57 [0.24, 1.36] -
Chan (2006) 4 501 6 499 2.5% 0.66 [0.79, 2.36] -
de Danschutter (2015) 0 ah B 85 2.1% 0.07 [0.00, 1.29] * "
Demiryas (2018) 2 153 4 2117  14% 0.71[0.13, 3.90]
Diralle (2004) 144 17832 50 5517 3M.7% 0.89 [0.64, 1.23] -
Ercetin (2019) 0 736 0 TE0 Mot estimable
Gramillion {2012) 0 41 1 121 0.3% .97 10,04, 24.22]
Hayward (2013) 3 2881 3 875 1.9% 0.31 [0.06, 1.51] -
Heail (2016 2 41 1 43 0.4% 2.15[0.19, 24.70] -
Kai (2017) 2 4585 4 381 1.8% 0.42 [0.08, 7.28] -
rarpathiolaks (2022) L 100 0 100 Mol estimalbie
Kartal (2020) 4 479 6 360  2.8% 0.50 [0.14, 1.77] -
<im (2020} 3 21 2 82 1.2% 1.22 [0.26, 5.68) "
Legra (2020) 1 % 1 14 0.7% 0.21 [0.01, 3.57)
Leow (2020) 1 139 & 1682  2.3% 0.19[0.02, 1.58] -
Ling (2020) 2 1104 1 882 05%  1.07[0.10, 11.85)
Mirallie (2078) 31 1608 24 1024 12.0% 0.82 [0.48, 1.40] —
Polat (2015) 1 a0 1 a8 0.4% 0,98 [0.06, 15.88)
Prokopakis (20713} 0 &0 0 &1 Mol astimable
Ritter (2027 0 &1 2 122 0.7% 0.38 [0.02, 8.29] -
Hoberlson (2004) 1 116 2 120 0.8% 0.51 [0.05, 5.74) "
Sanguinatt (2014) o0 210 4 480  1.1% 0.26 [0.01, 4.79]
San (2010) 0 210 0 1949 Mot estimable
Shindo {2007) g &M B 372  42% 0.62 [0.24, 1.62 — 1
Stevens (2012) 1 62 2 a1 0. 7% 0.65 [0.06, 7.31] -
Teksoz (2015) 0 162 1 160 0.6% 0.33 [0.01, 8.09) "
Terris (2007) 0 92 0 84 Mot estimable
Vasileiadis (20186) 4 2062 20 2150 9. 7% 014 [0.05, 0.42] -
Wit (2005) 2 #23 1 107 0.4% 262 [0.23, 29.37] -
Waoitczak (2017) 0 B0 3 45 1.7% 0.10[0.01, 1.99] * -
Zhang (2020) 1 138 0 142 0.2% 3.11 [0.13, 76.98] -
Znou (2019) 0 308 1 10 0.9% 0.12 [0.00, 2.93] *
Total (95% Cl) 33849 18424 100.0% 0.67 [0.55, 0.82] ‘
Total evenis 244 208

1 ; 3 iz 1 1 1 ]

Heterogeneity: Chi# = 25,97, df = 30 (P = 0.68); I? = 0% 01 0 s 100

Tesl for overall effect: £=4.00 (F < 0.0001)

(A)

Fawvars IOMM Fawvars Na [0NM





media/file23.png
SE(log[OR])

100

10

0.0

D__

0.57T

(B)





media/file36.jpg
1ONM_ NolONM Odde Ratio
_StyorSubgrovp _ Evants st Evente Total Waight M, Fixes, 5% 1
Noncown @0ty 2 2 40 0% 0120023
osira @012) oS w o A e s
o 2009 ® w2 w0 % oseues s
Barczra 2008 Z oo % w0 s omomoms
By 2014 B %o 7 ome w  owpmon
han (z008) Hose o s omioM 4y
oy 2018 7 % s ooy am  osswm e
o 019 o 7@ 1 om0 e oso 20
o 018 7w 4w oe 20psren
Kl s oas @ oW s omowosy
Kaaoka@zz 2 0 0 10 00% 51002176
Karol 2020 7o % W e oo
Kom 2020 s ' % m 2o osmisn
Loow @120) s e m w am oamim
g 2020) ® v 8 e e 1@ asn
st o1 ® 9 e o 070040000
polt 015 2 w2 % om  omonros
Roserson @004) 5ot 8 w0 e omEm i
‘Sangunat 201) 5 20 7 a0 s 12s0s 280
o010 3 0 3 e os osmomars
s o) u M m e oew  tarbrmerl
‘shndo oom e s w2 sw omweizm
Teksaz @015) o 7 oW iz s
Tort 2007 < w5 m om  ompmam
Vastiads 2016 B ome 7 2w om0
Viofezsk 2017) 1 0 s e 1 onporos
2y 2020 7 te 7 o 2w om0
o1y, wo%e 7 oMo e osre 1
ot o) saszs 1ssT 10004 os3f0ss,072
Toal s 0 0

Famogenay Crk = 9.1 a1 26 9= 0002y

Toslor ol aac 2. 675 F <00000)

-, SECOGIORD

05

R

o

100





media/file15.png
OF

100

10

(B)

0.1

D__EEI{IDQ[GH]]I





media/file32.png
Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

1OMNM Mo IONM

Study or Subgroup Events Total Events Total Weight
Adamczewskl (2015) 2 a0 2 40 0.4%
Alesina (2012) 1 K 553 23 1155 3.A4%
Atallan (2009) 16 181 22 240 2.8%
Sarczynski (2008} 27 1000 =0 1000 8.0%
Barczynski (2014) #0500 2 B2E  B6%
Chan (200&) 21 ol s 4949 4. 1%
de Danschutter (2015) 2 a5 g a5 1.3%
Demiryas (2018} ’ 153 15 217 1.9%
Ercatin (2019} 8 T35 i TED 1.8%
Gremillian {2012} 2 41 4 121 0.3%
Hayward (2073) 44 ZHE g BrH 2.2%
Hel (2016) T 41 4 43 0.5%
Kal (2017) 4! 455 18 381 3.2%
<arpathiolakis (2022} 2 100 0 100 0.0%
Hartal (2020} 27 479 33 el 59%
Kim (2020) B 21 16 Ly 1.8%
Legre (2020) fi 3 2 4 0.5%
Leow (2020) 8 139 20 162 2.9%
—ing (2020] 26 1104 B na2 1.7%
Mirallie (2018) 69 1604 B2 1024 11.9%
Ojha (2023) 2 50 5 58 0.0%
Polat (2015) 2 a0 2 28 0.3%
Prokopakis (2013) 1 &0 B B 1.0%
Rutlar (2027) 1 1 10 122 1.1%
Robertsan (2004} 5 116 f 120 1.2%
Sanguinell {2014) g9 210 17 4490 1.6%
Sari (2010) 3 210 3 189 0.5%
Sharif (2017} 24 184 20 216 26%
Shindo (2007) 34 a7 25 3T 2.0%
Sopinski (2017} 5 47 13 &6 1.4%
Stevens (2012) 8 ¥ 5 a1 0.7%
Taksoz (2015) 10 162 T 160 1.1%
Terris (2007) i 92 5 &d 0.8%
Vasileiadis (2016) 19 ZOe2 1 2150 13.5%
Witt (2005} 5 a3 5 107 0.7%
Wolczak (2017) 1 Bl 6 45 1.1%
Zhang (2020) 7 138 17 142 2.6%
Zhou (2019) 10 308 7 110 1.6%
Total {95% CI) 16148 13109 100.0%
Tatal events 464 642

Helerogenaity: Chi* = 71.71, af = 35 (P = 0.0002); " = 51%
Test for overall effect: Z = 6.70 (P < 0,00001)

0.49 [0.07, 3.59]
1.08 [0.60, 1,95]
0.96 [0.49, 1.59]
0.53 [0.33, 0.85]
0.44 [0.26, 0.73]
0.80 [0.44, 1.43]
0.23 [0.05, 1.13]
065 [0.26, 1.62]
0.84 [0.35, 2.05]
1.50 [0.26, 8.51]
1.50 [0.73, 3.09]
2.01 [0.54, 7.45]
0.36 [0.16, 0.84]

10 [0.24, 107.62]
0.58 [0,35, 1.00]
0.55 [0.20, 1.51]
0.63 [0.11, 3.52]
0.43[0.18, 1.02]
1.76 [0.79, 3.91]
0.70 [0.49, 0.99]
0.36 [0.07, 1.58)
0.38 [0.13, 7.09]
0.16 [0.02, 1.33]
0.19 [0.02, 1.49]
0.63 [0.20, 1.99]
1.25 [0.55, 2.54]
0.95 [0.19, 4.75]
1.47 [0,78, 2.76]
0.74 [0.43, 1.26]
0.67 [0.22, 2.01]
1.33[0.37, 4.83]
1.44 [0.53, 3.88]
0.72 (0,18, 2.77]
0.19 [0.11, 0.31)
1.31 [0.37, 4.568]
0.11 [0.01, 0.95]
0.39 [0.16, 0.98]
0.49 [0.18, 1.33]

tn

0.65 [0.57, 0.74]

(A)

-—

+.{ I { Lty

l|-| {1 |ll

-]

0.01

I
0.1

.1

10
Favars IOMM Favars Ma KON

100





media/file19.png
IONM No IDNM Odds Ratio Odds Ratio
Study or Subgroup Events Tolal Events Total Weight M-H, Fixed, 95% CI| M-H, Fixed, 35% CI
Barczynski (2009) 27 1000 50 1000  67.4% 0.53 [0.33, 0.85]
Ercetin {2019) 9 736 11 el 14.8% 0.84 [0.35, 2.05] e
Hel (201&6) ! 41 4 43 4.5% 2.01 [0.54, 7.45] -
Ojha (2023) 2 50 L S8 0.0% 0.36 [D.07, 1.88]
Sari (2010) 3 210 3 199 4 2% 0.95 [0.19, 4.75]
Teksaz (2015) 10 162 [ W 9.2% 1.44 [0.53, 3.88] I
Total (95% CI) 2149 2162 100.0% D.74 [0.52, 1.06] e
Total events 56 75 . . .
- Hr —_— — - |2 = T T 1
Heterogeneity: Chi* = 6,06, df =4 (P = 0,19); I = 34% 01 1 .0 100

Test for overall effect: £ = 1.66 (F = 0.10]

Favors IONM Favors No [ONM





media/file14.png
IONM No IONM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Adamczewski (2015) 2 &0 2 20 0.4% 0.31 [0,04, 2,36] "
Agha (2008) 1 18 4 41 0.3% 0.24 [0.06, 5.24] r
Akici (2020 5 140 13 133 1.6% 0.34 [0.12, 0.99] ‘
Akkari {2014) 1 40 0 25 0.1% 1.94 [0.08, 49.41] r
Alasina (2012) 17 348 43 G5 2.4% 1.14 [0.62, 2.07] I
Sarczynski (20095 27 500 50 500 5.8% 0.51 [0,32, 0,83] -
Barczynskl (2014) 20 308 r2 h48 &.0% 0.48 [0.28, 0.78] -
Sonati (2021} 15 409 g 229 1.4% 0.93 [0.40, 2.16] -1
Srauckhoff (2002) 1 53 3 44 0D4% 0.26 [0.03, 2.62] "
Calo (2017) 31 1356 28 1009 3.9% 082 [0.49, 1.38] el
Chan (2006) 21 316 26 323 3.0% 0.81[0.45, 1.48] B
Chuang (2013] 1 56 3 10 0.6% 0.07 [0.01,0.76) * "
de Danschutter (2015) 2 71 A 76 0.9% 0.25 [0.05, 1.20]
Demiryas (2018) [ 78 15 112 1.4% 0.63 [0.24, 1.62] L I
Duclos (2011) 36 475 10 21 1.6% 1.65 [0.80, 3.38] T
Drudley (2021} 14 71 1 36 0.1% 8.60 [1.08, 68.26]
Ercetin (2019) g9 368 i 380 1.3% 0.84 [0.34, 2.05] -
Frattini (2010) 3 76 T 76 0.8% 0.41[0.10, 1.63]
Gremillian {2012} 2 31 4 121 0.2% 202 [0.35, 11.56] r
Grishaova (2022) 14 378 42 1585 1.9% 141 [0.76, 2.61] T
Hei (2016} 7 33 4 37 0.4% 2.22 [0.58, 8.41] -
<adakia (2017} 28 761 22 657 2.8% 1.10 [0.B2, 1.95] -1
wai (2017) B 340 18 212 2.T% 0.26 [0.71, 0.61] -
Rarpathiotakis (2022) 2 a0 0 a0 0.0% 5.21[0.24, 111.24]
Aartal (2020} 27 282 33 21 4.2% 0.57 [0.33, 0.98] ]
Kim {2020} B 18 16 73 1.4% 0.51 [0.78, 1.41] - 1
Lea (2017) 13 490 13 200 1.6% 1.02 [0.47, 2.23] -1
Legre (2020) i 37 2 10 0.3% 0.77 [0.13, 4.55]
Leow (2020) A a9 20 104 2.1% 0.411[0.17, 0,99] -
Ling (2020) 26 o B LY 1.3% 1.26 [0.70, 3.48] T
Long (2018) 6 227 22 208 2.8% 0.23 [0.08, 0.58] e
Mirallie (2078) B4 807 B2 221 8.5% 0.69 [0.48, 0.99] el
Mourad (2017) 5 126 B ay 0.6% 0.86 [0.22, 3.29] "
Netto (2007 12 104 12 100 1.3% 0.96 [0.41, 2,.24] .
Qjha (2023) . a0 G S0 0.0% 0.31 [0.06, 1.59]
Page (2015) 22 306 24 461 2.2% 1.41 [0.78, 2.56] T
Pei (2021) 2 65 9 44 1.2% 0.32 [0.10, 1.04] - ]
Polatl (2015) 2 48 2 46 0.2% 0.96 [0.13, 7.09]
Princi (2022) 3 40 2 40 0.0% 1.54 [0.24, 8,75]
Prokopakls (2013) 1 47 G 80 0.7% 0.16 [0.02, 1.38]
Rittar (2021) 1 36 10 T 0.8% 0,19 [0.02, 1.56]
Raobertsaon (2004) 8 82 8 23 0.9% 061 [0.79, 1.95] -
Sangunatl (2014} 8 105 17 245 1.2% 1.26 [0.54, 2.92] -
Sari (2010) 3 210 3 114 0.5% 0.54 [0,%1, 2,70] -
Sharif (2017) 24 92 20 108 1.7% 1.65 [0.79, 3.04] T
Shindo (2007} 34 427 25 257 3.6% 0.80 [0.47, 1.34] e
Sopinski (2017) o 27 13 o3 0.9% 0.70[0.22, 2.22] L
Stevens (2012) 2 21 2 2d 0. % 0.55 [0.15, 1.98] "
Teksoz (2015) 10 a1 T a0 0.8% 1.47 [0.53, 4.07] B
Terds (2007} = 73 o B4 0.6% (.68 [0.18, 2.67] "
Thong (2021) 56 G583 43 418 4.3% 1.24 [0.79, 1.94] ™
Vasileiadis (2016) 19 1481 1078 10.1% 018 [0.11, 0.31] — .
Wo lczak (2017) 1 7 G 24 0.9% 0.08 [0.01,0.75]) * "
Yarbrough (2004) 22 52 22 59 1.5% 1.23 [0.58, 2.64] B
Zhang (2020) 7 100 17 100 2.0% 0.37 [0.15, 0.93] -
Znou (2019) 10 154 [ 53 1.2% 0.46 [0.16, 1.27] - |
Total (95% CIl) 13294 12764 100.0% 0.71 [0.64, 0.79] ]
Total evenis 695 BT

Heterogeneity: Chi? = 118,68, df = 52 (P < 0.00001); F = 56%
Tasl for overall effect: £Z=619 [F < 0.00001)

(A)

0.0

0.1
Fawvars [ONM  Favars Ma 10N

1

10

100





media/file6.png
IONM No IONM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 35% CI
Alesina (2012) 2 553 3 1115 0.7% 1.35 [0.22, 8.08]
Anuwaong (2016) woo21n 12 698 6.1% (.45 [0.21, 0.95]
Alallan (2008) ) 181 g 240 2.5% 1.03 [0.38, 2.83] -
Barczynski (2009) f 500 12 500 4.0% 0.66 [0.27, 1.63] - |
Barczynski (2014) 7 200 20 B26 5.0% 0.57 [0.24, 1.36] -
Sonati (2021) 0 0 0 0 Mot estimable
Brajoich (2016) 2 531 3 817 1.0% 1.30 [0.29, 5.84] -
Srauvckholl (2002) 0 91 1 78 0.5% 0.28 [0.01, 7.03]
Cala (2017 68 2M2 T 2018 2.7% 064 [0.21, 1,90] B
Chan (2006) 4 2l G 499 2.0% (.66 [0.19, 2.36] "
de Danschutter (2015) 0 a5 B 85 2.2% 0.07 [0.00, 1.29] * -
Demiryas (2018) 2 153 4 217 11%  0.71[0.13, 3.90] -
Dralle (2004) 144 17832 50 5517  256% 0.89 [0.64, 1.23] LB
Ercetin (2019) 0 T36 0 Te0 Mot estimable
Fratting (2010) 1 152 K 122 0.7% 050 [0.02, 5.54]
Gramillion {2012) 0 a1 1 121 0.3% 0.97 [0.04, 24.22]
Grishaeva (2022) 1 S60 5 2180 0.7% 0.77 [0.09, 6.61] "
Hayward (2013} 3 Z2Be1 3 875 1.6% 0.31 [0.08, 1.51] "
Hai (2016] 2 41 1 43 0.3% 2,150,149, 24.70] "
Kal (2017) . 455 4 381 1.5% 0.42 [0.08, 2.28] -
Aarpathiolakis (2022) 0 100 0 100 Mot estimable
Kartal (2020) 4 479 B a6l 2.3% 0.50 [0.14, 1.77] -
Kim (2020} 3 21 4 LY 1.0% 1.22 [0.26, 5.68] "
Les (2017) 1 T84 1 T84 0.3% 1.01 10,06, 16.12]
Legre (2020) 1 B3 1 14 0.5% 0.21 [0.01, 3.57]
Leow (2020) 1 138 B 162 1.9% 0.18 [0.02, 1.58]
Ling (2020) 2 1104 1 092 0.4% 1.07 [0.10, 11.85]
Miralle (2018) 3 1e09 24 1024 9.7 % 0.82 [0.48, 1.40] W
Netto (2007) 6 169 5 158 1.7% 1.13[0.34, 3.77] -
Ojha (2023) 0 80 1 58 0.0% 0.38 [0.02, 9.53]
Page (2015) G 612 G 922 1.6% 1.51 [0.48, 4.71] e
Polat (2015) 1 a0 1 &8 0.3% 0,92 008, 15.88]
Princi (2022) 0 0 0 0 Mol estimable
Prokopakis (2013) 0 &0 0 B1 Mot estimable
Ritter (2021) 0 61 2 122 0.6% 0.39 [0.02, 8.29] "
Robertson (2004 ) 1 116 3 120 1.0% 0.34 [0.03, 3.31]
Sanguinett (2014} 0 210 4 430 0.9% 0.26 [0.01, 4,79]
San (2010) 0 210 L 199 Mol estimabie
Shindo (2007} a 671 a8 372 3.4% 062 [0.24, 1.62] - 1
Stevens (2012) 1 B2 2 &1 0.6% 0.65 [0.06, 7.31] "
Teksoz (2015) 0 162 1 160 0.5% 0.33 [0.01, 8.08]
Tarris (2007 0 a2 0 84 Mot estimable
Ihong (2021) i B9Z g 64/ 3.5% 0.16 [0.03, 0.74] "
Vasilsiadis (2016) 4 2962 20 2150 T 8% 0.14 [0.05, 0.42] -
Witt (2005) 2 a3 1 107 0.3% 262 [0.23, 29.37] "
Wolczak (2017) 0 &0 3 45 1.3% 0.10[0.01, 1.9 * "
Yarbrough (2004) 2 T2 3 79 0.9% 0.72 0,12, 4.46]
Zhang (2020) 1 138 0 142 0.2% 3.11[0.13, 76.98) "
Znou (2013) 0 308 1 110 0.7% 0.12 [0.00, 2.93] *
Total (95% CI) 41920 2596T 100.0% 0.66 [0.56, 0.79] *
Tatal evenis 288 261

. ] . ja | 1 1 |

Heterogenalty: ChiP = 3453, df =20 (P=0.71); P = 0% 01 01 ] 10 100

Tast for overall effect: £ =455 (F < 0.00001)

(A)

Favars [OMM  Favors no [GNM





media/file2.jpg
dontaton

Stis rtrived fom Modine, EBASE, Wab
OfSciance, SRCTN atabasa regtry,
Personal atabase, ittions i rfernced
arces (v1289)

Oupticatorocords (4=333]

Seroaning

Pocords scoaned (n-556) Rocords ccloded (v759)
[ ——— Pocords ot reiored
s

Rocords crsened for sugbaty (1-158)

rotuded

Studios ncloded n reviow (0060

Foport sciod v-08)
Mat-onsysesevausarorwidiorts (0-25)
Unlaaror noconirot group(-21)
posters 0e5)
Notabout IONM (v<7
Dotanciuid in thr s (047
Unconventionssegey (61
NotinEngish (61
Used nions dcabases (oe6)
Noorwang autcom daa (1)
[———

Not about o or prro surgry (0-1)
Unconinncusonscusion i (1)






nav.xhtml


  diagnostics-14-00860


  
    		
      diagnostics-14-00860
    


  




  





media/file11.png
IONM No IONM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Adamczewski (2015) 1 40 2 40 0.2% 0.48 [0.04, 5.60] -
Alesina (2012) Ll 253 33 1155 2.4% 1.08 [0.680, 1.95] -1
Anuwang (2076) 11 211 59 G328 9.8% 0.58 [0.42, 0.81] Bl
Atallah (2009) 16 181 22 240 2.0% 0.96 [0.49, 1,89) .
Barczynskl (2009) 27 1000 50 1000 5.68% 0.53 [0.33, 0.85] -
Sarczynski (2014) 20 500 72 B26 6.0% 0.44 [0.26, 0.73] —
Sonatl (2021) 15 761 g 451 1.3% 0.99 [0.43, 2.28] -1
Sravckholl (2002) 1 21 3 78 0.4% 0.28 [0.03, 2.73] "
Cala (2017) 3 272 28 2018 3.7% 0.82 [0.48, 1.37] B
Chan (2006) 21 b1 26 498 2.9% 0.80 [0.4<, 1.43] N
Chuang (2013) 1 68 3 15 0.6% 0.06 [0.01, 0.62]
de Danschutter (2015) 2 85 8 8 0.9% 0.23 [0.05, 1.13] -
Demiryas (2018} ) 123 15 217 1.4% 0.65 [0.26, 1.62] -
Ercatin (2019} g 736 " T&d 1.2% 0.84 [0.35, 2.05] —
Frattini (2010) 3 152 ! 152 0.8% 0.421[0.71, 1.64] - -
Gramillion {2012) 2 41 4 121 0.2% 1.50[0.26, 8.51]
Grishaeva (2022) 14 oe0 42 Held 1.9% 1.28[0.70, 2.38] N
Hayward (2073) 44 ZBE 9 875 1.6% 1.50 [0.73, 3.08] I
Hei (2016) T 41 4 43 0.4% 2.01 [0.54, T7.45] ]
Kai (2017) 8 455 18 381 2.2% .36 [0.76, D.54] -
<arpathiolakis (2022) 2 100 0 100 0.0% 5.10[0.24, 107.62)
Wartal (2020} 27 479 33 a6l 4.1% 0.59 [0.35, 1.00] ]
Kim (2020) G 21 16 g 1.2% 0.25 [0.20, 1.51] - |
Les (2017) 13 789 13 794 1.5% 1.01 [D.46, 2.18] N
Leqgre (2020) G B3 2 14 0.3% D63 [0.71, 3.52) T
Leaw (2020) B 138 20 162 2.0% 0.44 [0.18, 1.03] —
Ling (2020) 26 1104 A ha2 1.2% 1.76 [0,78, 3.91] T
Miralle (2078) B9 1604 Bd 1024 B.3% 0.70 [0.49, 0.99] Bl
MNatto (2007) 12 168 12 158 1.3% 0.93 [0.40, 2.14] T
Ojha (2023) 2 20 6 58 0.0% 0.36 [0.07, 1.588]
Page (2015) 22 612 24 922 2. 1% 1.40 [0.78, 2.51] T
Pei (2021) 5 G4 g 65 1.2% 0.35[0.11, 1.10] -1
Polal (2015) 2 80 2 88 0.2% 0.898 [0.13, 7.09)
Princi (2022) 0 0 0 0 Mot estimable
Prokopakis (2013) 1 &0 G £ 0.7% 0.16 [0.02, 1.33] "
Ruttar (2021) 1 51 10 122 0.8% 0.18 [0.02, 1.48] "
Robertson (2004} 5 116 ] 120 0.9% 0.E3[0.20, 1,99) —
Sangunett (2014) g 210 1 450 1.1% 1.25 [0.55, 2.54) B
Sari (2010) 3 210 3 189 0.3% 0.95 [0.19, 4.75]
Sharif (2017) 24 184 20 216 1.8% 1.47 [0.78, 2.76] T
Shindo (2007} 34 671 25 3r2 3.5% 0.74 [0.43, 1.26] -7
Sopinski (2017} 5 47 13 86 0.9% 0.67 [0.22, 2.01] -1
Stevens (2012) o 62 o 81 0.5% 1.33 [0.37, 4.83] - 1
Teksoz (2015) 10 162 T 160 0.8% 1.44 [0.53, 3.88] I
Terris (2007 4 92 8 a4 0.6% 0.72[0.,149, 2.77] E
[hong (2021) o6 592 33 647 4.1% 1.25 [0.80, 1.94] ™
Vasileiadis (2016) 19 2062 71 2150 9.4% 0.18 [0.%1, 0.31] —
Witt (2005) ) 83 B 107 0.4% 1.65[0.43, B.35] D
Wojlczak (2017 1 60 G 45 0.8% 0,11 [0.01, 0.95]
Yarbrough (2004) 22 T2 22 79 1.7% 1.14 [0.56, 2,30] -
Znang (2020) ) 138 17 142 1.8% 0.39 [0.16, 0.98] -
Znou (2019) 10 308 T 110 1.1% 0.49 [D.18, 1.33] 1
Total (85% CI) 25250 21346 100.0% 0.72 [0.65, 0.79] t
Tatal events 774 ans

Helerogeneity: Chi? = 99.78, df = 48 (P < 0.0001); P = 52%
Test for overall effect: £ =642 (P < 0.00001)

0.01

0. ] 10
Favaors [OMM Favars no [ORMM

(A)
SE(log[OR])
0 »
b
£, \\
O o
fenal:
J 1
[ | [a)
D.E__ 'J,@Q)G O Y
f.r O é? A
/o 0 C0%
£ 1Y
; O | 1
0®o N
1+ ’ e N,
.I‘”O OO G i “\
# b
9 o \
J’I : \\
.n'f : \1
1654 ;; i t,_\
.r’ | "\
& 1
£ 1
a" !
K i
2 : £ | | | : | oR
0.01 0.1 1 10 100

100





media/file24.jpg
Sty Subgoun vt Tott Euste Tt Weight st o, 351 i Fn st
e OS2 2 40 oe ompsam i
ara o) PN Notetrass
eena o) g omw s v
hrvwers 20t) WoZm @ me 0w osmpaom
i % e oz e am omuaiml
Barnnan 209 7w @ ot am  ommsoml
Saroran e D w7 ' em ompmor
S 220) L R ]
Ghon 208 N @ oas m omparel
oo 2 8 8 85 10w omios i
Doriys 201) Tom s oar ie ommmie
S ) o oTe o e ospmam
Frem 010 3odm 7 G om ompr el
s 2 u ok @ oame s smerIm
iz PR T B v S
ot 8o m o o anbosd
CGpomagz 3 W 0 %0 oow swpsiren
o oy 7 o w e tow  ompsiel
P P TR R % oRpmam
ety 4 oM o im o soiesedn
Coowizoz) B W » o 2w ombmim
praiony ® tes  » sm e amemae
ek e) @ @ e s anobamom
Neto zon 9% %N s ompwarm
poon 201) G e o a0 vebmas
P TN % N okpoaa
P oty 2 % 2 m oom owpnrm
e ) 18w om oom owpoie
Rotaon G308 sowe 8 am i ompmim
Serunun 0) Bl w oo im imbmasd
s 3 do 3o om ompmarm
Shat o) PR R s v ]
St Guen) oo & omoaow ompeim
To 015 B T e om supssm
To o) Y% 5w oom ompmam
T 021) % @ m oer n imEsLe
Ve (016) S s 7o wen oo
Wotesk 07) 1% TS S oiovam
2 000) ;oM w2 owpiom
iz 6% 7 e iw o cmmmim
o 05 ) s e asperorg '
Ve G = 8446137 9 <0000 1< 565 —
ot ack 2475 5 4 100001) [ R
@)
0 SECogIORD .
/00
o O
o B
o d
/S o b
io \
1 Lo S
15 !
i : or
fiT o 1 [ o

(B)





media/file29.png
OFR

10

O o T

-
-
St - - 2" piaia e e T
O o O
J...._.rJ.. D D
.....,,. D _...‘.U_
. D_”U
.....
=
0
o e
.....,.. _”“_
..,..f 1=
“ o =
..........
. _nu_
e
..,......
I.-
"
=,
L9
=
ny
H .I..-._.
(Wl ™
=3 et
”.l_ .-.r.-.r
= i
R o
E .
£ -—
“ “ “ “ =
i -—

(B)





media/file1.png





media/file37.png
IONM No IDNM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 85% Cl M-H, Fixed, 95% Cl
Adameczewskl (2015) 2 120 2 40 0.5% 0.32 [0.04, 2.36] "
Alasina (2012) 17 553 33 1155 3. 7% 1.08 [0.60, *.95] I
Atallah (2009) 16 181 22 240 3.1% 0.96 [0.49, 1.89] -1
Barczynski (2009) 27 1000 50 1000 8.8% 0.53 [0.33, 0.85] -
Barczynski (2014] 20 a00 e 226 9.4% 0.44 [0.26, 0.73) —
Chan (20046) 21 a0 26 499 4.5% 080 [0.44, 1 .43) -/
Demiryas (2018) T 153 15 217 2.1% 0.65 [0.26, 1.62] N
Ercetin (2013) a 36 11 F80 1.9% 0.84 [0.35, 2.05) I B
Hei (2016) T 41 4 43 0.6% 2.01 [0.,54, 7.45] -
Kai (2017) B 455 18 381 3.5% 0.36 [0.16, 0.84] -
Karpathiotakis (2022} 2 100 0 100 0,0% 510[0.24, 107.62)
Kartal (2020) 27 479 33 360 B.4% 0.289 [0.35, 1.00] ]
Kim (2020) & 51 16 B2 2.0% 0.55 [0,20, 1.51] e
Leow (2020} B 139 20 162 3.1% 0.43 [0.18, 1.02] - |
Ling {2020) 26 1104 a 592 1.8% 1.76 [0.79, 3.91] T
Mirallie (2018) B9 1609 62 1024 13.1% 0.70 [0.45, 0.99) —
Folat (2015} 2 30 2 BE 0.4 % 0.98 [0.13, 7.09]
Robertson (2004) ] 116 8 120 1.4% 0.63 [0.20, 1.99] - =
Sanguinathi (2014) a 210 17 480 1.8% 1.25 [0.55, 2.84] D
Sarl (2010} 3 210 3 199 0.5% 0.95 [0.19, 4.75]
Sharif (2017) 24 184 20 216 2.9% 1.47 [0.78, 2.76] T
Shinda (2007) 34 a7 25 3r2 5.5% 0.74 (0,43, © .26) -/
Teksaz (2015) 10 162 [ 160 1.2% 1.44 [0.53, 3.88] N
Terris (2007) 4 82 5 B4 0.9% 0.72 [0.19, 2.77] r
Vasilaiad's (2016 19 28962 71 2150 14.8% 0.19 [0.11, 0.31] —=
Wojtczak (2017) 1 Bl B 45 1.2% 0.11 [0.01, 0.935) "
Zhang (2020) 7 138 17 142 2.9% 0.38 [0.16, 0.98] "
Zhou (2019) 10 308 7 110 1.8% 0.49 [0.18, 1.33] -
Total (95% CI) 12825 11557 100.0% 0.63 [0.55, 0.72) +
Total evenls 398 B0
Heterogeneity: Chi® = 52,11, df = 26 (P = 0.0002); I* = 56% Y ah 1 - 00
Tas! tor overall eftect: £=6.75 (F < 0.00001) Eavors IONM  Eavors No 10ONM
(A)
SE(og[OR])
0 *
F N
J"f I \\.
.--"I qu ~"~.
O e .
S %@‘PG
"X 00
ra *
0.54 g an’? On,
; A
.-r'r I 51
/ O "
‘ I !
.-'; I O "'-.
# | %
& |
& | LY
T i O ' O \
[
;; 0 : N
JII' |
/ |
' |
¢ I !
&, | L
’ | A\
1.9 S | .
r [ \
# | k!
& | A
f %
/ ' 3
F | S
/ [ 1-.
& | ]
; I A
J.v | S aR
2+~ | —— | : |
0.01 0.1 1 10 100

(B)





media/file10.jpg
ONM  NoloNM Odos Ratio

sy o Events Tota_Evunts Total i Fisea, 3501
camcronss (015 R a0k 00

Nedra G012) 7o W 108080, 195

Anaworg 2016) woan s 08804z 081

atan 200) w w2 098045, 185

Bty 2008 7 w0 % ossio3s 088

prostgeen) n w7 oz o7

Bona G021 Bomo e o504 228

Brcknon 2002 T ozsas 273

cao o) w oz o os2o4s 13

Ghan e a w o ow ompos 145

g a015) 1w s0sion oaz)

Gewechtwgots) 2 85 8 oz300s 113

Dumiyes 18] e s ossozs 62

Eein G019, o o™ on oo 200

Fra 2010) s w7 oz 16

erion @012 : W 4w ooz tslmes)

Grahawa (2022) Jr R R o P e

Mapwars 2013 wome s ows isw 1P

bl 016 7 4w o 2oipsras

o B ouss W w22 ompreosd

apanowis@z 2 W 0 10 0o% si0pa,wre

2020, 7 M @ % 4t 000 s
am @020, s 5w m oz ospmois) =F
) B @ o s toipAszie —
Logr 2020 6 2w om  ompas =
oo aoz0) B ot 2w 2% ompmim —
g 2620) ® e 8 s i 1P =
st 2019 @t e o as  07paosl El
oo 2007) e % e iw ompaain -
opa @uzs) 2 % 6 s oo omporim

Pago @015 2 ez u 2w reopmes =
paltao2 s w8 s iz owp g

po o1 2 s 2 s o omparm ——
proc 2022 o o o o N eniabie

Prokopatis 013) 1o 8 e o ompeny ———T
Rt 221 1os 0 o oom ompeie  ———
Rosenson 2004) S ove 8 1o om  ompmim =
Sonqunan Gord) 820w a0 i tsbsszed T—
swigoro) 3 a0 3 e om  osmpmers R
st gorn) 2w m o e rrpmem =
‘o 007 uoen s o am ompasia =
oo @017 s @ om o oepzao b
Stovors 2012 S @ s s os impyem -
Tebour @315) w7 W om  spsas o
Tert 007 a5 'w oos ompwam —=
Thon @021 @ w2 m e av 120800 =
Vartwad (015 Wome n o2 o omRMGM —

i 2008 sl 4 o o  tespaes =
Wolkea (z917) 1oe s o om ompoiosy ———]
Yoo 2004) 2 7 o2 m im tubsasl -—
2z G020 7 oms v owe s omosmosms =
iy % 7 w0 1w osRmim —
Tow o 1) 252 246 1000%  omaess om) 0

Tom s e s

oty ¥ 9078, .48 P <0001 1525 S

Tos o o afac 2642 <000001) L P T

e

(B)





media/file5.jpg
SE0gIOR)

@
g

o

05

15

b0

(B)





media/file7.png
| —
i
)
-
-
._..\
......_.
-
-
-
.
-
-
-1...-
- [}
- -—
)
-
-
;
)
-
~
-
\..1-
.1.1._
- Q
o Q
x_,...._. D
1-.l.|
% @0
-
- o O O @ o 1.
Rw Q '
«o------ %u@.@---.nn ..... e
. Q O
.
;,.,G Q 0
LY
. O © a
.r.-...,.-. D
N
...r......... D _.....U D
ny
9 .
..,....r D D 1.
] —_
......_-......
~. _U_
Y
-
.
-....J_-.
...r.-....-r
.
= “u
_H_.H -,
=) .
] e
= S
i -
“ “ | “ =
—_ -—

(B)





media/file33.png
_SE{og[OR])

I *
;,.'r:"'\,\.
/ D 5
& LY
O OHa,
;J :%d}\B
S Ho OF°
0.5+ g c@‘g o,
)’ N
;..r :!::I ) O
&
; ) I ')
&
Sede
1T S O O
S o o l
’ |
s '
& |
F | %
/ I \
s I "\
1.5+ S |
/s |
o |
P I
. |
F |
# |
i I
y, -"' l : ] l I:IHI
0.01 0.1 1 10 100

(B)





media/file16.jpg
1ONM_ NolONM Odds Ratio Odds Ratio.

Study or Subgroup _Events Tota_Events Total Weight M4 Fixed 5% CI M e 5% 1
Barcayen 2008) B0 12 000 830%  086027,189 =

Eresin @019 o 78 o om0 Notosurabe

o @0te) 2 4 1 e ese 2150200 ——
Opa 023 o 1 s oo% 0%0095

Son 010) o 20 0w Notostinobie

Tetacz 2015) o @ 1 0 tos%  o30or s —

Toua 95% ) 20 202 1000% 073 (03518 -

Tota ovrte " 0

Hearogonety: Che = 1,04, =2 (P = 080} = 0% R e ]

Tost o aver afct

790=043 Favors IONM Favors No IONM





media/file38.jpg
Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incompiete outcome data (attiton bias)

Selective reporting (reporting bias)

Other bias

|

5

| [ o risk of bias [ Unclear risk of bias I ioh risk of bias






media/file31.jpg
SE(0glOR))

100

(B)





media/file3.png
Identification

Studies retrieved from Medline, EBASE, Web
Of Science, ISRCTN database registry,
Personal database, citations in referenced
articlas (n=1289)

Records removed before screening

Duplicate records (n=333)

Screening

9
Records screened (n=956) Records excluded (n=793)
1
Records sought for retrieval (n=163) Records not retrieved
(n=5)
Reports excluded (n=98)

3

Records screened for eligibility (n=158)

Included

Studies included in review (n=60)

Meta-analyses/reviews/lettersfeditorials (n=25)
Unclear or no control group (n=21)
Posters (n=9)
Not about IONM (n=7)
Data included in other studies (n=7)
Unconventional surgery (n=6)
Mot in English (=8)
Used national databases (n=6)
No or wrong outcome data (n=5)
Inconsistent data (n=4)
Not about thyroid or parathyroid surgery (n=1)

Uncertain inclusion/exclusion criteria (n=1)






media/file0.png





media/file17.png
IONM No IONM Ddds Ratio Ddds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 35% CI

Barczynski (2009) g 1000 12 1000 83.0% 0.66 [0.27, 1.63] -

Ercetin {2019) 0 736 0 760 Mot estimable

Hei {(2016) 2 41 1 43  6.5% 2.15[0.19, 24.70] =

Ojha (2023) 0 a0 1 58  0.0% 0.38 [0.02, 9.53]

Sari (2010) 0 210 0 199 Mot estimable

Teksoz (2015) 0 162 1 160 105% 0.33 [0.01, 5.09] -

Total (95% CI) 2149 2162 100.0% 0.73 [0.33, 1.61] *

Total events 10 14 | | | |
e 1 He S —_— —_ = |2 = MG I 1 | 1

Heterogeneity: Chi* =104, df = 2 (P = D.60}); * = D% 001 01 1 0 100

Test for overall effect; £ = 0.79 (P = 0.43) Favors IONM Favors No [ONM





media/file4.jpg
JONM Mo loNM
“Nesia G012) R
Anoworg 2018) woan e
aian 200) 7m0
By 208) 8 o0 2 s
Sarcayron 2018) 7w 2 s
aonat 2021 o o o o
aren 2016 Coao3 s
Srvcenon z002) o w1 om
cao @0 e 22 7w
2208 PRI
GeOwschmwaots) 0 s 8 s
Domiyas @01e) 2 w4 2w
v 200) womn w0 s
Erean 2019) om0 m
Frawi oto) w2 om
Gerion 012 o w1
Grhama @022) 1w s oaw
Howrd 2513) 3w 3w
el 016) 2w 1 e
o) 2 ows 4w
Kapahoas @2 0 W0 0 1@
ar 0020) fm e oW
o 2020) s w4 om
oo a07) T 1w
Logn o0y LI T
oo 220) T e om
g o2 2t 1 s
veaho 28) BRI
ot 2007 o w5 o
opa auzs) o 1w
Page a0rs) 6 oz oo
o 2015) T w1 w
prnc avzz) o o 0 o
Provapais (201 o w0 e
Rt 021y o & 2 m
Roberon 2004 T 3o
Sangunan G014 o 7o 4w
swo0) o 20 o 1
o @007) o o 8o
Stovens 2012) e 2w
Toks 016) o w1
Tort 2007 0o @ o M
T 2521) 2 om0 e
Ve G016) fome @ o
vin 2005 2w 1w
Viokask (017 o w3
Yaeoush a004) :n 3 om
2z 2020 w0
szt o % 1 1o
o s o 25067
o e 210 21

Hotorogonty. O = 3453, 0[P = 071 = 0%

Tost o vt e 2= 455 5 <00000)

0%
1%
250

os%

20
os%

oz
o

(A)

135022.000
oaspat oss
103038289
ossozr 65
o570z 130)

Notstmave
13002584
oaspoon 705
ossozt 190
oesioe 230
ooriom 120
oo a0
omioe 123

Netctmabe
0300 550
057004 242
oo ee
031 o, 151
210102070
os2(o0n, 228

Notetmabe
o816 171
1220026558
101008 1612
02100135
o900z 150
o010 1189
ox2(oas 40
153034371
ooz o5
1511045471
oseos 1588

Notctmate

Not et
o390z 8z
03063 331
o280t 479

Notstmave
oe2foz 162
ossioce 751
o300t 208
ossEs 074
o300 04z
2602283
‘30001 198
072072 4d6)
arrom o
12i000 209

ow s am






media/file30.jpg
SudyorSubgrous _ EvansTotal Events Total Weight M, Fices 9% 0.

“Adamcaows @015 w0 2 w0
Nesia 2012) 7o m s
oian 2000 w w2 w0
Sarcnmas 2200 7 w0 s 0
Barc 01e) n s nowe
han (2008) 2w x e
wowscnam ) 2 s 8 8
Domiyas 2018) 1w o2
Ercain @919) oo n o
Grmion 012 > 4w
ord (273) w omeoows
el 2016) 7w 4w
o b o
arpantats 202) o o
Kl 2020 7o n w
o 220 5w e ow
Lo 020) s o 2w
Coow 2020 s ow w e
g 2020 ® o 8 s
Vs 208) R IR
Opa auzs) 2 s s
Pon 2015) 2w 2w
Prkopats (z013) [ )
Rt 2027 e wom
Roseron 2004 s v 8w
‘Sanqunat Q014 9 zo o %
san 010 3 20 3w
st @o17) wow w2
‘Shado 2007 u e s o
‘Sopo z017) s o m s
Siors @012) somosom
Toksoz @015 v w7 ow
Tori 2007 i w5 oM
Vosioads 2016 w ome o2
it ) s w5
Wojeash Go1r) o s s
2o 020 7o v
Zatzors) v o%e 7 w0
ot 5% ) soren 1a10m
Tom own a0 o0

elorogoney:Ch? 7171, dl 35 9+ 000G2) P2 51,
st o ovr ahec 2 6701 <0.00000)

Odds Ratio.
0% o4op0r. 58
sec 0spe0 o
2% osewss ae)
0% ompsom
s oupzmor
41 osopas, 14y
T oz 11
9% omswz e
e ospos 20
o3 10z s
226 150073300
os% 2015 7ag
sz owpisosy
00% 810024 1762)
% o560
s ospzn sy
o5t ompr s
200 osspiw o
17 1 as
ek omps 00
% om0 s
o3 osmpisron
1% ot 13
1 ot tis
2% 0650100
o 120280
o ospier
20 7276
S0 ozpesizg
1% oe7oz 200
o 1mpws)
T a0 a8
o 072927
W omp0s
ome 131 s
1% oniooross
260 osmpeos
e ool 139

mox  osspost,om

(A)

o
Favos MM P No OV

[

G





media/file25.png
IONM No IONM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Adamczewski (2015) 2 120 2 40 0.4% 0.32 [0.04, 2.36] -
Agha (2008) 1 L 0 L Mol estimabie
Alesina (2012) 17 553 33 1155 2.T% 1.08 [0.60, 1,95] B
Anuwang (2016) 111 211 69 698 11.0% (.58 [0.42, 0.81] —u
Atallan (2008) 16 181 22 240 2.2% 0.96 [0.48, 1.89] T
Barczynski (2009) 27 1000 S0 1000 6.3% 0.53 [0.33, 0.85] _'_
Sarczynski (2014) 20 2l [F B26 & 8% 0.44 [0.26, 0.73] w
Srauckhoff (2002) 1 a1 3 78 0.4% 0.28 [0.03, 2.73]
Chan (2006) 21 501 26 489 3.3% 0.80 [0.4<,1.43] e
de Danschutlar (2015) 2 a5 B8 a5 1.0% 0.23 [0.05, 1.13]
Demiryas (201